BOILER
OPERATOR’S
EXAM

PREPARATION GUIDE

d

. Easy to understand
X Reviews all exam topics

& 457 multiple-choice, essay,
and number problems with
detailed solutions

CTAolWiod

& Covers the whole process
from heat theory to practical
operaltions

Theodore B. Sauselein




Boiler Exam

Library of C Cataloging in P Data
Sauselin, Theodors B,
‘The boller operator's exam ion guide / Theodore B.
P cm.
13BN 0-07-057968-7
1. Steam boilers Examinath jons, ete. 1 Title.
TJIE0.833 1005
621.183076—de20 9534792
CcIP
McGraw-Hill 2
A Division of The McGraw-Hill Comparnics

Copyright © 1957 by The McGraw-Hill Companies, Inc. All rights
reserved. Printed in the United States of America, Except as permitted
under the United States Copyright Act of 1976, no part of thia publication
may be reproduced or distributed in any form or by any means, or stared
in o data base or retrieval system, without the prior written permission of
the publisher.

67690 KGPHGF 03

ISBN 0-07-057968-7

The editor for this book was Joanna Turpin, the art director was
Mark Lethold and the copy editor twas Carolyn Thompson.

Printed and bound by Quebecar Kingapart.

MeGraw-Hill books are available at special quantily discounts to use as
premiums and sales promotions, or for use in corporate training pro-
grama. For more information, please write to the Director of Special Sales,
MeGraw-Hill, 11 West 18th Street, New York, NY 10011. Or contact your
Tocal bookstore.

‘This book is printed on acid-free paper.

‘This book was written as a general guide. The author and pub-
Lisher have neither liability nor can they be responsible to any per-
son or entity for sny misunderstanding, misuse, or misap

rights, material, or
hwimmthhthehfmuoncomm in this book.

DVL


AREHMAN
Typewritten Text
Boiler Exam DVD


Introduction: Taking the Test |

Chapter One Heat

Chapter Two Baollers

Chapter Three Boiler Trim

Chapter Four Combustion

Chapter Five Fuel-Burning Equipment
Chapter Six Fuel-Saving Equipment
Chapter Seven Steam Traps and Pipes
Chapter Eight Water Treatment
Chapter Nine Turbines

Chapter Ten Pumps and Motors
Chapter Eleven Bearings

Chapter Twelve Sample Multiple Choice Questions

Chapter Thirteen Essay Questions

Chapter Fourteen A to iple Cholce O

Contents

141
151
165
178
213
a2
258

mn



Chapter Fifteen Essay Answers
Appendix Various Steam Tables

Glossary

Index 387

s



INTRODUCTION

Taking the Test

Here are a few tips when taking your licensing examination:

Select what appears to be the most correct answer.

While examiners swear that there is only one obvious correct answer to a
question, you may find that either none or more than one of the choices is
obviously correct. Instead of trying to figure out which is the correct answer,
eliminate those that are obviously wrong and then narrow it down to the most
COTTect answer.

Don’t get hung up on one question.

Go through the test and answer the questions you definitely know. Then go back
and work on the ones you skipped. The last thing you want to do is expend all
your nervous energy on a hard question at the beginning of the test. Don't be
surprised if, after going through the test several times, there are still a few
questions that make no sense. If that's the case, just give them your best guess.

Learn definitions.
A lot of multiple choice questions are based on definitions. Take the following
example:
Convection means
a) the movement of liquids or gases created by a temperature difference.
b} transfer of heat by direct molecular contact.
c) the weight of a substance as compared to unit.
d) a form of heat transfer by waves.

The correct answer is a, but change the question to radiation means or conduc-
tion means, and the correct answer is then d and b, respectively.
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MaTH PrOBLEMS AND UNITS

When working a math problem, always assign units to the numbers in the
problem. When the equation is set up, the units should work out to the unils
you expect. If not, then the equation is not set up properly. Consider the follow-
ing problem:

The water surface in a fire tank is 135 feet above the suction of a fire pump.
What is the psi at the suction of the fire pump?

You remember the conversion is 2.31, but the guestion seems to be, do you
multiply or divide 2.31 by 135 feet. But the question is really 2.31 what?! Every
number that is written down should have units attached to it. When these num-
bers, especially conversions, have units, then the math becomes much easier.

The correct measurement is actually 2.31 feet/psi. Let's say your first guess is
to multiply 135 feet by 2.31 feet/psi (at this point don’t worry about the num-
bers, just concentrate on the units):

foat  foet?
feel x S5 = o

Obviously feet? per psi is not the answer you were looking for. Now divide 135
feet by 2.31 feet/psi:

foet
fwel/psi

= psi

This is more like it. The unit you were expecting was psi. Now that the problem
is set up properly, just add numbers to the units and let the calculator do the
number crunching:

135 &
231 /psi

= 5B.44 psi

Some examiners insist that you show all steps to the solution. This method
automatically makes you show all your work. Even if you don't come up with
what the examiner thinks is the correct result, if your work is laid out in an
easily followed fashion partial credit might be given.

Mow after all this talk about units, there are some numbers that are dimension-
less. It's not that these numbers started out lacking units; it's that all the units
led th Ives out. P efficiencies, and ratios like = (pi) are

examples.
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From elementary school you leamed that the equation for the area of a circle is
nr®. This same equation can also be written as 0.7854d2. Use whichever one
you feel most comfortable with.

With that in mind, let's find the arca of a 6 foot diameter circle. The answer
must be in square inches.

0.7854 x d? = 0.7854 x (6 fi)® x 144 in¥/HT = 4,071.5] in?

‘The same problem can also be worked out as follows:

& Tt diometer circle = 3 |t rodivs
3 #x 12 infit = 36 inches
®xd = 3.14 x 36 in)? = 4,069.44 in?

Notice the answers are close but not exact. The problem here is how many
decimals to use with m. Usually two decimal places is plenty. The important
thing is to show all your work.

Another advantage of using units is that you are forced to do all the conver-
sions. In the previous example, diameter was given in feet, but the answer had
o be in inches. You can bet your bottom dollar that if this were a multiple
choice question, it would include the answer that did not have feet converted to
inches. You would work the problem without converting, then be relieved that
the incorrect answer you came up with was included in the choices.

Make sure your calculator can do square roots. There are a few problems where
this feature comes in handy.
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CONVERSIONS

Now for conversions. Since most tests are closed book, these will have to be
learned or memorized:

1 in. Hg = 0,491 psi
1 psi = 2.31 leet,,,
1 f00t g = 0.433 psi
1 hp = 0.746 kW
= 33,000 it-Io/min
= 2,545 Bruh
1 kW = 1.34 hp
= 3,413 Btuh
1 gel = 231 in®
= B.33 Ib
cubic footl of woter = 7.48 gollons
= 1,728 in?
= 7.48 gollons
1 boiler horsepower = evoporation of 34.5 Ib,/hr from ond ot 212°F
= 33,475 Btuh
F = [Cx9/5) + 32
°C = 5/90F - 32)
COne British thermal unit (Btu) is required to reise the temp of one pound

of water 1°F and is equal to 778 ft-1b of work

Atmospheric pressure of 14.7 psia will sustain a column of water 34 feet high
and a column of mercury (Hg) 29.92 inches high.

EqQuATIONS
The following are a few of the equations you will have 1o memorize:
aren of o circle = 0.7854d2
circumfarencs of o cirde = =d
torque = {5,252 x hp)frpm
Bru/Tb of oil = 17,780 + (54 x APl grovity)

heating value of coal = 14,000 Biw/h
hegting velue of fuel oil = 19,000 Bhu/lb

Bhulbyy = 17.487 + (57.7 x APl grovity)
longitudinal stress =
pd

circumfarential stress =

iv The Boiler Operator's Exom Preparation Guide



Boilers

The equation for i llowable working p (MAWP) is:
TSxtxE
“TRxfs
where:
P = maximum allowable working pressure in psi inside drum or shell
TS = tensile strength of plate (psi - use 55,000 psi for steel)
t = thickness of plate (inches)
R = inside radius of drum or shell (im:hes]
FS = factor of safety (ulti ded by allowable working

stress or bursting pressure divided by safe working pressure. It can
vary between four and seven depending on age, type of construc-
tion, and condition. Use five for most calculations.)

E = efficiency of the joint (for welded joints, use 100%)

For bursting pressure, set the factor of safety to one.
The equation for boiler | is as foll

Ib e/t % Factor of evaporation
34.5 |byy./Boiler horsopowar

Where the factor of evaporation is:

Bl - (Feadwater temperoture - 32'F)
970.3 Btu/lb

The equation for boiler efficiency is as follows:

15 yupge/1Biqt % [BHUID e, - (Fomdwotar temperoture - 32°F))
Btu/lby,y

Pumps

To calculate h er, use the following

gpm x B.33 Ib/gol x Heod [feet}
33,000 #-Ib/min x Efficiency
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Or the following equation may be used to calculate horsepower:

gpm x Head (feai)
3,960 x Eficiency

To calculate the gpm of a reciprocating pump, use the following equation:

_IANE
AT
where:
L length of stroke in inches

A = area of piston
= number of strokes per minute
E = efficiency
231 = number of cubic inches per gallon

Note: A stroke is a piston moving once over iis path. For a duplex pump, a
stroke is both pistons moving once over their path.

Turbines
For condenser cooling water, use the following equation:

H .1, - 32°F)
@= Tl N T'I
where:
@ = weight of water to condense 1 Ib of steam
H = heat content of exhaust steam
t, = temperature of condensate
T) = temperature of cooling water entering condenser
T; = temperature of cooling water leaving condenser

The equation for torque is:
hp x 5,252
pm

where:
5,252 = constant that converts radians to rpm
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For pipe ion, use the following

Ty - T3} x L x Coafficient of expansion x 12 in /it

where:
coefficient of expansion for steel = 0.0000065 in.fin.-°F

To calculate pipe size, use the following equation:

144x G}
AN
where:
A area in sguare inches

quantity of steam in cubic feet per minute
velocity in feet per second
number of square inches per square foot

£
wonoun

144

Become familiar with different steam p and their cor
tures and heat content.

in. Hg in. Hg

bsolut psia °F cu fiflb Btu/lb
29" 1" 0.491 79 652 1,104
28" 2 0.952 100 340.4 1,105
27 3 1.473 115 231 1,111
psi psia °F cv fi/lb Biu/lb
15 30 250 13.7 1,164
100 15 338 3.9 1,189
150 165 kLT 2.75 1,196
200 215 388 2,13 1,199
250 265 406 1.B 1,202
285 300 417 1.5 1,203
585 600 484 0.77 1,203
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CHAPTER
ONE

Heat

While the concept of thermodynamics may seem a little daunting, it is neces-
sary to know a little about it, as it lays the foundation for everything that
follows. What is more important is that it also helps with some test questions.
Understanding terms such as sensible heat and latent heat and knowing what
happens when water changes to steam will help you understand what happens
in boilers and steam traps.

HEeAT TRANSFER

Let's begin by examining the process of changing water into steam. The heat
energy from fuel is delivered to the water by three methods of transfer: radia-
tion, conduction, and convection:

* Radiation does not require a transmission medium; it travels like light
waves through a vacuum and through air. The most common example of
radiation is the heat we feel from the sun.

+ Conduction is the transfer of heat from a warm molecule to a cooler one.
Some materials conduct heat better than others; for example, gases and
vapors are poor conductors, liquids are better, and metals are best. Materi-
als that are poor heat d like ast and calcium silicate, are
called insulators. Heat travels through insulators but at a slower rate.

Convection heat transfer takes place by movement of the heated material
itself. In a heated room, warm air rises and the cold air falls. In a boiler,
the hot water rises and the cold water falls to the bottom.

Now it is possible to see how the three forms of heat transfer work in a boiler.
The tubes in the furnace section of the boiler receive their heat by radiarion
from the visible flame. In fact, about half of the steam in an industrial boiler
and all the steam in a wtility boiler is generated by the furnace bes. The part
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of the boiler that contains most of the tbes is called the convecrion section.
This section receives its heat by convection from the hot flue gas. Heat is then
transferred through the tube metal and into the water by conduction.

‘Water to Steam

‘To demonstrate how water is transformed into steam, pour one pound of 32°F
water into a pot sitting on a stove bumer. Because this demonstration takes
plmmmopcnpx,rhepmssureoflhewammdmymmpmhcedmmmm
at heric p (Standard pheric p is 14.7 pounds per
square inch absolute (psia), which is explained later in this chapter. E.tp:mnenls
performed at different pressures yield different results.) Place a thermometer in
the water to monitor its temperature. You must imagine placing a device (let's
call it a heat-o-meter) in the water that measures the amount of heat absorbed
by the water. The heat-o-meter would be calibrated in Bu (British thermal
units). One British thermal unit is the heat required to raise one pound of water
one degree Fahrenheit, Figure 1-1.

60°F &1°F
+ 18—
— 1 Bl —

1 Ib of water 1 Ib of water
Figure 1.1, One British thermal unit roises one pound of woter one degree Fohrenheit

With the dial on the heat-o-meter set to zero and the thermometer reading 32°F,

turn on the burmer (Point 3, Figure 1-2). The readings on both the thermometer

andheatﬂ—murmllmmﬂehealabswbedbythemﬂmmum
is called ibl hea:!fywpulyuurfmgtrmﬂrwah:r

youcandelu:lmseﬂseﬂw ible heat. Sensible heat the

of a substance but not its state. This means that water ahsotbmg sensible heat

stays water and will not tum to steam.

As the water temperature reaches 212°F (Point 4, Figure 1-2), there will still be
a pound of water in the pot because boiling hasn’t started yet.! The heat-o-

! Bubbles will form on the bottom of the pot long before the water reaches 212°F,
‘These bubbles are dissolved gases coming out of solution. Hot water holds less
dissolved gas compared to cold water. This is the principle deaerators use to drive out
destructive dissolved gases like oxygen from the feedwater before it gets to the boiler.

2 The Boiler Operotors Exom Preparation Guide
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Figure 1-2. Water changing fo stleam

mewt reads IBO Btu. This matches the definition of a British thermal unit,
we 1 the temp of one pound of water 180°F (212° -
32°F = 180°F).

Just beyond Point 4 in Figure 1-2, the water is still absorbing heat because the
burner is still on, but the temp of the water i at 212°F.
This is called larenr hear (latent means hidden). Latent heat changes the state of
a substance but not its temperature, It takes extra energy to change the state of
a substance, and at this point, latent heat is necessary to convert water into
steam.

As the water continues to boil, the heat-o-meter reading would continue to

but the ther would stay at 212°F. When the last drop of water
evaporates (Point 5, Figure 1-2), the heat-o-meter would read 1,150.3 Btu. This
is the total amount of heat required to evaporate one pound of water starting at
32°F. Subtract the sensible heat from this total (1,150.3 Bw - 180 B = 970.3
Btu) and you have the amount of latent heat required to evaporate one pound of
water from 212°F at 14.7 psia.

During the evaporation process, the volume of one pound of water changes
drastically. Tt starts as a liquid at 0.01672 ft’ {about one pint) and changes to
steam (gas) at 26.79 fi (about one cubic yard), which is an increase of more
than 1,600 times!
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Steam may be called a gas, because that is what it is. What you see around the
top of a pot of boiling water is water vapor condensing out of the steam.
Condensation is the process by which steam gives up its latent heat and turns
back into water.

Now that all the water has evaporated from our pot, tm off the burner. While
evaporating, the water was absorbing heat fast enough to keep the metal pot at
# safe level. Without the heat-ahsorbing water, meltd occurs. This is an
extremely important point. because the same thing can happen in a boiler; if the
waler gets too low, property damage or even personal injury can take place.

Steel holds its strength up to 700°F, and it weakens rapidly above that point.
Since the flame temperature is over 2,.500°F, how does the boiler survive under
these conditions? It all has to do with how fast heat traveis through the metal.
If there is something on the other side of the metal that can absorb large
amounts of heat quickly (water, for example), then the metal temperamre will
stay at a safe level. If there is nothing on the other side that can absorb a lot of
heat quickly (air or steam, for example), then the metal overheats.

Events in nature may be explained by the theory just described. For example, in
the geyser Old Faithful in Yellowstone National Park, water under the Earth's
surface absorbs heat from rocks heated by Earth's molten core. After 2 time, the
water absorbs enough heat so that some of it flashes off into steam. Since steam
occupies so much more volume than water, pressure increases sharply. This
pressure is relieved by forcing the mixture of hot water and steam out of
openings and crecks in the Earth’s surface. It is because of this principle that it
is dangerous to sparge (directly inject) steam into a closed pressure vessel such
as a tank or pipe. Although this might seem a good way to heat water, the
waler under pressure absorbs heat u:ml some | of it flashes into steam. The
sudden increase in volume results in d if the p has no
place to go.

L P

STEAM TABLES

Steam tables show various pressures, temperatures, Imnmnum. mdspeaﬁc
volumes. Notice in Table 1-1 that as water p the «

baoiling temperature also increases. Also notice that warer at a specific pressure
always boils at a specific temperature. For example, water at 15 psig always
boils at 250°F, and water at 250 psig always boils at 406°F.

Saturation Line

The curve shown in Figure 1-3 is known as the samuration line. Every point
below the curve is water, and every point above the curve is superheated steam.

4 The Boier Crpemtors Exom Preparotion Guide



STEAM TABLE (approx)

Absolute

Sensibie

Heat Content
Latent

a0 5 287

45 59. 293 F
50 847 298

[1] T4 307

T0 B4, 318

75 [EK 320

85 29 328

85 0.7 335

100 115 k1.

125 140 353 .2
150 185 %6 | 3
75| 10 | 318 4
200 188 X
225 387 |
250 408

275 a4

300 41

325 A20 .
350 | 435 E
375 442 2
400 448 .
ASO | 460 | 439 | 768 |

| 470 |
550 | 585 | 479
500 615 489
Tabla 1-1. Properties of saturated steam
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Boiler pressure (psig)

Figure 1.3. Saturaiion line

Every point on the line is water and/or steam al its saturated temperature and
pressure (where the gas is at the same pressure/lemperature as the liquid it
contacts). A peint on this saturation curve is actually on the line between Points
4 and 5 in Figure 1-2. Point 4 is 100% water at its saturation temperature.
Halfway to Point 5 is 50% water and 50% steam. Point 5 is 100% steam. Point
5 is dry steam (all gas and no liquid), while wet steam is anywhere in between,
but not including, Points 4 and 5. The closer to Point 4, the wetter the steam.
The steam and water are both at the same temperature and pressure, but instead
of having 100% gas, there is a mixture of liquid and gas at the same tempera-
ture.

Refri also have p tables and ion curves. Refrig-
eration gauges have dials calibrated to P and temp In the
steam table shown in Table 1-1, both gauge f and absol are
gl\'en (Absolule pressure and gauge przssurt m explained later.) In unabrldgr.d

On]y are listed. Absolut must be used in
most eng ing calc fati gauge p is I:sled on the steam table for
convenience.

Absolute and Gauge Pressures

A is any p less than ic Zero pounds per
square inch absolute (psia) is a perfect vacuum, Zero pounds per square inch
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gauge (psig or psi) is atmospheric pressure. When stating absolute pressure, psia
must be used. When stating gauge pressure, psi is all that is required, but
mmcumes psig is used. At sea level, absolute pressure is 14.7. When converting

T to gange p , sulby 14.7. When converting gauge
P 10 absol add 14.7. Remember, gauge pressure plus atmo-
spheric p equl]s bsolute p Figure 1-4 shows a comparison

between absolute and gauge pressures.

Superheated Steam

Unahndged steam mhlesmdmded into two parts. The first part lists the

ionships b liquid and vapor phases. In
the first per: the first column lists temperature, while the second column lists
pressure. The second part of the steam table describes the properties of super-
heated steam.

Although it was stated that for a given pressure there is only one temperature
for steam, the temperature of superheated steam is higher than saturated steam
at a given pressure. This is because after steam is produced, additional heat can

40 psia 25.3 psig
Zero gouge
4.7 psi (atmospheric pressure)
vacuum
14.7 psia —F—
760 mm Hg
29.92in. Hg
10 psia
Absolute zero

Figure 1.4. Comparison betwesn obsolute and gouge pressures




be added to increase its temperature and heat content. Any point beyond Point 5
in Figure 1-2 is superheated steam.

Superheated steam is used for two main reasons: 1) to provide extra energy that
is used for driving a steam turbine; and 2) its higher temperature means that
less of it condenses when transported over long distances, such as airports,
military bases, and large campuses. Superheated steam is rarely used for space
and process heating. To understand why, let’s look at the steam cycle and how
steam is used.

Consider that 15 psi steam is transported 10 its point of use (for example, a
heating coil in an hvac system, a kettle in a kitchen, or a fuel oil heater). As
heat is transferred from the steam and into the process, the steam condenses
back into water. For every pound of steam that condenses, 946 Btu are deliv-
ered (see Table 1-1). This is the great advantage of steam; a lot of heat can be
transferred with a little amount of effort.

If we add 50°F to a pound of superheated steam at 250°F and 15 psi, around

25 Btu will be added. This is a very small percentage compared to the 946 Bru
already ined in the d steam. The superheat is used very quickly,

and most heating is still done at the saturated temperature of 250°F,

Flash Steam

Nature will neither permit water to remain in the liquid state at temperatures
higher than 212°F, nor to contain more than 180 Biw/lb at atmospheric pressure.
Saturated water at 0 psi at 212°F contains 180 Btu/lb. Saturated water at 150
psi at 366°F contains 339 Buwlb, In the latter case, the Bulb exceeding 180
Btu/lb must be jettisoned. Nature takes care of this surplus by converting a
fraction of the water to flash sicam. Live steam is gcn:mt.bd in a boiler, wh.l!e
flash steam is produced when hot water at its P is

to a lower pressure.

The percentage of flash steam can be calculated by finding the difference in
heat content between the high and low pressure waters, then dividing by the
latent heat of the steam at the lower pressure. To convert this decimal answer to
a percentage, multiply hy 100. Fur !xmple, a steam trap in a 100 psi system
discharges | (0 psi). The steam table (Table
1-1) shows that 100 ps1 water contzins 309 Bru/b, 0 psi water contains 180
Btu/lb, and that the latent heat of O psi steam is 970.3 Bru/lb. What is the
percentage of water flashed into sieam?

309 Bru/lb - 180 Biu/lb

570.3 Brufb )"°°} = 13.29%

8 The Boiler Operotor's Exam Preporation Guide



Wasting 13% of the water is bad enough, but now calculate how much heat is
lost by letting the flash steam get away. What percentage of heat does the flash
steam contain compared to the saturated water at 100 psi?

Haat in flash steam 309 Btu/lb - 180 Biu/lb )
Heot in 100 psi watar = 307 Biu/lb (100 = 41.7%

Figure 1-5 is a graphic representation of the flash steam equation.

Unabridged Steam Tables

For those of you who must take more advanced examinations, steam table
questions are fair game. It is sometimes asked how the tables are organized.
The tables are divided into three sections: saturated steam listed by temperature,
Table 1-2; saturated steam listed by pressure, Table 1-3; and superheated steam,
Table 1-4. The complete steam tables may be found in the appendix.

PERCENTACE OF
FLASH STEAM FORMED WHEN
DISCHARGING CONDENSATE TO
REDUCED PRESSURE,

0
5
A A
;L
g 20 I
1 ot
b4 il
2 AL e
15 o =
r i
w r E "
=] A » i 11
8% H
§ 1 ’r ot G BACK PAESS
E' AR 4 ., CuRvE | LBSSO M
2 y. ¥
] o
y y. 19
- A 0
J 5 1 3
o UL
-0 0 50 100 150 200 250 300

PSI FROM WHICH CONDENSATE IS DISCHARGED

Figure 1-5. Percentoge of flash steam lormed when condensote is discharged to a lower
pressurs (Courtesy, Ammstrong Infemational, Inc.)
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Table 1-2. Properties of solurated steam - temperoture toble (Courtesy, Comeron Hydroulic
Deto book. Reproduced with permission of Ingersall-Dresser Pump Company.)

The tables start at the liquid phase at the rriple point of water, which is where
water can exist as a solid, liquid, and vapor simultaneously. At this point, the

specific internal energy and the specific entropy are each exactly zero.

The tables go up to the critical temperature and pressure, which are 705.47°F
and 3,208.2 psia, respectively. At these points, the figures for specific volume,
enthalpy, and entropy are the same for liquid as they are for vapor.

10 The Boiler Operotor's Exom Preparation Guide



Specihic voiume Estaaty Entregy
Hefbm Bu om eutbm s P

Aba

Water Seam Wiier Steam Walwr St prasE

v " " b . 8, Inhn?

oomsazz 13074 & oouy worss oo 21872 cases
omeaxz 288 Eig s 1087 4 o052 20867 o
00EIT 1§ 47633 10863 oo 20310 050
0D1E1E p 8573 198 Qs 1970 10
D00 1873 Ry W26 03008 1. Bb64 10
0018451 #1584 13883 nMz L a0
DB made | owizs | 1433 | o LT
ooeng W 18017 LAECE] LELH]

14,664
01T = win | nss | amw 1o
0018834 o087 3637 | 163 | oMsa w00
008937 8301 s2 | 11638 | 63438 x0
a0 B744 | ks et | a 300
0ot M | zes 1871 | 33808 350
1 1688 | amn a0
2415 e | g a3n
202 1Y | gang 500
564 niee | o 840
i nTe 600
W1 N | e 850
Firkd 1S Qs ell
Fil] nee | owne 140
21 18 | fase B30
00187 855 12 | aete 850
oa76S0 s nes3 | ogasey | igng 500
b ez | o4sa 5063 w0
bk M2 | aatsy 16027 100
Eockd 1Eaa Qaten 15504 105
305 8 1889 | o | 15950 110
03 nees | oearr | asen e
e N LELLE] 15879 n
N3 HEY | Q4nte 125
neo 1617 | o8 | 1S ]
1229 1624 | 0538 | vamm2 13

50 naag | osen | varsy

s 1 oser | 13

1oE 1 a5 15008

81 11851 si08 | 13e

3412 1860 | 0368 | 15561

ez 11089 | osus | issa

E) 1976 | 034

3555 1 0838 | 1554
Bie n|o | om0 | 1503 HY

b Rhi 1] LR 15374

33 12001 566

i3 12008 | osEM | i3 a0
78 1 12011 s73 | 1apes 50
EiT] 12008 | psta | 13m0 0
aoers WE W9 | eiTes 1547 e

Toble 1.3. Properies of saturated steam - pressure toble (Courtesy, Comeron Hydroulic Data
book. Reproduced with permission of Ingersoll.-Drasser Pump Company,)

The explanations for the subscript abbreviations are as follows:

f = satwrated liquid state
B = saturated vapor state
fg = difference between the liquid and vapor state

In the superheated steam table (Table 1-4), the top row of temperatures repre-
sent the total steam temp , while the temy to the left of the
abbreviation “sh™ show the amount the steam is superheated,
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Tnbls 1 -4, Pfoporiiu m‘ lupuhaoled Ilunrn [Countesy, Comeron Hydroulic Data book.
gersell-Dressar Pump Company)

TEMPERATURE

In addition to absolute pressure, mthu term you need to know is absolute
Absolute temp on the Rankine scale (°R).
Abmluw zero temperature is the pmm at which all molecular motion ceases,
and O°R is equal to about -460°F. Figure 1-6 shows a comparison of the tem-
perature scales.
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It is also important to know how to convert from Fahrenheit to Celsius or vice
versa, To convert Celsius to Fahrenheit:

*F = (/5 x°C) + 32
To convert Fahrenheit to Celsius:
C o= 5/9x [°F . 32)

A few other points to know:

* The freezing point of water is 32°F or 0°C; the boiling point of water is
212°F or 100°C.

The ratio 100/180 (5/9) is the number of graduations from freezing to
boiling on the Celsius and F it scales, respectively. The recip 1 ig
9/5, and its decimal equivalent is 1.8,

If you think you are using an incorrect formula, try it out by plugging in
the value for a conversion you know. For example, 0°C or 32°F should
convert to 32°F or 0°C, respectively, and 100°C or 212°F should convert
to 212°F or 100°C, respectively.

 40°F = 40°C

Heot 13
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CHAPTER

WO

Boilers

The purpose of any boiler is to transfer heat produced by buming fuel to water
under pressure to generate steam. The hot water and steam in even the smallest
boiler has a large amount of energy.

F.axly 'bmlm were prone to explod.e due to d ive design, fabrication, and
An org d about the loss of life and property that
resulted from boiler explosions was the American Somr.ty of Mechanical Engi-
neers (ASME). This p ional society d dards for boilers and
other pressure vessels. Known as the ASME Code‘ or simply the Code, it is not
a legal document, however, most states have written the Code into their statutes,

so it is the law of the land.

Manuf: have developed different boiler designs to maximize efficiency
and make their products competitive in the marketplace, There are three basic
boiler types: fire- .lube water-tube, and cast iron boilers. In a fire-tube boiler, the

ducts of L pass through tubes surrounded by water. In water-tube
bmlers. water circulates through the tubes, which are surrounded by the prod-
ucts of combustion. Cast iron boilers are discussed later in the chapter.

FIRe-T'UBE BOILERS

The fire-tube boiler is the most common type used in industrial and heavy
commercial applications. It is popular because it is less expensive to make and
easier to repair than water-tube boilers. The horizontal retum tubular (HRT) and
the Scotch Marine are the two types of fire-tube boilers.

Boilers 15



Horizontal Return Tubular (HRT) Boilers

The HRT was the first fire-tube boiler, and at one time, it was the most popular
boiler type. HRT: consist of a cylindrical tank-like vessel with tubes secured in
its head, or tube sheet, Figure 2-1. The HRT does not contain a fire box;
therefore, the boiler is placed over an external furnace. Hot combustion gases
rise from the furnace and move along the bottom of the shell towards the back
of the combustion chamber. The pases rise, move through the horizontal fire
tubes, then discharge into the breeching. The gases then dissipate through the
stack. This vessel is mounted over its furnace by suspending it from rods

d to hanger brackets riveted or welded to the shell. It is a big project
to install an HRT. Installing the footings, structural stecl, and rigging; building
the fummace or setting brick by brick; and installing the burner and various
controls on site is very labor intensive, requiring many trades.

Raar tube sheet
Boiler shell or
Stack pressura Rear refractory
[flue gos oullet) /_ Steam oullet {or fire brick) wall

/

!— Wﬂlﬂ'

Front
tube sheet

N\

at”
AN

AN

Figure 2-1. HRT boiler

The term boiler serting originally applied to the brick wall enclosing the furace
and heating surface of the boiler. Now the term comprises all the walls that
form the boiler and furnace encl including the insulation and lagging of
these walls.
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Scotch Marine Boilers

Today, most fire-tube boilers are shop-constructed Scorch Marines, Figure 2-2.
‘The main design feature of a Scotch Marine boiler is its self-contained, built-in
furnace. Because it requires no on-site structural steel or mhug the Scotch
Marine boiler with all its auxiliary equip can be bled in a
factory under controlled, efficient conditions. Frequently called packaged boil-
ers, they are shipped complete with burners, oil and gas trains, combustion
controls, feedwater controls, and the trim (water column, gauge glass, pressure
gauge, low-water cutoffs, etc.). At the end of the production line, packaged
units are filled with water, test fired, and brought up to

When delivered to the customer, they are ready to run after connection of the
electric power, exhaust stack, and steam, feedwater, blowdown, and fuel lines.

Figura 2.2, Scotch Marine boiler (Courtesy, Willioms & Dovis Beilers, Inc.)

In the Scotch Marine boiler, the hot gases from combustion move into a brick-
lined combustion chamber at the back of the boiler. The gases pass into the fire
tubes, and these tubes return the gases to the front of the boiler. The gases then
pass through large furnace flues, into the breeching, and finally out the chim-
ney. The furnace is surrounded by water, thus capturing more of the flames®
heat for higher efficiency. With this design, the boiler’s pressure can crush the
furnace, With low-pressure boilers, ordinary large-diameter pipe can be used for
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the furnace. By definition, the safety valve setting is limited to 15 psi on low-
pressure boilers. Anything above 15 psi is considered a high-pressure or
power boiler.

With high-pressure boilers, the fumnace must be reinforced to prevent collapse.
Figure 2-3 shows an Adamson ring furnace, which uses flanges or reinforcing
rings on the tubes, while Figure 2-4 shows the Morison furnace, in which the
furnace tubes are corrugated. With modem fabrication techniques, it is easy to
corrugate standard pipe to make a Morison furnace.

_..--1/

R

Figura 2-3. Adomson ring furnoce

When pressure is applied to a flat surface, it tends to bulge out. This force is
always present on the tube sheets of fire-tube boilers. The lower 7/8 of the tube
sheet is supported by the tubes and fi h T, tubes are omitted from
the upper section of the boiler to provide steam space. Welding diagonal stays
in place is the most common method to support the upper area, Figure 2-5.
Boiler inspectors make sure they are intact for safe operation.

Figure 2-6 shows the internal construction of a Scotch Marine boiler. The large
circular opening is the furnace, and the steel plate that looks like a pair of bird
wings is a baffle that separates the third and fourth passes. (Passes are discussed
later in this chapter.)

To secure the furnace and tubes to the tube sheet, the furnace is welded, and
the tubes are expanded by rolling. Tube expanding or rolling is 2 simple and
economical way of cold working the end of a tube into contact with the circular
opening of a tube sheet, drum, or header. The expanded joint provides an easy,
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Figure 2-4. Maorlson fumace

secure method 1o fasten tubes. Under axial loading, the expanded joint is almost
as strong as the tube itself (axial loading is the force trying to pull the tube out
of the tube joint).

Figure 2-7 shows an expanded tube and an expander. The tapered mandrel is
rotated by a high-torque, slow-speed motor and is pushed into the expander.

The rotating mandrel uns against the tube with great force. This force in-
creases the tube's diameter and forms a strong, watertight connection to the tube
sheet. A bell roll flares the end of the tube. Tube sheets are sometimes grooved
to give the joint more strength. On fire-tube boilers, Figure 2-8, this flare is
exposed to hot flue gases and would eventually be damaged. For this reason,
and not for additional strength, the ends of the tubes are beaded over back to
the tube sheet.

On older boilers, such as locomotive types, stay bolts are an important part of
the pressure vessel. They are used when two adjecent flat surfaces must be held
in place, or stayed, to resist the bulging effect of pressure. Since they are
rigidly attached, any parallel movement of the two adjacent flat surfaces places
considerable siress on these bolts. If one of the two plates makes up part of the
furnace and thus is exposed to iderable heat, it expands more than the
adjacent plate. After a while, these bolts crack. It is like bending a metal coat
hanger back and forth; eventually it breaks. The ASME Code requires a crack
detector, which is nothing more than a small hole drilled in the middle of the
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—d Blowdown line

Wall of boiler

Diagonal stoys

Figure 2-5. Diogonal stays support the upper portion of fire-tube boilars

bolt. When a crack reaches the drilled hole or telltale hole, steam or water
escapes, alerting the operator to the problem, Figure 2-9.

Dry-Back and Wet-Back Boilers

Fire-tube boilers are classified either as dry-back or wet-back.

In a dry-back boiler, the rear part of the boiler consists of a refractory-lined
door that is hinged or hung from a davit, allowing it to be opened for inspec-
tion or maintenance. This lining also forms the rear baffle in three- and four-
pass boilers.

In a wet-back boiler, the rear part of the fumace is a water-cooled steel jacket
instead of a refractory. This jacket is part of the pressure vessel. Though more
expensive than a dry-back, a wet-back boiler red T stress on the
rear tube sheet, adds heating surface, and forms a leakproof gas baffle.
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Front view
Figure 2-6. Internal construction of o Scotch Marine boiler

Fire side

341"

/4" 10 1/2¢

Reor tubs shest
/—-ﬁm-w:m _\\

Tube sheet

Side view

Water side

Short roll

/—Ball roll

Tube
Long roll

Tube hole dia. plus 1/8"

‘Flare® or "Bell*

Figure 2-7. Position of the axpander and mandrel after tubs and mandrel ore expanded into

tube sheel (water-tuba boiler)

Fire-tube boilers are also classified by the number of passes, or times the flue
gas travels the length of the boiler. Figure 2-10 shows a simple two-pass boiler.
These are the least expensive and generally the least efficient. By adding
additional passes, the flue gas has additional opportunity to surrender its heat to
the water in the boiler. The manufacturer has to decide on the number of passes
by balancing the boiler’s efficiency against the cost of production. Figure 2-11
is an example of a three-pass wet-back boiler.
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Expand roll and bead Prosser, expand roll, and bead
Figure 2-B. Tubes exponded into and ends beaded back onto tube shest (fire-tube boiler)

77

Tellale hole |
| Serewed, welded, and riveted :i\

Telltale hole

N

Firebox sheet Wrapper sheet
Figure 2-9. Stoy bolt showing tellicle hole
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The practical economic upper limit of fire-tube boilers is 200 psi operating
pressure and 30,000 pounds per hour. Beyond this, water-tube boilers become
competitive.

WATER-TUBE BOILERS

‘Water-tube boilers have been around since the mid-1800s. One particular boiler
design, created by Babcock and Wilcos, lasted into the 1930s. On this design
straight tubes were rolled into vertical headers, and the front headers were
connected to the steam drum. The rear header was connected to a horizontal
box header, which was also attached to the steam drum. The tubes were in-
clined to promote water circulation. There was also a weight-and-lever safety
valve on top of the drum. This type of valve is no longer pmmlmd because it
is prone to nuisance leakage. Operators d this leak by
placing additional weight on the lever (see Figure 3-21). This increased its
relieving pressure and thus made boiler explosions more likely. Also note that
these furnaces were made of brick. As designs evolved, more of the furnace
lop isted of st ing water tubes.

In the 1930s, mnufactunng and material technology created rapid advances in
higher op ng and ities. Unlike the tubes being
attached to flat tube sheets, as :n fire-tube boilers, the wbes are attached 1o a
steam drum and water or mud drum. Like fire-tube boilers, water-tube boilers
come in different configurations. The most common oil- and gas-fired packaged
boiler for industrial use is the “D" type.

In a water-tube bailer, fuel is fired into a water-cooled fumace under positive
pressure. The casing (sheet metal and refractory enclosing the boiler) is seal-

Figura 2-10. Two-poss dry-back boiler
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Figure 2-11. Three-poss wet-bock boiler (Courtesy, North Americon Monufacturing Co )

welded to form a gastight envelope. At the end of the furnace, the flue gas
turns into the convection section and travels back toward the front. If superheat-
ers are required (discussed later), they are placed between the furnace (radiant)
and the convection sections.

All boilers have a radiant and & convection scction. The fumace, or where the
combustion takes place, makes up the radiant section. About half of the steam
in commercial and industrial boilers is generated from the radiant energy of the
flame. The rest of the steam is generated in the convection section, where heat
is extracted from the hot flue gas before it goes up the stack. In large utility
boilers, all the steam is generated in the radiant section, and the superheat is
added in the convection section.

Note that the Babcock and Wilcox boiler design was made of brick. Tt wasn't
until the 1930s that designs incorporated heat-absorbing, steam-generating tubes
in the furnace area. These tubes initially had considerable space between them
but were later designed so that they formed the gastight envelope called a
membrane wall, Figure 2-12. This type of construction is often called a water
wall.

Superheaters

Superheaters increase the amount of heat in the steam. As mentioned in the first
chapter, steam temperature is determined by the steam pressure. If higher steam
temperature is required, then it is run through a superheater. Locomotive-type
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Membrane bar

Cylindrical studs Refractory
Figure 2.12, Membrone wolls

boilers are equipped with superheaters, but they are rarely found in other fire-
tube designs. In most industrial water-ube boilers, the superheater is placed
where the flue gases make their turn from the radiant to the convection section
of the boiler.

Superheaters are classified as radiant, convection, or comt 1
:uperheamrsmp!xcedalﬂ:emarnfﬂmfnmme,whmmeymwvelhehu]k
of their heat by radiation from the flame, Figure 2-13. When required, screen
tubes are placed in front of the superheater tubes to prevent damage from
overheating. Screen tubes are part of the boiler water circulation system and are
attached o the steam and mud drums.

A convection superheater, Figure 2-14, is placed in the flue gas stream where it
receives most of its heat by convection.

Figure 2-15 shows that steam temp d with an i in steam
pmducuon in radiant up t With i perh 5, steam temp
ture with an i in steam production. A properly designed combi-

nation of the two yields a stable superheat temperature.

Since a constant superheat is desired over the load range of the boiler, many
manufacturers place the superheater between the radiant and convection sections.
With this combination superheater design, the steam temperature remains fairly
constant.

Although boiler tubes are exposed to high temperatures, they remain intact
because the water absorbs heat fast enough to prevent damage. Superheater
tubes survive in the same environment, because the steam flowing through the
tubes absorbs heat fast enough to keep the metal intact. For this reason, it is
critical that steam flow through the superheater be properly maintained. Safety
valves, which will be covered in the next chapter, are required on both the
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Figure 2-13. Rodiont superhegter

Figure 2-14. Convection supsrheater
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steam drum, where they are called the saturated safety valves, and on the
superheater discharge.

‘To maintain steam flow th h the h the rh safety valves

are always set at a lower pressurc than the drum w‘ety velves. If the saturated
safety valves discharged first, the reduced flow could cause the superheater to
overheat.

To this pomt only naw:a.l :m:ulsucn boilers have been addressed. There are

ion water-tube boilers. The heating surface of a
" d-circulati bmler ists of a i single coil and requires only a
small amount of water in the boiler to produce the desired steam output. Conse-
quently, start-up time can be as short as 15 minutes. This feature results in fuel
and labor savings when the boiler is not required to operate 24 hours a day.
This coil forms the furnace and convection section.

MNad

In op of a or forced-circulation boiler, water is pumped from a
receiver to the accumulator. The level in the accumulator is maintained by a
liquid level controller, and the bottom of the accumulator is equipped with a
blowdown valve. A pump draws water from the accumulator and then forces it
under pressure through the continuous heating coil. Steam generated in the coil
is returned to the accumulator, where the steam and water are separated. The
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steam leaves through the top of the accumulator, and the water falls to the
bottom and is pumped back into the coil.

Steam Separators

The water surface inside a steaming boiler is very turbulent. Under these
conditions it is easy for some impure boiler water to carry over into the system
with exiting steam. Steam separators are located in the steam and water drum
and work on the principle that when steam changes direction, which it does
with much less difficulty than water, the heavier water droplets will separate
from the steam. The steam separator removes as much moisture as possible
from the steam. R 1 of this moi damage to the steam engine
if water is carmried over into the system. It also protects the system components
from erosion, which may be caused by wet steam

The dry pipe steam separator is simple and effective for small boilers, Figure
2-16. This separator is located in the steam and water drum. The top half of a
dry pipe separator consists of many small holes. The steam-water mixture must
change direction in the dry pipe separator to navigate through these holes and
out the steam outlet. With each change in direction, water drops out. The
separated water drains out through one or two small pipes that run from the
bottom of the dry pipe to under the water's surface,

Larger boilers, especially those equipped with (i need more sophisti-
caled separators. Centnfugal fom the force that tends to move objects outward
from the center of ion, is an llent method to sep steam and water.

As shown in Figure 2-17, the steam-water mixture is directed into a series of

Figure 2-16. Dry pipe steam separofor
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Figure 2.17. Centrifugal or cyclone saparotor

cyclones. Water is thrown to the side by centrifugal force and retumed back to
the drum, while the steam travels on to the boiler’s outlet.

BorLEr CAPACITY

Before discussing fire-tube versus water-tube boilers, it is necessary (o under-
stand boiler capaclly Steam boiler capacity is measured in pounds of steam per
hour at of and with a specified feedwater tempera-
ture. Boiler capoc:ty used to be measured in boiler horsepower (bhp), however,
that measurement is now only used to designate the size of fire-tube and cast
iron boilers. A boiler horsepower is equal to the evaporation of 34.5 Ib of
212°F water per hour. For example, consider how much steam a 600-horse-
power boiler can generate:

(600 bhp) (34.5 Is/hi/bhg) = 20,700 Ib/hr
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D et confuse boder | P with shafi b P Shlh horsep may
2iso be called brake horsep . This may t fi
eooreviztivn for both boiler and brake horsepower is bhp. Bxakchxicpow:s
the power needed 1o drive a machine a1 full Joad. It does not include the power
st 10 transmission of the force due to friction and heat.

To desermine how many British thermal units (Biu) are contained in one boiler
norsepower, refer to the steam table shown in Table 1-1. The table indicates that
1t takes 9703 Btu to evaporate 1 Ib of 212°F water. Therefore:

1970.3 Bu/lb) (34.5 Io/he/bhp) = 33,475 B per bho

The of obtaining boiler horsep mumphenwghanduwfﬁ-
cient most of the time. Unf Ty, this simple pt gets
“hm;rmpmcummmquuud.ﬂxpmblmuﬂnllh:mmfnboﬂm
that evaporale water at 212°F To obtain the true, or developed, boiler horse-
power, a factor of evaporation must be applied to convert operating conditions
w0 equivalent 212°F conditions. The factor of evaporation is the heat added to
the water in the actual boiler in Br/lb divided by 970.3 Brwlb. To find the
developed boiler horsepower, the factor of evaporation must be multiplied by
the boiler horsepower (from and at 212°F).

To determine the heat added by the boiler, it is necessary to have a stcam table
and know the feed boiler outlet p , and the |
ufmmmmdegreeofmpuhuheqmmu‘

[B40/ 10} e - (Feedwater temperatura - 32°F)

The units of measure do not work out in this equation; h 'lbe’ d
is assumed to have a specific heat of one, therefore, one degree f

wm;mmr:meqmva]anlmnneBnushlhemallﬂuLTbemmmmblcsmnn
32°F, so 32°F must be sub d from the feed p
Rated boiler horsepower is yet another method of calculating a boiler's

Since rated bhp only requires boiler type and square feel of heating surrach.
Table 2-1, this method is frequently used to determine horsepower in the
absence of reliable data.

The percentage boiler rating is di ined by dividing the developed bhp by
the rated bhp and then multiplying by 100.

It is easier to understand these concepts when a sample problem is worked out.
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Type of Bailer Surfoce [fi?/bhp)

Vertical fire-tube 14
Harizontal fire-tube 12
Woater-tube 10

Toble 2-1, Raoted horsepower

Example 2.-1 F'mdtbemlgdhodﬁhnmpowu heat added to the boiler, factor
. and p boiler rating for a water-
rnbe boiler with the follawmg speclﬁcal.ions:

Heating surface: 4,000 sq ft

Superheated steam produced by boiler: 30,000 Ib/hr

Pressure: 140 psia at 400°F

Feedwater temperature: 230°F

Solution 2-1. First find the rated boiler horsepower (use Table 2-1):
4,000 #7

10 onp 400 Bhe

To find the heat added to the boiler, use the followil (the superheated
steam table in Table 1-4 showsanmihl]pyofll‘ll).s Btuﬂb)

1,220.8 Bru/lb - (230° - 32°F) = 1,022.8 Btu/lb

Determine the factor of evaporation as follows:

1,022.8 Bru/lb
5703 B Ot
Thea dstsraloe the developed beilar hocseposrar 23 fol

{30,000 Ib/he{).054)

345 orhabhp 7105 bhe
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The percentage boiler rating is as follows:

165 bhp

100) = 229%
400 bhp )[ '

(It is very for modem boilers to develop twice their rated horsepower.)

HEATING SURFACE

The heating surface of a beiler consists of those arcas that are in contact with
heated gases on one side and water on the other. The Code states that the fire
side is used when calculating heating surface. For example, consider that tube
and wall thicknesses are given for a fire-tube boiler. The given dimension of
bouler tubes is always the outside diameter (od). In this case, however, the fire
side is the indde diameter (id). therefore, twice the wall thickness must be
subtracted to obtain the commect diameter.

Example 2-2. An HRT boiler is 72 inches in diameter, 20 feet long, and
comains 110 three-inch mwbes each with a wall thickness of 0.135 inches.
Calculste the HRT's heating surface and rated boiler horsepower.

Solution 2-2. Pant of the exterior shell of an HRT boiler forms the fumnace and
thus is a beat-absorbing surface. The fumnace is where the combustion takes
place. Unless otherwise stated, to find the heating surface of an HRT, use two-
thirds the area of the shell, all the twbe surface area (use inside diameter), and
two-thirds the area of both wbe sheets minus the area of the tube holes. Note:
When taking the licensing exam, be sure to write these categories on the answer
sheet so the examiner knows the basis of your calculations.

Notice that dimensions are given in both inches and feet. Since heating surface
is usually in square feet, all must be d to feet. The area
of the shell equals its circumference multiplied by its length:

[Diemeseq(3. 1 4)length] = ( ):3 14020 F) = 376.8 2

12 inJi

Note: n = 3.14

Assume two-thirds of the shell is exposed to heat:

(2) (376.8 ) = 251.2
3
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For a fire-tube boiler, the heating surface of the tubes equals their id circumfer-
ence multiplied by their length. To obtain the id, subtract twice the tube thick-
ness from the od:

id = 3in. - (2} {0.135 in)] = 2.73 in.

. 2
2,73 in.
id){3.14){Lengthi(No. of tubes) = ( mi—":}'){a.umo Wiiubel{110 tubes) = 1,571.57

Now calculate the surface area of each head as follows:
Head arsa = [0.7854] (Diometed?

72in. y?
Haod orea = [o.rssq]( 3 j:'m)- 28.27 Hifhead

Note: The area of a circle can be mr* or 0.7854d°.

Assume two-thirds of each head is exposed to heat:

(;) {2827 1) = 18.85

Then calculate the hole area:
Hole area = (110 holes) (0.7854) (3 in)? = 777.55 in?

777.55 in?
Taa g =4

Therefore, the heating surface of each head is:
18,85 #7) - (5.4 K] = 13.45 H/head
There are two heads:

[2) (13.45 ) = 26.9 1
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The heating surface equals the sum of the heating arcas, tubes, and heads:
251.2 17 + 1,571.57 #2 4 269 W = 1,B49.67 #7

The rated boiler horsepower is as follows (use Table 2-1):

Heating surfoce o 1.845.67 #?

= 154 bhy
12 W/bhe 2 Frhp - 4 Bhe

Example 2-3. Find the rated boiler horsepower, heat added to the boiler, factor
of evaporation, developed horsepower, and percentage boiler rating for a water-
tube boiler with the following specifications:

Heating surface: 18,000 fi?

Steam produced by boiler: 75,000 Ib/hr

Pressure: 150 psia

Heat contained in 150 psia steam: 1,194.1 Bu/lb

Feedwater temperature: 180°F

Solution 2-3. First find the rated boiler horsepower (use Table 2-1):

18,000 #

TR - % bhp

The heat added to the boiler is as follows:
1,194.1 Bu/lb - (180°F - 32°F) = 1,044.1 Biw/lb

Determine the factor of evaporation as follows:

1,046.1 Bru/lb

$70.3 Br/lb 1.07

Then determine the developed boiler horsepower:

{75,000 Io/hi)(1.078) _

43,
345 ofhafbhg - 20435 bhe
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The percentage boiler rating is as follows:

2,343.5 bhp) 100 = 130%
( 1,800 bhp (100}

FIre-T'uBE vs WATER-T'UBE BOILERS

The choice between a fire-tube or a water-tube boiler comes down to how much

and are required. If the p is under 150 psi and the
capacuy is under 25,000 Ibshr, then a fire-tube boiler works well. If higher
values are required, then water-tube boilers are a better choice, Table 2-2 shows
the ad ges and disadvantages of both fire-tube and water-tube boilers.

Fire-Tube Waoter-Tuba
Lower inifial cost —_—
Pressures to 150 psi (some to 300 psi)
but flat sufoces must be stoyed Prossures to 5,000 psi +
Most produce steam up to 25,000 lb/hr
7 _million |b/hr +
— Supert may be odded easily

J— More flexible buming of dilierent fusls

Larger waler copacity {lb of steam per

hrflb of woter storage] —

Slower in coming up to operating Monatube boilers can be on-line in
pressure 15 minutes

Provides accumulater action and can
meet load changes quickly J—

Toble 2-2. Advontoges and disadvontoges of fire-tube ond water-tube boilers

Why can water-tube boilers be built for much higher pressures than fire-tube
boilers? Take a look at the formula below for the maximum allowable working

pressure (MAWP):

_ (1Sje)
T (RYFS)

where:
P = i llowable working p in psi inside drum or shell
TS = tensile strength of plate, (psi - use 55,000 psi for steel)
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thickness of plate (inches)
efficiency of the joint (for welded joints, use 100%, which is
represented in the equation as 1.0.)

R = inside radius of drum or shell (inches)
FS = factor of safety (ultimate strength divided by allowable working
stress or bursting pressure divided by safe working pressure. It can
vary between four and seven depending on age, type of construc-
tion, and condition. Use five for most calculations.)

m
n

t is obtained by omi the factor of safety (FS) from the
n'bm fomulm There w1.'ll be some exn.mples of this equation at the end of the
chapter.

%e.nthernd.msnfabmlermbeorshe]l for a given thick the
maximum allowable working | ‘Therefore, thin boiler tubes,
with their small diameters, can stand a great deal of pressure, while the thick
shells of fire-tube baoilers, with their large diameters, can take only a moderate
pressure. For example, a 1-3/4", 9-gauge (0.150" wall thickness) boiler tube is
allowed to handle 2,020 psi, while a 5" tube of the same thickness is allowed
to handle only 590 psi.

Another fact about steel structures is that they are much stronger in tension than
in compression. In a fire-tube boiler, the wbe is in compression (the pressure is
trying to collapse the tube). The 1-3/4", 9-gauge tube that was good for 2,020
psi in a water-tube boiler is only good for 680 psi in a fire-tube boiler. Remem-
ber, boiler wbes are always measured by their outside diameter (od).

Cast IroN BOILERS

Cast iron boilers have no tubes. Instead, water is routed through one set of
cavities of the cast sections and the products of combustion through another set.
The sections are cast from a pattern and then assembled either in the shop or in
the field. Some section designs resemble pork chops, thus the nickname “pork
chop boiler.” Figure 2-18 shows a typical cast iron boiler. The sections are held
together with te rods. A circular gasket called a sealing ring keeps steam and
water from leaking t the i A heat-resi gasket seals in the
flue gas to prevent it from leaking into the boiler room. This gasket resembles a
rope and is fitted in a grove that runs around the edge of each section.

Forced draft is an arrangement in which the air required for combustion is
pushed through the boiler, Figure 2-19. Since this puts the inside of the boiler
under slight pressure, boilers with forced-draft firing have to be gastight to
prevent flue gas from leaking into the boiler room. Forced-draft firing permits
the use of a short chimney and reduces boiler room space requirements. Forced-
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Figure 2-1B. Assembly of cost iron boiler sections with sealing rings (Courtesy, Weil-Mclain/A
United Deminion Co.)

draft firing will be discussed in more detail in Chapter 4. The burners, controls,
and trim are the same as those found on fire-tube and water-tube boilers.

Cast iron boilers are limited to 15 psi steam, 60 psi water, and are for heating
service only. If used for process heating, the potentially large amount of cold
make-up water would damage the cast iron sections by thermal shock.
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Figure 2-19. Forced-droft fiing (Countesy, Weil-Mcloin/A United Dominion Co.)

‘The most serious problem associated with cast iron boilers is cracked sections.
Cracks can be caused by:

the rapid introduction of cold water into a hot boiler due to the operator or
nfacit Yol deviie:

the feedwater make-up line connected directly to one section instead of to
the return line, where the ing hot d pers the cold make-
up water, (ASME Code requires make-up water to enter the return line
first.)

malfunction of temp or 1

low water in the boiler,

water-side scale deposits, which cause heating or water circulati
obstruction.

casting defects (which may become apparent only after years of service).

* poor bly and/or improper installation (poor alig or improper tie
rod tightening).
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When a section cracks, the decision is whether it should be repaired by welding
or replaced. For the most part, that decision rests with the insurance boiler
inspector after an evaluation of the location and length of the crack. If the crack
is small and in an accessible area, a welded repair may be recommended.
Otherwise the damaged section must be replaced.

Welded repairs must be done by an experienced welder. Special fusion welding
electrodes are typically used and the cold-welding procedure followed. Cold
welding is accomplished by minimizing the heat applied to the casung wlule
keeping the repair area at a low temp until the welding is

Figure 2-20 shows a gravity retumn connection called a Hartford Loop. This
piping arrangement has saved countless heating boilers from running dry. The
return pipe connection is brought up to the normal water level, and an equalizer
loop is arranged to prevent boiler water from being forced out below the safe
water level.

/— Steom supply main

|
I

Figure 2-20. Hartford Loop

Firtt loog Secand loop !
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MATERIAL FOR ADVANCED EXAM]NATIONS

Though exams often ask design questi only

permitted to design pressure vessels. Exam quenlom are only to dewnmne your
general knowledge of the subject. The examples that follow are for illustrative
purposes only and are not intended to be used for designing actual pressure
vessels.

Pressure-Vessel Bursting and Working Pressures
A common question deals with the bursting pressure of boilers. Closely associ-

ated is the calculation for the i working p (MAWP),
which was discussed earlier:
_ (TSHA(E)
(R)FS)

Designers subject boilerplates to one-fourth to one-seventh of their tensile
strength. Use a factor of safety of 5 unless otherwise stated in the problem.

Example 2-4. A welded boiler drum 3 ft in diameter is made of l-inch plate
steel. What is its bursting pressure?

Solution 2-4. Notice that the MAWP equation calls for the radius of the boiler
drum, but the problem states the drum’s diameter. Just about every problem has
at least one of these pitfalls. In this case, just divide the diameter by 2 to obtain
the radius. Note that before any number hing is done, the bers should
be in compatible units of measurement.

It is first necessary to make surc that the radius is in compatible units of
measurement:

(3‘2_")112 inh) = 18 in.

Then it is possible to plug the other numbers into the MAWP equation:

_ [TSI0E) _ (55,000 psil() in](1.0)

R NEE3E] = ENAT sl

The answer to the question is 611.11 psi.
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Example 2-5. A 4-foot diameter riveted pressure vessel with a joint efficiency
of 85% requires a MAWP of 325 psi. What plate thickness is required with a
tensile strength of 55,000 psi and a factor of safety of 67

Solution 2-5. In cases like this where the pressure is given a.nd the prob]em is
to find the required thick it is Y 1o

. (PYRI(FS)
NEGE

Then figure out the radius in inches:

(‘_"‘) 012 inh} = 24 in.
7

Then plug the other numbers into the equation:

1 <1325 psil[24 in8) o 1 g o
155,000 pail[0.85)

Longitudinal Stress Compared to Circumferential
Stress

The pressure inside a shell or drum is trying to push the ends off and rip open
the cylinder lengthwise. Circumferential, or girth, stress is what tries to push the
ends ol’f. and I'nnguudma! or hoop, stress is what tries to rip apart a pressure
vessel lcngthwm The Iongmsdlnul stress is always twice as much as the

I stress, dinal seams have to resist twice the force as

compared with ferential seams.

Heop stress -%

Girth stress = %
where:
p = internal pressure (Ib/in?)
d = internal diameter (in.)
1 =

cylinder wall thickness (in.)
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Notice that the pressure vessel's length has no effect on stress, only diameter,
plate thickness, and internal pressure.

Example 2-6. What is the force on the ends of a tank that is 7 fi long, 3 ft in
diameter, 3/4 in. thick, with an internal pressure of 150 psi? What are the hoop
and girth stresses?

Solution 2-6. First find the area of the head in square inches:
Arga = 0,785447 = [0.7854) (3 #)7 144 inZ/H?) = 1,017.87 in?
Then find the force by multiplying pressure times area:

Force = (150 Ib/in) (1,017.87 in?) = 152,680.5 b

pd (150 lo/in?){34 in) X
Hoop stress = 2T @i ng 3,600 psi

pd (150 Ib/n?)(36 in)

Girtn streas = ar T T AN0.75 ng

~ 1,800 psi

Thermal! Expansion

Another number that should be memorized for closed-book exams is
0.00000734 ft per fi-°F. This number shows that for every °F increase in

ture, a foot of the material will expand 0.00000734 feet. If heated, it
will expand by this much, and if cooled, it will decrease by this amount. The
temperature in this case is the difference between the starting and final tempera-
tures. Sometimes the term AT (lemperature difference) or At is used.

Example 2-7. Water at 250°F that is circulating through a 75-ft straight pipe is
cooled to 70°F. How much is this pipe going to contract?

Solution 2-7,
ft
G).u-:xm?aa ﬁ):?s fi) {250° - 7O°F) = 0.099 &

The Code requires steel to meet certain specifications before being used in

p vessel © . The { tension test d ines the maximum
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load that a material can withstand before breaking based on yield strength,
tensile strength, and ductility. The test is performed by placing a test sample of
a specified length and diameter in a machine that pulls the sample apart and
indicates the force used. Figure 2-21 shows the relationship between stress (load
per unit area in psi) and the ¢ ponding strain (defo ion in inches) for a
typical mild steel and high-tensile steel tension test.

The metal begins to stretch when the load is applied. Note the straight line
from point O to the proportional limit at point A (called Hooke's law, elonga-
tion is proportional to load divided by the area). Strain is directly proportional
to the stress applied. It is also called the elastic limit, because if the stress is
released at any point along this straight line, the test sample will retun to its
original shape.

That dip right after the proportional limit is the yield peint (YP). This is the
stress at which a ductile material suddenly continues to elongate without further
increase in load.

Now the steel becomes plastic; that is, instead of springing back to its original
shape, it stays elongated. As the sample is further pulled apar, it breaks. The
maximum applied load, in pounds, required to pull the sample apart divided by
the area of the original sample is known as the ultimate or tensile strength

(TS).
Metal ductility is determined by measuring the increase in length and the area

where the sample broke. The gth of a metal d as the ductility

i Since both h and ductility are desirable, steels are hanically
worked or heat-treated to develop the best bination for a particular applica-
tion.

Stress
Stress

Strain’ Strain

Figure 2-21. Relatianship between siress ond the corresponding strain for o hypicol mild steel
fa) and high-tensile steel [b) tension test
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CHAPTER

THREE

Boiler Trim

The term boiler trim applies to just about every device connected to the boiler
except the burners and their controls. Trim includes the water column, gauge
glass, try cocks, steam pressure gauge, water level regulators, low-water cutoffs,
safety valves, and blowdown valves.

There are many potential questions that can be asked about boiler trim. Most
are easily 1 once the functions of these devices are understood.

GAUGE GLASSES AND Try Cocks

Maintaining the comrect water level in a boiler is the boiler operator’s most
important responsibility. Improper water level results in boiler damage. That's
why boilers are required to have at least two methods of determining water
level. Gauge glasses and try cocks are two recognized ways to meet this re-
quirement, Figures 3-1 and 3-2. There are several excellent remote reading
devices on the market, but the gauge glass and try cock are the best.

On small boilers, the gauge glass and try cocks are sometimes attached directly
to the shell, but they are usually hed to a water col ‘When ing
water in the boiler is constantly turbulent. If a gauge glass were attached
directly to the boiler, the water would rise and fall so rapidly that an accurate
reading would be difficult to obtain. The construction and placement of a water
column averages out these wild fluctuations, providing a stable water level. This
stable water level allows the gauge glass and other devices to yield accurate
readings.

The location of the gauge glass is explained in the ASME Code. On water-tube
boilers, the bottom of the glass must be at least two inches above the lowest
permissible water level. On fire-tube boilers, the bottom of the glass must be
three inches above the lowest permissible water level.

Boiler Trim 45



Figure 3-2. Try cock for o boiler woter column (Courtesy, Clark-Reliance Corporation)
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Water columns should be mounted as close to the boiler as practical to obtain
the most accurate water level reading. Long piping running between the boiler
and water column causes a drop in water temperature, resulting in a lower
reading. Examples of water col installations are shown in Figure 3-3.

No outlet connections (except water level ders, feed it drains,
or steam gauges) may be connected to the water column or on r.he pipes con-
necting the water column to the boiler. A device that requires water or steam
flow would create an inaccurate level reading for everything else attached to the
water column. Notice that crosses with plugs or blind Nanges are installed at all
right angle turns. This allows for the easy inspection and cleaning of the piping
when required.

The pipes connecting the boiler and water column must be at least one inch in
diameter. The water column blowdown line must be at least 3/4 inch in diam-
eter, and the gauge glass blowdown line must be at least 3/8 inch in diameter.
Boiler water blowd will be di d later in this ch

If shutoff valves are used between the boiler and water column, outside screw
and yoke valves must be used and arranged to prevent accidental closing.
(Valves are not permitted between the boiler and water column on low-pressure
boilers.) Globe valves cannot be used because sludge accumulates in their valve
bodies and plugs lines. Valves will be discussed in detail later in this chapter.

Both the water column and gauge glass must have blowdown valves that should
be opened daily to prevent sludgr. accumulations and sediment from blocking
lines. C ires that the water column and gauge
glass be blown down eveqr time the shift changes.

Observe the level in the glass when it is blown down. When the valve is
opened, the water should drop out of the glass rapidly. When the valve is
closed, it should return rapidly to its previous level. If the glass water drains
slowly or sluggishly, this is an indication that the column andfor gauge glass
lines are clogging up. The situation must be corrected as quickly as possible,
even if the boiler has to be shut down.

What if you find the gauge glass full, but the top try cock shows steam? Then,
after blowing down the glass, the gauge glass refills completely again. This is a
symptom of a closed or clogged gauge glass shutoff valve. Remember, for the
gauge glass to work properly, both the top and bottom connections must be
clear. Sometimes the problem can be cleared by: 1) closing off both gauge glass
valves, 2) opening the blowdown valve, and 3) opening and closing one gauge
glass valve at a time.

Why does glass fill under these circumstances? Remember that normally invis-
ible steam occupies the space above the water level. The steam in the glass
quickly gives up its heat to its dings and 1 As it !

water takes its place until the entire glass fills. Both valves have to be clear for
the glass to give an accurate reading.
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REVIEW OF CODE REQUIREMENTS, WATER COLUMN
CONNECTION AND OPERATIONS

oo wt e ag | N

]\

G000 PRACTICE 15 TO LOCATE ML
ALAAMS AND FUEL CUTOUTS WiThi
WATER GAGE GLASS VISIBaLITY

ASME WATER GAGE REQUIREMENTS

WIQH’U\M\IESUET\“EE" UNDER 400 PSIG
B L T 2 Direcl Raading Gages O
HW Msluli IMD 1 Dhrect ﬂeuma GIM And 3 Gage Cocis
ORIEHTATION, SH0W 400 PEIG TO 900
P e 2 Direct Heaelhn Dms
OFLN CAPADILITY 00 PSIG AND ABOVE
2 Dirpet Holelw Gages Or
1 Direct ng Gage And 2 Rermole Reading Gages.

SYSTEM SCHEMATIC DETAIL
1. l.wu-,lnwmlulbh walar level - a1 which lpval thera will ba no danger of overhaating

2. Water connaction for Water Column — must ba at laast 17 below law visdility point of gage
lass - musi be at least 1* 2 should b level or siope downward from column 1o drum,

2. Steam connection for Water Column — must be &t 1° NPT mirmum and kcated abave high
visiility paint Oluglll glass. Ling should slope dawrward from deum to column
4. ! am conn-:

lon may come out of top of vessel - centering of $lgam connection would

- Gagl less than 4" pipo
range V" Gage Cocks nol required with two gages are used,

FLOWY TYPE
FROBE TYFE
(e oLy
Fguw § Ll
SERIES 1250 PROSE
TYPE CILUAN Wi T4
CLARK.SFLIARCE
TRIM AND -
SIMPUPDRT GAGE
Ho L

LOAT TYPE COLUMY
WITH CLARS-FELLANCE TRoM AND
PRISMATIC, GADE

g s

Figure 3-3. Water column i (Courtasy, Clark.Reli Ci 3
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Eventually a gauge needs replacing. Either it's broken or fouled to the extent
that viewing is obscured. Figure 3-4 shows the detail of a typical gauge assem-

bly.
The foll

dure is ded for changing a gauge glass: Nove:

Always wwa‘facc shield, safety goggles, and gloves when working with a
pressurized gauge glass.

L

2,
3
4,

ol

Close top and bottom valves, open the drain.
Remove the gauge glass nuts,
Discard the old glass, but save the flat brass packing washers.

Obtain or cut to length a new glass. There should be 1/4 inch of play
when the glass is replaced, to allow for expansion.

Slide the nuts and flat brass packing washers back on the new glass.

Center glass between the valves and take up on the nuts until hand
tight, then add a 1/4 tum with a wrench.

Crack open the steam (top) valve to allow the glass to warm slowly
and evenly.

When warm, open the steam and water valves completely.
Close the blowdown valve.

The glass is now back in service.

GLUASEURLE Tebtan
FOR DUACE CLOMNG
STARLESS TEM
SCHrwID 08
e
COMMECTION TN PACEING T

MSWOCWH TARFECE Forged Biesl Cuge Velves Now
SO, 93, W

" - e sharing
comntrastion details of Rallsace
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Following steps 7 and 8 in proper sequence is important to minimize the chance
of breaking the glass when putting it back in service. Although the glass is
strong, it can break if subjected to thermal shock. With the blowdown valve
open, just cracking open the top valve allows steam through the glass to warm
it up evenly. When hot boiler water hits a cold glass, it breaks,

Although the flat brass packi hers are not absol Y. they
facilitate gauge glass installation. The hard, smooth surfxwe of the ﬂal washer
eases tightening of the packing nut for leak-free operation and reduces the
torsion placed on the glass.

Some gauge glasses have a lateral stripe to show the water level. The water in
the glass magnifies the submerged portion of the stripe, which then looks wider
than the part above the water line, Figure 3-5.

Figure 3-5. Govuge gloss with loterol stripe

Try cocks are valves mounted on the water column. There are usually three on
boilers that have less than 100 square feet of heating surface. At normal water
level, water comes out of the bottom cock and steam comes out of the top. A

combination of steam and water should come out of the middle.

Try cocks are the backup to the gauge glass. If you find no water in the gauge
glass, check the bottom try cock. If steam comes out of the bottom cock, shut
down the boiler because it's in trouble.

As long as you can see water in the glass, it is safe to add water, because the
bottom of the glass is at least 2 inches above the lowest permissible water level
for water-tube boilers. When there is no water in the glass, and steam comes
out of the bottom try cock, the water level cannot be determined. It may be just
out of sight, in which case no real problem exists. On the other hand, the boiler
could be two-thirds empty, in which case the operator and the boiler could be
in serious danger. When there is no water visible in the glass — shut down
the boiler and do not add water!

Water should not be added, because steel heated above T00°F rapidly loses
strength. When steam or hot water pressure vessels fail, they explode. The
acronym used to describe this situation is BLEVE (Boiling Liquid Expanding
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Vapor Explosion). Warning: Never add water to a boiler if water is not visible
in the gauge glass or if steam comes out of the bottom try cock. Shut down
the fire and allow the boiler to cool slowly. When cool, dump the boiler’s
water and check for heat damage inside the boiler. Call your boiler inspector
to get a third-party opinion.

Low-WaTEr CUTOFFS

A low-water cutoff is a device that electrically shuts off the fuel supply when
the water level falls below a predetermined level. The float-type cutoff is the
most common, but electrodes and differential pressure transmitters are also in
use. It's common practice to install two low-water cutoffs, one positioned
slightly lower than the other. The highest cutoff is the primary, the lower is the
backup. The primary cutoff is usually the type that resets itself after the boiler
recovers from a low-water condition. That is, it lets the boiler restart automati-
cally without the operator’s intervention. The backup is always the type that
must be reset manually. When the backup low-water cutoff has to be reset, this
indicates that the first cutoff failed to shut off the bumer and the backup was
used instead. The failure of the primary cutoff must be investigated and re-
paired.

Figure 3-6a shows low-water cutoffs in which a ﬂml posmms a lever, which
activates switches. The wet and electrical i by a packless
bellows seal or are linked by a magnetized scuvated switch, Figure

3-6b shows the probe-type low-water cutoff, which works according to the
principle that water conducts electricity much better than steam. When water
covers or uncovers the tip of an electrode, a relay coil is either energized or de-
energized. Depending on the make and model, the switches can sound an alarm
for high- or low-water conditions, shut off the fuel during low-water conditions,
and/or control & pump to maintain proper water level.

PresSURE GAUGES

All boilers must have at least one pressure gauge connected to the steam space
where it can be easily seen by the operator. The top of the water column is a
jent spot for a

The piping to a gauge measuring steam should always be full of water to

prevent damage from the high-temp steam. If the piping cannot be

flooded, then a siphon loop is used. Figure 3-7 shows various siphon loop
configurations.
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FEAT SAFETY SvSTEM
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Figura 3-8, Low-woter cutoffs [Courtesy, Clork-Relionce Corporation)
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Figure 3-7. Siphen loops

A shutoff valve or cock is always a good idea in case the gauge has to be
replaced. If a valve is used, lock or seal it open. If a cock is used, make sure it
is the type that shows by the position of its handle whether it is open or closed.

‘I'he range of the gauge must be at l@sl 1.5 times the maximum allowable

For use a gauge that covers twice the
npem.mg pressure. Then you know the pressure is correct without having to
read the numbers by just by glancing at the gauge and seeing its pointer
straight up.

Figure 3-8 shows a compound gauge that can measure both pressure and
vacuum., Found on many low-pressure boilers, zero pressure is usually near the
top. On a typical gauge that goes clockwise on the dial, the vacuum portion
goes from 30 inches of mercury (in. Hg) to zero. Then the pressure pertion
starts at that zero, and in this example, goes up to 200 psi.

Most gauges use a Bourdon fube to sense pressure. The Bourdon tube is a flat,
hollow tube shaped like a question mark, Figure 3-9. When pressure is apphed
to this tube, it straightens, positioning the pointer by a series of linkages and
gears.

In installations where the pressure gauge is located some distance below the
water column, the reading may be inaccurate due to the hydraulic head of water
in the line, Figure 3-10. For example, say the gauge is 25 ft below the water
column. One foot of water exerts 0.433 psi; therefore, 25 ft times 0.433 psi per
foot equals 10.8 psi. The gauge reads almost 11 psi higher than the actual

g. This is i by g the gauge pointer by 10.8 psi.

Another pressure-measuring device usually found on larger boilers is the draft
gauge. Draft is the pressure difference or force that moves air. Draft units of
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Figure 3-8. Compound gouge

Figure 3-9. Bourdon tube (Courtesy, Dwyer Instruments, Inc.)
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Figura 3-10. Gougs located balow waler eolumn

measure are very small, usually inches of water column (in. w.c.), because it
takes very little pressure to move a lot of air. One inch w.c. = 0.0361 psi.

Inches of water column came from the first i used for ing draft,
a simple U-tube manometer, Figure 3-11. This glass U-tube was half filled with
water. One end was connected to the area to be measured by a rubber tube, the
other end left open to the atmosphere. The difference in elevation between the
water surfaces in the two legs of the U-tube was the draft measurement. If the
water surface in the leg open to the atmosphere was lower than the other, then
negative pressure was being measured. If the water surface was higher, then
positive pressure was being measured. Mechanical draft gauges, Figure 3-12,
have largely replaced U-mbe

There are also gauges for measuring higher pressures. The status of an oil filter
can be determined by mmu.nng its pressure drop or differential pressure. The
common unit of differential p is psid (pounds per square inch differen-
tial).
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Positive reading
Figurm 3-11. U-tube manomater

Figure 3-12. Mechanical droft gouge (Courtesy, Dwyer Instruments, Inc.|
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Pressure Switches

A pressuretrol is the brand name of a pressure switch. In some examinations
expect to see the term pressuretrol in place of pressure switch,

A vaporsiat is also a pressure switch, but it responds to low pressure. It is
calibrated in inches of water instead of pounds per square inch (27.7 inches of
water = 1 psi). It is used in low-p gas applications to verify gas line and
windbox pressure.

VALVES

Valves are mechanical devices used to control the flow of fluids. Some are used
either to completely $10p of start flow, some regulate ﬂaw, and some do both.
The foll the valves 1 most often in the
boiler room.

Valves are classified by stem action (whether the stem rises out of the valve
body as the valve is opened) and by internal conﬁ,gura.um The terms gate,
globe, check, ball, and butterfly are used to describe the internal confi
of a valve body.

The threads that move the stem and disk in the rising-stem valve are located in
the bonnet; the threads that move the disk in the nonrising stem valve are built
into the disk, Figure 3-13.

The oumd'z Screw and' )uu (OS&Y) rising-stem valve, Figure 3-14, is popular
and s¢ an of can tell from a distance if the
valve is opened or closed For example, the OS&Y type is required for steam
stop valves over 2 inches. With a nonrising stem valve, you don’t know if the
valve is opened or closed. If it's stuck, it's only & guess if the valve is being
turned in the right direction. Nonrising stem valves are used where a rising
stem would interfere with the valve's of ion, such as und d valves,
and where the exposed threaded stem of an OS&Y would become corroded or
excessively dirty. Note: The term OS&Y shows up on many exams in which the
acronym is not defined.

A gate valve, as the name implics, consists of a gate that can be raised or
lowered in a valve body. It is designed to stop flow or allow full flow. Conse-
quently, a gate valve should be either fully open or closed. As shown in Figure
3-15, if operated panly open, or in a throttling posll.lo.ll its internal surfaces
erode due to fluid velocity and i dering the valve useless. When
fully open, this valve olT::s little resistance to flow.

If a valve is left in the wide-open position and is not backed off a half tumn,
changes in temperature cause various parts of the valve to expand at different
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Figure 3-13. Rising-stem valve ond nenrising stem valve (Courtesy, Cincinnati Valve
Company)

rates. The result is often a jammed valve that refuses to turn, On large valves it
might require a chain hoist and sledgehammer to correct this condition. On the
other hand, it should not take much force to seat a valve closed. If you have to
beat the valve to shut it, then it is time to repair or replace it.

A small bypass valve is used to make opening a gate valve easier. If n s opened

before opening the main valve, the will be eq It
also warms up the di line before of g the main valve.

Some valves have a back seat bushing. When the valve is wide open, this
bushing forms a seal that stops leakage out of the gland. This feature only
permits packing replacement while the valve is in service. It is not intended to
compensate for leaky stem packing.

Globe valves regulate or throttle flow through a valve. These valves feature a Z
pattern flow route and a plug or disk, which is forced into a tapered hole called
a seat, Figure 3-16. Fluid faces more resistance in globe valves than in gate
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Figure 3-14, Outside screw ond yoke rising-stem volve (Courtesy, Cincinnati Valve Company)

Globe Throttled Gate Wide Open Gate Throttled

Figure 3-15. Gate volves, ot right and in the middle, should ba fully ocpened or closed to
prevent erosion of their internal surfoces, Fluid encounters more resistance in o globe valve,
Iaft {Courtesy, Cincinnati Valve Company)
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Figure .16, Glabe vabe (Courtesy, Cinctnnet Vaive Compoany)

valves, because it has w Tow through the giobe valve's Z puttern, Foreign
matter tends 1o accumulate and cause blockages in the Z pattern,

Awtomatic comtral valves consist of an operator amd 4 vaive body. The valve
operator takes a signal from a controller, either pnewmatic or electric, and
pusitions the valve stem accordingdy. The comtrol valves are designed so that it
tokes a smail force to move the stem. Control valves use a bulinced design
similar to a giobe vaive with two seats and two disks on the same stem. On
ane seat the disk opens agmnst pressure, and on the other seat the disk opens
with pressure. This way the fonces on the stem are balanced, and the vaive can
be apened or closed with linle efforr. Though good for control, it is hard o
abtain a perfect. shutoff with this type of valve.

When instailing control valves, they should be piped with isolating valves and a
globe bypass vaive, as illusirated in the steam pressure reducing station shown
in Fignre 3-17. This way, the contral valve can be serviced without taking the
equipment off line.

A check valve is used when unidirectional flow is required, The two most

common types are swing check valves, Figure 3-13a, and lft check valves,

Figure 313b. One of the most impurtant check valves on a boiler is instailed m

the feedwater line. This check valve is required by ASME and prevents boiler
fram ging the feed if the feed line breaks,

A 7 walve is an ic-stop check vaive used t prevent a backilow
of steam into a bmler when ils pressure falls below the header pressure. Essen-
uaily, it is a lift check valve — it allows steam w flow in one direction only.

The vaive can also be locked in the closed position by wming down the valve
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Figura 3-1B. Swing check volve and lift check valve (Courtesy, Cincinnoti Valve

Company)

stem and holding the disk against the seat. Then the valve allows no flow in
cither direction. The nonreturn valve is located as close to the boiler steam
outlet as possible, On fire-tube boilers, they are mounted directly on the steam
outlet. There is also a triple-acting nonreturn valve, which also automatically
closes when the header pressure drops by approximately 8 psi below the boiler

pressure to isolate the boiler in case of a steam-line break.
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When boilers are set in battery (i.e., when more than one boiler is connected to
the same stzam header) and operating at more than 135 psi, two steam valves
must be mstalled between the boiler and steam header; one may be a nonreturn
valve. If the boiler has a manhole, there must be a visible free-flowing dran
valve between the nonretum valve and stop valve. This arrangement is used
whenever the boiler is opened for repair or inspection. With the free-flowing
drain wide open, it is easy to tell if the stop valve is closed and holding. If the
stop valve should fail, the nonreturn valve is still between the people inside the
boiler room and the live steam. The drain should be o gate valve so that a rod
can be inserted through it to make sure it is not blocked with scale.

Figure 3-19 shows a ball valve, which consists of a sphere with a hole through
it. This sphere sits between two seats, and the valve has a handie connected o0
it so it can be rotated 90 degrees. Ball valves are popular substitutes for gate
valves because of their good shutoff ch istics and easy operation. With the
valve all the way open, there is no flow obstruction. Although commonly rated
for water, oil, and gas, some ball valves can be used for steam.

Figure 3-20 shows a butterfly valve, which consists of a flat, round disk at-
tached to a stem that rotates 90 degrees. Like gate valves, both butterfly and
ball valves offer little resistance to flow when wide open. Unlike gates, mey
can be used for throttling. Butterfly valves are a less expensive substitmte for
gate valves and are used for water, oil, and gas service.
The following are common abbreviations used in the valve industry:

+ SP - steam pressure

+ WP - working pressure

* WOG - water, oil, gas pressure

Figure 3-19. Boll volve [Courtesy, Henry Volve Company)
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Figura 3-20. Butterily valve (Courtesy, Cincinnati Violve Company)

* BR - bronze

+ IBBM - iron body, bronze-mounted
+ Al - all iron

+ CS - cast steel

* 55 - stainless steel

* OS&Y - outside screw & yoke

+ NRS - nonrising stem

* RS - rising stem

STEM

2 STEM SEALS

SEAT STEM
O-RING

[}

SEAT STEM O-RING

O-RING SEAL

If a catalog describes a valve as 10" gate, OS&Y, IBBM, 125 b SP 450 F, 200
Ib WOG, the valve would have an inside diameter equal to that of 10-inch pipe;
a gate internal configuration; an outside screw and yoke rising stem; a cast iron
valve body with bronze trim (disk, seat rings, stem, and yoke); and a valve
body strong enough to control 125 psi steam not exceeding 450°F, or 200 psi

water, oil, or gas.

Why must valves have two pressure ratings (one for steam and one for water,
oil, and gas)? Steam contains more energy than water, oil, or gas; therefore, the

pressure for steam service is derated in most valves.
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Vent Valves

Every boiler must have a valve connected to its highest point so that air can be
removed while the boiler is being filled with water. This is to prevent air, or
noncondensable gases, from entering the steam system when the boiler is put on
line. The vent is usually a 1/2-inch to 1-inch gate or ball valve.

A vent valve is also opened when the boiler is being shut duvm or empned

(dumped) so & vacuum will not form, Vi can cause prok
in low -pressure systems. Tu detect a vacuum, many Iow-prusure boilers are
quipped with a P P gauge.

Some licensing examinations ask when the vent should be closed as a cold
boiler is brought on line. The most practical answer is when the exiting steam
starts making a noise, because the boiling water has forced all the air out by
this point. However, it is more likely that the choices will be a) 10 Ib, b) 25 Ib,
¢) 50 Ib, d) none of the above. The correct answer would be 25 Ib. Most
pressure gauges start indicating at 10 psi. therefore, all air should be vented at
this point.

Safety Valves
The safety valve is the most important vl]vc on the boiler. All pressure vessels
are designed for a certain maximum of g [ If this p is

exceeded, the danger of an explosion exists. The safety valve is the last line of
defense against disaster. Safety valves are required on all boilers.

The first type of pressure-relief device used was the lever safety valve shown in
Figure 3-21. Unfortunately, this design was prone to leakage. To stop the
nuisance leaking, extra weight was added. This naturally raised the lifting
pressure and boiler explosions continued. The use of lever safety valves is no
longer permitted.

The spring loaded, pop-action safety valve is now the required type. It pops
fully open when its set pressure is reached, then slams shut after the pressure
has dropped a few pounds. The difference between the poppmg and the closing
or seating pressure is called the blowd, or b Do not con-
fuse this blowdown with boiler water blowdown, whu:h will be discussed later
in this chapter.

Chatter is the rapid motion of the movable parts in the valve when the disk
slams repeatedly against the seat. It can sound like a machine gun. This hap-
pens t the valve's blowd is too small o it does not know if it should
be in the open or closed position. More on adj the blowd later.
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Figure 3-22. Spring looded, pop-acticn safety volve

lisct ity, 10% is required. On liquid relief valves that are
not certified by code, 25% uverpmssu:e is allowed. Relicf valves have only one
adjustment — the spring tension.

The ASME Code goes into great detail about safety valves. Over the years,
standard rules have been developed regarding their design, construction, opera-
tion, and maintenance. The following excerpts from the code illustrate basic
do's and don'ts. Naturally, you are not expected to memorize the code for a
test; | , the following each excerpl point out potential test
questions. Should there be any need for specific rulings, consull your boiler
inspector and the latest ASME Power Boiler Code with all the latest addenda
and interpretations. The sections from the code are in bold type, and explana-
tions (if any) follow in normal type:
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* Each boiler shall have at least one safety valve, and if it has more

than 500 ft® of water heating surface, it shall have two or more safety
valves.

The safety valve capacity of each boiler shall be such that the safety
valve or valves discharge all the steam that can be generated by the
boiler wlthout allowing the pressure to rise higher than the maximum
11 working p (MAWP) or more than 6% above the
highest pressure to which any valve is set. Safety valve capacity is the
amount of steam, in pounds per hour, that a safety valve can discharge at
its popping pressure. If a boiler has a steaming capacity of 50,000 lb/hr,
then the combined capacity of the safety valves must exceed 50,000 Ib/hr.

An accienulation test determines if there is enough safety valve capacity.
With the steam stop valve closed, the boiler is brought up to high fire.
Under these conditions the safety valves are naturally going to lift. The
boiler inspector watches the boiler's pressure gauge to make sure that there
is enough safety valve capacity. Accumulation test time is always exciting.
Along with the noise of fully discharging safety valves, the water level is
going crazy because the steam is leaving the boiler in a way in which it
was not dmgnad to leave the boiler. Accumulation tests are not done on
boilers equipped with supert The heaters would be damag
with no cooling stcam flowing through them.

The safety valve or valves shall be connected to the boiler independent
of any other steam connection, and attached as close as possible to the
boller without any unnecessary intervening pipe or fitting. Though it
doesn't come right out and say it, the main intent is to prohibit the use of
any stop valves where safety valves are concerned. Is a valve allowed on
the inlet or outlet of a safety valve? Absolutely not! Can the safety valve
be attached to the boiler via a long pipe? Absolutely not! The dard
practice is to bolt, screw, or weld the safety valve directly 1o the boiler.

The opening or connection between the boiler and the safety shall be
at least as large as the area of the valve inlet. When a discharge pipe
is used, the cross-sectional area shall not be less than the full area of
the valve outlet or the total area of the valve outlets discharging there
into and shall be as short and straight as possible and so arranged as
to avold undue stresses on the valve or valves.

‘The vent pipe shall be large gh to acc date the full ity
of the valve without causing steam to escape by flowing backward
through the drip pan. In other words, don’t neck down, or reduce, the
pipe's diameter. This is especially critical on the discharge. Restrictions
decrease valve capacity due to flow friction. If each discharge has an area
of 5 square inches and if there are three valves, then the discharge line
must be at least 15 square inches.

A slip joint shall be provided between the safety valve and discharge

pipe with ample clearance to allow for thermal expansion. The vent
pipe shall not be allowed to exert any force on the safety valve, Prob-
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lems result when the safety valve has to support the weight of the dis-
charge piping. Although the heavy valve seems rigid, the weight of the
discharge piping causes slight distortions. The valve’s seal depends on
metal-to-metal contact, If the seat is distorted the slightest bit, leakage
results. When installed properly, the weight of the riser, which is supported
separately, is not placed on the valve.

* Each safety valve shall have a substantial lifting device by which the
valve disk may be lifted from its seat when there is at least 75% of
the set pressure under the disk. By lifring device they mean lever. When
this testing lever is lifted, it shows that the valve's mechanism is moving
freely. Try to move that lever against the spring when there is no pressure
under the seat and you'll find that it's almost impossible. If the valve is
put on a boiler that is close to the valve's popping pressure, the lever is
easily Lifted.

The licensing exam may have a question about this topic such as: what is
the minimum pressure that should be under the valve seat before the lifting
device is used? The answer is 75% of the popping pressure. At or above
this pressure the test lever is easily lifted without doing damage to the
valve. The lifting device has nothing to do with the popping pressure,
which is determined by the spring pressure and the area of the valve seat.
The lifting device only determines if the valve mechanism is not binding,
How often should valves be tested using the lifting device? Remember that
every time the valve is tested, there is some wear and tear and the scal is
only maintained by metal-on-metal contact. Once a month is all that is
required.

HyprostaTic TESTS

New boilers and boilers whose pressure parts have been repaired or replaced
must be given a hydrostatic test before being placed back in service. This test is
performed to ensure that the pressure vessel is leak free. The testing procedure
is as follows:

1. Either remove the safety valves and blank off their openings, or use
test clamps to gag them closed. Otherwise, the safety valves would
open long before the test pressure of 1.5 times the maximum allowable
working pressure would be reached.

2. Inspect the boiler to make sure all openings, except the vent valve, are
closed.

3. Fill the boiler with clean water at ambient temperature, but not less
than 70°F. This prevents unnecessary metal stress. Nondrainable
superheaters should be filled with softened water. As the boiler is
being filled, keep the vent valve open so all air is removed. Inspect for
leaks as the boiler is filled.
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4.  When filled, close the vent and gradually apply the test pressure of 1.5
umes the MAWP. Always keep the pressure under control, so that the
d test is never ded by more than 6%. Close visual
msper.non for leaks is not required at this stage.

5. The test pressure may then be reduced to the MAWP and maintained
at this pressure while the boiler is carefully examined for leaks,

Figure 3-23 shows a fest clamp, or gag, as it is commonly called. It is used to
hold a safety valve closed when performing a hydrostatic test. The gag works
under the same principle as a wheel puller; it clamps down on the valve stem
preventing it from rising, thus holding the disk 1o the seat. To avoid overstress-
ing the valve, don't screw down the gag too tight. All test clamps must be
removed after the hydrostatic test.

WATER LEVEL REGULATION

The most important responsibility of the operator is to maintain the proper
water level. The most common method of water level regulation in fire-tube
boilers is on/foff control. With this type of control, a switch is connected to a
float that senses the water level. On an operating boiler as the water reaches its

Tast clamp hold dawn screw

Safery volve spring

Figure 3.23. Test clamp or gog
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Trowest deswed prear, e floag closes 2 snch, which in mam opens the
feetmaner vaive anc/or tms oo the feedwater pomp. (A pamp s sOmetiames Dot
fecessary on low-preiars bodders 22 15 pul or lower with a high city waser
prezanre ) When tue water reaches its highest desired point, the float opens the
swinch, which closes the feedwater valve and/or shuts off the pomp.

Very ofien the same float that operates the feedwater pump swixch also operates
e of the low-water cutoff switches. Figure 3-24 shows a typical float type
combrnation feedwater pump control and Jow-water cutoff switch.

Water-tube boilers have lower water reserve capacity than fire-tube boilers.
Water reserve capacity is the ratio of the amount of water in the boiler (mea-
mndmpmducmudmmcboﬂﬁsmm{mmmds
per hour). B of this reduced margin, simple on/off feedwater
mrﬁmcmmhbhmhdmmmm-mhmmm
reason, mowt water-tube boilers use a modulated feedwater control system. An
example of modulated flow is a car in hilly country with cruise control. Fuel is
fed o the engine, but more is supplicd when going wuphill than
Mnh:lllnmnmmnlspud llsdl:mmabmlﬂ Depending on the

load, more or less feed: is supplied 1o a water level.
On some essay lests you may be asked to describe a modulated feed
system in detail. Two such sy are the thermohydraulic (g

phragm) regulator and the th ic expansion (Copes) regulator. Though

Figure 3-24. Floot-type feedwater pump control and low-woter cutofi switch (Courtesy, ITT
McDonnall and Millsr)
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old designs, many are still in the field and are still often the subject of test
questions.

The thermohydraulic (g diaphragm) regulator, shown in Figure 3-25, is
often used on small water-tube boilers. This regulator consists of two concentric
tubes at the normal steam drum water level. The top of the inner tube is con-
nected to the steam space of the drum and the bottom to the water space. Thus,
as in a gauge glass, the water level is allowed to rise or fall inside the inner
tube. The outer tube is half full of water and has fins to dissipate heat. A small
line runs from it to the diaphragm chamber of the control valve.

When the water level in the boiler drops, the inner tube fills with more steam.
Since more heat is released faster from steam than from water, more heat is
supplied to the confined water in the outer tube. The radiation fin surface can't
get rid of all the additional heat, so the temperature and pressure of the con-
fined water i This i | is itted through the tube to

Figure 3-25. Tt hydroul diaph ) regul {Courtasy, Bobeock & Wilcox
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the feed valve's diaphragm, which opens the feedwater valve further. The
operation is reversed when the water level increases. With more water in the
inner tube, the fins dissipate more heat than is supplied. The pressure in the

outer tube decreases and stans to close the feedwater valve.

This feedwater system has two main ad no 1 power is required
for its operation, and since there are few moving parts, it is very reliable.

The ther ic expansion tube regul is shown in Figure 3-26. Commonly
called the Copes regulator, its operation also d ds on steamn r:lcasm,g more

heat than water does. The Copes regulator consists of a hollow cxpmswn tube
placed at the steam drum water level. The top of the expansion tube is con-
nected 10 the steam space, and the bottom is connected to the water space, Like
a gauge glass, the water level in the expansion tube is allowed to rise and fall.
The bottom of the tube is anchored, and the top is allowed 1o move as it
expands and contracts. A bell crank lever attached to the top of the expansion
tube amplifies the small expansions and contractions into useful movement. This
movement, by way of a series of levers and linkages, opens and closes the
feedwater valve. As the water level in the boiler drops, the cxpansion tube is
filled with more steam. The tube expands as it absorbs the additional available
heat from the steam. The feedwater control valve then opens more via the series
of levers and linkages. Conversely, as the water level drops and the tube is

Figure 3-26, Th ic expansion tube I ar Copes regul [Courtesy,
CopesVulcan)
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filled with less steam, the tube contracts and starts to close the feedwater
control valve. Like the thermohydraulic regulator, the Copes needs no external
power to operate, and because it has few moving parts, it is very reliable.

Single-Element Regulators

To this point, only single-el I have been di d, Figure 3-27.
Single-element regulators control the water level by measuring the present water
level. Single-element regulators are fine under steady pressure and load condi-
tions but are unsatisfactory when the load fluctuates rapidly.

For i ider a situation in which there is a sudden increase in demand
and the steam pressure decreases before the boiler can pick up the load. This
sudden decrease in pressure causes the internal steam bubbles to expand and
take up more room in the boiler. This increases the water level and sends a
sigm] 1o the smgjn—elcmem regulamr to cut the feedwater rate. This of course is
false i to in the proper water level, the feedwater rate
must be increased. When the boiler pressure returns to normal, the size of the
steam bubbles decreases, the water level drops, and the single-element regulator
opens fully. This is the start of a very unstable situation that can result in wide
and wild water level fluctuations.

Staam flow

= | Caniralier

Valve

Pump Water fiow ————

Figure 3-27. Single-slement regulaior
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Multiple Element Regulation

Controlling the water level using both steam flow and water level is called two-
element regulation, Figure 3-28. This method helps solve the problems associ-
ated with fluctuations caused by sudden load changes. When the controller
detects a load increase, instead of using the drum level as the primary signal to
control the feedwater valve, it uses the signal sent from the steam flow. Even if
the drum level increases, the regulator can still sense if the load has increased
and then the feed flow rate is i d. The steam flow measurement
maintains feedw flow in proportion to steam flow, and the drum level

for any imbal: in water input in proportion to steam

flow.

Large boilers use three-element fz,gularlan for precise level control, Figures 3-29
and 3-30. A three-el steam flow, feedwater flow, and
drum level. With this setup, the steam and feedwater are compared. Any differ-
ence is then used to regulate the feedwater control valve. For example, if the
steam flow measures 100,000 Ib/hr, the control system adjusts the incoming
feedwater so that it is also ﬂowmg at 100,000 Ibihr The drum level input keeps
the level from drifting due to fl ermors, b down, or other causes.

Valre

Fump Water flow ———=

Figure 3-28. Two-element regulator
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Purnp Water Row — =

Figure 3-29. Three-alement regulotor

The best system is the simplest one that can do the job. The more sophisticated
the system, the more it costs to install and maintain. Simple on/off regulators
are satisfactory for fire-tube boilers that have large water reserve capacities.
Small water-tube boilers (up to 100,000 Ib/r) that have adequate water storage
and in which water level fluctuations are not mucal can use the
thermohydraulic (g diaphragm) or th P tube 1
(Copes regulator).

Larger boilers eqmpped wﬂh waterwalls tend to havr. small water-reserve
capacities and are freq bjected to fl g loads, They are typically
suited for two-clement controls. When load swings ‘are large and sudden, or for
very critical applications such as supply steam for large turbines, three-element
regulation is required.

CONTINUOUS BrLowpown

i lissolved solids left behind when steam leaves the boiler.
The preferred way 1o remove and control the level of these dlssolved solids is
tousc a ; ar top blowd The ion of dissolved solids is
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Figure 3-30. Instrument schemotic using Instrument Society of Amarica (I54) nomenclature

highest where the steam bubbles and water separate, aboul two or three inches
below the boiler's water level. Figure 3-31 shows various piping arrangements
that manufacturers use.
As the name implies, i or top blowds is done on a continuous
basis. The boiler water is tested pericdically for total dissolved solids (TDS)
and compared to the level recommended by the boiler manufacturer or boiler
chemical salesperson. If the TDS level is too high, the rate of blowdown is
increased 1o lower the concentration of TDS, If the level is lower than recom-
ded, the blowd rate is d 4
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Figura 3-31. Piping

The blowd: rate is fr lly by an orifice-type valve
with an indicator that shows how far open it is. This indicator is typically used
as a guide when making adjustments. However, it is difficult 10 maintain a
solids ion in boiler water by using a manual valve, especially
if the load or other conditions fluctuate. Even under the best of circumstances,
several readings must be taken during each shift to maintain precise control.
The continuous blowdown process can be automated by mmlhug an elecmc
valve and a cond ity itor, Either a
reading is taken by the monitor. If the conductivity is ton high, the monuo!
sends a signal to the e]u:mca}l]y operated valve to open; if too low, it signals
the valve to close. Flgul‘e 3-32 is a comparison of hand-controlled continuous

and control.

Since the top blowd is d amount of heat
can end up down the drain. The system shown in Figmz 3.33 can recover more
than 90% of the heat contained in the blowdown water. The hot water is
discharged into a flash tank, which is at a lower pressure than the boiler
(around 10 psi in most installations). Some hot water flashes off as steam,
which can be used for heating or process systems or in the deacrator. Although
the steam comes from dirty water, it is still perfectly good. The remaining hot

Hand Sad blowd: A i Blowds el

\ |nlovnslcunilwr.ws blowdiwn valve ulirl\n k Conducint

3,500

B 2s00 |
Wasted fusl _SC/
water chemicals
2,000 ry
Reduce continuous blowdown valve satting
1 I T I e R
BAM 10AM 12 IFM AR APM BPM IDFM 12 ZAM  4AM 6AM BAM

Figure 3-32. Comparison of hand and automatic blowdown control
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1. ASME coce wetded flash tank
for 150 pai for boders rated up
1600 psi,

2. Salety pressure raliel valve,
nesmaky sot for 40 psi.

3. Flash steam outlel hange.
4. High water level alarm system
5 Presmre gauge.

[} %hlﬂm Tor water leval in
ash 1ark. fFey Cover Pxtorel

7. Baffa-craates wales turbulence.

& Manifold for mounting om Meter
o Eonnectng oeher Biowd
Supply pipe, one of two murl[nld!
can handle up & tix bodel

9. Macden Ouifice Matar contiruous.
blowdewn control.

10 6°x B'I’lw!ﬂ hole lar Roat
wahe acce;

11. Gontinucus flaw balancad pressurg
Nlew Nioat valve with 316 stainiess
staed float and inm & speciically
desipned lor blowdown senvice.

12, Terperatura gauge panel with thrae
3-17 gauges ko manitar draln
waler, gachange water inlet and
autiet lemperalures. makes
ehacking systom u"o-\cr usy.

13. Heal nmu cai, tour s
Provide even of hat
water k3 al baur lubes to mazimiza
Tharmal rangler.

14, Exthanger shell with flanged
erchange water inlet and outlat
provides swirling action in the water.
The hrbulence assures axchange
waler contact with e coll sufaces
and mproved affcncy.

15, Biowdawn water discharge hiting
and lemparature bulb

Figura 3-33. Blowdown heat recovery equipment [Courfesy, Madden Manulocturing, Inc)

water is routed to a heat exchanger that usually preheats feedwater before it
goes to the deaerator. It can also heat a process liquid. The blowdown water is
usually cool enough to discharge directly into the sewer. A water seal is main-
tained in the flash tank to prevent steam from flowing through the heat ex-
changer and into the sewer.
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CONCENTRATION

Every field has its own 1 and water chemistry is no ion. The
h:nnpmspermﬂhm(ppm]m{eumthequnnuty(mpoundsldapmdar
substance contained in 1 million 1b of whatever substance it is dissolved in. In
this case, it is how many pounds of chlorides (or other substance) that are
dissolved in 1 million 1b of water.

Grains per gallon is another way to express concentration. A grain is 1/7,000
of a pound. To convert grains per gallon to pants per million, multiply by 17.1.
Grains per gallon is used mostly when discussing water softening.

Cycles is yet another term used when expressing concentrations. In this case,
the water in a boiler or cooling tower is compared against its make-up water.
For example, if a cooling tower has a TDS level of 2,700 ppm and the city
make-up water has a TDS level of 180, then the tower is concentrated 15
cycles (2,700/180 = 15).

In the example shown in Figure 3-34, the boiler water contains 2,000 ppm of
solids and the make-up water contains 200 ppm. The boiler water is concen-
trated to 10 cycles (2,000 divided by 200 equals 10). In order to not exceed 10
cycles, it's necessary to blowdown or remove 10% of the boiler water on a
continual basis. The 10% value is found by dividing the amount of blowdown
water by the amount of make-up water; 200,000 + 2,000,000 = 10%.

Moke-up woter

Total solids consent Steam
;:mldal\- mﬂp .z.ucﬂ’ﬁn S it e

1,800

oW
Total sclids content = 2,000
Tokal dally blowdown = 200,000 Ib
Solids remeved/doy = 400

Figure 3-34. Steam/moke-up water/blowdown balance of o typical operating boiler
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Maintaining the jed solids level in a boiler is very important. If the
level is too high, impurities in the water may be carried over into the distribu-
tion system. If the level of solids is below the recommended level, then hot
water and chemicals are being wasted by excessive blowdown.

Carryover and priming are two closely associated terms. Carryover describes
small droplets of water leaving the boiler with the steam. A high level of TDS
is the main cause of carryover. The higher the TDS level, the higher the surface
tension of the water. As steam bubbles float to the surface, they must break the
surface tension to break free. When the surface tension is high, water droplets
are carried along with the steam.

Carryover causes problems with the stcam system. Remember, the boiler water
contains dissolved solids. These solids fall out and build up in places such as
strainers and control valves. You can imagine that after a while, these items
would require maintenance. Carryover can also contaminate a product that
comes in direct contact with the steam.

Priming is an extreme case of carryover in which a slug of water enters the
steam system. Serious physical damage is then possible due to water hammer. It
is no problem for a gas like steam to travel 100 ft per second in a pipe. Liquids
like water flow well at 5 ft per second. When a slug of water is caught up in a
100 foot per second flow, is almost acts like a solid. When a fast-moving water
slug hits an obstruction, such as an elbow or pressure-reducing valve, enough
force is created to cause physical damage.

Measuring the dissolved chloride levels is an llent method of determining
the cycles of iom, hlorides dissolved in water are very stable.
If the chloride level is 20 ppm in the feedwater and 200 ppm in the boiler
water, the boiler water would have 10 cycles of concentration.

Another way to measure dissolved chloride levels is to measure the electrical
cauducnmy cf the water. Pure water acts as an insulator and has very low

. as the ion of dlssol\'td sollds in water in-
creases, r.bc electrical resi d and Juctivity

The unit of conductivity is the mho. Mho is “ohm" spelled backwards. (Ohm is
the unit of electrical resistance.) The mho is too large for practical purposes, 50
the micromho (1/1,000,000) is used as the working unit. The Greek letter “p” is
the abbreviation for “micro,” so in many books, “micromho” is printed “pmho,”
(The trend now is to name physical units after pioneers in the field of science.
The new term for mho is “Siemens,” so in the latest literature “pSicmens” is the
unit of conductivity.)

Satisfactory condensate is typically less than 3 micromhos; city water (which
varies from one source to another) runs 60 to 150 micromhos. Boiler water not
exceeding 150 psi can usually operate up to 3,500 micromhos without trouble.
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Although not as accurate a gauge as chloride readings for determining boiler
waler concentrations, the use of cmducuwty readings is a fast and convenient
method of d ining solid

Bortom BLowDowN

AIlmemmustbeeqtﬂppedudlhadrmnaonmwﬂloﬁm]nweﬁpmmthe

water space 5o that the boiler can be emptied. This jon also doubles as
the bottom blowoff. By using the botlom blowoﬂ‘ to blow down the boiler,
lated sludge and sedi

Opinions differ on how to bottom-blow a boiler. To perform a short blowdown,
fully open the valve, count to five, then close the valve. A short blow is more
effective than a long one for several reasons. First, a localized low-pressure arca
forms around the blowoff opening inside the boiler as the water rushes out at
high velocity. Since the water is at saturated temperature, some flashes off as
steam in this lower pressure region. The steam takes up more space than the
water and thus displaces the sludge and sediment away from the blowdown
opening.

The second reason is the water level drops during long blowdowns. The
feedwater valve opens more to compensate for this loss. Relatively cold
feedwater immediately circulates to the bottom of the boiler and adds to the
turbulence normally found there, This further disperses the sludge and reduces
the effectiveness of the blowdown. During this time, heated water is wasted. Do
not blowdown a boiler until the level in the gauge glass is lowered by 1/2 inch.
This procedure merely wastes both hot water and chemicals. It is best to give
the boiler a short blow once every 24 hours. If experience proves that is not
often enough, then wait at least one hour between blows. This greatly increases
the efficiency of the operation by allowing the sludge to settle over the blowoff

opening.

If the i llowable working p of a boiler exceeds 100 psi, two
blowoff valves in series are required. They may be two slow-opening valves or
one slow-opening valve and one quick-opening valve. A slow-opening valve
requires at least five 360-degree tuns to change from fully closed to fully open.

To ensure a positive seal, the quick-opening valve is always installed closest to
the boiler between the boiler and the slow-opening valve. When blowing down,
first open the quick-opening valve, then the slow-opening valve. Afl.cr connuns
to five, close the slow-opening valve before shutting off the q

velve. This method puts all the wear and tear caused by the rapndly mmrmg
boiler water on the outside valve and leaves the valve next to the boiler in good
condition for a positive shutoff. The quick-opening valve is used for sealing,
while the slow-opening valve is used for blowing.
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For tandem blowoff valves (where a one-piece block serves as a common body
for both the sealing and blowing valve), the second valve from the boiler is
opened first and closed last. Some manufacturers of these high-performance
valves have the opening and closing sequence instructions on them.

‘The blowd from a high-f boiler cannot be discharged directly to &
sewer, because the stem and hot water could damage the sewer or cause per-
sonal injury. A blowdown tank must be placed between the boiler and the
sewer. The purpose of the tank is to reduce the temperature and pressure of the
discharged water to safe levels (150°F and 5 psi maximum).

In the atmospheric flash tank shown in Figure 3-35, blowdown water enters at a
point above a constantly maintained water line. The flashed steam is discharged
out through a vent large enough to avoid backpressure. The vent is usually
capped with an exhaust hood that cap and p hot water from being
sprayed around the vicinity. The hot water mixes with the cooler water in the
tank before being discharged into the sewer.

In another variation, shown in Figure 3-36, cold water is automatically added to
ds the temp to a safe discharge level.

coLD PRESSURE
" GAUGE

sveron  Lweanng
BREAKER—| PLATE

THEEMMTEII

~. WATER
- OUTLET

Figure 3-35. Atmospheric flosh tonk (Courtasy, Penn Seperater Corporation)
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Cald Watwr
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Figure 3-36. Blowd with ic waste woter cooling [Courtesy, Penn
Separator Corporation)

BoiLER ENTRY

A valve or switch is locked and tagged when its operation could lead to injury
or mechanical damage. With valves, this means chlim'n,g and locking them
closed. With electrical switches, it means locking dlcm in r]lc open or d.c-
energized position. In both cases, a tag includes the f n
who tagged the device; 2) why was it taken out of service; a.nd 3) when was it
taken out of service.

There are seven systems that must be locked and I.aggnd beforc entering the
boiler: steam, feed: , bottom ¢ lown, top t , ical feed, fuel,
and soot blowers. Thefirstﬁvcmonlbcwmrmde.andﬂnlmmmm
the fire side. Warning: For your own safety, personally verify that each system
is locked and tagged before entering the boiler. Do not take anyone's word that
a system is safe.
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Steam

It is desirable to have all steam \ralm chained closed and tagged before enter-
ing the boiler. All boilers with b dtoa steam header
(boilers in battery) must have two stop valves with a free-blowing gate drain
valve between them. Both stop valves can be OS&Y gate types, but most
installations have a gate valve at the header and a nonreturn valve at the boiler.
The purpose of the free-blowing drain is to indicate that the header stop valve
is closed and huldmg If it shou.ld fail, the nonreturn valve is still between the
and d

Just the free-blowing drain is not enough. Take a
lengt.h of stiff wire and poke it l}uough the valve a.nd into the line. Sometimes
material accumulates in the valve and hard Under these diti even

with the valve open, nothing would flow.

Feedwater

Since most multiple boiler plants have heated feedwater, shut off any pressur-
ized hot water entering the beiler. In addition to tagging and locking the valves
closed, it is recommended practice to have a drain after the bypass valve to
indicate that all feedwater valves are holding.

Bottom Blowdown

The bottom blowdown valves must be opened to drain the boiler of washdown
water. The problem is that most multiple boiler installations have a

bottom blowdown system. When an operator bottom blows the on-line boilers,
the odds are very good that some very hot water will find its way into the
opened boiler. To avoid this, the valve next to the boiler should be removed
and the valve connected to the common drain header should be closed, chained,
and tagged. Some installations remove both valves and block off the header
connection.

Top Blowdown

All of the top blowdown lines are probably connected to the same flash tank. If
the top blowdown valve is open on the opened boiler, sieam and hot water
would enter from an operating boiler. The top blowdown valve must be closed,
chained, and tagged.
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Chemical Feed

Some plants have common piping from their chemical feed systems. Though the
volume of liquid is small, it is usually considered toxic. To avoid putting your
hand in a puddle of caustic soda, make sure the chemical feed line is secured
and tagged.

Fuel

It goes without saying that you don’t want to be in the furnace while an opera-
tor is trying to light & burner. Though this is not likely to happen, make sure all
fuel systems are secured and tagged before entering the fumace.

Soot Blowers

Be sure that an absent-minded operator doesn tusea swl bIUWBI wlule you are
working on the boiler's fire side. A
since it takes only the press of a button to stant opcml.mn Lock l.mi tag + both
the steam or high-pressure air and the operating mechanism.

Manholes and Handholes
Itis necessary to provide access to the interior of boilers for construction,
repair, and When it is y to enter the boiler, manholes,

sometimes called manways, are used. Handholes are used where access to tubes
is mecessary or when an operator just needs to get a hand in the boiler.

As shown in Figure 3-37, the cover plate is placed inside the pressure vessel.
This way the pressure forces the cover plate against its seat. Gaskets are used to
form a good seal. A yoke, also called a crab or dog, is used to hold the cover
plate in place. Most manholes and handholes are elliptical in shape to make it
possible to remove the cover plate through its own opening. The two most
common sizes for manholes are 11* x 15" and 12" x 16",

ol handhanl

is as

The procedure used when installing a or

1. Remove the old gasket, and thoroughly clean the surfaces on the boiler
and cover plate. Sometimes it's necessary to buff each surface.

2. Place & new gasket on the cover plate, and verify that it's the proper
size and shape.
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Seat and gaskst

NS

Figure 3.37. Typical handhale cover

3. Place the cover plate on its seat, set the yoke, finger-tighten the nut,
then snug up a quarter turn with a wrench. If the gasket leaks, only
tighten enough to stop the leakage.

4.  As pressure builds up in the boiler, the yoke will loosen. It takes a
short time for the gasket 10 reach the compression necessary to con-
form to the boiler pressure, so snug up the nut during this period.

ASME AND THE NATIONAL BOARD

The majority of pressure vessels in the United States are built under the guide-
lines set by the American Society of Mechanical Engineers’ Boiler and Pressure
Vessel Code. It is called the ASME Code or simply, the Code. The National
Boa:durnmlerandhmvesgl' ) is the enfi agency

d to ensure ad to provisions of the ASME Code. All states use
enthcr the Code or a similar version to define their pressure vessel construction
requirements.

When f: or ors build or repair equif that must ply

m&lhﬂwCode.ﬂwymalsquni:edwmpthuéq\dpmtwithomofﬂ:e
following symbols:

+ 5 - Power boilers
+ M - Miniature boilers
* L - Locomotive

* A - Boiler assembly

* H - Heating boiler

+ PP - Pressure piping

+ U - Unfired pressure vessel
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* V - Safety valve
* R - Repair

Every code-compha.nt pressure vessel has a nameplate on which is stamped the
maximum allowable working p (MAWP), square feet of
l'l:au.ng surface, rate of smmmg capacny. sena] number, year built, and a
1 board 1 board ion number
(abbreviated NAT'L BD) refers to a pemmnen! record that contains, among
other things, the composition of materials used, wall thickness, joint details, and
size and type of tubes,

Boiler inspectors must pass a national board examination and a test on state
rules and regulations before Lhzy are nuthonzed to evaluate pressure vessels.
They are employed by Iega.l isdi d to enf the ASME Code
and by insurance companies that underwrite boilers and pressure vessels,

Even if a boiler mspoctm’ works fnr an insurance compmy, he or she is still an

agent of the legal jurisdi g P vessels in a state and is
required to enforce all rules and regulati However, national board-commis-
sioned inspectors cannot be employed by boiler or p vessel f:

or installers. This is necessary to preserve their status as independent third
parties in questions of public safety. The inspectors at manufacturing facilities
typically work for i panies who are d by the fi
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CHAPTER
FOUR

Combustion

Combustion is the rapid recombination of oxygen with a fuel that results in the
release of heal. It can also be thought of as a rapid oxygenation process of fuel
that results in a release of heat,

Perfect bustion (stoichi i bustion) is obtained by mixing and
burning precisely the right amounts of fuel and oxygen so that no products are
left once combustion is complete. If too much oxygen (excess air) is supplied,
the flame is cooler, shont, and clear; this is complete combustion but not perfect
combustion. The excess air takes no part in the combustion process, except to
absorb heat from the flame and discharge it out the stack.

If there is too much fuel and not enough oxygen supplied, the flame is longer
and sometimes smoky. This is incomplete combustion and results in unburned
fuel (carbon monoxide, hyd b d hydr b and free carbon)
blowing out of the stack. hym bons include d: posed of carbon

and hydrogen atoms (e.g., fuel oils, natural gas, propane and coal).

It is important to remember the r.‘xrre T of combustion: time, e, and

bulk Time b all chemical processes take time to complcle tempera-
ture because this process must take place at elevated temperatures; and rurbu-
lence because there must be thorough mixing of fuel and air.

DRraFT
Combustion air is supplied by either natural or mechanical means. Draft is the
diff in that prody the flow of gas, measured in inches of

water column (in. w.c.). Draft is produced in a stack by the difference of the
hot flue gas inside and the cooler, denser, ambient air outside. The equation for
natural draft is:

D= :u.szp:m[r( Tl < % )]
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0.52 = constant used to convert to inches of water
D = draft produced (inches of water)
H = height of stack (feet)
P = pheric | pounds per square inch)
T, = absal bi T
T; = absolute flue gas temp

‘The draft from the stack pulls the flue gas from the boiler. This is called
induced draft. If this proves insufficient, a fan is used to help. This induced
draft fan is located in the breeching, which is the connection between the boiler
and stack. Packaged boilers use a forced draft fan, which pushes air into the
boiler.

Special consideration must be given to large boilers, because the pressure
produced by the forced draft fan forces the fumace walls outward. To compen-
sate for this, large boilers employ balanced draft, in which both forced and
induced fans are used, Figure 4-1. The control system keeps the fumace at or
just above pheric p One fan ls furnace p and draft,
while the other controls the air/fuel ratio.

Stack
!
Boiler ‘
Induced
deaft fon I
Forced draft fan
{ Eraaching

Figura 4-1. Bolonced draft systam
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Dampers, variable inlet guide vanes, variable speed, and variable pitch are other
methods used to control the output of a fan. Variable speed and variable pitch
are more efficient than inlet vanes, and inlet vanes are more efficient than
dampers.

Besides combustion air, furnace volume also limits how much fuel can be
burned in a boiler. For example, 10 fi* of furnace volume is required to bum
one gallon of oil per hour.

When a hydrocarbon is burned, the result is heat plus water vapor (H,0) and
carbon dioxide (COy). If there is not enough oxygen, carbon will produce
carbon monoxide instead. Carbon monoxide can be used as a fuel. When carbon
monoxide is burned, it changes to carbon dioxide.

The left column of the heat loss graph in Figure 4-2 demonstrates that operating
costs increase rapidly when unburned fuel goes up the stack. The right side
shows that useful heat is lost up the stack when 100 much air is supplied. The
middle part of the graph is where the losses are al a minimum. The extent of
the overlap between unburmned fuel and excess air primarily depends on the
efficiency of the combustion equipment.

Loss Save Loss

Zone of

® o,

-

E‘ sfficiency

Oauaﬁn? Thars rasults

g i mxcest last

-5 the stock and wasted fuel
P
2o

B | here renl

@ [ Inwosted fuel
I

Unburmed fuel ks

—

Total air, %

Figure 4-2. Heo! loss

FLUE GAS ANALYSIS

The p ge of carbon dioxide (CO,), and imes carbon monoxide (CO),
in flue gas is used to calculate combustion efficiency. Oxygen (O,) or carbon
dioxide is used to calculate the amount of excess air.
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Perfect combustion is attained when the flue gas analysis shows no carbon
monoxide or oxygen. That means that every available fuel molecule and every
available oxygen molecule came in contact with one another. Such perfect
mixing is not possible, even with the most advanced bumner.

Figure 4-3 shows the relationship between oxygen, carbon dioxide, and excess
air. Notice that it does not really matter what fuel is used when

oxygen; but it matters & great deal when measuring carbon dioxide. The reason
is that the O, reading measures how much oxygen is left over after combustion.
Carbon dioxide is a product of combustion and thus depends on the ratio of
carbon 10 hydrogen in the fuel. Coal has a higher percentage of carbon than
does natural gas; therefore you would expect a higher percentage of carbon
dioxide from coal than from natural gas.

Boiler firing conditions are usually either based on stack O, or CO,. Both are
equally valid for determining excess air, bul many prefer O, for the following
reasons:

* As menlioned before, the relationship between O, and excess air is not
highly affected by the fuel burned. The O curves for natural gas, oil, and
coal are nearly coincident, while the CO, curves show a large variation.
When ﬁrinsallw excess air, the of CO, ires much
greater p than the ut‘O,wobtmﬂlenmnmmcy.
Fwexample. suppose you want to bum oil at 20% excess air with 2%
accuracy. CO, would need to be measured within 1.5% accuracy (13.0%
% 0.2%), while O, would only require 8% accuracy (3.7% = 0.3%).

+ €O, is a product of ion, while Oy is iated directly with
CXCESS air

» The instr ion is less ive and more reliable for O, than for
CO,Awwmumaudeoxygenpmbeunbeplmadduwﬂymﬂlemck
to give i , the cost of continuously

monitoring CO; will also become costeffective.

Also notice in Figure 4-3 that more excess air is required for coal than for oil
and gas. For example, the ideal level of Oy, CO;, and excess air when burning
oil is 2.75%, 13.25%, and 15%, respectively. Examiners often ask what is the
ideal level of excess air for various fuels. Remember, it's 10% for gas, 15% for
oil, and 30% for coal.

Figure 4-4 shows two other reasons why boiler firing conditions are usually
based on oxygen instead of carbon dioxide. Notice how flat the carbon dioxide
curve is near the zero excess air line compared to the oxygen line. A change in
excess air is much easier to detect on the oxygen line. Also, when making
adjustments with carbon dioxide, you don’t know if the change put you in the
excess fuel or excess air region without having someone look for smoke.
Remember, if too much fuel and not enough oxygen are supplied, the flame is
sometimes smoky.
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Figure 4-4 also shows that the carbon monoxide content of the flue gas jumps
up dramatically in the excess fuel region, because carbon monoxide is a fuel.

Remember that high carbon dioxide levels are desirable, because the higher the
percentage of CO, in the products of combustion, the higher the combustion
efficiency. Higher levels of oxygen mean there is excess air, which means low
combustion efficiency.

Many types of i are available for analyzing flue gases and indicating
the volume percentage of the various components. Instruments that use the
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Figure 4-4. Flue gos composition a3 o function of the amount of air present

principle of selective absorption of gases have been used for many years.
Certain chemicals readily absorb specific gases. The more gas a chemical
absorbs, the more volume the chemical takes up. The percentage of the gas is
read on a graduated scale on the apparatus.

The flue gas analyzer shown in Figure 4-5 can measure a flue gas sample for
either oxygen or carbon monoxide.

Another flue gas analy the Orsat app can show the percentages of

carbon dioxide, oxygen, and carbon monoxide in flue gas, The chemicals used
in this instrument to measure flue gas are as follows:

+ Caustic potash for carbon dioxide
+ Alkaline solution of progallol for oxygen
+ Acid solution of cuprous chloride for carbon monoxide

The Orsat apparatus takes one sample at a time. There are several instruments
that can take continuous samples. One popular oxygen analyzer uses zirconium
oxide. A galvanic action proportional to the amount of oxygen is translated to a
reading. Since this is continuous and without time delay, the output signal can
be used for automatic air/fuel ratio control.
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Figure 4-5. Flue gos cnalyzer (Courtesy, Bacharach, Inc.)

Smoke DENSITY

A smoke test is a good way to check combustion efficiency. A sample of the
smoke is taken and pared to the Ringel Scale, which consists of the
four charts shown in Figure 4-6. These charts are compared to the smoke
sample, and a rating is given for smoke density.

Most stacks cannot be observed while operating the boiler, so some installations
have smoke density meters such as the one shown in Figure 4-7. They can be
equipped with alarms to alert operators of a smoke condition.

BoiLEr EFFICIENCY

Boiler efficiency is directly related to the amount of energy released in the
combustion process. There are two methods used to determine boiler efficiency:
the indirect method and the direct method.

In the indirect method, boiler efficiency is calculated by dividing energy re-
leased in combustion by the heating value of the fuel. Complex calculations are
required to obtain the answer, but fortunately tables are available to make the
job simple. When the amounts of combustibles and carbon monoxide in the flue
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Figure 4-6. Ringelmann Scole for estimating smoke density (Courtesy, North American
Monufocturing Compony)
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Smoke density indicator

Figura 4.7, Smoke density indicotor

gas are negligible, it b ¥ to obtain both the percentage of oxygen
Drw‘hmdmndzmlheﬂuegnsmdlheﬂueg&stempmtme

Note that the tables in Figure 4-8 refer to net stack remperarure. Net stack

is the temp of the flue gas minus the temperature of the
combustion air (the air in the boiler room). In a well-designed, properly main-
tained boiler, the flue gas temperature should not be higher than 50° to 100°F
above the steam temperature.

For example, consider a boiler that burns oil and has a flue gas analysis reading
of 10% CO,. The conversion chart in Figure 4-3 shows that 10% CO, is equal
to 50% excess air. The flue gas is 550°F, and the air in the boiler room is
100°F. The net flue gas temperature is therefore 450°F. Figure 4-8 shows that a
boiler is 80.7% efficient if there is 50% excess air and a net stack temperature
of 450°F.

The direct method of determining boiler eMiciency involves dividing the net
amount of Btu in the steam leaving the boiler by the amount of Btu being put
into the boiler by the buming of fuel:

[Steam flow){MNet heat volue of steam)

Efficioncy = [Fuel flow)(Hecting value of fuel)

where:
Met heat volue of steom = enthalpy of steam minus enthalpy of feedwater
(Bru/lb)
Fuel ond steam flow = rate of flow (galhr, Ibvhr, cfm/hr, ete.)
Heating valve of fuel = heat content (Btw/gal, Btw/lb, Brufcu f1, etc.)

Multiply the above answer by 100 to convert the decimal to a percentage. The
units used in this equation must be consistent; do not, for example, multiply
gal/hr by Btu/lb.
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Example 4-1. A boiler produces 25,000 Ib/hr of 150 psi dry saturated steam
and consumes 218 gal/hr of low-sulfur No. 6 oil over a one-hour period. The
feedwater temperature is 210°F, and the fuel oil supplier states that the oil
contains 145,955 Btu/gal. What is the efficiency?

Solution 4-1. Refer to the steam tables in the appendix. Notice that 150 psi
saturated steam contains 1,194.1 Btw/lb, and 210°F feedwater containg 178.15
Buw/lb. Plug these numbers into the equation:

{25,000 Ib/hell),194.1 B/l - 178.15 Bru/ib)

Efficiency [218 gol/hr}{145,955 Blu/gal}

100) = 80%

FuEeL Ons

Fuel oils contain from 83% 10 38% carbon and 6% to 12% hydmgen Bﬁcalue

all fuel oils are so similar in ct and b the p 1 proper-

ties of o:l ha\'e a fn: gmt.et effect on the opmucm of fuel-] hummg equipment,

the p d and specified by producers and

users. The physnca] propcrues are as follows:

« Specific gravity — the weight of a given volume of fuel oil divided by

the weight of an equal volume of water with both measured at the same
temperature.

+ Degrees APl — the industry-wide dard for ing the specifi
gravity of fuel oil.
* Viscosity — the of the resi to flow exhibited by a liquid.

Pour point — the temperature at which an oil starts flowing.

+ Flash point — the temperature at which a fuel cil gives off enough vapor
to produce a momentary flash when flame is brought near the surface of
the oil. The test is performed in a special standard apparatus and under
certain definite conditions.

+ Fire point — the temperature at which a fuel oil gives off enough vapor to

burn continuously.

Specific Gravity

Gravity, like temp can be d on different scales. Before 1921, the
gravity of oil was read on the Baumé scale. The API (American Petroleum
Institutc) scale was then adopted because it is a linear scale on a hydrometer. A
hydrometer is an instrument used for measuring specific gravity.
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To convert specific gravity to degrees API, use the following formula:

141.5

3pGr 6ovamE - 313

Dagrees APl =

SpGr is the abbreviation for specific gravity. The number 60°/60°F means that
both the liquid under evaluation and the reference water were at 60°F.

Degrees API
There following facts can be oblained from the API number:
+ The lower the API gravity of an oil the higher the viscosity, carbon
content, ash content, weight in pounds per gallon, and amount of heat

liberated per gallon when burned. It also contains more sulfur, if the sulfur
was not refined out.

The higher the API gravity, the thinner the oil, lower the sulfur, lower the
percentage of carbon, and higher the percentage of hydrogen (resulting in
a lcwzr heanng valve). The ail will also bum cleaner and will be easier 1o

ion is the p of breaking up a liquid into a large
number of tiny droplets.

+ The gross heating value of fuel cil can be approximated as follows:

Bu/lb = 17,687 + [(57.7) (API}]

G ial dards have been established for fuel oil. Grades No. 1 and 2

are light and medium domestic fuel oils. Grade No. 4 is commonly used in

commercial office buildings and large schools. Grade No. 5 is not commonly

used. Grade No. 6, sometimes known as Bunker C oil, is a heavy industrial fuel

oﬁ.en used i in Iarge central heating plants and power stations. Table 4-1 shows
of the grades of oil.

Viscosity
Viscosity is one of the most important cluraclensucs of fuel oil. Unless the
viscosity is properly d, efficient is impossible, If the oil is

too thick, it doesn't atomize properly and therefore doesn't burn cfficiently. If it
is too thin, the oil may carbonize the fuel oil heater and burner tip, cause
sparking in the furnace, and the flame may become unsteady and blow away
from the burner tip.
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Fuel Grode | Descriplion Blu/gal APl Gravity | Pour Point

No. 1 Distillate oil 137,207
intended for to 140,521 44.36 Below O°F
vaporizing
pot-type burners
and other
burners requiring
this grode
No. 2 Distillate oil for 141,400
generaol purpose to 143,223 34-30 Below O°F
heating for use
in burners not
quiring No. 1
Mo, 4 Preheating not 144,148
usually required 1o 146,132 | 28-24 10°F
for handling or
burning
No. 5 Preheating may 147,168
be required for o 149,275 2218 30°F

buming, and in
cold climotes may,
be required for
handling

No. & Preheali 150,380
required for to 152,681 16-12 &5°F
burning and
hondling

fover 0.3% sulfur)
MNo. & Low sulfur About
{0.3%) 144,000 About 22.5 90°F

Toble 4-1. Charocteristics of commen oils

The petroleum industry uses the Saybolt viscosimeter to measure viscosity.
Again, like temperature, there is more than one scale for measuring viscosity.
The two scales used most often in the United States are the Saybolt Seconds
Universal for low viscosity oil such as lubricating oil and Saybolt Seconds
Furol for heavier fuel oils.

The viscosity test uses a viscosi Figure 4-9. When the sample is heated to
the specified temperature, the cork is pulled from the bottom of the tube. Light
oils are heated to 100°F. Heavier oils use a larger orifice and are heated to
122°F. The time it takes to fill a 60-milliliter container is recorded as either
Saybolt Seconds Universal (S5U) or Saybolt Seconds Furol (SSF).

As the p of oil is i d, its viscosity is reduced and it flows more
easily. Heavy oils must be heated before being pumped and heated further until
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Figure 4-9. Soybolt viscosimeter

the correct viscosity is reached before they are atomized and bumed. For easy
pmnpng,odslmidwbeabmes,MSSU Most burner manufacturers

d an ion range b 100 and 200 SSU. Consult the bumer
manufacturer’s manual for the correct atomization viscosity. Upon request, fuel
oil suppliers can provide the specifications of the product being used. Included
in those specifications is the viscosily measured in either SSU or SSF.

The chart in Figure 4-10 provides a method to determine the temperatures for
easy pumping and proper atomizati

Pour Point

The pour point test is run by placing a sample of oil in a small corked jar with
a thermometer in the top. The sample is heated, then cooled. As the oil cools,
the fluidity of the sample is observed at 5°F intervals, When the oil appears 1o
be solid, the temperature is noted and the pour point recorded as 5°F higher
than the observed temperature. Qil from different sources has different pour
points. Oils derived from an asphalt-based crude may have pour points between
30° and 40°F, while cils from paraffin-based stocks may have pour points of
90°F or higher. (Low sulfur oil is usvally paraffin-based.)
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Figure 4-10. Pumping ond atomizing temperatures for fuel cils (Cou North American
Monulocturing Company) e

If the oil temperature falls below the pour point, it generally can't be pumped.
This clogs strainers and/or fuel lines. Tanks should be equipped with steam
coils, bayonet heaters, or line heaters to keep the oil warm. The storage tem-
perature should be at least 20°F above the pour point. Lines should be insulated
and steam- or electrically-traced so the oil can always be pumped. If oil is
allowed to cool to its pour point, startup becomes very difficult.

Flash Point and Fire Point

All oils evay while standing. At normal temp poration usually
occurs 50 slowly that an explosive mixture does not occur. By adding heat, the
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evaporation rate of the sample can be accelerated to a point where the hydrocar-
bon-to-air ratio suppors combustion.

The flash point is the temperature at which a fuel oil gives off enough vapor to
produce a momentary flash when a flame is brought near the surface of the oil.
‘The flash point test is performed in a special standard apparatus and under strict
conditions. The test serves to identify the relative safety hazards of different
products, Flash points indicate the care required to handle and store the product
and to control the safe ignition of the fucl. The higher the flash point, the safer
the product.

The fire point is an extension of the flash point. It is the temperature at which
a fuel oil gives off enough vapor to sustain combustion when a flame is
brought near the surface of the oil.

Sulfur

In addition 1o carbon and hydrogen, sulfur is an imporant element present in
oil. It is important that the amount of sulfur in fuel oils be reduced for two
Teasons:

+ To comply with air pollution laws, a fuel oil must meet sulfur require-
ments in the area in which it is used. Health hazards are attributed to the
sulfur oxides produced when a fuel is bumed. Most areas of the country
prescribe maximum sulfur levels in fuels to control sulfur oxide emissions.
Naormally, the higher the industry and population concentration, the lower
the allowable sulfur content. For example, in the New York metropolitan
area, the maximum amount of sulfur allowed in fuel oil is 0.3% by
weight.

+ The sulfur oxides and moisture produced during combustion can combine
and form sulfuric acid. The resulting corrosive attack on tubes and other
metal surfaces causes serious damage. The lower the sulfur level in a fuel,
the fewer corrosion problems.

Sediment and Water

Sediment and water are serious contaminants that occur in fuel oil systems.
Often called BS&W (bottom sediment and water), they are found in varying
amounts and compositions. Some of the causes of BS&W are as follows:

LI 1y sealed holes, gauges, or vent lines that allow water to seep

in or permit outside contaminants to enter

* Chemical reactions in the oil that form sludge
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* Excessive tank heating that hastens sludge-forming chemical

* Condensation of water

* Leaking stcam coils that form rust and sludge

+ Improper mixing of different grades and types of oils that cause separation
or precipitation of materials

« Settling of the small amount of BS&W inherent in the oil

These are some difficulties caused by BS&W:
+ Shutdown of the boiler due to blocknge of bumer tips and strainers
« Erratic and " " P
- sparking and spitting of the flame
* - flashback of the flame
- carbon buildup

- clinker buildup (formation of a mass of unburmed carbon) in the
combustion chamber

* Loss of heat release

It is good practice to take a bottom sample of storage tanks annually, If exces-
sive BS&W is apparent, determine its source and have a reputable contractor
remove the sludge. If the contractor gets caught dumping the sludge in the
nearest sewer, you can be held liable.

Gas

Natural gas is easy to burn for three reasons:
+ It already exists in a gaseous state and does not have to be atomized and
vaporized.
+ Storage is not a problem, b a utility deli it by pipe.
+ Tt has few or no contaminants (e.g., sulfur).

Lighter than air and odorless, natural gas is mostly methane (CH,) with smaller
quantities of other hydrocarbons such as ethane (C,Hg). Combustible odorless
gases are very dangerous because leaks can go undetected, Therefore, an odor-
ant is added for safety.

Since natural gas has a higher muo of hyd.mgcn to carbon than oil, its effi-
ciency is lower b of the d amount of moi duced by the
burning of hydrogen. During cold days you might have noticed white “smoke™
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coming from a power plant's stack. This is water vapor condensing from the
burning of hydrogen.

Natural gas is metered by the cubic foot and billed by the therm. A therm is
100,000 Btu. The gross heating value of natural gas is usually just over 1,000
Brw/cu ft. Propane, otherwise known as LP gas or liquefied petroleum gas, is a
member of the same hydrocarbon family as natural gas. It is colorless and
nontoxic, and like natural gas, it has an odorant added for safety. Unlike natural
gas, LP gas is heavier than air, and instead of dispersing, it accumulates in low
areas, These accumulations have been known to explode.

The main reason to liquefy propane is to reduce the volume required for stor-
age. One cubic foot of liquid propane yields over 270 cu ft of gas. Note that
the boiling point of propane is 44°F at l To keep p

liguid at room temperature (70°F), it must be. pmssunz.ed to at least 120 pm

CoaL

Coal is our nation’s greatest hydrocarbon source. Because the composition of
coal varies so much (even samples from the same mine), it is often necessary to
sample and analyze it often to make adj for satisf: ¥

The two common methods of analysis are proximate and ultimate,

Proximate analysis is done on site and is used to measure coal quality. It
determines the percentages of moisture, volatile matter, fixed carbon, ash,
heaung va]ue‘ and sulfur. Ut lysis is required for heat

ions and the determination of th ical air i It
provides the chemical composition by determining the amount of carbon,
hydrogen, sulfur, oxygen, nitrogen, ash, and moisture in the fuel. The test is
usually donc in a chemical laboratory. Perhaps the acronym NO CASH will
help you remember what the ultimate analysi of: gen, oxygen,
carbon, sulfur, and hydrogen.

Coal is ranked to provide data for specifying burning and handling equipment.
The major classifications are anthracite, bituminous, subbituminous, and lignite:

Anthracite (hard coal) burns with a short blue flame (primarily used for
heating homes). It contains about 84% fixed carbon and 13,300 Btu/lb.

Bituminous (soft coal) contains about 78% fixed carbon and 13,900 Brw/lb.
Subbituminous contains about 55% fixed carbon and 9,300 Btu/lb.

Lignite contains about 42% fixed carbon and 7,000 Buvib. It is not worth-
while 1o transport lignite far, so plants that use it are typically ncar the
mine.
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The ash-softening temperature is also an important characteristic of coal. When
heated, ash becomes soft and sticky, then eventually becomes fluid. If the ash
softens and fuses at low tmpemures chnkm form in the fuel bed md slag is
deposited on boiler tubes. The ash-soft is d i
placmgamn: made of the ash in a small furnace. As the fumace temperature
is increased, the ash cone is observed. The ash-softening temperature is defined
as the temperature at which the cone is fused down to a spherical Jump.

PoLLuTiON

The Clean Air Act sets maximum levels for six pollutants: carbon monoxide
(CO}, lead (Pb), nitrogen oxides (NO,), ozone (Oy), particulate matter (PM),
and sulfur oxides (SO,). Boiler operators must worry most about NO,.

One way to control NO, emissions is to lower the flame temperature. This can
be done with low NO, burners and flue gas recirculation, Low NO, burners
reduce temperature by enlarging the flame in a staged combustion process so
either fuel or air is introduced at more than one point. This reduces available
oxygen and creates parntial combustion in several zones over a larger area. A
large, long furnace is required to accommodate the larger flame. This method
can reduce NO, emissions by 25% to 50%.

Flue gas recirculati duces flame by lucts of
combustion back to the burner and flame. It also reduces the available oxygen
sufficiently to lower NO, levels. This method can reduce NO, by up to 75%.
Problems oceur if the flue gas gets too cool, because SO, nnd NO, can con-
dense into corrosive sulfuric and nitric acids.

A more msl.l;‘I but more effective way o reduce NO, is by selective

lytic ion (SNCR). Especially good for oil, a chemical reagent
{ammonia or urea) is injected into the boiler at critical points where the tem-
perature makes the chemical reaction most cfficient. Sophisticated automated
control is required for consistent results. Capital investment is low, but the cost
of the injected chemical is high. The NO, removal rate can be as high as 90%,
but 50% to 70% is more common.

Then there is selective catalytic reduction (SCR), which is used for both gas
and oil. Ammonia is vaporized and mixed with the flue gas, then passed
through a catalyst bed. The chemical reaction converts the NO, to harmless
nitrogen and oxygen. Its typical removal rate is 80% to 50%, but the control
must be even more precise than the selective noncatalytic method. This is the
most costly way to control NO,, because the expensive catalyst has to be
replaced periodically.
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CHAPTER

FIVE

Fuel-Burning
Equipment

A practical fuel-buming system must perform the following functions:

» Start and maintain ignition

* Mix and proportion the fuel and air

* Vaporize solid and liquid fuels

*» Safely supply the proper amount of heat required for the process

+ Position flames for useful heat release
All fuel systems must comply with the rules and regulations of the National
Board of Fire Underwriters and with local codes. Consult your local fire or
code officials to make sure your installation is in pli In addition, all
tanks and fill stations must comply with spill- and leak-containment rules. For

example, underground tanks must have double walls or be installed in concrete
vaults, and aboveground tanks must be surrounded by a berm to contain spills.

Gas BURNERS

Gas burners are classified either as premix or nozzle mix according to the
manner in which the gas and air are brought together. Most boiler bumers are
the nozzle-mix type.

In premix gas systems, air and gas are mixed at some point upstream from the
burner port. The burner itself serves only to maintain the flame in the desired
location.

The inspirator type of premix system is used on most domestic gas-burning
appliances. It uses the energy in the gas flow to draw air into the bumer. On
the other hand, the aspirator type of premix system uses a blower to force air
through a venturi so that low pressure at the throat of the venturi draws gas
into the air stream in proportion to the airflow.
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+ Premix bomers wenally have limited mrmdowm,

* Premux burners cannot be adapied 10 dual-fuel configerations as casily as
DoxTie-mix TVpes.

* Nozrle-mix burners can be designed for a great variety of flame shapes.

= Larpe mamifolds of premixed air and gas pose a serious danper.

The term furmdown 15 used when describing the charactesistics of 2 bumner It is
the ratio of matimum 1o minimum firing rates. For example, if 2 burner has a
maxrem ootput of 1,000,000 B at high fire and 2 minimum output of
200,000 Bro st Jow fire, it would have 2 5 10 1 tzndown ratio.

Like oil burmers, there is no mixing of gas and air in nozzlc burners mtil the
Fus Jeaves the nozzle orifices. Boiler burners are designed to inject a stream of
hon mesndescent combustion pases into 3 fumace space where beat is trans-
fored w the load by means of radiation. Afier the bot combustion gases leave
the fumace srex, the hest thet remains in the gases is transferred by convection.

O BurNERS

Ligmd foeds must he vaporized before they cam be buned. Some small capacity
‘burners such & blowtorches, gasoline stoves, and wack-type kerosene bumers
veporine higaid foel i 2 single step by direct heating. Larper il bummers must
empioy & TWO-SISp PrOCESS — MOMIZANOn &nd vaporiration
As explined m the previons chapler, stosmizstion is the process of bresking uwp
2 hgmd imo many tmy dropless. Mgporzanon is the process of converting 2
bgmd or sohd mto @ gas, wsnslly by the spphcation of hest
By firwt moruzmg the hgmd forl, a hope surface ares consisting of millions of
m&ﬁwumﬂwudumm‘oﬂwhwua
very bigh e Suicfacarry vay quires the following
* A lwpe volume of sir mewt be thoronghly mived with ofl particles.
= Arflow omst be trbolem (varying @ a given pomt in spond snd drection)
and moving &t hiph spesds
* Hem from the fame muost be radined into the & ing spray (4 fon
of the bumer tle).

mmm&mﬂ:mﬁmum-&w@a
source of radi The amoam of heat can be appracimed
hm-mgmumehuwuknﬁm:nmmnummm
2 burner is shit down. The first Two reguirements Easd shove e mes by
hlowmg mr throngh ol or by pessing ol throogh T
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A

ion is fully plished by using one of several different
hods. Mechanical izing b use the p of the fuel itself. When
oil is forced through a small orifice, it breaks into a spray of fine droplets. This
type of burner is used for home heating furnaces that produce 100,000 Btuh at
75 psi, to large electric utility boilers that produce 180 million Btuh at 1,000
psi. (Btuh is an abbreviation for British thermal units per hour.) An example of
a mechanical bumer is shown in Figure 5-1.

t— Sprayes Plate

|~ Sprayer Head

Enal Capp

Figure 5-1. Machanical return-flow oil alomizer assembly and detail (Courtesy, Babeock &
Wilcox Company)

The high p quired to make hanical izing work can be a
problem. In one installation, fuel sprayed into the boiler room because of a
defective oil-heater gasket. Naturally this oil found a source of ignition, and the
resulting fire shut down the facility for days. All equipment such as hoses and
fittings have to be kept in top-notch shape.
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Low-pressure air atomizing burners are the most popular on packaged boilers,
Figure 5-2, The 1- or 2-psi atomizing air is supplied by a blower driven either
from its own motor or the forced draft fan motor at a rate of 150 cu fi per
gallon of oil. These bumners have no trouble burning light or heavy oils as long
as the viscosity is between 100 and 150 SSU.

High-pressure air or steam atomizing oil burners use steam or compressed air to
tear droplets from the oil stream and propel them into the combustion space,
Figure 5-3. The high velocity of the oil particles (relati mﬂleair) d
the action required for quick vaporization. These b can lgghun
very heavy oils, sludge, or pitch and are used for the incineration of liquid
wastes. They are available in sizes that produce up to 300 million Btuh.

Opaenings for pilot.
flame monitor,

jot
Tone of sight]

Figura 5.2, Low-prassure air clomizing burner (Courtesy, North Americon Manufocturing
Company)

Figure 5-3. High-pressure olr or steam olomizing oil burner {Courtesy, Boboock & Wilcox
Company)
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The required oil pressure is much lower for high-pressure air or steam atomizing
burners, which have a maximum of 150 psi (mechanical atomizers have a
maximum of 300 psi). A significant advantage of the air or steam design is that
it can be tummed down to 20% of its rated capacity. A disadvantage of the steam
atomizer is its stcam consumption. Even at 0.02 Ib of steam per pound of oil
burned, it represents a sizable loss. Despite this loss, the cost of using com-
pressed air as a substitute is not always justifiable.

Though rotary cup bumers are obsolete, they may still appear on licensing
exams. As shown in Figure 5-4, a hollow, rotating shaft runs the length of the
burner. Along this shaft are a high-speed motor, & gear to drive the oil pump,
the atomizing air fan, and the alornlzlng cup. Oil is fc-:wd through the hollow
shaft to the inside of the cup. Atomizing air is admi d through the angular
space around the rotating cup. C:nml'uga] force throws oil from the lip of the
rotating cup in the shape of a conical sheet. This quickly breaks into a spray
when hit with the atomizing air.

Rotating
atomizing retory Rolati
beoss eup / foeced drott fan
Skrianony
fuel hube
T Fusl supply
L= BE—
Ebsctric moter
Gl Fuelhp
shafionary

Figure 5-4_ Direct drive rotary cup oil bumer

Advantages of this design are that only a modest pressure is required to supply
oil to the cup, and no high-pressure steam or air is required for atomization.
This is a great benefit to low-pressure steam plants. However, since this burner
has an electric motor and moving mechanical parts close to the furnace, they
have lost favor due to the maintenance required to keep them operational.
Newer designs are more efficient. Low-pressure air atomizing burmners have
replaced the rotary cup for small packaged boilers.
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COMBINATION BURNERS

Bummcanbcdestgmdtobm'nmmdlmonctypeo{ﬁxlsomalmluwcﬂ—
priced or most-available fuel can be used. Figure 5-5 shows a
burner that can burn light oil, heavy oil, propane, or gas.

Combustion oir

Phato-cell sight ube
/- Fumace refroctory

Frame
Motar

olocmc b

' i gwirler
=

Belt drive o [11%

m Oﬂtm’r‘ e spply |Gmwwp|r

Figure 5-5. Combination burner that con bum light oil, heovy oil, propane, or gas

STOKERS

Stokers are mechanical devices used to burn solid fuels. They are designed 10:
+ feed fuel (continuously or intermiftent);
* sustain combustion;

« supply ] air for

* allow free passage of flue gas;
of bustibl ial (ash) from the fumace.

+ allow the

The three types of automatic stokers are underfeed, crossfeed, and overfeed.

114 The Boder Opetators Exom Preparation Guide



Underfeed
The underfeed stoker consists of a trough, also called a retort, into which coal i is

pushed either by a ram or feed screw, Figure 5-6, Ci ion air is introd
under the fuel bed through tuyeres or grate bars. The movement of the fuel
caused by the feeding action di the ion of large clink The

volatile gas distilled from the coal burns above the incandescent fuel bed. The
fixed carbon part of the coal is bumned on the grate bars. As new coal is fed
into the retort, ash is pushed aside and falls into the ash pit.
FORCEDDRAFT
raw

TRANIVEASE STETION LONSITUBINAL FIETION

Figure 5-6, Underfesd stoker (Reprinted courlesy Americon Society of Healing, Refrigerating
and Air-Conditioning Engineers)

The underfeed stoker is a good choice for small installations. It is simple to
operate (all adjustments are made from the stoker front), and most of the fuel
bed is visible and accessible. The ram was formerly driven by a steam cylinder
and piston, but on newer designs, electric and hydraulic drives are also used.

Crossfeed
‘The crossfeed (traveling grate) stoker can burn many solid fuels, including
and municipal refuse. The typical li g prate is is ble to a

wide bulldozer drive track. Coal or other solid fuel is fed by a hopper in front
of the stoker. The firing rate is regulated by the depth of the fuel on the grate,
the speed of the grate, and the amount of combustion air supplied.

The function of the traveling grate is to carry the fuel from the gravity hopper,
support the fuel during combustion, and then dump the ash into the ash pit.
There are two types of grates:
* Chain grates, which consist of a series of links strung on rods in a stag-
gered arrangement, Figure 5-7

= Bar grates, which consist of rows of bars

Fuel-Buming Equipment 115



Figure 5-7. Crossfeed (roveling grote} stoker (Reprinted courtesy Amaricon Society of
Heating, Relrigerating ond Air-Conditioning Engi i}

Overfeed

The overfeed (spreader) stoker looks like a traveling grate stoker, but instead of
feeding the fuel from a gravity hopper, a mechanism is used to throw the coal
mwl.hafu:mccmdontothapuc F’gm-:SE.Partoflb:volmkmm:zmd
fine particles are bumed in susy and the der is burmed on the grate.
Practically all types of coal can be burned on & spreader stoker.

mmwstokuismst ly found in industrial installati b
1tumyﬂmb1¢m ;ponding to load fl i Also, the firing rate of the
fuel is almost instantaneous.

Purverizep CoaL FIRING

Coal can be pulverized to the consistency of talcum powder and blown into the
furnace. Like oil, all the fuel is bumed in suspension. The resulting coal flame
even looks like an oil flame.

The advantage of pulverized firing is that rapid combustion occurs when a large
surface area of coal is exposed to oxygen and heat, Figure 5-9. Since the
development of pulverized coal firing in the 1920s, boiler capacity has in-
creased from a few hundred thousand pounds of steam per hour to 6.5 million
Ib of steam per hour.

Pulverized coal firing is limited to large installations due to its high capital and
operating costs. Although coal 15 the least expenme fcastl fucl storage tnd
handling equip are exf . The p of g air | is
also costly. Particul issions must be captured by hanical dust collec-
tors, electrostatic precipitators, or bag houses. Sulfur dioxide (SO,) discharges
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YERFIAE AIR

Figure 5-8. Overfeed | der] stoker (Reprinted courtesy Americon Society of Heating,
Refrig g ond Ai-Conditioning Engi )

] o Collector
Camm) |
\ﬁ“‘_‘, Primary air fan
| Coal feeder I To bumers

Figure 5-9. Pulvarized coal firing
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must be kept in check by using Jow sulfur fuel andfor scrubbers. h{ilmgen

oxides (NO,) must be reduced by using a lyst, staged ar
fluidized bed combustion.

Frumizep BEp CoMBUSTION

In fluidized bustion, fuel is injected into and burned in a “fluidized bed” of
particles of mineral matter (ash, limestone, or sand). Water-cooled heat-transfer
tubes in the bed and surrounding water-wall surfaces maintain an

temperature for heat transfer and NO, reduction. Fluidized bed boilers are made
in both fire-tube and water-tube versions.

When a bed of inert material is ‘_' 1 to evenly distributed airflow, the

| is forced upward and ded in the gas stream. As the velocity of
the gas i the bed b h1;h.ly rbulent and the rapid mixing of
particles occurs. The surface is no longer well defined but diffuse, as shown in
Figure 5-10. Bubbles, similar to those formed by gas in a boiling liquid, rise
through the bed. A bed in this state is said to be fluidized; that is, it behaves
like a liquid, finding its own level and possessing hydrostatic head.

T
[T

Figure 5-10. Fluidized bed combustion

This ck istic makes it ible 1o bumn solid, liquid, and gaseous fuels
cleanly md eﬂ‘icinl.ly, dcspme their sulfur or ash content. Sulfur reduction is

lished by addin or dolomite to the fluid bed. The sulfur
nammthﬂwllmﬂomordolmﬂle and ends up in the ash instead of leaving
with the flue gas. Low 1 of approxi ly 1,600°F

significantly reduce nitrous oxide emissions.
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O1L STORAGE TANKS

Suction line difficulties outnumber all other oil system problems. To avoid
drawing water, dirt, and sediment into the piping system, the suction line inlet
should be at least four inches above the bottom of the tank for heavy oil and
two inches above the bottom for light oil.

A gauge or measuring well is usually provided to sound the tank (sounding is
the process of measuring the depth of the tank’s contents), Figure 5-11. Directly
below the gauge well opening on the tank bottom, a doubling plate should be
installed to protect the shell against the repeated impact of the sounding tape
plumb bob. Though innocent looking, these plumb bobs have been known to
punch holes in tanks.

FILL LINE

VENT LINE
{1% " MINIMUM PIPE)

MEASURING WELL
PHEUMERCATOR
CONNECTION

LOW SUCTION
LINE

HIGH SUCTION
LINE

Figure 5-11. Fuel oil storage tonk [Courlesy, Bobeock & Wilcox Company]

Sounding a tank is never a clean job, because oil sticks to the tape, especially
large tanks filled with heavy oil. To make this easier, measure the tank’s ullage
instead of the ligquid depth, Ullage is the amount of liquid removed from a tank,
or the amount of oil that a container is lacking. In this case, the ullage is
measured from the top of the tank to oil's surface. Capacity tables are available
or can be calcnlated to yield a tank's contents from the ullage measurement.

Remote tank level indicators are also available and are quite accurate. Through
the ycars bubbler systems have become very popular, and good electronic
systems are also on the market. However, if any doubt exists, sound the tank
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with a tape. Before each fill, determine the exact tank level; trying to add 6,000
gal to a tank with an available capacity of only 5,000 gal is courting disaster.

Other requirements for oil storage tanks include the following:

The vent line should be visible from the fill station. If the tank is filled
from a pump, the vent line must be as large as the pump's discharge. The
lower end on the vent line should not extend more than one inch below
the uppermost point of the tank and should not be connected with any
other line.
Manholes are ired for inspection and repair access on tanks over 1,000

gal. Manhole covers are bolted and gasketed and should not be used for
sounding or for the connection of vent or return lines.

Depending on the grade of oil and the climate, tank heaters might be
required to keep the oil temperature about 20°F above its pour point. The
additional heat keeps the oil at a temperature where it can be pumped,
prevents the separation of blends, and retards sludge formation. However,
heating the oil above 150°F may result in the distillation of light ends
such as gasoline and kerosene. Figure 5-12 shows an electric suction
heater. With this arrangement, oil returned to the bell or open bottom
shortens warmup time and minimizes oil heater energy consumption.

The purpose of the return line is to route unused circulating oil back to the
tank. It should have a liquid seal trap so it can't act as a vent for oil
vapors when the oil level is low.

Suction stub
M.-nhnr.gmp elec, hoater qu:;dlaul

i o
Fuel oil —| 3 ——{ Fusiol
suction line return ling

Ball
{epen battemn|

e

i Tank bottom

/
\ ~|-°)”'“""

Figure 5-12. Electric suction hecter |{Courtesy, North American Maonufacturing Co.)

120

The Boiler Operator's Exam Preparation Guids



+ The fill line should either extend below the level of the suction inlet, or it
should contain a trap so that it can't act as a vent. Fill terminals should
not be located inside buildings and should never be connected to any other
line.

Notice the pl of the temp and p gauges in the fuel oil

system in Figu:c 5-13. The thermometer on the suction line monitors the tank
heater's operation. The two vacuum gauges on either side of the oil filters alert
the operator if there is a problem in the suction line, such as a plugged tank
vent.

L

AP

i

e ———
Ot stoemge ark

Figure 5-13. Fuel oil system [Courtesy, North American Manufocturing Co.)

‘The strainers prevent dirt and scale from entering the system. A 20- or 30-mesh
basket is usually used. A suction line may have two strainers valved in parallel.
With this arrangement, one strainer can be taken out of service and cleaned
without shutting down the system. Duplex strainers have the two strainers and
isclating valves built into one body. They have one inlet and outlet, and com-
pared to two separate strainers are easier to pipe and take up less room.

Fuel oil pumps are also usually installed in pairs so that the installed standby is
ready to go in case the on-line pump fails or needs maintenance. It is common
for the control circuit to include a pressure switch so the installed standby will
kick on automatically if the on-line pump fails.

As a rule, each pump is sized to 1.5 times the maximum fuel consumption rate.
When pumps are installed in parallel, each discharge line must have a check
valve to prevent backflow through the out-of-service unit. The pump discharge

P geuge monitors the pump's perfi

Fuel-Buming Equipment 121



Fuei oil pumps are msmve-duplacemem pumps that d.el.lver a mnslm‘l volume
of fuel regardless of d or Tt all p L

pumps must be equipped with rcliet’ valves to prevent excess pre:wu'c and
system damage. These spring-loaded relief valves can either be built into the
pump or piped between the pump's discharge and retum lines. The built-in type
is easy to install but cannot protect the pump from damage over a long period.

The temperature of the oil increases slightly as it passes through a pump. As
this oil is circulated again and again through the relief valve, the oil eventually
gets hot enough to damage the pump. External relief valves do not pose this
problem, because they must be connected directly back to the return line with
no shutoff valves in between.

Pump relief valves should never be used to regulate the supply-line pressure.
System pressure is regulated by the relief valve plnmd herwem the supp]y I.'Dd
return lines at the end of the pipe run. In ¢ ial or industrial
using air or steam-atomized bumners, the supply pressure is set at 135 psi, and
the pump relief valves are set at 165 psi. The system’s pressure is adjusted
using the gauge by the relief valve as a reference.

Some fuel oil heaters are required to bring heavy oil up to its proper viscosity
at the boiler. Viscosity is so critical on some bumers that a low oil temperature
switch is installed to prevent operation until the oil is brought up 1o proper

{Consult the burner manual, but most require between 100 and 150
SSU.) The heater in this type of system uses electricity or stzam as the heat
source. The thermostat either controls an electric resi heater or solenoid
steam valve to regul Ap ducing valve is required when
using high-pressure steam. The electric resistance heater is easy to control, but
stcam is cheaper to operate.

Do not return the condensate from oil heaters to the feedwater system. Dis-
charge the condensate in a waste line. As valuable as condensate is, it is not
worth the risk of having oil-contaminated feedwater.

Gas SYSTEMS

Figure 5-14 shows a typical gas train. A train refers to all the valves, gauges,
and controls arranged 1o perform a specific task. This train controls the flow of
gas to the burner.

Both the main bumner and pilot gas lines are equipped with a block-and-bleed
arrangement. There are two normally closed (NC) shuteff valves in each line
with a normally open (NO) solenoid vent valve between them. The idea of this
arrangement is to have two valves in series to ensure good shutoff. Any gas
that gets past the first valve would escape to the atmosphere through the nor-
mally open vent valve. This safeguard prevents gas from accumulating in the
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Figura 5-14. Train controlling gos flow to bumer (Courtesy, Cleovar Brooks)

boiler and boiler room. When gas is called for, the two shutoff valves open and
the vent closes.

The gas pilot p 1 d the i IR Eas p 1o b 5
and 10 in. w.c. The low and high gas pressure switches either prevent the
burner from starting, or if the bumner is operating, they shut the burner off when
the supply gas pressure is not within allowable limits.

The test cocks and second manual shutoff cock are used to test the tightness of
the main gas valves and the solenoid vent valve. The butterfly valve is driven
by the firing rate modulating motor and regulates the amount of fuel going to
the burner.

If interruptible gas is used or the contract with your gas supplier requires an
alternate fuel during periods of high gas demand, the gas pilot line must be
connected to the uninterruptible gas meter. This is because pilot gas is still
required, and any reading on the interruptible meter during the peak periods
might result in a severe penalty.

CoAL SYSTEMS

In industrial plants, coal is delivered by truck or rail. The system shown in
Figure 5-15 can be used for both systems. A bucket elevator unloads the
hopper, which is the funnel-shaped receptacle for delivering coal. The silo is
arranged with an internal shelf that provides maximum use of storage space. As
the coal is removed from above the shelf, reserve storage can be reclaimed from
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Figure 5.15. Silo that recaives coal by truck or raid [Courtesy, Bobcock & Wilcox Compony}

the lower part of the silo. With this B the coal ived first is used
first. The approximate capacity of this silo is 600 tons.

Fluidized bed boiler systems often use pneumatic conveyors 10 unload the coal
and limestone into their silos, 1o transfer the coal and limestone to the boiler
hoppers, and to load the ash into its silo.

PacraceD BoiLER CONTROL SYSTEMS
Packaged boilers are equipped with busti Is to:

» automatically start the bumer;

adjust the firing rate to maintain desired pressure;

maintain proper air/fuel ratio over the load range;

shut off the burner when the load is below the minimum firing rate;

shut off fuel valves if flame failure or any other abnormal condition
oceurs.
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Programmers

Thg bum behind the combustion control system is the programmer. Receiving

p and sensors and the flame scanner, it
decides when to start and stop the bl:mer, how much fuel to deliver to maintain
pressure, and when to initiate shutdown for abnormal conditions.

The older electromechanical designs have cams driven by a clock motor. These
cams open and close switches that control the programmer’s functions. Older
programmers also contain vacuum fube circuits, which amplify the flame scan-
ner or flame detector signals to a usable level, In newer electronic models,
switches and vacuum tubes have been replaced with solid state devices, but
their functions essentially remain the same. Along with sensor advancements,
these programmers can be networked to allow remote monitoring of all func-
tions.

Flame Detection

The purpose of the flame detection system is to sense the presence or absence
of a f]amu This information is passed to the programmer, which decides

should i If the programmer thinks there is a conflict,
the boiler is shut down.

All flames have the following characteristics:
*+ Heal production
+ Atmosphere ionization around the flame
+ Light emission (infrared to visible to ultraviolet)

Flame detection systems designed for home heating systems use heat from the
flame as the method of detection. The heat can be converted to a physical force
by using bimetal or hydraulic sensors, or to an electrical signal by using a
thermocouple. The main disadvantage of these methods is that between one and
three minutes are required for the sensor to heat up or cool down. This amount
of time is not excessive when controlling the modest amount of fuel used in
small domestic systems, but it is too long in larger commercial and industrial

systems.

Flame rod flame detection systems depend on the ability of the ﬂarne 1o con-
duect electricity, which is called flame i When d to a suitat
electronic control circuil, a response time of two o four seconds is achieved.
These systems can monitor both gas pilot and gas main flames but are used
primarily in pilot flame service. Oil flames are too hot for flame rods.

Optical sensors are divided into three light groups: visible, infrared, and ultra-
violet, Sometimes these devices are called flame scanners.
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Photocells detect visible light and are used on domestic and small commercial
oil burners. They can’t be used on gas burners, because well-adjusted gas
flames do not emit sufficient light, Photocells must be mounted so they have an
unobstructed view of the flame, but must not be pointed toward any refractory.
Light emitted from a hot refractory may be mistaken for a flame.

Infrared d unlike p 1ls, can be used on both oil and gas flames and
are commonly used on mosl pukaged boilers. These detectors can respond to
infrared rays =mmed by al hot r!fmr:lm'y even when the mﬁmory has ceased to
glow visibly. H h i frorm a hot refl y is slcad)f.
whereas radiation from a flame often exhibits a flickering ct The
infrared detection circuit only responds to flickering infrared radiation, rejecting
the steady signal from a hot refractory. There are still times when the steady
infrared signal of a refi y can fl For i an infrared signal can
be reflected, bent, or blocked by smoke or fuel mist within the combustion
chamber. Consequently, when installing an infrared system, care must be taken
to ensure that it only responds to flame.

The material used to detect the invisible infrared radiation is lead sulfide. When
exposed to infrared radiation, the electrical resistance of lead sulfide decreases.
Since lead sulfide can only pass a few microamps without bumning up, vacuum
tubes or transistors have to amplify its output to a usable level.

Ultraviolet d also itor oil and gas flames. This type only responds to
a hot refractory over 2 500°F but it can pick up a signal from spark ignitors.
Some id 10 be the best systems.

Figure 5-16 shows the light output of a hot refractory and gas and oil flames.
Figure 5-17 is a comparison chart of the various detection methods. Only abide
by dations made by qualified flame dt ion authorities.

AuToMATIC PROGRAMMER SEQUENCE

Before detailing the start-up sequence for a typical boiler, it is necessary to
understand the following terms:

+ P | and — Pressure swi that different
pressure ranges. Pressuretrols are calibrated in pounds per square inch.
Vaporstats are calibrated in ounces per square inch or inches of water
column.

Operating limit control — A pressuretrol that signals the programmer to
cither turn the bumner on or off. The high-pressure limit switch is set
higher than the operating control and is the safety backup in case the
operating limit control fails.

Modulating or firing rate motor — Positions the bumer air register and
fuel valve so they produce the desired firing rate.
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Figura 5-16. Light output of o hot refroctery and gos and oil flomes
The following start-up seq is d to be for a typical boiler that has

been on standby and on which the operating limit control has just signaled the
programmer 1o start the burner:

1. Prepurge — The purpose of the prepurge is to prevent explosions by
removing any unburned fuel in the boiler before ignition occurs. The
programmer starts the forced draft fan, and the draft is verified by a
vaporstat or an airflow switch. Proof that the forced draft motor is
running is not sufficient because the fan’s V-belt or shaft coupling
could be broken. The modulating motor then drives the bumer’s
register to the high-fire position, opening it for maximum airflow, A
high-fire position switch in the modulating motor tells the programmer
that it is in the high-fire position, and it stays there for 30 seconds, or
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Infrared

Flama | Rectiying  |lod slfide)| Ulrovile
Supervisas oil Mo Yes Yes Yes
Supervises gos Yos Mo Yes Yos
Detects ignition spork Mo Mo No Yes
Signal type DC DC AC DC
Light responsive Mone Visible Infrared Uhtraviclet
Maox. ombient temp. of cell | 500°F 163°F 125°F 125° to 250°F
Folse flome signals by:
inductive pickup No No Yes! )
capocitive pickup No Mo Yes< Mo
refroctory glow No Yes Yes? No¥

1. Leods must be run in grounded conduit.
2. leads must be shielded, twisted pair, or BX.

4. Ultroviolet detectors respond to hot refroctory over 2,500°F.

3. Doesn't sense hot refractory alone, but turbulent hot gir, steom, smoke, or oil
spray may couse the radiation to fluctuate, simulating flame.

Figure 5.17. Flome detector comparizon chart

long enough to allow four air changes. The purge time for gas and oil
are the same.

Ignition — After the prepurge, the modulating motor drives the regis-
ter 1o the low-fire position. A low-fire position switch tells the pro-
grammer that the register is in the minimum airflow position. The
ignition of the pilot and main bumer must take place at low-fire. The
ignition transformer and the pilot gas valve are then energized. If no
flame is d 1 after 10 ds, the prog £0es 10 postpurgs
shuts off the burner, and sounds an alarm. An operator must correct
the problem, then push the reset button on the programmer for another
try. If the flame detector sees a flame, the programmer opens the main
fuel valve. The pilot and the main fuel valve remain open together for
10 or 15 seconds, after which the pilot gas valve closes. If the main
flame goes oul at this time, the programmer then goes to the postpurge
mode, shuts off the burner, and sounds an alarm. An operator must
correct the problem, then push the programmer’s reset button,

Run — If the scanner continues to receive a flame signal, the pro-
grammer turns control of the firing rate motor over to either the

g [ g [ 1) or
to the manual firing rate control. If the main flame goes out when the
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boiler is in the run mode, the programmer shuts off the main fuel
valve, goes into postpurge, and sounds an alarm. An operator must
correct the problem, then push the reset button on the programmer for

another try.
4. Standby — When steam p i to i even at low
fire, the operating p | tells the prog to shut the bumer

off. The programmer closes the main fuel valve, goes into a 15-second

postpurge, then goes into standby, waiting for the operating limit
control to start the cycle again.

5. Postpurge — After the fuel valve is closed, the fan continues to
operate for an additional 15 seconds to purge the boiler of any remain-
ing unbumed fuel.

PRESSURE SETTINGS

The bumer p Is should plish the following tasks:
+ Properly set the firing rate to match load demands
« Have the burner at Jow fire at each start
» Have the burner at low fire before shutdown

‘The following describes the p lationships b the settings of the
safety vn]vr.s, high limit, operating limits, and modulating control (Note: these
values were picked for this ple, and the settings on your equil will

probably be different.):

+ 150 psi — Safety valve(s) opens

+ 125 psi — High-limit switch opens

* 115 psi — Operating limit switch tums off

+ 110 psi — Operating limit switch tumns on

* 105 psi — Low-fire modulating range

* 95 psi — High-fire modulating range
In normal operation, the bumner shuts down at 115 psi. As the pressure drops to
110 psi, the operating limit switch closes and restarts the bumer at low fire. If
the load exceeds the low-fire input, the modulating control responds by i
m,glheﬁnngmmwmhmedmmnd Asihsloadctnnges the firing rate

1y. If the p drops below 95 psi, the load is beyond the
cepacuy of the boiler,

The high-limit control provides a safety factor that shuts the bumer off if the
operating limit switch fails. The setting of this control should be sufficiently
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above the operating control to avoid nuisance shutdowns. The setting, however,
must be within the limits of the safety valve setting and must not exceed 0%
of its setting. Having the operating pressure too close to the set safety valve
pressure increases the possibility of leakage, which necessitates early valve
replacement.

When starting a cold boiler, it is ded that the Is be on manual
and set at low fire until the boiler is warmed up. If the burner is on automatic
control during a cold start, it moves to high-fire immediately. This rapid heat
input subjects the boiler to undesirable stresses.

AIR/FUEL RaTio CONTROL SYSTEMS

‘There are two general types of combustion control systems for oil- and gas-
fired packaged boilers: positioning and metering.

The positioning or jack shaft systems have proven to be a simple and reliable
method to establish an air/fuel ratio over a wide load range for single-bumner
boilers up to 150,000 Ib/hr. As pictured in Figure 5-18, a sensing device such
as a modulating pressuretrol or pneumatic transmitter sends a sngnal 0a
positioner. Often called a modulating motor, it simul both the
forced draft damper and fuel valve ll'n'ough a series of le\rers and connecting
rods.

One disadvantage of this method is that the air/fuel ratio is fixed and can't be
adjusted to compensate for air density and fuel variations. Several manufacturers
have developed oxygen trim systems that maintain the proper air/fuel ratio
under all operating conditions.

An electrical positioning system consists of two parts: a pressure sensor and a

julating motor. A p i called a slide wire, is the pres-
sure sensor. Its wiper arm is positioned by the boiler’s steam pressure. There is
another i in the modulating motor whose wiper arm is posmomd

by the motor's shaft. The electrical output from these two potentiometers is
compared. If they are different, the modulating motor positions its wiper arm
until their outputs are the same. In the process, the firing rate is also changed
by the movement of the jack shaft. In Figure 5-19, the modulating motor is
driven to the open or high-fire position (for example, when purging the boiler)
by shorting out the “B" and “R" wires. It is driven to the closed or low-fire

position (for le, when lighting off) by shorting out the “W" and "R"
wires.
Reliability increases wh an el hanical is replaced with

electronics. The latest models replace the wiper arm with a solid state pressure
sensor that has no moving parts.
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Figure 5-18. Jock thaht combustion control [Courtesy, Cleaver Brooks)

Metering control systems measure the amount of air and fuel being used, then
proportion them for maximum combustion efficiency. This method compensates
for changes in barometric conditions and fuel quality and is well smr.ed for
oxygen trim, carbon monoxide trim, and other sophi i control

Such systems are found on large multiburner boilers.

One feature often used on metering control systems is lead-lag airffuel ratio
contral to prevent a fuel rich (smoky) condition when the boiler’s load changes.
During an increasing load, the air increases before the fuel increases. During a
decreasing load, the fuel decreases before the air decreases. This way there is
always excess air during the load swings.
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CHAPTER

SIX

Fuel-Saving Equipment

High stack temperature is an indicator of a low-efficiency boiler. Soot blowers,
economizers, air heaters, and turbulators are devices that reduce stack tempera-
ture and increase efficiency.

Stack temperature increases as boiler tubes become dirty from the insulation
effect and as soot and fly ash late on the heat-absorbing surfaces. Table
6-1 shows how cfficiency is lost.

Soct on Boiler Tubes (in, Heat Loss Increased Fuel Consumplion
1/32 12 2.5
116 24 4.5
/8 47 8.5

Toble &-1. Heot loss os reloted to soot build-up

Soot BLOWERS

Soot blowers direct steam or high-pressure air to eliminate soot build-up. A
fixed-position rotating soot blower, like the one in Figure 6-1, can be placed in
the convection section of boilers, economizers, and air heaters. (Economizers
and air heaters are described later in this chapter.) This type of rotating blower

of a tube i called the soot blowing element), with a series of
holes or nozzles in it, which is connected to a rotating valve. The soot-blowing
medium, steam or high-pressure air, is applied, and the tube is rotated. The
holes in the soot blowing element are aligned so the steam is discharged be-
tween the boiler tubes, A favorite test question is, “What if steam were allowed
to strike a tube directly?” The answer is that it would eventually erode the
metal and cause a leak.
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Figure &-1. Fixed-position rotating soot blower

Since ing blower el are always exposed to flue gases, they are
installed in the cooler sections of the boiler. Where it is too hot for a fixed
blower, retractable soot blowers are used. The soot-blowing element, or lance, is
outside the boiler when not in use. Air or steam is blown through one or two
nozzles at the end of the lance as it rotates during insertion and retraction.

The freg) of soot blowing depends on the fuel bumed and firing rate. The
steam line has to be drained of condensation before starting so that slugs of
water do not damage the equipment. Sufficient draft has to be established to
carry the loosened soot through the boiler. With multiple blowers, start from the
furnace end and work toward the stack. On larger installations, the entire soot-
blowing process is automated. Steam or air work equally well for soot blowing.
The decision to use one or the other is based on economic factors.

If the stack temp ddenly i the probable cause is a broken

baffle. This is common on dry- buk fire-tube boilers but can occur in water-tube
boilers also.

Instead of the flue gas being directed to every region of the convection section
as intended, it takes the path of least resistance and short circuits part of the
boiler on the way to the stack. Higher stack temperature results because some
of the tubes were robbed of their opportunity to absorb heat from the flue gas.
Boiler efficiency is increased when additional heat is added without bumning
additional fuel. Economizers and air heaters recycle the heat of the flue gas by
returning it to the boiler.

EcoNOMIZERS

The function of an economizer is to recover heat energy that would otherwise
be lost in the flue gas by heating the incoming feedwater. Each 10°F increase in
the boiler feed: cuts fuel ¢ jption by at least 1%.
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Figure 6-2 depicts the operating characteristics of a typical boiler. The resulting

7.5% savings in fuel is based on 6,000 hours of operation per year, operating at
70% average load and a fuel cost of $0.60 per gallon.
Without fuel economizer
70000 pph. saturated sieam @ 250 pig
70,840,660
70.000 p.p:h. 107,000 p.ph.
b by fiue gou @ 600°F

3,000 p.p h. blowsd
— —

Firing No. 6 Fuel Oil
Fual cost is $2,266,880,

With fuel economizer .‘1

70,000 p.p.h. sarurated seam @ 250 paig

Total heat
70,840,000 70,000 p.p.h.
feedwoter @ 220°F
Firing No, & Fuel Gl Fuel economizer

Heat ronsfer = 5,354,625 Biub
Heol added fo feedwater = 74 Biu/ib

Fuel saved with fuel econcmizer |

5,354 825 -
T'o%’?&,u_uo' 100« 7.5% Fuel cost is §2,096,864.

Figure &-2. Fusl-cost savings resulling from use of o fuel economizer
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A main consideration in economizer design is the prevention of corrosion.
During combustion, sulfur in the fuel combines with oxygen to form sulfur
dioxide (50;) and sulfur trioxide (50,). To prevent these compounds from
further conversion into sulfurous (H,S0;) and sulfuric (H,SO,) acids, the
surface temperatures of the stack and economizer must be kept high ww;h to
prevent the water vapor m the flue Bas fmm ooudemm,g‘ Sw:k and economizer

can be p
to keep the flue sat well above its dew | pmnl.

Figure 6-3 shows a typical economizer pnpmg diagram in which the feedwater
is preheated to the inlet of the r. This is one way of keeping the
metal surfaces in the stack area hot enough to prevent flue gas condensation
and the corrosion that would result. Sensors in both the economizer and stack
control a valve that supplies enough steam to a feedwater preheater to keep all
metal surfaces above the flue gas dew poinl. There should be three valve
hypams installed around the steam control valve, preheater, and economizer so
and inspections can be carried out while the boiler is still in

service,

Continuous
running pump
Figure &-3. Typical economizer piping diogram

Finned tubes are often used in economizers 1o provide extended tube surface.
With B to lzmmmmmgmrfmmmabmmbenstmmmmw
they provide better heat transfer. Finned tubes also afford savings in be weight
and space compared to ordinary tubes. Soot blowers are used to keep the tubes
clean.
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Atr HEATERS

Like economizers, air heaters reclaim some heat from the flue gas that would
otherwise be lost. In this case, the bustion air is preheated. Practically all
pulverized coal fired units require preheated air at 300° to 600"F for drying the
fuel. Preheated air is not ial for stoker units, but larger units work better
with it

p and reg ive.

There are two classifications of air heaters:

In recuperative air heaters, the heat is transferred directly from the hot gases on
one side of a surface to air on the other side. These types of air heaters nor-
mally operate on the counterflow principle, in which air and flue gas travel in
opposite directions. This type of flow results in greater heat transfer, because hot
combustion gases pass by the warmer air that is leaving the heater. Recuperative
air heaters can be either the wubular or plate type, Figure 6-4. The tubular type
routes the flue gas through tubes. Air passes over the outside of the tubes,
flowing several times across the tubes to increase heat transfer. Plate-type air
heaters use plates that are placed in a structural steel frame. Air and flue gas
flow past each other on opposite sides of the plate, causing heat transfer to
oceur,

In regenerative heaters, heat is transferred indirectly from the hot gases to the
air through an intermediate heat storage medium. The regenerative heater con-
sists of a rotating plate, in which heat storage plate elements are first heated by
the hot flue gas, then rotated into the combustion air stream where the stored
heat is released. The cooled plates continue to rotate back to the flue gas stream
where they are reheated.

TURBULATORS

When flue gases travel through fire-tube and cast iron boilers, their turbulent
flow makes good contact with the boiler metal and efficient heat transfer
results. However, in boilers where there is not enough velocity to maintain
turbulence, the hot gases flow away from the metal, in the center of a fire tube,
for example. A layer of cooler insulating gas forms b the gas in the
center of the tube and the metal.

Turbulators are angular metal strips inserted into the sections of a boiler where
the flue gas is not turbulent, Figure 6-5. The instaflation of trbulators must be
done professionally. Before this or any other fuel-saving modification is in-
stalled, a boiler must be cl d and adjusted so it of at maximum
efficiency. A set of preinstallation readings should be taken (stack temperature
and O, or CO,) to establish combustion efﬁc:eucy Turbulators change the firing
characteristic of the boiler, and posti are often Y.
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Figure &-4. Tubular and plate gir heaters

Again, test the combustion efficiency and compare it against the original read-
ings. If the modifications have been installed properly, efficiency should in-
crease.
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Figura 6.5, Turbulators {Courtesy, Fuel Efficiency, Inc.)
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CHAPTER

SEVEN

Steam Traps and Pipes

A steam trap is an automatic valve that senses the difference between steam and
condensate. The trap discharges the condensate with little or no loss of steam,
which contributes to high operating efficiency. Steam traps are divided into
three main groups: th i hanical, and thermod ic.

THERMOSTATIC TRAPS

Ther ic traps temperature. The balanced-f th i
shown in Figure 7-1 has a liquid-filled bellows that expands and contracts.

When steam is in contact with the liquid-filled bellows, the steam causes the
bellows to expand, which closes the valve. If condensate or air is in contact

r4
-

Part

Body

Cap

Caop screws

Cap gasket
Element ossembly
Bellows

Volve head
Bellows shield (1" only)
Valve seat

10 Volve seat gasket
Lockwasher

0Ot B W R —

Figure 7-1. Bolanced-pressure thermastatic trap [Courfesy, Spirax Sarco, Inc.)
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with the bellows, the bell and cond is discharged. The cycle
then repeats itself. The working steam pressure does not affect the operation of
this trap, because it is the difference in temperature between the steam and

d which of the bell

The bimetallic trap also works g to the th ic principle. In a
bimetallic strip, two strips of smtn'bly different metal are bonded mgel.'h:.r The
top strip expands more than the bottom one when heated, allowing cool air and
condensate to pass through the trap. As steam enters the trap and heats up the
bimetallic strip, the strip bends and closes off the valve.

The liquid expansion thermostatic trap is operated by the expansion and con-
traction of a liquid-filled thermostat, which responds to the temperature differ-
ence of steam and condensate. When the steam is tumed on, air and condensate
pass lhmugh lhe open trap. As the cond the oil in
the ther ds and closes off the valve. An adjusting nut
positions the valve relative to its seat, which allows the trap to be set at a given
temperature, usually 212°F or lower.

Some liquid expansion traps are used for freeze p ion. When the temp
ture drops to 40°F, the trap opens, creating enough flow to prevent freeze-up.

MECHANICAL TRAPS

Mechanical traps distinguish b steam and condensate by their different
densities. Various floats are used to operate the discharge valve.

In the loose float type, a ball floats on the surface of the condensate and
the discharge passage. As the cond level drops, the ball covers

b and thus p the loss of stem. In the float-and-lever
l:rup Figu:e 7- 2. the float rises III'I!h the water level and opens the discharge
valve. When the condensate level drops, the float falls, closing the valve and
preventing steam loss. Air must be removed for the trap 1o operate properly. Air
can be vented automatically from the loose float trap and from the float-and-
lever trap by adding a thermostatic trap.

Figure 7-3 shows a float-and-th ic trap {someti called an F&T trap).
In this type of trap, the float rises when condensate enters, opening the valve
and discharging the condensate. The valve closes if there is no condensate in
the trap. If there is a temperature drop around the thermostatic element that i i
caused by sir or noncondensable gases, the el opens. The el
and closes when steam enters the trap.

The inverted bucket trap is pictured in Figure 7-4. When the system is tumned
on, the bucket is at the bottom and the discharge valve is open. Air is vented
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Figure 7-2. Flogt-and-lever trap

Part

Body

Cover screws

Cover gasket

Cover

Valve seat

Valve seat gasket

Ball float

Floot orm

Air vent ossembly

Air vent heed

Air vent seat

16 Pivol pins

17 Heod brocket, stop,
link

18 Valve head

omwo»u;wn‘-g

Figure 7.3. Floot-and.thermastatic trop [Courtesy, Spirox Sorco, Inc.)

through a small hole on top of the i ] bucket. As ! enters the
trap through the bottom, the water level rises on both the inside and outside of
the bucket and then leaves through the discharge valve at the top. Entering
steam fills the inverted bucket and makes it float, closing off the discharge
valve. Steam slowly escapes out of the bucket through the vent hole. If the
escaping steam is replaced by more steam, the trap remains closed. If the
escaping steam is replaced by condensate, the bucket sinks, opens the valve,
and discharges the water,
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Figura 7-4. lrvarted bucket trop

THERMODYNAMIC TRAPS

Thermodynamic traps, or disk traps, identify steam and condensate by the
difference in their kinetic energy or velocity as they flow through the trap,
Figure 7-5. Low pressure flash steam pushing down on the large surface on top
of the disk overcomes the force of the live steam pushing up on the smaller,
exposed disk area.

After startup, air and cool condensate lift the disk off its scat. The m.'r and
condensale are then discharged. As the temp of the !

some of it flashes into steam. The resulting mixture of steam and condensate
flows ocutward across the underside of the disk. Because flash steam has a larger
volume than condensate of the same weight, the flow increases as more flash
stcam is formed. This high velocity causes a low-pressure arca to be formed
under the disk and the expanding flash steam exens pressure on top of the disk,
forcing the disk downward against its bearing surface and stopping all flow.

Although the flash steam pressure is much lower than the pressure pushing
against it from the inlet side, the large exposed area overcomes the system

144 The Boiler Operator's Exom Preparation Guide



Figure 7-5. Thermodynamic trap

pressure. As the flash steam above loses heat, some of it condenses, reducing
the pressure above the disk. The disk is again lifted off its seat, and the cycle
repeats itself.

There is no one ideal trap for every application. Figure 7-6 outlines some of the
characteristics of the different traps. Steam trap vendors are the best sources of
information regarding which trap is best for each application.

Trapr LocATION

Traps are required at all locations where condensate is formed and collected,
These include the following locations:

+ Steam Distribution Mains
~ At elevation changes such as risers and expansion loops.

Steam Trops and Fipes 145



HOW VARIOUS TYPES OF STEAM TRAPS MEET SPECIFIC OPERATING REQUIREMENTS

loverted Ballowt
Charaztaristle Buchet FAT Disz Themastaile
A | Meihad of Dperaten Contnuews Inter (1) Intermittent
Erergy Consenaton (Tume in Serace) xcelient Good Poor Fair
Resistince 1 Wear acalien Gaod Pasr Fair
Carrosion Resistance caleni Good Excebent Good
Resistance 13 Hydraulic Shack celian [ Encelient Proar
[ F | Vents Air and GOy a1 Steam Temperanure Ves Ho No o
G| Abitityta Ven! Alr at Very Low Pressure { Vegsigh Poar Eacelient (=] Geed
H Abilty 1o Handle Start-wp Air Loads Fair Excefiant Poor Excellent
] Oeration Aganst Back Pressure Excellent Escelent Poor Exctllest
J Resistance ta Damage from Freenng (4) Good Paor Geod
K_| Asdry io Purge System Excelient Fair Excellent
L_| Perloemasce ca V) | Loacs Excellent Excelieni Peor
M_| Aetgensheness 19 Slugs of Condensale Immediate [Er Delayed
N_| Ability 1 Hancle Dint Eacellent Poor Poor
0| Comparative Prysical San Grge (51 Lage Small
[ Ability 12 Handls “Flash Steam™ Fair Poor Poar
0 | Mrchanical Fafure (Dgen - Cosec) Open Clesed (5] Ogen (]
1. £an be conbruous o fow bead, 5.0 welded $Uisies SIE8) CORSULCION = medun
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4. Casl bon ags rat recammenged. 7. Can 134 eitner apen ar Cioned deending
seen B eebgn of 1he beows
Figure 7-6. A guide to steam trop oppli {Countasy, A ] I, Inc.)

~ At all low points and at intervals of 200 ft to 500 ft on long horizon-
tal runs.

— Ahead of all possible dead-end areas such as shutoff valves, pressure
and temperature control valves, and at ends of mains.
+ Steam-Operated Equipment
— Draining directly below heat exchangers, coils, unit heaters, cooking
kettles, dryers, etc.

— Ahead of turbines, humidifiers, etc.

Water Hammer

Water h | bes the lition that occurs when a slug of water is
carried by flowing steam at a velocity higher than 60 mph. This slug then
strikes an obstruction such as an elbow or pressurc-reducing valve with enough
force to cause physical damage.

Regardless of how well a steam line is insulated, some heat pes. If conden-
sate forms, it must be removed before water hammer occurs. Figure 7-7 shows
how a slug of water is formed by the build-up of condensate. To collect con-
densate as it travels along a steam main, a large diameter drip leg is required.
Condensate is collected in drip legs and then discharged via a steam trap.
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Figure 7-7. A slug of woter is formed by the build-up of condensata

TrAP INSTALLATION RECOMMENDATIONS
The following jations should be considered when installing traps:

-

Use strainers andfor dirt pockets to protect all traps and valves from pipe
scale and dint. These devices require periodic cleaning to remain effective.

Install shutoff valves and test valves on both sides of the trap. Use gate
valves for unrestricted flow.

Install unions on each side of the trap. Uniform face-to-face dimensions
permit fast trap replacement and maintenance at the shop rather than in the
field.

Take steam-supply piping from the top of the supply main to obtain dry
steam,

Bypasses around traps are discouraged. If they are left open or they leak,
they will defeat the function of the trap. It is better to use two parallel
traps.

Use a trap on each piece of equipment. Differences in condensing rates
cause uneven pressure drops, resulting in air-binding and partial flooding
when several pieces of equipment are drained into a common trap.

Steam Trops ond Pipes 147



TesTING TRAPS

Faulty steam traps are a major source of waste in a steam distribution system.
A trap that is blowing live steam is the worst offender, but traps that are
plugged or stuck closed can also be coslly When condensate backs up into
heat-transfer the d d efficiency results in lost production.

Ui

Steam traps are best tested visually, This is easy to do with traps that discharge
1o the atmosphere, but most traps are piped 10 a return line. To test the latter,
isolate the trap from the return line, then open the test valve. Inverted bucket
and disk traps should have an :.nlerm.mznl comlmsalg dlschaxge float-and-
thermostatic traps should have a harge; while thermo-
static traps may be either inuous or i d ding on the load. If
nothing comes out of the test valve, open up the valve ‘befare the trap to make
sure the trap is not plugged or stuck closed.

Do not mistake flash steam for live steam. Remember that onndmsalg under
pressure has more Btu per pound than i at pheric f

When discharged, these extra Biu will re-evap some conds and pro-
duce flash steam. How can you tell the difference between flash and live steam?
Flash steam will float out intermittently each time the trap discharges. Live
steam will blow continuously in a blue stream.

Another way 1o test traps is 10 use a or an ing
device. On inverted bucket traps, a definite bursting sound is produced when
the discharge valve is opened. On disk traps, the cycle rale can easily be heard.
Listening devices don't work as well on thermosiatic traps and float-and-
thermostatic traps because their normal discharge is modulating and their cycles
are genitle,

Measurement of temperature is not always a sure way 1o test steam traps. The
temperature of condensate and Mash steam from a properly working trap is
around 212°F, very close to the temperature of condensate and live steam from
a defective trap. Regardless of the type of measurement device used (pyrom-
eters, lemperature-sensitive crayons, eic.) surface lemperature measurements are
subject 1o error, usually on the low side.

PrrinG

When working out pipe size problems, make sure that all the units of measure
are correct. For example, find pipe size in inches, given flow in pounds per
hour, density in cubic feet per pound, and velocity in feet per minute.
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The key to this problem is to find the area of the pipe first:

Flow {#/1b)
Aree = Gelocity (R/min)
Steam flow is usually given in pounds per hour, so it is necessary to convert
the units of measure, The piece of information needed is steam density in cubic
feet per hour:

(e/hr)(ft71b)

2= fmin

MtheIlml.'zmworkcdenuhcnu:m&lchumandmnumdonolcmml

out. Therefore, either the hours have to be changed to or the
have to be changed to hours. Let's change the minutes to hours:
{Ib/hr) (1)

Aren = [Rfmin) (60 min/hr)

This is the cross-sectional area of the pipe in square feet. The next step is to
convert square feet into square inches:

(Areo, 1) {144 in?/fF) = Area, in?

Area equals 0.7854d? (where d = di ). 50 the di can be calculated
as follows:
Varea

d = 57854
Notice that all units of were kept i hrough
Pipe EXPANSION
Metal expands when heated. Different steels have different coefficients of

ion. For the purp of our ple here, we will use the coefficient of

0.0000065 inch per - inch-°F, As usual, watch your units.

Consider a 30-ft line that will carry steam at 300°F. The pipe’s temperature is
now 70°F. How much will it expand?

{30 #) (12 in/f) (0.0000065 in.fin.-"F) [(300" - 70°F)] = 0.5382 in.
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This and has to be idered to prevent d The

foll.owmg three methods will take care of this problem:
+ Expansion loops can be installed at critical points to compensate for the
change in length, Figure 7-8. Their spring action absorbs the pipe’s move-

ment.

fis

Boiler

1
v

o
Boiler I
Main
shearn
header
o
Boiler l l
Figure 7-B. Exponsion loops
lled, which provides a telescoping action

* A packed slip joint may be i
The packing is similar to that used for valve stems.

« Similar to the packed joint is the corrugated expansion joint. The accor-
dion-like action takes care of the pipe movement and won't leak like a

packed joint could.
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CHAPTER
EIGHT

Water Treatment

Water has been called the uni I solvent, t it dissolves many sub-
stances. It never occurs in nature in a pure state, because groundwater picks up
impurities as it seeps through rock strata. Surface water contains organic matter
and insoluble suspended matter such as sand and silt. Even rain picks up
oxygen and carbon dioxide as it falls to Earth.

When water is turned into steam, the mineral: dissolved in the water
are left bchmd and deposit a scale on the hot boiler suxfaces This scale, mostly
i is an 1 1 and slows the transfer of heat

to the wa:a When boiler surfaces are covered with scale, heat normally ab-
sorbed by the water goes up the stack instead, and the wbe metal temperature
rises to the point of failure. Water must be treated to prevent scale deposits and
to control corrosion.

Table 8-1 shows how the thickness of boiler scale corresponds to fuel waste.

Thickness of Boiler Daposits (in.) Fuel Wasted (%)
1/32 (0.031) 7
1/25 (0.040) 9
1/20 (0.050) n
1/16 [0.063) 13
1/11 (0.091) 15
1/9 (0.111) 16

Taoble B-1. Fuel wasted due to boiler deposits (Reprinted from the U.S. Bureau of Mines)

The amount of scale dissolved in the feedwater is measured in parts per million
(ppm). While parts per million may seem like an insignificant measurement,
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consider the accumulation of scale for a 100-hp boiler producing 3,450 b of
sieam per hour with the feedwater hardness at 50 ppm:

Time frame Scale occumulation (Ib)
1 hour 0.1725
24 hours 4
1 week 29
1 maonth 126
1 yeor 1,507

Boiler failure occurs when scale is allowed to accumulate. Steel retains its
strength up to 700°F, and it starts to weaken above that point. At 1,000°F it has
a hard time supporting its own weight. How does steel survive in a boiler when
the flame temperature is 3,000°F7 It survives because waler absorbs the heat
from the metal fast enough so the temperature of the metal does not reach the
danger point. Stant adding insulation such as scale between the metal and water,
and the metal temperature increases. With enough scale, the metal will overheat
causing blisters, bags, and lly a ruf d f part.

EXTERNAL TREATMENT

Water conditioning may either be 1 or i I. External treat is the
treatment of water before it enters the boiler. The raw water is filtered to
remove suspended matter. Pressure filters often use sand to act as a filter.

Softeners

Water hard is d ined by calcium and magnesium levels in the water.
Water sch.enmg is the process that removes hardness from the water by chang-
ing the cal and carb into sodium carbonates. The sodium

cycle ion exchange process is the term used to describe the simple water
softening process used in thousands of homes and industries.

From the outside, softeners Jook like pressure filters. The main difference is that
a softener can introduce brine into the vessel for regeneration purposes.
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The water softening process takes place as follows:

1. In the service stage of the water softening process, water enters the top
of the softener, uns through the zeolite resin bed, exits through the
bottom, then goes on to the deaerator or feedwater pump, Figure 8-1.
The zeolite resin trades its sodium for the calcium and magnesium in
the raw water. In other words, the raw waler enters the softener with
its harmful hardness and leaves with harmless sodium. This process
continues until the zeolite resin runs out of sodium. This is called the
endpoint, and it is when the softener must be regenerated. If the
process is allowed to continue, the hardness will break through. The
endpoint is determined by a simple timing cycle; by measuring how
much water has been softened; or by testing the output for hardness.

2. When the softener reaches its endpoint, it is taken off line and
backwashed for about 10 mmules to Imse.n and regrade the zeolite to
prevent packing and ch g also removes accumu-
lated din. The backwash flow is from the bo‘nom to the top, and then
out to a waste drain, Figure 8-2.

3. Plain salt (NaCl) is used for reg ion, b it is an i i
source of sodium. The mhle rcsm is mgenemed by passing a  satu-
rated salt solution (brine) gh the bed. This
strong brine soluti the calcium and ium from the
zeolite and replaces them with sodium, Figure 83, Many installations
use a brine pump.

4.  The softener is then plwedonnnse. and water is admitted from the
toptnﬂushoutthe I and ining brine. The
rinse water leaves lhmugh me bnuom and goes to the waste drain,
Figure 8-4, Conductivity or h determine when the
softener has been rinsed enough. The softener is then ready to go back
into service.

Opening and closing separate valves to direct the flow of water into the soft-
cmcanbeaconﬁmngandwdmuspmcen This is why pressure filter and

either the valves, or put all the valves in the
same body in a multiport design.

When there is a high demand for soft water, two or more softeners are usually
installed in parallel 1o ensure an sdequate supply. When one softener has
reached its endpoint it is taken off line and d, and a previ
regenerated softener is placed on line.

Water scale kills boilers. The best way to prevent scale is to remove it before it
gets into the boiler. Keep in mind that hardness will be removed from the
feedwater; either the softener can remove it, or the boiler can remove it by
converting it into scale.
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Figure B-2. Backwashing
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Water Treotment 155




Deaeration

Oxygen in the boiler causes corrosion in the form of deep pits. Deaerators work
on the principle that hot water holds less dissolved gas than cold water. Heated
water in a pot has bubbles that form under the surface long before the water
boils. These are dissolved gases coming out of solution as the water warms up.
Deaerators perform three functions:

» R | of dissolved noncondensable gases (air) such as oxygen, nitrogen,
and carbon dioxide

* Heating of feedwater
* Storage of feedwater

Deacrators are always located well above the feedwater pump to provide enough
head Pressure to prevent the pump fmm ca\nmng and/or from becoming

d. Cavi is the fi and il of steam
bubbles in the water, which, apart from bemg nmsy, can d.eslmy an impeller in
a few weeks of C I pumps begin to cavitate when

the suction pzcssur:lstno luw tukecplh:holwal:r above its vapor pressure.
When a pump is vaporbound, its impeller is filled with steam instead of water.

Centrifugal pumps cannol operate when that happens.

Under certain ci a o may be idered to be an open
feedwater heater; that is, a closed vessel where steam and water come into
contact. An open feedwater heater is a pressure vessel but is not open to the
atmosphere. Steam is usually supplied at 5 to 15 psi, and the temperature of the
feedwater is very close to the saturated temperature of the supply steam. Add
the proper intemals and a vent, and the open feedwater heater becomes a
deaerator.

In closed feedwater heaters, the steam and water are separated by tubes so they
do not come in contact. They are used in electric generating plants between the
feedwater pump and the boiler. The tube section must withstand the full boiler
feed pump pressure, which can be up to 5,000 psi.

When supply water enters the deaerator, it is broken down into very small
drops, either by being forced through a spray nozzle and/or by flowing over a
series of trays. The water then comes in direct contact with the steam and is
heated to within a few degrees of the steam. Whether the incoming water is
distributed by sprays or by a combination of sprays and trays, the released gas
works its way to the top of the vessel. The gas then passes through an internal
vent condenser cooled by the incoming water. The condensable vapor (steam)
falls into the storage section. The noncondensable gases (oxygen, nitrogen, and
carbon dioxide) are vented to the atmosphere.
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Some deaerators have an internal vent condenser, which is located in the
deaerator vent line, either inside or outside the deaerator itself. It saves energy
by condensing the vent steam and returning the condensate back to the system,
while allowing the noncondensable gases to escape. Cold make-up water is used
to condense the steam, and this heated water is also returned to the system.

It is very important to keep the deaerator vent open, otherwise there can be no
deaeration. The deacrator vent may be kept open by:

+ maintaining a healthy visible vapor plume out of the vent;
+ locking the vent valve open;

+ drilling a hole in the vent valve's gate;

= removing the vent valve's gate;

+ not installing a vent valve in the first place,

Deaerators remove oxygen down to 0.005 cc per liter, but to make sure none of
it reaches the boiler, an oxygen scavenger is added to the storage section of the
deaerator. Sodium sulfite is used because it works well and is inexpensive. It
does add solids to the boiler water, which is not good when the pressures
exceed 1,000 psi. Hydrazine, which is expensive and a little tricky to handle, is
used in high-pressure boilers. It doesn’t add solids becalue it mrns into water
and nitrogen when it absorbs oxygen. The following Juations show
how these oxygen scavengers work:

2M0o,50; (sodium sullite] + Oy (oxygen) —3 ZMN0os50, (sodium suliote}

N;H, hydrazine} + Oy fomygen) —> N [nitrogen) + 2H;O (wate)

In a typical boiler room installation, condensate is returned to a surge tank or
condensate receiver. The condensate loss is made up automatically by a float-
controlled valve using city water, which first goes thmugh a softener. This
water is then pumped to the & gh another float lled valve,
which maintains the deaerator level, The feedwater pumps located under the
deaerator then transfer the water to the boilers. Some localities require a
backflow preventer in the city water line feeding the softener. This is to prevent
contaminated water from entering the potable (drinking) water supply.

INTERNAL TREATMENT

Internal water treatment is applied inside a boiler and is used 1o prevent corro-

sion and the formation of scale. The most common method of internal control is
the use of phosphate to remove scale formation. Phosph hanges the calci
carbonate and magnesium carbonate into a precipitate or sludge. C d

are
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addndmhncpﬂuprmMnraJudxeﬁumsuchngmmculmrfm The
sludge is then i by bottom blowdown. The ch ion works best
when the pH level is between 10.5 and 11.2. Caustic soda is added to maintain
this pH level.

The pH level is a number between 0 and 14 that indicates the degree of acidity
or alkalinity. Numbers 0 to 7 denote acidity with 0 being the strongest acid.
Numbers 7 to 14 denote alkalinity with 14 being the most alkaline. The mid-
point of the scale is 7 and means the solution is neutral. Figure 8-5 shows
approximate pH values of acids and bases.

The phosphate concentration in boiler water should be between 30 and 60 ppm.
Omppmmnsmmﬂlmpmnﬂsorwmrmummpoundordlmlm
solids. Grains per gallon is another unit of One
po\mdequal:?OOOgrams.mdommupergallonquahl?,lm

Chelants and polymer chemicals are also used for internal treatment and are
beuulhanphosphausmmunmmngscdefmmetﬂwfmﬂwyfom
soluble pl wilhthe lci and and are

i through the blowd Causucsodn.phosphmchelanu.
and pulymmusuallyaddeddmﬂy to the boiler.

Chemical Feed

Shot feeding can be accomplished by either bypassing a pump or bypassing the
pump's discharge line. Figure 8-6 shows a feeder connected to the suction and
discharge lines of a pump. Chemical is added to the system by bypassing pan
of the pump’s discharge through the feeder and then back to the pump's suc-

— Acid Hautrol Algling ————————p

L] 16 20 30 40 50 40 70 B8O 90 100 1.0 120 130 140

Figure B-5. A i pH volues of acids and bases
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Figure B-6. Pump byposs shot feeder

tion. A word of caution is that most d boiler chemicals can eat the
bronze pump and valve parts.

Figure 8-7 shows a bypass feeder piped into the pump's discharge line. By
opening the two feeder valves and closing the bypass valve, the pump's dis-
charge flows through the feeder, thus adding chemical into the system.
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Figurs B.7. Bypass feeder

The best way to add chemicals to the boiler water is to use a chemical feed
pump. These pumps can feed the precise amount of chemical into the system
continuously. They are usually placed under a small tank equipped with & mixer
to blend the chemicals.

Sampling

To add the right amount of chemical, it is necessary to know how much chemi-
cal is in the boiler water initially. The first step in water testing is to obtain a
good sample.
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If hot boiler water is used, errors are incurred by flashing. For example, if a
water sample is taken from a 150 psi boiler, the dissolved solids will appear
higher because about 16% of the water evaporates due to flashing. Before
testing, boiler water should first go through a sample cooler. A sample cooler is
a heat exchanger that uses cooling water (usually city water) to remove enough
heat from the boiler water so it doesn't flash and is not too hot to handle. The
sample should be collected in a plastic or glass container. Do not use aluminum
containers, because the caustic soda in the boiler water reacts with aluminum.

The continuous blowdown line is the best point from which to draw sample
water from a boiler. This line gives a representative sample from the area of
highest concentration of dissolved solids that is undiluted by incoming
feedwater.

The common water su.mple tests are for alkalinity, sulfite, total dissolved sohds

and phosphate or chelant, depending on the p The ch
supply vendor will explain what Ievel of chemical resniue should be in the
boiler. Adjust the feed to mai the ded level of chemical

A large part of the money paid for chemicals is for the knowledge and experi-
ence of the supply vendor and for the laboratory facilities that test their chemi-
cals, The vendor should be ready, willing, and able to help Uormct :xlsl.mg
pmhlems and to offer advice on how to avoid | , it
is not all the vendor's responsibility; after pmpcr Innmng, plant personnel ha\-'c
to do their part.

Caustic EMBRITTLEMENT

Caustic embrittlement is a form of boiler metal failure that is normally undetect-
able until the metal fails suddenly. Three conditions must be present for caustic
embrittlement to occur:

1. Leakage of boiler water to permit the escape of steam and subsequent
concentration of boiler water at the point of leakage

2. Corrosion of the boiler metal by concentrated caustic soda originating
from the concentrated boiler water

3. High metal stress in the area

Leakage and concentration of boiler waler Ily occur in st d riveted
joints and where boiler tubes are rolled into the drum or tube sheet, Expansion
and contraction can create small crevices through which boiler water can
escape. Modern boilers are now welded instead of riveted, so caustic

has t less of a probl
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TuBE CLEANING

E i ide deposi muslberenwvedortubefallu:esunbeexpem
These d its can be lly or ch

12

Mechanical cleaners, like the one shown in Figure 8-8, consist of & rotating
cutter head driven by an air-powered motor that is small enough to fit through
the tube. The operation is 1 called turbining tubes. The operator feeds
the rotating cutter through the tube, along with a siream of water to keep
equipment cool and to flush away the removed scale. The top cutter is used on
fire-tube boilers; it knocks scale off the outside by hitting the inside of the tube.
The other two cutters are for water-tube boilers.

The most used chemical cl lution is a 5% hydrochloric acid
solution with an :.nhllnlnr added to lessen the acid attack on Ihe boiler metal.
There are two basic acid-cleaning methods: circulation and static (sometimes
called fill and soak). With both methods, pH measumnents are taken periodi-
cally. When the readings remain the

Which method is best? Acid clmmng does a very good;oh of cleaning every
part of the boiler, includi that can't reach. This
method should be used by specmhsls who have the experience and equipment
to do a proper job. One serious problem can be the spent cleaning solution. If
there are no on-site disposal facilities, it must be trucked away. Mechanical
cleaning may be done by plant personnel. One advantage of mechanical clean-
ing is that by running & cutter head through each tube, you can be assured that
no tubes are blocked.
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Figure 8-B. Tube cleaners (Courtesy, } Technologies Corp
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CHAPTER

NINE

Turbines

A turbine is a ional device that the heat energy contained in steam
into mechanical energy. Turbines are classified by how the exhaust steam is
handled and the way it is converted into mechanical energy. If the steam is
exhausted into a condenser under a vacuum, it is called a condensing type. If it
is :r.h.nuslcd into a steam line that is under pressure, it is called a

noncond. or back-p type. Utilities use condensing turbines to
generate electnclty, whlle industry uses back-pressure turbines to drive mechani-
cal devices such as pumps and fans. There are also combinations of the above,
such as the extraction turbine, from which some steam is extracted before it
reaches the condenser.

Turbines can also be clnssd'ed by the way steam is cnnvamed mm mechanical
energy. The two types are impul: and gine trying
to push a car stuck on ice. You walk up to the car and give it a good shove.
The impulse force you applied is enough to send the car on its way. Unfortu-
nately, because you did not get a good foothold on the slippery surface, the
reaction force sent you flying in the opposite direction.

The first known steam-driven device was designed by Hero around 175 B.C. It
consisted of a hollow sphere supported on its axis. Steam exiting through two
nozzles resulted in a reaction that caused the sphere to tumn. It was really a toy
that developed no usable power. The second turbine of historical significance
was the Branca impulse wheel of 1629 A.D. Steam left a fixed nozzle and hit
the blades of a wheel. The change of the steam’s momentum when it hit the
blades resulted in an impulse force, which caused the wheel to turn.

As shown in Figure 9-1, an impulse turbine has nozzles that direct steam
against crescent-shaped blades (sometimes called buckets) of a rotating wheel.

In a veloci ded impulse turbine (Curtis stage turbine), Figure 9-2, the
steam passcs mmugh a set of stationary blades. The stationary blades guide the
steam to another row of rotating blades to absorb the kinetic energy of the

high-velocity steam. If the steam pressure is high enough, additional stages can
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Figurs -1, Impulse turbine

be used. Efficiency is increased by allomng only a limited pressure drop in one
set of nozzles. Note that with i the p drop is at the
nozile; no pressure drop occurs while the steam passes through the blades.
Figure 9-3 shows a typical impulse mechanical-drive turbine with two rows of
rtating blades and one row of stationary blades.

Figure 9-4 shows a reaction turbine, which also uses alternating rows of station-
ary and rotating blades shaped like airfoils. The stationary blades direct the
steam against the next row of rotating blades. Note that unlike the impulse
design, there is a pressure drop in the moving blades. Because of the pressure
difference across the moving blades, the rotor is subjected to an axial force,
which may be very large.

An axial force is a force in the direction of a shaft. It tries to push the shaft out
of the casing. Thrust bearings are used to counteract this force and hold the
shaft in place. Bearings will be discussed in greater detail later.
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Figure 9.2. Curlis stoge turbine

On large machines where the axial force could be so large that the thrust
bearings would be too large, a special design is used. By having the steam enter
the casing in the middle, then exit at the ends, the two axial forces are canceled
out. Figure 9-5 shows the configuration of a typical large turbine. The axial
thrust in the high-pressure trbine stage is absorbed by a thrust bearing. The
axial thrust in the low-p section is led by having the steam enter
the middle and exit the ends.

Large turbines can take advantage of the inherent efficiencies in each design.
High-pressure steam first goes through a few impulse stages and then many
reaction stages. The impulse stages are more efficient at higher pressures; the
reaction stages are more efficient at lower pressures.

The efficiency of mechanical-drive turbines is given in steam rate or water rate
(pounds of steam or water per horsepower-hour). The lower the rate, the higher
the efficiency. The term water rate stems from the method of measurement. It
is much easier to weigh the condensed water leaving an engine or turbine than
it is to measure the entering steam, Steam rates are generally reduced with
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Figure 9.4, Reaction turbine blodes

higher turbine speeds, greater number of stages, larger turbine size, and always
when there is a higher difference in heat content between entering and leaving
steam conditions.

Most turbines can easily operate at 6,000 to 7,000 rpm, and some go up to
10,000 rpm. Speed-reduction gears are used to match the turbine's most effi-
cient operating speed with the requirements of what is being driven.

TurBINE GOVERNORS

Governors maintain constant turbine speed in spite of load fluctuations by
regulating the steam flow. All governors have a speed sensing device and a
means to position the throttle valve.

On small machines, the direct-acting flyball type is used as both the speed
sensing element and throttle positioner. As shown in Figure 9-6, centrifugal
force acts upon spring-loaded weights, which are attached to the end of the
shaft. Increasing the speed forces the weights outward, which in turn positions
the throttle valve via a lever and link.
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Figures 7-6. Direct-octing fiyboll governor

For more precise speed control, the direct-octing hydraulic governor is used,
Figure 9-7. Here speed sensing is accomplished with a hy ic oil pump
directly coupled to the turbine’s shaft. The faster the speed, the higher the
output pressure. This pressure directly positions the throttle valve.

e s

For larger where ble force is required to position the throttle
valve, an oil-relay governor is used, Figure 9-8. All the speed sensing device
has to do is to position the relay valve, which in turn positions the throtile
valve's hydraulic power cylinder. The hydraulic motive power is supplied by a
separate oil pump which often doubles as the bearing lubrication pump.

On smaller machines, a single g lled steam-admission valve is
sufficient for satisfactory operation. On larger machines, multiple nozzle valves
are used for more precise control. Some turbines have manual valves to close
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Govemar oil pump
Figures 9-7. Direct-octing hydroulic govemar

off nozzles for better efficiency at low loads. A strainer should be located ahead
of the throttle to prevent solid particles from entering.

SareETY DEVICES

All turt are equipped with peed trips to protect against possible
damage caused by the sudden loss of load, Figure 9-9. If, for instance, a cou-
pling or shaft were to break and the speed control governor was not able to
close the throttle valve fast enough, the turbine would accelerate so quickly that
it would destroy itself and possibly injure personnel in the area.

Overspeed trip mechanisms are entirely independent of the speed control gover-
nor. Even if the go becomes disabled, the peed trip will still fune-
tion. Unless otherwise stated, for test purposes, the overspeed trip is set at 10%
above the operating speed. For example, a turbine operates at 3,600 rpm. At
what speed does the overspeed trip kick in? The answer is:

10% x 3,600 rpm = 340 rpm

3,600 pm + 360 rpm = 3,960 rpm {or 3,600 rpm x 110% = 3,960 rpm)
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Figure ¥-8. Turbine govermor (Courtesy, Tuthill Corporation, Coppus Turbine Division)

Figure 9-9. Overspeed trip mechonism (Courlesy, Tuthill Corporation, Coppus Turbine
Dvasion)

In smaller turbi the peed trip ing hanism is a spring-re-
strained bolt located in the shaft. When centrifugal force overcomes the spring
force, the bolt will move outward and trip the overspeed valve closed.

Once a turbine is placed in service, it is usually on line for months at a time.
This is why the overspeed trip is tested whenever a turbine is started or
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stopped. The stored energy released when rotating turbine blades fail due to
overspeed is enough to shatter the casing and propel metal pieces around like a
bomb.

On startup, one op observes a tach while another operates the
throttle. Once brought up 1o operating speed, the throtile operator deliberately
causes the machine to overspeed, while the other operator notes when the
overspeed trip op If the operation is not satisfactory, the problem must be
corrected before the turbine is placed on line,

The peed trip is 1 d when the turbine is shut down. De-
pending on the machine, it is tnpped either with the steam valve wide open or
when the machine is coasting to a stop. This verifies that the mechanism still
operates after extended service,

Besides the peed trip, turbines also have pressure-relieving devices al-
tached to their casing. Back-p rbines have inel valves to alert the
D of an overy fition. These valves are required because the

casing is not designed to withstand the steam main pressure, Overpressure
occurs when the steam supply valve is opened before the exhaust valve is
opened.

Condensing turbines have rupture disks hed to their low- portion.
Again, this portion of the casing is not designed to witt d high p

Unlike safety valves, rupture disks are good just one time. They are thin sheets
of metal designed to fail at a specific p One ruptured, must be replaced.

CONDENSERS

A prime mover converts energy into shaft horsep Motors, engi and
turbines are examples of prime movers. The purpose of the condenser is to
lower the back pressure of the prime mover. Th.is allows the steam to drop to a
lower p and thereby i both efficiency and capacity.
qula.lly important, it also recycles the pure hot cnnde.nsam. which goes back to
the boiler.

Condensing water, circulating water, and cooling water are used interchangeably
to refer 1o the water that carries the rejected heat away. Do not confuse these
terms with the term condensate, which is the pure hot water resulting from the
condensed steam.

There are two types of condensers: contact and surface condensers. In contact
(jet or b ic) ! steam and densing water come in contact
with each other. Unless there is a need for a lot of hot process water, this
condenser is no Jonger used. Its greatest disadvantage is that the condensate is
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unsuitsble for boiler feed b itis ¢ inated with the ing
cooling water.

1o surface cond steam and condensing water never make contact with
each other. Theref the 1 i d and is suitabl
reuse as boiler feedwater, The heat in the condensate is also recycled and
directed back to the boiler. After the stcam is exhausted from the turbine, it
passes around the tubes (called the shell side). Cooling water circulates inside
tubes {called the tbe side).

for

Cooling water is often not very clean, Condensers are designed so access to the
tube sheet is relatively easy, and the inside of the tubes can be cleaned periodi-
cally. If the cooling water is very dirty, the tube side of the condenser is di-
vided in half. The output of the turbine is reduced, half of the d is
taken out of service and cleaned, then the p lure is rep 1 for the other
balf.

The condenser shell is designed to operate under a vacuum, not undcr pressure.
An atmospheric relief valve, located on the d shell, y opens
to relieve pressure when the condenser is no longer in a vacuum.

Air nvariably finds its way into the condenser and must be removed to main-

Lain condenser performance. As air iti the back p
on the turbine, reduces the rate of heat ransfer, and therefore, the capa::lty of
the cond The most way to the densable gases is

with a multistage steam-jet air pump. Air is drawn into the path of steam as it
leaves a nozzle, then to a condenser where the air is scpamed The process is

repeated in additional stages until the air can be discharged above pheric
pressure.

A hot well is at the bottom of the condenser where the condensate accumulates.
A specially designed hot well pump the cond for its ulti

return back to the boiler. This pump operates under very difficult conditions
since it has to handle hot water under a vacuum.

To find the amount of cooling water required under specified conditions, the
following equation may be used:

H -1, - 32°F)

a- T2'11

weight of cooling water to condense a pound of steam
heat content of exhaust steam

temperature of condensate

temperature of cooling water entering condenser
temperature of cooling water leaving condenser

o—::o?

O
Hwnwnmw
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After the amount of cooling water is found to condense one pound of exhaust
steam, multiply by the amount of pounds of steam per hour to complete the
problem.

Example 9-1. A 50,000 kW plant has a steam rate of 14 Ib/kWh. Its condenser
operates at 2 in. Hg. The 75°F circulating water will pick up 10°F as it passes
through the condenser. How much cooling water is required in gpm?

Solution 9-1. To solve this problem, we must assume the following: 2 in. Hg
sleam contains 1,105 Btw/lb and is 101°F. Use the above stated equation:

50,000 kW x 14 I, /kWh x 1,105 Biu/lb,. - (101* - 32°F)
10 Bruflb gy, * 500 Ib/he/gpm

145,040 gpm

Example 9-2. Heat rate a plant's perfc in Bm per kilowatt-
hour. Find the efficiency for a plant with a 50 turb; that
is supplied with 950 psi, 850°F steam and exhausts to the condenser at 1.5 in.
Hg absolute. The heat rate is 12,000 BrwkWh.

Solution 9-2. This problem only ires one ion, which is as follows:

3,413 Blu/kWh

thseny = ( 7555 g ) 0101 = 2844%

The 28.44% value is considered fair. Typical efficiencies are between 25% and
35%. Note: It is common for examiners 1o include information in a guestion
that is not required for the solution.

Example 9-3. A 100-meg turbi unit is supplicd with steam at
1,200 psia and 1,000°F and exhausts into a condenser at 2 in. Hg absolute. At
the rated load, the turbine uses steam at the rate of 1 million Ib/hr. What is the
efficiency of this unit?

Solution 9-3, It is good practice to first sketch the system and label its various
components, Figure 9-10.

The efficiency is output divided by input. We know the output is 3,413 B/
kWh, so all we have to do is calculate the input (one kWh equals 3,413 Btu).
The first step is 1o calculate the water rate (wg).

1,000,000 lb/he _
Woter rote =~ To0.000 W 10 Ib/kWh

Notice that megawatts {millions of watts} had to be converied to kilowatts
(thousands of watts) in order to keep the units consistent.
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1.200 pua
1.500°F

B o= 1499.4 Balo

ooty 1,000,908 le/he
Mechanical
output
Condenser
water pump
- —1MW L
Condenser
(2 in. Hg)

A
.

Condensate
102°F fweter]
hy = 70 Brub

Condensate
pump

bopate F T Cleateh gpstem components

feil Lalculate the amount of heat that the turbine consumes. The superheated
sleaini lable states that steam at 1,200 psia and 1,000°F contains 1,499.4 Bru/b.
banch this “hy." Remember the symbol “h" is the abbreviation for enthalpy

(hsldity

Tia araint of heat returned to the boiler from the condenser must be credited.
Sl the pressure in the condenser is 2 in. Hg absolute, assume that the water
retusning 1o the boiler from the condenser is equal to the heat of saturated water
al Uit pressure. Label this point “hy.” Most steam tables only give pressures in
s, i in. Hg; however, 1 psi equals approximately 2 in. Hg.

iin Hg = 0.5 pria = BOF = 48 Biy/lb {woter) = 1,096 Biu/lb (steam)

Zn. Hg = 1.0 psia = 101°F = &9 Blu/lb (woter] = 1,106 Bu/lb (steam)
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The water rate times the net heat used by the turbine-condenser is the heat
input in BwkWh ((wg) (h, - hy)]):

o Bu/kWhy, _ 3413 Blu/kWh

Efficiency = < ToWh, Tl - Bl

wg = steam or water rate (lb,,,/kWh)
hy = supply steam's heat content (Btu/lb)
hy = condensate’s heat content (Btu/lb)

therefore:

3,413 Biu/kWh _ 3,413 Bru/kWh

{10 TorAWHIT1 4994 Blorlb - 69 Biulle) ~ 14,308 Brafhh ~ 200 %

Most examiners do not permit steam tables in the test; therefore, an educated
guess is required to obtain the enthalpy. You are not expected to memorize the
steam tables, but there is a pattern to them. 1t is very important to let the
examiner know the basis of your estimates and to show all work.

The pattern for enthalpy is that starting at 80 psia, enthalpy starts at 1,183.1
Btu/lb, peaks at 450 psia at 1,204.6 Bru/lb then declines back to 1,183.4 Bru/lb
at 1,200 psia. You will be very close if you state the approximate estimated
enthalpy of saturated steam at 1,190 or 1,200 Btu/lb. The same holds true for
the vacuum. Most problems will give 1 or 2 in. Hg for the condenser condition.
The approximate enthalpy values for these pressures are 48 and 69 Btw/lb
respectively.

Superheated steam also has a pattern. Starting from 80 psia to 1,200 psia, steam
at 1,000°F has enthalpy values from 1,530 Brw/lb to 1,500 Btu/lb. Steam at
700°F has enthalpy values from 1,377 Brw/lb to 1,311 Brw/lb.

Example 9-4. Using the information in Example 9-3, how much heat is rejected
by the condenser?

Solution 9-4. We know the waler rate and the heat contained in the water
leaving the condenser, so just find out how much heat is entering the condenser.

Assume that the exh steam entering the | is d at 2 in. Hg.
(Be sure to state your assumption.) For problems like this, it is good to know
the following figures from the steam table: 101°F for temperature, 1,100 Btu/lb
(h,) for the heat entering the condenser, and 70 Brw/lb (hy) for the heat leaving
the condenser.

{wa {ha - ha} = (1 million Ib/he) (1,100 Bru/lb - 69 Bru/lb} = 1,031 MBruh
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All heat engines convert only about one-third of the input heat into shaft
horsepower; the rest of the heat is rejected, resulting in inefficiency. For ex-
ample, in an intemnal combustion engine, one-third of the input heat goes to
shaft horsepower, one-third goes out the exhaust, and one-third is rejected by
the radiator.

Example 9-5. How many gallons per minute of condenser cooling water are
required for a 2,500-kW generator with a steam rate of 12 Ib/kWh, 400 psi,
500°F steam inlet and 27 in. Hg outlet steam conditions? The condenser is rated
for a 10°F cooling-water temperature rise.

Solution 9-5. The steam inlet condition can be i d, t we are only
d with the cond It can be d that the 27 in. Hg is vacuum
§: below pheric), but be sure to state this assumption. To convert
to absolut: pressure, subtract 27 from 30 to obtain 3 in. Hg (29.92 in. Hg is
ic but 30 is close enough).

Remember that 1 in. Hg :qunls 0.5 psia and 3 in. Hg equals 1.5 psia. The
latent heat of evaporation (hy) of 1.5 psia steam is about 1,112 Buw/lb. Assume
that the condensate leaving IJ?le condenser is 1.5 psia water at its saturation
point. Again, state all assumptions. Now we can set up the problem.

Calculate how much heat must be absorbed by the cond ling water:

(1,112 Bru/ib) (12 Ib/kWh) (2,500 kW) = 33,360,000 Biuh

Each pound of cooling water is expected o increase 10°F, and since the defini-
tion of a Btu is the amount of heat required to raise one pound of water one
degree Fahrenheit, then each pound of water will absorb 10 Btu:

{10°F) [1 Bru/*F-lb) = 10 Bruflb

33,360,000 Bruh
ST E T e 3,336,000 Ib/hr
The problem with this answer is thal it must be in gpm, so hours must be
converted to minutes, and pounds must be converted to gallons. Dividing by 60
will convert hours to minutes, and dividing by 8.33 will convert pounds to
gallons. The shortcut is to multiply 60 by 8.33, which equals 500 Ib/hr/gpm.
Therefore, to convert pounds per hour to gallons per minute, divide by 500:

3,336,000 |b/he

300 Io/hrigpm 0672 90
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CHAPTER

TEN

Pumps and Motors

Imagine slinging a bucket of water around in a circle. Experience tells you that
if this circular motion is fast enough, no water falls out due to centrifugal force.
This action occurs in a centrifugal pump. Liquid is directed into the center of a
rotating impeller and slung out, away from the impeller by centrifugal force.
The task of the pump is to convert the readily moving liquid (velocity energy)
into discharge pressure (pressure energy). In a volute pump, this is accom-
plished in the stationary casing with the use of a volute; in a diffuser or turbine
pump it is done with a set of diffusion vanes that surrounds the impeller, Figure
10-1.

VorLutE Pumps

The volute pump is the most common centrifugal pump and comes in several
configurations. The two designs most encountered are the end-suction type and
the single-stage, double-suction type.

Regardless of the volute pump's configuration, the impeller is always offset
from the center of the casing. The point where the wall of the casing is closest
to the impeller is the tongue of the casing. Between the tongue of the casing
and a point to its left, Figure 10-1, liquid is discharged from the rotating
impeller. This liquid rotates with the impeller and is then discharged from the
pump.

As additional liquid is slung out from the rest of the rommg xmpel.lcr,

volume of liquid in the casing i To ity inside
the pump, the area from the casing tongue to the dlscharge nozzle gradually
increases. At the pump discharge, the diffuser converts the accumulated velocity
energy into discharge pressure.,
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Figure 10-1, Volute pump

Drrruser Pumps

In diffuser pumps, vaned diffusers positioned around the impeller convert the
velocity energy of the liquid being slung from the impeller into pressure energy.
The flow from the vaned diffusers is collected in a circular casing and then
discharged through the outlet pipe, Figure 10-2. Instead of one throat section (as
is common in volute pumps), a diffuser pump has several.

Diffuser pump design is primarily used in vertical turbine pumps, Figure 10-3.
Other common names for this design are deep well or turbine well pumps. By
using the diffuser design, several stages can be bolted together to obtain higher
pressure. For example, if one stage adds 80 psi, three stages bolted together in
series add 240 psi. Stages in series increase pressure but not flow. To add flow,
parallel pumps have to be connected, Parallel pumps increase flow but not
pressure. For example, if water must be pumped from a well several hundred
feet deep, the pump would be built with enough stages to produce the pressure
required to push the weight of walter to the surface.

The hollow shaft motor, is the most commonly used driver for vertical turbine
pumps. This design supports the weight of the drive shaft and pump; absorbs
the hydraulic thrust developed when operating; and allows the shaft to be raised
or lowered for the proper position of the impeller in the stage bowl. When
engine driven, a right angle hollow shaft gear is used.
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Stationary casing

Staticnary throat
Figura 10-2. Diffuser pump

PRroOPELLER (AxiarL-FLow) Pumpes

Axial-flow pumps are high-volume, low-head machines used for irrigation and
storm water installations. Though from the outside they look like vertical
turbine pumps, they are much different. Their impellers look like propellers and
operate in a straight pipe without vanes, Figure 10-4,

‘When more than two stages are required to deliver the required pressure, other
designs such as mixed-flow pumps are used. As the name implies, mixed-flow
pumps are a cross between turbine and propeller pumps. They are used when
moderate head and high flow rates are required, such as in cond water
circulating service.

MurristaGe Pumes

The discharge pressure of a pump can be raised by increasing the revolutions
per minute (rpm) and/or i ing the impeller di When the required
head cannot be developed by a single impeller, single-stage pumps piped in a
series or multistage pumps must be used. Each impeller adds its net rated head
to its suction pressure. An example is a pump rated at 300 ft of head taking its
suction at atmospheric pressure, If liquid coming from the previous pump were
discharged into an identical pump, an additional 300 ft of head would be added
10 the pumped liquid, for a gross total of 600 fi.
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Figure 10-3. Vertical turbine pump ond detail (Couresy, Ingersoll-Dresser Pump Co.)

Figure 10-4. Axial-flow impeller
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It is cheaper and more efficient to manufacture multistage pumps in one pump
body. One problem with this arrangement is that a lot of axial thrust is devel-
oped due to unequal forces on the faces of the impellers. Three methods of
curtailing this problem are I.h:: use of 1) an opposing force on an equal number
of impellers; 2) a hyd g device; or 3) a large thrust bearing.

Figure 10-5 shows a four-stage pump with opposed impellers, which are impel-
lers facing in different directions, The axial thrust from half of the impellers is
countered by thrust in the opposite direction by the other impellers. Usually the
first two stages are at the ends to cut down on stuffing box pressure (the
stuffing box stops leakage where the shaft passes through the pump’s casing).

CPPOSED IMPELLERS

Figura 10-5. Four-stoge pump with opposed impellers [Courtesy, Ingersall-Dressar Pump Co.)

If all the impellers of a multistage pump face in the same direction, the total
hydraulic axial thrust acting toward the suction end would be the sum of the

individual impeller thrusts. A hydraulic bal can be used to
balance this axial thrust and to reducc the pressum on the stuffing box next to
the last stage. This of a chamber at the back of the last

stage impeller that is xpa.med from the rest of the pump's interior by a drum
or disk, which rotates with the shaft.

The balancing chamber is ¢ d either to the pump suction or to the vessel
from which the pump takes its suction. As a result, the backpressure in the
balancing chamber is very close to the sucu&m The leakage b

the last pump stage and balanci “, ds on the p across the
balancing device and the internal clearances.
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Figure 10-6 shows how a balancing drum is used to cancel out the axial thrust
The force on Area C is opposite and nearly equal to the axial force at the
pump’s suction port. A small thrust bearing is commonly used to bandle the
remaining load.

Figure 10-6. A boloncing drum is used to concel out oxial thrust (Courtesy, Ingersoll-Dresser
Pump Co.)

A vertical pump motor is an example of the third method of compensating for
the axial thrust imbalance. In this type of pump, a large thrust bearing is used
to absorb all the axial thrust.

Notice that up until now, the term head (in feet) has been used instead of
pressure (in psi). This is because centrifugal pumps, with a given impeller and
rpm, develop the same head regardless of the liquid being pumped. For ex-
ample, if a heavy ball and a light ball are thrown straight up with the same
velocity, both reach the same height. Naturally the heavier ball would require
more power to achieve the same velocity. The same is true for centrifugal
pumps. More horsepower is required for heavier liquids, but all liquids would
be pumped to the same height.

To illustrate this, consider pumping gasoline, water, and brine using identical
pumps, Figure 10-7. Assume a flow of 200 gpm; head of 100 ft; and pump
efficiency at 70%. For a given pressure (in psi), the head varies according to
the specific gravity and the liquid, and the required | the
same, Figure 10-8. Figure 10-8 assumes 200 gpm at a pmssure of 43.3 psi and
a pump efficiency of 70%.
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100 = 52.0 psi

‘Watar
Specilic Gravity :
. 1.0 12
Figura 10-7. Gascline, water, and brine pumped in identicel pump
1335 = 433 psi
100 = 43.3 pai
B3y = d33ps
hp = 7.2 hp=72
Gasoline Brine
fic Grawity ific Grovity
Mcf?s . Spec 12
Figure 10-8. Heod vories omong goscline, water, and brine
Pump CURVES
All centrifugal pumps have performance curves that show the relationship
between flow and factors such as head, efficiency, horsef r, and net p

suction head, Figure 10-9. Net positive suction head (NPSH) is the nnmu.nl of
head (in absolute pressure) of the liquid at the pump’s suction.

For a particul g speed and impeller di all centrifugal pumps have
head-capaclty rating curves that show the relationship between the discharge
head (or pressure) developed and the flow. As capacity increases, the head
pressure decreases, The highest developed head occurs at zero flow.
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Figure 10-9. Par curves for iugel pumps

To find the horsepower required for a particular condition, refer to the brake
horsepower upal:ny curve shown in Fgure 10-9 (labeled bhp). The required
increases with an increase in flow.

Both the head-capacity and brake F p curves are plotted from the data
of actual pump tests. This data can be used to calculate the pump efficiency

curve, Efficiency increases until about 90% of rated capacity and then starts to
drop off. Pumps should be sized to operate at or near the peak of the efficiency

curve.

Most manufacturers’ catalogs have pump curves that resemble the one in Figure
10-10. Instead of continuous horsepower and efficiency curves, several separate
curves are drawn. Each horsep curve rep a electric motor
size. Several sizes of impellers are also shown, representing the range that can
be used in a given pump size.

To select a pump once the head and flow have been established, refer to the
manufacturer’s pump curves. Make sure the motor is large enough to do the
job, but not so large that it wastes energy. Also be sure to select the proper
impeller size. If it is too large, the motor can be overloaded and/or the dis-
charge will have to be throttled. If the impeller is too small, it can’t do the job.

If it is necessary to use the 1lest impell ider the next
smaller pump for increased efficiency. The head and flow should be as close to
maximum efficiency as possible. The maximum efficiency is sometimes called
the eye of the curve. If the operating point is outside the eﬁ'cl:ncy curves
(cither too far left or right), select another pump. 1f the poml is too far left o:‘
the efficiency curve, the pump will ¢ y be damaged due to unbal
hydraulic loading, Figure 10-11, Also verify I.hnt the system’s net positive
suction head (NPSH) is greater than the required net positive suction head. (Net
positive suction head is explained in more detail later in this chapter.)
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Figure 10-10. Common manulocturer pump curves

Figure 10-11, Unbalonced hydroulic loading

Horsep pump probl are inevitable on ad d exams. Pump curves
will not be fumished, so the answer must be calculated.

1t is first necessary to know that one horsepower is equal to 33,000 fi-1b/min.
Therefore, if a pump lifts 33,000 1b of liquid in one foot per minute, it just did
one horsepower worth of work.
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If you are asked to find water or hydraulic horsepower, determine how much
liquid (in pounds) was pumped in a minute, and how high the liquid was
pumped in a minute. This should give you an answer in units of fi-lb/min. All
that remains is to divide by 33,000 to obtain the answer.

Because no pump is 100% efficient, to calculate the power supplied to the
pl.mp;ustdmdcﬂle“ lic h by the d lent of effi-
ciency. That is, if a pump is 73% :ﬂ'ctclu'. divide by 0.73. anp horsepower is
expressed as follows:

{Head, f){lb of liquid pumped per min)
{33,000 B-lb/min)(Pump efficiency)

Perhaps you have seen the pump horsepower equation as follows:

[aprm){Head, fil(Specific gravity)
he = T3 960 Pump eficiency)

In the second equation, the 3,960 comes from dividing 33,000 by 8.333 (the
weight of one gallon of water in pounds). The specific gravity is there in case a
liquid other than water is being pumped. (The specific gravity of water is 1.0.)

The first equation is easier to use, because the units can be checked. This is
important because the pump's output could be given in pounds per square inch
instead of feet of head, and sometimes flow is given in gph (gallons per hour)
instead of gpm. However, both equations are correct.

To convert pounds per square inch (psi) to feet of head, use the following
equation:

{psil(2.31 feet of water per psi}

Head, i = Specilic grovity

If water is the medium used, the equation is simplified:

Heod, t = {psi) [2.31 1t of woter per psi}

Example 10-1. What b is required to produce 200 psi at 250 gpm

with an 82% efficient pump?
Solution 10-1. Plug the numbers into the equations given carlier:

Heod, ft = (200 Ib/in?) (2.31 i/psi) = 462 h
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Use the first horsepower equation given earlier:

(462 AI250 gpm)(8.33 Ib/gol)
PP = 33,000 hbimm0 B2 - e e

Now use the second horsepower equation to make sure the answer is correct:

_ 250 gpmi(462 f(1.0)

= 354 h
[@.760{0.62] i

NEeT PosrTive SucTioN HEAD AND CAVITATION

Cavitation is the formation and subsequent collapse of vapor-filled cavities or
bubbles in the pumped liquid, These bubbles are formed when the pressure in
the suction line falls below the pumped liquid’s vapor pressure — the force
exerted hy & gas on lls container. (Just as flash stcam is produced when the

1 water is reduced.) When these bubbles violently collapse
with veIoc:m exceeding the speed of sound as they reach the high-| pressure
side of the pump, a tremendous amount of energy is quickly released in a small
area. These pressures exceed the tensile strength of the metal and cause pitting
by blasting out metal particles.

The most obvious effects of cavitation are noise and vibration. Cavitation often
produces noise that sounds like stones passing through the pump. Over time,
impellers are damaged beyond repair. Perhaps you have seen a bronze impeller
that looks like it has been severely pitted by corresion. It's likely that the
damage was due to cavitation, The noise and vibration can also cause bearing
failure, shaft breakage, and other fatigue failures. In addition, cavitation also
reduces the pump's efficiency and capacity.

Required net positive suction head (NPSH) is a characteristic of the pump and
is data lied by the fi It is the amount of head needed to over-
come friction and flow losses in the pump's suction, which keeps the pressure
at the eye of the impeller above the vapor pressure of the liquid. If a pump is
aperated below its required net positive suction head, cavitation occurs, Avail-
able NPSH is a characteristic of the system and is calculated by the pump
installer. It must be greater than the required net positive suction head at the
suction connection of the pump,

Vapor pressure is the pressure at which liquid and vapor can coexist. The vapor
pressure for water is on a steam table. For example, water at 212°F has a vapor
pressure of 14.7 psia, while water at S50°F has a vapor pressure of 0.1781 psia.

It is easier to pump cold water than hot water. To cavitate water at 50°F, the
pump’s suction pressure would have to be below 0.1781 psia. However, a slight
drop below pheric would cavitate water at 212°F.

¥
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Cavitation is avoided with the proper installation design that provides sufficient
NPSH. The equation for available net positive suction head is as follows:

P - Pv
Avoiloble NPSH = Z +[(m)ﬂ.3u] -h

where:
Z = static suction head in feet (a positive number) or static suction lift
in feet (a negative number)
P = pressure at the liquid's surface in pounds per square inch absolute
(psia)
Pv = vapor pressure of liquid in pounds per square inch absolute (psia)
h = pipe pressure loss in feet
2.31 = feet of water per psi

Example 10-2, Determine the available NPSH for an open tank at atmospheric
pressure that is 10 fi above the pump suction, and the friction loss in the
suction line is B fi. The water is 60°F, vapor pressure is 0.256 psia, and specific
gravity of water is 1.0.

Solution 10-2. Because the tank is at atmospheric pressure, 14.7 psia is used in
the equation:

14.7 psia - 0.255 psia
NPSH = 10 # + [( T ) (231 ﬁfp:i]}- Bit=354Hh

Example 10-3. Find the available NPSH for the system in Example 10-2, only
this time the water is 200°F and vapor pressure is 11.53 psia.

Solution 10-3. Use the same equation to d ine the available NPSH:
14.7 psia - 11.53 psi
NPSH-IDH+[( -—ﬂTﬂ):zm h.rpsq]-an-v_an

As shown, hot water reduces the available net positive suction head. This is
why deaerators are always elevated above feedwater pumps. The weight of the
column of water in the line exerts enough pressure at the pump's suction to
prevent the hot water from cavitating.

Pump COMPONENTS

The important components in a pump include impellers, wearing rings, shaft
sleeves, and stuffing boxes. It is important to know the function of each of the
components.
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(a) (b)
Figure 10-15. Impeller and renewable impsller and cosing rings

Stuffing Boxes

The stuffing box, Figure 10-16, stops leakage where the shaft passes through
the pump's casing. It is a cylindrical recess that accommodates many rings of
packing around the shaft or shaft sleeve. The packing is compressed and held in
place by an adjustable gland. Some leakage is necessary on packed pumps to
cool and lubricate the packing.

Packing a Pump

When packing a pump, ensure that the shaft sleeves, bearings, and stuffing box
are in good condition. A new shaft sleeve can make all the difference between
success and failure. A shaft runout of more than 0.003" is too much and indi-
cates new bearings are required. If the stuffing box is rough, it should be
reworked, as it is very hard to seal the outside diameter of the packings where
there is rust or pitting. The following procedure should be used when packing a
pump:

1. Always use the correct size and proper packing (contact a packing

vendor if there is any question).

2. Cut the packing rings so the ends are side by side and not overlap-
ping. The preferred way is to wind the required number of rings on a
mandrel that is the same diameter as the shaft. Cut the rings by
making a straight cut along the mandrel, Figure 10-17. When removing
the rings from the mandrel, slip them off without opening the rings.
This is especially important when using a metallic packing.

3. Remove all the old packing.

4. Coat the new packing rings with a lubricant to make installation easier
and to help establish a proper break-in,
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Figure 10-16. Conventional stuffing box

Il 2

SN

Figure 10-17. Cutting pocking material ond remaving rings from mondrel ofter cutting

5. If a lantern ring is required, make sure it lines up with the flush
connection.

6. Install the new rings over the shaft by twisting them open. This is
especially impontant for metallic packings. The butts of succeeding
packing rings should be staggered 90 degrees.

7. Seat each ring individually, compressing it in place with a tamping
tool such as a split hollow cylinder.
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8.  Tum the shafl occasionally to help the seating, If each ring is not
properly seated, the gland follower can’t tighten the packing set and it
leaves the gland too tight in the box. Keep in mind that, except for the
action of abrasives, 70% of the wear takes place on the two rings
nearest the gland.

9.  Adjust the slmd follower hy tightening it with your hand. Permit
g initial leal ber that the purpose of packing is to
control leakage, not to prevent it. Packings must leak to perform
properly, otherwise they bumn up.

10. Gradually take up on the gImd nuts one flat at a time (1/6 of a tun
of a hex nut). Carefully the Never permit heat to
develop. If it does, back off the gland. As leakage levels off, tighten
the follower at 15 minute intervals to get the leakage under control.
(On a l-inch shaft, allowable leakage is 5 drops to 20 drops per
minute; a 2-inch shaft should be allowed to leak twice as much.)

Seal Cages (Lantern Rings)

When a pump operates under a suction, air can leak into the pump and cause
loss of prime. In order for a pump 1o operale, its casing must be filled with
water. If the casing is filled with air or steam, the pump will not function.
Priming a pump is the act of filling the casing with water (or other liquid). In
the case of old-fashioned hand crank pumps, all that was required was to pour a
little water into the casing. One method of priming a centrifugal pump is to
induce water into the casing by applying a vacuum to it. I air is sucked into
the casing through the packing. then the priming process will take longer or
even be unsuccessful. By using seal water to the lantern ring, air is prevented
from enr.enng the mmg Air ulsu tends to enter the casing during normal

The ion to seal water via the lantern prevents loss

of prime.

One solution is to separate the packing into two sections using a seal cage or
lantern ring. Water or some other sealing fluid is introduced into the space
created by the seal cage and causes scaling fluid to flow along the shaft in both
directions. This way, sealing fluid, and not air, is sucked into the pump to
prevent loss of prime. If the liquid being pumped is cool, clean, and nonhazard-
ous, the scaling fluid can come from the pump itself. Figure 10-16 showed a
stuffing box with a seal cage installed.

Lantem rings and sealing fluid are also used when the pumped liquid is abra-
sive and will damage the pump and packing if allowed to enter the stuffing
box; and when the liquid being pumped is too dangerous to allow it to leak out.
In both cases, the sealing fluid entering the pump prevents the pumped liquid
from entering the stuffing box.
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Warning: Never connect city water directly m a pump. City water supply must
be isolated from any sul that is p to human health. It
is against the law to make direct oomectnons bcmeen polable water (water
suitable for drinking) and contaminated liquid. There is always the chance that
contaminated liquid can back up into the city supply when a direct connection
exists. Many plants have process water stored up just for this use, or they use a
seal water pump, Figure 10-18. Notice the air gap between the potable water
inlet and the surface of the water in the tank. An air gap is the recommended
way to isolate potable water from contaminated water. Another methed is to use
a backflow preventer.

Backflow Preventers

Any backflow preventer should conform to American Water Works Association
(AWWA) standards and be centified by the American Society of Sanitary Engi-
neers. Off-the-shelf check valves are not acceptable for use as backflow
preventers.

Figure 10-19 shows a backflow preventer that uses the reduced pressure prin-
ciple. When check valves are closed due to the contaminated water supply
pressure being higher than the potable water pressure, a relief valve opens
between the two check valves. If there is any leakage past the first check valve,
the contaminated water exits out the open vent rather than building up pressure
against the second check valve. Many variations of reduced pressure backflow
preventers exist.

#— Sealing water
1o lendem ring

pump

Figure 10-18. Seal water pump [Courtesy, Ingersoll-Drasser Pump Co.)
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Hegative Su) Pressure - Checks Closed -
MMOW

Normal Flow - Checks Open - Vient Closed

Figure 10-19. Bockflow preventer (Courlesy, Watts Regulator Company)

‘Where backfl quired by law, they are tested by the local
health dcpmmenl and water company quarterly and are internally inspected
each year.

Mechanical Seals
Under some circumstances, such as when pumping dansemus or lmuc liquids,
leakage must be as close to zero as possible. Since p some

leakage for lubrication and cooling, moc]mmcal sea]s suc}l as thc one in Figure
10-20 were developed.

A mechanical seal consists of two highly polished flat surfaces that run against
one another. A ing surface is d to the shaft, and a stationary
surface is connected to the pump casing. These two surfaces, made of dissimilar
materials, are held together by springs and form a tight seal.

Like packing, mechanical seals must be cooled and lubricated, usually by the
liquid being pumped. When pumping liquids that contain solids, flushing water
must be used 1o prevent early failure,
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Liquid sida Atmosphare
—

Figure 10-20, Mechonicol seol

Extreme care must be taken when installing mechanical seals. One of the seal
surfaces is usually made of a ceramic material that can be chipped or broken if
it is put under unnecessary stress.

CENTRIFUGAL MACHINE Laws

All centrifugal pumps and centrifugal fans follow basic relationships that depend
on flow, pressure, and the amount of power used, These ere the basic relation-

ships:
1. Flow is directly proportional to the speed.
2. Head is proportional to the square of the speed.

3. Horsepower is proportional to the cube of the speed.

The equation for these relationships is as follows:

1/2 I
m.m-(ﬁﬂl - mj
mm;  gemy  \Head; bhe;
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where:

rpm = revolutions per minute
gpm = gallons per minute
Head = in feet

bhp = brake horsepower

Or to put it another way:
1. 3.

3
pmy Flow, ( pmy ) (Pmnum) ( Py ) hpy
il Rl | —la 2
rpmy  Flowy Pressurey hpy

Example 10-4. A pump is turning at 1,750 rpm, developing 50 ft of head at
100 gpm, and using 1.5 hp. If the speed is doubled to 3,500 rpm, what would
be the gpm, head, and required horsepower?
Solution 10-4.
From equation 1, find the gpm at 3,500 rpm:
3,500 rpmy
) r——

From equation 2, find the head at 3,500 rpm:

3,500 romy )’ . -
1750 o (50 featy) = (2)7(50 feat,) = 200 foet;
From equation 3, find the | P at 3,500 rpm:

M)ISI- ) = (2715 hpy) = 12 b
(1?50rp (1.5 bpy (1.5 hpy Pz

VARIABLE-SPEED DRIVES

Systems are designed to meet peak demand. The problem is that peak demand
occurs for only a few hours a year. The rest of the time the system is over-
sized.

If the fan or pump speed were reduced 20%, the theoretical power required
would be reduced 48%. A dramatic savings! Studies have shown that many fan
and pump systems operate at 70% to B0% of capacity. At 70% capacity, the
theoretical power required drops to 35%. Notice the term theoretical power is
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used, because the variable-speed drive needs some power to operate. Check
with the vendor to find out how much.

If your evaluation shows that a system runs at or near capacity, then a variable-
speed drive is not justified for cost savings. Variable speed is also not good for
feedwater pumps, because the rpm must be maintained to provide sufficient
head to overcome the boiler’s steam pressure.

To be technically correct, the term should be variable-, ﬁvquuy drives so they
are not confused with other devices such as variabl pulleys and
hydraulic drives. Used in industry for many years for precise control of machin-
ery such as printing presses, they are now used widely (o save energy in pumps
and fans.

As shown in Figure 10-21, fan dampers and pump throttle valves regulate flow
and reduce power, but variable-speed drives do it more efficiently. Most off-the-
shelf induction motors have no problem operating with a variable-speed drive;
however, always check with the motor manufacturer.

120

e
100 I— dcmwc»nm:r

Power output, % rated
3
|

w0

20 =

o |

o 50 100
Flow, % rated

Figura 10-21. Pump contral methods
Sophisti 1 motor p ion comes Jard with the new variable-speed
drives, which is an ad ge. When the microprocessor senses any abnormal

situation, it shuts down the drive and a display states the problem.
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PosITive-DisPLACEMENT PumMmPps

Positive-displacement pumps come in three designs: rotary, screw, and recipro-
cating. Each revolution or stroke of a positive-displ pump delivers the
same quantity of liquid, regardless of changes in head. In rotary and screw
pumps, the liquid is trapped between rotating elements (one or more) and the
liquid is discharged in a relatively smooth flow. With reciprocating pumps,
liquid is drawn into a cylinder through an inlet valve by the movement of a
piston, When the piston reverses direction, the liquid is forced out of a dis-
charge valve. The output flow is pulsating.

All pumps have slip, which is the leakage that occurs between the outlet and
inlet due to internal clearances and leaks from valves, pistons, and packing. It is
the difference between the theoretical and actual displacement expressed in

of the tt i ol diand

Rotary Pumps

There are many types of rotary pumps. The most common type used in power
plants are external and internal gear pumps. The external gear pump, Figure 10-
22, works by trapping the fluid between the gear teeth and the pump casing. As
the gears tum, the liquid is transferred from the inlet to the outlet of the pump.
An electric motor drives one gear, which drives the other gear.

Figure 10-22. Externcl and internal gear pump

The internal gear pump also works by trapping the fluid between gear teeth and
casing, then transfers it to the pump's discharge as the internal parts rotate. The
rotor (shown with 11 teeth) is driving the idler gear (shown with 8 teeth).
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Screw Pumps

In screw pumps, liquid is trapped between the intermeshing threads on the
rotors and the close-fitting housing. This forms one or more sets of moving
seals in series that continuously move from inlet to outlet. Figure 10-23 shows
a single-screw pump and a double-screw pump. Notice the double-screw pump
requires driving gears, because the screws can't drive each other.

PumMpP INSTALLATION

Caution must be exercised when installing rotary, screw, and reciprocating
positive-displacement pumps driven by electric motors. These pumps must be
equipped with relief valves to prevent excess pressure and damage to the
system. These pumps deliver a constant volume and develop whatever pressure
is required to maintain delivery. With a spring-loaded relief valve (either built
into the pump or piped t the pump's discharge and retumn line), a safe
pressure is maintained.

Relief valves built into the pump make for an easy installation but do not
protect the pump from damage over a long period. The temperature of the
pumped liquid increases slightly every time it passes through the pump. As this
liquid is circulated again and again through the relief valve, it eventually gets

Figure 10-23. Singl pump, lef; double-s pump, right
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hot enough to damage the pump. An external relief valve does not have this
problem, since it draws liquid at a constant temperature from a reservoir and
keeps the pump cool. The external relief valve must be connected directly to
the pump's discharge and must go directly to the return line with no shutoff
valves in between.

If possible, t'b: pump's relief valve should not be used to regulate the supply-
line p lating or relief valve should be used instead. The
relief valve is usual]y set 10% above the system’s operating pressure.

REcIProcaTING PUuMPS

Power pumps are reciprocating pumps driven by an electric motor. The most
common power pump found in a boiler room is the type used for chemical
feeding. In the pump shown in F1su.te 10-24, the ocncenu'alod chemicals are
isolated from the pump T by a diaphragm. The diaphragm is driven by

a plunger acting on hydravlic fluid. Output pressure is determined by setting a
bypass valve.

Air-driven diaphragm pumps are versatile and used for many services. These

pumps are portable, easy to set up, self-priming, and can pump liquid of just
about any viscosity. Th:y can fun dry without being d.amaged or even run
1. The

P Ee P IIB i by adj g the
Lnlﬂmsupplywlhepump.']‘hough p d air is. P , it elimi
the danger of electri ive | 1

Adjustable bypass vaive
Connecting rod
Hydreulic Auid

Figure 10-24. Power pump vsed for chemical feeding
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RECIPROCATING STEAM-DRIVEN PuMPS

Although reciprocating steam-driven pumps are no longer found in most boiler
rooms, they were universally used for boiler feed, condensate return, fuel oil
supply, and fire protection. They are still used to supply the pressure for hydro-
static tests. Normally powered by steam, they can also be driven by compressed
air. Figure 10-25 shows a duplex steam pump. Each of the two pumps in a
duplex pump has a steam cylinder at one end and a liquid cylinder at the other.
The rocker arm of one pump operates the other’s steam valve. The action is
positive, because a definite amount of liquid is displaced per stroke. D valves
are used on the power end to control the steam or compressed air. One of the
valves is always open, so no dead centers are encountered. The valves are

[

f | i

i /

ua-.\ u [ s mll II| ] : \ \

(4 R A A O A A e

']‘_.Tn:sl ;gdcl.mn of duplex ul.'.'nmI pump. 1, steom cylinder mtll eradle; 2,
n ri

st ; 7, steam piston; 9,
11, slide va!vc. 18, 'steam chest mm-che:sl «-‘:::i 4, vnlv&md mmm; box

1 piston- q\nd 26, piston. lhnﬂ'mg gland, steam;
33, steam piston rod; 3, steam piston spool; 35, steam piston nut; 38, cross stand;
39, long lever; 41, short lever; 42, upper Ndc shaft, long crank; 43, lower rock shaft,

short crank; 48, crankpin; 49, v w.wnd :Imk 54, valve rod;
valve-rod head; 88, liquid cylinder; 59, | linder head; 61,
62, valve plate; 63, force chamber; 69, Ilquui piston bﬂd.v
72, Ilqubd c}l-nder Ianln: 84, metal valve: 85, valve :
apring; 99, drain valve for steam ead; B'.l' dru m‘f Ior lwuld cnd 25, llq\lrd
|m-rod stuffing box bushing; 332, liquid piston- -rod pool balt;
s‘n. liquid piston-rod nut; 391, lever pin; -ICIl [l.ww k:}'. 101 ceankpin put; 71,
valve-rod head pin; m valve-rad Mnd nut; 601, liguid piston map rings; 692,
!;:md nlm 'hul.l. n ; 863, llquld mul.uu ﬁbrmu pan:k:nu rings; 997, m.Liock 251,

uid piston-rod stenm piston-rod stuffing
piston-rod stuffing box End :quuud. m. piston-rod stuffing box gland hmnln?mmd
262A, piston-rod stuffing box gland lining, steam. {Worthington Pump Corporation)

Figure 10-25. Duplex steam pump (Courtesy, Ingersoll-Dresser Pump Co.)
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adjuswdmthalnsonepmnwnheendoﬂlsuavel the other piston starts.
This mini Be P and even flow.

The size of steam pumps is given in three numbers such as 3 x 2 x 3. Ex-
pressed in inches, the first number is the diameter of the steam end, the second
is the diameter of the liquid end, and the last is the length of the stroke.

A pump with only one set of cylinders is called a simplex pump. A stroke for a
simplex pump (one cylinder) is the movement of the piston from one end of the
cylinder to the other. The stroke for a duplex pump (two cylinders) is the
movement of both pistons moving once over their path.

An advantage of using steam- or air-driven pumps is they can build up pressure
until they stall without damage. When the pressure drops below the stall point,
they resume pumping. This is why duplex pumps were popular to keep plant
fire mains pressurized, and why they are still used for hydrostatic tests of
boilers and other pressure vessels.

‘While steam-driven pumps are cbsol g their function still
appear on licensing examination tests. The math used to solve problems con-
ceming steam-driven pumps gives an examiner a good idea of your math skills,

PistoNn PumP PROBLEMS

Once two basic concepts are leamned, then solving piston pump problems is
straightforward. The first concept is how to calculate the volume of a cylinder.
The equation below simply states that volume is equal to the circular area of
the cylinder times its length:

Volume = (0.7854) {d%) {Length)

For example, what is the volume of a cylinder that is 5 inches in diameter with
a 6-inch stroke? The answer is:

Volume = (0.7854) (5 in)? (6 in.) = 117.81 in?

To convert cubic inches to gallons, divide by 231 in*/gal:

117.81 in®

= L 051 gal
231 in/gal o

If the problem includes the piston rod diameter, then it would have to be
included in the calculation. Since the volume of the rod is taking up space in
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the cylinder on half the strokes, its volume would have to be subtracted from
the volume of the cylinder.

‘The second concept is the force produced by the power end piston is equal to
the force put forth by the liquid end piston. To calculate the force on a cylin-
der, multiply the area of the cylinder in square inches times the applied pressure
in pounds per square inch (psi):

Foree m et = Forttygg pg
or

{Steam end arec) (Steam pressure] = [Water end orec) (Woter pressure}

If the water-end piston is larger than the steam-end piston, the result is more
capacity but at less output pressure. If the water-end piston is smaller than the
steam-end piston, the result is higher output pressure but less capacity. For
example, what is the output pressure of a 6 x 4 x 8 pump with 100 psi steam?

First, remember the equation:
{Steam and areq) (Steam pressure) = [Woler and area) (Water pressure)
Then, plug in the numbers:

{6 in)? 100 paj) = {4 inJ? (Output pressure)

136 in?){100 psi)
=S ey

16 in = 225 pa

Output prassurs =

Notice that the factor 0.7854 is not included in the area portions of the equa-
tion. This is because it showed up on both sides of the equation, so it canceled
out. To phrase it a different way, the output pressure of the pump is inversely
proportional to the square of the piston diameters. It is your option to include
or exclude the 0.7854 in this situation.

Also notice that since the output pressure is more than the input pressure, it
could be used as a feedwater pump. If this were a 4 x 6 x & pump, the output
pressure would be less than the input pressure, and it could not be used as a
feedwater pump.

Example 10-5. A simplex pump, 8 x 10 x 12, operates at 100 strokes per
minute, and against a 150-ft head. With this information, answer the following
questions:

1.  What does 8 x 10 x 12 mean?
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Can it be used as a feedwater pump and why?
What is this pump's capacity in gpm with 15% slip?
What is this pump's capacity with 0% slip and a 2-inch piston rod?

How much steam p is ired to achieve a 150-ft head?

If the steam supply were 150 psi, what would be the discharge pres-
sure in psi?

Solution 10-5. We'll answer the questions in order:

1.

8 x 10 x 12 means the steam-end piston is 8 inches in diameter, the
liquid-end piston is 10 inches in diameter, and the length of the stroke
is 12 inches.

This pump can’t be used for a feedwater pump, because the steam
cylinder is smaller than the water cylinder, making the disc

pressure less than the steam pressure. If it were a 10 x 8 x 12, it could
be used as a feedwater pump.

To find the capacity of the pump, it is necessary to first calculate the
volume of the cylinder, then multiply the volume by how many times
the cylinder is emptied in a minute. This answer is in cubic inches, but
the question asks for gallons. To convert cubic inches to gallons,
divide by 231 in¥gal. If this pump has 15% slip, it means that 85% of
the water is pumped with each stroke. Therefore, multiply the capacity
answer by 0.85 to obtain the output with 15% slip:

[0.7854)(10 inJ3(12 in}{100 strokes/min}(0.85] _
231 in¥/gal

Now find the capacity if the pump has no slip and a 2-inch piston rod.

First calculate the volume of the cylinder without the rod:

347 gpm

{0.7854) (10 in)? (12 in) = 942,48 in®

‘Then calculate the volume of the cylinder with the rod:

942,48 in? - |{0.7854) (2 inJ? 12 in)] = 904.79 in?

The total volume for the two strokes is 1,847.27 in? (942.48 in? +
904.79 in®). The average for the two strokes is 923.64 in® (1,847.27
in%2). To find the capacity, plug in the numbers as follows:

(923,64 in){100 strokes/min) . 399 84 gom
231 infgal
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5, The force on the shaft at the power end is the same as the force at the
liquid end. To calculate the force on a cylinder, multiply the area of
the cylinder by the applied pressure in pounds per square inch. Before
we can proceed any further, 150 ft must be converted into pounds per
square inch:

(150 f heod) [0.433 psifh of heod) = 64.95 psi

With a 10-inch water-piston cylinder diameter and 64.95 psi, the total
force on the piston is:

{84.95 psi} (0.7854) (10 in}? = 5,101 Ib

Nowdmdelhemof:hemunﬂudpmmmmihefommyldm
d to produce a 150-ft head:

5,101 Ib Tor
O7esaE my - 1015 e

The problem may be solved more quickly if the following equation is
used:

[Steam end areo) [Steam pressure) = (Water end areo) (Water pressure)

10 in)?(64.
Steam prezsure = %ﬂﬂ = 101.5 psi

6. g the steam p the water p can be found by using
'Lh.c samc method:
Woter pressore = 2 in (150 psil _ o psi

10 i}

JET Pumps

Jet pumps have no moving parts and use fluids in motion to supply the motive
power. A high- pmss\ue stn-.-am of fluid (usually steam or water) is directed

h a nozzle designed to produce the highest possible velocity. This high
v:lomty jet creates a low-pressure area, causing fluid to be sucked into the jet
pump, There is an exchange of momentum at this point where the motive fluid
entrains the suction fluid (draws the snchon fluid along with it). This produces
a uniformly mixed stream 1 b the motive fluid and
the suction fluid velocity. Thet}mba&cputsnfnnyjelpmupueﬂwuoule,
the diffuser, and the suction chamber or body.
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Before continuing with the di ion, it is ¥ to und

several

terms:

Ejector — the lerrn upleed to all types of jet equipment whose discharge
is the motive and suction pressures. Besides
purnpmn.g. it can also be used to blend, heat, or cool the motive and suction

Eductor — an ejector that uses a liquid as its motive fluid, Figure 10-26.
The most common one uses water to entrain water or some other material,
Commonly used for deep well service in conjunction with a centrifugal
pump, the eductor lifts water from a level below barometric height, up to
a level where the suction of the centrifugal pump at the surface can lift the
water the remaining distance. In operation, the eductor is fitted with hoses
connected to the suction and discharge of the pump and lowered into the
well casing. The required initial prime is maintained by a foot valve in the
eductor. When turned on, some of the pump discharge water flows through
the eductor and entrains water from the well, lifting it high enough to
enable the pump to carry it the rest of the way.

Siphon — an ejector that uses a condensable gas for its motive power.
The most common :xnmplc uses steam to entrain water or some other
liquid. It uses a ging nozzle to achieve maximum velocity
at the nozzle tip, Fgum ]0—2’?

PRESSUR EI

VALVE

EDUCTOR

|

sucrion| [ =
DISCHARGE

FOOT-VALVE
STRAINER
-

Figure 10-26. Educior plocemant (Courtesy, Schutte & Koarfing)
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Figure 10-27. Steom jet syphon plocement [Courtesy, Schutte & Koerting)

* Injector — a special type of ejector that uses a condensable gas (usually
steam) as the motive fluid. It entrains a liquid and discharges it against a
pressure higher than either the motive or suction pressures. Once used
widely in steam locomotives, its use is now confined to backup for boiler
feedwater pumps.

In injector operation, the lower nozzle is activated by pullmg the handle back
part way, The lower jet creates a in the ing water to be
induced into the unit. When water spills out of the overflow, the handle is
drawn back all the way. This cl the overflow and simultanecusly admits
motive steam to the upper jet. This second jet, which is of the straight or
forcing type, then picks up the discharge from the first jet and imparts a veloc-
ity to the water through the discharge tube. The energy contained is sufficient 1o
open the check valve and discharge water against the boiler pressure.

The advantages of jet pumps are that they are self-priming, have no moving
parts, and can be made from many materials, including bronze, cast iron,
stainless steel, PVC, Teflon™, and fiberglass. The main disad ge of jet
pumps is the high cost of their motive power. The price of steam can be espe-
cially high compared to the power needed for an electric pump.
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MoTORs

Most boiler examinations do not have many questions about motors. However,
there are three questions you should be prepared for:

1. How is the rotation of a three-phase motor reversed?

2. What is the calculation for rpm?

3. What is the calculation for torque?
The rotation of a three-phase motor is reversed by interchanging any two of the
three leads. This procedure is so simple that it is very easy to hook a motor up

incorrectly. Therefore, all three-phase motors must be checked for rotation after
replacement.

The equation for motor rpm is:

__Han2g)
M =He. of poles

Hz is the abbreviation for Hertz, which is the accepted abbreviation for cycles
per second. The constant 120 converts cycles per second to cycles per minute
and pole pairs to poles. If a frequency is not given, use 60 Hz, bul state your
assumption.

For example, what is the rpm of a 4-pole molor operating at 60 Hz?

50 Hz)(120]
pm -‘T;;iTJ = 1,800 ppm

The equation for torque is:

Tarque = [hel(5,252)
rpm

The unit of torque is Ib-ft. (The constant 5,252 basically converts radians to
rpm, but do not worry about how this constant was obtained.)
For example, what is the torque of a 50 hp motor operating at 1,750 rpm?

{hpli5,252)

Torqua = 1,750 pm = 150 Ib-ft
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CHAPTER

ELEVEN

Bearings

Bearings support the weight and control the motion of a rotating shaft, while
consuming a minimum amount of power. There are two classes of bearings:
antifriction and sleeve.

Antifriction bearings use balls, Figure 11-1, or rollers, Figure 11-2, to convert
sliding friction into rolling friction. They are constructed by placing these balls
or rollers between an outer race and an inner race. A retaining cage or separator
is used to keep the rolling elements equally spaced. Some bearings also have
shields to keep lubricants in and dirt out.

Figure 11-1. Antifriction bearing with balls

Sleeve bearings depend on a thin film of oil to be dragged along by the rota-
tion of the shaft, which forms a wedge between the shaft and bearing, Figure
11-3. This oil film supports the shaft so there is no metal-to-metal contact.
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Figure 11-3. Oil film

Sleeve bearings have a wide application range. They are found on small appli-
ances such as fans, because they are cheap, and are used on large pumps,
turbines, and engines where antifriction bearings are not adequate or practical.
These larger bearings are made of a babbitt lining, 1/8-inch thick or more, and
anchored in a cast-iron or bronze shell. Babbitt is an alloy of tin, antimony,
lead, and copper.
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LUBRICATION

Thztypeof"' i " is on the licati Refinery
engineers prefer oil; marine engineers prefer grease, At ]ugh speeds (more than
5,000 rpm), oil is berer. Oil is better for two main reasons. First, oil has a
lower viscosity and is better able to flow to the areas where it is most needed.
Second, it is easy to pass oil lhrwgh a cooler to remove the heat generated by
friction. The bearing’s longevity is 1 when its temp is kept within
its specified range.

Grease

Grease packed into a bearing is thrown out by the rotation of the balls, which
creates a slight suction at the inner race. As heat is generated in the bearing,
the flow of grease is accelerated until it is thrown out at the outer race by
rotation. As the expelled grease is cooled on contact with the housing, it is
attracted back to the inner race. This continuous circulation of grease lubricates
and cools the bearing.

Grease requires little attention and works well. It is preferred on vertical shaft
bearings because there is less chance of leakage.

A fully packed bearing housing prevents proper grease circulation. It is recom-
mended that only one-third of the housing be filled with grease. An excess
amount causes overheating unless the grease can flow out of a seal or vent, If
this built-up pressure is not relieved, the bearing will fail.

To use grease to lubricate a motor with antifriction bearings, perform the
following procedure (when equipped with fitting and drain), Figure 11-4:

1.  Remove the drain plug at the bottom of the bearing housing and clean
out any hard grease.

2. Wipe grease fitting clean.

3. Apply new grease through the fitting until the old grease has been
purged through the drain and new grease begins to appear. Do this
with the motor running if possible.

4. With the drain plug removed, allow the motor to run al operating
temperature, This allows the grease to expand so the excess is forced
out of the drain. Excess grease stops draining when normal pressure is
reached in the bearing, usually within 10 to 30 minutes.

5. Clean and replace drain plug.
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Figure 11-4. Lubricating o motor equipped with o fitting ond drain

When equipped with a fitting but no drain, perform the following procedure,
Figure 11-5:
1. Remove the fitting while the motor is ing at operating p
to purge the excess grease.
2.  Clean and replace fitting. Pump a small amount of grease into the
bearing, taking care not to rupture the grease seal.
3.  Remove fitting and allow motor to run for several minutes to purge

excess grease. (If no grease comes out, the bearing must have been
dry. Repeat Steps 2 and 3 until excess grease comes out.)

4.  Replace fitting.

0Oil
Antifriction bearings can also be lubricated with oil. As shown in Figure 11-6,
the proper oil level is at the center of the lowermost ball in the bearing.

A constant level oiler is used to increase the capacity of the reservoir, Figure
11-7, It works just like the upside down bottle on & water cooler; as long as the
oil is above the i d bottle i i holds in the oil.
When the opening is exposed, the we.lghl of the oil allows it to run out. When
the level is high enough to cover the opcmng again, the oil flow will stop. The
level is adjustable by moving the i 1 bottle up or down.
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Figure 11-6. Antifriction bearing lubricated with il

Ring oiling is popular for lubricating smaller sleeve bearings. A soft steel ring
rides on the shaft through a slot cut in the top half of the bearing shell. The
ring rotates as the shaft turns, picks up oil from the reservoir in the housing,
then wipes it off on top of the shaft. The oil then flows between the shaft and
the bearing and discharges through the ends, Note that the proper oil level
should be just below the bearing shell but high enough to submerge the oil
rings.
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Figure 11-7, Constant level oiler

In larger machines, especially those with thrust bearings, forced lubrication is
required. The system usually drives the main pump off the shaft of the machine
that is being lubricated, and an auxiliary pump is driven by a small electric
motor. The auxiliary pump is used before start-up 1o circulate the oil and
establish oil pressure. The control circuit prevents the large machine from
starting unless the oil pressure interlock is satisfied. When the machine is up to
speed, the main lube oil pump is placed in service and the auxiliary lube oil
pump is placed on iby. It starts ically if the shaft-driven pump fails.
Larger machines can also add a considerable amount of heat to the oil. Oil is
cooled by circulating water through coils submerged in the oil reservoir or

through a heat exchanger.

For heavy thrust loads, tilting plate or Kingsbury™ bearings are used, Figure
11-8. The axial load is transmitted to the stationary bearing shoes through a
forged steel collar that is rigidly attached to the shaft. Leveling plates equalize
the load among the shoes. These shoes are free to tilt both radically and tangen-
tially as required to p for operating conditions.

When in operation, the bearing surfaces are continuously separated by a film of
oil so there is no metal-to-metal contact. The bearing faces of the shoes take an
inclined position so the oil film between the shoes and collar is wedge shaped
with the thin end pointing in the direction of rotation, Figure 11-9.
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5. What is required to raise the temperature of 1 1b of water from 32° to
212°F?

a) 144 B

b) 180 Bru

c) 9703 Btu

d) Saturated heat

6. Increasing the pressure has what effect on the boiling point of water?

a) No change

b) Temperature will be lowered

¢) Temperature will be raised

d) Temperature will increase 2°F for every psi

7. Heat absorbed by water when it changes from liquid to stcam at the
boiling point is called
a) sensible heat.
b) Tlatent heat.
c) specific heat.
d) superheat.

8. Heat may be transferred in how many ways?
a) One
by Two
¢) Three
d) Four

9. A boiler horsepower is defined as

a) 9703 Buuh.

b) total heating surface times the factor of evaporation.

¢) evaporation of 34.5 1b of water from and at 212°F per hour.

d) evaporation of 34.5 Ib of water from and at 212°F per 8
hours.

10. A boiler’s steam pressure gauge reads 150. What is the absolute
pressure?
a) 14.7
b) 1353
c) 150
dy 164.7

11. What does 212°F equal on the Celsius scale?

a) 32
b) 100
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€)
]

180
970.3

One boiler horsepower is equal to how many Bru?

a)
b)
<)
d)

a)
b)

c)
d)

a)
b)
<)
d)

a)
b)
c)
d)

970.3
33472
125,000
One therm

. A British thermal unit is

the amount of heat needed to raise one pound of water one
degree Fahrenheit.

the amount of heat needed to raise one pound of steam one
degree Fahrenheit.

2 unit of temperature measurement.

the amount of heat in water between freezing and boiling.

. Hydronic heat is

steam heat.

hot water heat.
radiant heat.

heat of evaporation.

. Superheated steam is

reheated steam.
very hot steam.
flash steamn.

saturated steam.

2,545 Btuh represents

a)
b)
c)
d)

1 bhp.

1 kilowatt-hour.

1 horsepower-hour.
1 therm,

A throttling calorimeter is used to measure the quality of

dry steam.
saturated steam.
superheated steam.
Btu in coal.
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19.

21.

The amount of heat in one pound of saturated steam is approximately
equal to

a) 970.3 B

b) 1,150 Bru.

c) 3,412 Bu.

d) 100,000 Btu,

A boiler operating at 100 psi has a dry saturated steam temperature of
338°F. What is the boiler’s water temperature?

a) 180°F
b) 212°F
c) 309°F
d) 338°F

A dry pipe is used to
a) separate moisture from steam as it leaves the drum.
b) separate moisture from steam as it leaves the superheater.
c) separate moisture from steam at the turbine throttle.
d) increase superheater temperature,

‘The purpose of a staybolt is o

a) support the shell of the boiler.

b) reinforce the heads of a fire-tube beiler.

¢) help make a water-tube boiler safer to operate.

d) strengthen and support flat plates of a fire-tube boiler.

The boiler vent valve is located on the

a) top of the steam drum.

b) bottom of the steam drum,
¢) top of the mud drum.

d) top of the water drum.

‘The purpose of the hole in the end of the staybolt is to

a) indicate how much wat.c: is in the boiler.

b) indi that a is ked or broken.

¢) help the boiler opmatur operate more efficiently.
d) provide means of attaching insulation to a boiler.

A fusible plug melts at

a) 212°F

b) 450°F.

¢} 1,000°F.

d) none of the above.
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29.

30.

As the firing rate increases in a boiler equipped with a convection
superheater, the steam temperature

a) increases,

b) decreases.

c) stays constanl.

d) both increases and decreases.

‘When boilers are connected to a common header, it is required that an
ample free blowing drain be provided between the stop valves if either
or both boilers have

a) handholes.

b) manholes.

¢) over 10 tubes or flues.

d) more than one safety valve.

1t is permissible to have only one bottom blowdown valve on a boiler
when the

a) MAWP does not exceed 100 psi.

b MAWP exceeds 125 psi.

) heating surface does not exceed 100 fi%,
d) heating surface does not exceed 500 fi?,

When the boiler p d psi, it is required that
extra-heavy pipe be used on the blowoff system.

a) 15

by 100

c) 125

dy 150

Baffles are placed between the tubes of a boiler for the purpose of

a) slowing down the rale of combustion,
b) preventing priming.

c) bracing the tube bank.

d} directing the travel of flue gases.

A boiler has a steaming capacity of 35,500 Ib of steam per hour. The
evaporation rate is 10 Ib/ft* of heating surface per hour. What is the
horsepower rating of this boiler?

a) 100

b) 1,000

c} 3,450

d) 6,900
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31. Boiler tube sizes are specified by
a) pipe size.
b) standard ASME size.
¢) inside diameter.
d) outside diameter.

32. The maximum size of boiler blowdown lines, valves, and fittings shall
not exceed

a) 1 inch.

b)  1-1/2 inches.
¢) 2 inches.

d) 2-1/2 inches.

33, The purpose of an expansion tank in a hot water heating system is to
provide for the expansion of

a) water.

b) hot air.

¢} air and steam.

d) not used in hot water systems.

34, Heavy accumulation of soot in a boiler will result in
a) loss of boiler efficiency.
b) loss of the fire.

¢} reduced stack temperature.
d) the safety valve popping.

35. How are the tubes secured in a fire-tube boiler?

a) Welded

b) Brazed

¢) Rolled and beaded over
d) Shrink fit

36. A tube in a fire-tube boiler is surrounded by
a) water,
b) air
¢} flue gases.
d) steam.

37. A pheric is idered to be

B

a) O psia.

b) 14.7 in. Hg.
c) 14.7 psia.
d)y 147 psig.
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38.

39.

41.

42.

43.

In a water-tube boiler,

a) flue gas passes inside the tube,
b} flue gas surrounds the tube.

c) water surrounds the tube.

d} none of the above.

Diagonal stays are found in
a) fire-tube boilers.
b) water-tube boilers.
¢} cast-iron boilers.
d) waste heat boilers,

. Handholes and manholes are oval

a) to withstand higher pressures.

b) for case of fabrication.

c) for better sealing.

d) for removal from a pressure vessel.

To check the water level in the gauge glass of a steam boiler

a) use the bottom blowoff valve,

b) use the trycocks.

¢) blow down the low-water cutoff.

d) compare it with the water level in another boiler.

The vent valve
a) removes air during warm-up.
b) prevents a vacuum from forming during cooldown.
¢) Both a and b.
d) Neither a nor b.

A high-pressure boiler has its safety valve set above
a) 15 psi.
b) 100 psi.
c) 125 psi.
d) 150 psi,

Which of the following is an advantage of fire-tube boilers over water-
tube boilers?

a) Low initial cost

b) Capable of higher pressures

¢) Lower possibility of explosions

d) Able to fire a larger variety of fuels
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45,

46.

47.

48.

49.

50.

51.

Water walls are found

a) where the flue gas exits the boiler.

b) in fire-tube boiler furnaces.

¢) in water-tube boiler furnaces.

d) in the air heater of a water-tube boiler.

The best time to bottom blow a boiler is at

a) high load under full pressure.
b} low load under full pressure.
¢) high load under partial pressure.
d) low load under partial pressure.

A telltale hole is found in a

a) dry pipe.
b) crown sheet.
¢) fusible plug.
d) staybolt.

A 2-inch boiler be has a wall thickness of 3/16 inch. What is its
inside diameter (id)?

a) 2-3/16 inches
b) 2 inches

c) 1-13/16 inches
d) 1-5/8 inches

At what temperature does steel start to rapidly lose its strength?

a) S00°F
b} 700°F
c) 100O°F
d)y 1,500°F

A hot-water heating system is about 1o be started. How full of water
should the expansion tank gauge glass be?

a) Empty
by 113

c) 34

d)} Full

‘What is the relationship t longitudinal stress and circumferential
stress?

a) They are the same.

b) Longitudinal stress is twice circumferential stress.
¢) Circumferential stress is twice longitudinal stress.
d) There is no fixed relationship between the two.

278 The Boiler Operator's Exom Preporation Guide



52.

53.

55.

56.

57.

58.

A therm is equal to how many Btu?

a)
b)
c)
d)

970.3
33,475
100,000
1,000,000

‘The factor of evaporation is

a)
b)
]
d)

heat added to the boiler divided by 970.3.

heat added to the boiler minus inlet feedwater temperature.
970.3 Bru,

actual evaporation over 34.5 1b of water.

The purpose of a bottom blowdown is to

a)
b}
c)
dy

reduce boiler pressure.
sludge and sedi

increase dissolved solids.

remove floating oil.

Damage by spalling refers to the

a)
b)
)
d)

@ Y

tubes.

steam drum,
refractory.
superheater.

raise the of

a)
b)
c)
d)

P
feedwater.

boiler water.
combustion air.
steam.

The steam space is

a)
b)
c}
d)

the area covered by fire and water.

in the main header area.

the top half of most steam traps.

the area above the operating water level.

The heating surface of a boiler is the area

exposed to the flame and flue gases.
in contact with steam.

of the furnace.

of the burner face in the furnace.

Somple Multiple Choice Questions 229



59. The purpose of a superheater is to

a) heat steam ebove its saturation temperature,
b} boost the steam pressure.

¢) add heat to the combustion air.

d) add heat to the incoming feedwater.

60. What is the formula for the factor of evaporation?

a) h-H/9703 B
b) H-b/970.3 Bu
¢) 9703Bu/H-h
d) 9703 Btu/h-H

61, What can cause a + tube to heat?

a) Not draining before starting
b} Overfiring

c) Poor boiler circulation

d} Dirty tube

62. A boiler has a steaming capacity of 34,500 lb of steam per hour. The
evaporation rate is 10 Ib/fi* of heating surface per hour. What is the
boiler heating surface?

a} 100

b) 1,000
c) 3450
d} 6,900

63. How many square feet of heating surface does a 3-inch fire-tube 20 fi
long with a 3/16-inch wall have?

a) 13.7
by 14.7
c) 157
dy 167

64. In a high-temperature hot water boiler, what would cause a tbe to
overheat?
a) Dirty economizer tubes
by High izer feed outlet
¢) Feedwater temperature too high
d) Poor circulation (plugged tube)

65. A downcomer is

a) located in a fire-tube boiler.
b) one of the tubes that supports the fumace.
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67.

70.

.

T2

used to circulate flue gas.
found in a water-tube boiler.

firebox h cause

spalling.

lower stack lemperatures.
increased soot deposits.

a rise in stack temperature.

The low-water cutoff

a)
b)
)
d)

feeds the boiler when it is Jow on water.

shuts off the burner when the boiler is low on water.
dumps the boiler.

cuts off the water supply when the level is too high.

Steam coming from the bottom try cock would indicate

a)
b)
)
d)

normal water level.
high water level.
Jow water level.
normal steam level.

What type of valve has the most resistance to flow?

a)
b)
)
4

Globe
Gate
Ball
Butterfly

‘When checking the water level of a boiler,

a)
b)
c}
d)

ask the boiler operator,

test the safety valve.

use the bottom blowdown valve.

blow down the gauge glass and water column.

A siphon or pigtail is used to protect a steam pressure gauge

from steam temperature.

against high steam pressure.

against high water pressure.

against an excessive amount of steam.

The feedwater regulator is located

on the right side of the boiler.

at the normal operating water level.

two inches below the highest heating surface.
next to the fusible plug.
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73.

74.

75.

76.

T7.

78.

79.

An e T

a) ensures the proper water level in the boiler.
b) shuts off the burner.

¢) controls the boiler’s operating range.

d) is never used on high pressure boilers.

To test the low-water cutoff,

a) the bumer must be off.

b) there must be no pressure on the boiler.
¢) the fuel must be shut off.

d) the burner must be firing.

The purpose of testing a safety valve by hand is to
a) make sure the valve can lift.
b) check the operating range of the boiler.
c) check its popping pressure.
d) They are never tested by hand.

The ic control that p a boiler from being dry fired is the
a) aguastat.
b) vaporstat.
¢) flame failure cutoff.
d) low-water cutoff.

To check the water level in the gauge glass of a steam boiler,

a) use the bottom blowoff valve.

b) blow down the low-water cutoff.

¢) blow down the gauge glass and water column.
d) compare it with the water level in another boiler.

On a steam boiler, testing the operation of the safety valve by hand
with the boiler under pressure should be done

a) at the start of each heating season.

b) daily.

never,
d) monthly.

What type of valve has the least resistance to flow?

a) Globe

b) Gate

¢} Reducing
d) Needle
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81.

82.

83.

The gauge glass shows full while the middle try cock shows steam.
‘When blown down, the gauge glass refills, What is the probable
cause?

a) Feedwaler regulator is stuck open.

b) Feed pump is running too fast.

¢) Top gauge glass connection is blocked,

d) Both top and bottom gauge glass connections are blocked.

The purpose of a bowl at the bottom of the water column is to

a) serve as a condenser.

b) serve as a sediment chamber.
c) serve as a siphon.

d) none of the above.

When checking a safety valve with the hand-lifting pear, the pressure
should be no lower than ___% of the safety valve set pressure.

If valves are located between the boiler and water column, they must
be

a) locked or sealed open.

b) regular globe valves,

c) steel and rated at 300 psi.

d) protected against accidental opening.

When a hydrostatic test is put on a boiler, each safety valve should be

a) set at its maximum allowable working pressure.

b) set at twice its popping pressure.

c) held to its seat by ing down the pression screw.
d) held to its seat by means of a testing clamp.

After installing a new gauge glass, the proper procedure for returning
the glass to service is

a) crack open both the top and bottom valves.

b) open the drain and crack both the bottom and top valves.

c) open the drain and crack open the top valve,

d) open the drain and crack open the bottom valve.
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87.

89.

9l.

The steam pressure gange is graduated in
a) absolute pressure.
b) inches of pressure.
c) pounds per square inch.
d) pounds per square foot.

One of the purposes of the water column is to

a) indicate to the operator the level of the water in the boiler.
b) easily find the pressure in the boiler.

c) dampen the oscillation of the water in the gauge glass.

d) prevent the boiler from priming.

The gauge glass should be blown down

a) daily.

b) weekly.
c) monthly.
d) yearly,

The flame failure control is tested by

a) blowing down the low-water cutoff.
b) adjusting the pressuretrol,

¢) calling the inspector.

d) securing the fuel supply to the bumer.

Which of the following controls op due to changes in
ture?

a) Fire eye

b) Vaporstat

c) Aguastat

d) Pressuretrol

The pressure-sensitive device attached to the fan housing of a fully
automatic burner starts operating when there is

a) flame failure.

b) too large an increase in primary air.
¢) fan failure.

d) too large an increase in secondary air.

If the pressuretrol starts the burner and ignition failed to take place,
the control that protects the boiler is the

a) low-water cutoff.

b) flame failure cutoff.
c) vaporstal

d) aquastat,
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107. What is the minimum pipe size of the gauge glass blowdown line?

a) 3/8 inch
b) 12 inch
¢} 3/4 inch
d) 1 inch

108. Only one bottom blowdown valve is required for boilers under

a) 100 fi® of heating surface.
b) 500 fi* of heating surface.
c) 100 psi MAWP.
d) 500 psi MAWP.

109. The type of safety valve allowed on boilers is the

a) weight and lever.
b) thermostatic relief.
¢) spring-loaded pop.
d) all of the above.

110. Who is authorized to repair and adjust safety valves?

a) Chief engineer
b) State inspector
¢) Insurance inspector
d) Manuf; 's rep

111. Cast iron boilers can be used

a) only for process stcam.

b) only for low-pressure plants.

¢) only for high-pressure plants.
d) in high- or low-pressure plants.

112. Which valve allows fluid to flow in one direction only?

a) Check
b) Plug
¢) Globe
d) Stop

113. To stop a safety valve from chattering,

a) increase tension on the spring.
b) decrease tension on the spring.
¢} raise the blowdown ring.
d) lower the blowdown ring.
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114. The minimum permitted size of the water column pipe connection is

a) 3/8 inch.
b) 1/2 inch.
¢} 3/ inch.
d) 1 inch.

115. The number of lete tums required b opened and closed on

a slow-opening valve is
a) three.
b} five.
c) seven.
d) nine.

116. What is the principle of the Bourdon tube?
a) Thermal reaction
b) Hydraulic impulse
c) Electrical impulse
d) Pressure straightens out tube

117. A valve must be installed in the feedwater line

a) between the boiler and the check valve.

b) between the check valve and the feedwater pump.
¢} at the discharge of the fecdwater pump.

d) A valve is not required.

118. A continuous blowdown is used to

a) remove accumulated solids.

b) remove scum and oil.

¢} remove water when the level in the gauge glass is too high.
dy wverify drum water level.

119. What should come out when the bottom try cock is opened?
a) Superheated steam
b) Dry steam
c) Water
d) Steam and water

120. What is the minimum diameter for the water column blowdown line?
a) 12 inch
b} 3/4 inch
¢} | inch
d} 1172 inches
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121. What is the minimum size piping for bottom blowdown lines?

a) 1/2 inch

b) 3/4 inch

c) 1inch

d) 2-1/2 inches

122. How often should safety valves be tested?

a) Each shift

b) Monthly

¢} Yearly

d) When boiler is down for inspection

123. A two-cl feed it is lled by

a) water level and water flow rate,

b) steam flow rate and water flow rate.
¢) water level and steam flow rate.

d) water level alone.

124, Which of the following is not performed by a nonreturn valve?

a) Cuts a boiler into the header automatically.

b) Opens automatically when boiler pressure falls below the
header pressure.

¢) Functions as a stop valve.

d) Opens automatically if the boiler pressure exceeds the header
pressure.

125. You would not run an accumulation test on a boiler equipped with

a) over 499 fi2 of heating surface.
b) a superheater.

c) a deaerator.

d) only one safety valve.

126. What is the minimum setting on the blowback of a safety valve?

a) 4% of set pressure
b} 21b
¢} 2% of set pressure
d) 41b

127. Good combustion resulls in

a) high oxygen and carbon dioxide, low carbon monoxide.
b) high oxygen and carbon monoxide, low carbon dioxide.
¢) low oxygen and carbon dioxide, high carbon monoxide.
d) low oxygen and carbon monoxide, high carbon dioxide.

Sample Multiple Choice Questions 239



128. Excess air for gas should not exceed

a) 10%.
b} 15%.
c) 20%.
d) 25%.

129. The Ringel Scale is iated with

a) viscosity.

b) excess air.

¢) smoke density.
d) pour point.

130. What do mechanical bumners use for atomization?
a) High-pressure air
b) nghwcsmre fuel

¢} Low-pressure air
d) A rotating cup

131. Viscosity is

a) the point at which oil starts to flow.

b) the point at which oil starts to support combustion.
c) the specific gravity of oil.

d) none of the above.

132. A fire eye is used to
a) notify the p about the p of a flame.
b) detect hot spots in the fumace.
c} tum off the pilot gas.
d) tum on the main fuel.

133. The purge cycle
a) closes the fuel valve.
b) places the boiler on standby.
¢) removes unburned fuel.
d) opens the pilot valve.

134, The flame detector is directed

a) at the hot refractory.
b) into the boiler room.
c) et the convection section of the boiler.
d) into the fumace area.
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135. The programmer
2} opens the pilot valve.
b) opens the main fuel valve.
¢) receives the flame detector signal.
d) does all of the above.

136. Which of the following statements is true?

a}) Flue gas oxygen percentage stays constant from fuel to fuel.

b) Flue gas carbon dioxide percentage stays constant from fuel
to fuel.

c) Excess air is not required for well-designed burners.

d) Smoke and carbon monoxide cannot exist together.

137. Which of the following statements is true?

a) The flash point of an cil is the temperature at which it flows.

b) The viscosity of an oil is its relntion to the weight of an equal
amount of waler.

c) The specific gravity of fuel oil is its resistance 1o flow.

d) None of the above.

138. An Orsat analyzer measures

a) smoke density.

b) stack temperature.
¢) the air-fuel ratio.
d) 0, CO,, and CO.

139. The flame failure control is tested by

a) blowing down the low-water cutoff.

b) adjusting the pressuretrol.

c) calling the inspector.

d) shutting off the fuel supply to the bumer.

140. What is the cfficiency of a steam plant with & heat rate of 12,000 Btw/
kW7

a) 25.8%
b) 27.2%
c) 284%
d) 31.5%

141. What type of fuel must be preheated to bum properly?
a) Coke gas
b) Biomass
¢) Light oil
d) Heavy oil
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142. No. 6 fuel oil for mechanical atomizing burners is usually heated to

a) 100°F,
b) 150°F
¢} 300°F
d) S00°F.

143. Fuel liers specify & mini flash point for their oil, because a

low flash point oil is

a) low in viscosity.
b) high in viscosity.
¢) hard to ignite.

d) dangerous.

144, How many cubic feet of furnace volume are needed 1o burn one gallon
of No. 6 oil?

a) 5§

by 10
c) 20
d) 30

145. As fuel oil is heated, its viscosity

a) increases.

b) decreases.

¢) stays the same.

d) can either increase or decrease,

146. Carbon monoxide in the flue gas is a sign of

a) perfect combustion.

b) complete combustion.

c) incomplete combustion.

d) stoichiometric combustion.

147. Flash point means

a) ignition temperature.
b) burning temperature.
c) atomization viscosily.
d) atomization specific gravity.

148. Fire point means

a) oil temperature.

b) oil thickness,

¢) heat content.

d) none of the above.
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149. Preheated No. 6 oil should be

a) 100° to 115°F.
b) 120° to 190°F.
c) 200° 1o 320°F.
d) none of the above.

150. What is the proper oil storage temperature for No. 6 oil?
a) At pour point
b) 20°F above pour point
c) 212°F
d) 20°F below pour point

151. Pour point is the

a) U.S. weight of & liquid.

b) flow rate.

¢) combustion rate.

d) lowest temperature at which a liquid flows.

152. To prime a pump
a) increase its speed.
b) back off on its packing.
c) close its discharge valve.
d) fill casing with water.

153. Balanced draft means
a) negative draft in the breaching.
b) almost atmospheric pressure in the fumnace.
c) almost atmospheric pressure in the wind box,
d) positive draft in the wind box.

154. A gallon of No. 6 oil contains

a) 146,000 B,
b) 152,000 Btu,
c) 19,000 Buu.
d) 23,000 Btu.

155, During the purge cycle, what is the minimum amount of air volume
changes required?
a) Two
b} Four
c) Six
d) Eight
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156. The purge cycle time for gas compared to oil is
a) less.
b) the same.
¢) longer.
d) not relevant.

157. A high carbon monoxide reading indicates
a) impurities in the fuel.
b) low furnace temperature.
c) high excess air.
d) none of the above.

158. The induced draft fan is located

a) in the breaching.

b) between the forced draft fan and wind box.
¢) between the furmace and convection sections.
d) none of the above,

159. A balanced draft boiler requires

8) a forced draft fan only.

b) a natwral chimney draft only.
¢) both induced and natural draft.
d) both forced and induced draft.

160. What percent CO, would you expect in a well-maintained boiler

burning No. 6 oil?
a) 10
b) 15
c) 20
d) 25

161. Which of the following yields a high CO, reading?
a) Broken boiler baffle
b) Leaks in air heater baffles
c) Improper air-fuel mixture
d) Proper air-fuel mixture

162. Low excess air causes
a) flashback.
b) refractory spalling.
¢) high CO,.
d) smoke.
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163. The proximate analysis of coal

a)

b)
<)

d)

determines the percentage by weight of moisture content,
volatile matter, fixed carbon, ash, and sometimes sulfur,

is sometimes useful in controlling coal quality.

determines the percentage by weight of the various elements
contained in coal, which include carbon, oxygen, nitrogen,
hydrogen, sulfur, and ash.

is not used anymore.

164. The ultimate analysis of coal

a)
b)

c)

L]

is the best grade of coal available,

determines the percentage by weight of moisture content,
volatile matter, fixed carbon, ash, and sometimes sulfur.
determines the percentage by weight of the various elements
contained in coal, which include carbon, oxygen, nitrogen,
hydrogen, sulfur, and ash.

is a sample of coal taken as received.

165. What does volatile mean?

a)
b)
c)
dy

Btu per pound

Percentage of fixed carbon in coal

Inert material in

Flammable gas in coal that is distilled off and burned above
the grates in suspension

166. The amount of excess air required for coal is

a)
b)
c)
d)

20%.
25%.
30%.
35%.

167. Which formula approximates the heat content in Btu per pound of
fuel oil?

a)
b)
]
d)

17,687 x 57.7 x API gravity at 60°F
17,687 + 57.7 + API gravity at 60°F
17,687 + 57.7 x API gravity at 60°F
17,687 x 57.7 + API gravity at 60°F

168. The two elements in fuel oil that produce most of its heat are

a)
b}
c)
d}

iron and oxygen.
sulfur and oxygen.
nitrogen and CO,.
carbon and hydrogen.
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169. What fan(s) supply the boiler with a positive pressure?

a) Forced draft

b) Induced draft

¢) Foreed and induced draft
d) Gas recirculating

170. The doubling plate is placed under the

a) fill line.

b) vent line.
¢} manhole.
d) gauge well.

171. The induced draft fan is located between the

a) air inlet and air heater,
b) air heater and burner.
¢) boiler and stack.

d) breaching and burner.

172. A fan's output can be controlled by
a) changing its speed.
b) changing blade pitch.
c) inlet dampers.
d) all of the above.

173. When would the overspeed device trip on a turbine operating at 7,000
rpm?
a) 7,500
b) 7,700
¢) 7.900
d) 8,100

174, Economizers preheat

a) combustion air.
b) feedwater.

c) condensate.

d) fuel oil.

175. In a fire-tube boiler, soot forms on the

a) outside tube surface.
b) inside tube surface.
c) waterside surface.
d) water wall surface.
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133. Dew point is a serious concem in a plant with

3} wbular air heaters,
b) forced draft fans,
€} air compressors,
d) turbine condensers,

ﬂ&,animislmwdinﬂm

2) wind box,

b) fumace.

c) stack

d) convection section,

125. If a steam soot blower Were to operate improperly for a long period of
time, what would be the most likely resuilt?

2} Damaged soot blower
b} High steam temperature
¢} High steam consumption
¢) Damaged boiler tubes
144, Which of the following would most improve boiler efficiency?
2) Deaerator
B)  Open feedwater heater
¢} Economizer
d)  Closed feedwater heater

lﬂ.mmohmmn'apism
4) add condensate and air.
bj drain condensate and ajr.
€} catch dirt and rust,
d) do none of the above,

188.0nuinvmhuchthp,whuhappms:nmebuckmasmnrap
fills with water?

&) It rises,

b) It inclines,

€} It sinks.

d) It remains stationary,

189, Which steam trap has no moving parts?

4} Inverted bucke
b)  Impulse

¢} Continuous flow
d) Float

248 The Boder Operator's Exom Preparation Guide



190. What results when steam blows through a trap?

a) Lower plant efficiency
b) Noise

¢) Loss of steam

d) All of the above

191. What happens when the float in a float & thermostatic develops
a leak?

a) Steam bound
b)  Air bound

¢) Fails open
d) Fails closed

192. The chemical used 1o prevent oxidation is

a) sodium sulfite,

b) sodium phosphate.

¢) calcium phosphate.

d) magnesium phosphate.

193. Feedwater is treated to
a) decrease need for make up.
b) increase circulation.
c) decrease dissolved solids.
d) prevent formation of scale.

194, Deacrating is

a) adding oxygen to the boiler feedwater.

b) extracting steam from a turbine.

¢} removing noncondensable gases from the feedwater.
d) adding heat to feedwater.

195. Priming means
a) water leaving the boiler through the steam line.
b) filling the pump with fluid to establish suction.
¢} purging air from the gas line before use.
d) both a and b.

196. What chemical is fed to the deaerator?

a) Sodium sulfite
b) Sodium sulfate
¢) Phosphate

d) Caustic soda
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197. What chemical is used to control scale?

a) Sodium sulfite
b) Sodium sulfate
c) Phosphate

d) Caustic soda

198. What chemical is used to control alkalinity?

a) Sodium sulfite
b) Sodium sulfate
c) FPhosphate

d) Caustic soda

19%. Corrosion in a boiler is caused by
a) low alkalinity (pH).
b) free oxygen.
¢) both a and b.
d) none of the above.

200. Scale in a boiler is caused by

a) calcium and magnesium.
b) oxygen.

¢) sodium sulfite.

d) Zeolite.

201, Cuprous chloride is found in

a) feedwater.

b) a steam drum.

¢) a feedwater heater.
d) a flue gas analyzer.

202. Zeolite is found in a

a) softener.

b) steam drum.

¢) feedwater heater,
d) flue gas analyzer.

203. The device on a deaerator that keeps the water from backing up into
the steam line is the

a) check valve.

b) overflow device.
¢) fMoat valve.

d) relief valve.
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204. Which pH value indicates that a solution is neither acid nor alkaline?

a}
b)
c}
dy

Three
Five
Seven
Nine

205. Hardness of water is expressed in

a)
b)
c}
d)

grains.

ppm.

both a and b.
none of the above.

206. Where is caustic embrittlement most likely to be found?

Riveted joint above the water line
Riveted joint below the water line
Welded joint above the water line
Welded joint below the water line

207. A closed feedwater heater is Jocated

a)
b)
c)
d)

before the condensate receiver.

above the feedwater pump for gravity feed.
between the feedwater pump and boiler.
before the condenser.

208. Where would scale most likely occur?

a)
b)
c)
d)

Above the water line

Below the water line

On a riveted joint

On a weld below the water line

209. Zeolite is

a)
b)
c)

d)

infrared light.

an ofl additive.

a form of chloride.

an ion exchange resin.

210. On the pH scale, 8 is

a)
b)
c)
d)

acid.
alkaline.
meniscus.
neutral.
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211.

212.

213.

214,

215.

216,

217

Which of the following is least likely to be used as feedwater treat-
ment?

2) Caustic soda

Phosphate
c) Sodium sulfate
d) Sodium sulfite

The result of high dissolved O, is
a) corrosion.
b) erosion.
c) hydrogen embrittlement.
d) low pH.

What percent of the heat supplied to the turbine is lost to the con-
denser cooling water?

a) 10%

b) 40%

<) T0%

d) 90%

An atmospheric relief valve is used on a
a) fuel oil system.
deacrator.

) turbine onndm
d) back-pressure turbine.

Which of the following is located on the inlet line of a turbine con-
denser?

a) Atmospheric relief valve
b} Vacuum breaker

c) Air vent

d) Check valve

What does an atmospheric relief valve do?

a) Opens when exhaust pressure is 3 psi

b) Closes when back pressure is 5 psi

c) Protects the condenser and low-pressure turbine casing from
ov

d) Opens when exhaust vacuum goes over 30.00 in. Hg

Critical speed refers to
a) synchronous speed.
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b) speed at which the most vibration occurs.
c) operating speed.
d) overspeed set point.

218, One kW equals

219.

220,

222,

223.

8) 134 bp,
b) 0.746 hp.

) 0.746 watts,
d) 970.3 Bru.

‘Which formula can be used to figure out how many poles there are in
a three-phase, 60 Hz, 3,600 rpm generator?

a) 120 x Hz / rpm
b) 120 x rpm / Hz
c) 120/ rpm
d) rpm/Hz

One mechanical horsepower is not equivalent to

a) 0.746 kW.
b) 746 watts.
¢) 2,545 Bu.
d) 3,960 Bu.

. How are large utility generators cooled?

a) Air
b} H,
¢) H,0
d 0,

A 45-horsepower motor runs at 74% efficiency. What is its watts-per-
horsepower rate?

a) 552

b) 746

¢) 93996
d) 1,008.10

What is a sentinel valve?

a) Safety valve
b) OS&Y valve
¢) Relief valve
d) Device to wam of overpressure in a turbine condenser
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224. A synchroscope is associated with
a) induction motors.
b) synchronous motors.
¢) induction generators.
d) synchronous generators.

225. How often is the turbine overspeed trip tested?
a) Weekly
b) Monthly
c) Yearly
d) Every time its put on line

226. Qil-contaminated condensate return is of the most serious concem in
the

a) open feedwater heater.
b) closed feedwater heater.
c) deaerator,

d) fuel oil heater.

227. An intercooler is used

a) between the stages of a reaction turbine.
b) on a two-stage air compressor.

c) on a cooling tower.

d) to cool condensale.

228. On a surface condenser,

a) cooling water flows through tubes jed by ext
steam.

b) exhaust steam flows through tubes ded by cooling
water.

¢) steam and water meet.
d) none of the above.

229. One horsep
a) walls.
b) calories.
c) joules.
d) kilowatts,

is clectrically equivalent to 746

230. A receiver in a compressed air system

a) stores lubricating oil.

b) stores compressed air.

¢) furnishes air to the compressor.
d) acts as & pressure relief.
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231. A synchroscope

a) measures voltage.

b) measures amperes.

€} hes g to system ph
d) measures turbine speed,

232. A row of impulse blades has ____ across the rotating blades.
a) a pressure drop
b) = pressure increase

c) no change in pressure
d) mnone of the above

233, If two similar centrifugal pumps are connected in a series, the resulting
output is
a) flow increase, conslant pressure.
b) flow decrease, constant pressure.
c) flow, [ i
d) flow, p !

234, If the field of a synchronous electric motor is overexcited, the result is

a) leading power factor.
b) lagging power factor.
¢) higher efficiency.
d) lower efficiency.

235. How much torque does a 3,600-rpm, 200-hp electric motor develop?

a) 292
b) 584
c) 94,536
d) 47,268

236. What is the most likely cause when a feedwater pump becomes vapor
bound?
a) Leaking packing
b) Vent left open
¢} Leaking suction line
d) Water too hot

237. How is the rotation reversed on & three-phase motor?

a) Reverse the ficld winding.

b) Reverse the armature winding.

c) Reverse both the field and armature windings.
d) Reverse any two power leads.
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238. How many watts does a 45-hp motor consume operating at 75%
efficiency?
2) 252
b) 448
c} 25200
d) 44,800

239. A circuit breaker serves the same function as a

a) meter.

b) resistor.
c) fuse,

d) solencid.

240. Electric current is measured in
a) ohms.
b) wvolts.
c) farads.
d) amperes.

241. What is the formula for finding the frequency of an alternator?

a) (pxrpm)/ 120
b) 120/ (p x rpm)
¢) (120xp)/rpm
d) 120x p x rpm

242, What is the formula for calculating the speed of a synchronous motor?

a) (pxHz/120
b)) (120xH/p
c) (120xp)/Hz
d) 120xpxHz

243. Which feedwater system is least efficient?

a) Electric centrifugal pump

b) Steam-driven centrifugal pump
¢) Electric reciprocating pump

d) Injector

244, If two similar centrifugal pumps where connected in parallel, there
would be

a) flow increase, constant pressure.
b) flow decrease, constant pressure.
c) flow, [ i
d) flow, p 4
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245. When starting, the correct way to put the least amount of strain on the
pump and the minimum load on an electric motor is to have

a) both suction and discharge valves closed.

b) both suction and discharge valves open.

¢) the suction valve open and the discharge valve closed.
d) the suction valve closed and the discharge valve open.

246. On a steam-driven boiler feed pump, which piping is larger?

a) Turbine steam inlet and pump discharge
b) Turbine steam inlet and pump suction

¢) Turbine steam ext and pump discharg
d) Turbine steam exhaust and pump suction

Sample Multiple Choice Questions 257



CHAPTER

THIRTEEN

Essay Questions

These essay questions are representative of those that will be found on different
boiler operator licensing examinations. Not all of the answers to the questions
will be found in the text, as it is impossible to cover all the material found on
the examinations.

1. A steam boiler without an izer or air prek ing at
100 psi and a stack temperature of 300°F, Is this mrrnal and wh)r"

2. Mame and explain the three forms of heat transfer.

3. A boiler comes with a guarantee of 80% efficiency. What does this
mean?

4.  Define specific heat, specific volume, and specific gravity.

5. How many Btu are required to raise 25 Ib of water 15°F?

6. A boiler with an efficiency rating of 70% delivers 50,000 Ib/hr of

saturated steam at 1,190 Btwlb. The feedwater temperature is 172°F,
How many pounds of 12,000 Brw/lb coal must be bummed per hour?

7. A pipeline needs to supply steam at 10,000 Ib/hr with a velocity of
5,000 ftrrmn The specific volume of the steam is 2.5 fi¥/Ib. What is
the requi ini inside di (id) pipe size?

8. A steam boiler with an efficiency of 80% weighs 1,000 1b and con-
tains 500 1b of water. How many cubic feet of natural gas (1,000
Buw/ft?) are needed to raise the temperature of the boiler and water
from 50° to 210°F? (The specific heat of steel is 0.11 Btw/l1b-°F)

9. Convent 75°F to Celsius. Show your work.

10. Define absol I and absolute p Give numerical
values.

11. What is the factor of evaporation? Show the formula.
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35

36.

3

38.

39,

41.

42.

43.

45.

47.

48,

49.

50.
51.

52.

A boiler delivers 80,000 Ib/hr of 150 psi saturated steam at 1,195 Bt/
Ib, The feedwater temperature is 210°F, How many therms of natural
gas must be burned in a boiler with 75% efficiency?

What is the heating surface of a sectional header boiler with 204 four-
inch tubes (0.135-inch wall) that are 20 ft long?

What is the factor of evaporation of & boiler producing 100 psi steam
and supplied with 200°F feedwater?

What is the difference between the way tubes are installed in the drum
of a water-tube boiler and the way they are installed in a tube sheet of
a fire-tube boiler? Explain why difference is necessary.

Why can boiler tubes be thinner than the drum or shell?

List the three types of fumaces that can be installed in a Scotch
Marine beiler. Describe two in detail.

Name two types of Scotch Marine boilers. How are they different and
how are they similar? List the ad and disadvantages of each.

A boiler generates 100,000 1b of steam per hour with a factor of
evaporation of 1.04. What is its horsepower?

How far above the lowest permissible water level is the bottom of the
gauge glass in a fire-tube boiler and a water-tube boiler?

What are cyclone separators and where are they found?

A 72-inch diameter boiler drum is 1/2-inch thick and has an ultimate
tensile strength of 65,000 psi. With a factor of safety of 6, and a joint
efficiency of 85%, what is the MAWP?

A 4-ft boiler drum is made of 1-1/4-inch plate with a tensile strength
of 45,000 psi. With a joint efficiency of 80%, what is the bursting
pressure?

Find the required thickness of a drum operating at 300 psi that is 40
inches in diameter with metal tensile strength of 55,000 psi, a factor of
safety of 5, and a joint efficiency of 80%.

Name the three types of superheaters — the one in which the steam
temperature increases with the firing rate, the one in which steam
temperature decreases with the firing rate, and the one in which the
sieam temp i

A 50-ft long steel pipe at 30°F is going to transport steam at 370°F
How much will this pipe expand?

What is a hydrostatic test? When is it usually done? How is it done?
Which system would you expect to last longer — one that is on line
for long periods or one that is started daily? Why?

Give the ad and disad of water wall fumaces.
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53,

54,

55.

56.

57.

58.
59.

61.

62.

63.

Why are water-tube boilers preferred to fire-tube boilers in power
plants?

What is the longitudinal and ci fe ial stress on a pressure vessel
172 inch thick, 40 inches in diameter, 15 ft long, at 200 psi?
lfabmlueqmppedmlhasnpcrhu&:rwuupm:hngatasmdy
firing rate and the of the feed went up 10°F, what

would happen to the superheat temperature?
Name at least two places where steam separators are found.

What valves would you close and what safety procedures would you
follow before entering a boiler’s water side for inspection or repair?
Why are the tubes in a fire-tube boiler beaded over?

A boiler produces 835,052 Ib of steam per hour and consumes 56,505
Ib of 15,000 Bru/lb fuel. The operating pressure is 135 psi, and the
feedwater temperature is 225°F. What is the efficiency of this boiler?
Find the heating surface of an HRT boiler that is 78 inches in diameter
and 20 ft long. The boiler contains 80 four-inch tubes bricked 1/3 of
the distance from the top.

Name three ways to determine if the safety valve capacity on a boiler
is adequate. Describe one in detail.

‘When is the best time to bottom blow a boiler during a 24-hour
period?

Describe how low-water cutoffs are tested on a steam boiler.

64, On a boiler equipped with a supert which safety valve should lift

first, and why?

65. Explain the differences among single-el two-el and three-

66. Name three types of single-el feed 1 and descrit

67.

69.

70.

1.
72.
73

one in detail.

Describe in detail the proper way to replace a broken gauge glass on
an operating boiler.

. What is a nonreturn valve? Where and why is it used?

A steam pressure gauge is located 25 fi below the steam line. What
would be the error? How would you comect the error?

‘What does the term blowback mean when referring to safety valves?
What are the blowback requirements?

Name two types of low-water cutoffs.
Name an advantage and a disadvantage of nonrising stem valves.
‘Why are most handholes and manholes oval instead of round?
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9.
100.

101.

112.
13,
114,
115.

116.
117.

‘What is an economizer? Where is it located?
What is balanced draft? How is it produced?
Name two classes of air heaters. Give an example of each.

A pound of coal contains 19,200 Btu. How many foot-pounds of work
can it produce if all its energy is converted to work?

The heating value of fuel primarily depends on what two elements?
Will the carbon dioxide content in flue gas be higher or lower when
switching from coal to oil? Will natural gas or coal produce a higher
carbon dioxide reading?

A sample of fuel oil has a specific gravity of 0.873. What is its
approximate heating value in Bu/1b?

If the results of a flue gas analysis showed 17.4% carbon dioxide,
1.6% carbon monoxide, 79.4% nitrogen, and 3.2% oxygen, what is the
percentage of excess air?

. Explain how the flash point of oil is related to safety.
. Name three ways that a fan’s output can be controlled. Which is the

most efficient method?
What are the three “T's” of combustion? Explain their significance.

. Why would a stack with a larger diameter be proposed? One with

greater height?
In refe e to ulti lyses, what does NO CASH stand for?

. What are the advantages of pulverized coal firing compared to stoker

firing?

What are the advantages of stoker firing compared to hand firing?
Name and explain three methods of providing for expansion and
contraction in steam pipes.

A 25-ft steam line in a building with a temperature of 70°F is going to
carry steam at 450°F. How much will it expand?

Name three classes of steam traps. Describe one in detail.

How does water hammer cause damage?

Name two methods for testing the operation of a steam trap.

What velocity can be expecled when 60,000 Ib/hr 150 psi steam at
3.015 f*b is transported in an B-inch pipe?

Where is the best place to remove water from steam headers?

What size pipe is required to transport 20,000 Ib/hr of 200 psi steam
at 2.13 fA¥1b? Design for a velocity of 10,000 feet per minute. What
would happen if the pipe were too small or too large?
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118, What is an open feedwater heater? Where is it located?

119. What is a closed heater? Where is it located?

120. What is the difference between sodium sulfate and sodium sulfite?
121. What is caustic embrittlement? What causes it?

122. What are the three functions of a deaerator?

123. Name five tests used by stationary engineers to analyze boiler water.
124. List two causes of ruptured tubes. How are these causes prevented?
125. What causes pitting in a boiler? What is done to prevent it?

126. Define the following and r“ their cause, and treat-
ment: scale, carryover, priming, caustic embmulemem. foaming, corro-
sion.

127. Desmbe the path of air through a two-stage air compressor with an
ler and an afl ler. Describe the function of each compo-

nent.

128. menymmfwlofﬁeempcrhwhoompwmedbyldouble-
scting cross linder 14-inch

high-p .,"’Slnch seter, stroke 16-inch, at 55

pm?

129. What is the difference between single-acting and double-acting com-
pressors? Does one have any advantage over the other?

130. What does an intercooler do, where is it located, and what is the
advantage of using one?

‘What does an aftercooler do, where is it located, and what is the
advantage of using one?

132. If the discharge pressure of a two-stage compressor were reduced from
100 to 90 psi, what would happen to the intercooler pressure?

133. What is the function of an atmospheric relief valve? Where is it
located?

134, What are thrust bearings and where are they found?
135. What are shrouds? Where are they found?

136. What would be the deciding factor in determining whether to install &
surface or jet condenser?

137. What is the purpose of a condenser?

138. There are two ways a boiler can explode. Name them, and explain
how they happen and how they are prevented.

139. A turbine using 200 psia, 400°F steam at 1,210.3 Bru/lb exhausts at 2
psia saturated steam at 1,116.2 Brwlb. What is its thermal efficiency?
Water at 2 psia contains 94 Bru/lb.

131.
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140.
141.
142,

143,
144,

145,
lde.
147,
148,
149,

150,

151,
152,
153,

1aA,

What is the steam rate of a 5,000 kW turbo-generator that steam
at 60,000 Ibhr?

Is there any advantage to bleeding steam from a turbine fo Iwater
heating?

‘Why do turbine plants install water-tube boilers instead of ube
boilers?

How may the be i 1ina d ?

Is it more economical to exhaust a turbine against 2 28 in. 1 racuum
or to a process heater?

How much enthalpy is lost if 1,096 Buwlb stcam enters a twt ¢
condenser at B0°F?

What is the voltage on a 3,600 kW dc generator that is prodi ng 250
amps?

‘What is the capacity in kW of a dc generator putting out 50 1 lts at
170 amps?

A 250 volt, 2,500 kW generator produces how many amps at . Wl
Cutput?

What is the torque on a 75,000 kW generator running at 3,600 rpm?

A turbine is operating at 3,600 kW with a water rate of 12 I/kW.
How much boiler horsepower is required to supply this turbine with
steam if the feedwater temperature is 197°F?

What is the advantage of using superheated steam to operate a turbine?
Describe two reasons that would cause a steam turbine to overspeed.
What is the purpose of a thrust bearing on a rurbine?

+ What is a steam separator and where is it located in steam plants?

What horsepower is required to drive an 8,000-kVA generator with a
puwer factor of 0.91 and a generator efficiency of 87%?

Dues an impulse or reaction turbine produce the most axial thrust?

- What is meant by the water rate of a turbine? What is meant by the

heat rate of a plant?
Why is it an advantage to build a ing plant by a large body of

Waler?

- Why Jo larger turbines run slower than small ones?
- Why is it desirable for a steam engine or turbine to exhaust mto a

s ium?

W hat is more economical, 10 run auxiliary machinery with electric
taols o back-p steam turbines? Explai
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162. A plant has a heat rate of 12,000 Bu/kWh. What is its efficiency?

163. A plant has a heat rate of 10,000 Bru/hp, What is its efficiency?

164. A 600 psi, 25,000 kW turbine has a water rate of 18 Ib/kW. The
condenser uses 3,250 gpm of circulating water with a 10°F temperature
increase. How many Biu are carried out to the river?

165. What limits the amount of superheat supplied to a turbine?

166. What does 10 x 8 x 12 mean on the nameplate of a steam pump?

167. Name the three pumps required to operate a surface condenser.

168. In a typical power plant, what percentage of heat does the generator
get?

169. What is a crosshead on an air compressor?

170. What is the function of an unloader on a recig ing
Why is it used on larger machines? How does it work?

171. What is a Kingsbury bearing and where is it used?

172. A 10,000-kW turbine operates at 250 psi with a 28-inch vacuum and a
water rate of 9 Ib/kW. What would be the capacity of the feedwater

pump? Estimate the coal consumption rate, What is the plant's effi-
ciency?

173. Three 1,500-kW generators are operating in parallel supplying a load
of 3,500 kW. What happens if one generator trips off line? What must
the engineer do?

174. Name the three factors that affect a turbine plant's efficiency. What are
their limitations?

175. A 5,000-kW turbine operates with a water rate of 12 Ib/kW and a
condensate temperature at 100°F. How much 65°F cooling water per
hour is required if the discharge cooling water temperature is 76°F?
What sme circulating water pump should the condenser have? What
size pump is required? Assume an exh of 1,104 Bru/lb.

176. Name at least four types of electrical meters and their function.

177. A specification sheet states that a piece of equipment is driven by an
electric motor through a 3:1 speed reducer. Is the motor's torque
output higher or lower than the speed reducer’s output?

178. Explain why a cond pump, a pump, and a circulating
wmrpumpmmqmmdamhmesfmasmfmcondmm

179. What is the purpose of a sentinel valve?
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180. The following conditions are given for a particular steam plant:

Steam to turbine: P00 psia; BS0°F; 1,424 Btu/lb
Stearn exhoust; 29 in. Hg; 1,096 Biu/lb
Condensale: B0°F; 48 Btu/lb

Generotor rating: 10,000 kW

Cireulating woter inlet: 70°F
Circulating water outlet:  B5°F

Find the generator’s work in Btuh, the turbine’s cycle efficiency, the
steam rate, and the circulating water requirement in gallons per minute.

181. A pump is discharging 50 gpm against a head of 300 ft. What horse-
power is required if friction losses are neglected?

182. A centrifugal pump raises 100 gpm of water to an open tank 50 ft
above the pump. Assuming an overall efficiency of 50%, what is lhe.
required motor horsepower? How many kil does this reg

183, What is the torgue of a 200-hp motor tumning at 1,725 rpm?

184, What is the shaft horsepower and torque of a pump at 1,735 rpm, 150
ft head, 10 psi suction pressure, 6,000 gph flow, and 80% efficiency?

185. Find the water | P , pump hor , and kil ired
to drive a 75%-efficient pump and a 95%-efficient motor. T‘hcy pump
30,000 gpm of river water against 10 ft of head with 10 ft of suction
lift.

186. How many cubic inches in a gallon of water? In a gallon of No. 2
fuel oil?

187. How many gallons of water can fit in a 12-ft diameter tank 18 fi
long? What is the weight of the water?

188. What is the purpose of a I
189, Name two functions of an injector.

lona

iprocating pump?

190. What are maintenance problems of injectors?

191. How many gallons per minute will the feed pump have to supply to a
1,000-bhp boiler with 5% blowdown?

192, How much horsepower is required on a shaft tuming at 2,000 rpm
with 525.2 Ib-ft of torque?

193. What are the results of cavitation?
194. What causes cavitation?

195. How is it possible for a reciprocating, steam-driven feedwater pump to
supply a boiler with feedwater when the pump and boiler have the
same steam pressure?
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196. Why are boiler feed pumps located below the deacrator?

197. How many gallons per minute does a 10 x 12 duplex pump operating
at 100 rpm produce?

198. What are the revolutions per minute of a 6-pole motor at 60 Hz?

199, Explain how impellers in a multistage pump build up pressure.

200. How much horsepower is required for a 75% efficient pump to transfer
30,000 gpm of water from a sump 10 ft below the suction to a tank
10 ft above the discharge?

201. How much horsepower is required for a 78%-efficient pump to deliver
1,000 gph against a 120-ft head?

What purpose does packing scrve in a pump?

Explain the formula: W=AxV

04, What does 2,545 Btuh represent?

What is the horsepower equivalent of one kilowatt?

Why are the stators of a generator made of steel laminations?

What is the purpose of a motor starter?

Name two advantages of ac over de.

Can two 60-Hz, three-phase be hronized if they operat
at different speeds?

10. Explain power factor. How is it calculated?

11. A pump located in the of a building shows a p of 100
psi. What would be the pressure at the tenth floor if it is 100 ft above
the pump?
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CHAPTER

FIFTEEN

Essay Answers

1.  This is not normal, because 100 psi steam is about 337°F. Even the best
boilers operating at peak efficiency have flue gas temperatures of at least
S50°F above the steam temperature.

2. The three forms of heat transfer are radiati duction, and i
Radiation does not require a transmission medium; that is, it travels
through a vacuum and through a gas, like air. The most common example
of radiation is the heat we feel from the sun. Conduction is the transfer of
heat from a warm molecule to a cooler one. Some materials conduct heat
better than others. For example, gases and vapors are poor conductors,
liquids are better, and metals are best. Convection heat transfer takes place
by movement of the heated material itself. In a heated room, warm air
rises and the cold air circulates down to a lower level. In a boiler, the hot
water rises and the cold water circulates to the bottom,

3. The B0% efficiency rate means that for every 100 Btu of fuel that go into
the boiler, at least 80 of those Btu will end up in the stecam instead of
going up the stack.

4. Spmﬁc heat is the nurnber of Bru required to raise one pound of a
onc degrec F heit. The specific heat of water is one. Spe-
cific volume is the volume occupied by one pound of a substance under
specified conditions of temperature and pressure. Specific gravity is the
ratio of weight between any volume of a substance and the weight of an
equal volume of water.

5. The amount required to raise 25 Ib of water 15°F is as follows:

25 |b x 15°F x Bruflb-"F = 375 By
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To find how many pounds of 12,000 Bru/lb coal must be burned per hour,
first subtract the heat content of the feedwater from the steam:

1,190 Br/lb - (172 - 32°F) = 1,050 Br/lb

Then divide the heat output of the steam by the heat content of the fuel
and by the efficiency of the boiler to find the answer:

50,000 Ib/br x 1,050 Bru/lb

- I
12,000 By x 07~ 0250 Basa/hr

To find the required mini inside di pipe size, first find the area
of the pipe (be sure to use the proper conversions to find the area of the
pipe in inches):

_ Quolity (/he) x 144 in?/?
Valocity (f/min} x 40 min/hr

- 10,000 lb/he x 2.5 Wb = 144 in?/i°
5,000 #/min x 60 min/hr

A =12 in?

Then find the inside diameter (A = 0.7854d%):

A Lle ]
= 2_}= i) =
d (u.?asd 115.28 in?) 39 in.
Specify a 4-inch pipe.

The amount of heat required to raise the temperature of 1,000 Ib of steel
160°F is:
0.11 Btu/lb-"F x (210° - 50°F) x 1,000 b = 17,400 B

The amount of heat required to raise 500 Ib of water 160°F is:

1.0 Btw/lb-*F x (210" - 50°F) » 500 lb = 80,000 Bty

Add these two amounts together to obtain 97,600 Btu (17,600 Bru +
80,000 Btu). Now calculate how many cubic feet of natural gas are re-
quired to supply 97,600 B at 0% efficiency:

97,000 B

7,000 B <08 - 225 W
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To convert 75°F to Celsius:
*C = 5/9 x['F - 32) = 5/% x (75" - 32°F) = 23.89°C

Absolut is d from absolute zero and uses the Rankine
scale. Ahsoluw zero, or 0° Rankine, is equal to -460°F, which is the
temperature at which all molecular motion ceases. Zero absolute pressure
(0 psia) is a perfect Absolute p is gauge p {psi or
psig) plus atmospheric pressure. At sea Ievel where gauge pressure equals
zero, absolute pressure is 14.7 psia.

The factor of evaporation is the heat supplied by the fuel divided by 970.3
Btuﬂb Because we need only heat supplied by the fuel, the heat from
d must be sub

Etu/lb, - Bru/l
970.3 Bru/lb

The amount of heat in one pound of f 1 by
subtracting 32 from its temp (R ber, the definition of a Btu is
the amount of heat required to raise one pound of water one degree
Fahrenheit.):

B/ bysrs - [Fiassune - 32)
970.3 Btu/lb

Dry steam is steam that containg no moisture — it is 100% vapor. Wet
steam is a mixture of vepor and liquid. This mixture can vary from 99%

which is idered very wet steam, to 1% moisture, which is
almost dry steam. Superheated steam is steam elevated above its saturated
temperature. It is produced by adding heat to steam after it has left the
steam drum. The temp above its d temp is called
degrees superheat, Superheated steam is always dry.

Steam tables tabulate properties of water, including the following:

Enthalpy (h) in Bru/lb

Entropy (s) in Btw/1b-°F

Specific volume (v) in fi*/b

Temperature (1) in °F

Pressure (p) in psia

Saturated steam tables show beth p and Enthal,
entropy, and specific volume are broken down into their saturated llqu!d
and saturated vapor states. In addition, enthalpy and entropy have a col-
umn showing the difference between the saturated liquid and vapor states.
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14, For a given capacity, a fire-tube boiler contains more water than a water-
tube boiler. As the steam pressure drops in either boiler, some saturated
liquid is going to flash into steam, which stabilizes pressure. Since the
fire-tube design contains more water, pressure is more stable,

15. A British thermal unit is the amount of heat required to raise one pound
of water one degree Fahrenheit.

16. The factor of evaporation is the heat supplied by the fuel divided by 970.3
Brw/lb:

1,198.7 Bo/lb - (190° - 32°F)
T 9703 BB

17. To convert 68°C:

= 1.07

* -(; x 68°C ) + 32 = 154.4°F

18. The equation that converts Celsius to Fahrenheit is:

°F -(;: ‘C) + 32

19. To find the horsepower of this boiler, first find the factor of evaporation.
Since the Bru content of 85 psi steam is not given, assume 1,180 Btw/lb.
State your assumption. The factor of evaporation is the heat supplied by
the fuel divided by 970.3 Bru/flb:

Btufbgues - B iy 1,180 Buflh - (210° - 32°R) _ o
970.3 Blu/b 970.3 Bru/lb ’

Ib/hr )
hp = m x Facter of evaporation

. 45,000 lo/he
345 hp/ib.he

20. Define the following in Btu:

hp x 1.03 = 1,343.45 hp

1 engine horsepower = 2,545 Btu

1 boiler horsepower = 33,475 Btu

1 kWh = 3,413 B

778 fi-lb = 1 Bt

1 Ib of water evaporated from and at 212°F = 970.3 B

21. Natural draft is caused by the difference in weight between a column of
bot flue gas inside a chimney and the cold air outside the chimney. Forced
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draft is produced by a fan forcing air into a furnace. Induced draft is
produced by a fan drawing flue gas from the boiler and into the stack.
Balanced draft is produced by a forced draft fan pushing air into the
boiler and an induced draft fan pulling flue gas out of the boiler. The fans
are regulated so the fumnace pressure is approximately atmospheric pres-
sure.

Tubes measure up to and include four inches and are measured by their
inside diameter. Flues are over four inches in diameter and are measured
by their outside diameter.

Ducts and breachings are both conduits that the various picces of
aqmpmml in the gas loop. Ducts provides a p for bustion air,
while a breaching provides a p for flue gas. A breaching connects a

boiler to the xtzch

A boiler horsepower is the amount of heat required to evaporate 34.5 Ib of
waler from and at 212°F. A boiler horsepower equals 33,475 Btu. Engine

or shaft hor equals 33,000 fi-lb/min or 550 fi-Ib/sec. Tt
is eq-uwnlem to 2,545 Buu'hp-hr A kilowatt hour is the production or
consumption of 1| kW over a period of one hour. It is equivalent to 1.34
hp or 3,413 Btw/kWh.

The most 1 boiler condition is low water. Water is
needed to allow rapid heal transfer through the metal. If the heat from
flame or hot flue gases is not absorbed quickly enough, the boiler metal
overheats, weakens, then fails under pressure. Boiler metal exposed on one
side to heat must have watl:.runﬂle other side to rapidly absorb the heat.
Furnace expl are another dition, They are caused by
an accumulation of unb d fuel. It's i P wpu:gethcboﬂaof
unburned fuel b:flm: initial start-up. Poor water treatment is another

| b it causes scale, which results in ruptured
tubes. Scale is an insulator that slows the heat transfer through the metal.
The slower the heat transfer, the hotter and the weaker it becomes. Eventu-
ally the tube ruptures.

If tubes are covered with soot on their fire side, the heat transfer from the
hot flue gases to the boiler metal is slowed. As a result, less heat is
ransferred to the water, and more heat goes up the stack. This loss of heat
is reflected by a higher than normal stack temperature. If wubes are covered
by scale on their water side, heat transfer is also slowed. This not only
reduces efficiency, but also i the metal p If the metal
temperature gets too hot, tube failure results. The air-fuel ratio is another
efficiency factor that must be maintained. If there isn't enough air, un-
burned fuel goes up the stack. (This also results in smoke.) Too much air
and the flame temperature will be lower and heat will be carried out the
stack instead of being absorbed by the water.
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Most boiler wbe failure is due to overheating. A low water condition does
oot allow for rapid heat transfer through the tube metal. Then the metal
overheats, weakens, and fails. Scale on the water side also slows heat
wamsfer, with the same results. The flame directly striking the tubes, or
fiame impingement, puts a lot of heat in a very small area. This condition
causes overheating even with clean tubes and good water circulation.
Besides overhealing, tubes fail from ion. Pitting is if
oxygen is not d from the The classic symptom of oxy-
gea attack is deep pits. Caustic embrittlement is another form of corrosion.
It is found where the tubes have been stressed by overrolling and when
the water chemistry is incorrect.

A dry pipe is a device that separntes water from steam before the steam
leaves the boiler. Dry pipes are located in the steam space of a boiler.

Dizgonal stays are located in the steam space of fire-tube boilers. They
consist of steel rods, one end connected to the top of the boiler shell, the
other 1o the tube sheet above the top row of tubes. Their purpose is to
prevent the top portion of the tube sheet from bulging out from the inte-
nor pressure of the boiler.

The minimum range of a boiler pressure gauge is 1-1/2 times the boiler's
maximum allowable working pressure (MAWP). It is considered good
operating practice to have a range of twice the MAWP. Gauges are most
accurate when operating in the mid-range. Also, even from a distance, just
noticing that the needle is vertical means that the correct pressure is being
maintained, A siphon is used to prevent steam from entering and causing
damage to the pressure gauge. When a siphon is first placed in service it
is filled with steam. However, the quickly condensing steam and the shape
of the siphon place a protective slug of water between the gauge and the
live steam.

Steam is on the inside of superheater tubes.

To get a boiler ready for inspection, the boiler must be open, cool, and
clean. The water side should be free of scale with no obvious damage 1o
tubes and furnace. The fire side should also be clean, with all refractory in
good comiluon lf anyone must enter the boiler, make sure all steam,

n, and chemi feedhnesuevalvedoff locked out,
andusgchhcumcgoesfaral]' ical are
particularly interested in the low-water cutoffs. If they are the float type,
the unit should be disassembled to check the condition of the float and 1o
make sure the body is free of scale. Have a new gasket ready for assem-
bly. If the cutoffs are the probe type, have the assembly withdrawn from
the boiler so the inspector can see that it is free of scale.

Toi increase Lhe cpcrnung pressure o]' a boiler, the boiler's design must be
i to determine that the unit
can safely operalc at the lngm pr:ssur: The boiler’s manufacturer will

280 The Boiler Operator's Exom Preparation Guide



35.

36.

In

38.

probably also be consulted. With the proper documentation, the request is
submitted 10 the proper state authority, usually through the insurance
inspector.

Every time a boiler is started and stopped, it expands and Since
this movement takes place at different rates within the boiler, the resulting
stresses take their toll on boiler components much quicker than if the
boiler were left on. Refractory is especially prone to early failure when
thermally cycled. Efficiency also suffers, because the heat required to bring
a boiler up to operating temperature is wasted every time the boiler is shut
down.

Subtract the heat content of the feedwater from the steam:

1195 Buflb - (2107 - 32°F) = 1,017 Brub

Then divide the heat output of the steam by the heat content of the fuel
and efficiency to find the answer:

80,000 b/he x 1,017 Bru/lb
100,000 Btuftherm x 0.75

A sectional header boiler is a water-tube boiler; therefore, the heating
surface is on the outside of the tube. The tube wall thickness in this
ion can be ignored. Heating surface is given in squarc feet:

= 1,0848

4 inches = 0.3333 #

0.3333 # x 20 Rube x & x 204 tubes = 4,269.97 ¥
Note : =314

‘The factor of evaporation is the heat added 1o the water in the boiler
divided by 970.3 Buw/lb, Since no heat value for 100 psi steam was given,
assume 1,190 Btw/b (state your assumption):

_ 1,190 Bu/lb - [200° - 32°F) _

v $70.3 Br/lb 05

Factor of

Tubes in both water-tube and fire-tube boilers are rolled or expanded. The
main difference is that the ends of the tubes in fire-tube boilers are beaded
back until they contact the tube sheet. This is to prevent the ends from
being burned off since they are exposed to hot flue gas.
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39. The MAWP eqnaﬂon explains why boiler tubes can be thinner than the

drum or shel
Mawp = ToxtxE
RxF5
where:

MAWP = maximum allowable working pressure in psi inside drum or shell
TS = tensile strength of plate, (psi - use 55,000 psi for steel)
t = thickness of plate (inches)
R = inside radius of drum or shell (inches)
FS = factor of safety {ultimate strength divided by allowable working

stress or bursting pressure divided by safe working pressure. It can

vary between four and seven depending on age, type of construc-
tion, and condition. Use five for most calculations.)
E = efficiency of the joint (for welded joints, use 100%)

Notice the radius is in the denominator. As radlus increases, the MAWP
decreases, 5o for the same MAWP, the smaller diameter tubes can be
thinner than the larger diameter drum or shell.

40. The three types ot‘ l"umaces that can be mstl.lled in a Scotch Marine boiler

are the plain , the Mi ,,..mdﬂ:c." or ring

reinforced type. In nome pplicati such as low-p boilers, a plain

circular furnace of sufficient thickness but without additional reinforce-

ment, is all that is required. Often a f; will use a commercially

available pipe made of approved steel. In high-p boilers, additional
support is required to prevent the furnace from being crushed by the
pressure. Most modem boilers have Morison-type construction — the
furnace is corrugated for additional support. An older design is the

Adamson or ring reinforced type, in which rings are welded to the outside

of the furnace 1o obtain extra resistance to crushing.

41. The two types of Scotch Marine boilers are dry-back and wet-back. Both
consist of an outer cylindrical shell, front and rear tube sheets, a furnace,

and tubes running the length of the shell. The tubes are connected to each
tube sheet. The difference between the two is how the rear of the fumace

is constructed. The rear of a dry-back is refractory lined; while a water-

cooled jacket is installed i in I.he rear of a wet-back. Dry-backs are easier to

and less

p

of their simpler design. However, the

rear refractory is 8 maintenance item, and if the baffle fails, flue gas short

circuits to the stack and boiler efficiency decreases. Wet-backs are more
expensive to make, but beceuse the water jacket is welded in place, the
flue gas cannot short circuit. There is no rear furnace refractory mainte-
nance, and the water jacket adds to the heating surface area.
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43,

45,

47.

The boiler horsepower is:
100,000 Ib,,./he x 1,04
bhe =15 1B g7 - bbp

The gauge glass is three inches above the lowest permissible water level in
a fire-tube boiler and two inches for a water-tube,

= 3,014.5 bhp

Cyclone sep are used to sep water from steam so the steam is
dry before it goes to the superheater or enters the main. They are located
in the upper portion of steam drums in water-tube boilers.

First state the basic MAWP equation:

MAWP =13 xtxE
Rx F3

Then plug in the numbers:

65,000 psi x 0.5 in. x 0.85
3bin. x &

(Don"t forget to change diameter to radius.)

MAWP = = 127.9 psi

Use the basic MAWP equation again, but omit the factor of safety, or just
set it to one:

45,000 psi x 1.25 in. x 0.8

N I T T Tl e
Again, start with the basic equahon for MAWE, but this time it is neces-
sary to ge the eq the question asks for thickness:

L MAWP X RxFS 300 psix20in x5 _ en

TS x E 55,000 psi x 0.8D

The b i with an i d firing rate in a
convection type supcrhcal.cr and decr::ascs with an mcmased firing rate in
a radiant supert P super-

heat.

The pipe will expand as follows (remember, the coefficient of expansion is
ft/ft-°F):

50 ft x 0.0000065 #/8-°F x (370" - 30°F) = 0.1 #
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55.

A hydrostatic test determines if a pressure vessel is tight and leak-free. It
is done when a new bmler:splaced in mccwaﬁupressu:epambnve
been replaced or The p jure is to either gag the safety valves
(xremuvelbemmdc.luseoﬁl]lmop:nmgs Fill the boiler with warm
water (at least 70°F), making sure all air is vented. Then apply a test
pressure of 1.5 times the MAWP. If all appears well, reduce the pressure
to the MAWP and make a close visual inspection.

The system that is on for long periods would last longer than one that is
started daily. The daily thermal cycling of the various system paris greatly
reduces life expectancy.

The great advantage of water wall furnaces is that the radiant energy of

the flame can be utilized fully. This ability greatly increases a boiler's

efficiency. A disadvantage is that they are damaged quickly if they lose

wuu circulation, or il scale cuts down on their heat-transfer rate. Water
¥ has to be carefally

The reason why water-tube boilers are preferred to fire-tube boilers in
power phnts is because the practical upper limit for fire-tube boilers is
3&') psi and 30,000 llﬂu’ (though some are built Inrger) Central generating

plants have turbi igned for p g 2,700 psi, with
superheats up to 1, lDU"F and capaclues up to 7 million Ib/hr. Only water-
tube boilers can meet these requirements.

First, calculate the longitudinal, or girth, stress:

pd _ 200 Ibfin® x 40 in.
4 4:05

Then calculate the ci fe ial, or hoop, stress:

= 4,000 lb/in?

pd 200 Ib/in? x 40 in,
2t 2x05

Circumferential stress is always twice the longitudinal stress. Length does
not enter into this problem.

= 8,000 lb/in?

‘With additional heat added 1o the boiler, the ing rate would i
If there were additional flow through the superheater and a steady firing
rate, the superh P would d gardless if it were the

radiant or convection type.

Steam separators are found ahead of a steam engine and steam turbine, or
where moisture in steam is undesirable,

Before entering a boiler’s water side for inspection or repair, close the
following valves: main stop, nonretum, feedwater, bottomn blow, top blow
and chemical feed. Open the free blowing valve between the stop and
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nonreturn. Always follow OSHA regulations by chaining the valves closed
and tagging them. Then follow the OSHA confined-space procedure.

The tubes in a fire-tube boiler are beaded over so they will not be dam-
aged. If allowed to stick out in the path of the hot flue gas, they would be
burned off.

The efficiency of the boiler can be found as follows:

Output

Input

Assume that 135 psi steam is 1,194 Brw/lb. State your assumption.

Efficiency =

_ 835,052 lb/hr x [1,194 Bru/lb - (225 . 32°F)]

78%
56,505 Ib/hr x 19,000 Biu/lo -

Efficiancy

Before starting the calculation, check the units of measure. Since the
heating surface is in square feet, change all the units to feet:

Shell = 78 inches = 6.5 ht
Tubes = 4 inches = 0.333 #

Then find the shell and tube area:
Shell orec = 3.14 x 6.5 fx 20 h x 2/3 = 272 f*

Note: The 2/3 reflects the fact that only the bottom 2/3 of the shell is a
heating surface.

Tube crea = B0 tubes x 3.14 x 0.333 # x 20 RAvbe = 1,673 #2
Tube sheat area = 2 sheots x 0.7854 x (4.5 B2 x 2/3 = 44 12

Since there is a tube sheet at each end, be sure to include both.

Note: Again, 2/3 is used because only the bottom 23 of the tube sheet is a
heating surface.

Tube holes must now be subtracted from the tube sheet:

2 shests x 0.7854 x (0.333 H)? x 80 tubes = 14 I¥
The net tube sheet heating surface is 30 fi? (44 ft* - 14 fi%). Now add up
the areas of the shell, tube, and tube sheet:

272 # + 1,673 H + 30 H = 1,975 #F
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63.

One method is to use an accumulation test. During an accumulation test,
the steam discharge line is valved off and the boiler is brought up to high
fire. ﬂwu{etyvalmshouldnmletumpmssmm&%ofun
(MAWP). This method cannot be
uledmbalersequ.lppedmdlsupwhum

A second method is to the i amount of fuel that can be
burned and compute the steam outpul based on the heating value of the
fuel. Use the following equation to find the approximate amount of steam
generated:

CxHx075
1,100

W=

where:
w

= steam generated (Tb/hr)
= fuel burned (Ib/hr or ft'/hr}
= heating value of fuel (Biwlb or Bru/ft®)
.75 = assumed boiler efficiency
,100 = assumed heat content (Btw/lb)

A third method is to measure the amount of feedwater used by the boiler
at high fire. The sum of the safety valve capacities marked on the valves
shall be equal to or greater than the maximum steaming capacity of the
boiler.

The best time to bottom blow a boiler is during low load and maximum
operating pressure.

Most fire-tube boilers have float-type cutoffs equipped with blowdowns.
To test the cutoff, blow down the float chamber. The fuel valve should wip
closed. If the boiler is supplying a critical load, then the cutoff can be
lested using a spring-loaded bypass switch. This switch supplies power o
the fuel valve and keeps it open despite what the low-water cutoff is
doing. The operator manually depresses the switch while blowing down
the float chamber. There is an indicating light that tells the operator that
the switch worked. When the test is over, the swilch is released. A more
accurate way is to secure the feedwater entering the boiler. This simulates
an actual low-water condition. When the fuel valve shuts off, the water
level is restored and the boiler is restarted. The operator should never
leave the boiler when this test is in progress. These procedures apply to all
types of boilers,

. On a boiler equipped with a superheater, the superheater safety valves

should lift before any of the drum safety valves. Superheaters depend on
steam flowing through them to avoid overheating, Steam is diverted from
the superheaters when a drum safety opens. This loss of steam flow
through the superheaters can be damaging.
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65. A single-el 1 1s the feed 1 by water level

only, The feed lator is lled by the steam flow with a rwo-
element rtgulal.ur wn.h the water level input making the final adjustment.
A th the steam flow, water flow, and water

level. The control system adjusts the water flow to match the steam flow.
The water level input makes up for any miscalibration.

Thme types of .m.,... ] feed if are the ,ﬂ'oat ou—qﬁ'wg
the th (g h lator, and the

Copes) lator. The float t type is very simple; as the water
level dmps. a float activates a switch that starts a feedwater pump. When
the level is back to normal, the float opens the switch and shuts off the
feedwater pump.

The thermohydraulic regul ists of two ic tubes. The inner
tube is connected to the steam drum like a water column. The water Jevel
in the inner tube follows the drum level. The outer tube is a closed,
liquid-filled container with a copper tube connecting it to the metal bel-
lows of the regulating valve. As the water level decreases in the drum, and
thus in the inner tube, the tube contains more steam. This transfers more
heat to the outer tube and causes the outer tube’s liquid to expand. This
pressure is transmitted to the regulating valve's bellows via the
copper tube, which in tum causes the regulating valve to open more, thus
increasing water flow to the boiler, When the water level increases, the
regulating valve closes, which in tum decreases water flow into the boiler.

The thermostatic expansion tube or Copes regul: on
steam releasing more heat than water does. It oonstsl.s of a hollow expan-
sion tube placed at the steam drum water level. The top of the expansion
tube is connected to the steam space, and the bottom is connected to the
water space. Like a gauge glass, the water level in the expansion tube is
allowed to rise and fall. The bottom of the tube is anchored, and the top is
allowed to move as it expands and contracts. A bell crank lever attached
to the top of the expansion tube amplifies the small expansions and
contractions into useful . This hrough a series of
levers and linkages, opens the clcs:s the fcedwmcr valve. As the water
level in the boiler drops, the axp:msmn luhe is filled with more steam. The
tube expands as it absorbs the i ilable heat from the steam.
The feedwater control valve then opens more through the series of levers
and linkages. Conversely, as the water level drops and the tube is filled
with less steam, the tube contracts and starts to close the feedwater control
valve,
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70.

The following procedure is ded for changing a gauge glass:

Warning: Always wear a face shield, safety goggles, and gloves when
working with a pressurized gauge glass.

1) Close top and bottom valves. Open the drain.

2) Remove the gauge glass nuts.

3) Discard the old glass, but save the flat brass packing washers,
if nsed.

4) Obtain or cut to length a new glass — there should be 1/4-
inch play when the glass is replaced to allow for expansion.

5) Slide the nuts and flat brass packing washers back on the new
glass.

6) Center glass between the valves and take up on the nuts until
hand tight, then add a 1/4 wn with a wrench.

7) Crack open the steam (top) valve to allow the glass to warm
slowly and evenly.

8) When warm, open the steam and water valves completely.

9) Close the blowdown valve.

The glass is now back in service. Tt is imponant to follow steps 7 through
9 in proper sequence to minimize the chance of breaking the glass when
putting it back in service. Although the glass is strong, it can break if
subjected to thermal shock. With the blowdown valve open, just cracking
open the top valve allows steam through the glass to evenly warm it up.
‘When hot boiler water hits a cold glass, it breaks.

A nonretum valve functions as a check valve when the stem is in the open
position and as a stop valve when the stem is in the closed position. The
nonreturn steam valve is located closest to the boiler. When the stem is in
the open position, it opens ically and allows steam to flow when
the boiler’s pressure approaches the header p It closes ically
when the boiler’s pressure falls below the header pressure.

The error would be calculated as follows:

25 frx 0433 psiftt = 10.825 psi
The error can be comected by retarding the gauge's pointer by 10.825 psi.

In safety valves, blowback or blowdown is the difference between the
popping and closing p of a safety valve. The blowback pressure
should not be more than 4% of the set pressure, but not less than 2 psi in
any case. For safety valves at pressures between 100 and 300 psi, the
blowback should not be less than 2% of the set pressure,
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7.

The two types of low-water cutoffs are the float type and the probe type.
The float type is a buoyant float that is d to a switch. As the
water level rises and falls, the swilch is opened or closed. In the probe
type, probes of varying lengths are inserted vertically into the boiler so
their ends are at the normal water level. Boiler water conducts electricity.
As the probes are covered and uncovered by the water level, a control
circuit opens and closes a switch accordingly.

The main advantage of nonrising stem valves is that no provision has to
be made to date the space required for a rising stem. These are
the valves of choice for underground valves such as fire hydrants and
other valves operated by reach rods. Also, the stem threads are not ex-
pmed to dirty and corrosive ltmospllgr:s The chief disadvantage is that it
is impossible to tell if the valve is opened or closed by just looking at the
stem. Another dmdvanulge is that the valve threads can be damaged if the
liquid is corrosive.

Handhole and manhole covers are larger than their openings and are held
against their seat by the intemal pressure of the pressure vessel. If they
were round, there would be no way to get them through the opening.
Therefore, the covers are oval so that with maneuvering, they can be
passed through the opening.

Steam gauges are usually protected against excessive temperatures by
flooding the gauge with water, thereby preventing steam from entering.
The steam siphon (or pigtail) provides such protection. When first put in
service, steam enters the gauge and siphon. Since the gauge and siphon are
not insulated, the steam quickly condenses into water. This column of
water forms a barrier from the steam due to its configuration. Another way
is to pipe the gauge connections below the steam connection. Any conden-
sate in the piping below the steam connection will have no place to drain
and will serve as a barrier against the steam.

‘The 50 psi boiler’s safety valve will be larger than the 100 psi boiler’s
valve. The steam tables show that 50 psi steam has a larger specific
volume than 100 psi steam. Because 50 psi steam takes up more volume,
the safety valve requires more ional area. Therefore, it must be
physically larger.

To find out whether the top or bottom of a gauge glass is plugged, close
the top and bottom gauge glass. Open the drain and bottom valve and
check for water flow. If it is fine, then open the drain and top valve and
check for steam flow.

If the water in the gauge glass suddenly disappears, first use the try cocks

to check the water level in the water column, then blowdown the glass and
column. If there is still no indication of waler in the gauge glass or bottom
try cock, close the fuel supply valve. Do not add water to the boiler for
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fear of the water flashing into steam and causing an explosion. Perform an
internal inspection after the boiler cools down to determine that there is no
damage 1o the pressure parts.

Cross tees are used to facilitate the inspection and cleaning of the piping.
With & cross tee, the inside of each pipe is accessible by removing its
corresponding pipe plug. If regular elbows were used, the entire piping
system would have to be disassembled to gain access to the interior of the
pipes.

Only equipment that does not permit the ption of an app
amount of steam or water is allowed 1o be attached to the water column.
This includes gauge glasses, try cocks, pressure gauges, and feedwater
regulators.

A deadweight tester isa pmcmmn instrument used to calibrate pressure
gauges. Deadweigh 1 weights acting on a
given-sized plswn which floats when the liquid and weight pressure are
equal. When a gauge is attached to a deadweight tester, a small hand
pump is used to apply pressure. Weights are added until the piston floats.
The amount of weight is then compared against the gauge reading.

By raising or lowering the h}owbu:k or blowdown ring on a safety valve,
the amount of blowd is adjusted. Blowd is the difference between
POPPIng p and c]osmg Raising the ring increases

bl blowdown. If the blowd is too small,

g i
the valve wﬂl c!lalte!

It is not a good idea to put a stop valve between a safety valve and the
boiler, and it is against the law. The ASME Code states that there shall be
no valve between the boiler and sal'ﬂy valvc Th: safety valve is the last
line of def b you and If the valve needs
service, shut the boiler down.

When steaming, boiler water is in constant, turbulent, violent motion, If a
glass were attached directly to the boiler, the water would oscillate up and
down so rapidly I.'Im an accurate reading would be difficult at best. The

of a water coll ges out these wild
gyrations, pmwdmg a stable water level. This stable water level allows the
gauge glass and other devices to yield accurate readings.

The method of connection is spelled out in the ASME Code. The mini-
mum size pipe connecting the water column to the boiler must be 1 inch.
All connections must be readily accessible for internal inspection, includ-
ing a cross fitting at each right angle turn to permit inspection and clean-
ing in both directions. The water column drain must be at least 3/4-inch
pipe size. If valves are used, they must be OS&Y gate or stopcocks that
can be locked or sealed in the open position, With fire-tube boilers, the
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gauge glass connected to the column must be at least three inches above
the highest point of the tubes, flues, or crown sheet. For water-tube
boilers, this dimension is two inches.
Steam pressure gauges are connected to the steam space, the water column,
or its steam Steel or ht-iron pipe used for the connection
should have an inside diameter of at least 1/2 inch. For other materials
such as brass, 1/4-inch standard pipe size is fine. A valve is placed on the
connection line so the gauge can be replaced when the boiler is in service.
A siphon or equivalent device must be used to maintain a water seal that
steam from the gauge. The dial of the pressure gauge
slmuld. be graduated to appmxlmalcly double the safety valve's pressure,
but in no case less than 1-1/2 times.

The Bourdon tube is a flat, hollow tube shaped like & question mark.
When pressure is applied to this tube, it tries to straighten out. A linkage
is connected at the end of the tube, which in turn rotates a quadrant gear.
The teeth of this gear engage a small gear on the gauge 's pointer shaft. A
small amount of of the Bourdon tube p ion of the
pointer shaft in proportion to the amount of pmcsure applied to the gauge.

A Ringelmann chart is used to estimate smoke density. It is a series of
grids with various line thick bered 1 through 4. The lines of
these grids are thicker as the number increases. Viewed from a distance,
they appear as different shades of gray. The chart is compared to smoke
coming from & chimney, then a number is assigned to the smoke, A
Ringelmann zero corresponds to white, while a Ringelmann 5 corresponds
to black. The numbers between are various shades of gray.

‘The traditional method to check for CO and CO, in flue gas is 10 use an
Orsat apparatus, This device uses the principle of selective absorption with
various chemical solutions and can measure carbon menoxide, carbon
dioxide, and oxygen. New methods can take dings directly
from the stack. Coupled with electronics, zirconium oxide is used 10
measure oxygen, and lasers are used to measure carbon dioxide.

At API 25.0 specific gravity, the value of oil in Btu is:

Heating volue = 17,687 + (57.7 x APl gravity)
17,687 + (57.7 x 25.0)
19,130 Biu/lb

1

Proximate analysis measures moisture content, volatile matter, fixed car-
bon, ash, and sometimes sulfur. A trained technician can perform this test
with an oven, scale, and calorimeters, The test is usually performed at the
delivery site to make sure the coal meets contract specifications.
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Ul analysis the i ! sur.h as carbon,
hydrogen, nitrogen, sulfur. oxygen, and ash. Sophi

such as a sp is required, so it is done in fully equipped
labs.

These tests are performed because the composition of coal varies (even
samples from the same mine), so it is necessary to sample and analyze it
often to make adjustments for satisfactory combustion.

Perfect bustion and stoichi: ic comé are one in the same.
They mean that every molecule of fuel has combined with the correct
number of oxygen molecules with no excess oxygen left over. However,
pe.rfec( wmbununn does nut exist. To ensure all fuel is burned, excess air
is required ion means that all the fuel is consumed.
Excess air is requu'ad to obtain this complete combustion,

Make sure boiler is in operation and the flame scanner safety fuel control
is in service. If possible, increase draft by 0.10 to 0.15 in. we. This is to
ensure that dislodged soot is blown clear of the boiler instead of collecting
and causing a site for a potential furnace explosion. Make sure the drain
line is open and slowly open the steam line. Close the drain afier allowing
time for the removal of all condensate. Operate each soot blower one to
three rotations starting from the burner and working towards the stack.
Allow 20 ds per ion. After operating all soot blowers, close the
steam valve and open the drain. Keep the drain open until the next soot
blowing cycle.

Three ways to reduce NO, emissions are as follows:

Lower the flame temperature. Low NO, bumers reduce temperature by
enlarging the flame in a staged combustion process. Fuel or air is then
introduced al more than one point. This reduces available oxygen and
creales partial combustion in several zones over a larger area. This method
can reduce NO, emissions by 25% to 50%.

Flue gas recirculation also reduces flame temp by

of combustion back to the burner and flame. It also reduces the lvm]able
oxygen sufficiently 1o lower NO, levels. This method can reduce NO, up
o 75%.

A costly but more effective way to reduce NO, is by selective noncatalytic
reduction (SNCR) and selective catalytic reduction (SCR). SNCR injects
ammonia or ureas into the boiler at critical points where the temperature
makes the chemical reaction most efficient. The removal rate can be as
high as 90%, but 50% to 70% is more common. In SCR, ammonia is
vaporized and mixed with the flue gas, then passed through a catalyst bed.
The chemical reaction converts the NO, to harmless nitrogen and oxygen.
Tts typical removal rate is 80% 1o 90%.
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An Orsat analyzer is & device used for measuring the percentage of oxy-
gen, carbon dioxide, and carbon monoxide in flue gas. It is used to evalu-
ate the bustion p The chemicals used are:

+  caustic potash for carbon

o alkali lution of

*  acid solution of

To determine how many cubic feet of air one ton of coal would require:

15 Iby o  13.5 7 girflb,, x 2,000 lbg/ton g = 405,000 ¥ cirflon g

An economizer is a device that heats feedwater with hot flue gas. Tt is
located in the stack.

Balanced draft is produced when the fumace is at or just below atmo-
spheric pressure. It is produced by using both a forced draft and induced
draft fan. One fan is controlled to maintain draft, the other to maintain the
correct air-fuel ratio.

Two classifications of air heaters are perative and reg ive. Recu-
perative types are generally tubular, although some are plate types. In this
type, heat is transferred directly from the hot gases on one side of 2
surface to air on the other side. Counterflow types are the most common
design, in which the air and flue gas travel in opposite directions. In
regenerative heaters, heat is transferred indirectly from the hot gases 1o the
air through some intermediate heat storage medium. In the rotating plate
type, heat storage plate clements are first heated by the hot flue gas, then
rotated by mechanical means into the combustion airstream, where the
stored heat is released. The cooled plates continue to rotate back to the
flue gas stream where they are reheated.

The amount of work the coal can produce is:

19,200 Btu/tb x 778 f-lb/Bru = 14,937,600 f-bflb

Hydrogen and carbon are the two elements that produce the most heat
from fuel when burned.

The CO, will be lower when switching from coal to oil. Coal will produce
higher CO; readings than natural gas.
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101. Two conversions are required to determine the heating value. First convert
specific gravity to degrees APL Then convert the API to Bru/lb:

141.5 141.5
AP e - 1315 = —= - 131.5 = 30.
Specific grovity s 0.873 315 = 304

Heating volus = 17,687 + (57,7 x APl gravit)
= 17487 + (57.7 x 30.6)
= 19,452.62 Bufb

102. The percentage of air is as follows:

O, - (CO = 0.5)

% excess ot =GN, + (O 05) - O;

2-(1.6x05)
10264 n 79.4) + 1.6 x05) - 32

103. The flash point is the temperature at which a fuel shows the first signs of
ignition. The higher the flash point, the safer it is to handle.

104. The fan's output can be controlled by dampers, variable speed, and vari-
able prerotation inlet vanes. (Variable pitch blades can be used.)

% excem oir = = 13.5%

105. The three “T"s" of combustion are time, temp and turb Time
is significant, b bustion is a chemical ion and all chemical
i ulkg li.me to pl Temperature is important, because the fuel
before the chemical reaction can occur.
Fma]ly. mrbulmce. because there must be efficient mixing of the oxygen
and fuel molecules for the bustion process to be efficient.

106. A larger diameter stack is needed when it is required to handle more flue
gas without an excessive drop in pressure. One with greater height is
required when additional natural draft is needed or when the additional
smoke dispersion is beneficial 1o the environment.

107. NO CASH stands for the elements that the analysis tests for:

N - nitrogen
O - oxygen
C - carbon
A - ash

5 - sulfur

H - hydrogen
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Pulverized firing is more efficient than stoker firing because it wastes less
coal, creates a cleaner and more rapid fire condition by mixing the fuel
more inti ly with the bustion air, and permits closer automatic
control over the firing rate.

. Stoker firing permits more uniform control of coal and air rates than hand

firing, it maintains a stable fi and involves less manual
wark for the fireperson, allowing for closer observation of boiler opera-
tions.

The following methods of providing for expansion and contraction in
steam pipes should only be designed by a qualified engineer:

One method is to place 90 degree elbows or 90 degree “Z" bends in the
pipe run and only anchor the pipe run ends. The flex in the 90 degree
elbows and adjacent pipe will allow for adequate expansion and contrac-
tion.

Another method is to install a loop in the middle of the run and anchor
the pipe run ends. The flex in the loop will handle the pipe movement.

A third method is to install a slip joint in the pipe run and anchor the
ends. The slip joint can be either the packed type or bellows type. Natu-
rally, the range of the slip joint must exceed the movement of the pipe.
25 ft x (450° - 70°F) x 0.0000065 fUft-°F = 0.06 fi

111-. l.hree classes of steam l:raps are Ihetmosmac. mechanical, and thermo-

¥ Th traps d h b steam and d by
i An pl is o trap wh.use liguid-filled bellows
opemmdclnseslhgmpva]veasu pand: due 1o temp

ture differences. On start-up when the system is onld. the contracted
bellows allows condensate and air to pass through the trap. As the conden-
sate nears steam temperature, the bellows expands and closes off the trap’s
discharge valve. As the condensate cools, the bellows again contracts and
opens the trap.

Mechanical traps utilize density to distinguish between steam and conden-
sate. An example is a float and lever trap that looks similar to a toilet tank
float. As d enters the chamber, the float rises and opens the
trap's discharge valve, As the ! level di the d

valve closes. To remove noncondensables such as air, either a small vent is
opened at the top of the chamber or a thermostatic trap is used. This is

called a float and thermostatic trap.

Thermodynamic traps identify steam and condensate by the difference in
their kinetic energy or velocity as they flow through the trap. At start-up,
air and condensate lift the disc off its seat and are discharged. As the

p of the cond some of it flashes into steam.
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Because this flash steam qu a larger volume than mndensnu: of the same
weight, the flow velocity This high vel , which causes a
low-pressure area to form under the disc, along with cxpand.mg flash steam
exerting pressure on top of the disc, holds the disc closed. As some of the
flash steam condenses, the disc is lifted off its seat and the cycle repeats
itself,

113. Designers like to keep water flow in pipes under 12 fusec. However, gases
like steam can have flows up to 12,000 ft/sec. If a slug of water is en-
trained in steam, it is accelerated to almost the velocity of the steam. At
this speed, the slug of water acts more like a solid. Steam easily makes 90
degree turns at this velocity, but water with its high inertia cannot. Instead,
it just slams against the elbow with tremendous force, This is water
hammer. The resulting force is often enough to burst the pipe with tragic
results.

114. Two methods for testing the operation of steam traps are to lest visually
and to test with sound In all cases, one must know the type of trap and

its normal For le, float traps primarily have
a constant modula.wd discharge, while mmmdynamm discharge is inter-
mittent,

One of the best methods is to test the traps visually. If the trap discharges
to the atmosphere, it is easy to see if it is blowing through, plugged, or
operating normally. If the trap is connected to a condensate return system,
then a test valve can be used to observe the trap’s output. Know the
difference between live steam and flash steam. Flash steam appears to float
out at cach discharge, while live stcam blows continuously.

With a steth pe or similar listening device one can determine the
condition of a trap by knowing the sounds of normal and abnormal opera-
tion. Inverted bucket traps gives a burst of sound when the discharge valve
opens. The cycle rate of disc traps is easily heard. Listening devices do
not work well on thermostatic and float types because their normal dis-
charge is gentle modulated cycles.

115, Aree = Volume/Velocity or Velocity = Volume/Area

60,000 Ib/hr x 3.015 #3/1b x 144 in?/i

82 inl x 0.7854 » 60 min/hr = 6742 Wfmin

Velocity =

116. It is imp to d as soon as it forms from a steam line
to prevent water b R ! at all low points at intervals
of 200 1o 500 ft on horizontal runs, at elevation changes such as risers,
and ahead of all possible dead-end areas such as ends of mains and
shutoff, temperature control, and prtssur: control valves. Il is also impor-
tant to remove cond in front of st d such as
heat exchangers and turbines.

k the 3
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. A d o bles from the feed , heats the

feedwater, and provides storage for the feedwater pump.

The five tests used by stati lyze boiler water are:
conductivity (to determine dlssolved soll.ds) aII:ahml)f (1o determine if
I.hutlsmoushcaumc soda); hard (to d ine if the soft is
g properly); phosphate {(or other hardi control chemical); and
sodium sulfite (to determine if there is enough oxygen scavenger).

E ive heat and ¢ ion cause ruptured tubes. When steel reaches
600° 1o 700°F, it starts to lose its strength. Anything that slows heat
transfer through the tube metal will increase its temperature. Scale is an
excellent insulator and slows water circulation, which leads to overheating.
Good softener operation and a water treatment program prevent scale
problems, Corrosion is caused mainly by free oxygen in the boiler water,
Corrosion causes deep pits that eventually penetrate the boiler tube, Good
deaerator operation and an oxygen scavenger, such as sodium sulfite, can
eliminate this problem.

. Pitting is caused by oxygen corroding the boiler metal. It is prevented in

small boilers by adding an oxygen scavenger 1o IJ|= boiler to absorb any
oxygen in the feed I'.nlxrge & di is used to
remove all the dissolved gases in the feedwater. Sodium sulfite is also
used to remove oxygen the deaerator didn't remove.

Seale is a hard coating of ited on the i 1 surfaces of
boilers and pipes. It is caused when water is heated and these materials, or
hardness, come out of the solution. Scale is a good insulator and thus
slows heat transfer. This results in high metal temperature, which leads to
tube failure. It also decreases boiler efficiency. Scale is controlled by
removing it in a softener before it enters the boiler and by adding chemi-
cals, such as phosphate, 1o the boiler to prevent the scale from sticking to
the tubes.

Carryover is the entrainment of chemical solids and liquids with steam
leaving the boiler. It is caused when the level of dissolved solids in the
boiler water is too high. These dissolved solids accumulate in strainers and
control valves and eventually foul them. They also end up in the product
if the steam comes in direct contact with it. Carryover is controlled by
maintaining the proper level of dissolved solids in the boiler water, usually
by top blowdown.

Priming is the discharge of steam ining excessive quantities of water
in suspension due to violent boiling or high water in the boiler. Water
entrained in steam causes water hammer, which causes damage to down-
stream piping and valves. It is disastrous if a turbine ingests a slug of
water. With the high tip speed of turbine blades, the ingested water acts
more like a rock than a liquid. The single most effective way to avoid
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priming is to maintain proper water level. (Don't confuse boiler priming
with pump priming, which is the act of filling a pump with water to start
it pumping.)

Caustic embrittlement is a form of metal failure that occurs in boilers at
tube ends and riveted joints. It is caused when metal, under stress, is
exposed to very caustic water. It is controlled by maintaining the proper
level of alkalinity in the boiler water.

Fe ng is the p of bubbl mmzsmmspnnenflhm]e.rmdl:
cansed whr.n the dissolved solids level in the boiler water is too high. Its
main consequence is that it gives a false water level indication, and it also
leads to carryover. It is prevented by maintaining the proper level of
dissolved solids by top blowdown.

Corrosion, or rust when dealmg wn]: iron and steel, is the destruction of
metal by ch | or ion. It is caused by a chemical
reaction with oxygen. Eventually it weakens metal pans so that they fail.
It is prevented in boilers by deaerating the feedwater, adding an oxygen

scavenger, and by kecping the boiler water above pH 7.

Air is drawn into the first or low-pressure stage through an air filter,
whlch Femoves suspended d.m. After being compressed, the air then goes

an ler cools the air from the first stage,
m::rca:nn,g its density. Th.ls makes the second-stage compression more
efficient and improves the volumetric efficiency of the entire process. Air
then enters the second or high-pressure stage and then is discharged at its
final pressure. Multistage compression with intercoolers is more efficient
than single-stage compression. The air then enters an aftercooler, which
cools the discharged P d air. The moi content is reduced,
since cool air holds less moisture than hot air.

. The amount of air pulled into an air p from the here is

determined by the volume of the low-p stage. Therefore, the high-
pressure stage data can be ignored. You can state on the examination that
this is the theoretical capacity. The actual capacity will be less due to
inefficiency and back p from the aft ler. Find the volume of the
low-pressure cylinder:

Volume = Are x Length = 0.7854 x (14 in)? x 16 in. = 2,463 in?
The answer must be in cubic feet:

2,463 in?
TR T e
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Since this is a double-acting machine, 1.425 ft* is pulled in during each
stroke, and there are two strokes per revolution:

1,425 H/stroke x 2 strokes/revolution x 55 rpm x 60 minfhe = 9,405 F'/hr

Every question must be read carefully. Note that the factor of 60 min/hr
had to be included. The usual way to rate compressors is cubic feet per
minute, but you have to give the examiner what is asked. If this were a
multiple choice question, you can bet that the cubic feet per minute answer
would be one of the selections.

Single-acting compressors have one suction stroke and one discharge for
every two strokes. Double-acting P have two suctions and two
discharges for every two strokes. If the piston is operated by a crank shaft,
a single-acting I has one discharge for each rpm, and a double-
acting has two discharges for each rpm. More capacity can be
obtained from a double- -acting machine than from a smgle—acllng machine
of the same size. The disadvantage is that they are more expensive be-
cause of the added expense of a crosshead.

M intercooler is found on multistage air compressors and is located

the discharge of the | stage and the suction of the
high-pressure stage. It cools the air from the first stage, increasing its
density. This makes the second stage compression more efficient and
improves the volumetric efficiency of the entire process. Multistage com-
pression with intercoolers is more efficient than single-stage compression.
An aftercooler is located after the disch of an air It and cools
the discharged compressed air. Its main advantage is that it removes
moisture, since cool air holds less moisture than hot air.

The i I would d since there would be less
backpressure from the high-pressure cylinder.
The atmospheric relief valve | the cond from overy It

is located on the condenser’s shell.

Thrust bearings absorb the axial force of a rotating shaft to maintain its
axial alignment. In power plants they are found on pumps and turbines.

Shrouds are found on pump impellers, fan rotors, and turbine blades. They
are used to strengthen and improve the efficiency of the rotating unit. In
the case of fans, the vanes are riveted to the shrouds, which are ¢ 1
to the shaft hub. In the case of turbines, the shroud resembles a hoop
attached to the end of the blades. If reinforces the blades and helps the
steam-flow characteristics.

Some pump impellers have no shrouds. Tbe vanes stick out from the hub
with no reinfi Some impell igned for | g solids have
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only one shroud. Impellers designed for higher efficiency and added
strength have two shrouds, one on either side of the vanes.

. The main factor in deciding whether m install a surface or jet condenser is

hether the ! will be d to the boiler for reuse. The
in a jet ! is mixed w:lh the cooling water, making it
ble for boiler feed The in a surface
not come into contact with the cooling water and thus is suitable for reuse
as feedwater.

A condenser allows the steam from a turbine or engine to be exhausted at
subatmospheric pressure. More work can be obtained from each pound of
steam and the efficiency of the plant is thereby increased.

A furnace explosion occurs when raw fuel in the boiler suddenly ignites.
The result can be anything from singed eyebrows to the boiler setting
being blown apart. The chief cause is lighting the pilot flame when raw
fuel is in the furnace. This is preventable by purging the boiler first, that
is, by forcing four air changes through lhe bmler before lgluunz %he pllot
flame. Another cause of a furnace expl 1 soot

during soot blowing. This is prevented by mnlung sure there is ndequ.aw
draft to remove loosened soot from the boiler.

A pressure vessel explosion is caused by a pressure part failure. Most of
the damage comes from the explcsme force of boiler water flashing into
steam when reduced to ic p The chief cause is the
pressure vessel being weakened by overhe.ating. usually due to low water
conditions. Naturally, the best way to prevent this is to maintain proper
water level.

Efficiency is output divided by input. The output of a turbine is the
difference between its inlet and outlet heat. The input is the difference of
heat between the turbine inlet and condenser outlet, The following enthalp-
ies were obtained from steam tables and are in Bu/lb:

1,210.3 - 1,116.2 P40

T21039agy - Tnaar 100 = 8%

The steam rate is as follows:

40,000 Ib/hr

000 )k 12 Bewn/KW
Yes, there is an advantage. When feedwater is heated before it enters, the
plant’s thermal efficiency increases. By extracting the smrn from the
Imbine,l.h:xcislms volume to be handled ot the exhanst, This red the

1 size of the low-p stage. The increased thermal efficiency
more than makes up for the loss of turbine output, because on a per-pound
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basis, more work is extracted from the steam in the high-pressure stages
pared to the low-p stages.

Turbine plants install water-tube boilers, because the practical upper limit

of fire-tube boilers is 30,000 Ib/hr and 300 psi. Beyond that, water-tube

boilers are required. In addition, water-tube boilers can burn a wider

variety of fuel and are easily equipped with superheaters.

Vacuum may be improved by:

i ing pacity of the pumps [0 remove more
noncondensable gases;

increasing the amount of cooling water;

using colder cooling water;

cleaning the cooling water side;

reducing air leakage at the LP end seal.

. The type of plant determines whether it is more economical to exhaust a

turbine against a 28 in. Hg vacuum or to a process heater, If the turbine is
just driving a generator, then it is more efficient 1o exhaust into the
vacuum of a condenser. If there is a need for process stcam, then it is
beneficial to exhaust into a heater.

The amount of enthalpy lost is:

1,096 Biu/lb - (80" - 32°F) = 1,048 Bt
The voltage is as follows:

3,600 kW x 1,000 W/W = 14,400 vohs
250 omps

The capacity is as follows:

50 volts x 170 omps = B,500 W
8,500 W

7000 ww - &5 KW

The amps produced at full output are as follows:

2,500 kW x 1,000 wW/kw

75w = 10,000 amps
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149,

150

151.

152.

153,

155,

156.

The torque is as follows:

75,000 kW x 1.34 hp/kW = 100,500 hp

5,252 x 100,500 hp _

146,618 lb-it
3,600 pm

Torgque =

Since the initial steam condition is not given, assume the enthalpy is 1,200
Brw/lb, Heat input required by the boiler is:

1,200 Btw/lb - (1977 - 32°F) = 1,035 Bru/lb

To find out how many Btu there are in one boiler horsepower, multiply
34.5 1b,,./bhp by 970.3 Btu/lb,,,,,,, which equals 33,475 Buwbhp:

3,400 KW x 12 I kW % 1,035 Biuflb
33,475 Bh/bhp

The advantage of using superheated steam to operate a turbine is that
superheated steam is dry steam. Small panticles of water in steam moving
at high speed past the blades of the turbine, besides having an eroding
effect on the blades, reduce how efficiently energy is transformed. In
addition, thermal efficiency is also improved because there is more energy
in superheated steam than turbines can utilize.

= 1,336 bhp

A steam turbine might overspeed if there were a sudden loss of load, such
as when a generator trips off line or when the govemnor malfunctions.

‘The purpose of a thrust bearing on a turbine is to keep the shaft properly
positioned in the axial plane against thrust loads.

. Separators remove some entrained moisture, oil, and other impurities in

flowing steam to prevent damage to equipment or to increase the effi-
ciency of a process. They use baffles or centrifugal force to separate the
heavier water and other impurities from the steam. Separators are found in

front of equif such as turbines and engi where moi: could do
damage.
To find the | , convert kilovol 1o kil , convert

kilowatts to horsepower, then divide by the -efﬁcwucy

B,000 kWA x 0.91 power foctor = 7,280 kW

7.280 KW x 1.34 ho/kW
087

Impulse turbines produce the most axial thrust.

= 11,213 hp
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167.

168,

169.

170.

171.

. L,100°F is the limiti for heated steam. lar mild

steel starts to lose its strerlgth around 600°F. Special alloy steel must be
used for higher To date, llurgy and ics limit the

P

temperature to 1,100°F.

. The first number is the diameter of the steam cylinder, the second number

is the diameter of the liquid-end cylinder, and the third number is the
length of the stroke. All dimensions are in inches.

The three pumps required to operate a surface condenser are a circulating
pumnp for the cooling water, a condensate pump to remove the condensate
from the condenser, and a vacuum pump 1o remove the noncondensable
gases,

In a typical power plant, about 30% of the heat is converted to shaft
horsepower. The rest is rejected to the environment.

A crosshead on an air compressor is a guide for the piston rod that keeps
it parallel to the cylinder throughout its stroke. This feature is required for
all double-acting machines so the piston rod can operate through a packing
gland.

‘The unloader is an automatic device that disables the compressor's pump-
ing action so the pressure set point is not exceeded. Since it takes a lot of
energy to overcome the at-rest inertia of a large machine, la:gc compres-
sors are not tumed on and off to regulate p An der is used
instead. Unloaders hold the suction valves open, thus preventing compres-
sion.

A Kingsbury bearing is a type of thrust bearing that can absorb large axial
loads. It is found on pumps, turbines, and ship propeller shafts.

. To find the capacity of the feed pump, first calculate the pounds of

steam per hour, then convert that to gallons per minute by dividing by
8.333 Ib/gal and 60 min/hr, or 500 Ibvhr per gpm:

10,000 kW x & Ibfhr - kW
500 Ib/hr per gpm

Efficiency is output divided by input. To find the output in Btuh:

= 180 gpm

10,000 kW x 3,413 Bru/fuWh = 34,130,000 Btuh

‘The fact that the water rale is 9 Ib/kW only tells us a lot about the
turbine's efficiency. Since the question asks for the plant’s efficiency, the
boiler has to be included, but the boiler's efficiency is not given, so
assume 80%. Also assume that saturated 250 psi steam has a heat content
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of 1,200 Btw/lb and that the feedwater temperature is 102°F. We can now
proceed to calculate the boiler's heat input:

KW % 1By KWh x (BB - BuflB)
Bailer efficiency

90,000 Byppqu/Fr 2 (1,200 Bru/Tbgm - {1027 - 32°F)]
.80

Input = = 127,125,000 Bk

" Ourput 34,130,000 Btuh
Bhceney = o =727 725,000 8o~ 252%

If we assume the heat content of coal is 14,000 Brw/lb, the amount of coal
burned per hour is:

127,125,000 Buh
1.400 Bruflb

173. When one of the generators trips off line, only 3,000 kW is available to
supply a 3,500 kW Iload. If nothing is done, the other two generators will
also soon trip. The engineer must immediately reduce the load to below
3.000 kW,

= 50,804 Ib/he

174. T‘kthmfm&mzfec{:unhnzplamseﬁmymm
and g the wrbine’s inlet pressure and super-

hcumcmsuduamuunlofavnﬂnhlehmmﬂgy By exhausting into a

vmalarg:rhmdmpﬁnmﬂumnemlﬂmmcondmummob-

Imned.Tu itk ‘I:.ig:h heavy and is
i. The ilabls alluymmhh.mnmpnh:umabwt
1,100°F. Due to cooling water temp and equip 29

in. Hg is the practical lower vacuum limit.
175. The equation used 1o sclve this problem is:

oDy -y - 3TF
a Ta T
where:
Q weight of cooling water to condense a pound of stcam

heat content of exhaust steam

temperature of condensate

temperature of cooling water entering condenser
temperature of cooling water leaving condenser

LI U B )

1,104 Bru/fb - (100" - 32°F)

a-= 78 - 65F

= 942 ISy,
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176.

This gives us how many pounds of cooling water are required for each
pound of steam condensed. Now we have to determine how many pounds
of steam need to be condensed:

5,000 KW x 12 Iy, /kWh = 60,000 Ib,__/hr

Note: When a water rate is given, assume it is in pounds per hour.

Now find the amount of cooling water required for this water rate:

94.2 Iy byegm % 60,000 Ibypnhr = 5,652,000 I, /he

Pumps are usually rated in gallons per minute. To convert Ib/hr to gpm,
cither divide by 8.33 Ib/gal and 60 min/hr, or by the conversion of 500 Ib/
hr per gpm:

5,652,000 Ib_y,/hr

500 Ib/he per gpm
The same procedure can be used to calculate the size of the condensate
pump. We know that the pump has 1o handle 60,000 1b of condensate per
hour. Divide by 500 Ib/hr per gpm to convert to gpm:

= 11,304 gpm

60,000 qprgge/he
500 Ib/hr per gpm = gpm

You might want to add that the designer would select pumps in which
these flows would be their most efficient, and that some loss of capacity
would have to be considered for normal wear and tear.

A volimeter measures the electrical potential or voltage of a circuit. Volt-
age is the force that causes current 1o flow. An ammeter measures the
amount of current flowing in an electrical circuit. The unit of current flow
is ampere or amp, The wattmeter measures the amount of real power in a
circuit. A power factor meter is associated with alternating current, It gives
an indication of how much real and reactive power there is in a circuit, A

h pe is also iated with al ing current plants. It indicates
m an operator who is placing another generator on line when the two
sources of alternating current are in phase or synchronized.
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177. The equation for torgue is as follows:

Em-_hoxs.zﬂ
e
Since rpm is in the denominator, the less speed the more torque. The
speed reducer’s torque is greater than the motor's torgue.
178. Since the condenser p is less than a conden-
n&epm:p:smqmmlmrzmudu d from the d A
pump is ired 1o remove jensable gases from the
mﬁma&nmw:zblyfuﬂslumylmﬂemA:mm-
lates, it increases the backpressure on the turbine and reduces the rate of
heat transfer. Therefore, it reduces the capacity of the condenser. If al-
lowed to accumulate, the condenser would lose efficiency and eventually
cease 10 operate. A circulating pump is required to supply the condenser
with enough cooling water to keep the condenser in operation.

179. The sentinel valve is located on the casing of a backpressure turbine. It
relieves the casing pressure and warns the operator when the casing
pressure is too high.

180. Draw a sketch of the system to help both you and the examiner better
understand the problem.

h, 900 pso
BSOF

Stwam in

Work = 10,000 kW x 3,413 Btu/kWh = 34,130,000 Bruh
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The turbine cycle efficiency is determined as follows:

Work out + Usable energy out {hy - by} + hy
Tetal energy in - hy

(1,424 Bru/lo - 1,096 Bru/lb) + 48 Bru/lb 100 _ oue
1,424 Bu/ib

The steam rate is determined as follows:
3,413 Bu/kWh 3,413 Bru/fewh
Turbine heat drop hy - hy

3,413 Bru/KWh
7,424 Brafib - 1,096 G = 104 1b/kWh
The ci lati water is d d as foll
by - It, - 32°F)
a= 12 =T
where:

Q@ = weight of cooling water 1o condense a pound of steam

h; = heat content of exhaust steam

t, = temperature of condensate

Ty = temperature of cooling water entering condenser

T; = temperature of cooling water leaving condenser
Qo 06 BUb - B0 32 ooy

B5* - 70°F
The total steam flow would be as follows:

10,4 Iy, /AWh x 10,000 KW = 104,000 Iby,/he

The total circulation water required is as

69.87 Ib,y/lbyps % 104,000 Ibypofhr = 7,266,4B0 Ib, g /hr

7,266,480 b, /hr

500 o/ por gpm = 14,532.96 gpm
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181. The b can be

P

_gpm x Head (H) _ 50 gpm x 300 #
3,960 3,950

182. The required | is as foll

hp = 3.8 hp

_ gpm x Head [f} 100 gpm x 50 &
P = 3,960 x Eficiency 3560 2 0.5

To determine the number of kilowatts:

h =25hp

2.5 hp x 0.746 kW/hp = 1.865 kw
183. The torque may be calculated as follows:

_ hpx5,252 200 hp x 5,262

rpm 1725 om - 9089 Io-f

Torque

184. The 10-psi suction pressure must be added to the 150-ft head. Therefore,
the 10 psi has 1o be converted to feet:

10 pel x 2,31 #/psi = 230 R
150 b + 23,0 ft = 1730 &

Another trick part of this question is the output is in gallons per hour, not
gallons per minute! To d ine the shaft b D :

Head [f} x Ib of liquid pumpad par min

by
P 33,000 fi-lb/min x Pump efficiency

hp = 173.1 #t x 6,000 golfhr x 8.33 Ib/gal
33,000 felb/min x 0.8 x 60 minshr

To determine the torque:

=55hp

hp = 5,252 55 hp x 5,252
" em T 1,735 pm
185. The suction and head must be added to the discharge head to arrive at the

COmmect answer:

Torque = 14.65 Ib-h

10 Frcsan + 10 Higpepgrme = 20
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186.

187.

188.

189.
. One of the maintenance problems of injectors is that they don't handle dirt

To find the water horsepower, just use the basic horscpower equation and
assume a 100% efficient pump (water horsepower assumes a perfect
pump):

b <SP Head 30,000 gpm x 20 |t
P =3,960 x Eficency ~ 3,960 x 1.0

= 1515 hp

To find the required horsepower to drive this pump, use the pump's
efficiency (75%):

151.5 hp

075 = 202 hp

Now find the required kilowatts for the motor by using the horsepower-to-
kilowatts conversion, and factor in the motor's efficiency:

202 hp x 0.748 kW/hp
395 = 158.6 kW

A gallon of water occupies the same volume as a gailon of No. 2 oil; that
is, 231 in®,

Remember that one cubic foot contains 7.48 gal, then calculate as follows:
Tork volume = (0.7854 x d? x length

0.7854 x 12 M7 2 18
= 2,035.76

Copacity = 2,035.76 f x 7.48 gal/® = 15,227.5 gal

To find weight, multiply cubic feet by 62.3 Ib/fi® or gallons times 8.333
Ib/gal:

15,227.5 gol x 8.333 Ib/gal = 126,890.8 Ib

‘The crosshead keeps the connecting rod parallel o the cylinder, which
allows the rod to be packed.

An injector forces feedwater into the boiler and heats it in the process.

well, so a strainer is required. However, strainers become plugged and
foreign matter may then get past the strainer. Another problem is that as
an injector wears, efficiency falls off to the point where it no longer
functions.
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191. To determine the gpm the feed pump needs to supply, perform the follow-
ing calculations:

1,000 bhp x 34.5 Ib,y,,/hr-bhp = 34,500 Ib_,/he

34,500 lb,u/hr x 1.05 = 36,225 |b, . /hr

36,225 b, /hr
500 gpmth,/hr
192. The horsepower required is as follows:

= 72.45 gpm

_ Torque x rpen _ 525.2 x 2,000 pm _
ho = 5252 5,252 = 200 bo
193. The results of cavitation are gas bubbles. When the gas bubbles collapse,
they release encugh energy to nip a microscopic piece of metal off the
impeller. Eventually pitting that resembles oxygen attack on boiler tubes
becomes obvious. After a while, the impeller is damaged beyond repair.

194, Cavitation results when the |lqllid bemg pumped flashes into small gas
bubbles and then collay g takes place because of inadequate
pump suction pressure.

195. The steam piston's diameter must be larger than the water piston's diam-
eter to force water into the boiler. Force equals pressure times area. There
is more force produced on the larger piston that will overcome the force
resisting the movement of the smaller piston.

196. Boiler feed pumps must be located below the deaerator, because there must
be enough pressure at the suction of the pump so that none of the hot
waler from the deaerator flashes into steam as it enters the low-pressure
area at the eye of the impeller. The weight of the water in the pipe con-
necting the clevated deaerator to the pump ensures that there is adequate
pressure (o prevent flashing.

197. The problem states that this pump operates at 100 rpm, so we can assume
that it is motor-driven and has no stcam cylinder. The 10 x 12 tells us that
the pump is 10 inches in diameter with a 12-inch stroke. The problem
doesn't state if it is double acting, so assume that it is not. Also no
efficiency was given, so assume 75%. Be sure to state all assumptions.

Copocity= Strokes/min x Cylinders x Volume/Cylinder » Efficiency

= 100 Swokes/min x 2 Cylinders x 0.7854 x (10 in? x 12 in. x 0.75 =
141,372 in¥/min

141,372 in¥/min .
237 ol 612 gelimin
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198.

199.

201.

203,

8B E

The revolutions per minute are:

120 x Hr 120 x 60 Hr
Pales & Poles

Each impeller adds a specific amount of head to its suction pressure. For
example, consider a pump whose impeller adds 100 fi of head. If the
pump took its suction at atmospheric pressure, its discharge would be at
100 ft of head. If its discharge were then directed to the suction of a
similar impeller, it would add an additional 100 ft of head, for a total
discharge pressure of 200 ft. Each succeeding impeller would add 100 ft
of head.

= 1,200 pm

mp

The ired is as foll

- 30,000 gpm x 20
3,960 x 0.75

The hor ired is as foll

hp =202 hp

1,000 gph x 120 #

PP ™ 50 minfhr « 5,960 % 078 ~ 045 PP

Packing forms the seal between the stationary pump casing and the rotat-
ing shaft.

The formula W = A x V means volts times amps cquals power in watts.
This is for dc only. To obtain ac power, the equation is volts times amps
times power factor.

One horsepower or 33,000 fi-lb/min or 1.34 kW equals 2,545 Bruh.
One kilowatt equals 1.34 horsepower.

BEddy currents are a source of heating in electric motors. One way to limit
eddy currents is 10 add layers of insulation between thin sheets of steel.
This insulation does not interfere with the ic lines of foree required
to operate the motor.

When a motor is started, it can draw up to six times its normal operating
current. A molor starter’s contacts are designed to withstand this initial
rush. In addition, a motor starter can detect overload conditions and stop
the motor before it is damaged.

. One advantage of ac over dc is that voltage can be increased or decreased

very easily with transformers. Thus, high voltage power can be transmitted
long distances with little loss, then reduced down to a practical working
voltage. Another advantage is that since ac equipment does not require
commutators, it is less expensive and requires less mai then dc
equipment.
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209, Yes, they can be synchronized. If a two-pole generator were driven at
3,600 rpm, and a four-pole generator were driven at 1,800 rpm, their
output frequencies would both be 60 Hz. Under these circumstances,
generators operating at different speeds could be synchronized.

210. There are two types of ac power that travel over power lines — real and
reactive. Real power is what does the work and is expressed in watts.
Reactive power is sometimes called magncuzmg power and is expressed in

volt-amps . Some ive power is always required when operating
motors aud tnlns!ummr!, but it does no real work. Real and reactive power
are displaced by 90°. Apparent power, exf 4 in volt-amps, is the

combination of real and reactive power.

k'
Power foctor = m-ml

The power factor is the true power divided by the apparent power. It is
also the cosine of the angle formed between the real and apparent power.

211, The pressure at the tenth floor would be as follows (assume 10 ft/floor):
100 psi - (10 floors x 10 H/flloor x 0.433 psifh) = 56.7 pai
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Properties of Saturated Steam —Temperature Table
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Properties of § St Tamp Table (cont.)
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Prop of§ d Steam—T Table (cont.)
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Table {cont.)
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Properiles of d Steam —Temp Table {cont.)
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Propertles of Saturated Steam —Temperature Table (cont.)
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Properties of Saturated Steam—Pressure Table
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Properties of Saturated Steam—Pressure Table (cont.)
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Properiies of Superheated Steam

e
ey
CEd Tarmparatucn—degrees Fahreaned
nat Sat a1
ema ) water sewm | 300 an 500 )
1 £ 19 5
LLELR LT B 1T 336 "y 111
no @7y | rhgsE | a7 1336
s oaae | e | 2visz 23708
s w”n 1176 43736
ez |+ oot | 7asy | osam 12415
nooim | vy | s 1359
3 02M9 | 18443 | 19369 2680,
" an L= 5]
n®y | v 00ese Mz aise 103
n IE126 [ 11433 | o1e37 | A3ea6
s om3s | 1eme | resm | vmm
14858 | n sap0 | 1se00
@00 |+ 0T | PeTES | 3SR | AME
" o [ 11508 | 126 | 1299
s 03 [ trsEE | isass | 187
0 " 7204 | TR0
@ITes) | + 0O ocer | T7INE ]
moo1sar [ sy | onand | 292
1 0. 17320 | 17808 e
a5 w 2275 [ nars
26725 | v poins | 104er | 108 | aze
n 2, A8 | NAEE | 1264
s O 1ETES | 16307 | 1TE0R
0 n 129 | wre
@ 01734 LALL 7T LEES
noogga [ vie | ware | wams
kS 03Ty [ rdasp | rganz | 1T
L - e
@0 | o+ 0017ET | s4m £ 213
noozezs | e 12303
3 Db | e 18190
we | o 1218
Rated | v 4431 4333
n 4z 1T e
* 16027 16315
] 1873
3y | v o0i7Es | oarers 40788
no s | Tie0s 1z
s oams | isane 1
] m 4695
B30 | v 001803 N\ Jat8
nooamss | nimg 12208
s osn | st 16083
16 - 36 45 A a5 | el 439 45
o155 |« oows | 2eam I0080 220 | duzms | spiaz
" 0407 | nesy mr4 1364 | 1273 | 14TRe
s 04206 | 1860 15506 17489 | 17918 | 14343

on pages 21 1o 24 reproduced bom ASME Sieam Takles® 1367 by The American Society of

eal Engrien

ri. Al Fghts Fraeneed

BN = Superhed]. ¥ = Specalic volume in 17V, h = iotal Beat in Btw. 8 = anirapy in BLwFAD.

Appendix 325



Properties of Superheated Steam (cont.)
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Properties of Superheated Steam (cont.)
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GLOSSARY

A

ABSOLUTE PRESSURE — Equal to gauge pressure plus 14.7 (atmospheric
Absolute p is exp 1 in pounds per squarc inch absolute

Epsia].
ABSOLUTE TEMPERATURE — Temperature scale using absolute zero
(-460°F) as 0°. Both the Kelvin and Rankine scales are absolute.,

ac — Alternating current.

ACCUMULATOR — A pressure vessel that contains water and steam, used to
store the heat of steam for use at a later period and at a lower pressure.

ACID — Any chemi d d that di
produce hydrogen ions when ' dissolved in walcr Capah]z of neutralizing hydm:-
ides or bases to produce salts.

ACID CLEANING — The process of cleaning the interior surface of steam
generating units by f)llmg the unit with a dllule acid aa\:compamed by an inhibi-

tor to prevent corrosion, and g g, and neutralizing
the acid by a further wash of alkaline water

AIR ATOMIZING OIL BURNER — A bumner for firing oil in which the oil is
atomized by compressed air, which is then forced into and through one or more
streams of oil, breaking the oil into a fine spray.

AIRFLOW PROVING SWITCH — A device installed in an air stream that
senses airflow and transmits an electrical signal to the flame supervising circuit.

AIR/FUEL RATIO — The ratio of the weight or volume of air to fuel.
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AIR HEATER — Heat-transfer apparatus through which air is passed and
heated by flue gas.

ALKALI — Any chemical compound of a basic nature that dissociates to
produce hydroxyl ions when dissolved in water. Capable of neutralizing acids to
produce salts,

ALKALINITY — Represents the amount of carbonates, bicarbonates, hydrox-
ides, and silicates or phosphates in the waler and is expressed in grains per
gallon or ppm.

AMBIENT AIR — The air that ds an object. Standard ambient air for
performance calculations is 80°F, 60% relative humidity, barometric pressure of
29.92 in. Hg, with a specific humidity of 0.013 Ib of water vapor per Ib of air.

AMBIENT TEMPERATURE — The temp of the air ling an
object.

AMINES — A class of organic compounds derived from ammonia by replacing
one or more of the hydrogen ions with organic radicals. They are basic in
character and neutralize acids. Those used in water treatment are volatile and
are used to maintain a suitable pH in steam and condensate lines.

ANTHRACITE — Bums with a short blue flame and is principally used for
heating homes. It contains about 12,800 Btu per pound. Also known as hard
coal.,

APl — American Petrol I

ASH — Noncombustible solid matter found in fuel.

ASH-SOFTENING TEMPERATURE — The temperature at which ash becomes
soft and sticky. Important because it determines what equipment is required to
burn a particular coal.

ASME — American Society of Mechanical Engineers.

ASME CODE — A code adopted by the American Society of Mechanical

for and ion of boilers and related equipment. This
code has been adopted by most of the U.S.

ASPIRATOR — A device that utilizes the energy in a jet of fluid to create
suction.

AS-RECEIVED FUEL — Fuel in the condition as received at the plant.

ATMOSPHERE (atm) — A unit of pressure equal to 14.696 psi, 29.92 in, Hg,
or 760 mm Hg.
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ATOMIZER. — A device that reduces a liquid to a very fine spray.

AVAILABILITY FACTOR — Fraction of the total time during which the unit is
in operating condition.

AXIAL FAN — Consists of a propeller or disk-type wheel within a cylinder
that discharges the air parallel to the axis of the wheel.

AXIAL FLOW PUMP — A high volume, low head pump used for irrigation
and storm water installations. Also known as a propeller pump.

B

BACKFLOW PREVENTER — A type of check valve that prevents contami-
nated water from entering drinking water supplies.

BAFFLE — A plate or wall for the deflection of gases or liquids.

BAGASSE — The fibrous ial that ins after the jon of juice
from sugar cane. It is used as a fuel.

BALANCED DRAFT — The maintenance of a fixed value of draft la a furnace
mulcmbusummbymuclof air and outgoing p of
combustion. The furnace is maintained at, or s]lghtly under, atmospheric pres-
sure,

BANKING — Burning solid fuels on a grate at rates sufficient 1o maintain
ignition only.

BAROMETER — An i for ing heric usually in
inches or millimeters of a mercury column.

BARREL (bbl) — A unit of volume by which petroleum products are sold. One
barrel equals 42 U.S. gallons.

BASE LOAD — The term applied to that portion of a boiler load that is
constant for long periods.

BEADED TUBE END — The rounded, exposed end of a rolled tube formed
when the tube metal is beaded over the sheet in which the be is rolled.

BEARING — A device used to support the weight and control the motion of a
rotating shaft and, at the same time, consume a minimum amount of cnergy.
Antifriction bearings use balls or rollers to limit metal-to-metal contact. Sleeve
bearings depend on a thin film of oil that forms a wedge between the shaft and
bearing to prevent metal-to-metal contact,
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BITUMINOUS COAL — Used mostly as fuel in power generating stations. It
has a heating value of about 13,000 Btu per pound. Also known as soft coal.

BLISTER — A raised area on the surface of solid metal produced by pressure
while the metal is hot and plastic due to overheating.

BLOCK AND VENT VALVES — A syslem of valves used to shut off gaseous
fuels to a burner for either control or limiting purposes. The system consists of
two electric valves (normally closed) in series and an electric vent valve (nor-
mally open) mounted between them and vented to the atmosphere. Upon being
powered electrically, the main valves open and the vent valve closes. Also
known as block and bleed valves.

BLOWBACK — The difference between the pressure at which a safety valve
opens (popping p set p and the p at which it closes. It is
expressed either as a p ge of set p or in g units.

BLOWDOWN — Removal of a portion of boiler water to reduce the total
dissolved solids (TDS) ion or to discharge sludge. Also, when refer-
ring to a safety valve, it is the same as blowback.

BLOWER — A fan used to force air under pressure.

BOILER — A closed pressure vessel in which water, under pressure, is vapor-
ized by the application of heat.

BOILER HORSEPOWER (bhp) — The amount of heat energy required to
evaporate 34.5 |b of water per hour from and at 212°F into dry and saturated
steam at the same temperature, Equivalent to 33,472 Bruh.

BOILER WATER — A representative sample of the circulating boiler water,
after the generated steam has been separated and before the incoming feedwater
or added chemical becomes mixed with it, so that its composition is unaffected.

BOILING — The conversion of liquid into vapor due to the addition of heat.

BOILING OUT — The boiling of highly alkaline wate. in boiler pressure parts
for the removal of oil, grease, cte.

BOTTOM BLOWDOWN — Cnnnacled to the lowest part of the boiler for the
of removi lated sludge and sedi as the boiler is operat-
ms, and for drmnmg the boiler when it is out of service.

BOTTOM SEDIMENT AND WATER (BS&W) — Impurities and foreign
material found in fuel oils.

BOURDON TUBE — A device used to measure pressure. It consists of a
metallic tube of elliptical cross section, shaped into an arc or spiral, with one
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CAUSTIC EMBRITTLEMENT — A form of metal failure that occurs in steam
Im]mnrnhemdsmdnvetedjom The metal does not have to be subjected
o for caustic embrittlement to occur, but the
Malmunheundnms(asmmummlledmb:}mdnpmedmmy
caustic water.

CAVITATION — The fi ion and suk llapse of vapor-filled cavities
in the water, which, apm&nmdwnmmmndatanmpellermleuaﬂﬂu
few weeks of continuous operation. Centrifugal pumps begin to cavitate when

the suction pressure is too low to keep the hot water above its vapor pressure.

CENTRIFUGAL PUMPS — A class of pump in wh:ch velocity energy is

converted into pressure energy. Energy is added to i the

ﬂmd vcloclhn within ﬂle machine to values in excess of those that occur at the
y reduction within or beyond the pump produces a

mm lﬂl’.‘m

cfh, cfm, cfs — Cubic feet per hour, cubic feet per minute, cubic feet per
second.

CHATTER — The at Ily rapid reci ing motion of the movable parts

of a safety valve that cause the disk to contact the seat.

CHELATE — A chemical that is able to incorporate and bind mineral ions,
such as calecium, into an inert form. The mineral ions are then removed from
the boiler by blowdown.

CLOSED FEEDWATER HEATER — A water heater in which the steam and
water to be heated do not come into contact with one another.

€O, CO, — Carbon monoxide, carbon dioxide.

COAL — A black or dark brown bustible mineral sut that ists of
carbonized vegetable matter, used as a fuel.
COGENERATION — The simull } of hanical and heat

energy. The mechanical energy can be used to drive electric generators, pumps,
or fans. The heat energy can be used for process or space heating.

COLLOID — A fine dispersion in water that does not settle out but is also not
a true solution. Protective colloids have the ability to hold other finely divided
particles in suspension.

COMBINATION BURNER — A Im.mu' capable of burning more than one type
of fuel, either ly or in Also known as a dual fuel burner.

COMBUSTION — A chemical process that produces heat due to the rapid
oxidation (burning) of a fuel.
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COMPLETE COMBUSTION — The buming of all the fuel with the proper
amount of excess air,

COMPOUND PRESSURE GAUGE — A pressure gauge that is capable of
measuring both pressure (psi) and vacuum (in. Hg).

CONDENSATION — When steam or any other vapor is converted into a liquid
by the removal of its latent heat.

CONDENSER — A vessel in which steam or vaporized refrigerant is liquefied
by the removal of heat.

CONDUCTION — The transfer of heat through a material by passing it from
molecule to molecule.

CONTINUOQUS BLOWDOWN — The process of removing boller water, two or
three inches from the water's surface, to reduce the concentration of dissolved
solids. Also known as top blowdown.

CONVECTION — The transfer of heat by the movement of the heated material
itself. A change in the density of the substance, duc to the heating, causes this
movement.

CORROSION — The destruction of a metal by chemical or electrochemical
ion with its envi

cu ft — Cubic foot.
CYCLES OF CONCENTRATION — The number of times that the solids found

in make-up water are increased due to evaporation of water in the boiler,
cooling tower, or evaporative cooler.

D

DAVIT — The structure from which the front and rear doors are suspended on
large fire-tube boilers.

dc — Direct current.

DEAERATOR — A device that removes noncondensable gases (air) and pre-
heats the feedwater before it enters the boiler.

DEEP WELL PUMP — A pump that is lowered into a well and driven by a
motor at the surface. The pump and motor are connected by a drive shaft and
lengths of pipe. Also known as a vertical turbine pump.
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DEGREES API — A measurement of a fuel oil's specific gravity as adopted by
the American Petroleum Institute.

DEMAND — A of the load d to the electrical power
system at any given time. Units are usually kilowatts (k'W).

DEMAND CHARGE — The charge wrilities apply to the billing demand for the
current month. Units are usually dollars per kilowatt.

DENSITY — The weight of a substance per unit volume. Water has a density
of 62.4 pounds per cubic foot.

DEW POINT — The temperature at which water vapor begins to condense out
of a vapor-air mixture.

DIFFUSER PUMPS — A centrifugal pump design in which vaned diffusers are
set around the impeller to convert velocity energy into p energy.

DISPERSANT — A substance added to water to prevent the precipitation and
agglomeration of solid scale.

DOWNCOMER — A tube in a water-tube boiler that circulates water from the
steam drum to the water drum.

DRAFT — The difference in pressure that causes a flow of air and gases
through a boiler or chimney. Measured in inches of water.

DRY-BACK BOILER — A type of fire-tube boiler whose rear pant consists of
a refractory-lined door that is hinged or hung from a davit, thus allowing it 10
be opened for inspection or maintenance.

DRY PIPE — A steam/water separator located on the steam outlet in a boiler.

E

ECONOMIZER — An arrangement of fecdwater tubes located in the boiler
stack to absorb a portion of the heat energy that would otherwise be lost in the
flue gas.

EDUCTOR — An ejector in which the motive fluid is a liquid. The most
common eductor is one that uses water to entrain and pump water or some
other material.

EFFICIENCY — The efficiency of any device is the output divided by the
input.

336 The Boiler Opercter's Exom Preparation Guide



EXPANSION — The change in size of a substance due to a change in tempera-
ture. The change in length per degree of lemperature change is known as the
linear coefficient of expansion and is different for different materials.

EXPANSION JOINT — A joint used to permit movement due to expansion
without excessive stress.

EXPLOSION DOOR — A door in a furnace or boiler setting designed to be
opened by a predetermined gas pressure.

EXTENDED SURFACE — Heating surface in the form of fins, rings, or studs
added to heat-absorbing eclements.

EXTERNAL WATER TREATMENT — Tn of boiler feed prior to
its introduction into the boiler.

F

°F — The Fahrenheit ternperature scale, at which 32° is the freezing point and
2127 is the boiling point of water at atmospheric pressure.

FEED PIPE — A pipe through which water is fed into a boiler.

FEEDWATER — Water introduced into a boiler during operation. It includes
make-up and return

FEEDWATER TREATMENT — The treatment of boiler feedwater by the
addition of chemicals to prevent the f ion of scale or elimi other
objectionable characteristics.

FILTER — Porous material through which fluids or fluid and solid mixtures are
passed 1o separate matter held in suspension.

FINES — Sizes of solid particles below a specified range.

FIRE BOX — The equivalent of a furnace, fire box is a term uwsually used for
the furnaces of locomotives and other similar types of boilers.

FIRE EYE — A device used to prove the pilot and main flames in a boiler. In
the event of a pilot or main flame failure, the fire eye shuts off the fuel supply
to the burner, thus preventing fuel from flooding the fire box and causing a
furnace explosion. See flame detector.

FIRE POINT — The lowest temperature, under specified conditions, at which
fuel oil gives off enough vapor to burn continuously when ignited.
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FIRE TUBE — A tube in a boiler surrounded by water on the outside and
carrying the products of combustion on the inside.

FIRE-TUBE BOILER — In this type of boiler, the products of combustion pass
through tubes surrounded by water.

FIRING RATE — The rate at which an air/fuel mixture is supplied to a bumer.
It may be expressed in volume, weight, or heat units supplied per unit time.

FIXED CARBON — The carbonaceous, residue-less ash remaining in the test
container after the volatile matter has been driven off when making the proxi-
mate analysis of a solid fuel.

FLAME DETECTOR — A device that indicates if the fuel is buming or if
ignition has been lost. The indication may be itted to a control system or
as a signal. See fire eye.

FLASHBACK — A burst of flame from a fumnace in udlrecunnnppmedmthg
normal flow, usually caused by the ignition of an
gases. Also known as flareback.

FLASHING — Steam produced by discharging water at saturation temperature
into a region of lower pressure.

FLASH POINT — The lowest temp under ifi Jiti at which
fuel oil gives off enough vapor to flash into mufmgnury flame when ignited.

FLASH STEAM — Produced when waler at its saturated temperature is re-
leased to a lower pressure.

FLASH TANK — A tank in which flash steam can be captured and used.
FLUE — A passage for products of coml

FLUE DUST — The particles of gas-borne solid matter carried in the products
of combustion.

FLUE GAS — The gaseous products of com

FLUIDIZED BED COMBUSTION — Fuel injected and bumned in suspended
material held aloft by a flow of air. The suspended material can be ash, sand,
or limestone, When limestone is used, it is capable of capturing a high percent-
age of the fuel's sulfur.

FLUIDIZING — Causing a mass of finely divided solid particles to assume
some to the properties of a fluid, such as by acration,
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GASIFICATION — The process of converting solid or liquid fuel into a gas-
eous fuel, such as the gasification of coal.

GASKET — Material used to make up for irregular surfaces between two parts
in order to produce a leaktight seal.

GAS TRAIN — The fuel train for gas.

GATE VALVE — A valve that opens to the full diameter of the pipe thereby
allowing unobstructed, maximum flow. This valve should be either fully open or
fully closed, and should never be used for throttling.

GAUGE COCK — Also known as a try cock, a gauge cock is a valve attached
to & water column that is used to check the water level.

GAUGE GLASS — Located on the water column, it is used to indicate the
level of water in the boiler.

GAUGE PRE.SSURE (psi or psig) — The diffe b a given p
and s The p above that of the atmosphere.
GAUGING — The process of d ining the capacity or of a tank.

GENERATING TUBE — A tube in which steam is generated.

GLOBE VALVE — A valve with & ble disk-type el and a stati
ring seat that changes the direction of the fluid flowing through it. Should be
used where throttling of a fluid is required.

gph, gpm, gps — Gallons per hour, gallons per minute, gallons per second.
GRAINS — A measurement of weight. 7,000 grains equal one pound.

GRAINS PER GALLON — A unit used to express concentration. One grain
per gallon equals 17.7 parts per million (ppm).

GRATE — The surface on which fuel is supported and burned, and through
which air is passed for combustion.

GROSS HEATING VYALUE — The total heat obtained from the combustion of
a specified amount of fuel and its stoichiometrically correct amount of air, both
at 60°F when combustion starts. The combustion products must be cooled to
60°F before the heat release is measured. Also known as the higher heating
value.
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Hg — The chemical symbol for mercury.
HIGHER HEATING VALUE — Sce gross heating value.

HIGH FIRE — A relative term that means the input rate to a burner is at or
near its maximum.

HIGH-PRESSURE BOILER — Any steam boiler operating over 15 psi.

HOGGED FUEL — Wood refuse after it is chipped or shredded by a hi
called a “hog.”

HORIZONTAL RETURN TUBULAR (HRT) — A fire-tube boiler with an
external furnace.

HORSEPOWER (hp) — A unit of power equal to 33,000 fi-lb/min, 550 fi-1b/
sec, or 2,545 Buuh.

HORSEPOWER-HOUR — One horsey of energy expended i ly
for one hour. Equal to 2,545 Btuh.

HUDDLING CHAMBER — The annular pressure chamber located beyond the
valve seat for the purpose of ing a popping ck istic of a safety
valve.

HYDRAZINE — A strong reducing agent used as an oxygen scavenger.

HYDROCARBON — Any of & number of compounds composed of carbon and
hydrogen atoms. Examples include fuel oils, natural gas, propane, and coal.

HYDROSTATIC TEST — A leak test that consists of pressurizing a filled
pressure vessel to 1-1/2 times its maximum allowable working pressure
(MAWP).

Hz — Hertz. A unit of frequency equal to 1 cycle per second.

I

id — Inside diamecter.
IGNITION — The act of starting combustion.

IGNITION TEMPERATURE — Lowest temperature of a fuel at which combus-
tion becomes self-sustaining.

IMPELLER — A rotating device used 1o increase the velocity of fluids in a
centrifugal pump.
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in. Hg — Inches of mercury column. A unit used to measure pressure. One
inch of mercury column equals 0.491 psi.

in. Hg ABSOLUTE — Total p includi pheric din
inches of mercury col The dard heric b ic p is
29.92 inches of mercury column,

in. Hg VACUUM — A scale for ing p less than atmospheric. A
reading of zero indi pheric p while 29.92 would indicate no
P or a perfect

in. wg or in. we — Inches of water gauge or inches of water column, Express a
measurement of relatively low pressures or differentials by means of a U-tube.
Equal to 0.036 psi. The unit used when measuring draft.

INCOMPLETE COMBUSTION — A condition that exists when all fuel is not
bumed. The result is smoke and soot.

INDUCED DRAFT — Gas flow caused by a boiler's exit pressure being less
than the boiler’s furnace pressure. It draws the products of combustion out of
the boiler and may be produced by natural or mechanical means.

INDUCED DRAFT FAN — A fan exhausting hot gases from a boiler.

INFRARED — The part of the invisible spectrum of light that has greater
wavelengths than visible red light.

INHIBITOR — A compound that slows down or stops an undesired chemical
reaction such as corrosion or oxidation.

INJECTOR — A device utilizing a steam jet to pump fecdwater into a boiler.

INSULATION — A material that is a poor transmitter of heat (low thermal
conductivity). It is used to reduce heat loss from a given space,

INTERLOCK — An electrical ic, or mechanical ion b
clements of a control system to \rem')r that conditions are satisfactory for a
Proper of g and to da of the system when a
d or condition develops, such as excess steam pressure, low

fuel | pressure, loss of flame, etc. Also known as limit control,

INTERNALS — Equipment located in the steam drum of a water-tube boiler or
the steam space of a fire-tube boiler. This equ.ipment comlsl.s of steam separat-
ing equipment (dry pipes, baffles, cych 7 distribution
pipes, blowdown lines, etc.
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JET PUMP — See cjector.

K

KEROSENE — A light liquid petrol fuel. A i in No. 1 and No. 2
fuel cils and jet propulsion fuels.

KILOWATT (kW) — A unit of electrical power equal to 1,000 watts or 3,413
Buh. For direct current, watls equal amperes times volts (P = 1 x E); for
sinigle-phase alternating current, watts equal amperes times velts times power
tactor (P = 1 x E x PF); and for three-phase allemating power, watts equal 1.73
times amperes times volts times power factor (P = 1.73 x I x E x PF).

KILOWATT-HOUR (kWh) — One kilowatt of energy expended continuously
for one hour. It is equal to 3,413 Bu.

KINETIC ENERGY — Energy that a body has due to its mation. A flywheel
has kinetic energy due to the motion of its heavy rim. Doubling the velocity of
# body makes its kinetic energy four times greater.

LAGGING — A covering, usually of insulating material, on pipe or ducts.

LANTERN RING — A device used 1o separate packing in a stuffing box to
allow for the circulation of seal water.

LATENT HEAT — Heat absorbed or given off by a substance that causes a
change of state ra:her than a change m temperature. Examples are: melting,
swiidifying, evap g, ing crystalline struclure.

Ib — Pound.

LLEAD SULFITE CELL — A delector that is used 10 pick up the infrared light
from the pilot and main flames and pass a signal to the programmer. Sce flame
detector and fire eye.

LEAN MIXTURE — A mixture of fuel and air in a burner, in which an excess
of air is supplied in relation to the amount needed for complete combustion.

LIGAMENT — The minimum cross section between two adjacent holes of
solid metal in a header, shell, or tube sheet.
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OVERFIRE AIR — Air for combustion admitted into the furnace at a point
above the fuel bed.

OXIDIZING ATMOSPHERE — An atmosphere that tends to promote oxidation
in immersed materials.

OXYGEN ATTACK — Corrosion or pitting in a boiler caused by oxygen.

OXYGEN SCAVENGER — A chemical that fissolved oxygen from
‘waler.

PACKAGED BOILER—Rmeer quipped and shipped plete with fuel-
bu.mmg i hanical draft equi i 15, and acces-

sories. Also known as a packaged steam generalorr

PACKING — Material placed into the stuffing box of a pump or valve to
greatly reduce or stop leakage in the area where the shaft passes through the
pump or valve casing.

PASS — A confined geway that ins a heating surface through which
a fluid flows in essenlh]ly one dnrer.-tmn

PEAK LOAD — The maximum load carried for a stated short period of time.

PEAT — An accumulation of compacted and partially devolatilized vegetable
matter with high moisture content. An early stage of coal formation,

PERFECT COMBUSTION — The I idation of all the bustibl
constituents of a fuel, utilizing all the nxygen supplied. Also known as stoichio-
metric combustion.

PETROLEUM -~ Naturally occurring mineral oil isting predominantly of
hydrocarbons.
PETROLEUM COKE — 5olid carb residue ining in oil refini

stills after the distillation process.

pH — The hydrogen-ion concentration of water used to denote acidity or
alkalinity. A pH of 7 is neutral. ApHabmreremlesmdlty Apralow?
denotes alkalinity. pH ratings are the neg of 10 rep
hydrogen-ion concentration in grams per liter. For example, a pH of 7 repm-
sents 0.0000001 grams per liter.
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PHOTOCELL — Used to detect visible light. Used as flame detectors on
domestic and small commercial oil bumers.

PILOT — A small flame used to ignite the main fuel of a burner. A continuous
pilot i called a ding pilot) is on all the time as long as the unit is
in service, regardless if the main “buner is firing or not. An interrupted pilot or
ignition pilot, burns only during the flame establishing period.

total

PILOT TUBE — An i that regi
in a gas stream, used to determine velocity.

and static p

F

PITTING — A ecmmmed nmk by oxygen or other corrosive chemicals in a
boiler, producing a 1 ion in the metal surface.

PLENUM — Anmclmmmamssmonalmmmhlmlhmmyof
the ing pipes or h which gas or air pass at relatively
low velocities.

POLYMER — A giant molecule formed from a considerable number of simple
molecules (monomers) that have the same chemical composition.

PDSHIONNG AIR/FUEL RATIO (.‘ONTROL SYSTEM — A system in which
a ized positioner simul positions the forced draft damper and fuel
vﬂveawestahhshmmfﬁulnuowaamurfnxh,lﬂ!u,mdcm Also
known as a jack shaft airffuel ratio control system.

POSITIVE DISPLACEMENT PUMP — A class of pump in which each rota-
tion or stroke will deliver a constant volume of fluid, building up to any pres-
sure necessary 1o deliver that volume (unless the motor stalls or the pump or
piping breaks).

POST PURGE — A method of scavenging a boiler to remove all combustible
gases after the main bumer has shut down and the fuel valves are closed.

POTABLE WATER — Water fit for drinking.

POUR POINT — The lowest temperature at which an il will flow when
cooled.

POWER — The rate at which work is done. Foot-pounds express work, but the
rate or time required determines the power: 33,000 ft-lb/min is one horsepower.

ppm — Pans per million.

PRECIPITATE — To separate materials from a solution by the formation of
insoluble matter by chemical reaction.

PRECIPITATOR — An ash

D and collector of the el ic type.
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PREPURGE — A method of scavenging a boiler to remove all combustible
gases before the ignition system can be energized. Usually at Jeast four air
changes are required.

PRESSURE — The force exerted on a unit area. The most common pressure
unit is pounds per square inch (psi).

PRESSURE DROP — The difference in pressure between two paints in a
system, caused by resistance to flow.

PRESSURETROL — A pressure switch that starts and stops the boiler on
pressure demand.

PRIMARY AIR — Air introduced with the fuel at the bumners. With oil it may
be the atomizing air stream. With coal it may be the same as the pulverizer air.

PRIMING — In boilers, the discharge of steam that contains excessive quanti-
ties of water in suspension due to violent boiling. Also the act of filling a pump
with water so that it can pump.

PRODUCER GAS — Gaseous fuel obtained by bumning solid fuel in a chamber
in which a mixture of air and steam is passed through the incandescent fuel
bed. This process results in a gas, almost oxygen free, that contains a large
percentage of the original heating value of the solid fuel in the form of carbon
monoxide and hydrogen.

PRODUCTS OF COMBUSTION — The gases, vapors, and solids that result
from the combustion of fuel.

PROGRAMMER — Controls the firing cycle of a boiler, starting with purging,
then pilot, main flame, and post purge.

PROPANE — Same family as natural gas. Propane is easily liquefied and sold
in tanks. Also known as liquefied petroleum gas (LPG).

PROPELLER PUMP — See axial flow pump.

PROPORTIONAL CONTROL — A mode of control in which there is a con-
tinuous linear relation between the value of the controlled variable and the
position of the final control element.

PROXIMATE ANALYSIS — Analysis of solid fuel to determine moisture,
volatile matter, fixed carbon, and ash expressed as percentages of the total
weight of the sample. This test is commonly performed at the burn site to
sample delivered fuel,

psi — Pounds per square inch.
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dechanical Engineering

Get Licensed and Get Ahead!

If the exam is on boiler operation, this guide is your fast track to acing the test! It
was written by a licensed professional engineer specifically for those who work
with boilers and want to pass licensing exams.

Inside, you'll find all the help you need to walk into your exam with confi-
dence and walk out, knowing you've made the grade. You'll find:

M Clear illustrations that make the material memorable

B Uncluttered explanations of exactly what you need to know

lo pass your lest
B 457 questions and answers just like the ones you'll find on your axam

M Step-by-step problem-solving help

W Valuable test-taking tips

B Acomprehensive glossary of terms and jargon used in the industry

With this results-oriented review guide, you'll save study time. The Boiler
Operator’s Exam Preparation Guide doesn't waste precious study hours with
material you don't need o know. Instead, it focuses right in on exactly the kind
of problems you will find on your exam.

Not only is it packed with practice multiple choice, problem-solving, and
essay questions to help you prepare, this guide also shows you how to answer,
step by step. Working at your own pace, you'll polish up your problem-solving
skills and bulld up your knowledge of the underying theories of thermodynamics
and mechanics.

The Boiler Operator's Exam Preparation Guide is your one-stop source for
acing any exam on boller operation!
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