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USAGE AND APPLICATION. 

INTRODUCnON 

Before we study the subject of boilers in detail, let us briefly discuss such 
terms as boilers, steam generators, critical-pressure boilers, low pressure, 
high pressure, steam, hot-water-heating boilers, hot-water-supply boilers, 
and also some Boiler Code requirements. 

A number of these terms arc d irectly related to legal requirements 
drawn up by state and city laws. Thus they arc of great importance not 
only to boiler operators, operating and mechanical engineers, mainte­
nance and service people, but also to those in management. These are· 
~he people in charge of ( 1) plant safety, (2) fiscal and legal policy af­
fected by plant insurance, costs, and hazards, and ( 3) the city or state 
goveOJments.having jurisdiction over plant equipment. 

Q We know that boilers have a great potential for causing loss of life 
and damage to property. But in addition to safety, what other knowledge 
is required when working with boilers? 
A The usc of fired and unfired pressure vessels is rapidly expanding in 
industry, commercial buildings, apartment houses, and in every economic 
activity around the world. Most of us working with machinery sooner or 
later come in contact with fired and unfired pressme vessels. Thus, we 
should become familiar with this equipment. Today, control d<.'Vices, 
automatic cquipmcn~. com~utcrs, and other sophistical<.'<! items are being 
applied to fired pressure vessels. 

But do nqt make the mistake of thinking that boilers and other pres· 
sure vesst:Y thus automated arc perfectly reliable because they operate 
like :l"robOt. On the contrarv, these safetv devices make the inherent 
danger even greater when co~plcte dcpcnd~ce is placed on them. 

The usc of nuclear reactors is also expanding, but a reactor is also 
basically a heated pressure vessel. Thus certain boiler fundamentals also 
apply to the construction and operation of reactors. ·. 

State and municipal laws involving boilers and pr<.-ssure vessels re­
quire a knowledge of this subject to complv with legal statutes. And not 
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2 Standord Boiler O,oerafols' Questions ond Amwen 

to be forgotten when working with this equipment are the factors of 
reliability, service, efficiency, costs, Joss of use, :!nd, of course, safety. 

Q Do state laws apply only to high-prarure boikn? 
A Certainly not. At one time this was true, but with the advent of 
more and more automatic dc\'ices on boilers, with less and less reliance 
on full-time boiler operator attendance, coupled with some serious ex· 
plosions on low-preuure boilers, more and more states have adopted, and 
are adopting, low-pressure boiler laws and even unfired preuure varel 
L1ws. The trend for more rigid laws affecting pressure equipment is going . 
to continue because low preuure on a fired \'esse), under certain condi· 
tions, becomes high premJre in a matter of minutes. 

Q How would you define a boiler? 
A A boiler is a closed pressure vessel in which a ftuid is heated for use 
external to itself by the direct application of heat resulting from the 
combustion of fuel (solid, liquid, or gaseous} or by the use of electricity 
or nuclear energy. 

Q What is a steam boiler? 
A A steam boiler is a closed vessel in which steam or other vapor is 
generated for use external to itself by the direct application of heat re­
sulting from the combustion of fuel (solid, liquid,. or gaseous} or by the 
use of electricity or nuclear energy. 

Q What is a high-preS$Ure steam boiler? 
A A high-premJre steam boiler is one which genmtes steam or vapor 
at a pressure of more than 15 pounds per square inch gage (psig). Below 
this pressure it is classified as a low-pressure steam botler. 

Q Define a miniature high-pre$$Ure boiler. 
A According to Section I of the Boiler & Pressure Vessel Code of the 
American Society of Mechanical Engineers (ASME), a miniature boiler 
is a high-pressure boiler which does not exceed the following limits: ( 1} 
16 in. inside diameter of shell, (2) 5 cu ft gross volume exclusive of 
casing and insulation, and (3) )00 psig pressure. If it exceeds any of 
these limits, it is a power boiler. Most states follow this definition. 

Q What is a power boiler? 
A A power boiler is a steam or vapor boiler operating above 15 psig 
and exceeding the miniature boiler size. This also includes hot-water· 
heating or hot-water-supply boilers operating above 160 psi or 2SO de· 
grees Fahrenheit ( •F). 

Q Define a hot-water-heating boiler. 
A A hot-water-heating boiler is a boiler used for space hot-water heat· 
ing, with the water returned to the boiler. It is further cbssi6ed ::s low 
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Usoge ond Applieotion 3 

pressure if it does no~ exceed 160 psi o~ 2SO"F. But if it exceeds anr of 
these, it becomes a high-pressure·boiJer. 

Q What is a hot-water-JUpply boiler? 
A A hot-water-supply boiler is a boiler furnishing hot water to be used 
externally to itself for washing, cleaning, etc. If it exceeds 160 psi or 
ZSO"F, it becomes a high-pressure power boiler. 

NOTE: The ordinary domestic type hot-water-supply heate: directly 
fired with oil, gas, or electricity may be classified as a hot-water­
supply boiler, depending on the state. The ASME Low-pressure 
Heating Boiler Code, Section IV, stipulates that it becomes a hot­
water-supply boiler if any of the following is exceeded: (I ) Heat 
input over ' 200,000 Btu pet- hr, (2) water temperature over 200"F, 
and ( 3) nominal water-containing capacity of 120 gal. If it is below 
these limitations, it is designed under Section VIII, Unfired Pressure 
Vessels, ASME Boiler & Pressure Vessel Code. Some state laws start 
classifying these hot-water heaters as hot-water-supply boilers if the 
input exceeds 100,000 Btu. Other states incorporate all fired vessels . 
(including those electrically fired) under the Boiler Code Regula· 
tions, excluding only vessels in. private residences or apartment 
houses with six families or less. So always check your state law. 

Q The latest ASME Boile~ & Pressure Vessel Code is very important 
when working with boilers. How did this C.ode come to be applied and 
administered? 
A Before the ASME Code, manufacturers had their own individual 
construction techniques. There were no fixed legal standards, but after 
more and more boiler accidents occurred as the country became more 
industrialized, the public demanded bws for protection. One of the first 
states to adopt a .state code was Massachusetts, but it took a boiler ex· 
plosion which killed 58 persons and injured 117. Thus the ASME set up 
a committee in 1911 to formulate standards of construction of steam 
boilers and pressure vessels. This committee is now called the Boiler & 
Pressure Vessel Code Committee, and the codes drawn up are called the 
ASME Boiler & Pressure Vessel Code, consisting of the following: Sec­
tion I, Power Boilers; Section II, Material Specifications; Section Ill. 
Nuclear Vf'.ssels; Section IV, Low-pressure Heating Boilers; Section VII, 
Suggested Rules for Care of Po~ Boilers; Section VIII , Unfired Pressure 
Vessds; Section IX, Welding Quali6!=3tions. 

In time. the ASME Code became n:c:ognized as a standard in the 
United States and even in foreign countries. States and cities started to 
adopt one or more sections of the Code to make it legal. Many state and 
city representatives, including some from Canada, arc o/fw on the ASME 
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4J Stondord Boiler OperafoTs' Questions ond Answers 

Boiler and Pressure Vessel Code Committee. There are also various tech­
nical groups, called subcommittees, covering such subjects as power 
boilers; fire-tube boilers; steam boilers in service; material specifications; 
steel plates; steel tubular products; steel castings, forgings, and boltings; 
non-ferrous materials; properties of metals (with subgroups on toughness, 
fatigue strength, strength. properties); strength of weldments; nuclear 
power; heating boile.rs; unfired pressure vessels; welding; safety-valve re­
quirements; code symbols 'and stamps; openings and bolted connections; 
special design; nondestruc.tive testing; and vessels under external pressure. 

Q What is a supercritical pressure boiler? 
A Steam and water have a critical pressure at 3,206.2 psi absolute 
( psia) . At this pressure steam and water are at the same density, which 
means that the steam is compressed as tightly as the water. When this 
mixture is heated above the corresponding saturation. temperature of 
70).4•F for this pressure, dry, superheated steam is produced to do useful 
high-pressure work. This dry steam is especially well-suited for driving 
turbine-generators. A supercritical boiler is thus one that operates above 
the supercritical pressure of 3,206.2 psia and 705.4•F saturation tempera­
ture. (See the sections on enthalpy and heat of vaporization in Chap. 10.) 

Q Wllat is a once-through boiler? 
A This refers to a boiler or steam generator which receives feedwater 
at one end of continugus tubes and discharges steam at the other end. 
(SeeChap. 4.) · 

Q Define a waste-heat boiler. 
A This is a boiler which uses by-product heat such as from a blast 
furnace in a steel mill, exhaust from a gas turbine, or by-products from 
a manufacturing process. The' waste heat is passed over heat-exchanger 
surfaces. to produce steam or ho_t..water for conventional use. 

Q Do Code rules apply to waste-heat boilers? 
A Yes. Tite same basic construction rules still apply, and the usual 
auxiliaries and safety features normally required on any fired pressure 
VC$Sel are needed. 

Q What is a steam generator? 
A Engineers prefer to use the term steam generator instead of steam 
boiler, as boiler refers to the physical change of the contained fluid 
whereas the term steam generator covers the whole apparatus in which 
this phrsical change is taking place. But in ordinary usage, both are essen­
tially the same thing. Most state Ia~ are still written ·under the old, 
basic boiler nomenclature. 

Q Are there any other classifications of boilers dependent on the nature 
of service intended? 
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Usage oncl ApplicCJflon 5 

A Yes, the traditional classifications are stationary, portabk, locomo­
tive, and marine, defined as follows. A s-tationary boiler is one which is 
installed permanently on a land installation. A portable boiler is a boiler 
mounted on a truck, barge, small river boat, or any other such mobile­
type apparatus. A locomotive boiler is a specially designed boiler, spe­
cifically meant for self-propelled traction vehicles on rails (also used for sta­
tionary service). A marine \>oiler is usually a low-head-type special-design 
boiler meant for ocean cargo and passenger ships with an inherent fast­
steaming capacity. 

Q Are boilers used for steam heating different from those used for 
supplying steam for power generation or process? If so, how? 
A Yes. Heating boilers are usually low-pressure units of cast-iron or 
steel construction, although high-pressure steel boilers may also be used 
for large buildings or for large, complex areas. Usually if this is done, 
pressure-reducing valves in the steam lines lower the pressure to the 
radiators, conv~tors, or steam coils. The term steam heating also gen­
erally implies that all condensate is returned to the boiler in a closed-loop 
system. 

Q Is there a maximum pressure allowed in a low-pressure steam-heating 
boiler? 
A Yes, it is 15 psig. 

Q \VI1at hydrostatic test is required on low-pressure steam-heating 
boilers? 
A A hydrostatic test of 60 psig is required at the shop where the boiler 
is constructed. After the unit is. in s.crvice, the hydros\atic test is limited 
to 1 Y2 times the maximum allowable working pressure (MWP). 

Q Is it permissible to build cast-iron boilers for steam usage above 15 
psig? 
A No. Under the present Boiler Code, cast-iron boilers for steam usage 
arc limited to an MWP of 15 psig. 

Q May cast-iron boilers be used for proct-ss work if they are operated 
under 15 psig steam p ressure? 
A No. Cast-iron boilers arc _specifically restricted by the ASME Code, 
Section IV to be used exclusively for low-pressure steam heating. Process 
work usually me<)ns hea\·y-duty service of continuous steaming and heavy 
makeup of fresh cold water. This will cause rapid temperature changes in 
a cast-iron boiler; resulting in cracking of the cast-iron parts. Thus the 
Code restricts their use to steam-heating service only. 

Q In heating-load calculations, the terms IBR rated, SBI rated, and 
EDR are often used. \'v'hat do these terms mean? · 
A These terms affect the output rating of a boiler. Thus they are im­
portant in sizing a boiler for heating a certain size space. They also affect 
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IIR bumotr IIR 
lntide diam 

lumer 
NotiiR capacity chimney olxe capacity 

Grau Gran rating • 
based dn 18R gQS for hoovy oilt of rectong. based Oft 

loiter 
boll or 

IIR 
150,000 inp•t, Mbh 

smoh pipe 140,000 
_b., 

hp Olllput, 1 111 / gol 
to fit over 

ltv/ gol 
Mbh Sqft Mbh (heavy oil), 

Site, Height, smokeloood (Ught oil), 
aieot'l water gph in. ft outlet, in. 

gplo 

45D-8 47.3 1,584 5,060 1,214.7 13.20 1,980 16 X 20 25 15 X 19 14.15 
45D-9 53.7 1,796 5,795 1,391.2 14.90 2,238 16 X 20 26 IS X 19 16.00 
450-10 60.0 2,008 6,495 i,SS9.0 16.6S 2,496 20 X 20 27 IS X 19 17.85 
450-11 66.3 2,22Q. 7,180 1.723.6 18.3S 2,7S'J. 20 X 20 28 IS X 19 19.70 
ASD-12 72.6 2,428 7,8S5 , ,8SS.1 20.10 3,011 20 X 20 29 IS X 19 21.50 
HD-13 78.9 2,640 8,540 2,049.7 21.80 3,269 20 X 24 30 19 X 19 23.35 
45o-14 85.2 2,852 9,225 2,214.3 23.50 3,527 20 X 24 31 19 X 19 25.20 
450-15 91.5 3,064 9,910 2.~78.9 25.25 3,785 20 X 24 32 19 X 19 27.05 
45D-16 97.7 3,270 10,580 2,538.8 26.9S 4,0·&3 .24 X 24 33 19 X 19 28.90 
45D-17 104.0 3,490 

I 
11,290 2,709.6 28.70 4,300 24 X 24 3A 24 X 19 30.70 

4SD-18 110.2 3,700 11,970 2,872.7 30.40 A,558 24 X 2A 35 24 X 19 32.55 
45D-19 116.8 3,910 12,650 3,03S.7 32.10 4,816 24 X 24 36 24 X 19 34.40 
ASD-20 123.1 4,120 13,330 3,198.8 33.85 5,07A 2A X 28 37 2A X 19 36.25 

0 Net taR rolln9> thown Include ollow<lftce for plplng lou ond pickup too~. 
t If the heavy oil bumor being used require. a draft over the lire greater th011 0.06 In, !hot chi...,.y hltighl shaH be adjvsted acC«dlngly. 

Fig. 1·1, Typical fiR n~tirogs for cout-'ron boilers froM monufaclvrotr's catalog. (Continued on notd pogo.) 
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fvmoce 
C.overing 

length l ength l.ngth Heating surface loiltr 
sw foce, "oNmo including ovt:roll flrepot fOU<>doticn 

nutl\btr tq It above bo•e, 
drumJ, 

A, a, c. 
cv lt 

tq ft in. ln. ln. 

45o-e 288.7 29.43 70 86Y, • 2 49 
450- 9 325.3 33.$4 77 92Y, 48 55 
45o-lo 361 .3 37.64 84 98Y, 54 61 
45o-n 398.0 41.75 91 104Y• 60 67 
4so-1 2 434.0 4S.86 98 I lOY, 66 73 
4So-13 470.7 49.96 lOS II6Y1 72 79 
45o-u 506,7 54.07 112 122Y. 78 85 
45o-J5 543.3 S8.i 8 119 128Y> 84 91 
45o-16 579.3 62.28 126 134Yt 90 97 
45o-17 616.0 66.39 133 140Y. 96 103 
450- 18 652.0 70.50 140 U6Y, 102 109 
45o-1 9 688.7 74.60 147 152Yt 108 liS 
45o-2o 724.7 78.71 154 1 say, 114 121 

NOTE: All boilers hydrottotlcolly tetted, ASME Standard. Mo•hnum allowable working 
pre1wre, steam, 15 lb; water, 40 lb. 

Fig. 1·1 (Continued). Typical IIR rating• for cost·iron boilers from monufocturar'1 cotolog. 
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8 Standard Boiler Operators' Questions and An.swers 

the safety valve requirCd on a boiler. The preferred modem trend is to 
rate a boiler by the Btu-per-hour-output method. The terms mean the 
following : 

IBR stands for the Institute of Boiler and Radiator Manufacturers, 
which rates cast-iron boilers. IBR-ratcd boilers usually have a nameplate 
indicating net and gross output in Btus per hour. Gross output is further 
defined as the net output plus an allowance for starting, or pickup load, 
and a piping fieat loss. The net output will show the actual useful heat· 
ing effect produced. The ASME Code states it is the gross heat output of 
the equipment that should be matched in specifying relief-valve capacity. 

SBI stands for the Steel Boiler Institute. The nameplate data shown 
on SBI-ratcd boilers arc not uniform, but the style or product number 
may be shown. The manufacturer's catalog will often show an SBI rating 
and an SBI net rating. The SBI rating tends to show the sum ·of SBI net 
ratings, plus 20 percent extra for piping loss, not including the pickup 
allowances noted under IBR ratings. Thus, it is difficult to obtain the 
true gross output to determine safety relief capacity from these data. But 
the SBI does require the square feet of heating surface to be stamped on 
the boiler. With this, the ASME rule of minimum steam sv capacity in 
pounds per hour per square foot of h~ating surface is used. (See Chap. 
13.) 

EDR means equivalent square feet of steam radiation surface. It is 
further defined as a surface which emits 240 Btu per hr with a steam 
temperature of 21 5•F at a room temperature of 70•F. With hot-water 
heating, the value of 150 Btu per hr is used with a 20•F drop between 
inlet and outlet water. This term is used by architects and heating engi· 
nccrs in determining the area of heat transfer equipment required to heat 
a space. Thus boiler capacity is obtained indirectly from a summation of 
the EDRs. Figure 1-1 shows typical cast-iron boiler ratings from a manu· 
facturer's catalog. Figure 1-2 shows ratings of the Steel Boiler Institute. 

Q What other terms are used to indicate boiler output? 
A These three terms are often used with pressure and temperature 
listings. 

I . For steam boilers, the actual evaporation in pounds per hour. For 
hot-water boilers, the Btu-per-hour output for the given pressures and 
temperatures arc stamped on the boiler. Today this is the preferred 
method. Also used are 

2. Square feet of heating surface. 
3. Boiler horsepower. 

Q What is meant by heating surface in a boiler? 
A This is the (fireside) area in a boiler exposed to the products of 
combustion. This area is usually calculated on the basis of areas on the 
following boiler element surfaces: tubes, fireboxes, shells, tube sheets, 
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output, hp . . . .. . .. 
q ft ... .. . ... . .. . 
sq ft . . . . .. .. . .... 

··· · ·· ·· · ······· 
Steam per hr (212 •n lb . .. . 
Certifted o.otpvt, hp . . . . . ... . 
Ce<tifted ovtpvt, Mbh . . . . . . 
firiftg rale1 

011, gph .. . .. . . .. . . . .... 
Gas, Mbh . . .. ... .. . .... 

HeoHno surface (wotenide), 
sq ft . . . ... . . .. .. . . . .... 

HeoHna surioce (fireside), sq ft . 
Fumoce volume (SII min),cv It. 
Net fumoce vofvme, cv ft . ... 
Safety ·valve capacity 

lb steam/ hr . ........ . . .. 

00\1 vvo 

6-4 75 
9,000 10,500 
14,400 16,800 
2160 2520 
2,208 2,588 
78 92 
2625 3060 

22 26 
3280 3830 

429 500 
397 463 
52.1 60.8 
62.5 67.7 

3,432 4,000 

HM- HM-

--- 883 au 
91 108 13<4 
12,750 15,000 18,750 
20,400 2 4,000 30,000 
3060 3600 • 4500 
3,140 3,726 4,623 
Ill 131 164 
3718 4374 5464 

31 37 46 
4650 5460 6UO 

608 715 893 
563 662 827 
73.8 86.8 108.5 
85.4 94.2 118.5 

4,864 5,720 7,1-4-4 

;;: Fig. 1-2. Data ol Sat-rated steel boilers for steam or hot-water heating. 
~~ 
=r 
'8 
"' =r 
"' !:! -o 

;:: 

~ 
"' 

HM-
885 

161 
22,500 
36,000 
5400 
5,555 
195 
6559 

54 
8200 

1,072 
993 
130.2 
149.9 

8,576 

loller momber 

HM- HM- HM- HM- HM- HM- HM- HM-
886 887 888 889 890 891 892 893 

188 215 269 322 376 <430 <413 537 
26,250 30,000 37,500 <45,000 52,500 60,000 60,000 75,000 
<42,000 48,000 60,000 72,000 u,ooo 96,000 108,000 120,000 
6300 7200 9000 10800 12600 U400 16200 18000 
6,<486 7,<418 9,281 11,109 12,972 14,835 16,664 18,527 
228 261 326 392 456 521 585 651 
7650 8745 10929 13114 15300 17485 19671 21855 

64 73 91 11 0 127 146 167 182 
9560 10920 13670 16<400 19120 21900 24600 27300 

1,250 1,429 1,786 2,143 2,500 2,857 3,2 14 3,571 
1,157 1,323 1,654 1,985 3,215 2,645 2,976 3,307 
151.8 173.5 216.9 260.3 303.6 346.9 390.3 433.6 
164.1 185.1 228.2 271.3 333.5 348.7 393.1 437.6 

10,000 11,432 1-4,288 17,1-4-4 20,000 22,856 25,712 28,568 
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10 Sto:Klord 8oilw Operoton' Questions and Answws 

and projected area of headers. (See the section on safety valve calcula· 
tion, Chap. 13.) Heating surface is another method of measuring boiler 
(JUtput. 

Q What is meant by a boiler horsepower? 
A This is an old method of rating output, dating back to boiler-steam 
engine usage. But it is slowly being replaced by the Btu-per·hour-output 
method or the pounds-per-hour-output method. A boiler horsepower 
(boiler hp) is defined as the evaporation into dry saturated steam of 
34.5 lb of water per hour at a temperature of 212•F. Thus I boiler hp 
by this method is equivalent to an output of 33,475 Btu per hr and was 
commonly taken as 10 sq ft of boiler heating surface. But 10 sq ft of 
boiler heating surface in a modem boiler wi11 generate anywhere from· 
50 to 500 lb of steam per hour. Today the capacity of larger boilers is 
stated as so many pounds of stum per hour, which is simple and sensi­
ble, instead of in terms of boiler hp. 

Q Is there any movement by manufacturers to standardize ratings Un· 
der a common term for heating boilers? 
A Yes. There is a movement to standardize terminology, but past usage 
by owners, users, contractors, mechanics, and operators is not easy to 
ignore. Just remember that English is easier to write than Chinese, but it 
is hard to sell the idea to the Chinese. Today the Btu-per-hour method is 
favored. 

Also involved is competition among manufacturers as to how to 
rate the output in a competitive manner and not jeopardize the past 
ratings of their product. But it does point out that care shpuld be taken 
not only in specifying the boiler capacity required, but also in matching 
this capacity with the manufacturer's listing of output. 

Q \Vc know that a steam boiler is ~tentia!ly dangerous as a source~ 
explosion, but how can a hot-water boiler explode, since it is filled with 
water at all times? 
A Figure I-3 illustrat~s a typical hot-water-heating boiler setup. Explo­
sions occur in hot-water boilers from the follo~ng two very basic elemen· 
tary sources (assuming improper safety·valve protection). 

I. In a runaway firing condition (defective temperature cutout 
switch) the water turns into steam. Then the boiler becomes a high· 
pressure steam boiler for which it was not designed. Thus the pressure 
buildup can lead only to an explosion, with the compressed gas {steam) 
causing destruction until reduced to atmospheric pressure. For example, 
take a basement wall measuring 7 x 20 ft ( 140 sq ft). If I 00 psi acts on 
this wall , a fo·rce of 2,016,000 lb will push against the wall (1,013 tons), 
which it was not built to withstand. 
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2. Even if water does not reach the steam state, in a runawaY. firing 
condition, the water will get hotter and hotter, and the pressure will 
build up as more heat is applied. If the boiler ruptures while full of 
water above 21ZOF, it will flash into steam when relieved at atmospheric 
pressure. The ftashing will be so spontaneous that pressures corresponding 
to saturation temperature will build up in the room where the boiler is 
located. This pressure buildup will depend on the amount of water in the 
boiler, the size of the room, the temperature of the water, l<:akage from 
the room, etc. 

Comprt uion !Onlls 

fig. 1-3. Hon.Code hookup of hot-woler-Mall"11 boiler. 

Q What can cause an overfiring condition of a hot-water boiler? 
A Overfiring may be caused in numerous ways, such as: 

l. Failure of a limit control' to stop the burner because of a relay 
or mechanical defect. 

2. Mechanical failure of a fuel valve or dirt lodged in a valve so ic 
cannot close. · 

3. Burner on manual operation with no one watching the tem· 
perature. 

4. Residual heat with coal firing, with no one watching the tem-
perature. . 

5. Burner considerablv o,·ersizccl in relation to the boiler and the 
system. Also if demand is ~ild on a day of usc with pump not operating. 

6. Wiring short, causing cont rols to be bypassed. 
7. Fusing of contacts on a stop-go switch into the go position. 
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12 Standard loiter Operators' Questions and Amwws 

8 .. Solenoid· or air-<lperated valves isolating the boiler from the load 
because of mechanical or electrical defect of the controls on the solenoid 
or on the air stop-go device. 

Q If a liquid relUf wive is installed on a hot-water boiler, would not 
this release the increased volume of steam?' 
A No, bccluse such a valve may be sized to handle liquids only. In 
a runaway firing condition, the water will flash into steam ,with approxi­
mately a thc.usandfold increase in volume. Obviously, the lifting of a 
typical liquid-type relief valve is not adequate to handle this volume of 
steam. Thus the pressure would still build up, causing rupture and prop. 
erty destruction. 

Q Is any device for overpressure protection required on a hot-water 
boiler or on a hot-water heater? 
A Yes. A safety relief valve of ASME-approved design is required, 
which must be set for the highest pressure allowed on the .boiler. And it 
must be stamped to show Btu capacity (in Btu per hour) to match the 
Btu output (in Btu per hour) of the boiler or heater. 

Q If a hot·water storage tank is heated by a st&~m coil, is a Btu-type 
safety relief valve required on the tank? 
A Yes. If the steam coil uses steam from a low-pressure boiler and the 
boiler has a proper 15-psi safety valve, a safety relief valve (minimum 
l-in. diam) must be installed on the tank. But the relief valve on the 
tank must be set at or below the allowable working pressure of the tank. 
If the tank is supplied by steam from a steam line, the following precau­
tions are required: 

l. The pressure of the steam used in the coil cannot exceed the safe 
working pressure of the hot-water tank. 

2. A combination pressure-Btu (ASME type) relief valve is required 
on the hmk, set at or below the maximum pressure allowed on the tank. 
The relief valve must have a relieving capacity based on the steam coil 
Btu heat transfer rating. 

Q Can low water occur in a hot-water-heating·type boiler? 
A Yes. There are numerous reasons, such as the following : ( l) Loss of 
water due to carelessness in (a ) draining the boiler for repair or summer 
lay-up without eliminating the possibility of firing, (b) drawing hot 
water fro~ the boiler; ( 2) loss of water in the distribution system be­
cause of (a) leaks in the piping caused by expansion breakage or corro­
sion, (b) leaks in the boiler, (c) leaks through the pump or other 
operating equipment; ( 3) relief \-alve discharge caused by overfiring; 
( 4) closed or stuck city makeup line. 
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NOTE: Many boilers are dam!lged because of a common misconcep­
tion that a pressure-reducing ·valve, used to fill a hot-water system 
in\tially, will keep the boiler and system full under all circumstances. 
With a 30-psi relief valve and .a pressure-reducing valve which opens 
at 12 psi and closes ~t 16 psi, it becomes obvious that the pressure­
reducing valve cannot supply water during the time the relief valve 
is functioning . . 

CAUTION:· If a hand-fill valve is used, then any lealc in the system can 
quickly cauie a low-water condition. Also don't forget that the 
makeup water may not match the burner's capability for generating 
steam, as on larger heating boilers. 

Q In addition to the ASME pressure Btu safety relief valve, what other 
lll{ety relief device should be installed on a hot-water-heating boiler? 

COI!IIIfession tanks 

Supply moin 

flo. 1-4. Preferncl hool&up of hot-woter-heoting boiler. 

A A low-water fuel cutoff for an automatic-fired boiler, hooked up as 
shown in Fig. 1-4. Note that the safety relief valve is connected to the 
boiler proper. A low-water fuel cutoff is also included to gtiard against 
low-water failure. 

Q What si.ze expansion tanks are required on a hot-water heating boiler 
of the closed type? 
A The required minimum capacity of the air cushion tank (mandatory 
to have when system is of the closed type) may be determined as follows: 
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EM (equl•olent direct toller o,tpvt, Reqlrired size loftic, 
rodlotloll), oq ft bo/hr ool 

Up 1o 350 . . .. . ..... . 
Up 1o A50 .. . .. . . .. .. 
Up 1o 650 ......... .. 
.Up lo 900 .......... . 
Up 1o 1,100 .. .. ..... . 
Up 1o 1,AOO .. . . . ... • . 
U,p lo 1,600 ..... . . . . . 
Up to 1,800 .... .. .. .. 
Up to 2,000 . .. . . . . . . . 
Up to 2,AOO ....• .. . .. 

52,500 
67,500 
97,500 

135,000 
165,000 
210,000 
2AO,OOO 
270,000 
300,000 
360,000 

18 
21 
2A 
30 
35 
AO 
20 (210ftb) 
30 (2 IOftks) 
35 (2 loftksl 
AO (2 tanks) 

For systems with more than 2,400 sq ft of equivalent direct water 
radiation (EDR), the required capacity of the cushion tank shall be in­
creased on the basis of 1 gal tank capacity per 3 3 sq ft of additional 
EDR. The above table is based on the following formula, whi-::h should 
be used if all infonnation required is available: 

Vt _ (0.00041T- 0.0466) Vs 
- (Pa!Pf)- (Pa/Po) 

where Vt = minimum volume of expansion tanks required, gal 
Vs = volume of hot w.1ter system, not including tanks, gal 
T = average operating temperature, •F 

Pa =atmospheric pressure (absolute, not gage presSure) 
Pf =fill pressure (absolute, not gage pressure) 
Po = maximum operating pressure (absolute, not gage pressure) 

·a On east·iron steam-heating boilers, where should the makeup water 
be introduced to the boiler? 
A Always to the return line, never to a east-iron section, as this may 
thermal-shock the section and cause it to crack. 

Q What is a Hartford loop on a steam-heating boiler? 
A The Hartford loop (Fig. 1.5) is the piping connecting the steam 
supply line with the condensate return line at the middle of the loop. 
The loop then is fed to the bottom of the boiler. 1l1is is used in a gravity 
r~tum system and ensures a wafer level above the lowest safe water level, 
which could otherwise or.cur when the boiler is firing (and the steam 
pressure is higher than the condensate return pressure) . 
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fig. 1-5. Recommended return-pi~ loop conno<tlon (Hartford lool'. 

Q Are stop valves on the steam supply line required for a single boiler 
installation that is used for low-pressure heating? 
A Not if there are no other restrictions in the steam and condensate 
line and all condensate is returned to the boiler. But if a stop valve (or 
trap) is placed in the condensate return line, a valve is required on the 
steam supply line. 

Q Is a stop valve required on the steam supply line where mpre than 
one heating boiler is used on the same steam supply system? 
A Yes: A stop valve must be used on the steam supply line from each 
boiler and also on the condensate return line to each boiler. 

Q In a steam-heating boiler installation, is it permissible to usc the 
same pipe to distribute the steam and also to return the condensate? 
A Yes. This is called a one-pipe system, whereas a two-pipe system has 
the steam going out from the boiler in one pipe and condensate return­
ing in another ptpe. But the one-pipe system is susceptible to water· 
hammer (at elbows and dead pockets ). Titus the high-velocity steam will 

. drive the returning water against the elbows or dead pockets of the 
piping with an effect similar to a hammerblow. The one-pipe system is 
becoming obsolete. 

Q \Vhat is the difference between a wavil}' return aud a mechanical 
return on a steam-heating system? 
A \Vhen all the heating elements such as radiators, convectors, and 
steam coils a:e located abov,. the boiler and no pumps arc used, it is 
called a gra\'ity return, as all the condensate returns to the boiler by 
gravity. If traps or pumps arc installed to aid the return of condensate, 

Ur cocrrechlhch chiilzl M 101 " 
www.TechnicalBooksPDF.com
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the system is called a mec~anical -Teturn system. In addition to traps, this 
system usually includes a condensate tank, a condensate pump, or a 
vacuum tank or vacuum pump. 

Q What is the advantage of a vacuum-pump retum $)1$fem? 
A The supply steam pressure required to force the steam up a riser will 
be less. Also, greater· circulation of steam and condensate through the 
piF-ing system can be obtained, thus accomplishing faster heat transfer. 

Q How is the size of the condensate tank required for a steam heating 
system determined? 
A This depends on how f~st circulation is obtained on the condensate 
and return line. For example, in a high-head installation, the condensate 
will return faster than in a spread-out installation of low head. Generally, 
a condensate tank should be about one-half the output rating of the 
boiler. This means that the condensate tank should be sized to handle 
one-half the pounds-per-hour rating of the boiler. Thus a boiler rated at 
5,000 lb per hr would require the following size condensate tank.by this 
rule: 

5•0~0 = 2,SOO lb 

2,500 
8.33 lb/gal = 300 gal 

But this should be increased by 25 percent as only 75 percent of the 
tank will normally be filled. Thus a tanlc of 375 gal is required. 

NOTE: Condensate tank sizes may be governed by local plumbing 
and piping codes, so always check them. This is not a boiler code 
item. 

· Q Some cast-iron and steel heating boilers arc stamped 15 psi steam 
and 30 psi wa ter. Can this type of boiler be used for hot water (hw) 
supply serv.icc with a cit_v pressure of 75 psi? (Assume that there is no 
coil in the boiler.) 
A No. The maximum water pressure allowed on this boiler is 30 psig. 
A hot-watcr-.supply boiler designed for the maximum pressure of 75 psi is 
required, or a reducing valve must be installed on the city line to reduce 
the pressure to 30 psi or less. A hCO'It exchanger can also be used with O!Je 
side for hw supply, the other side using the hw from the boiler. 

Q Some of the older heating boilers, both of cast-iron and steel con· 
struction, are not stamped as to pressure. \Vhat is the allowable pressure 
on these boilers? 
A The maximum allowable pres.~ure is 15 psi steam imd 30 psi water. 
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Th~ is the standard, old ASME specification before the states adopted 
stamping laws for low-pressure heating boilers. 

Q To wh4t pressure can hw neatiug or hw supply boilers be built and 
still qualify as low-pressure boilers? 
A Pressure .of 160 psi and 250•F. If either is exceeded, the boiler quali­
fies as a high-pressure boiler and m!JSt be built under Section I of the 
ASME Code, Power Boilers. 

Q What hydrostatic test is required on hw heating or hw supply boilers 
built of cast-iron and operating over a pressure of 30 psi? 
A .Each section of a cast-iron boiler must be subjected to a hydrostatic 
test of 21h times the maximum allowable pressure at the shop where it is 
built. Cast-iron boilers marked for working pressures over 40 psi must be 
subjected to a hydrostatic test of llh times the maximum allowable pres­
sure in the field (when erected and ready for service). After the boiler 
is in service and a hydrostatic test is required, the test shall be at llh 
times the maximum allowable pressure. 

Q What stamping does the ASME require on cast-iron boilers? 
A The marking shall consist <if the following : (I) manufacturer's 
name,. ( 2) maximum allowable pressure in psi, ( 3) capacity in pounds 
per hour for steam, or Btu per hour for water service. 

Q The symbol NB is often noted on boilers, with a number following 
it. What does this stand for? 
A NB stands for National Board of Boiler and Pressure Vessel Inspee­
tors. It means that the boiler's design and fabrication were followed in 

. the shop by an NB-commissioned inspector, including the witnessing ~f 
the hydrostatic test and signing of data sheets required by the ASME. 

Q If a high-pressure boiler. is used for heating low-pressure apparatus 
through a reducing valve. what should be guarded against on the low­
pressure side of the system? 
A Overpressure, due to lack of proper pressure setting and capacity of a 
safety valve ( sv) or to no sv should the reducing valve fail or stick in the 
open position. To guard against overpressure, install a safety relief valve 
Qn the low-pressure side of the reducing valve, with adequate capacity in 
pounds per hour to match the reducing-valve capacity. 

The pressure setting of the sv should always be based un the maxi­
mum allowable pressure of the weakest equipment on the low-pressure 
side of the reducing valve. The sv should be as near the reducing valve as 
possible. In the event of multiple vessels on the low-pressure side of the 
reducing valve, do not .combine total svs on each vessel. Always assume 
only one vessel may be operating, and, therefore, total relieving capacity 
of all svs may be no protection. 
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For example, suppose there are six keltles, each with an sv rated for 
200 lb per hr, supplied by a common steam line off a reducing valve. If 
the reducing valve can pass 900 lb per hr, and if five kettles are shut off, 
the vessel operating will not be properly protected. Why? Because it wJll 
have only 200 lb per hr of protection against 900 lb per hr of steam flow. 
In this type of situation, an sv on the common line, right after the re­
ducing valve, is required, with a minimum relieving capacity of 900 lb 
per hr. Proper overpressure prott'Ction requires both pressure and cap:tcity 
to be matched with the reducing vah-e capacity to avoid a serious explo. 

· sion. There have been numerous explosions for this very reason, lack of 
overpressure protection on the low-pressure side of reducing valves. 

The NB has drawn up !he following method to calculate the re­
quired rclickalvc capacity in pounds per hour on the low-pressure side 
of a n:ducing station. TI1cse rules arc drawn from thermodynamic prin­
ciples, involving Row through a nozzle. A coefficient of discharge had to 
be assumed (around 70 ·percent). Ch~ck with the reducing-valve manu­
facturer for the maximum Row and then in.stall his recommended 
capacity. In lieu of data from the manufacturer, use the following 
formula: 

RVC = IIJ x OC X VSPA 

where RVC = relief \'alve capacity required, lb of steam/hr 
OC =orifice capacity, lb stcam/(hr) (sq in.) (Fig. 1-6) 

VSPA = valve size pipe areas, sq in. (Fig. 1-7) 

Where a pressure-reducing valve is supplied hy steam from the 
boiler, the capacity of the sv or valves on the low-pressure side· of the sys­
tem need not exceed the capacity of the boiler for obvious reasons. 

NOTE: Most pressure-reducing valves arc arranged with a valved 
bypass, which also acts as a potential steam source hazard in case 
the bypass is left open. \Vhere such a \'al\'ed bypass is used, the 
following formula should be used tn detemtine the steam Oow rate 
through the bypass: 

RVC = liz x OC X BPA 

where R VC = relief vah·e capacity, lb stcam/hr 
OC = orifice capacity, lb steam/(hr) (sq in.) (Fig. 1-6) 

BPA = bypass pipe area, sq in. (Fig. 1-7) 

The largcrr of the relicf-\'al\'e capacities calculated by the abo\'e two 
formulas should be used for selecting the relief val\'c for the vessel. 

EX.\!I.lPLE: Suppo;c: a high-pressure boiler operating at 125 psi dis· 
tribute~ steam to a series oi 40-psi AS ME-constructed retorts through 
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Orifice lehme Capadllfl, lb ~r hr per •q 1ft. fot Deter..W..g the Prap.,. 
Siae of lellef Valves u .. d on low· preUIII'e Side af Reducing Val••• 

Outlet Pr .. _e-<ed•dng valve htlel preswre, pol ..,_ 
pol 125 100 85 75 60 50 40 30 25 

110 4,550 
100 5,630 
u 6,640 4,070 
75 7,050 4,980 3,150 
60 7,200 5,750 4,540 3,520 
50 7,200 5,920 5,000 4,230 2,680 
40 7,200 5,920 5,140 4,630 3,.C80 2,470 
30 7,200 5,920 5,140 4,630 3,860 3,140 2,2 10 
25 7,200 5,920 5,140 4,630 3,860 3,340 2,580 1,485 
15 7,200 5,920 5,140 4,630 3,t60 3,340 2,830 2,320 1,800 
10 7,200 5,920 5,140 4,630 3,860 3,340 2,830 2,320 2,060 
5 7,200 5,920 5,140 1,630 3,860 3,340 2,830 2,320 2,060 

Fig. 1-4. Table thawi•g orifice reliemg copadtlet -o.d far .Wne reducing ...,.,... 

Stalldard 
NoMinal pi~ 

clze,ln. Aclllal eat ApjlrOit lnt ApjlrO& lnt 
dlam, Ill. dlaM, Itt. oreo, sq ln. 

~ 0.675 0.49 0.19 
y, 0.840 0.62 0.30 

" 1.050 0.82 0.53 
1 1.315 1.05 0.86 

J\4 1.660 1.38 1.50 
IY, 1.900 1.61 2.04 
2 2.375 :J.07 3.36 

2Y, 2.875 2.47 4.78 
3 3.5 3.07 7.39 

3Y, 4.0 3.55 9.89 
4 4.5 4.03 12.73 
5 5.563 5.05 19.99 
6 6.625 6.07 28.89 
a 8.625 8.07 51.15 
10 10.750 10.19 81.55 
12 12.750 12.09 11A.80 

NOTE: In applying tt. .. e rvles, the area a f the pipe I• alwayo 
baMd upon ••.....tard weight pipe and the inlet slae af !lie pr""'re· 
reclvdng vot¥, (high pr.._e Inlet side to reduclrlg valve). 

Fig. 1-7. Tabl. ohowi"l valve oiae pipe oren 
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a 1 ~-in. prcssurc·~educing valve provided with a l-in. globe valve 
bvpass. Determine the proper :ASME relief-valve protection for the 
retorts. Using data in Figs. 1-6 and 1-7 and the fir.t of the two 
fonnulas above: 

W = Y1 X 7,200 X 2.04 = 4,896lb steam per hr 

Checking the bypass steam How according to the second fonnula 
gives: 

W = V1 x 7,200 x 0.86 = 3,100 lb steam per hr 

The potential steam How throuth the pressure-reducing valve is 
4,896 lb per hr rated capacity, or 4,896 x 1,000, or 4,896,000 Btu 
per hr. This is the minimum capacity required of the sv to protctt 
the low-pressure side against overpressure. 

Q To what dOC$ the tcnn packagcd'boiler refer? 

~r-----r---.---r---T---.-------~-~-

l~r-----~---+--~----~--+---~~-+~ 

., 
ilOOt:::::~:::t::=t~;j~~t===~==:t~ ! ~~~----~----t---~---r---t--~r---~ 
~ ror-----~---+.~-~~~---r---t--~r---~ 

i - I l ~~--~~--~L-~-+--~--+--;-; 
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Growth in ""'' pockogt boiler copoc•IJ per J*Ot 

Fit. 1 ... Growth io copocity of poc:koeecl bolle,.. 

A A package\~ boiler is a completely factory-assembled boiler, either 
water tube, or fire tube, including boiler firing apparatus, controls, ;and 

. boiler safety appurtenances. The trend today. is to apply thj!Se units for 
industrial use as well as for some power generation. In the low-pressure 
field, most boilers are packaged units, unless, a problem arises at the 
instaiJ;~tion site because of headroom, acce~s o~ning into the plant, etc. 
Figure 1-S shows the growth in the size of boilers being built of packaged 
design. 

A shop-as~embled boiler is less costly than a field-erected unit of 
equal steaming capacity. While it is not an off-the-shelf item, it can 
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Usage and Application 2) 

genemlly be put tog<.1her and dclh·cred much faster than a field-erected 
boiler. In$t:tllation and start-up timt'S arc substantially shorter. Shop· 
assembled \VOrk can usually be better supervised and ·done at lower cost. 
In addition, pack:Jgcd boilers require much less space, often 50 percent 
less in o\ocrall volume. Pressures arc also rising in packaged boilers. Latest 
trends indicate that 950 psi is available, and higher pressure will be built 
into these units. 

Q Name five important f:lctors to consider when selt'Cting a boih:r. 
A I. Because most boiler manufacturers design their boilers around the 
fuel .to be· burnt'<!, c:uefullv consider the available fuel. Fuel selection 
may be a q·uestion of local ·price conditions, Jiccnsmg Jaws for operators 
(sec Standard Plant Operator's Questious and Answers, Vol. II for 56 
pagt·s of requirements in the United States and Canada), smoke ordi­
nances, auxiliary equipment .needed to burn the fuel, availability of a sec­
ond ft:cl to supplement the primary fuel during normal operation (or 
emergency conditions), and experience of operating personnel with a 
particular fuel. . 

2. Capacity and pressure required will determine the type of boiler, 
since some boilers arc limited on capacity and pressure, others are not. 

3. Space conditions in the building or property will ' have a marked 
effect on the capacity of the unit considered. TI1cy wi!I also affect the 
type of firing and even the fuel th:Jt can be used. 

4. Cost is a very vital clement, but a word of caution. First cost 
may be high on one ~akc of boiler, but it may more than compensate by 
lower operating and maint(:nance expenses. So a careful ev2luation is 
required rather than selection of the unit on first cost alone. 

5. Individual preference may have a heavy bearing on the type of 
boiler selected, just as it does ou other equipment. Experience with a 
scotch marine boiler, for example, may ~use the user to prefer this type 
of boiler. 

Q What is the most common size boiler sold in the United States? 
A A capacity range of 50,000 lb per hr or less accounts for 60 to 80 
percent of unit sales per year. 

Q Of what pressure range are these boilers? 
A Most of these boilers arc under 300 psi, indicating the tremendous 
amount of boilers being used at moderate pressures and temperatures for 
process, industrial work, incidental power, and heating purposes. 

Q Wh;~t is the hend for pressure and capacity in the public utility 
boiler field? 
A The. trend is for single boilcr-tufbine installations : one boiler sup­
plies one steam turbine-generator. While 5,000 psi and I 100•F tempera· 
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22 Standard Boiler Operators' Questions and Answers 

fur~ are presently accepted, pressures of 10,000 psi arc being considered. 
Capacity is increasif!g, and the largest units arc of capacities of well over 
6,000,000 lb per hr. 

Q Is higher pressure and temperature progress gradual because we can­
not cakulate the stresses imposed on such units? 
A No; although partly true, the main problem iS developing materials 
that will physically and chemically withstand higher temperatures and 
pressures. 'I11c goal of metallurgists in the boiler field and the steel indus· 
try is to develop alloys that have the following desirable characteristics. 
( 1) high-temperature stn:ngth to resist long-tem1 creep, ( Z) structural 
stability ~o resist intergranular crystal changes from service conditions. 
( 3) surface stability to resist corrosion, erosion, and oxidation both on 
the waterside and fireside, and ( 4) alloys that can be reasonably well 
machined, welded, and otherwise fabricated for the boiler shapes required 
and that can also be reasonably priced for boiler and prcssure·v~q:J 
usage. 

SUGGESTED READING 

Reprints sold by Power m.ag:azine, costing $1 or Jess 
Power Handbook, 64 pages 
Steam Gt"eration, 48 pages 

Boob 
Elonka, Steve: Plant Operatorr' Manual, rev. ed., McGraw-Hill Book Com· 

pany, New York, 196S. 
Elonka, Steve, and Joseph F. Robinson: Standard Pldnt Operator'• Qua· 

tioru and AniWm, vols. I and II, McGraw·Hill Book Company, New 
York, 19S9. 

ASME Boiler and Prusure Veuel Code, Section IV, Low-pressure Heating 
Boilers; Section VIII, Unfired Pressure Vessels; Sc.-ction I, Power Boilers. 
Americ:m Society of Mechanical Engint-crs, N'w York. 
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2 
HEAT TRANSFER AND DESIGN 

.Q \Vhy arc boilers shaped and constructed in so many different ways? 
A. Early boilers were vc:ry simple, usually a shell or cylinder full of 
water suspended over a hrick·encloscd fire. Heat was applied on the bot· 
tom of the· shell, and there were no tubes or flues. But as the science of 
heat tmnsfer bec;une better known, designers began to apply this knowl­
edge to the simple shell vessels so as to produce more efficient and eco­
nomical boilers. ·nlUs a variety of specialized forms and arrangements are 
ust-d to extrilct as much heat as possible from the fuel source. 

New designs had also to be evolved for the greater capacity that was 
required, for new fuels, new materials, rising pressures and temperatures, 
new methods of construction, and better knowledge of stresses. And the 
search for better boilers to convert the inherent heat energy of a fuel 
into a useful heat m(-dium goes on year after year. 

Q Is heat a form of -energy? 
A Yes. From an atomic point of view, heat makes the atoms, or mole­
cules, of a substance move around more rapidly. For example, if the 
atoms of a gas arc confined in a closed vessel, the pressure rises in the 
vessel. But as we know when pumping a bicycle tire full of air by hand, 
it takes work to raise the pressure. Fact is, the relation between work and 
heat is called the mechanical equivalent of heat and is equal to 778 ft lb 
of work per Btu. 

The Btu (Brit ish thermal unit ) is the amount of .heat required to 
raise one pound of pure water one degree Fahrenheit at normal atmos­
pheric pressure. 

Q The shapes of a boiler are influenced by the arrangement of the heat 
transfer components. How is heat transferred from one substance to 
another? 
A The basic laws of heat transfer stipulate that when energy is trans­
ferred from one body to another a temperature difference must exist. 
Another fundamental law is that heat may be t~nsferrcd irom a high­
tcmpcmture region to one of lower temperature, but never from a lower 

. 23 
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temperature. region to one .of higher temperature. And this flow of heat 
may occur in one of, or a combination of, these three ways: (I) conduc· 
tion, (2) convection, and (3) radiation. 111cse three methods of heat 
transfer arc utilized in boiler design to convert fuel energy into a useful 
heat medium. 

Q What is co11du.ction? 
.A C.ondtiction is the transfer of heat from one part of a material to 
.anotl'icr or to a material with wliich it is in contact. Heat is ' 'isualized as 
molecular activity-crudely speaking. as the vibration of the molecules of 
a material. \Vhen one part of a material is heated, the molecular \'ibra­
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tion increases. This excites increased 
activity in adjacent molecules, and 
heat flow is set up from the hot 
part of the material to the cooler 
parts. In boilers, considerable sur­
face conductance between a fluid 
and a solid takes place, for example, 
between water and a tube and gas 
and a tube, in addition to conduct­
ance through the metal of .1 tube, 
shell, or furnace. 

\Vhile surface conductance 
plays a vital part in boiler efficiency, 
it can also lead to metal failures 
when heat it~ surfac:es become over· 
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fig. 2·2. Tom~raruro gradients from hot Iii"'• through tube wall, to fluid inaido, depend 
greatly on reolJionce of thin lilms an tuiN surfaces. 
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Heat T ronsl« ond Design 2S 
heated, as may occur when surfaces become insulated with scale. The sur­
face conductance, when expressed in Btu per hour per square foot of heat­
ing surface for a difference of one degree Fahrenheit in temperature of the 
fluid and the adjacent surface, is known as the surface coefficient or film 
coefficient. Figure 2-l shows stagnant areas near the tube where the film 
coefficient wm reduce heat transfer . .Figure 2-2 shows the effect on the 
temperature gradient as heat Bows across th~ films and tube metal. 

Q ltow is conductance expressed? 
· A A$ the coefficient of thermal (heat) conductivity, defined further as 

the quantity of heat that will Bow across a unit area in unit time if the 
temperature gradient across this area is unity. In physical units it is 
expressed as Btu per hour per squme foot per degree Fahrenheit per foot. 
Expressed mathematically, the rate of heat transfer Q by conduction 
across an area A, through a temperature gradient of degrees Fahrenheit 
per foot T /L is 

T 
Q=kAr 

where k = coefficient of thermal conductivity. 
Note that k varfes with temperature. For example, mild steel at 

3ZOF has a thermal conductivity of 36 Btu/(hr) (sq ft) ( •F) (ft), 
whereas at 212•F it is 33. 

Q How would you define convection? 
A Convection is the transfer of heat to or from a Buid (liquid or gas) 
Bowing over the surface of a body. It is further refined into free and 
forced convection. Free convection is nat­
ural convection causing circulation of the 
transfer fluid due to a difference in dtnsity 
resulting from temperature cbal.lgCS. 

EXAlllPLE: In Fig. 2-3 the heated wa­
ter and steam rise on the left, are dis­
placed by cooler (heavier) water on 
the right. This causes free convection 
of heat transfer betWeen heat on one 
side of the U tube and cooler water on 
the other side. Actually, conduction 
has to take place first between the gas 
film and metal of the tube, then the 
water. But if the water did not circu­
late, C1·cntwlly equal temperatures 
would result. Heat transfer would then 
cease. 

Steam 

Water 

Unheoltd 
down-

a+--++ Baffle 

fig. 2-3. Heoted water rises whn• 
cooler water de-"ds to ,.p1.,.. 
it. 
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26 Standard B:oiler Operators' QueJfions and Answen 

·Forced convection results when circulation of the Huid is made 
positive by some mechanical means, such a,s a pump for water or a fan 
for hot gases. The heat transfer by convection is thus aided mechanically. 

Q How is heat transfer by convection expressed? 
A As Btu per hour per square foot per degree Fcihrenheit. Calculations 
of free and forced convections involve fluid flow, streamline flow, turbu­
lent ftow, critical velocity, film theory, dimensional analysis, and friction. 
All these are beyond the scope of this book. But no matter what kind of 
boiler, remember that heat transfer by convection is involved in water 
circulation and also, except for atomic plants, in draft or bot gas cir­
culation. 

Q If forced convection increases the rate of heat transfer bv convection, 
why not add more beating surface and thus increase the overall efficiency 
of energy com·ersion? 

~ JOOO 

i 2000 ~ 
! 

Areot opptoalMatt ttkltiwt hlot o~,_ions 
lor .., .. ,......, oddtd fQijCij oreos ol boolo< 
COI'I'fec:hOft htoti"Q Wtfoct • 

~ ·ooor _____ _l~~~~~~:J:::::=:r 
/: 1-

Fig. 2~. Adding boiler surfoce IRcNoees heat absorption, then gradually lowers it. 

A Adding boiler surface may increase the heat absorption, but as shown 
in Fig. 2-4, the temperature gradient will drop more and more. Then at 
some point the gain in efficiency will be far k'SS than the cost of adding 
heating surface. Further, the mechanical power required for forced circu~ 
lation will also increase with the addition of heating surface by con­
Vt'Ction. 

Q How does the pressure in a boiler affect water circulation .by con­
vection? 
A Note that in Fig. 2-Sa more tube area is required at lower· pressure 
than higher pressure for the same circulation to exist. But the force pro­
ducing circulation is less at high pressure than at low pressure. This 
in\'olvcs the change in the specific weight of water and steam as pres­
sttres increase. The mixture actually weighs Jess in pounds per cubic foot 
at higher pressures. For example, in the sl:etch in Fig. 2-5b at the critical 
pressure ( 3,206.2 psia ) water and steam have the same specific weight. 
Friction losses due to flow are generally less at higher prl'SSure. This is 
primarily due to more laminar, or streamlined flow, and less turbulent 
ftow in the tubes. 
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Q How does the boiling of water 

Friction losses 

3500 

Wolel 

27 

in a tube affect heat transfer? . o • • • • • • • o ... • r. · <:t'' •• .:..~ •• "'f':• ·o :.:,:: ·..:;r~·~ 
A When boiling occurs in a tube, .... -.-· ••• ••· o ·• •• ·~ •• ,...,.~~. 

bubbles of \'3por are formed and 
liberated from the surface in con· 
tact with the liquid. This bubbling 
action creates \'Oids (Fig. 2·6a} of 

lol 

(b) 

the on·again-off·again type, because 
of the rapidness of the action. This 
creates a turbulence near the heat· 
transfer surfaces, which generally 
increases the heat·transfer rate. But 
the loss of wetness as the bubbles arc 
formed may diminish heat transfer. 

Pressure has a marked effect Fig. 2-4. lubblea or oollcl fil• of •tea• 11 
for-d, depe11ding 011 prMsure. 

on the boiling and heat-transfer rate. 
With l)igher pressures (Fig. 2·6b), bubbles tend to give way to what is 
called film boiling. in whi~h a film of stl'lllll covers the heated surface, 
This phenomt'non is very ditical in boiler Opt'f3tion, often causing water· 
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28 Standard Boiler Operators' Queslions ond Answers 

tube failures due to starvation, even though a gage glass may show water. 
It is further compoun·ded by the formation of scale and other impurities 
alo~ the boiling area of a tube. 

C.: ..>dine radiation. 
A Radiation is a continuous form of interchange of energy by means of 
electromagnetic waves without a change in the temperature of the me­
dium between the two bodies involved. Radiation is present in all boilers. 
In fact, all boilers utilize all three means of heat transfer: conductance, 
convection, and radiation. 

Q With heat transfer pl~.ying such an important part in boiler design, 
how arc boilers classified on the basis of heat transfer? 
A There arc two broad g<:ncral classifications, fire tube and water tube, 
into which most boilers can be grouped, no matter what the arrange­
ment. TI1c exception is cast·iron boilers, which are grouped separately. 
A iirc-tubc (ft) boiler is one in which the products of combustion, or 
Auc-gass,'S, pass on the inside of the tubes. A water-tube (wt) boiler is 
one in which water passes on the inside of the tubes. A combination ft 
and wt boiler is one in which part of the tube arrangement is of the ft 
type and. part is of the wt type. 

Q What is the principal difference between wt and ft boilers in addi-
tion to water and gas passages? · 
A 'l11c tubes in the ft boik-r arc contained• within the shell or drum. 
In contmst, the tubes in lllost wt boilers arc located outside the shell or 
drum. Because smaller sizes of ft boilers can be built into ~ompact 
factory-assembled units, this design lends itself to good engineering of 
the entire assembly, including controls. But as the units become larger, 

.- the capacity of the ft boiler becomes limitc.>d because of the larger size 
shell required. It is here that the wt boiler has a distinctive advantage, as 
tube arrangement can take many different forms to obtain more and 
more heating surface. 11ms the wt units arc cap.1blc of greater cap.1city 
and pressure, which would be impossible in an ft boiler. The largest 
modem steam generators arc of the wt design. 

But the wt unit is not limited to only larger sizes. Compact coil­
type boilcr.s (sec Ch;1p. 6) arc also of the wt type. Here the water goes 
through the. coils, ~vhilc hot gases scrub the outside of the coils. The 
coil-type boiler is din:ctlv competitive with the ft vertical tubular ( vt) 
type boiler. 

Q Name some advantages 31]d disadvantages of ft boilers. 
A As a class, ft boilers are of simple and .rugged construction and of 
relatively low first cost. Their larger w.1ter capacity makes them somewhat 
slow in skaming up to operating pressure. But this larger hot-water ca-
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pacity provides accumulator action (heat storing) that makes it poSsible 
to meet steam load changes quickly. 

Because' a· sphere is the ideal shape to· resist i!Jtemal pressure, non­
cylindrical sections and Rat surfam must be · stayed to give added re­
sistance to internal pressure. This is a big disadvantage. · 

In any shell the force -tending to burst it along the length is twice 
that tending to burst it around the girth. In the critical longitudinal 
direction, the strength required to resist bursting is proportional to the 
product of pressure and diameter. That is why high pressures and large 
diameters would lead to extremely thick shell plates. Hence, there is a 
definite economical limit on pressure (250 psi ) and capacity that can be 
reached with shell-type boilers of the ft type. In the United States, ca­
pacity rarely exceeds 25,000 lb of steam per. hour, which is roughly 750 
boiler hp. In Europe, where larger ft boiler$ have always been popular 
and economical and boiler codes :ue different, units reach 30,000 lb 
per hr. · 

Q Name five advantages of wt boilers. 
A Principal advantages are: 

I. Greatly higher capacity can be obtained. 'I1tus larger heating sur­
faces are exposed to the radiant heat of the fire. 

Z. Because the shell or drum (used for \vater and steam storage 
only) is not exposed to the radiant heat pf the fire, it is not subjected to 
overheating. Thus it can be constructed of heavier plate. Accordingly, it 
can also be designed for much higher pressures. 

EXAMPLE: Fire-tube boilers generally arc limited to a maximum de­
sign working pressure of 250 psi. Water-tube boilers range from IS 
psi to above the supercritical to 5,000 psi. 

3. Most parts of ·tlte boiler are accessible for cleaning, repair, and 
inspection. 

4. The general design permits higher operating efficiencies. 
5. The furnace proportions are such that various fuels can be used 

without making alterations. Thus, during price Auctuations of various 
fuels, economy can be gained by using the lower-priced level. 

SUGGESTED READING 

Reprints sold by Power magazine, costing $1 or less 
Power Handbook, 6i pages 
Steam C.neration, 48 pagC$ 

Boob '· 
Elonb, Steve: Plmlt Operatorf' Manual, rev. ed., McGraw-Hill Book Com· 

pany, New York, 196). 
Elonb, Steve, and Joseph F. Robinson : Standard Pian I Operator's · Ques· 

tionr and Answers, vols. l and ll, McCraw·llill Bo(lk Company, New 
York, 1959. 
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3 
FIRE-TUBE BOILERS 

Q How arc tubes attached to the tube sheets in ft boilers? 
A Tubes in all ft boilers must be rolled and beaded (Fig. 3-1) or 

rolled and welded. If rolled and 
welded in high-pressure boilers, see 
Power Boilers, Section I, ASME 
Boiler Code. Tubes are beaded to 
prevent the ends from being burned 
off by the hot gases in this area. 
Beading also .increases heat transfer 

Rolled ond beoded near the tube sheet and tube 
f ig. 3-1. Rolled ond beaded tube 
for fire-tube boiler. 

juncture. 

Q What would cause a fire tube 
to burst or explode? 

A Fire tubes arc normally under external pressure; thus they may col· 
lapse but not burst. The biggest problems arc loosening of tubes in the 
tube sheet, cracking, burning, and corrosion pf tube ends, \V:Jterside 
pitting and corrosion leading to leakage, fireside corrosion and pitting 
leading to leakage or pulling out of the tube sheet (due to poor rolling). 
Also scale buildup on the water side, leading to overheating and possible 
sagging and loosening in the tube sheet. 

f ig. 3-2. Diagonal stays us<cl in. firA-fobe boilers. 

30 
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Fire-Tube Boilers 31 

Q What is the Code requirement for stay bolts, or stays screwed 
through plates? 
A See Figs. 3-2 and 3-3. The ends of the stay bolts, or stays screwed 
through the plate, must extend beyond the plate not l~ss than two 
threads when installed, after which the ends must be riveted.over without 
excessive scoring of the plate. They may also be fitted with threaded 
nuts, provided the stay bolts, or stays, extend through the nut. 

If stay bolts arc solid, 8 in. in length or less, and threaded, they 
must be drilled with telltale holes 
(Fig. 3-3) at least o/te in. in diameter 
to a depth extending at least ~ in. 
beyond the inside of t~e plate. If 
the stay bolt is reduced in diameter 
between the ends, the telltale hole 
must extend ~in. beyond the point 
where the reduction in diameter be­
gins. For bolts O\'~r 8 in. in length, 
telltale holes arc not required, nor if 

fig. 3-3. Stay bolt used for 1trengthenlng 
the stay bolt is attached by welding flat 

0
,.., •• 

and Code rules have been followed . . 
Since stay bolts usually break near the plate supported, warning is given 
by water Bashing from the telltale hole. 

Q What are the requirements for welded-in stay bolts o'n high-pressure 
boilers? 
A The stay bolts and stays must be inserted in countersunk holes 
through the plate, except for diagonal stays, which can be fillet-welded 
to the shell but not the head, pro\'ided the weld is not less than % in. 
and the fillet weld continues the full length of the stay. Stay bolts in­
serted by welding cannot project more than % in. beyond the plate 
exposed to products of combustion. The welding must be stress-relieved 
after it is completed. Radiographing (x-ray photogra,Ph) is not required. 

HORIZONTAL-RETURN-TUBULAR BOILERS 

Q What was the first boiler evolved from the simple shell boiler design? 
A The horizontal-return-tubular (hrt) boiler (Fig. 3-4), available 
today in smaller sizes as packaged units. The hrt boiler consists of a 
cylindrical shell, today usually fusion-welded, with tubes of identical 
diameter running the length of the shell throughout the water space. The 
space above the water level' serves for steam separation and storage. A 
bame p!ate (or dry pipe) is ordinarily pro\'ided near the steam outlet to 
obtain greater steam dryness. 
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' The hrt boiler is simple in construction, has a fairly low first C9St. 
. and is a good steamer. It is more economical than the vertical tubular or~ 

locomotive types, but the scotch marine boiler is replacing it: One disad· 
vantage is that hard deposits of scale are difficult to remove from water 
surfaces of inner ro'''S of tulx.'S. Another disadvant;Jge is the danger of 
burning the shell plates above the fire if thick scale or deposits of mud 
form on the waterside on these plates. But difficulty of cleaning scale 
from the tubes holds true for all other types of ft boilers. . 

Hrt boilers arc not very practical in shell sizes over 96 in. in diame· 
ter or for pressures exceeding 200 psi. Thick plates for higher pressures 
exposed directly to the flames would deteriorate very rapidly from over· 
heating, because of poor heat transfer to the water. This could lead to 
bags (bulges) in the shell. 

Bags also result when mud or other sediment from water settles on 
the bottom of the shell. For this reason an hrt boiler should be pitched 

Fig. 3-4. Horizontal..,...,m·tvbulor boilen oro IIIII uood to<!ay. 

1 to 2 in. toward the blowdown connection. Also, proper blowdown and 
\vater chemical treatment must be used to avoid scale or sediment for· 
mation and to keep solids to a minimum. 

Q Why is a brick pier (Fig. 3-4 ). built in front of the blowdown pipe 
on older hrt boilers, and what other precautions are needed on blowdown 
pipes? . 
A On older hrt boilers the blowdown line is in the path of the hot 
gases, thus must be protected from overheating. A V-shaped pier of fire­
brick, us~lly. in front of the blowdown pipe, deflects the hot gases. 

CAUTION: If not properly protected, the blowdown pipe may melt 
under certain conditions and drain the boiler, possibly leading to a 
serious oplosion. 
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Fire-Tube Boilers 33 
The blowdown connection is usually a steel pad on the shell. On. 

older boilers, the blowdown pipe runs through a section of the furnace 
and out through a bushing in the rear brick wall. Three points of possible 
distress are: 

1. The blowdown pad. and the screwed or welded-in blowdown pipe 
may develop leakage due to expansion and contraction. 

2. The blowdown pipe firebrick protective wall may deteriorate, 
leading to possible overheating of the blowdown pipe, then rupture, thus 
draining the boiler. · 

3. The rear brick wall may settle and bear on the blowdown pipe 
where it goes through the wall, causing the pipe to break. 

Q Describe the outside suspension type of setting for an hrt .boiler. 
A See Fig. 3-5. This type of steel structural suspension support is re­
quired on all hrt boilers 72 in. in diameter and over, as brickwork cannot 

Fig. 3-5. Horizontal-return-tubular boiler of over .n.;n, diom must hcrve ovtdde suspension. 

support this heavier weight. On older boilers the pad on the shell was 
riveted to the shell, with ·rivets designed with a safety factor of 12~. 
But if the pads are welded, full peripheral fillet welds are r<;quired, and 
these must be stress-relieved on high-pressure boilers. Radiographing is 
not required. 

Q How is feed water introduced into an hrt boiler? 
A Usually through the front head or top part of the shell by means of 
a bushing. If the shell is 40 in. in diameter, the discharge of the feed­
water line mu5t be about three-fifths the l~ngth of the boiler from the 
hottest end. This prevents solids from the feedwater settling on the 
hottest boiler surfaces. 

' . 
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Q What are the most common staying methods used on an hrt boiler? 
A Four methods are wed: · 

I. Through stays below the tubes becawe there is insufficient room 
for other stays, which would accumulate deposits more readily. 

2. Diagonal stays above the tubes to support the Bat unstayed tube· 
sheet above the tubes. , · 

3. Gwset stays above the tubes. 
4. If not over 36 in. in diameter and not .over 100 psi, structural 

shapes can be used if arranged according to ASME Code requirements. 

Q What causes water to circulate in an hrt boiler? 
A As Fig. 3-6 shows, feedwater is introduced near the bottom of the 
shell, is heated, and thw rises to the top as it lowers in density. The 

Fig. U . T- ........,. ol _, draolatlon In .horl&ontal-rwtum.fubular boilel'l. 

staggered tubes (Fig. 3·6a) allow better heat transfer becawe upcoming 
water mwt ftow around a greater s.urface area of each hot tube. As Fig. ·· 
3·6b shows, baffled passages between parall~l tube arrangements allow 
colder (heavier) water to drop unobstructed to the bottom, where it is 
heated and mwt wash against the hot tubes in rising. 

Q Name three causes of bagging (bulging) of the shell of an hrt boiler. 
A I. Oil (from lubricated pump rods, etc.) getting into the boiler 
feedwater and being earned to the lower part of the shell, which is CX· 

posed to fire. and thw cawing overheating. 
2. Scale or mud (from sediment in the water) deposits on the lower 

portion of the shell, thus restricting :1eat transfer. 
3. Excessively localized Harne on a portion of the shell, thw cawing 

overheating. 
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Q What is the difference between a bag and a blister on the shell of a 
boiler? 
A A bag is a bulged-out section of a porti~n of the shell, extending 
through ·the full th ickness of the shell, caused by overheating and pres· 
sure. A bag can be driven (hammered } back if the remaining thickness 
is at least as strong as the longitudinal joint and if the quality of the 
metal has not been affected. A blister is actually a separation of the metal 
from the shell plate, eaused by impurities rolled into the shell plate when 
formed. But only the outside layer will blister from the heat because the 
remaining thickness is not affectt:d. A blister eannot be driven back but 
must be cut out and the edges trimmed; if the remaining metal is sound, 
the pressure on the boiler must be reduced to correspond to the thickness 
of the remaining sound metal. If pressure cannot be reduced, the entire 
blistered section, including sound metal, must be cut out, a Rush-welded 
patch formed and butt-welded in, with localized stress relieving required 
after welding. If the diameter of the blister is over 8 in., the weld must 
be radiographed. After this is shown to be satisfactory, a hydrostatic test 
of I~ times the maximum allowable pressure is rcqu,red to check the 
repair. All welding must be done by a certified weldor, an.d the repair 
must be approved by a commissioned boiler inspector. 

WARNING: If a repair of this kind is made without the approval of a 
commissioned boiler inspector, the entire boiler can be condemned 
by the local enforcing authorities, and in a non-Code state, the 
insurance on the boiler may be canceled, 

Q Is oil at the waterline of an Jut boiler serious? How is oil removed 
from inside the boiler? 
A . Oil on any part of the waterside is serious. First che.:k the fuel-oil 
heater (if oil-fired ) for leaks, thco the piping to the oil heater. As soon 
as the source of contamination is found, take measures to prevent oil 
from entering the boiler. A check valve installed on the· steam lir.e sup· 
plying a fuel-oil heater will prevent oil from backing into the boiler. Con­
densate should go to an open drain. If condensate goes to a condensate 
tank, install an oil separator and keep it in good condi.tion. Also, there 
are double-shell oil heaters on the milfkct which confine the leakage of 
an oil break to the inner shell. 

Oil may be removed from a boiler hr boiling it out with soda ash 
and caustic soda, using I lb of each per 1,000 lb of water in the boiler. 
Carry th~ boiler at ·about S psi pressure and continue boiling for two or 
three davs. depending on the extent of oil contamination. l11cn empty · 
~he boiler, wash it thoroughly with fresh water, and again check the 
internal surfaces. 
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Q What is the lowest permissible water level in an hrt boiler? 
A The lowest level should never be less than 3 in. above the tubes. 

Q During an inspedion, what arc some of the areas to check carefully 
oomMbo~ · 
A Internally, on the section above the tubes, check for corrosion and 
pitting. Look for grooving on the knuckles of head~. shells, welds, rl\'eiS, 
and tubes. Check the seams for cracks, broken rivet heads, porosity, and 
any thinning near the waterline of the shell plate. Check all stays for 
soundness and proper tension. Examine the internal feed pipe for sound· 

... ness and support, and sec that it is not partially plugged. Check the 
openings to the water column connections, safety valve, and pressure gage 
for scale obstruction. Also check shell and tube surfaces for scale buildup. 
Follow the same procedure internally below the tubes. Then check the 
opening to the blowdown connections and make sure that the bottom 
of the shell is pitched toward blowdown and that it has no blisters or 
bulges. . 

Externally, remove the plugs from the crosses of water column con­
nections and make sure they are free of scale. Examine blowoff piping 
pad and the blowoff pipe to make sure it is protected from the fire, that 
the pipe is sound, and that blowofl valves are in good order. Examine 
tube ends and rivets or welds for cracks and weakening of the tube to 
the tube sheet connection. Check for fire cracks around the circumfercn· 
tial seam and for leakage at the calked edge. Then examine the setting 
and supports for soundness. 

ECONOMIC, OR FIREJ()X, tollER 

Q What boiler is an adaptation of the hrt boiler? 
A The so-called economic, or firebox, type in which the Hue g:~ses' 
make two or three passes (Fig. 3-7), built for both low and high pres· 
sure. The boiler is self-supported in its special casing, and thus requires 
little brickwork. But this type has the same size and pressure limitations 
as the hrt boiler. The Hat surfaces on each side require staying. The 
front water legs are stayed to each other by means of stay bolts. In the 
back, the side sheets arc stayed by through-braces passing between the 
horizontal tubes. 

The economic-type boiler is considered to be an externally fired, ft 
design because its steel-encased combustion chamber is not a prcssuw 
part of the boiler. Boilers of this type are u~ually shipped as a unit :10d 
·thereby qualify as being among the first so-called compact designs. 
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fig. 3·7. Economic threot·poss firebox boiler ho• arched cr-n 1hMt and -ny •toyed 
... rfoc. •. 

lOCOMOTIVE FIREBOX BOILERS 

Q Describe the locomotive· firebox (lfb) boiler and name all its parts. 
A See Fig. 3-8. Like the vt and scotch marine types, the lfb boiler is 
an internally fired ft unit. But its shell is horizontal, and the firebox is 
not contain~ within the cylindrical portion of the boiler. The firebox is 
rectangular in shape with a curved top known as a crown sheet. This 
crown sheet is supported by radial stays screwed into the crown sheet 
and the outer wrapper sheet. Ends of radial stays are riveted over. The · 
inner sheets of the firebox arc connected to the outer side sheets by 
stay bolts. Space between these sheets is called the water legs. The fire 
tubes arc withiri the barrel and run from the firebox tube sheet to the 
smokcbox head of the barrel (see Fig. 3-8) . This head in the smokebox is 
formed by extending the barrel beyond the tube sheet. 

The firebox front sheet above the crown sheet, and the smokebox 
tube sheet above the tubes, are supported by longitudinal stays. In some 
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cases diagonal stays also are used for this purpose. The steam dome pro­
vides additional steam storage space and allows the main steam outlet to 
be bken off at a considerable height above the waterline, thus reducing 
the possibility of water eanying over with steam. The steam space ex· 
teuds over both the furnace and the barrel, which usually has 3-in. tubes. 
All tUbes are of one diameter and length. 

As is true of most internally fired ft boilers, some water sPaCCS are 
very diffieult to clean, either . mechanically or manually. Also, the lfb 
boiler is limited as t9 pressure and capacity, just as is the hrt boiler. 

Q Where arc stay bolts most likely to break in the lfb boiler? 
A Usually the top row of stay bolts and the first row of radial stays, 
with fracture occurring close to the innet: surface of the outer sheet 
(wrapper sheet) . This area is a high-heat zone, eausing large expansion 
and contraction movements. 

Q Where does internal a{ld external corrosion occur on an lfb boiler? 
A For internal corrosion, check: ( 1) Waterline and top row of the 
tubes bceause of oxygen and other impurities released when boiling; ( Z) 
top of the crown sheet, on. and around the ends of the radial stays and 
stay bolts; ( 3) water legs bcciuse of oxygen release and the presence of 
corrosive sediment; and ('f) bottom of the b;lrrel where pitting occurs if 
the boiler is improperly laid up when out of service. 

External corrosion on an lfb boiler should be especially looked for 
around handhole plates and at the bottom of the first head. Rainwater 
wetting the sooty srnokcbox will corrode its bottom and also the hand­
holes in this area. The bottom of the barrel should be Watched for cor­
rosion bceause of possible dampness or lea~ge. Corrosion du~ to· sedi-
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ment deposits forming at the boHom of water legs and their handholes 
may eat through the plate . and gaskets of handholes. Leaking tubes or 
stay bolts cause corrosion at the furnace end of the tube sheets. 

Q In ease of low water, what is the most dangerous part of the lfb 
boiler? . 
A The crown sheet because it is first. uncovered by low water and 
therefore will overheat, leading to .a possible explosion. 

Q · · What is the lowest permissible water level in an lfb boiler? 
A Three inches above the crown sheet if the shell is more than 36 in. 
in diameter, but only 2 in. above the crown sheet if the shell is less than 
36 in. in diameter. 

Q From which end arc the tubes removed and repbced in the lfb 
boiler? · 
A Bceause all tubes in the Jfb boiler aJe removed and replaced from 
the smokcbox end, always provide sufficient room at this end. In fact, 

. in any boiler installation; there must be room for removing old tubes 
and inserting new ones without having to break building walls, remove 
doors or win4ows, etc. 

Q Explain the meaning of externally and internally fired boilers. 
A Externally fired boilers have a separate furnace built outside the 
boiler shell. The hrt boiler is probably the most widely lmown example 
of the externally fired boiler. 

In internally fired boilers, the fullll!CC forms an integral part of the 
boiler structure. The vt, lfb, and the scotch marine (sm) are well known 
examples of internally fired boilers. 

::~;;;;;~~:~~Ttw0119h stay 

~J~~~~~~::::tf.Crown bars Stoybolts 
-(sometimu 

hoYt nttrnol 
nuts ol both ends) 
Bock COHtclion 
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PACKAGED fT BOILERS 

Q What is a packaged ft boiler? 
A TI1cse boilers are the lineal descendants of the basic scotch design. 
They represent the bulk of ft boilers being manufactured today. The 
American Boiler Manufacturers Association ( ABMA) defines a pack­
aged ft boiler as "a modified scotch-type boiler unit, cngincctcd, built, 
fire-tested · before shipment, and guaranteed in material, workmanship, 
and performance by one firm, with one manufacturer furnishing and 
assuming responsibility for all components in the assembled unit, such as 
burner, boiler, controls, and all auxiliaries ... " 

The sm, or scotch dry-back type, may have two to four circular fur­
naces when the boiler is of large diameter. Figure 3-9 shows an sm-type 
boiler with three furnaces and wet-back construction. Note the stay bolts 
in the back, girder stays on the crown sheets in the back furnace, through 
stay rods above and below the tubes, and corrugated furnaces. 

Fi;. 3·1 0. Dry-bode ocokh -rino boiler with one corrugated furnace. 

Q Describe the dry-back sm-typc boiler. 
A This boiler (Fig. 3-10) is an adaptation to stationary practice of the 
well-known sm wet-back boiler. It consists of an outcz cylindrical shell, a 
furnace, front and rear tube sheets, and cr0\\11 sheet. The hot gases from 
the furnaces pass into a refractory-lined combustion chamber at the bade 
(sometimes built into a hinged or· removable plate) and arc returned 
·hrough the fire tubes to the front of the boiler :ind thence to the uptake. 
"lflis boiler is suitable for coal, gas, and oil firing. 

In the wet-back design (Fig. 3-9 ) the shell, tube, and furnace con-
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struction are similar to the dry-baclc type, but the combustion chamber, 
bcing._inside the shell, is surrounded by water. TI1us no outside setting 
or combustion chamber refractory is ne~ed. The dry-back type is a 
quick steamer because of its large heating surf3ce. It is also compact and 
t-asily set up and shows fairly good economy. 

TI1c internal furnace is subject to compressive forces and so must 
be designed to resist them. Furnaces of relatively small diameter and 
short length may be self-supporting if the wall thickn~s is adequate. For 
larger furnaces, one of these f!)ur methods of support may be used: ( 1) 
Corrugating the furnace walls; (2) dividing the furnace length into sec­
tions with a stiffening flange (Adamson ring) between sections; ( 3) 
using welded stiffening rings; and ( 4) installing stay bolts between the 
furnace and the outer shell. If solid fuel (coal, wood, etc.) is to be fired, 
a bridge wall may be built into the furnace at the end of the grate 
st-ction. 

Q How many passes do the flue gases usually take in an· sm boiler? 
A , Up lo four passes (Fig. 3-11 ) are taken by flue gases, depending on 

~ 
~~ ,;,~·~· . 
'""""·~· ":--···~· ~ 
«§~~ 

Thrtt·poss wttbock Four · poss dtybock retorder 

fig. 3-11. Typical gao-tlow patterns In fir• Fli!. 3-12. Finned tube and retarder Inside 
tube boil•n. . tube. 

the design. While more passes can be used, today four is the practical 
limit. 111e two-pass design is the most popular for ·average plants, whether 
for high- or low-pressure service. Designers also give attention to the · 
number and arrangement of the second-pass tubes. For example, water­
side inspection and cleaning are easier w1"1en the tubes arc aligraed uni­
formly both vertically and horizontally. But a staggered layout of tubes 
tends to ·givc a more circuitous flow of water around these tubes, thus_ 
promoting increased heat tr.msfer. Improved transfer from gas to water is 
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also obtained by using slip-in spiral fittings (reta rders) at the tube inlet 
to impart a swirl to the hot gases (Fig. 3-12). Some boilers have tubes 
finned on the fireside known as extended-surface tubes. 

Q How arc performance and ratings established on packaged boilers? 
A It was rare for. the makers of older conventional field-assembled ft 
boilers to know what firing setting and draft conditions their units would 
encounter in actual application. So it became customary to assume that, 
as a guide, under a1·eragc conditions, 10 sq ft of heating surface would 
produce 34.5 lb of steam per hour, from and at 2l2°F. This was estab­
lished as one boiler horsepower. But w~th such ratings boilers working 
under favorable conditions would operate at 150 to 200 percent of rating. 

In contrast, today ratings of continuous maximum boiler output 
mean exactly what they say. This is of great importance when an older 
boiler is replaced by a packaged, unit. Thus, instead of using the rating 
of the old boiler, we must estimate actual steam loads to .be met, then 
select the capacity of the new unit to meet these needs. H we do not, 
the packaged boiler will be forced beyond its rating, and rapid tube 
deterioration, tube sheet cracking, weld deterioration, and general heav} 
accelerated wear will take place, even though the waterside is kept clean 
from impurities and operated with care. Under forced conditions, the 
danger of low water is also increased, as the safety margin has been 
narrowed down. · 

Q How docs the more efficient usc . of heating surfaces in packaged 
boilers affect the boiler operator? 
A One result of working heat exchanger surfaces· harder has been the 
necessity of keeping both fireside and waterside clean. Thus good water 
treatment and maintenance are important. Compact designs also tend to 
make surfaces less accessible for inspection and cleaning. Thus today's 
higher heat transfer rates can easily cause o1·erheating, especially if forced. 
This results in loose tubes in tube sheets, cracks between ligaments on 
tube sheets, weld cracks in high-heat zones, bulged furnaces, and low 
water. Even more dangerous is the complete reliance on automatic con­
trols to safely cycle a boiler, without periodically checking the controls 
for ( 1) conditions of electrical contacts, ( 2) electrical connections, ( 3) 
water column connections, ( 4) waterside plugging of pressure switches, 
( 5) low-water fuel cutoffs, ( 6) soot accumulation in tubes, ( 7) opera­
tion of solenoid vah-cs in ·fuel cutoff lines, ( 8) firing equipment timing 
arid operation of flame failure devices, and (9) operation of safety ,·alvcs. 

But being automatic ·does not mean that everything has been de­
signed into the unit·, includ:ng self-maintenance. Remember that more 
highly skilled operators arc required for the packaged, automati~ units 
and that more knowledge is required on how the controls and safety de· 
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vices function . Many boilers have lost days of service . because untrained 
~rsonnel did not even know what control was malfunctioning, so they 
could not keep the boiler in operation. 

Boiler accidents are frequently caused by someone manipulating the 
controls without knowing the dangerous effects this· can produce. The 
blocked-in relay, shorted-out control and jumper wires; rapid introduction 
of fresh cold water into a boiler, all are caused by unskilled operators. 
In contrast, properly trained operators quickly diagnose the malfunction­
ing boiler components, thus contribute to boiler safety and dependability 
on packaged, automatic boilers as they did on older, manual-operated 
onus. By careful maintenance and operation, the efficiency of modem 
units will also be kept at a peak. 

VERTICAL TUBULAR BOILER~ 

Q What is a vertical tubular boiler? 
A The vertical tubular (vt) boiler is an internally fired ft unit. It is 
a self-contained unit requiring little or no brickwork. Requiring little 
floor space, it is popular for portable service, such as on cranes; pile 

Stock 

Ashpil door 
Ory -top Wei-top 

(a) (b) 
Fig. 3-IJ. (o) Dry·top ver11col·tubulor boiler. (b) Wel·top doalgo hot oub-rgod head. 
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drive~, hoisting engines, and . similar construction equipment. Vertical 
tubular boilers are used for stationary service where moderate pressures 
and capacity are required for process work, such as pressing, drying roD 
applications in va~ous small laundries, and in the plastics industry. 

The coil-tyPe wt boiler (see Chaps. 4 and .6) is a competitor of the 
vt boiler for small capacities and lower pressu~es to 150 psi. But the vt 
boiler is limited in capacity and pressure even more than the horizontal 
ft boiler. For this reason, most vt boilers of the ft type seldom exceed 
300 hp, or about 10,000 lb per hr capacity with a maximum pressure of 
200 psi. · 

Q. What are the most common vertical ft boilers? 
A There are five general classifications: 

I. Standard straight shell type with dry top (Fig. 3-13a). 
2. Straight shell type with wet top (Fig. 3-13b). 
3. Manning boiler with enlarged firebox. 
4. Tapered course bQttom with enlarged firebox. 
5. For even smaller capacity, the vertical tubeless unit (Fig. 3-14). 

(o ) (b) 

Fi;. 3-14. Vertical tubelou boiler wltll (o) wotorlee and (b) wa .. r and 1tea111 ohell. 

Q Describe the vertical dry-top boiler. 
A The vertical, internally fired, ft boiler (Fig. 3-13a) consists of a 
vertical cylindrical shell which contains a cylindrical firebox and a num­
ber of small fire tubes. Heat radiated from the fire passes through the 
firebox plates to the water in the boiler. The hot gases pass upward 
through the fire tubes to the smoke stack, giving up part of their heat to 
the metal of the tubes, which in tum transfer the heat to the water in-
side the boiler. · 
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The upper tube plate fonns the top head of the boiler. As the water 
level is carri<.'<l about two-thirds of the length of the tubes above the 
lower tube sheet, or down sheet, the top tube sheet is dry (steam oq one 
side, hot gases on other side). Hence the 11ame dry top. Tite main draw­
back is that tubes may become O\'erhc-.1ted above the waterline. Titen 
they loosen in the tube sheet. But one advantage is that the upper third 
of the tubes being dry, they give a slight amount of superheat to the 
steam. 

HanJholes and deanout plugs arc pro,·idt.'<l at convenient points for 
washing out and inspt.'Ction. In the smaller si7.t.'S, the bottom of the 
shell rc.-sts on a cast-iron base that also forms the ash pit. 

Tite vertical flueless type (Fig. 3-14) is popular for low<apacity 
steam of up to about 150 psi. There arc st:veral designs. Instead of tubes, 
the water is either in a jacket around the furnace (Fig. 3-Ha) or in a 
w.1ter-and-sll'am cylinder (Fig. 3-1-Jb) inside the furnace. On one type, 
reversal of gas flow takes place bctwt.'t.'ll openings on the jacket con­
nected to the upper cylinder. Some designs have down-firing. There are 
no stay bolts or stays, as flat-surface widths arc kc.'Pt narrow or small in 
area. Thus the boiler plate thickness is adequate for resisting the bending 
stresses. Numerous solid U-shapcd heat conductors are welded to the 
surface of the shell to provide better heat transfer. 

Q Describe the vertical wet-top, or submcrred-top, boiler. 
A This boiler is similar in construction to the dry-top vertical, except 
for the top head. In the wet-top boiler (Fig. 3-Bb), a conical-shaped 
plate is welded (in modem boilers) to the top head, and the upper tube 
sheet forms the bottom of this cone. Thus the waterline can be carried 
above the upper tube sheet so that it and all the tubes arc below the 
water level. Other construction details arc the same as in the dry-top 
boiler. 

Q What are the advantages and disadvantages of vt ft boilers? 
· A Advantages are ( 1) compactness and portability, ( Z) low first cost, 

( 3) very little floor space required per boiler horsepower, ( 4) no special 
setting required, and ( 5) quick and simpler installation. 

Disadvantages are that the ( 1 ) interior is not easily accessible for 
cleaning, inspection, or repair, (2) water capacity is small, making it 
difficult to keep a steady steam pressure under varying load, ( 3) boiler is 
liable to prime (carry over with steam) when under heavy load because 
of the small steam space, and ( 4) the efficiency is low in smaller sizes 
because ~ot gases .have a short, direct path to the stack, thus much of the 

• heat goes to waste. 

Q What is the safe water level in the dry-top vt boiler? 
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A The Code indicates no specific water level for this type boiler, except 
to state: "It shall be at a level at which there shall be no danger of over­
heating any part of the boiler when in operation at that level." Btit the 
level is generally taken as a minimum at a point two-thirds the height of 
the shell, above the bottom head, or crown sheet or tube sheet. This is 
the same minimum requirement as for miniature vertical ft boilers. 

For the submerged wct·top type, the minimum water level must be 
at l~t 2 in. above the top tube ends, except for miniature boilers, where 
it can be I in. 

Q Where does sludge usually settle in a vt boiler? 
A Deposits settle in the 'f.in .. wide water legs (maximum per Code) 
because they have restricted circulation. Clcanout openings should be 
periodically opcn<.-d around the circumference in the water legs and bot­
tom tube sheet so all areas are accessible for cleaning. Some units have 
a continuous drain in the bottom of the water legs. When this boiler is 
opened for cleaning, a length of chain can be pulled around inside to get 
the sludge and scale to a clcanout opening for removal. 

Q In calcubting furnaces for external presswe (especially for vt 
boilers), the terms tubes, flues, and furnaces are often used. Is thcte a 
difference? 
A Yes. Tubes arc hollow cylindrical qlements of up to 5 in. in diame­
ter. Flues arc hollow cylinders exceeding S in. in outside diameter and· 
used for the conveyance of gases witli temperatures of SSO"F or less. 
Furnaces arc hollow cylinders exceeding 5 in. in outside di2meter in 
which combustion takes place, or which arc used for the conveyance of 
gases having temperatures exceeding 850•F. 

Q Where docs internal and external corrosion usua.ly take place in a 
vt boiler? 
A Internal corrosion: 

.1. At the waterline, usually on the tubes. This is due to oxygen and· 
organic materials being rclc-o~scd there during the process of boiling. 

2. In the vicinity of the fccdwater discharge, as a result of oxygen 
release. 

3. On top of the lower tube sheet, because of scale formation. 
4. On and around the ends of the stay bolts, as a result of the 

stresses imposed and the subsequent expansion and contraction (this 
!cads to stress corrosion). 

5. In the water legs, especially at the bottom, where grooving may 
occur in addition to the usual pitting under the scale. 

External corrosion: 
I . On top of the top tube sheet, bottom tube sheet, and tube ends. 
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because of acid formed by the damp soot in contact with the products 
of combustion. 

2. Around all manhole, handhole, and washout openings. Here cor­
rosion is from leakage due to poor gaskets, improper handhole cover_ in· 
stallation, and thermal e~pansion and contraction which loosens opening 
closures. . 

3. At the bottom of shell, water legs, and furnace sheet, as a result 
of soot attack. 

4-. Around all openings including gage connections, safety valve con­
nections, steam outlet connection, fet:dwater connection, blowdown con· 
nection, and water column connection, because of leakage. 
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4 
WATER-TUBE BOILERS 

Q What is a wt boiler? 
A In contrast to the ft design, wt-type bQilers (Fig. 4-1) feature one or 
more relatively small drums with a multiplicity of tubes in which a water-

To 

flg. A-1. Woter·tvbe boiler deugn. 

steam mixture circulates. Heat flows from outside ·the tubes in this mix­
ture. TI1is subdivision of prl·ssure parts makes possible large capacities 
and high pressures. 

Q Have wt boilers any ad\"antagcs over ft types? 
A TI1e wt boiler is safer, largely because most of the water at the 
hottest part of the furnace is in small components (tubes). Thus if a 
tube ruptures, only a comp~rativcly small volume of water is instantly 
released to flash into stc~m. As a rule, all parts of the wt boiler are more 
accessible for cleaning, inspection, and repairs. But very long, bent tubes 
may be difficult to clean on some designs. Water-tube· boilers in the 
48 
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Water-Tube Boilers 49 
. larger sizes are faster steamers because of their large heating surface, long 
gas travel, and, rapid and positive water circulation. On small .coil-type wt 
boilers, there may be no difference in steaming time. For 'the same rca­
sons, larger wt boilers can carry much greater overloads and respond more 
readily to sudden changes and ftu~tuations in demand. Also, the drum in • 
wt boilers is not exposed to the radiant heat of the fire. · · 

The biggest advantoge over ft bOilers is the freedom to increase the 
capacities and pressures. That is impossible with ft boilers because the 
thick shells and other structural requirements become prohibitive over 
30,000 1b per hr capacity and over 300psi. The large capacities and pres· 
sores of the wt boiler have made possible the modem large utility-type 
steam generators. 

Q Is it true that for the same diameter and thickness of tube, a wt 
boiler has more heating surface than an ft type? 

2.37Sin 

0.154in. 
thick 

fire tube 
Tube length of 185ft. ' I sq h 

heotinq surfoce 

Wotet lUbe 
Tube length o.i 1.61 fl 'Is~ fl 

heohnq surfou 

fig. 4-2. CoMparloon of tubes of wt and ft boRer1. 

0.154 in 
lll<(k 

A According to the ASME Code, the hc'ating 5urface is always calcu­
lated from the side exposed to the products of combustion. And since in 
a wt the products of combustion arc on the outside of the tube, the 
outside diameter (OD) of the tube is used in calculating the heating sur· 
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face. In an ft, t~e products of combustion are on the inside of the tube; 
thus the inside diameter (ID) is used in calculating the heating surface. 
Since the OD is larger than the ID, it is assumed that a wt has a larger 
heating surface area than an ft (Fig. 4-2). 

But heating surface depends on other factors such as tube arrange­
ment, length of gas travel, use of efficient burning equipment, and clean­
liness and maintainability of heat-exchanger surfaces. So don't assume 
that wt boilers are always more efficient than ft boiler.s. 

Q What materials are used in boiler tubes? 
A Large modem boilers consist of thousands of feet of steel tubes of 
various diameters and wall thicknesses, so the type metal used is of great 
importance. Low-ca[bon steel is used in most wt boilers operating over a 
wide temperature range. Convection temperatures run between 500 and · 
700• F. Medium-earbon steel, with 0.35 percent maximum of carbon, 
perrnits higher stress levels than low-carbon steel at temperatures up to 
950•F. For superheater tubes, which must resist temperatures above , 
950•F, alloy steels are required. These may contain chromium, chromium­
molybdenum, and chromium-nickel. They may be of ferritic structure, or, 
for higher furnace temperatures, of an austenitic structure. 

Q How are water fubes attached in a wt boiler? 
A For high-pressure service, the ASME Code stipulates the following 

( 

Mo•imum projection, 

::..~-

~Minimum proje~tion, 
Tube tin. · 

Woltr lube before florinq 
(a) 

O
J.. 
Flared ·not less than 
l in. ovtr the diameter 
of the tube hole 

T 

Water lube of ter llorinrJ 
and .rollinq 

(b) 

attachment of wt tub!::) to tube 
sheets, headers, and drains: ( 1) Ex­
panded or rolled and Oared (Fig. 
4-3); ( 2) Oared not less than ~ in., 
rolled, and beaded; ( 3) flared,· 

.rolled, and )Yelded; ( 4) rolled and 
seal-welded, provided the throat of 
the seal weld is not more than % in. 
and the tubes are rerolled after 
welding; ( 5) Superheater, reheater, 
waterwall, or economizer tubes may 
be welded without rolling or flaring, 
provided that the welds are heat­
treated after welding and the weld­
ing is done according to Code re­
quirements. 

Q The terrn tube sheet is often 
applicci to a wt boiler equipped with 
only steam drums and mild drums. 
Is not this term incorrect as ap-

fig. 4-3. Methods of attaching water tubes. plied to wt boilers? 
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Woter-Tube Boil•" 51 
A No. The term tube sheet refers to any sheet of a wt boiler where 
tubes arc inserted, whctltcr in a flat sheet or a drum. 

Q How is ~he term ligament dc;fined, and how docs this term aflc:et wt' 
boiler design? 
A A ligament is the seetion of soli!~ plate between tube holes. But the 
drilling of these holes in a pattern weakens the solid plate. Thus in de­
signing or calculating the slrength of a boiler drum, the ligament effi­
ciency must be considered in determining the safe working pressure. And 
the ligament efficiency wiTI always be in reference to tube hole arrange­
ment, whether a· steam drum or mud drum. The term tube sheet may be 
used, even though a tube sheet such as on ft boilers docs not actually 
exist. In wt boiler drum design, the weld or rivet and ,the ligament tube 
efficiency of the drum are very crucial in establishing plate thickness re­
quired for a given pressure with a given material (see Chap. 9). 

Q Why are tubes flared in a wt boiler? 
A To add to the holding power of the tubes after rolling, and also to 
prevent the tubes from pulling out of the tube holes if the holes should 
become enlarged from overheating caused by low water or other reasons. 

Q What precautions should be used when rolling or expanding tubes 
in wt boilers? . 
A Most tubes today are expanded with power.(lriven expanders instead 
of by hand rolling. This results in rolling just enough to obtain tight 
joints. But with power.(lriven rollers, there is always the danger of over­
rolling, thus damaging the metal by cold-working, which causes the metal 
to become harder and more brittle. rt may also result in loss of ductility 
and ability to stretch and contract with . temperature changes. Coid­
working often causes surface tears and marks which win reduce resistance 
to corrosion. Thus it is better to under-roll, whether on new or repair 
work. One aid to properly rolling a new tube is to note when the mill 
scale (or paint) on the tube sheet around the tube begins to flake off. 
Stop rolling at this time as thr joint is tight enough. 

Before tubes are inserted for rolling, all tube ends and tube scats 
should be cleaned of oil, grease, rust, etc. Rust should be removed with 
a fine abrasive cloth. Expanders should be kept clean and washed fre­
quently with kerosene. Vegetable oil or other specially prepared expan!ler 
lubricant should be used to lubricate the expander rolls. One end of the 
tube should be held in place with a wedge while being expanded sb it 
docs not move in the seat. The tubes should enter the holes parallel to 
the center line of the holes and have equal projection from the tube sheet 
or header at each side of the t ube sheet. 

TI1c bottom tubes should always be rolled in fi rst, then the next rc.w 

Ur cocrrechlhch gc chulzl lv1 101 " 
www.TechnicalBooksPDF.com



5~ Standard Boiler Operators' Queslions and Answers 

upward so that oil,dirt, etc.; do not drip off the ends of the tubes int~ 
empty tube seats not yet filled with tubes. Be sure to use the correct 
expander to suit the size and thickness of the tubes and tube seats. 

STRAIGHT-TUBE WT BOlLE~ 

Q What was the first widely used wt boiler? 
A Figure 4-4 shows an early straight-tube wt boiler. The tubes arc 
placed in the furnace, and the shell above is used primarily as a storage 

Riser 
Door 

Header 

Bott le 

s~"perheated steam hfoder 

Fig. "-4. Early stralght·tub. wator·tub. boiler; 

Down comer· 

[)omper 

To stock 

Battte 

Header 

r ..... -J!M-=--- Cops 

~--f!!lr--Mud drum 

Blowoff pipe 

tank for water and steam. Circulation from the drum is down the back 
headers, through the water tubes, and up through the front header. With 
this arrangement the tu~ on· boilers began to be separated from the 
internal shell, in contrast to ft boilers. The design shown ~:is.one drum; 
larger. boilers had two or three drums. 'IJ!e drum runs from the front to 
the rear of boi;cr. The inclined straight" steel tubes, usually of 4-in. OD, 
are connected with the drum by pressed-steel headers of the sectional 
type, the tubes being staggered in. pairs. TI1e mud drum below the ''""'H 
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Water-Tube Bailers 53 
headers collects sediment and is blown out from time to time. Tube 
headcrs .are in one piece for each vertical row of tubes. 

Header handholcs (for tube cleaning) are closed by bolted ~:overs 

with machined joints. TI1e superheater, usually fitted in the space below 
the ~team drum, is a set of U tubes. Saturated steam from the d~um 
passes downward to re superheated in these tubes, then passes from the 
bottom superheater header to the main stop valve. The headers are con­
nected with the steam drum by short tubes expanded into a .cross box. 

Q Name the various types of straight-tube wt boilers. 
A The straight-tube design is usually classified by the type of header 
and by the direction of the dmms or the tubes. As a result there are, in 
general, six types: (l) sinuous- or sectional-header, ( 2) box-header, ( 3) 
longitudinal-drum, ( 4) cross-dmm, ( 5) horizontal-tube, and ( 6) vertical-
tube types. · 

Q The tem1s sectioual header and sinuous l~eader are often used with 
wt boilers. How do they differ? 

•· Vtrtocol sectional 
sonuous htodtr 

(o) 

Front boa heodtr 

(b) 

~ . .. . . ... 
7T?ST?Y7 

Rowlrd drum and crossboa 

(c) 

Fig. 4-.5. (a) Sinuous ftrticol -tiona! hodder with four tub., por hondholo. (b) Box 
header for horizontal·straighl·tube bailor. 

A The sectional header, which is also referred to as a sinuous, or ser· 
pentinc, header (Fig. 4-Sa), is either a casting or forging. In older low­
pressure boilers, the headers were also constructed of cast iron. But for 
high pressure, they were limited by the ASME Code to a maximum de­
sign pressure of 160 psi and 350•F. In contrast, headers constructed of 
forged steel have been used for pressures up to I ,200 psi. 

Q \Vhat is a box he;~der? 
A A box header (Fig. 4-Sb) is constructed of Hat plates, referred to as 
a tube ~heet and tube cap sheet. But these surfaces must be stayed to 
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prevent deformation. The sides, top, and bottom arc flanged and riveted 
(welded on new boilers) to the tube sheets and cap 'sheets. l11e staying 
of sheets limits pressure for a box header to about 600 psi. 

Q Describe the longitudinal-drum and the cross-drum wt boilers; name 
advantages and disadvantages of each. . 
A The longitudinal-drum type (Fig. 4·6a) has the drum, or drums, 
parallel to the inclined tubes and abo\·e the headers. In the longitudinal­
drum box-header type, the water leg at the high end of the tubes ·has a 
langed semicircular throat, which is welded dir;:ctly to the drum (or 
drums) . At the low end of the tubes, the rear box header is connected 
with the drum (or drums) by tubes expanded into the top of the headers 
and into a throat connection welded to the drum (or drums ) . 

( o) Lonqotudonol drum ( b) Cross drum 

fig. U . (a) longitudinal-drum and (b) cro....lrum bolltn. 

The cross-drum type (Fig. 4·6b) has tubes running from the upper 
part of the front header (or headers ) to the ·drum, then entering the 
drum steam space. The rear header (or headers) is connected by tubes 
rolled into the tube holes in the lower (water space ) part of the drum, 
and also into the tube holes in the top of the headers. The cross-drum 
type, in addition to being more economical to build, provides for better 
circulation of water. 

Q How are longitudinal-drum wt boilers supported? 
A They are suspended from crossbeams attached to the steam drum 
and supported by steel columns. One mcthpd is the U-bolt support shown 
in Fig. 4-7. The channels are mounted on vertical steel columns, away 
from the high-temperature zones of the boiler drum setting and thus 
protected from l1eat. · 

CAUTION: If encased in brickwork (older boilers), periodically re­
move the brickwork to check for corrosion of the U bolts. 
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liT\ 
Channel 1101\S 
bock to bock 

Fig. 4·7. U-boll mothod of supporting longitudlnal~rulll wator·lube boiler. 

Q \Vhcre docs most of the corrosion take place on box-header boilen? 
A Hca\)' leakage at handhole plates causes corrosion on the wrapper or 
external sheet where the closing caps arc located. Leakage of these hand­
holes finds its way down to the bottom of the headers (Fig. 4-5), which 
is usually concealed in brickwork. Thus leakage from above causes un­
detected corrosion. \Vhe.t insp<:cting box-header boilen having bricked-in 
bottom headers. ah\11ys remove the b'rickwork and check this surface for 
corrosion. 

Q \Vhere do sinuous-header boilers usuallv corrode? 
A On the tube entrance outer plate, from leakage at the hanrlholes, 
or on caps on the openings. Also be­
tween the sinuous headers, which arc 
usually packed or filled with asbestos 
yarn. 

Q Describe a \'ertical' wt boiler and 
list its advantages. 
A One common type of a ,·crtical 
wt boiler ( Fjg. 4-8) has a ~team drum 
at the top and a mud drum at the bot­
tom. l11e vertical tubes are rolled into 
the Qat tube sheets of both drums. 
Sling stays brace the tube sheets. Ob­
viously, the dished heads opposite the 
tube sheets require no staying. l11c 
main advantage of this typ<.' boiler is 
that il requires less Aoor space per unit 
of capacity. brackets 

l11e W ickes boiler has a large fig. 4-8. Vertical stroight·tvbo 'YIIO 

number of vertical water tubt'S . The wo .. r·tubo boiler. 
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boiler is enclosed in a brick setting and supported by brackets fastened to 
the lower dmm, which rest on steel or concrete pillars. This design 
allows the boiler to expand and contract freely without greatly disturbing 
the setting, A vertical tile baffle in the center of the tube bank extends 
downward through the rear bank. The water circulation is in the same . 
direction, up the front tulx-s and down th_c rear tubes. The primary com­
bustion takes place in the furnace, which is called a Dutch oven. Feed­
water enters through the top steam drum, while blowdown is from the 
mud drum. Both top imd bottom drums have manholes for tube replace­
ment and. for cleaning purposes. The manholes usuaUy are flanged into 
the dished heads. 

Q W hy ar.:! baffles used in the passages of wt boilers? 
A Baffles deflect the hot gases back and forth between the tubes a 
number of times to cn.1ble gre:~ter heat absorption by the boiler ·tubes. 
11tey also permit designing for better temperature differences between 
tubes and gases throughout the boiler. Baffles help maintain gas ve!ocity, 
eliminate dead pockets, deposit flyash and soot for proper removal. and 
prevent high draft losses. 

Q What happens when a furnace. baffle breaks? 
A The gases short-circuit one or more passes, causing excessive flue-gas 
temperatures and a loss in efficiency and also capacity. Overheating and 
damage might result in those parts of the boiler designed for low gas 
temperatures. 11ms on any outage inspection, the baffles should always 
be e:~rcfully chcckt-d for erosion, breaks, leakage (around tubes), .or dis· 
location, as tube failure may result. 

Q \IVhat type of firing. door is required on wt boifers? 
A 11te inw.trd-opcning type. or a type provided with self-locking door 
latches which omit springs or friction contact. Reason? So the door can· 
not be blown open from pressure inside the furnace in case of tube rup· 
turc or furnace explosion, and thus possibly bum or scald· personnel 
standing ne:~rby. 

IMPORTANT: Explosion doors, if used, and if located in the setting 
walls within 7 ft of the firing Boor or operating platform, must have 
deflectors to divert any blast. 

Q \Vhat arc some causes of tube failures in wt boilers? 
A ( 1) Solid deposits, ( 2) low-water conditions, ( 3) corrosion, ( 4) 
slagging of gas passages which restrict no1mal heat transfer, ( 5) high 
concentration of heat in some tube areas, (6) stress corrosion, (7) 
Aame impingement, (8) poor circulation, and (9) steam .cutting and 
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external erosion and corrosion by soot blowers that are improperly located 
or in poor condition. 

BENT-TUBE WT BOILERS 

Q Why are bent tubes used in wt boilers? 
A Bent tubes are more flexible than straight tubes. Boilers can be made 
wide ·and low, where headroom is limited, or narrow and high where floor 
space is at a p remium. Also, bent-tube boilers allow more heating surface 
to be exposed to the radiant heat of the flame. Dmms serve as con­
venient collect-ing points in the stcam-\vater circuit and for separation 
of steam and water. Thus boilers with two, three, and sometimes four 
drums have been used . As boilers grew in size (made possible by bent· 
tube design), the demand for more active furnace cooling increased. It 
\\~IS then that waterwalls and other improvements in design were made. 
A better knowledge of fluid dynamics resulted in si·mpler and much safer 
methods for the circulation of waterwall fluids, both on the gas and steam 
sides. 

Two-drum boilers, even boilers with but one drum on top and one 
or two l:!rgc headers at tbc bottom, became commonplace. TilOll'W!nds of 
boilers of the vertifal-hcader type and of multidrum bent-tube design 
are still optrating today. The tubes arc bent because: 

I. Heat transfer reasons make it impossible to use straight tubes. 
2. The bent tube allows for free expansion and contraction of the 

asscJnbly, usually on the lower mud-drum end, as the upper drum (or· 
drmns ) is scpamted or sus­
pended by steel structures. 

3. 'J11c bent tubes enter the 
drum· radially to allow many 
banks of t ubes to enter the drum. 

4. Bent tubes allow greater Rear 

flexibility in hoilcr-tube arrange· 
mcnt th:m is possible in straight-
tube boilers. · 

Q \Vhat was one of the first 
bcnt-~ubc boiler designs that is 
still in usc? 

Mud 
drum 

Steam 
equo lizin9 

t ubes 

A The Stirling boiler (Fig. 
4·9). which has three steam 
drums ami one mud dmm. 
Steam-equalizing tubes are be­
h\'ccn the middle and rear 

f ig: 4-9. Stirling wotor·tubo bolr.r wot oorly 
bent-tube typo. 

Ur'> x r hlhch gc chuul M lcr a 
www.TechnicalBooksPDF.com



58 Stanclarcl loilet Operalorl' Quedions ancl Answers 

steam drum and between the front and rear drums. Water-circulating 
tubes connect the front and middle steam drums· below the waterline for 
the boiler. Rear tu\>es connecting the middle drum to the mud drum 
deviate from the niiddle bank to the generating tubes. They.)oin !!: t]u: 
rear bank of generating tubes on the back steam drum, to es;~sure positive 
circulation throughout the boiler. 

Baffles protef:t the three steam drums the full width of the setting, 
thus protecting the longitudinal riveted seam, on each drum, from con­
tact with Bue gas. Feedwater enters the back top drum through a welded­
in feed pipe. The water circulates downward through the back tubes to 
the mud drum and then up to the middle and front drums. The equaliz­
ing tubes keep the water level equal in these two drums. 

Q In the three-drum boiler of the Stirling type, what areas have to be 
watched for possible sources of trouble? 
A Figure 4-10 shows a unit with front and middle boiler banks con-

Front 

nected into both the front and middle 
upper drums. This arrangement equal· 
izes the discharge of the st<:am-~nd­
water mixture to improve circulation 
and reduce carryover with the steam. 
Boilers of this general type were usually 
designed for pressures from 160 to 
1,000 psi, and capacity range from 
7, 500 to 350,000 lb pc:r hr steam. 

Rear Both the top and bottom drums ha,·e 
brickwork built partly around them. 
Because the Boiler Code required the 
longitudinal joint to be away from 
furnace heat, the joint was usually 
under this brickwork. Even if it mc:1ns 

· removing some brickwork, always check 
the condition of longitudinal and cir­

Fig. 4-10. Stirling-type unit with ~rst 
boiler bonk connected with both front cumferential rivets. including the 

Brttkwork 

ond middle upp41r drum•. calked' edges, and look for caustic em· 
brittlcment affecting the drums. 

Q What is meant by an integral-furnace boiler? 
A The integral-furnace bent-tube wt boiler (Fig. 4-11 ) is so:callcd 
because the bottom drum (ncar the bottom of the furnace ) makes it 
possible to package the furnace integrally \\ith the boiler. 11n1s on oldn 
un.its only insulation and brickwork had to be erected at the site. Of the 
bent-tube boilers, the two-drum types arc the simplest. 

Todav these two-drum bo!;.:rs arc a,·ailable in standard sizes .. ranging 
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from 15,000 to 300,000 lb per hr of steam with pressures from 160 to 
1,000 psi to 900•F temperatures. The demand for compact, standardized 
wt boilers is growing, with the two-<lrum bent-tube type a leader in the 
field. They are shop-assembled, equipped with a watercooled furnace, 
and arranged for pressure-firing of either oil or gas. And they arc ready 
for shipment by truelc or railway car, completely equipped with firing 
equipment, oil pumps, oil heater, 
forced-<lraft fan, boiler trip, feed­
water regula~or, soot blowers, cas­
ing, setting, and automatic control 
system. Thus with pressure firing, 
good arrangement of heating sur­
faces, tigllt baffles, tight casing 
construction, and automatic com· 
bustion control, more efficient op· 
eration is possible. 

Steam generators of the inte· 
gral type arranged for pulverized 
coal, oil, or gas firing arc built in 
si1.cs up to 425,000 !b per hr steam. 
While pulveriu:d fuel, oil, or gas 
arc most frequentlv. used, stokers fi9. 4-11. lntogrol furnoco bent-tube-· 

tube boilon. 
can also be applied. 

Q How does water circulate through a two-drum bent-tube boiler? 
A Figure 4-1 Z shows a Keeler stcekncased unit with a full·length 
steam drum and a haJf.Jcngth mud drum. Fccdwatcr enters (dotted line) 
the boiler through the front head of the upper drum, to which an in· 
ternal feed pipe is attached. This pipe discharges the water at the rear 

Fi9. 4-12. Wotor <irculotion in two-clrum bent•tubo boiler. 

www.TechnicalBooksPDF.com



60 Standard Boiler Operators'_ Questions and Answen 

enCl of the upper drum, from where it Rows down the rear bank of tubes 
into the rear end of the lower drum, then horizontally through the short 
circulating tubes into the watcrwall headers, forward and up t~rough the 
side watcrwo~ll tubes into the upper drum, thus completing the cycle of 
circulation. 

A .second cycle of circulation occurs in the main bank of boiler 
tubes, flowing downward from the rear end of the upper drum to the rear 
end '?f the lower drum at the rear of the tube nest, then upward from the 
fonv-drd end of the lower drum directly above. This circulation occurs 
without the usc of internal baffle piates, thus making it possible to 
opcrdtc at high overloads with dry steam and with no disturbance of 
Wolter level (normally at the center of the upper drum). The furnace 
waterwatl tubes do not depend upon the upper drum for their water 
supply, but receive water directly from the lower drum. Also, the steam 
generated in the furnace waterwall tubes is freely discharged directly into 
the upp.:r drum without the usc of intennediate headers. 

Q How do water and gas circulate in bent-tube boilers? 
A Figure 4-13 featurt'S some rommon bent-tube boilers with the water 

Three · di..., low· hNd bcoler 

Threr·drum A· I)~ booler 

Two· drum nrtical boOler 
with wotttwall fumoc.e 

;t:lkr(\\ 
~u"' n.,''"\l 

Slowdown 
Four·dr..., boiltr 

feedwater 

fig. 4-13 . Circulation of water and ga1 in wC'•~.,·tt+ · . boil en. 
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and gas circulation shoW!] in each. Note that blowdown is always from 
the bottom dr~m.- where .6ediment gathers. Some of these boilers come 
equipped with automatic surface-blow equipment, which is different from 
blowdown (bottom-blow). Surface blow refers to blowing the floating 
scum from the waterline lev~! in the steam drums. 

Q Are wt boilers also packaged? 
A Yes. Modem packaged boilers have- grown in popularity and size 
since their inception in the 1940s. Today, most packaged wt boilers fol­
low one of the three designs shown in Fig. 4-14. 11acse arc known as 
A, D, and 0 types. 

(o) A type (biOtype (c) 0 type 

Fig. 4-14. Typical packaged water·tllbe boiler structural conAguralions. 

Q What purpose do wate1W31ls serve in a boiler? 
A WateiW311s consist of relatively close-spaced vertical tubes forming 
the four walls of the furnace. They were originally developed to cool and 
protect the furnace lining. One design of large power-generating 'boilers 
has l4't·ft high, 0.340-in. thick tubes at the hottest furnace zone (below 
85-ft elevation) but only 0.320-in. thick tubes above. 

Depending on the type of boiler, the waterwall heating surface may 
account for only 10 percent of the boiler's total heating surface, yet 
represent as much as 5P percent of the total lreat absorption: WateiW3Jls 
perform three basic functions: (I) protect the insulated walls of the 
furnace, (2) absorb heat from the furnace to increase the unit's generat­
ing capacity, and ( 3) make the furnace air tight (on pressurized furnaces 
with tangent welded tubes). 

Q Describe a typical steam generator used in industry and small utili­
tics today. 
A Figure 4-15 illustrates a 40,000 lb per hr unit operating at 450 psi 
and 750•F. Note the comparatively large diameter drums and headers 
designed for easy access. Other features include wide spacing of wall 
tubes backed by refractory. The air heater on this unit can be bypassed at 
low ratings. 
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fig. 4-1,. A typical modern steam generator used in industry and in small utilities. 

Q How is furnace heat transferred to the waterwalls? 
A H eat is transferred to the watcrwall tubes as radiant heat from the 
zone of highest temperature in the furnace. 

NOTE : Because of the great amount of heat absorbed by that part of 
the boiler, fccdwatcr must be of th<: best quality. Also, the circula­
tion of water must be rapid and plentiful to ensure positive flow 
through each tube dt all times. 

Q Should water-Wall h eaders be blown down while the boiler is under 
load? 
A Positively not. 

WARNINC : Under no circumstance should watcrwall headers be 
blown down while the boiler is operating. If blown, the boiler's nor­
mal circulation will he upset and the o1·erhcated tu.bcs will bulge or 
rupture. 

Q Is the watcrwall arrangement on wt boilers important? How arc tltey 
assembled? 

·~ Figure 4-16 shows sorne typical arr:mgcments. The watcrwall in Fig. 
4-16a is designed for mocleratc cooling. TI1is design has the tubes spaced 
apart and the wall sutfacc; composed of part firebrick. The brick is backed 
with sevcr;~l layers of 1nsulation and strong steel casing. Reinforcing 
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metal lath is often used in wall 
construction. Figure 4-l6b shows 
how tangent tubes are placed in 
the furnaces of mar.y large and 
small boilers. The staggtred tube 
arrange~ent offers a high heat­
absorbing surface that is backed by 
solid block, or plastic, insulation 
and a strong steel external casing. 
Figure 4-l6c shows steel lugs OF 

longitudinal . fins welded to . non­
tangent wall tubes. In some designs 
the lugs protrude from the tube 
into the furnace and are covered 
with a chrome-base refractory or 
slag. To ensure furnace tightness. 
adjacent fins are often welded. 

Figure 4-l6d shows newer gas­
tight casings, known as membrane 
walls. Here tightness is obtained by 
welding a flat strip of metal between 
the tubes. This eliminates the ras­
ing and many of its problems. In­
sulation is applied directly to the 
outside of the tubes, while metal 
lagging is attached to give the outer 
surface durability and good appear­
ance. Figure 4-16e shows how the 
outer casing, insulation, and steel­
skin casing are often constructed. 

Outl!f steel cosinq 

~/''"'""""" • - - Metot loth 
: Plastic insulation 

Shaped f irebrick 

lal 
. Li9hl steel casing 

~
....---r--.,--r--r--r-:1: Insulation block 

Heavy steel casing 

Plastic insulation 

(b) 

lel .. 
fig. 4-16. Typk ol design variations of water· 
coaled walls. 

Q Briefly explain tubes other than waterwalls used on wt boilers. . 
A Depending on the design for pressure, capacity, and final tempera-. 
turc,, a modern, large steam generator will have superheater, economizer, 
reheater, and air-heater tubes. The basic purpose of these tubes is to 
extract all possible heat from the fuel input, thus lowering the exit tem­
perature going up the stack. 

Figure 4-17 shows two typical curves; the upper curve ·indicates gas 
temperatures to the exit portion, and the lower curve shows feedwater 
temperature cntcrin5 the boiler, then slowly being 'raised by the hot gas 
to its final steam temperature. Of course the \'arious tubes provide the 
necessary h~at transfer to accomplish just this . · 

Figure 4-18 shows how the various tubes perform in a typical boiler 
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fig • .ol-17. flue gas versus water and stoa m 
'-"'~"rature In boiler of 60,000 .q ft 
heating surface. 
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fig . .ol-18. Rolatlve J"rtentage of heat ab· 
sorbed through heat transfer of large boilers. 

as to percentage of total heat absorbed by the furnace-wall tubes, main 
boiler bank tubes, superheater, economizer; and air heater. Note how the 
furnace-wall tube heating surface of only 10 percent absorbs )0 percent 
of total heat transfer surface. The reason for this is a basic heat transfer 
law. As the gas temperatures are cooled in their passage through the 
boiler, the temperature drop slowly brings into effect the law of diminish· 
ing returns as the temperature difference becomes smaller and smaller. 
Thus to get a certain temperature rise, it takes more heating surface. 
Because the furnace is the highest temperature zone where the greatest 
temperature difference exis ts, most heat absorption takes place even with 
a moderate heat surface area. 

Q Name some types of superheaters in general use. 
A Figure 4-19 shows some typical superheaters and their locations in 
the boiler. TI1e general classification includes radiant and convection 
types, depending on whether they absorb radiant or convection heat. The 
interdeck type has tubes arranged between banks of primary boiler tubes. 
The pendent type is a suspended series of coils, usually shielded against 
radiant heat by a screen of boiler tubes. It is often arranged as the first 
steam heater before the steam goes to the superheater outlet header. The 
platen type is similar to the pendant type, but the tubes are in one plane. 
Usually the steam goes through the platen superheater before it enters 
the pendant superheater. 

Q What are economizers, and how are they classified? 
A Economizers serve as traps for removing heat from the flue gases 
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I 

t ~ 
(o) (b) 

Superheater oullel 

(d 

Fig. 4-19. Typical ouperheot.n and· their location• in the boiler. 

at moder:itely low temperature, after they ha\·c left the stcam-generlting 
and superheating sections of the boiler. 11te general classification is: 

I. Horizontal· or vertical-tube, according to the direction of gas 
ftow with respect to the tubes in the bank. 

2. Parallel ftow or counterflow, with regard to the rela tive direction 
of gas and water ftow. 

3. Steaming or nonsteaming, according to thermal performance. 
4. Return-bend or continuous-tube types. 
5. Plain-tube or extended-surface types, according to the details of 

design and the form of the heating surface. 
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The tube bank may be further designated as of the staggered or in­
line arrangement, with regard to the pattern and spacing of tubes which 
affect the path of gas flow through the bank, its draft loss, heat-transfer 
characteristics, and case of cleaning. 

Figure 4-20 shows some extended-tube types used for. economizers. 
Theoretically, economizer heating surface could be added to a boiler 
until the exit temperature neared the outside air temperature. But an 
abnormally high heat-surface area would be needed. Further, each fuel 
burned h?s a dew point temperature which can cause moisture accumula­
tion on the economizer and corrode the surface in a short time. 

Aootntt eaten6<d heo1 · 
in<j surloto eonsists of 
gilled ri1191~9 mode 
ot cast iron« ''"1. f'ins 
moybtsquoro-slloptd, 
totolly illdope<ldont,at 
a contin"ous s.pinal. 

W.ldi119 conti111t0U$Iint 
Gt!IO '""" llftglllwise 
iftcttosts htOt transfer. 
Thi• dosiql olso ~ 
ontisog looturo. Trpieol 
liM used to4oy""" bt 
!- ill. thicl, 2 in. hi9h. 

fie. 4-20. blended wrfac. design• ulecl for KOftoMizer lubu. 

Q Describe the reheater. 
A A rehcater is essentially another superheater used in modern utility 
boilers for boosting· plant efficiency. While the superheater takes steam 
from the boiler drum, the reheater obtains used steam from the high­
pressure turbine at a pressure below boiler pressure. This lower-pressure 
steam passing through the reheater is heated to l,OOO•F and th.en is in­
troduced into the intermediate, or low-pressure turbine. Reheaters, like 
superheaters. arc also classified according to their location in the boiler 
as convection or radiant. Convection superheaters and rehcaters may be 
of the horizontal or pendant type. 

Q V.'hat is the purpose of air heaters? 
A Air heaters make the final heat recovery from boiler flue gases with 
which they preheat the incoming furnace air for its combustion with fuel. 
Thus some .fuel is saved which w9uld otherwise be used in heating the 
air-fuel mixture up to its ignition point. But the tt;mperature of the flue 
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gas must not be reduced below its dew point since moisture would con­
dense out of the flue gas. That would cause water to combine with sulfur 
and possibly carbon dioxide, also carbon monoxide, to form highly corro­
sive sulfurous and carbonic acids. Figure 4-2la shows a design with air 
passing inside the tubes, while hot gas crosses at right angles. Titc design 
in Fig. 4-2lb has hot gases flowing through tlie tubes, while air is di­
rected across the tubes by bafBes. 

A" 
Oullel 

(ol 

Gos inlel 

Gos oullel 

{b) 

Fig. -4-21. Air heaters recover low·loonperalure heal. 

Air 
tnler 

·a \\' hat is a regenerative air hea ter? 
A Tit is t\'pC air heater (Fig. 4-22 ) offers a large surface of contact 
for heitt transfer. It usuallv consists of a rotor which turns at about 2 to 
3 rpm, and is filled with thin, corrugated metal clements. Hot gases pass 
through one half of the heater, air through the other half. As the rotor 
turns, the heat storage clements transfer the heat picked up from the hot 
zone to the incoming air zone. 

,ch '' ~I or a 
www.TechnicalBooksPDF.com



68 St.:mdard 'Sailer Operators' Questions and Answers 

Fig. 4-22. Regeneratlw air heater has rotating heat .. torage ele.,.nts. 

Q What is a downcomer? 
A A large vertical tube or pipe for circulating water from the water 
space of the steam drum to w.aterw.all headers. 

NOTE: The downcomer is always placed outside the boiler casing 
so that it docs not absorb heat from the furnace or boiler proper. 
And it must not disturb the .natural gravity circulation of the cooler 
water downward, which might occur if it absorbed heat. · 

Q How are heating surfaces distributed .on larger utility-type boilers? 
A An example is a natural circulation, reheat-type steam generator: 
capacity 2,390,000 1b per hr, superheated steam at 2,46Q psig and I005•F 
at the outlet, 2,141;000 lb per hr reheated steam at 455 psig and IOOO•F 
at outlet, oil-fired. Here are the heating areas: 

Boiler, 8,080 sq ft 
Watcrwalls, 20,250 sq ft 
Radiant superheater, 2 3,225 sq ft 
Convection superheater, 59,750 sq ft 
Economizer, 86,500 sq ft' 
Air heater, 302,000 sq ft 
Reheater, 84,900.sq ft 
Torol furnace volume, 184,000 cu ft 
Total .furnace surface, 41,000 sq ft 
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Q Describe a once-through steam genemtor and system. 
A Once-through boilers ·receive' feedwater at one end and discharge 
steam at the other end (see Fig. 6-1 for a small, helically wound unit). 
Figure i -Z3 shows a typ!cal plant layout of a large utility unit. The entire 
process of heating, steam formation, and superheating is carried out in a 
continuous flow; thus a steam drum is not needed. 

The design consists of many once-through circuits discharging into 
a common outlet. The system illustrated handles pressures either below 
or above the critical pressure of 3,Z06 psia. Water-steam flow is through 

flo. +23. Once-througlr unit plont loyout ond flow dlogram. 

the furnace walls, the primary horizontal superheater, and, finally, the 
first and second sections of the secondary (pendent) superheater. 

A supcrcritical-pressure cycle must maintain active furnace-wall cir­
culation at low loads · and start up when little or no steam goes to .the 
turbine. In the system shown, the steam generated discharges to a Bash 
tank. The steam separated from this ' fluid is directed to turbine seals, 
deaerator, and high-pressure heater. It can also be used for rolling the 
turbine. But an automatically controlled high-pressure stop valve and a 
return-line valve between Bash tank and superheater return the cycle to 
normal when quarter load is reached. 
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Q \\That is meant by controlled circulation in a large steam generator? 
A Controlled circulation is a design by which water can be carefully 
apportioned to furnace walls, boiler-tube sections, parallel tubes or tube, 
in accurate, prcdctennin"<< amounts. \Vater can even be changed in total 
flow or distribution within a ·C<.'ftain range at any subsequent time in 
operation. l11is is usually done by installing circulating pumps between 
the boiler drum and water inlet to the ht':tt-ahsorbing surfaces. l11e result 
is positive flow in one direction at all times, regardless of heat application. 

By using forced circulation, small-diameter, thin-walled tubes can 
be used where natural circulation design would not be possible because of 
the high temperature the natural circulation may have to operate against. 
This is especially true of large-flow and high-pressure units (supcrcritical) 
and once-through designs. 

Q Describe a supcrcritical-prcssure steain generator. 
A One such generator is a 900-Mw unit that produces 6.4 million lb of 
steam per hour. The steam generator is of the twin-furnace type with a 
water-cooled center wall in between. Fecdwater enters at sso·F and 
picks up about too·r in the economizer. A recirculating pump circulates 
the fluid between successive watcrwalls. But -when it reaches the first 
section of the horizontal superheater at a temperature of around soo•F, 
the fluid is no longer water, but a vapor mixture wf1ich must be dried 
and· superheated. 

After passiqg through finishing superheaters, l003• t<: steam Is ready 
for the high pressure (hp) turbine. Temperature is maintained at the 
exact control point by attcmpcration (spraying water into the steam) be­
fore it enters the finishing superheater. When that area is reached, the 
steam has absorbed about 83 percent of boiler capacity. Most of the 
energy is then released in the hp turbine. The exhaust steam from the hp 
turbine returns to the boiler and circulates through two sets of reheatcrs, 
bringing the temperature back up to I003•F. The reheated steam dis­
charges to an intermediate-pressure turbine, then to a low-pressure (lp) 
turbine and condenser. The rcs.Jlting condensate is treated by a filter­
demineralizer, and moie heat. is added in a series of feed water heaters and 
a deaerator. The fccdwater is pumped through hp heaters into the steam 
generator and is ready for a new cycle. 

Q How thick are the steam drums of large utility-type boilers? 
A The thickness depends on the design p1cssurc, the diameter of the 
drum, and the material beir.g used. For a general idea, consider the drum 
specifications of a steam generator ~ith natural circulation, rehcatcr sec­
tion, economizer, .watcrwall heating surface, combination radiant and 
convection superheater, convcction-trpe rehcater, and regenerative-type 
~ir prcheatcrs fired by oil, gas, or coal. Also :>ssumc that the unit has a 
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continuous output rating of 2, 390,000 lb per hr and design pressures of 
2,574 psi at the drum and 2,460 psi at the superheater outlet. . 

The drum specifications arc 60 in. ID and 6 1 ~e-in. thick SA-212 
Grade-B firebox steel. 111c overall length o"f the drum is 100 ft between 
the feed pipe nozzle walls. 'Tite hemispherical heads arc 60 in. ID and 
5%-in. thick SA-212 Gradc-B fi rebox steel. 

Q On modern large steam generators, what components are placed 
inside the steam drum? V/hy? 

(b) Homontal steam separator 

SteGm (c) Unit chevron dner 

00"" J.~:: ... 
supp .. :n:, 
plo: 

Steam supply 

;~~ 0 on A~~~~~~~~§§1j&,.,. 
water mfet 

Risers 

to) Steom drum tnt erwols 

f ig. 4·24. Steam drum has horizontal steam Mporotor and int•grol chevron drier. 

A Figure 4-24 illustrates the internals of a typical drum, which per­
forms two essential functions : 

I. Separates steam from water to provide the downcomcr system 
with stcani-frcc water necessary for proper and safe circulation. 

2. Separates moisture from steam to provide high steam quality. 
'Titc drum internals shown provide both functions by means of two 

·stages of st:paration. Titc normal water level is I Y2 in. below the horizon· 
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tal center line of the drum. Vortex eliminators separate the steam and 
water passages in the drum. 

The total circulating steam and water' mixture from the steam­
generating tubes is directed to the horizontal turboseparators (Fig. 
4-24b). The steam and water mixture enters the separators and is cen­
trifuged by following the curved contour of the separator dome. Most of 
the sca>arated water is . discbarged hori1.ontally at the water level of the 
drum. The separated steam Oows to the chevron driers :~t the top of the 

· drum. The steam ·Bows from the chevron through the dry box, then out 
the top of the drum via steam tubes across the roof to. the. partition wall 
superheater. 

Q Do not the integral chevron driers, separators, and other hardware 
restrict the Oow of steam outward from any opening in the drum and 
thus restrict the opening to a safety valve? 
A The opening to the main steam line will usually be adequate to 
handle the design Bow capacity. 11te ASME Boiler Code has definite 
rules on the opening to a safety valve. For example, internal coil~cting 
steam pipes, splash plates, or pans are permitted to be used near safety 
valve openings, provided "the total area for inlet of steam thereto is not 
less than twice the aggregate areas of the inlet connections of the at­
.tached safety valves. The holes in such collecting pipes must be at least 
!4 in. in diameter." 

In the case of steam scrubbers or driers, the !4 tn . d iam opening 
does not apply, provided "the net free steam inlet area of the scrubber 
or drier is at le-dst I 0 times the total area of the boiler outlets for the 
safety valves." 11tcreforc, when inspecting the internals of drums, check 
the condition of the !4-in. diameter holes in the collecting pipes. They 
must be free and clear. The same applies to the openings on driers, be­
C.1use plugged driers on collecting pipes could lead to restrictions of the 
safety-valve openings. That would reduce relieving capacity Oow, which 
could be dangerous. 

,Q Have special ASME and Code exceptions or rules been made in 
reference to once-through forced-flow . steam generators which have no 
fixed waterlines and steam 'lines? 
A 'Yes, quite a few. For example: 

1. It is permissible to design the pressure parts for different pressure 
levels along the path of water-steam flow. 

2. No bottom blowoff pipe is required. 
3. If stop valves are installed in the water-steam flow path between 

any two sections of line, certain safety v:~lves or power-actuated pressure· 
relit'f valves, with control impulse interlocks, arc required (this is differ­
ent from the typical boiler with safety valves protecting the entire boiler). 
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· 4. Pressure gages required are more numerous at various sections. 
No water-gage glass or gage cocks are required. 
Q Describe the LaMont boiler. 
A See Fig. 4-25. This design is 'called a controlled-c_irculation boiler 
because the quantity of water passing through the boiler is from 3 to 20 
times the amount evaporated. Thus two· pumps are required, one for 
circulating the high rate ,1f flow 
h h I Economizer 

t roug t ae tubes (no natural cir- F~~in~-;;~~~~~~~ culation) , the other as a conven-
tional boiler feed pump. The feed 
p~mp operates on the same prin­
ciple as most boiler feed pumps by 
maintaining a constant level of 
water in the drum. 

The function of controlled cir­
culation is to establish a flow 
through th·e first se.etion of inlet 
(Fig. 4-25 shows a flow diagram) 
to the boiler to prevent the water 
in the tubes. from evaporating to 
complete dryness. Instead, evapora­
tion is only to the extent -that dis­
solved solids and salts will remain 
in solution. This solution (a mix­
ture of water and steam) pass'es 
to the stt-am and water drum, 

Oullet 

fig. -4-25. Schomatk dlogrom of controllec! 
(forced) drculotion boiler of the loMont 
ty .... 

where the steam is sep!Jrated out, while the excess water is removed. The 
separated water, along with feedwater, is returned to the pumps through 
downcomcrs. 

Bv means of continuous or intermittent blowdown, some water and 
solids in solution are removed. The separated stl:am is passed through the 
superheater for final usage. These boilers have been built. for prcs~ures up 
to the supercritical and for capacities in excess of I 00,000 lb per hr. 

SUGGESTED READING 
Reprints sold by Powe'r magazine, costing $1 or less 

Po~rcr Handbook, 6'1' pages 
Steam Gc11eration, 48 pages 
Fuels and Firing, 48 pages 

Books 
Elonka. Stc\·c: Plant Operators' Manual, rev. cd., McGraw· llill Book Com· 

pnny. New York, 1965. · 
Flt•nb, St~\'C, and Joseph F. Robinson: Sta11dard Plant O{>crators Que&· 

lions a11d Answers, vols. I and II, McCraw·Hill Book Company, New 
York, 1 9~9 . 
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CAST-IRON AND HEATING BOILERS 

Q In a broa<l, general sense, is the cast-iron boiler an ft or a wt type? 
A The cast-iron ( ci) boiler is basically a wt type because the water is 
inside the cast sections (no tubes) and the products of combnsticn arc 
on the outside. But because of the limitations of cast iron, the Boiler 
Code treats ci boilers as a special type, without considering the heat­
transfer method. Many ci boilers are stamped by the manufacturer as 
ci wt boilers, which should not be misinterpreted as a Code classifica tion. 

Q \ Vhv arc boilers built of cast iron? 
A Pri~arily because of the high resistance of cast iron to corrosion. 
Also ci boilers retain heat longer because of the more massive construc­
tion of the components. On early boilers, cast parts eliminated the need 
for riveted, and later for welded, joints at scams of drum and headers. 
Cast iron also eliminated the costlier labor involved in assembling a steel 
boiler. Sections were cast to a pattern and then assembled without too 
much trouble, compared ~ith the many details needed on earlier steel 
boilers. 111cn with the growth of central heating, ci boilers, along with 
room radiators, became immediately acceptable. 

Q What grade of cast iron is used for ci boilers? 
A Cast iron is a term applied to many iron-carbon alloys which can be 
cast in a mold to make a particul:lr shape. But for ci boilers, gray cast 
iron is gcnemllv used. When the casting is cooled slowly in the molds, 
part of the carbon sep~rates out as graphite. TI1is makes the gray cast 
iron k ss brittle ahd easier to machine. Also, alloyed with nickel, chro­
mium, molybdenum, 'vanadium, or copper, considerable tensile strength 
propertic:s can be achieved. The general practice is to classify cast iron 
by class: 

74 

Clan Ha. 

'10 
'15 
30 
35 . 
40 

Ultimate tensile 
tlrenglh, lb ; ;,._' 

20,000 
. 25,000 

30,000 
3s,ooo . 
40,000 
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Q In testing a steam or hot water ci boiler that has been in scrvi,ce, 
what hydrostatic test pressure should be used? 
A Cast-iron boilers arc limited to a maximum working pressure of 15 
psi for stl'am usage. The Code allows field testing at a maximum o~ I V2 
times the allowable pressure for either steam or hot-water boilers. 111cre 
is a further stipulation that the test pressure must be controlled so the 
hydrostatic pressure imposed cannot be exceeded by more than 10 psi. 
11ms, for a steam boiler of ci construction, 22.5 psi would be the hydro­
static pressure imposed in the field. 

For hot-water boilers, the test pressure would be 1 V2 times the 
allowable pressure for hot-water servic;c. TI1ercfore, a 30-psi hot-water­
heating boiler can be subjected to a 15-psi hydrostatic test, a 60-psi hot­
water boiler would require a 90-psi hydrostatic test, etc. 

Q Name the types of ci boilers built today. 
A Cast-iron boilers are built to various shapes and sizes, but can be 
groupl-d into the three following broad classifications: 

1. Round ci boilers (Fig. 5-1) consist of a firepot (furnace) section 
with base, a crown sheet section, one or two intermediate sections, and a 

Fig . .5-l. Round cast· 
iron boiler with wall· 
flame rotary oil 
burner. 

Fig. 5-2. Oetoih of· pu>h nipple 
and short tie.rod construdion. 

top or dome section. l11c sections arc held together by tic rods or bolts 
with push nipples (Fig. 5-2) interconnecting the waterside of the sec­
tions. Thus water circulates freely through the nipples from section to 
section. Fuel is burnc~ in the center furnace, with the flue gases rising 
and flowing through the various gas passages of the water-filled sections, 
then out to the stack. The round ci boiler used to be popular for hw­
supply service. and was often stamped "hy-test" to indicate an allowable 
pressure of I 00 psi for domestic hot-water service. But it is rapidly being 
replaced by fired sted-wl'ldcd watt'r hl'atl'rs or by ekctrically hcalt-d water 
hl-aters. 
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2. Sectional ~oilers (vertical} consisting of sections assembled front­
to-hack, with sections standing vertically and assembled by means of 
push nipples or screwed nipples. Sec Figs. 5-3 and S-4. 

3. Sectional boilers (horizontal) consisting of assembled sections 
stacked like pancakes. Here each section is laid flat i1,1 r~lation to the 
base. This type of vertical stacking may be supplemented by having three 
vertically stacked boilers side by side and interconnected to gain addi­
tional capacity. In this arrangement a common supply and return header 
is used with no interYcning valves between the vcrtkally stacked boilers. 
These units arc usually gas-fired, with a burner for each vertical stacking. 

~tOn 

bo~e 

fig. 5 ·3. Vertical-sectional horizontal·stacked 
cast-iron boiler of the scre wed-nipple type. 

fig. 5-4. Allembling vertical MC· · 

tional cast·iron boiler of pus.h· 
nipple type. 

Q Name the two dtsign ft-aturcs used to aid in assc.mbly of vertical ci 
boilers. · 
A I . Internal, tapered push nipples inserted into holes of the vertical 
section. 'l11en by means of through tie rods, or short tic rods (Fig. S-2}, 
the sections :rre pulled together by tightening nuts against washers on 'the 
tie rod. That interconnects the sections on the waterside, enabling them 
to withstanJ prcssme as assembled sections. 

2. External he;~der type (Fig. 5-S} where the sections arc individ­
ually assembled' to headers (supply drum and return drums} by means of 
threaded n ipples, locknuts, ;~nd gaskets. TI1is type assembly allows replac­
ing an intl.'rm(?(liate section, because only the locknuts, gaskets, and 
threaded nipple have to be removed on each header to slide a section out. 
In contrast, with through tie-rod constructidn, all the sections in front 
of the intermediate ~ection to he replaced have to be removed first to get 
at the affected section. 
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Supply drum 

Foundotoon sodewol l 

Fig . $-5. Heo~er.drum and screwed·nipple construction. 

Q How does the flue gas travel through a ci boiler? 
A In the design shown in Fig. 5-6, flue gases rise from the combustion 
area into uptakes between each boiler section at the right and left side. 
The gases are directed through the two outside Hue passages to the ·front 
of th.e boiler and then back through the center flue ways to the smoke 
collar. The uptakes between each section expose more radiant-heat-absorb­
ing surfaces and divide the hot gas volume into small gas streams. These 
gas streams are directed to the cooler sidos of the firebox. Multiple up­
takes combined with three-pass design prevent gases taking shortcuts to 
the chimney. Thus longer fl ue-gas travel and higher velocities increase 
heat absorption of the secondary heating surfa.ccs. 

Today ci boilers are also built for forced­
draft firing. This is possible bv sealing the 
space between sections with asbestos rope 
seals. The advantages claimed are that th~ 
pressurized furnace can use a shorter chim­
ney and Jess boiler-room space because the 
unit is smatler and more efficient. Flamc­
rctention·type burners are used which hold 
the flame in·.front of the nozzle, guiding it 
in a shape-controlled pattern. . 

111c sections of these boilers have a 
newly designed, grooved, seal strip which 
rt:ccives the asbestos rope. When installed, 
the outer edge of the rope is accessible be­

Fig. 5·6. Gos· travel through l ie· 
rod assembled·type catt·iron 
boiler. 

tween sections so that the boiler can be visually checked .for furnace 
tightness. Tite rope is compressible, thus allowi...;g for contraction and 
expansion of the boiler. The assembled boiler, partially illustrated in 
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i'ig. '>·6, re<Juircs no combustion chamber. TI1c bottom and side$ of the 
<ISsemblt:cl sections form the furnace. Note this arrangement's similarity 
to a wt boiler with waterwalls and bottom furnace tubes. Here also, Hamc 
retention burners limit the Hamc trm·cl and avoid A<nne· impingement on 
the sections. 

( b) 

Fig. 5-7. (a) Gas travel in header-type cost-iron boiler. (b) Manifold for heating domestic 
hot water. 

Figure 5-7a shows the external-header boiler and its gas travel. This 
unit has two half-sections for each vertical row, sometimes referred to as 
pork chop sections. TI1e design. shown may also be provided with a mani­
fold on both sides (Fig. ~-7b) to obtain domestic hot water. 

® 
Q \Vhat is the minimum-size ·safcty valve (sv) allowed 
indicate that it is built under ASME rules? 
A TI1e first stamping to note is the ASME Heating 
Boiler Code symbol shown in Fig. 5-8. The other stamp­
ing required is one indicating allowable pressures and ca­
pacities, and whether the boiler is for water or steam use­
age. 

fig. 5-11. Ofliciol 
symbol for 
ttamp1 to denote 
ASME Stondord Q \Vhat is the minimum-size safety valve. (sv') allowed 
Heating Boilers, on a ci steam boiler? Is the same true for a hot-water ei 
Section IV. boiler? 

A - ASME-Tequires -a minim\]m ¥1-in. sv for both steam and hot-water 
ci boilers. · 

Q What is meant by an officially rated ASME pressure-relief valve? 
A An officially rated ASME pressure-relief valve is meant for hot-water 
boilers. It must be stamped for its pressure setting and its Btu-pcr-hr rc-
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lie\ing capacity: Also, it must be e9uipped with a hand test lever, be 
spring-loaded, and must not bc·of the adjustable screw-down type. A typi­
cal sv ASME s\'mbol is shown in Fig. 5-9. 

Q Docs a ci boiler require a bottom blow-off pipe and 
1-ah·e? 
A Yes. The ASME Code .requires each boiler to have 
a blow-off pipe connection fitted with a ,-all'c or cock, of 
not less than V..-in. pipe size. It must be conncct.ed with 
the lowest water space practicable. 
Q What is the minimum size of pipe required for con­
necting a water column to a steam-heating boiler? 
A The minimum size of fcnous or nonferrous pipe 
must be of I in. diam . . 

Fig. $-9. ASME 
' standard symbol 

for safety relief 
volves. 

Q Docs the ASME Code require a low-water fuel cutoff on a ci steam­
heating boiler? 
A Yes. Each automatically fired steam or l'apor system ci boiler (or 
low-pressure steel steam boiler) must be equipped with an automatic low­
water fuel cutoff. It must be so located as to automatically cut off the 
fuel supply when the water le\•el drops to the lowest safe "'~terlinc. 111e 
safe waterline cannot be lower than the lowest visible part of the water 
gage glass. 

Q Can ci boilers explode, or do they merely crack? 
A \Vhcn cont rols are not operating properly, or if the safety · relief 
1-alve is stuck or of the wrong size, a c! boiler will explode. Many have. 
111c big difference between a shell-type steel boiler explosion and a ei 
boiler explosion is _that a ci boiler will usually fragmentize into smaller 
pieces of the affected sections. A steel boiler, on· the other hand, rips and 
tears along the sheet of a drum or shelL Then it flies apart in the form of 
curved panels of steel. But in each explosion, the danger to life and 
propcrt~· is \'Cry great. 

Q Name the most frequent failure on a ci boiler. 
A Cracking of a section or sections, permitting steam and water to 
gush out of the cracks. and thus making the boiler inoperable. 

Q Docs a cracked section require a complete replacement of all sections 
on a ci boiler? 
A Only if the model and type of boiler section arc obsolete and no 
longer a1-ailablc. The reason is that cast sections made from a pattern to 
be built and then cast in a foundry arc too cxpcnsi1·c a repair. 111crdore, 
the obsolescence of a ci boiler can be very r::pid if the model owned, or 
opcriitcd; is no longer stocked by the manufacturer w_ith replacement sec­
tions. On steel boilers, especially welded boilers, repairs can he made 
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more readily by replacing defective areas of sheets, vecing out and 
rewelding cracks, etc. 

If sections are available, and one or two sections are cracked, the 
defective section or sections can be removed and the replacement in­
stalled without too much difficulty (see Fig. 5-10). On older through-tie­
rod construction, this may mean first removing good sections in front of 
the defective section. But on the external header type with screw!!d 
nipples, only the defective section has to be, removed. 

Fig. 5 -10. Replacement section of cast-iron boiler. 

Q Cannot cracks in cast iron sections be repaired by welding? 
A Yes, but the work must be done by a firm, or weldor, very experi­
enced in welding cast iron._ At ti!ncs, depending on the location and · 
length of the crack, economics will dictate a cheaper repair. Th_us a more 
reliable one may be to replace the cracked section. For example, if of 
through-tic-rod construction and the section is cracked in an intermediate 
inaccessible area, the unit will have to be dismantled. Then the area of 
the crack will have to be thoroughly cleaned on the fireside (also water­
side, if possible ), followed by slow and careful welding. 

But if the crack is small and in an accessible area, it may be possible 
to repair the crack in position, if done properly by an experienced weldor. 
Fusion welding of the cold-welcliug" type is recommended, using iron, 
steel, stainless steel, nickel, or bronze electrodes. But the experience of 
the weldor may dictate the ckctrodc. 

Q \\' hat is mant hy cold welding? .. 
A Cold welding 'is a mdhod of fusion welding that has been used for 
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years in the repair o~ castings such as ci boilers, cylinder blocks, and 
stationary ci objects. Basically, cold welding is done ·by keeping the heat 
input to the casting at a minimum while keeping the casting and rt·pair 
area at <1 low temperature until welding is completed . While no preheat­
ing is used, it is best to have the casting a.t room (ambient) temperature. 
Of course any foreign matter should be removed before weld ing. 

Q Name at least seven causes of ci boilers cracking. 
A Cast iron boilers of different poured shapes, with unpredictable stress 
concentration areas, geometry, service factors, waterside fouling, soot and 
carbon accumulation on the fireside, and' rapid temperature changes arc 
all eauses for cracking. Thus they may never fail twice in an identical 
manner. Careful investigati~n will usually point to one or ·more of the 
following causes:. 

1. Rapid introduction of cold water into a hot boiler; as may occur 
with poorly operated manual makeup or an automatic feed devi~. 

2. Makeup line connected to a section instead of to the return line 
to temper the cold water with the returning condensate or hot water (the 
Code require$ makeup to enter return lines) . · · 

3. Controls not functioning and thus overstressing the boiler either 
by pressure or tcn1perature. 

4. Insufficient water in the boiler. 
5. Internal concentrated deposits, blanking off proper heat transfer 

or obstructing circulation from section to section. 
6. Defecth·e material or casting whic;h docs not become notin·ahle 

until after scveml years of ser"icc. 
7. Poor assembly or workmanship, or improper installation of the 

boiler as to pitch, alignment, tic-rod tighte-ning, screwed-nipple fitting, 
ek. · 

Q What should be checked on section connections? 
A \Vhen checking new boilers, always check the type of nuts securing 
the tic. rod.s. If solid steel or brass nuts ·arc used, make sure they :ire 
only hand-tight, or packed off a few thrt.:ads. i1tc first choice on new 
boilers is coll::psiblc washers, with shallow split bmss nuts. i11c second 
choice is split shallow nuts backep off hand-tight (or ciO\·crleaf-typc nuts 
that fail when a slight expansion takes place). O n an older unit idle dur­
ing summer months and loc-Jtcd in a damp basement, make sure the 
holding nuts an: not tight. Also determine whether the tic rods arc rusted 
into their holes, which may have the same binding effect as tight securing 
nuts. Obviously, if the rods arc free :tnd nuts slacked off, there should be 
no problem of cxp:msion cracking. If rust growth plus tigl!t tic rods arc 
the cause of cracking. the boiler must be dismantlcc!' :md the mst buildup 
removed by chipping. 

Ur'> x r hlhch gc chuul M lcr a 
www.TechnicalBooksPDF.com



82 Standard Boiler Operators' Questions and Answers. 

Header-type bailers have no tic rods nor tapered nipples, so nothing 
can be adjusted to allow for abnormal expansion. In addition to rust 
depositing between the sections, rapid start-up can cause serious damage 
to these units. Make sure older boilers without good blowdown facilities 
do not develop scale b uildup, because it results in cracking. Restriction of 
water supply and circulation can also be caused by scale buildup in these 
units, resulting in overheating. 

Q What arc the ASME recommendations for connecting steam-heating 
boilers in battery? 

Some sue os botler outlet; 
offset to clear flue outlet 
ond ~rmi t straight 
vertocol dlop Stop valves (if used I 

over Z on. soze to be 
OS&Y. 

Pump doschorge may be 
connected direct to booler 
return header 

Pipe me B should 
never be less than 
C but ,_, less than 
V2 of retuo n loop 
connectton A 

a~-· ... .-: ~~~· ~ vol.e Lowest 
discharge C · - f ~rtntssoblt 

Return loop conntetoon; sJioft B water level 
nopple ond 90"et~,not lower/ ~~ Vortoble 
than lowest ~rmossible domenwn 
water level lo d~s.on 

boiler boiler de510jn 

fig . .5-11. ASME reco'!'mend.ationo for COftnoteling .,..,,.heating boi .. ro in battery. 

A See Fig. S-1 I and note the following : 
I .. Return-loop connection shown diminatcs the need of check 

valves on gravity-rctum systems, but in some localities a· check valve is a 
legal requircmmt. 

2. When pump discharge piping exceeds 25 ft, install a swing check 
vah·c as shown and at the pump discharge. 

3. If pump discharge is looped above r..onnal boiler waterline, install 
a spring-loaded check valve at the return header and at the pump dis­
charge. 
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4. Where supply pressures are adequate, feedwater may be intro· 
duced din:ctJy to a boiler through an independent connection (see the 
latest ASME Code) . . 

S. The rctt.m connections shown for a multiple-boiler installation 
may not always ensure that the system will operate properly. 11ms in 
order to maintain proper Wdter levels in multiple-boiler installa tions, it 
may be necessary to install supplementary controls or other suitable 
devices. 

Q Name the four ASME recommendations for return-pipe connections 
to steam-heating boilers. 
A 1. The return-pipe connections of each boiler supplying a gravity· 
return stcam-hcating system shall be arranged to form a loop as shown in 
Fig. S-11. l11cn the water in each boiler cannot be forced out below the 
-safe water level. 

Z. For hand-fired boilers with a normal grate line, the recommended 
pipe sizes detailed as A in Fig. 5-11 arc I V2 in. for 4 sq ft or less of 
firebox area at the normal grate line, 2~ in. for areas more than 4 sq ft 
and up to 14.9 sq ft. and 4 in. for 1 S sq ft or more. 

!ll~woff volvt 

8<111 t r • 1th two 
return openu"9S 

( tponsoon 
tonk 

Common 
supply 

./''---::?'"'-.. heoder 

Blowoff volve 

Booler wo th one 
retutn Optn:nq 

Alt ernote 
low·wote< 
cutoff 
locotoon 

Cotd­
wo·ter 
supply 

Flg . .5-12. ASME recommondotiont for connHting hot·wotor-heoting boilen in bo"ery. 
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3. For autom:-tically fired boilers which do not have a normal grate 
line, the recommended pipe sizes detailed as A in Fig. 5-11 are 1 ~ in. 
~or boilers with a minimum sv relic:ving capacity of 250 lb per hr. or less, 
2~ in. for boilers with minimum sv relieving capacity from 251 to 2,000 
lb per hr, inclusive, and 4 in. for boilers with more than 2,000 lb per hr 
minimum sv relieving capacity. 

4. Provision shall be made for cleaning the interior of the return 
piping at, or close to, the boiler. 

Q What are the ASME recommendations for connecting hot-water­
heating boilers in battery? 
A See Fig. 5-12. The pipe size can usually be obtained from the boiler 
manufacturer if the model and type arc identified. Also see the ASME 
and the local Code. Note that acceptable shut-off valves, or codes, in the 
connecting piping may be installed for con\·cnicncc of control testing and 
service. 

SUGGESTED READING 

Reprints sold by PoWff magazine, costing $1 or less 
Powr Handbook, 64 pages 
Stetnn <Aneration, 18 pages 
F~u and Firing, 18 pages 
GMkets, 20 pages 

Books 
Elonb, Steve: Plant Opetato11' Manual, rev. ed., McGraw-Hill Book Com· 

pany. New York, 196S. 
Elonb, Steve. and Joseph F. Robinson : Standard Pl4nt Operator's Ques· 

lions and Answen, vols. I and II, McGraw·Hill Book Company, New 
York, 1959. 

ASME Boiler and Pressure Vessel Code, Section IV. Low-pressure Heating 
Boik r>. :\mcril·an Society of Mcthanical Enginct·rs, !'lt·w York . 
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6 
SPECIAL BOILERS 

Q What arc special boilers? 
A Any of the bcttcr-~nown designs that have unusual features and 
therefore cannot be labeled as a conventional ft, wt, or ci design. 

COIL-TYPE BOILERS 

Q Are c.ontrollcd·<:irculation boilers (s~ Chap. 4). built in sm·aller 
sizes? 
A ·Yes, they are popular in sizes of 15 to 300 hp ( 500 lb per hr to 
about 10,000 lb per hr). One design has steam generated in one continu­
ous spiral helical-wound coil (Fig. 6-1 ), with no headers in between. 
Rapid steaming ability is a feature of several coil-type wt boilers. They 
have forced circulation and intense heat release from a gas or oil burner. 

E•how 

Fig. 6-1. Coil-type unit of on ... through design has accumulator. 
85 

Urhcbc rechtlich sch,·rtzt s M· tcria 
www.TechnicalBooksPDF.com



86 Stanclard Boiler Operators' Questions ancl Answers 

Most come to full capacity and pressures within 5 min after start-up. 
Operation is automatic. They may generate as little as 1,500 lb per hr, 
although some produce 15,000 lb per hr at 900 psi. 

The boiler illustrated is shipped complete, ready to operate, fully 
automatic at pressures to 300 psi. In addition to several units often in­
stalled in batteries, they arc also used for emergency stt-am service, avail­
able on a rental. basis, delivered where needed. 

Prtload 

An unusual feature is the ring 
thermostat tube (Figs. 6-1 and 
6-2). This tube is an integral part 
of the heating coil, actuated di­
rectly by combustion heat. In case 
of water shortage or any excessive 
heat condition, the thermostat con­
t rol will expand beyond the set 
point and thus shut off the fuel 
supply. 

Another design has three nests 
of coils and inlet and outlet head­
ers. It is widelv used in small si1.es 

Fig. 6-2. E•ponding overh.oted ring-th•r· up to 300· hp, ~nd pressures to 250 
-•tot shuts off fuel. psig. 

Q Name some disadvantages of coil-type boilers. 
A Any malfunction in the loop may cause a coil failure from overheat­
ing. This could come about from 1>ump failure, partial blockage of inlet 
and outlet lines, blocked tubes (scale), fireside soot accumulation in con­
centrated heat zones, malfunction of controls, etc. Thus it is essential to 
keep both the w.1terside an<i fireside of the coils clean; proper fcedwater 
treatment is vital. A pressure differcuti<ll chart is often used to show 
whether the difference between suction and discharge pressure on the 
recirculation pump exceeds a certain pressure differential. If so, it is a 
sign of tube or flow obstruction. In a conventional boiler of multitubc 
design, a leaky tube can be plugged, then the boiler operated until it is 
convenient to replace the affect~:<! tube. \Vith a coil-type boiler the entire 
coil mu<t usually be replaced. 

WASTE-HEAT BOILERS 

Q Where arc waste-heat boilers used bl·sides in utilizing the exhaust 
heat from gas turbines and internaJ.comhnstion engines? 
A Where bv-pr<Kintt heat of suflicirnt Btu content is availahl~. from 
a manufacturing process. \Vith air pollution laws becoming more strin· 
gent, more wnste-hcat boilers will prohahl~ be installed. 
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Q What kind of boilers are used in waste-heat applications? 
A Depending on conditions, these types: 

87 

1. Fire-tube boilers, both the vertical and horizontal types, if waste 
gas is relatively clean. . · 

2. Straight-tube wt boilers, for clean or moderately dust-laden waste 
gas. 

3. Water-tube of the bent tube ( Stirling) type, for very heavy dust 
loadings. 

4. Positive circulation boilers, for clean, low-temperature gases. 
5. Pressurized or supercharged boilers, for gas turbine exhaust 

(Velox type). 

·Q What is meant by the term total energy system? 
A Total energy refers to the reappearance of generating plants in large 
apartment-house projects, office-building complexes, shopping centers, 
and other locations where year-round comfort cooling and heating are 
required. By proper design, it is possible to generate electricity by means 
of diesel engines or gas turbines and then use the exhaust heat (previ­
ously wasted) to heat the premises in winter. The warm enginc<ooling 
water discharge under pressure is also used to generate hot water or 
steam. By means of large absorption refrigeration machines, or centrifugal 
compressor machines utilizing exhaust steam, the premises arc cooled in 
summer. Other by-products of exhaust heat include hot-water supply for 
washing purposes. The electricity generated can be used for lighting or 
for driving pumps and fan motors for the air<anditioning and heating 
systems. Thus a very efficient heat rate can be obtained (up to 70 per· 
cent), and the energy of the fuel is spread into three directions: (I) 
electricity for light and power, ( 2) heating, and ( 3) cooling. Therefore 
the term total energy system is used, because all energy required is sup­
plied. 

Q What type boilers are used in incinerator plants? 
A Four-drum Stirling-type boilers are still used in older installations, a.s 
arc two-drum types. But these have a furnace designed to utilize the 
waste heat from a municipal' incinerator. Usually the gases from the 
incinerator enter through an opening in the side wall of the furnace ncar 
the floor. The rear wall of the furnace may have an oil burner to supple­
ment the waste heat when more steam is required. A convection-type 
superheater is used behind the water-<:oolcd bridge wall. The garbage is 
not burned inside some boilers, but rather in outside ovens connected to 
tlie furnace. T11e flue gas is led to these boilers by means of a bricked-in 
tunnel. Still another type of unit has a pmdant superheater suspended 
over the waste-gas inlet. It is a three-drum boiler, two drums on top and 
one on bottom. \Vhile used in la rge petrochemical plants for pressures up 
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to 450 psig at ))O•F, it can also be designed for incinerator service. And 
capacity is up to 112,000 lb per hr. 

With tougher air pollution laws, many cities arc turning to more 
efficient European incinerators. Figure 6-3 is one example. The boiler in 
the plant shown has a superheater and economizer. The refuse is burned 
on a barrel-grate stoker, and the steam generated is sold for district 
heating. 

fig. 6-3. Incinerator plant haa modern high·preiSure boiler and borrel11rate stoker. 

Q Assume a process providing waste heat to a waste-heat boiler of a · 
continuous nature, thus making the securing, or killing, of a fire or proc­
ess extremely expensive, if not impossible. How can such a boiler be 
secured in case of low water to avoid burning the tubes? · 
A This is an extremely important design consideration. And if designed 
for, it is also a very important operating check that should be made 
periodically to ensure that the unit is in working condition. This test 
should be the same as when testing low-water fuel cutoffs on ~ suspended 
fuel-fired standard boiler. Basically the design should include a mecha­
nism, either a heavy damper or other quick-dosing mechanism. In this 
way in case of low water, the waste gases can be cut off from the boiler 
and bypassed to the stack. Then the basic process will not be interrupted, 
and the boiler will .also be saved from serious damage due to overheating. 

A preferred method is a device that automatically diverts the gases 
as soon as the water level drops to a predetermined dangerous level. 
Remember tliat time is of extreme importance in a low-water condition, 
so the heat input milst be quickly removed. 
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JMPOilTANT: On waste heat boilers, the testing and duplication of a 
low-water condition, and actions to be taken, are often neglected by 
the operators. They do not realize that low water can and does hap­
pen on these units. Presumably they also fear to interrupt a process. 

WASTI..fUEL..fiRED BOILERS 

Q From where do some gaseous waste fuels come? 
A The steel industry has large quantities of gaseous by-product energy 
available. Heat content varies from less than 100 Btu per cu ft for blast­
furnace gas to 525 to 600 ·Btu per cu ft for coke-oven gas. The main 
problem is getting this gas clean enough to avoid fouling the burners. 

Oil refineries (catalytic cracking of crude petroleum ) produce large 
volumes of gas as a by-product of catalyst regeneration. This gas contains 
5 to 8% CO (carbon monoxide), about twice that much C02 (carbon 
dioxide), and air. The gas temperature is arourid 500•F, with a heat con· 
tent of about 145 Btu per lb. Increasingly, refineries reclaim this energy 
by burning the gas, together with oil or gas and additional air, in a CO 
steam generator. · 

NOTE: A CO unit is also needed in any area where air pollution is 
a problem because it not only saves. heat but bums up the CO and 
any unburned hydrocarbons that escape from the. regenerator of a 
c:~talytic cracking unit. 

Q From where do some liquid waste fuels come? 
A Liquid by-products include residue from chemical processes such as 
tar and pitch. These can be handled in conventional oil burners, but for 
satisfactory results, they must be heated to maintain viscosity at the 
proper level. Filtration is also required to remove any solid contaminants. 
High moisture conten't can be poured off (decantation) or emulsified. 

Recovery steam generators in the pulp and paper industry recover 
chemicals used for pulping from either the black liquor alkaline proceu 
or the red liquor acid process. In addition, they generate a high propor· 
tion of the steam peeded for the plant. Black and red liquors do not bum 
alike; thus the steam generators used are not alike. Black liquor in the 
kraft process is very difficult to burn. Large furnaces are needed to keep 
the temperature relatively low because the liquor has a high content of 
low-fusion-temperah~re ash. Smelt collects on the refractory sloping 
hearth, and a reducing atmosphere must be maintained in t~e lower part 
of the furnace for chemical conversion. Also, since .superheater and boiler 
surfaces have a tendency to coat with slag, they operate at low absorption 
rates. Thus frequent soot blowing and shot cleaning of heating surfaces is. 
necessary. 
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Red liquor in the MgO ( Magnesia oxide) process, on the other 
hand, bums completely in suspension, making little or no slag. Thus a 
smaller steam generator can be used for an equivalent amount of steam 
production. 

Q W hat is meant by black liquor? 
A In the paper-making industry, wood chips arc loaded into large pres­
sure vessels (digesters). After adding w:iter, sodium sulfide, and sodium 
hydroxide, live steam is introduced. Cooking turns the resultant solution 
black, hence the name black liquor. This strong liquor is withdrawn from 
the digester (the remaining pulpy mass is used for making paper) and is 
stored in tanks where it •s joined by a weak'er liquor solution used to 
wash the pulpy mass from the digester. In this state the liquor from the 
digesters cannot be burned, so it is concentrated by evaporating some of 
the water. Crushed salt is also added until it becomes over 50 percent 
solid. The resultant liquor is so viscous that it must be heated to around 
220•F before it can be pumped. Heating is by direct steam, or the heat 
exchangers \\;ould soon plug ·from the viscous liq_uor. The lrigh solid con­
cent ration also makes the liquor abrasive. 

SOLID-WASTE FUEL 

Q From where do some solid-waste fuel~ come? 
A Solid by-product fuels are many. Among them are wood chips, saw­
dust, hulls from coff~e and nuts, com cobs, bagasse (waste product from 
sugar cane), coal char (residue from low-temperature carbonization of 
coal) , and petroleum coke ( final solid residue from a refinery ) . Each 
product must be handled in a special manner because of d ifferences in 
moisture content, consistency, specific weight, and beat content. 

The furnace rather than the steam generator is affected when these 
special fuels are used. Products like bagasse, which has about 50 percent 
moisture, require a Dutch oven. The \Vard furnace is a popular design 
for bagasse, both in the United States and abroad. Here bagasse fuel is 
partly dried and burned in refractory cells below a radiant arch. 'The 
combustion of gases is completed above the ar ·: ,. Spreader stoke 'S can 
also be used. 

In refining sugar from cane, the juice squee-zed out of the cane even­
tually is processed into sugar. The remaining fibrous, tenacious, and 
bulky crushed cane is called bagasse. It is also moist. Depen.ding on 
where it is grow!} and the efficiency of the juice extractor, bagasse con­
tains 30 to 50 percent 'IVood fiber and 40 to 60 percent water. Hea~ing 
value is 8000 t:> 8700 Btu per :bas a dry solid, with a yield of about 4500 
Btu per lb at around 45 percent moisture content. 
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Special 8oilers 91 

The art of burning wood refuse (ranging from hpgged wood to saw­
dust) has progressc:d to a point where a spreader stoker or a cyclone 
burner does an efficient job, generally in cofnbination with some coal. 

HIGH-TEMPHATUU HOT·WATEI IOILEIS 

Q When does a boiler become a high-temperature hot-water (hthw) 
unit? 
A According to the ASME Code, when the temperature exceeds Z50•F 
or the pressure exceeds 160 psi. In practice, 350 to 450•F is considered 
high-temperature water, 250 to 350•F is medium temperature. 

Q ' What are some of the advantages claimed for hthw systems? 
A A basic advantage is that the heat storage capacity of water per cubic 
foot is considerably greater than steam at equivalent saturation pressures 
(see table, Fig. 6-4). Tit is inherent reserve (flywheel effect ) pemtits 

c-pariiiOft of Relative. Heot Content of Water aftd Steaftl 

Heatcoment 
Heat 

Oenolty comenlratio 
~.preuute, 

$otv. 
Relum 

rated 
psi t .... p .. f t .... p."f 

lb /cv ft lb/cv ft ltu/cu ft ltu/cu ft Water/ 
water stea.m water steam tt•-

IA.7 212 110 59.8 0.0373 1,923 37.4 51.5/1 
29.8 250 200 •58.9 0.0724 2,972 72.1 .41.2/1 
67.0 300 200 57.3 0.1547 5,820 156.7 37.2/1 

13.U 350 200 55.6 0 .299 8,550 306.5 27.9/1 
247.3 .coo 200 53.5 0.537 11,090 555 20.0/1 
3.43.7 .430 200 52 . .4 0.7.41 12,5?0 768 1U/ I 
566.1 .ceo 200 50 1.222 U,820 1268 11.7/1 

fig. 6-4. Water hat higher heat ratio than d.am. 

closer temperature control and more rapid response to changing load de­
mands. The claim is also that substantial sa\'ings in capital investment 
and operating and maintenance costs are possible. For example, steam 
traps, valves, condensate tanks, and expansion tanks arc not always 
needed. But in an hthw system of the forced-circulat ion type, a pump is 
required to circulate the hot water. However, the pump can be located 
ncar the boiler and not elsewhere in the condensate system. 

Since a closed hot-water system is under constant pressure, \'Cry little 
makeup is ·required because of flashing. Losses occur chiefly at the pumps 
and amount to 0.5 percent of the total system content per day. TI1is 
compares with up to 1 S percent per day makeup needed for sit-am )ys· 
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92 StonclorJ lloiler Operator~' Questions oncl Answers . . 
terns. The heat storage capacity of an hth.w unit and the elimination of 
flashing and losses due to leaks permit a smaller heat generator. And 
smaller-diameter distribution lines can be used, thus exposing less circum­
ference for heat Joss. The heat storage of an hthw pip~line is 18.i times 
greater than the Btu content of a eompar;~ble steam line. 

Q What kind of boilers are generally used in hthw applications? 
A Many types, burning coal, oil, gas, or other fuels. F<5rced-circulation 
boilers, such as the LaMont type (Fig. 6-5), are very popular. But regard-

fig. 6-$. High·temperotvre hol·wot.r boiler of forced-circulotioft loMoftt type. 

Fig. 6-6. Steom cu1hion method for high­
tempert'ture hot·woter syttem. 

less of design, they produce a mix­
ture of water and steam which 
flows from the heater exit to the 
expansion drum (Fig. 6-6). Not all 
boilers have a steam drum. The 
basic idea is that for a given output 
a smaller combustion space and 
thus a smaller boiler can be used, 
if the waterwall subjected to high 
gas temperature can absorb larger 
heat quantities per unit area. (See 
Fig. i-25 for a ftow diagram.) 
Q Name one method used for 
pressurizing hthw systems. 
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A A steam<ushioned system (Fig. 6-6) is generally used because of its 
simplicity. Here the hthw discharges di rectly from one or more generators 
into a common expansion drum. Steam is flashed to maintain constant 
pressure within the drum. To penn.it free vapor release, the expansion 
drum is located above the generator, with enough height to furnish a 
reasonable net positive suction head ( npsh) for the circulation pump. 

Q How is circulation through the boiler tubes controlled in fcu-ced­
circulation boi:ers of hthw svstems? 
A The pump<irculatio~ ·direction must not buck the natural circula­
tion of the heated water in the boiler. In the LaMont design, each tube 
or bank of parallel tubes has an orifice. These create an artificial pressure 
drop to induce How from higher to lower pressure through the tubes. A 
carefully designed natural recirculation system is also used to support the 
forced circulation, especially in high furnace-absorption zones. This is 
done by proportioning the How through the tubes to match . the varying 
furnace-heat-absorption zones. Thus downcomer tubes are used outside 
the heated zope toward the lower, or water, section. This affects, . or re­
stores, upward circulation to the hotter-water zone. 

Q What kind of valves should be used for hthw applie<ltion? 
A Valve. seats, plugs, and bodies should be made only of cast steel, 
forged steel, or steel alloys. Valve seats should be stainless chrome nickel 
steel, to avoid corrosion and erosion by How of water. Pressure ratings 
should follow the Power Boiler. Code rating on stop valves, feed valves, 
and blowdown valves, which is 125 percent of boiler A WP. 

Q Do hthw generators require a water and gage glass? 
A Only if a natural<irculation boiler lias a drum, which is used as an 
expansion tank. If the boiler is comple!ely til!ed with water under pres· 
sure and has an external expansion tank, the Power Boiler Code does not 
require a water gage glass, nor gage cocks. 

Q On forced-circulation boilers for hthw, what provision should be 
made to prevent hot spots, or laclc of circulation, in ease the pump fails? 
A A pressure dilferential or How switch shQu)d be installed to shut off 
the fuel-burning equipment in case no water is flowing. 

WARNINC: This is very important for automatically operated boilers. 

Q Should a low-water fuel cutout be used on an hthw generator of the 
suspended fuel-fired type? · 
A Some states now require a low-water fuel cutout on Jow·prcssure hot­
water heating systems. Thus it follows lhat this safety device is even more 
necessary on an hthw boiler. It should be installed on the boiler to shut 
off the fuel in case the water level drops below a dangerous level. 
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THERMAL LIQUID HEATERS AND VAPORIZERS 

Q What is a thermal-liquid heater? 
A As heat equipment was developed, high temperatures at moderate 

. prr:ssures were r~ognized as having potential uses in process work. For 
exam;>le, ·to obtain 705•F with water, the saturation pressure is 3,206 psi 
(critical . pressure). So special Ouids were developed to obtain high tern· 
peratures at moderate pressures. Thus the term thermal-liquid heater 
means a closed vessel in which a heat-transfer medium other than water 
is he;Jted without vaporization, and the heated Buid gives up its heat or 
does useful work outside the clcscd vessel. 

Q What is a Buid-vaporizer generator? . 
A This also is a closed vessel in which a heat-transfer medium, other 
than water, is vaporized under pressure by the application of heat. Here 
also, the heat-transfer medium is used externally to the closed vessel. 

Q Why arc high-temperature fluids used instead of water? 
A These fluids can be used as heat-transfer media at temperatures and 
pressures that could make water or steam uneconomical. The allowable 
temperature range varies all the way from --Hill to IOOO•F, and a uni· 
form temperature is obtained ovcr.thc entire heat-transfer surface. 

Economy is the big advantage because at moderate pressures, higher 
temperature.~ can be obtained with these media. 

EXAMPLE: Up to the 35.0 or 360•F tempera ture level, ste,am around 
150 psi is satisfactory. But if temperatures from 450 to I Ooo·F are 
needed, the corresponding steam pressure may be excessive for eco­
nomic opera!ion. 

Q Illustrate a thermal-liquid ~tern for process. 
A Figure 6-7 shows an application for the plastics industry. Thermal 
liquid at 550•F supplies plant process and space heating in tlJis system. 
A calender temperature control valving system and recirculating pumps 
arc part of _the circuit. Liquid-type heaters are generally of the wt type, 
whereas vaporizers may be either ft·or wt design. · 

Q Do fir(;' insurance compatii~ and local fire regulations have require· 
ments on liquid-phase heaters or on \·apor-phasc heaters? 
A Yes. Because a distinct fire hazard may exist with some of the or­
ganic fluids, including mincrJI oils, fire regulations arc in effect: 

Q How is the discharge c;lpacity · of svs determined on liquid- and 
vapor-phase h eaters? 
A The pressure setting of the sv should be based on the maximum 
all Jwablc working prcm:rc of the unit. TI1e capacity of the sv should be 
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based on the n•aximum Btu-per-hour output of the heat generator, 
whether for liquid· or vapor-phase heaters. 

ELECTRIC BOILERS 

Q h there any other type of boiler in competition with the fired vt 
boiler? 
A Yes, the electric boiler is popular in areas where electric utilities arc 
promoting electric heating. Basically, all electric boilers have the same 
efficiency, nearly 98 percent. Power consumption, which is proportional 
to the steam generated, is figurc..-d at 10 kilowatt hours (kwhr) of 220-
volt (or higher) current for l boiler horsepower (boiler hp) or H.S lb 
of steam per hour. But this is roughly three times the cost of steam gen­
erated in a small boiler fired with No. 2 oil. Models today have capacities 
of up to 60 boiler hp, which is about 2,000 lb of steam per hour. Small, · 
portable units for cleaning go down to as little as I boile~ hp. Steam 
pressures go as high as 600 psi, although 109 to I SO psig is a\·crage. 

Q How are electric boilers classified? 
A There are two basic.types: 

1. Units \Vith heating elements constantly submerged in water (Fig. 
6-8). TI1ese clements do not depend on conducti,·ity or resistance of the 
water for hc:1ting and stc-Jm generation. 

2. Units with electrical electrodes located in a central generating 
chamber (Fig. 6-9). The water le\'cl reccdts as the demand for steam 
decreases. TiJUs at no load, the electrodes arc entirely out of water, and 
there is no clectric.al consumption. 
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Fig. 6-8. Re•istan.,...type electric llteam generator. 

While low-water-level controls are re­
quired for the boilers shown in Fig. 6-8, they 
are not needed for the second type. The 
reason is that they cannot generate steam 
when the water is low or when no steam is 
required. To ensure that the boiler carries 
the proper salinity, a conductivity control 
is generally supplied. This means that salts 

.are added, or the unit is blown down, de­
pending on the condition of the water. All 
electric boilers should be built in accor­
dance with the ASME Boiler Code and also 
approved by Underwriters Laboratories. 

Q Explain how the electrode principle 
Fig. 6-9. Electrode•type elodric works. 
ateom generator . . 

A Fig!tre 6-9 shows a cylinder, open at 
t~e bottom, welded to the inside of the 

upper head of a pressure tank. This cylinder divides the tank into two 
concentric chambers. The outer is the regulating, the inner the gen­
erating chamber. Suspended . within the generating chamber are the 
three electrodes with electric power connected to them. 

To operate, a prescribed quantity of electrolyte is dissolved in water 
an~ poured into the generator through th!! h;md fill. (In larger steam 
generators, it is added with the feedwater pump.) This electrolyte re· 
mains in the generator until drawn off with the water through the drain 
valve. Electric power is switched on, and heat is generated by the resis· 
tance of the water to the passage of current between the solid electrodes. 
Thus steam generated in the chamber flows through the outlet pipe 
and through the steam header, then through the pressure regulator and 
out the regulating chamber. 
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Q Do state boiler code laws requiring boilers of over 15 psi pressure to 
be opened annually for internal inspection also apply to electric boi1ers7 
A' Most states include electric-type boilers in their rulings. The ASME 
Boiler Code states that electric boilers of a design employing a removable 
cover which will permit access for inspection and cleaning of the shell, 
and having a normal water content not exceeding 100 gal, need not be 
fitted with washout or inspection openings. 

TI1e usual access for inspection and cleaning is the electrode cover 
connection to the inside of the boiler. This must be pulled out to check 
the internal conditions of the boiler. At the same time, check the .condi· 
tion of the electrical resistance elements. 

Q How is the sv capacity determined on an electric boiler if there are 
no typical heating surfaces? 
A The capacity of the sv is determined by the ki1owatt input. The 
minimum sv capacity must be at least 3.5 lb per hr per kw input. This is 
true whether it is a high- or low-pressure boiler. On a Btu-per-ho~:~r basis, 
the requirement is 3500 Btu per hr for each kilowatt input. 

SPECIAL CHEMICAL-TYPE STEAM GENERATORS 

Q Besides nuclear power, what other means are under investigation or 
research to provide steam for process or power generation? 
A • Two units have recently been developed that could possibly affect 
steam generation. . 

l. The 30-in.·high Hyprox generator that occupies about 4 sq ft 
of 8oor space. It generates steam at a rate of up to 40,000 lb per hr. The 
150,000-Jb model takes only 6 sq ft of 8oor space. 

A Hyprox generator uses hydrogen peroxide, hydrogen, and water to 
make virtually instantaneous steam. Obviously, it is not intended to sup· 
plant conventional steam boilers. At today's price for 90 percent hydro· 
gen peroxide (about 42 cents per pound ), sustained operation would 
prove to be much too costly. But Hyprox is a very handy standby genera­
tor knocking at the door· of any number of industrial possibilities where 
high-pressure high-temperature steam is needed intermittently but im· 
mediately. 

2. The LOX-hydrocarbon unit is another instantaneous steam gcn· 
erator, but instead of using hydrogen peroxide, hydrogen, and water, this 
unit uses liquid oxygen (LOX), a hydrocarbon such as propane or iso­
propyl alcohol, and water. 

While the Hyprox generator supplies pure steam, the steam from 
t~e LOX-hydrocarbon unit contains about 20 percent noncondensable 
gas, mostly C02 from hydrocarbon combustion. Tremendous ste2m ouf-
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puts, for example Z million lb per hr of steam at 300 psi and 600•F, may 
be obtained from an extremely small package within seconds of start-up,, 
and the water used requires no treatment. 

SUGGESTED lEADING 

Reprints sold by Power magazine, costing $1 or less 
Power Handboolc, 64 pages 
Steam Generation, iS pages 
AiT PoUution, iS pages 

Books 
Elonlca, Steve: Plant Operators' Mamull, rev. ed., McGraw-Hill Book Com· 

pany, New York, 1965. 
Elonka, Steve, and Joseph F. Robinson: Stand4rd Plant Operator'• Quu· 

tions and Answtrs, vols. I and II, McGraw-Hill Book Company, New 
York, 1959. 

ASME Boiler and Pre~rort V-.1 C~, Sections I to IV, American Society 
of Mechanical Engineers, New York. 
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7 
CONSTRUCTION: METHODS OF 

JOINING 

Q What arc the three main methods of joining boiler elernents? 
A Welding, forge welding, and riveting. Forge welding of joints is 
limited by the Power Boiler Code to an ultimate strength of 35,000 lb 
per sq in., with steel plates manufactured in accordance with SA·28S 
Grades A & B steel. Wciding is the predominant method of joining 
boiler pressure parts. But riveting on numerous existing boilers will con­
tinue to reqttirc repair and alterations. Refer to the ASME Boiler and 
Pressure Vessel Code, Power Boilers, Section I, for detailed requirements 
on old riveted boiler joints. 

Q Arc threaded. connections allowed on high-pressure boilers? 
A ·n1c Code states ·that threaded connecti<?ns larger than 3-in. pipe 
sit.c shall not be used when the maximum allowable pressure exceeds 100 
psi. But this 3-in. pipe size restriction does not apply to ( 1 ) plug closures . 
used for inspection openings and ( 2) end closures used for similar pur­
poses. The number of threads that must be engaged and the minimum 
plate thickness rt:qui~ed are shown in Fig. 7-1. 

Q Are expanded connections allowed on high-pressure boilers? 
A Yes, provided the pipe, tube, or forging does not exceed a 6-in. OD, 
so that the opening meets all reinforcement requirements. Also, the 
·expanded connections must meet all requirements on expanded tubes 
described in Chaps. 3 and "f for fire tubes and water tubes expanded into 
tube sheets. 

WELDING 

Q How is welding defined? 
A . Welding is a localized coalescence (fusing together) or consolida­
tion of metal where joining is produced by heating to fusion tempera· 
tu~cs. with or without the application of pressure,. and with or without 
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p,.._., up to cmd lncl•dlng 300 polo 
Size of pipe connec!IOI\,' in. .•..•. . .. ....•.. ...•• 
Threods engaged . . .... ...... . . .... . .. • .. .... 
Min pi ole lhlclme" required, In, .. . . .. .. , ..• . .... 

Prenurts obove 300 Ptl• 
Siu of pipe CCIIIftecllon, in. ...•.. . ........ . •. ... 
Thrtods engaged . .. . . . ... . .. . .. .. . . ... . • ..... 
Min plate thlc:luuw required, ln . .. ... ..... . 

1,1~ 

4 
0.348 

V.,'A 
6 
0.43 

Fig. 7-1. ~r.ad and plato thick~..., r.qulred by P- er Boiler Code . 
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8 10 12 
12 13 lA 
t.S 1.62 1.75 



Construction: Method~ oF Joining 101 

the use of a filler metal. The filler metal (when used) has a melting 
point of approximately that of the pieces (base metal ) joined together. 
The weld is that portion which has been melted during welding. And the 
welded joint is the union of two or more members produced by the weld-. 
ing process. 

Q What is the most common method of welding? 
A The most common method of welding pressure parts is by fusion 
(melting) of the metal, the heat being supplied in one of several differ­
ent ways. In fusion welding, no pressure is applied between the pieces 
being welded. Arc welding, gas welding, and Thcrmit wel.ding are classi­
fi¢d as fusion welding, but arc welding is the most common. 

Q Define arc welding. 
A Arc welding is a localized progressive melting and flowi ng together 
of adjacent edges of the base metal parts, caused by heat produced by an 
electric arc between a metal electrode, or rod, and the base metal. ;Both 
the welding material (welding rod or electrode) and the adjacent base 
metal arc melted. On cooling they solidify, thus joining the two pieces 
with continuous material. 

BOILER WEl DING CODE 

Q What is meant by a qualified wclcl.or7 
A Before a weldor is permitted to work on a job covered by a welding 
code or specification, he mnst become certified under the code that ap· 
plit'S . Many di fferent codes arc in use today, so the specific code must be 
referred to when taking qualification tests. In general, these types of work 
arc covered by codes: ( I ) boiler and pressure vessels and pressure piping, 
( 2) highway and railway bridges, ( 3) public buildings, ( 4) tanks and 
containers for flammable or explosive materials, ( 5) cross-country pipe­
lines, and ( 6) aircraft ordnance. 

Certification differs under the various codes, thus one code may not 
IJUalify a weldor to weld under a different code. And in most c3ses, certi­
fication for one employer will not qualify the weldor to work for another 
employer. Also, if the weldor uses a different process, or if the procedure 
is altered drastically, recertilic~tion is required for that procedure in m6st 
codes. But if the weldor is continually employed as a weldor, recertifica­
tion is not required, providing the work performed meets the quality 
requirements. An exception is the military aircraft code, which requires 
requalification every 6 months. 

Qualification tes ts may be given by responsible manufacturers or 
contractors. On pressure-vessel work, the welding procedure of the fabrica-
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