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TRENDS IN STEAM GENERATOR DESIGNS FOR ELECTRIC 

UTILITY A N D INDUSTRIAL APPLICATIONS 

The tremendous growth of e l e c t r i c power during the last two d e c a d e s , has 

c rea ted a demand for steam generators of increasingly larger inputs a t increasingly 

higher pressures. It has been the successful manipula t ion and control of the two 

dist inct processes of heat l iberat ion from fue l and hea t recovery for steam genera t ion 

in large unit sizes w h i c h , in conjunc t ion with larger turb ines , o ther plant equipment 

and distr ibution systems, have made possible the remarkable f e a t of m o d e m , low 

cost genera t ion of e l e c t r i c power . 

Among the contr ibut ions to the development of low cost steam genera t ion 

probably none has been more universal ly observable than the drum-type b o i l e r . This 

is the oldest and y e t a lso the newest type of steam g e n e r a t o r . Of par t i cu la r note is 

the contr ibut ion made by this company of the Contro l led Ci rcu la t ion design for high 

subcr i t ical pressures . ilBti 
"ilUMMA BtEtfS? 

Contro l led Ci rcu la t ion i a * . l M 

The r e l i ab i l i t y , a v a i l a b i l i t y , and safe opera t ion of Cont ro l led Ci rcu la t ion 

boilers have just if ied the i r se lect ion in power plants throughout the world as demons-

trated by the records . During the past 10 years C - E has sold 311 u t i l i ty boilers with 

a total c apac i t y of 5 6 , 3 7 0 M w . Of t h e s e , 114 were of the Contro l led Ci rcu la t ion 

design with a to ta l c apac i t y of 3 4 , 1 0 5 M w . which represents 60 percent on a Mw 

bas is . 
r 

' • • . » i 

At this pint it may well be worthwhile to consider some basic re la t ion ships 



in the steam genera t ion process a t subcr i t ical pressure . The common charac te r i s t i c 

of a l l such boilers is the presence of three basic heat recovery surfaces - the e c o n o -

mizer , the evapora tor and the supe rhea t e r . For al l of these sections we may de f ine 

c i rcu la t ion as the movement of wa te r or s team, or a mixture of bo th , through heated 

t ubes . Ci rcu la t ion must be a d e q u a t e to absorb hea t from the tube metal a t a rate to 

keep the tube temperature a t or below its design t empe ra tu r e . C i rcu la t ion should 

also keep the tube within o ther physical and chemical l imitations required by the 

inside and outside env i ronment . In contrast to the c i rcu la t ion in economizers and 

superheaters , the c i rcu la t ion in evapora tors , which in modern high pressure units 

a re u t i l i zed as fu rnace wall systems, may have the type of c i rcu la t ion involving only 

the f low enter ing and l eav ing , known as the once - th rough f l o w , and also tha t wich 1 

involves rec i rcula t ion a f a f low grea te r than the throughput of the steam g e n e r a t o r . 

The natural c i rcu la t ion and the Contro l led Ci rcu la t ion units a re included in 

the last group and share the fea tu re of a steam drum as a charac te r i s t i c of subcr i t ical 

rec i rcu la t ing u n i t s . 

For pressures up to the 2000 psig l eve l , fu rnace wal l systems with natural 

c i rcu la t ion boilers are gene ra l ly a c c e p t e d as the best t echn ica l and economica l 

answer to the various requirements for steam g e n e r a t i o n . 

Na tu ra l c i rcu la t ion boilers employ the e f f e c t of the saturated density differej i 

t ia l be tween wa te r and mixtures of wa te r and steam to promote c i r c u l a t i o n . 

Cont ro l led Ci rcu la t ion is a rec i rcula t ing system a t subcr i t ica l pressures in wich 

the driving force of the thermal head is supplemented by an ex te rna l mechanica l force 



produced by cons tan t -speed c i rcula t ing pumps within the down comer p i p i n g . A 

comparison of natural and Control led Ci rcu la t ion for a fu rnace wall system is shown 

schemat ica l ly in F i g . 1 . 

It can be seen that the most obvious d i f f e r ence be tween Control led and n a -

tural c i rcu la t ion is in the introduction of a c i rcu la t ing pump between the downcomer 

systemand the steam genera t ing surface and the introduct ion of o r i f i c e s . The c i r c u -

lation through economize r , superheater and rehea ter is the same for both t y p e s . 

The basic e lements of a fu rnace wal l system in a Cont ro l led Ci rcu la t ion boi le r 

a re shown in F i g . 2 . The system employs a drum which receives a mixture of steam and 

wa te r from the steam genera t ing tubes and f eedwa te r from the e c o n o m i z e r . Steam drum 

internals separa te the steam from the excess boi le r w a t e r . The saturated steam conta in ing 

a minimum of impurities discharges from the top of the steam drum to the superheater 

portion of the u n i t . The separated excess wa te r mixes with the f eedwa te r in the steam 

drum and is returned to the fu rnace wall by the c i rcu la t ing pump. 

All fu rnace wall tubes a r e arranged in para l le l and in a single upward pass . 

They a re fed from waterwal l in le t headers a t the lower end terminate in waterwal l 

out le t headers a t the upper e n d . From there the s t eam-wate r mixture is re l ieved to th# 

steam drum. 

With a design c i rcula t ing rat io of 4 to 1 , the system provides an average 3 lbs 

of rec i rcu la ted f luid for every pound of f luid enter ing and leaving the b o i l e r . This 

f low is distr ibuted and s tabi l ized by a system of or i f ices in the lower wa te r -wa l l headers 

a t the c i rcu i t i n l e t . 



Because the rec i rcula t ing system is integral with the steam genera tor and 

independent of other p lant equ ipment , the protect ion it af fords to the fu rnace -wa l l 

system is present in ful l force not only during normal operat ion over load r ange , but 

also for s ta r tup , extremely low loads, and shu tdown. The f u r n a c e - w a l l system, 

the re fo re , does not require a bypass system and is immune from fa i lures due to c o n -

trols and interlocks associa ted with such systems. The rec i rcula t ing system is 

independent of pressure above a minimum as determined by load and will maintain 

c i rcu la t ion for low- and high-pressure opera t ion during s t eady-s t a t e as well as 

transient condit ions» 
mm 

w m m m w 
Basic Design Principles T*2S r ^ . 

Protect ion of tubes agains t fa i lure through overhea t ing is a c h i e v e d , t h e n , 

by these pr inciples : 

1) Recirculat ion of wa te r a t the ra t io of 4 to 1 , designs in to the system a 
large margin of safety for a l l system circuits under any opera t ing c o n -
di t ion o 

2) Low steam qual i ty present over the fu l l length of al l tubes which are 
sized for a mass f low a d e q u a t e for al l f lux ra tes , assures nuc l ea t e 
boil ing condit ions with the bulk f luid temperature a t saturat ion level 
in every tube a t any e l e v a t i o n . 

3) A system of or i f ices es tabl ishes and maintains these safe ty fea tures by 
(a) Distributing the tota l f low through al l tubes in re la t ion to the hea t 
pickup of individual c i rcui ts or groups of c i rcu i t s , with the possibili ty 
of easy readjustment if required a n d , (b) Stabi l iz ing the f low under 
t ransient f lux condi t ions by the nature of in le t or i f ices with as much 
pressure drop as is present in the hea ted c i r c u i t . 

With these pr inc ip les , the design is ab l e to control the metal temperature 

in a tube p a n e l , as it is in f luenced by the hea t f l u x , and the inside film c o e f f i c i e n t . 
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The temperature distr ibution for a welded tube panel with hea t f lux on the 

fu rnace side is shown in Fig. 3 , isotherms a re plot ted on a typica l tube conf igura t ion 

for a constant f lux with d i f fe ren t inside film c o e f f i c i e n t s . With increased inside resis-

t ance to the f low of h e a t , the temperature level in the crown region increases , and 

more hea t flows towards the backside of the p a n e l . The distr ibution also shows that 

the thermal loading of the tube by the heat f low from the fin a lways remains below 

that exper ienced by the crown of the t u b e . 

Because the rec i rcula t ing system establ ishes a minimum inlet ve loc i ty for a l l 

tubes under any operat ing condi t ions , it protects the tubes agains t the danger of 

o v e r h e a t i n g « v e n a t comparat ive ly low f lux rates when the film c o e f f i c e n t depends 

on subcooled wa te r f low without b o i l i n g . 

Whi le there is hea t transfer by film conduc tance of subcooled wa te r a t com-

para t ive ly low f lux near the tube inlets in the lower portion of the f u r n a c e , the 

bulk of the hea t absorbed in the fu rnace is transmitted from the tube to the f luid 

by nuc l ea t e b o i l i n g . 

The s table and high film coe f f i c i en t which is produced by nuc l ea t e bo i l i ng , 

is establ ished by a s team-water mixture of suf f ic ien t ly low qual i ty - a mean of 25 

percent a t the evapora tor out le t - and a mass f low whol ly a d e q u a t e for even the 

highest an t i c ipa t ed fu rnace f lux r a t e s . A large number of the tube metal measure -

ments on Contro l led Ci rcu la t ion units and extens ive laboratory tests with fu rnace 

tubes modeled in a fu l l s ize loop confirm the predict ions based on present know-

ledge about the thermodynamics of boi l ing hea t t r ans f e r . Because of the metal 
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temperature control exer ted by assurance of proper coo l ing , the thermal loading 

under any fu rnace condi t ion is well within the e las t i c range of the mater ia l end 

complete ly without in f luence on fa t igue in case of cycl ing * 

Drum Internals 

The drum internals a re devices used to separa te wa te r from steam and to 

d i rec t the f low of wa te r and steam in a manner so as to obta in an optimum dis t r ibu-

tion of drum metal temperature in boi ler o p e r a t i o n . 

The drum internals for a Control led Ci rcu la t ion unit a re shown in F i g . 4 

wi th charac te r i s t i c a r rangement of primary and secondary separators as well as the 

f ina l dryers« Feedwater is introduced below the wa te r level and in this manner 

mixes with the r e c i r c u l a t e d , saturated wa te r to produce the subcooled flow to the 

c i rcu la t ing pumps« 

O n e dis t inct advan t age of the Control led C i rcu la t ion design is the internal 

shrouding in the d r u m . This wa te r - t i gh t shrouding directs the return f low of steam 

and wa te r from the f u r n a c e around the inside surface of the drum, providing for 

uniform heat ing or cool ing of the drum and drum h e a d s . 

Because of the importance of or i f ices to the protect ion of the f u r n a c e - w a l l 

system, ca re is taken to prevent the i r plugging by foreign m a t e r i a l . The or i f ices 

which are made of aus ten i t i c s teel a re located in the inlet headers and protected 

by screen pla tes ex tending a long the en t i re length of the h e a d e r . The 3 / 1 6 - i n . 

openings in these screens are smaller than the smallest o r i f i ce dia used in Cont ro l led 

Ci rcu la t ion u n i t s . The range of the o r i f i ce sizes and wa te r ve loc i t ies through the 



or i f ices (in the order of 20 to 30 f t per second) also prevents smaller par t ic les from 

clogging the o r i f i ce p r o p e r . 

Exper ience with the very large number of Cont ro l led Ci rcu la t ion units in 

operat ion under the widest range of power plant operat ing condit ions has shown that 

chemica l bui ldup in or i f ices does not occur if proper f eedwa te r t reatment is f o l l o w e d . 

In a d d i t i o n , the d i f fe ren t ia l head across the pump which is measured and 

monitored ac t s as a re l iab le and c lear ly recognizable signal concerning the absence 

or presence of any deposi t ion in the o r i f i ce or heat ing s u r f a c e . If deposit ion does 

occu r , this d i f fe ren t i a l wil l g radual ly increase and ind ica te the need for a remedial 

ac t ion long before the tube c i rcui ts themselves f a i l . 

C i rcu la t ing Pumps 

Because c i rcu la t ing pumps a re the key e lement in the f u r n a c e - w a l l system 

and are essential to tube protect ion under a l l operat ing condi t ions , a mult iple pump 

arrangement with shutoff valving for each pump is p r o v i d e d . This in itself insures 

that ava i l ab i l i t y is not impaired by possible fa i lure of any individual pump. 

The number of pumps se lec ted for any system may vary between two and 

f o u r . Because expe r i ence with Contro l led C i rcu la t ion units has establ ished the 

re l iab i l i ty of modern c i rcu la t ing pumps, spare pumps a re not normally p r o v i d e d . 

Each instal led pump can be isolated by a motor -opera ted suction va lve and a d i s -

charge s top-check v a l v e . In case of f a i l u r e , a pump may be isolated for a 

suf f ic ien t length of time to e f f e c t repairs wi thout impairing the fu l l - l oad capac i t y 

of the u n i t . It is recommended tha t for overal l safety of the f u r n a c e - w a l l system, 
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the repaired pump be returned to service as soon as possible . It is a l so recommended 

that a spare rotor assembly be ava i l ab le a t the p l a n t . 

Furnace-wall-system protection by the c i rculat ing pump is further insured by 

various interlocks and other protect ive devices» The detai ls of these depend on the 

part icular tupe of pump ins ta l l ed . A device common to all Control led Circulat ion 

units is a firing interlock which will not permit heat input without having the minimum 

number of pumps in o p e r a t i o n . This is ev idenced by the measured pressure di f ferent ia l 

between the pump suction header and the wall inlet h e a d e r . This a lso provides a 

signal on loss of any pump. 

Welded Walls 

The welded wall des ign, F i g . 5 , has proven pract ica l in fabr ica t ing panels 

in large quant i t ies , with commercially ava i l ab le t ub ing . The panels have proven 

their long-term re l iab i l i ty , under prac t ica l ly a l l possible operating condi t ions . 

Experience and development have permitted design, support , and erect ion techniques 

to grow simultaneously with the rapidly increasing size and pressure requirements. 

With increased use of pressurized fir ing and because of design simplification 

as well as eas ier erect ion procedures , the past decade has seen a continuous increase 

in the use of welded furnace walls until today it has become a standard C-E component 

for al l ut i l i ty contracts (F ig . 6 ) . 

Typical 370 Mw Control led Circula t ion Unit 

Figure 7 shows a 370 Mw Control led Circula t ion pulverized-coal-fired steam 
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genera tor purchased in the ear ly 1960 ' s . It is designed for 2 . 5 mill ion Ibs/hr of 

steam a t 2500 psig and 1005 F with rehea t of 1005 F . The fu rnace is 55 f t w i d e , 

with a division wal l a t the cen te r and a complete t angen t ia l f i r ing c i rc le in each 

h a l f . The superheater has a hor izonta l sec t ion , in termedia te p la ten and finishing 

pendant sections whi le the rehea ter is composed of a horizontal and a finishing 

pendant s e c t i o n . The fu rnace -wa l l system is f ab r i ca ted u t i l i z ing fusion welded 

panel construct ion consisting of 1 3 / 4 - i n . dia tubes on 2 1 / 8 - i n . c e n t e r s . The 

fu rnace is a gas t ight enclosure including the roof where welded seals a re provided 

for en t r ance of superheater and rehea ter e l e m e n t s . 

Industrial Boilers 

In the industrial boi ler f i e l d , a var ie ty of drum tupe boilers a re being 

manufactured in the United S ta tes . The increasingly popular shop assembled or 

package tupe have now reached steam capac i t i e s of over 2 0 0 , 0 0 0 Ib s /h r . They 

a re being used where previously only convent ional f ie ld e rec ted boilers were 

a v a i l a b l e . Mass production methods and other economics of fac tory assembly have 

brought costs and e rec t ion time of such boilers down well below tha t of comparable 

capac i ty f ie ld e rec ted t u p e s . 

O u r expe r i ence with the shop-assembled boilers brought abou t our modular 

concept of part ial shop assembly and s tandard iza t ion of component parts for the 

larger f ie ld e rec ted industrial bo i l e r s . 

Modular Design C o n c e p t 

A modular design is one in which a product is b i It with a combination of 
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various building blocks or modules . Each module must perform its intended funct ion 

within a defined degree of f lex ib i l i ty and must be capable of being f i t ted to a d j a c e n t 

modules to foim an integrated final p roduc t . The main purpose of applying this design 

concept is, of course, to produce a bet ter product a t lower c o s t . With a properly 

conceived and executed program, bet ter qual i ty and lower cost are compa t ib l e . 

For this modular design concep to , we lded-wa l l construction was ideal ly suited 

because it a l lowed the fabr icat ion of large tube panels in the shop . Backed up by the 

necessary buckstays, the welded w a l l , because of its cont inu i ty , provides structural 

strength for support of the boiler and also a t ight gas enclosure for pressurized firing 

of f u e l . It el iminates the need fo r , and a t t endan t problems wi th , a pressure ca s ing . 

Welding the modular inlet and out le t headers to the sidewall tube panels in the shop 

minimized the f ie ld welding to a limited number of large dia feeder and relief tubes , 

completing this portion of the circulat ion system. Fins on edge tubes of the individual 

shop-assembled panels are welded together in the field to complete an integral 

pressure-tight envelope around not only the f u r n a c e , but the boiler sect ion as w e l l . 

This gas- t ight e n v e l o p e , made up of tubes and f ins , operates a t a saturation t empera -

ture corresponding to the operating pressure of the b o i l e r . This temperature is well 

above the dewpdin tof the corrosive gases in the products of combust ion, insulation 

on the welded walls is isolated from this corrosive atmosphere on the hot side and 

covered by a preformed metal casing on the cold s i d e . 

"Alfonso wmr, 

VU-60 

This modular concept was appl ied in developing the VU-60 in the ear ly 

1960's (Fig . 8 ) . This is a bottom-supported, f i e l d - e r e c t e d , na tu ra l - c i r cu l a t i on . 
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various building blocks or modules . Each module must perform its intended funct ion 

within a defined degree of f lex ib i l i ty and must be capable of being f i t ted to a d j a c e n t 

modules to fonri an integrated final p roduc t . The main purpose of applying this design 

concept is, of course, to produce a bet ter product a t lower c o s t . With a properly 

conceived and executed program, bet ter qual i ty and lower cost are compa t ib l e . 

For this modular design concep to , we lded-wa l l construction was ideal ly suited 

because it a l lowed the fabr icat ion of large tube panels in the shop . Backed up by the 

necessary buckstays, the welded w a l l , because of its cont inu i ty , provides structural 

strength for support of the boiler and also a t ight gas enclosure for pressurized firing 

of f u e l . It el iminates the need fo r , and a t t endan t problems wi th , a pressure ca s ing . 

Welding the modular inlet and out le t headers to the sidewall tube panels in the shop 

minimized the f ie ld welding to a limited number of large dia feeder and relief tubes , 

completing this portion of the circulat ion system. Fins on edge tubes of the individual 

shop-assembled panels are welded together in the field to complete an integral 

pressure-tight envelope around not only the f u r n a c e , but the boiler sect ion as w e l l . 

This gas- t ight e n v e l o p e , made up of tubes and f ins , operates a t a saturation t empera -

ture corresponding to the operating pressure of the b o i l e r . This temperature is well 

above the dewpdin tof the corrosive gases in the products of combust ion. Insulation 

on the welded walls is isolated from this corrosive atmosphere on the hot side and 

covered by a preformed metal casing on the cold s i d e . 
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1960's (Fig . 8 ) . This is a bottom-supported, f i e l d - e r e c t e d , na tu ra l - c i r cu l a t i on . 



pressurized, two-drum boiler designed for firing oil and gaseous fuels in a capac i ty 

range from 100,000 to 7 5 0 , 0 0 0 lbs of steam per hr , with design pressures to 1600 

psig and steam temperatures to 960 F . 

It is worth mentioning a t th i spo in t the names of various contracts our subsi-

diary company CE-rrey S . A . of Monterrey has in various stages of const ruct ion . 

These units a re among the largest industrial boilers to ta l ly fabr ica ted in M e x i c o . 

The V U - 5 0 , the predecessor of the V U - 6 0 , is a f ie ld erec ted b o i l e r . Units 

of this type have been fabr ica ted for various industrial firms in Mexico by CE-rrey 

S . A . Recent typical installations a re a 34 ton/hr capac i ty unit operat ing a t 

42 K g / c m 2 and 400°C for Celanese Mexicana ; a 63 toi^/hr boi ler a t the same 

operating conditions installed a t Industries del A l c a l i . CE-rrey has also fabr ica ted 

for C I A . Fundidora de Fierro y Acero de Monter rey , S . A . two VU-50 with 60 toiytir 

a t 43 K g / c m 2 and 445° C steam out le t condi t ions . 

2 

Recent contracts include two modified V U - 6 0 , 180 t o r / h r , 42 Kg/cm and 

400°C for Pemex, C . D . Madero , Tamaul ipas . 

The latest contract has been awarded to CE-rrey by Westinghouse in c o n n e c -

tion to the expansion of the CIA Fundidora de Fierro y Acero de Monter rey , S . A . 

This contract calls for a blast furnace gas and natural gas fired modified VU-60 

with a capac i ty of 110 t o r / h r a t 6 4 K g / c m 2 and 490°C steam out le t condi t ions . 

The VU-60 has evolved from previous VU designs buil t over a 40-yea r pe r iod . 

Good features from previous designs, proven by years of successful opera t ion , have 



been r e t a i n e d . To fur ther increase the re l iabi l i ty of this u n i t , service reports were 

ana lyzed to establish the natural of a l l previous problems, however minor, a n d , as 

necessa ry , design modif icat ions were m a d e . In a d d i t i o n , the latest technology and 

manufactur ing techniques were used whenever a p p l i c a b l e . 

Based on a c c e p t e d performance parameters , the range of physical dimensions 

of the steam genera tor was e s t ab l i shed . It was des i rable to provide maximum flexiW 

li ty to meet varying operat ing condit ions and possible on - s i t e space l imi ta t ions . The 

major var iab les of w id th , dep th , and height as wel l as steamdrum dia were set up to 

be varied independent ly of e a c h other and were exac t ly d e f i n e d . For e x a m p l e , the 

fu rnace width is var ied in 1 6 - i n . increments and fu rnace depth in 1 2 - i n . i n c r e m e n t s . 

There a re several incremental d rum-cente r d i s tances , bo i l e r - tube s izes , and a cons i -

derab le var ia t ion in design pressures. Considering the w i d t h , dep th , he igh t , drum 

d iamete rs , boi le r tube s izes , and design pressure va r i ab le s , there are over 10 ,000 

usable combina t ions . 

F lexibi l i ty 

To i l lustrate the app l i ca t ion of the modular concept to a c h i e v e wide f l e x i -

b i l i t y , consider a section of the V U - 6 0 as shown in F i g . 9 . These fu rnace sidewall 

modular panels consist of tubes , whose terminal ends are welded into p ipe h e a d e r s . 

The top i l lustration shows three basic modules; A , B, and C ; e a c h having 

a par t i cu la r w i d t h . When welded together in the f i e l d , they make up the sidewall 

of a unit having a furnace depth of 19 f t . The lower i l lustrat ion uses the same basic 

modules t o form the sidewall of a unit having a f u r n a c e depth of 31 f t . , but in this 



case u t i l i z ing a g rea te r number of B modules . This example was not se lec ted as an 

over s impl i f i ca t ion , but rather to i l lustrate the repet i t ious use of these modules a s 

they a re ac tua l l y used in this boi ler d e s i g n . The V U - 6 0 is current ly a v a i l a b l e in 

22 d i f fe ren t fu rnace depths in which modules such as A , B and C a re used in varying 

q u a n t i t i e s . In a c t u a l p r a c t i c e , modules A and B a re each a v a i l a b l e in several widths 

and each module A , B, and C may also be furnished in three d i f f e ren t height d imen-

s ions . 

As mentioned b e f o r e , each module consists of tubes and pipe headers which 

a re shop assembled into f inned pane led w a l l s . There are 6 basic tubes a n d 5 basic 

headers which may be used in varying q u a n t i t i e s to make 2 4 d i f fe ren t var ia t ions of 

assembled modules similar to A , B, and C . When used in combina t ion , modules A , 

B, and C will permit 66 var ia t ions in f u r n a c e height and d e p t h . 

Figure 10 i l lustrates two V U - 6 0 units of d i f fe ren t fu rnace width and fu rnace 

d e p t h . As mentioned b e f o r e , with the modular a p p r o a c h , steam generators of v a r y -

ing s ize may be constructed using standard componen t s . In the i l lus t ra t ion , modules 

ident i f ied with a subscript a re ident ica l to those wi thout the subscript excep t for a 

l inear d imens ion . 

The largest single cost reduct ion rea l ized is in e r e c t i o n . Erection time is 

considerably reduced by the use of the large modular we lded p a n e l s . Insulat ion is 

a t t a c h e d t o , and supported b y , the w e l d e d - w a l l enve lope by impaling pins welded to 

the f i n s . Appl ica t ion of the preformed metal lagging is s imp le . The structural strength 

of the we lded -wa l l enve lope permits a simple * „ r po:n> ^ « » * n d a n t savings 



in foundat ion cos t s . Because of the physical s ize of the boi le r b a n k , the tubes a r e 

individual ly expanded into the drums. 

With standard modules, it is f a r simpler and requires considerably less time 

to process the necessary fabr ica t ion in fo rmat ion . This is essent ia l since many units 

a re sold for short d e l i v e r y . With the necessary engineer ing information covering 

a l l possible assemblies and parts a v a i l a b l e in the shop, eng ineer ing processing can 

f requent ly be reduced to indent i fying ra ther than comple te ly describing these i t ems . 

To p r e - e n g i n e e r a l l modules represents a cons iderable ini t ia l investment in 

eng ineer ing cos t s . When distr ibuted over a large number of boi lers , however , the 

cost aga ins t each becomes nominal and obviously substant ia l ly less than the cost 

to comple te ly eng inee r each unit on an individual con t rac t ba s i s . 
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TYPICAL TUBING ARRANGEMENT 
CE CONTROLLED CIRCULATION FURNACE PANEL 
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Fig. 





C-E CONTROLLED CIRCULATION UNIT 

370 MW 2500 PSIG 1005/1005 F 

F i g . 7 
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