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[57] ABSTRACT 
A steam generator for a pressurized-water coolant nu-
clear reactor is of the type having a vertical housing 
with its lower portion closed by a horizontal tube 

sheet in which the inlet and outlet legs of an inverted 
U-shaped tube bundle are mounted, one forming an 
inlet leg and the other forming an outlet leg for the 
pressurized-water coolant circulated via the tube bun-
dle and the reactor. The tube bundle is peripherally 
enclosed by a vertical shell forming a feed-water de-
scent space between it and the housing with this space 
adjacently above the tube sheet peripherally opening 
to the latter for radially inwardly directed feed-water 
flow thereover through the interspaced tubes of the 
tube bundle legs and upward flow through the latter to 
generate steam in the housing. The feed-water flow 
over the tube sheet and through the tubes of the inlet 
leg, which is the hotter of the two legs, tends to locally 
boil so that corrosion-promoting products in the feed 
water are concentrated to form deposits introducing 
the danger of corrosion failure on the part of the tubes 
and/or tube sheet. To prevent this, means are pro-
vided for removing a portion of the feed water from 
adjacently above the tube sheet and between the inter-
spaced tubes of the inlet leg, the means preferably re-
moving a plurality of flows of feed water from a plu-
rality of positions interspaced transversely over the 
tube sheet. The constant removal of the flows of feed-
water increases the rate with which the feed water ra-
dially flows inwardly over the tube sheet and upwardly 
through the tube bundle, consequently reducing or 
eliminating the boiling tendency throughout the criti-
cal area where this tendency occurs over the portion 
of the tube sheet in which the inlet leg of the tube 
bundle is mounted. 

5 Claims, 3 Drawing Figures 
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STEAM GENERATOR FOR A 
PRESSURIZED-WATER COOLANT NUCLEAR 

REACTOR 

BACKGROUND OF THE INVENTION ? 

This invention relates to steam generators for a press-
urized-water coolant nuclear reactor . Such a steam 
generator typically has a vertical housing, a horizontal 
tube sheet closing the lower end of the housing, a heat 
exchanger tube bundle having inlet and outlet legs 10 
mounted in the tube sheet with each leg formed by a 
plurality of closely interspaced vertical tubes. The inlet 
and outlet legs interconnect via rounded return por-
tions. Below the tube sheet an inlet manifold connected 
with a pressurized-water coolant outlet of the nuclear 15 
reactor, causes this inlet leg to receive an inlet flow of 
pressurized-water reactor coolant, the outlet leg of the 
tube bundle being connected by an outlet manifold 
below the tube bundle, with a coolant inlet of the reac-
tor via a circulating pump. 20 

The housing of the steam generator has means for 
feeding feed-water into it above the tube sheet for con-
version to steam, the housing having a steam dome and 
a steam outlet. For vertical circulation of the feed-
water in the housing, a vertical shell peripherally en- 25 
closes the tube bundle and forms a feed-water descent 
space between it and the housing, with this space adja-
cently above the tube sheet peripherally opening to the 
latter for radially inwardly directed feed-water flow 
thereover through the interspaced tubes of the legs and 3 0 

upward flow through the tube bundle to generate steam 
in the housing. 

The heating feed-water ascends within the vertical 
shell, flows over the top of the shell and downwardly 
through the descent space, then flowing radially in- 3 5 

wardly through the tube sheet to again ascend. While 
ascending, the feed-water evaporates to generate the 
steam. 

The radially inwardly directed flow of water over the 
tube sheet portion in which the inlet leg of the tube 4 0 

bundle is mounted, encounters the maximum amount 
of heat of necessity. This area presents the problem 
that if the flow rate of the feed-water cannot be main-
tained high enough in this area, the feed-water boils in-
stead of remaining as solid water f ree f rom bubbles of 4 5 

steam. The feed-water inevitably contains unavoidably 
a certain content of products which are corrosive to the 
metal from which the tube sheet and the tube bundle 
are made. With such boiling these products are gradu- ^ 
ally concentrated and deposited on the tube sheet and 
the adjacent portions of the tubes of the inlet tube leg, 
introducing the problem of corrosion damage to these 
parts. Considering the expense involved by the repair 
and/or reconstruction of such a steam generator, this 5 5 

problem requires serious attention in the direction of a 
solution. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is to pro-
vide such a solution. 

The solution of the present invention comprises a 
means for removing a portion of the feed-water from 
adjacently above the tube sheet and between the inter-
spaced tubes of the inlet leg, such removal being pref- 6 5 

erably by removing a plurality of flows of feed-water 
from a plurality of positions interspaced transversely 
over the tube sheet. By removing the flows of feed-

1 2 2 

water throughout the critical area, the flow rate of the 
radially inwardly directed flow of feed-water is substan-
tially increased throughout this area over the tube sheet 
and between the tubes of the inlet leg of the tube bun-
dle. It is understood that the amount of feed-water re-
moved throughout this area is small relative to the 
amount of feed-water that flows over this area from the 
bottom of the generator 's descent space for upward 
flow through the tube bundle including the inlet leg of 
the latter, the removed flow accelerating the flow rate 
of the radially inwardly directed flow which proceeds 
to ascend upwardly through the tube bundle and at the 
latter's top where the peripherally enclosing shell ter-
minates, over the latter and downwardly through the 
descent space as a continuously circulating flow. 

The means of the invention specifically comprises a 
plurality of pipes extending through the generator 's 
housing and which are vertically stacked one above an-
other to compact the horizontal dimensions of the 
group of pipes to the maximum degree. The bottom 
pipe is horizontal throughout with a bottom forming an 
inlet close to the tube sheet. This bottom pipe termi-
nates closest to the periphery of the tube sheet, the next 
upward pipe having a horizontal portion for the length 
of this bottom pipe and therebeyond deflecting down-
wardly to an end portion located inwardly beyond the 
end portion of the bottom pipe and then having a hori-
zontally extending portion forming an inlet which is 
also close to the tube sheet. This arrangement proceeds 
for the successively next upward pipes for the height of 
the entire stack of pipes. All of the pipes, including 
their downwardly deflecting portions, are parallel to 
each other and have extended horizontal bottom walls 
each of which is very closely spaced to the top of the 
horizontal tube sheet. These horizontal portions close 
to the tube sheet are each provided with a slot or a row 
of openings into which the feed-water can flow. The 
stack of pipes may be connected as blowdown pipes. 

The removal of the feed-water by the successively in-
wardly extending portions of the stack of pipes, pro-
vides for the previously described flow rate increase on 
the part of the usual radially inward flow of feed-water. 
The effect is that of substantially decreasing the flow 
resistance normally presented to the radial inward flow 
of feed-water, this reduction being obtained by the fact 
that more feed-water is removed from the critical re-
gion than can possibly result because of the ascending 
flow of feed-water within the shell peripherally enclos-
ing the tube bundle. This, in turn, permits an increase 
in the ascending flow of feed-water through the tube 
bundle itself, causing a stronger flow and better mixing 
of the ascending feed-water. Both effects reduce the 
tendency for the feed-water to boil and throw down un-
desirable deposits within the hottest area above the 
tube sheet and within the inlet leg of the tube bundle. 

Although the stack of pipes has the minimum possi-
ble transverse horizontal dimension, the tubes of the 
inlet leg of the tube bundle are normally interspaced 
too closely to provide clearance for the pipes. There-
fore, the tubes of the inlet leg are interspaced to form 
a horizontally extending path through the tubes of the 
inlet leg and in which the stack of pipes is positioned. 
In effect, an alleyway or pathway is formed by appro-
priately interspacing the inlet leg tubes. To permit this, 
the tube bundle legs may be asymmetrically positioned 
as contrasted to the usual symmetric arrangement 
about the vertical plane between the two tube bottom 
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legs. In other words, the leg where the pathway is of these tubes 8 are shown, with their bot tom ends 
formed and which contains the stack of tubes, this mounted in the horizontal tube sheet 9 which closes the 
being the inlet leg, must be physically fat ter in the hori- lower end of the housing 1. Although not shown, the 
zontal direction than the outlet leg where the tubes may usual inlet manifold will be located below the bot tom 
be interspaced in the more customary manner and, 5 of this tube sheet 9 so that the pressurized-water cool-
therefore , providing greater compactness in the hori- ant f rom the reactor can flow upwardly through all of 
zontal direction. Such an asymmetrical a r rangement the tubes of the inlet leg as indicated by the arrows A. 
does not interfere with the efficiency of the steam gen- Being a U-shaped tube bundle, a vertically extending 
erator . channel o r passageway 10 is inherently formed be-

The bot tom of the shell peripherally enclosing the 10 tween the hot or inlet leg 11 and the cold or outlet leg 
tube bundle has its bot tom spaced above the tube sheet 12 of the tube bundle. At the top of the tube bundle the 
to provide for the radial inward flow of feed-water de- rounded tube portions span this channel 10. In FIG. 1 
scending through the descent space. Advantage is t h e t w o l e g s a r e indicated by differently angled cross-
taken of this to mount a horizontal strip for supporting hatching 
the stack of tubes. This strip is fastened to the bot tom 15 T h e p r e v ious ly referred to alleyway or passageway 
port ion of the shell so as to extend through the alleyway f o r m e d by appropriately interspacing the tubes of the 
or passageway provided to form clearance for the stack h o t l e g o f t h e t u b e b u n d l e ; i s indicated at 15 in FIG. 1. 
of tubes. Rods extend downwardly f rom this plate to X h i s e x t e n d s throughout the inlet area of the inlet leg. 
the tops of the various tubes so that by interfastening T h i s a l l e y w a y 1 5 r e s u l t s i n the inlet leg 11 of the tube 
the tubes together the entire stack is suspended with its 20 b u n d l e b d n g Q f n e c e s s i t y s o m e w h a t horizontally fat tei 
inlet port ions for removing the feed-water , spaced very t h a n j s t h e o u t I e t Q r c o l d ] e g 1 2 a n d t h j s j s t a k e n c a r e 

closely to the top of the tube sheet. This strip may be o f fay t h e a s y m m e t r i e a l a r r a n g e m e n t previously de-
formed with a longitudinally elongated cutout or open- s c r i b e d A g v j e w e d i n F , G t t h e , u W Q U , d b e p Q s i . 
ing above the middle port ion of the critical a rea above t i o n e d ^ b e , o w ^ h o r i z o n t a , c e n t e r I i n e o f t h e 

the tube sheet so as not to interfere with the ascending 25 ^ ^ ^ w h j ] e ^ ^ ^ n w o u ] d 

flow of feed-water , but the port ions of the strip more . r .. , ^ . .. , . ... „ . , v . „ , . v , sent a group of vertical tubes extending substantially tc ad jacen t to the peripheral portions of this area may be . . . , ,. , , . , . , , , . , this horizontal center line, 
kept solid. The solid strip portion beyond the inward r . . . . . .. . , „ r . , , , , <• , , • , , In this instance the stack of pipes comprises three terminating end of the stack of tubes may be provided , . . . . , . . , . , . , , . , n pipes 16, 17 and 18, respectively having outlet connec-with openings for passing any tubes of the inlet leg lo- , ; j- .u ? u - 1 

. , • .. 7 \ • tions 20, 21 and 22 extending through the housing 1 cated in that area. In o ther words, the mount ing strip , , , „ _ . , „ , and, of course, the shell 3. The connect ions 20 througr for the stack of tubes has a more or less centralized , , , , , . . . . . . . „ , 22 may be connected as blowdown pipes in the prioi opening. With this a r rangement there is a fur ther accel- J „ „ , . . . 
e j - 11 • , , ., , „ c art manner , for the purpose of the present invention 1 eration of the radially inward and then upward flow of , . . . , , , . 

the feed-water th roughout this critical area, while at 35 being necessary only to unders tand that they funct .or 
the same time structure is provided for mount ing the a s f eed-water outlet connections, 
stack of tubes with the lower wall of each tube of the T h e b o t t o m P»Pe 1 8 e x t e n d s horizontally with its bo t 
stack spaced slightly above the top of the tube sheet but t o m v e r y c l o s e t o t h e t o P o f t h e t u b e s h e e t 9" T h e n e x 

f ree f rom contact with the latter. u P P e r P !Pe 1 7 h a s a h o " z o n t a l portion which is paralle 
40 to the pipe 18, a portion 17a that declines beyond thi 

BRIEF DESCRIPTION OF T H E DRAWING inner end of the pipe 18 and then an inward horizonta 
A specific example of the invention is schematically port ion 17b that extends parallel to the tube sheet 9 

illustrated by the accompanying drawing, in which: Correspondingly, the top pipe 16 has a declining por 
FIG. 1 is a horizontal section showing the tube bun- t l o n 1 6 a > a horizontal portion 16b extending paralle 

die inlet leg port ion of a steam generator and a small 4 5 a b o v e t h e port ion 17b, a second declining portion 16 
por t ion of the outlet leg side; a n d > finally, a horizontal port ion 16d. The portions 17, 

FIG. 2 is a vertical section taken on the line II—II in a n d 1 6 d have their bo t tom sides also positioned clos-
FIG. 1" and t o ^ ^ P a r a l l e l with the tube sheet 9 . The sides of th 

FIG.*3 is a vertical section taken on the line III—III P'Pes close to and parallel with the tube sheet 9 all hav 
in Fig. 1. 5 0 * n ' e t openings 2 3 through which the feed water flow 

for removal via the outlet connect ions 20, 21 and 21 
D E T A I L E D DESCRIPTION O F T H E INVENTION T h e horizontal port ions of all of the pipes are paralk 
Referr ing to the above drawings, the vertical cylindri- to each other and to the tube sheet 9 and the pipes ar 

cal housing of the steam genera tor is indicated at 1 and s tacked one on top of the o ther as shown in FIG. 2. 
the inverted U-shaped bundle of tubes 2 is generally in- Although the bot tom surfaces of the pipes immed 
dicated by cross-hatching largely and with only a scat- ately above the tube sheet 9 do not contac t the latte: 
tered showing of the interspaced tubes of the two legs the pipes may have project ions which do engage th 
of the tube bundle. The vertical cylindrical shell which top of the tube sheet for the purpose of accurate! 
peripherally encloses the tube bundle is indicated at 3 6 Q spacing the pipe surfaces above the latter, 
with the descent space fo rmed between the outside of T h e mount ing strip is shown at 25 in FIGS. 2 and : 
this shell and the inside of the vertical cylindrical hous- The ends of this strip are fastened to the bottom 6 ( 
ing 1 being shown at 4. The cross-hatched a rea 5 indi- the shell 3, the strip extends through the alleyway c 
cates the boiling space up through which the ascending passageway 15 with its port ion beyond this having th 
feed-water rises while evaporating. The bot tom edge of 6 5 interspace tubes of the hot tube leg extending throug 
the shell 3 terminates at 6 as shown in FIG. 2, to pro- the strip as indicated by FIG. 2. This strip is provide 
vide for the descending feed-water flow to flow radially with suspension rods 26 connec ted to the top pipe 1 
inwardly around the inlet leg tubes. In FIG. 2 only two of the pipe stack, the pipes 17 and 18 being intercoi 
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nected by suspension members as shown at 26a. Thus, 
the entire pipe stack is rigidly supported. 

Above the more critical central portion the strip is 
cutout or skeletonized as indicated at 25a in FIG. 2, the 
strip being solid above the mutually horizontal portions 5 
of all three pipes. With this construction the descend-
ing feed-water is accelerated inwardly to the critical 
area above which the feed-water is removed by the 
pipes 16 and 17. The uncut portion of the strip beyond 
this critical portion away f rom the stack of pipes is also 10 
closed in the interest of promoting the same effect. It 
follows that the strip 25 not only supports the stack of 
pipes, but also functions for equalizing the flow 
throughout this critical area. 

An intermediate structure 28 arranged in the descent 15 
space in the area of the previously mentioned channel 
10 between the tube legs, may be used to obtain a bet-
ter flow through the hot leg 11 of the tube bundle. 

What is claimed is: 
1. A steam generator for a pressurized-water coolant 20 

nuclear reactor, said generator having a vertical hous-
ing, a horizontal tube sheet closing the lower end of 
said housing, a heat exchanger tube bundle having inlet 
and outlet legs mounted in said tube sheet with each leg 
formed by a plurality of closely interspaced vertical 25 
tubes, said inlet leg receiving an inlet flow of pressu-
rized-water reactor coolant, means for feeding feed-
water into said housing above said tube sheet for con-
version to steam, and a vertical shell peripherally en-
closing said tube bundle, said shell forming a feed- 30 
water descent space between it and said housing with 

said space adjacently above said tube sheet peripher-
ally opening to the latter for radially inwardly directed 
feed-water flow thereover through said interspaced 
tubes of said legs and upward flow through the tube 
bundle to generate steam in said housing; wherein the 
improvement comprises means for removing a portion 
of the feed-water from adjacently above said tube sheet 
and between the interspaced tubes of said inlet leg. 

2. The generator of claim 1 in which said feed-water 
removing means removes a plurality of flows of feed-
water from a plurality of positions interspaced trans-
versely over said tube sheet. 

3. The generator of claim 2 in which said feed-water 
removing means comprises a plurality of pipes extend-
ing through said housing and which are vertically 
stacked one above another, the bottom pipe being hori-
zontal with a bottom forming an inlet close to said tube 
sheet, the next upward pipe having a horizontal portion 
for the length of said bottom pipe and therebeyond de-
flecting downwardly to an end portion forming an inlet 
also close to said tube sheet and so on for the height of 
said stack. 

4. The generator of claim 3 in which the vertical 
tubes of said inlet leg are interspaced to form a horizon-
tally extending path therethrough in which said stack of 
pipes is positioned and providing clearance for the lat-
ter. 

5. The generator of claim 3 including a strip having 
a solid portion positioned above said stack of pipes. 
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