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[57] ABSTRACT 
A vapor generating unit having a U-shaped tube bundle 
is provided with an orificed downcomer shroud and a 
fluid flow distribution plate between the lower hot and 
cold leg regions to promote fluid entrained sediment 
deposition in proximity to an apertured blowdown pipe. 

4 Claims, 2 Drawing Figures 
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the tube bundle is influenced by the higher vapor gener-
VAPOR GENERATING UNIT BLOWDOWN ation rate that occurs in the hot leg region of a U-tube 

ARRANGEMENT bundle. It has been discovered that the effects of higher 
BACKGROUND OF THE INVENTION , net vapor generation in the hot leg region is such that 

5 the area of null transverse velocity and low turbulence 
1. Field of Invention occurs in the midst of the hot leg region. Hence, sedi-
This invention relates to a shell and, U-tube vapor m e n t deposition in the hot leg region at the tubesheet 

generating unit in which heat is supplied by a hot fluid appears to be predominant in these units. On more re-
flowing within the tubes, and more particularly, to an cen t vapor generating units, therefore, blowdown ar-
improved arrangement for the de-entrainment and 10 rangements have been provided in the hot leg region at 
blowdown of sediment. the area of minimum velocity, necessitating the omis-

2. Summary of the Prior Art s i o n Qf a significant number of tubes from the tube bun-
The use of shell and U-tube type vapor generating d [ e 

units, particularly in nuclear power plant steam genera- Thus, there exists a need to provide an efficient means 
tor applications, is well known. 15 of sediment removal at the tubesheet of a vapor generat-

Typically, the unit is contained within a vertically i n g u n i t o f t h e t y p e described above without the omis-
elongated pressure vessel of circular cross section and s j o n o f t u b e s 
consists of a fluid heated inverted U-tube bundle dis-
posed in the lower portion of the vessel within a circu- SUMMARY OF THE INVENTION 
lar shroud which forms an interior vapor generating 20 I n a c c o r d a n c e with the present invention, a blow-
chamber and an annular shaped downcomer bounded d o w n ^ ^ i s o v i d e d i n a v e r t i c a l s h e l I a n d 

by t he sh roudand the vertical wall of the pressure u _ t u b e generating unit, wherein the lower por-
vessel Both ends of each tube are connected to a tube- ^ o f t heVPacing between the hot legs and cold legs is 
sheet located at one end of fee vessel transversely of the t e d * v e r t i c a l l o r i e n t e d flow

B
distribution p 1 a t e 

longitudinal centerhne of the vessel 25 ^ ^ J j a c e n t t Q ^ a p e r t u r e d b i o w d o w n pipe 
Dunng operation of the unit a hot primary" fluid, f , . *\ , J , , . . . •• . . „ 

such as w a t £ liquid metal or gas, enters one end of the 18 onficedtocontrolf low into 
tubes and flows through the tube bundle wherein it t h e J J o t and cold leg portions of the U-tube bundle, 
transfers heat before diSharging at the opposite end of ™ e v a " o u s f e a t u r e * ° f n ° v e l * w h ' c h characterize 
each tube. The leg of each U-tube receiving the hot 30 the invention are pointed out with particularity in the 
fluid is generally characterized as a "hot leg". Con- claims annexed to and forming a part of this specifica-
versely, the leg from which the cooled fluid is dis- t l o n - F o r ^ i t e r understanding of the mvention, its 
charged is known as the "cold leg". The hot legs are operatmg advantages and specific objects attained by its 
usually grouped on one side of a vertical center plane of use> r e f e r e n c e s h o u l d b e h a d t o * * accompanying 
the vessel and the cold legs on the opposite side. 35 drawings and descriptive matter m which there is illus-

Water or another vaporizable "secondary" liquid trated and described a preferred embodiment o f t h e 
descends through the annular downcomer to the tube- mvention. 
sheet and radially enters the vapor generating chamber BRIEF DESCRIPTION OF THE DRAWINGS 
flowing into the spacing outside of the closely packed 
bundle of tubes, generally through a continuous circum- 40 I n t h e accompanying drawmgs, forming a part of this 
ferential opening between the bottom of the shroud and specification, and in which reference numerals shown in 
the upper surface of the tubesheet. The secondary liquid t h e drawings designate like or corresponding parts 
passes up over the outside of the tubes due to the ther- throughout the same, 
mal siphonic effect of the heat being transferred from FIG-1 is a vertical side section of a vapor generating 
the hot primary fluid, and is vaporized. 45 unit utilizing the innovation disclosed herein; and 

It is known that matter entrained in a flowing liquid FIG. 2 is a schematic representation of a blowdown 
separates therefrom and settles at points where the liq- arrangement in accordance with the invention, 
uid velocity and the resulting turbulence are low. Tube DESCRIPTION OF THE PREFERRED 
failures and localized ttibe corrosion have been ob- EMBODIMENT 
served to be coincident with such sediment deposition. 50 
The velocity distribution of the secondary fluid, there- Referring now to the drawings in detail, FIG. 1 illus-
fore, is of considerable importance in providing for trates a portion of a vapor generating unit 10 including 
sediment removal. a vertically elongated pressure vessel 11 of circular 

Blowdown pipes have been commonly utilized in cross section having a longitudinal center line 12, a 
vapor generating units to remove sediment deposited in 55 tubesheet 13 located transversely of the longitudinal 
the vicinity of the tubesheet by providing blowdown center line, and a hemispherical head 14 closing the 
procedures in which the affected area receives a peri- lower end thereof. The tubesheet 13, which is generally 
odic or continuous flushing. Blowdown means have disposed between the lower end of the vessel 11 and the 
been located in the gap between the hot and cold legs. lower head 14, has a multiplicity of tube receiving open-
This location is desirable because it does not necessitate 60 ings 15 formed therein. 
the omission of any tubes from a symmetrical tube bun- A multiplicity of inverted U-shaped tubes constitut-
dle pattern which would result in the loss of heat trans- ing a vertically elongated bundle 20 is disposed in the 
fer surface for a given unit volume. Experience has lower portion of the vessel 11 within a generally circu-
shown, however, that central location of the blowdown lar shroud 21 which forms an interior vapor generating 
pipes has not effectively removed sediment that depos- 65 chamber 22 and an annular shaped downcomer 23 that 
its on the tubesheet in the hot leg area. Recent analyses, is bounded by the shroud and the vertical wall of the 
moreover, indicate that the secondary fluid velocity pressure vessel. The tube ends of the U-shaped tubes of 
distribution across the tubesheet from the periphery of the tube bundle 20 are received in the tube receiving 
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openings 15 of the tubesheet 13 and fixed in a fluid tight 
manner. 

A dividing baffle 30 is fastened to the lower face of 
the tubesheet and, in conjunction with the hemispheri-
cal head 14, forms a fluid inlet chamber 31 and outlet 5 
chamber 32. Inlet and outlet nozzles 33 and 34, respec-
tively, provide the means for passage of a hot fluid into 
inlet chamber 31, through the tubes of the tube bundle 
20 and out the outlet chamber 32 to the outlet nozzle 34, 
thereby forming a hot leg tube portion 35 on the right of 10 
FIG. 1 and a cold leg tube portion 36 on the left of FIG. 
1. 

As is best shown in FIGS. 1 and 2 means are provided 
to effectively remove sediment deposited on the tube-
sheet. An apertured blowdown pipe 40 is disposed IS 
within the vapor generating chamber 22 adjacent to the 
tubesheet 13 in a spacing 41 that exists generally be-
tween the hot and cold legs of the U-tube bundle. A 
vertically oriented flow distribution plate 42 is disposed 
in close superjacent proximity with the blowdown pipe 20 
40. A plurality of tube support plates 43 laterally sup-
port and maintain the tubes in a fixed transversely 
spaced relationship. 

As is shown in FIG. 2, the shroud 21 is provided with 
one of more apertures or windows 44 within the shroud 25 
on each side of the flow distribution plate 42 such that 
flow into the lower hot and cold leg sides of the vapor 
generation chamber can be controlled. 

During operation of the unit, a hot fluid flows 
through the tubes of the tube bundle 20 wherein it gives 30 
up heat before passing out of the unit. A vaporizable 
liquid fills the downcomer 23 and a portion of the vapor 
generating chamber 22. Due to the thermal siphonic 
effect of the hot fluid within the tubes, the vaporizable 
liquid flows from the downcomer 23 through the win- 35 
dow 44 and up through the tube bundle 20 within the 
vapor generation chamber 22. As the liquid passes up 
therethrough, a vapor-liquid mixture or "wet" vapor is 
generated. The vapor-liquid mixture then flows 
through a moisture separation apparatus (not shown ) 40 
and the separated vapor is discharged out of a vapor 
outlet and flows to a point of use, e.g. a turbine. The 
separated liquid is generally recirculated within the 
vapor generating unit to mix with incoming secondary 
liquid. 45 

The flow distribution plate 42 precludes cross flow 
from the cold leg portion to the hot leg portion in the 
vicinity of the tubesheet. In the preferred embodiment, 
the plate 42 transversely divides the vapor chamber so 
that the fluid entering the hot and cold legs is kept SO 
separated until it passes the first tube support plate 43. 
The windows 44 in the shroud 21 are designed to permit 
controlled amounts of liquid flow into the hot and cold 
legs to account for the differences in vapor generation 
in these regions of the vapor generation chamber. 55 
Hence, the fluid draw from the cold leg region into the 
hot leg region at the tubesheet is essentially eliminated 
and the null point of the radial velocity component 
occurs in the vicinity of the flow distribution plate. The 
apertured blowdown pipe 40 which in the preferred 60 
embodiment is longitudinally spaced in close proximity 
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below the flow distribution plate 42, communicates 
with the exterior of the pressure vessel 11. Secondary 
fluid communication, i.e., blowdown, is effected by the 
continuous flow of fluid from the vapor chamber 22 to 
the exterior of the vessel through apertures in the blow-
down pipe and, thence, through the pipe. Shutoff 
means, typically a valve, are generally located outside 
of the vessel within a pipe communicating with the 
blowdown line to effect a periodic blowdown, if de-
sired. The window 44 sizes and locations facing the hot 
leg and cold leg portions may be varied to yield prede-
termined flow directions and velocities in the lower part 
of the bundle so that the location of sediment deposition 
can be predicted and blowdown means provided to 
minimize sediment accumulation. The windows can be 
designed to distribute the vaporizable liquid as desired 
to provide uniform vapor quality at the top of the tube 
bundle. Hence, de-entrainment of the entrained sedi-
ment in the secondary fluid can be accomplished at the 
spacing 41 near the tubesheet and the omission of tubes 
for blowdown purposes is no longer required. 

It will be evident to those skilled in the art that 
changes may be made, e.g., such as extending the flow 
distribution plate to the tubesheet and locating separate 
blowdown pipes on either side of the flow distribution 
plate without departing from the spirit of the invention 
covered in the claims. 

I claim: 
1. In combination with a vapor generating unit of the 

type having a vertically elongated pressure vessel of 
circular cross section housing a fluid heated U-tube 
bundle that has hot leg and cold leg portions attached to 
a tubesheet, a generally cylindrical shroud radially 
spaced between the pressure vessel vertical wall and the 
U-tube bundle to form an interior vapor chamber and an 
annular shaped downcomer bounded by the shroud and 
the wall of the pressure vessel and means for radially 
passing a vaporizable secondary fluid into the vapor 
chamber from the downcomer, an improved means of 
de-entraining and removing sediment entrained in the 
secondary fluid comprising a vertical plate disposed 
between the hot leg and the cold leg, means for propor-
tionately regulating secondary fluid flow into the hot 
and cold legs and blowdown means in the vapor cham-
ber communicating with the exterior of the pressure 
vessel. 

2. An improved means of de-entraining and removing 
sediment entrained in the secondary fluid as set forth in 
claim 1 wherein the shroud has a plurality of apertures 
for controlling secondary fluid into the hot and cold 
legs. 

3. An improved means of de-entraining and removing 
sediment entrained in the secondary fluid as set forth in 
claim 2 wherein said vertical plate is disposed superja-
cent to said blowdown means. 

4. An improved means of accumulating and removing 
sediment entrained in the secondary fluid as set forth in 
claim 3 wherein said blowdown means further com-
prises an apertured blowdown pipe. 
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