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Perforated flow distribution plate.

@ A steam generator, in which there is provided an annular
foraminous or perforated flow distribution plate (100) at
lower end of the heat exchange tube wrapper (1486) prefer-
ably in the form of a conical frustum to impart uniform,
non-turbuient, flow conditions to the infeed water (206)
flowing downwardly through the downcomer region (148) of
the generator and to prevent the entrance of foreign particies
into the tube bundle section (208) of the generator.
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1
PERFORATED FLOW DISTRIBUTION PLATE

The present invention relates generally to
nuclear reactor steam generators, and more particularly to
a perforated flow distribution plate operatively connected
to the lower end of the steam generator tube wrapper for
effectively minimizing turbulent flow conditions conven-
tionally exhibited within the water, which traverses the
region of the steam generator defined beneath the lower end
of the steam generator tube wrapper, as the water flows
from the lower end of the downcomer region of the steam
generator, the downcomer region being defined between the
steam generator shell and the steam generator tube wrapper,
into the interior portion of the steam generator tube
wrapper. Uniform flow conditions, free of conventionally
generated or induced vortices, are thus imparted to the
water flowing through the aforenoted steam generator
regions, and particularly within the interior portion of
the steam generator tube wrapper, whereby excessive vibra-
tional motion and movement of the steam generator heat
exchanger tube bundle tubes, which phenomena could possibly
lead to tube wear, erosion, structural fatigue, stress
cracking, and the 1like, is effectively precluded. In
addition, foreign objects, having a predetermined size, are
effectively prevented from entering the tube bundle section
of the steam generator heat exchanger so as not to similar-
ly cause degradation of the steam generator heat exchanger

tube bundle +tubes as a result of conventional erosive
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impaction or impingement of such foreign particles upon.the
tubes.

A nuclear reactor produces heat as a result of
the fission of nuclear material which is disposed within
fuel rods, and the fuel 1rods are secured together in
predetermined arrays so as to define fuel assemblies. The
fuel assemblies, in turn, define the nuclear reactor core,
and the core 1is disposed within a reactor or pressure
vessel. In commércial nuclear reactor facilities, the heat
produced by means of the aforenoted fission processes is
utilized to generate electricity. In particular, a conven-
tional facility may éomprise, for example, a primary
coolant flow and heat exchange or transfer loop to which
conventional steam generators and steam turbines, as well
as electrical generators, are fluidically and mechanically
connected, respectively. A typical energy conversion
process for such commercial nuclear reactor facilities
would therefore comprise, for example, the transfer of heat
from the nuclear core to the primary coolant flow and loop
system, and from the primary coolant flow and loop system
to the steam generators by means of suitable heat exchang-
ers incorporated within the steam generators. The steam
generated within the steam generators is then of course
transmitted to the steam turbines to which the electrical
generators are operatively connected, and from which
electricity is ultimately generated.

The principal object of the present invention is
to provide a nuclear reactor steam generator wherein
turbulent fluid flow conditions are effectively prevented
from being generated or established within the heat ex-
changer tube bundle section of the generator defined within
the steam generator wrapper, and concomitantly, low veloci-
ty uniform fluid flow conditions free of vortices are in
fact established and wherein foreign particles entrained
within the infeed water, provided for the generation of
steam, are effectively prevented from entering the heat

exchanger tube bundle section of the generator so as not to
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cause any substantial degradation of the heat exchanger
tubes as a result of impaction oi: impingement thereon, the
aforenoted foreign particles being of a predetermined size.

With this object in view the present invention
resides in a steam generator, comprising a plurality of
heat exchange tubes through which a heated fluid flows,
said tubes being mounted on a tube sheet; a wrapper dis-
posed about said heat exchange tubes so as to define a heat
exchange tube section interiorly of said wrapper; an outer
shell disposed substantially concentrically about said heat
exchange tube wrapper so as to define a downcomer region
between said outer shell and said heat exchange tube
wrapper means for introducing water into said downcomer
region of said steam generator for flow into said heat
exchange tube section so as to permit said water to undergo
a heat exchange process with said heat exchange tubes and
thereby be converted into steam, characterized in that a
foraminous structure is arranged at the bottom end of said
heat exchange tube wrapper so as to extend around to bottom
end of said tubes for protecting said tubes from impacts of
debris and for imparting to said water nonturbulent uniform
flow conditions as said water flows from said downcomer
region of said steam generator into said heat exchange tube
section of said steam generator.

The foraminous structure may be a perforated
plate whose apertures have a diameter of approximately 6.3
mm and in this manner, foreign particles which may be
entrained within the incoming or feed water are effectively
prevenfed from entering into the heat exchanger tube bundle
section or region of the steam generator wherein such
particles would ordinarily impart considerable wear and
erosive damage to the heat exchanger U-bent tubes as a
result of impaction and impingement. While particles
having a diametrical extent of less than one-quarter inch
would be permitted to pass through the perforated plate of
the present invention and into the heat exchanger tube
bundle region of the steam generator, such particles are



10

15

20

25

30

35

4 0183049

not apt to cause any substantial degradation or erosive
problems with respect to the heat exchanger U-shaped tubes,
and in addition, the provision of the apertures having the
diametrical extent of one-quarter inch preserves the
desired fluid flow characteristics of the incoming or feed
water through the perforated plate and into the heat
exchanger tube bundle section of the steam generator. A
trade-off or balancing of operational objectives is there-
fore achieved. 7 '

The present invention will be more fully appreci-
ated as the same becomes better understood from the follow-
ing detailed description when considered in connection with
the accompanying drawings, in which like reference charac-
ters designate like or corresponding parts throughout the
several views, and wherein:

Figure 1 is a perspective view of a conventional
nuclear reactor steam generator showing the cooperative
parts thereof; ‘ -

Figure 2 is a front elevation view of the new and
improved perforated flow distribution plate constructed in
accordance with the present invention and illustrated as
being installed within, for example, a steam generator
facility such as that illustrated within Figure 1, and
mounted in operative relationship with respect to the steam
generator tube bundle wrapper and tube sheet;

Figure 3 1is a vertical cross-sectional view of
the new and improved perforated flow distribution plate
illustrated in Figure 2 and taken along the lines 3-3 of
Figure 2; and

Figure 4 shows another embodiment of the
invention.

With reference initially being made to Figure 1
of the drawings, a conventional steam generator structure.
or facility is disclosed. In particular, the steam genera-
tor is seen to comprise a vertically oriented, elongated
entity which includes a hollow, substantially cylindrical
shell 12 having an upper shell section 14, a lower shell
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section 16, and a transition zone section 1801n§§g9£?y
interconnecting together the upper ‘and lower shell sections
14 and 16. The diametrical extent of the upper shell
section 14 is greater than that of the lower shell section
16, and consequently, the transition 2zone section 18 has
the configuration of a conical frustum. A multitude of
steam generator heat exchanger tubes 20 extend vertically
within the central portion of the lower shell section 16 of
the steam generator so as to define together a tube bundle.
The uppermost portion of each of the tubes 20 extends
upwardly within the transition cone section 18 of the steam
generator and is seen to have an inverted U-shaped configu-
ration. In this manner, the lower extremities of each tube
20 can be fixedly secured within a tube sheet 22 disposed
within the lower end of the lower shell section 16.
Integrally formed or secured to the outer periphery of the
lower end of the lower shell section 16 within virtually
the same horizontal plane as that of the tube sheet 22 is
an annular support ring 24 by means of which the entire
steam generator structure is capable of being supported
upon the nuclear reactor facility or plant foundation. The
lowermost end of the steam generator lower shell section 16
is sealingly enclosed by means of a hemispherically shaped
shell portion 26, and disposed within hemispherical shell
26 1s a vertically oriented divider plate 28 which serves
to divide hemispherical shell 26 into two spherical quad-
rants. As may readily be appreciated, each of the quad-
rants is fluidically connected to one of the extremities of
each of the heat exchanger tubes 20, and each quadrant is
also provided with a fluid nozzle 30 and 32, respectively,
which serve to introduce nuclear reactor core coolant into,
and discharge nuclear reactor core coolant from, the steam
generator. In this manner, during operation of the nuclear
facility, primary core coolant is conducted throughout its
heat exchange or <transfer loop from the nuclear reactor
core, not shown, through inlet nozzle 30, the left steam
generator hemispherical shell quadrant 34, the steam
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generator tube bundle U-shaped heat exchanger tubes 20, the
right steam genera'tbr hemispherical shell quadrant 36, as
viewed in Figure 1, outlet nozzle 32, and back to the
nuclear reactor core.

In order to provide for the generation of steam
within the steam generator, an inlet feedwater nozzle 38 is
provided within a sidewall portion of the upper shell
section 14 of the steam generator, and a water conduit 40

'is disposed internally of nozzle 38. The conduit 40 is

integrally connected with an annular manifold 42 which has
operatively associated, in a fluidically connected manner,
a multitude of upstanding, inverted J-tubes or nozzles 44
through means of which the incoming feedwater is projected
downwardly in cascading sheets. In order to define a
flowpath for the céscading water flowing downwardly through
the steam generator, the entire tube bundle is enveloped or
encased within a cylindrical tube wrapper 46 which extends

'vertically, and substantially concentrically, within the -

lower and transitional zone sections 16 and 18 of the steam
generator shell 12, the tube wrapper 46 being rigidly
secured within the shell 12 by suitable means, not shown.
In this manner, the tube wrapper 46 and the lower and
transitional zone sections 16 and 18 of the shell 12 serve
to define an annular downcomer region 48 through which the
water flows downwardly toward the bottom of the steam
generator facility. It is seen that the lower peripheral
edge of the tube wrapper 46 is suspended above the upper
surface of the tube sheet 22 whereby a transverse flow
region is defined between the downcomer region 48 of the
generator and the tube bundle section of the generator
which is disposed interiorly of the tube wrapper 46. The
water therefore enters the tube bundle section of the
generator, and the heat exchange process between the water
and the heated tube bundle tubes 20, through which the hot
reactor core coolant is being conducted and circulated,
begins to take place with the water passing between all of
the heat exchange tubes 20. As a result, steam is
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generated; and the water and steam flow upwardly through
the entire tube bundle, between the tubes 20, under natural
convection. In order to provide lateral support and
stabilization for the heat exchange tubes 20 throughout
their vertical extent, a plurality of horizontally dis-
posed, vertically spaced tube support plates 50 are fixedly
secured to the interior wall surface of the tube wrapper
46. As is conventional, the heat exchange tubes 20 pass
through holes or apertures 52 defined within the tube’
support plates 50, there being sufficient spatial clearance
defined between the tubes 20 and the plate apertures or
holes 52 so as to provide for the desired, limited lateral
support and restricted movement of the tubes 20, in re~
sponse to the water flow thereabout as well as thermal
expansion and contraction conditions, without hindering the
passage therethrough of the water and steam flowing upward-
ly through the generator. It is to be further noted that
in view of the U-shaped configuration of the tubes 20, a
tube passageway or lane 54 is defined between the legs of
the tubes 20, and within each of the horizontally disposed
support plates 50, with the exception of the lowermost
plate 50', there are defined a plurality of radially
aligned slots 56 through which water and steam may likewise
pass from one vertically spaced or defined section of the
generator heat exchanger portion to another. The lowermost
support plate 50' has the configuration of an annular disc
with the central portion thereof open, and in this manner,
the plate 50' serves as a flow distribution baffle which
effectively causes a high percentage of the incoming water
to flow from the radially outer portion of the tube bundle
section of the steam generator, beneath the undersurface of
the plate or baffle 50', and upwardly through the large
central aperture defined within the plate or baffle 50',
with the remaining portion of the incoming water flow
passing upwardly through the apertures or holes 52 defined
within plate or baffle 50'. Water and steam can therefore
flow upwardly through the various vertically spaced stages



10

15

20

25

30

35

8 0183049

of the heat exchanger, through means of the holes or
apexrtures 52, as weli as the slots 56 and the lanes 54, in
a predeterminedly defined pattern which seeks to achieve
flow uniformity. In addition to the support plates 50,
antivibration bars 58 may be provided within the uppermost
portion of the wrapper 46 so as to engage the uppermost,
U-shaped bent sections of the heat exchanger tubes 20 for
likewise performing restrictive and stabilizing functions

" with respect to tubes 20 in a manner similar to that of

support plates 50 under steam and water flow, as well as,
thermal expansion and contraction, conditions. As a
result, excessive wear of the heat exchanger tubes 20 is
effectively prevented or substantially reduced, as is
vibrational noise.

The uppef end of the steam generator heat ex-
changer tube wrapper 46 is integrally provided with a
horizontally disposed deck or cover 60 so as to seal the
interior of the wrapper 46 within which the heat exchanger
U-bent tubes 20 are disposed, however, in order to permit
the upward escape of the generated steam from the heat
exchanger portion of the generator and out of the wrapper
46, a plurality of holes 62 are defined within the cover or
deck 60. A plurality of upstanding swirl wvane primary
moisture separators 64, in the form of, for example,
cylindrical tubes approximately 50 cm in diameter, are
vertically supported atop tube wrapper deck or cover 60
with the lower ends thereof respectively in fluidic commu-
nication with the apertures or holes 62. A pair of hori-
zontally disposed, wvertically spaced lateral support plates
66 are fixedly secured with respect to the moisture separa-
tor tube systems at the upper ends and the axially central
portions thereof, and in particular, it is seen that a
plurality of apertures 68 are defined within the axially
central or lower support plate 66 so as to permit the
separator tubes 64 to pass therethrough. A plurality of
outer cylindrical casings 70 concentrically surround those
portions of the swirl vane separator tubes 64 which are
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disposed between the lateral support plates 66, and the

upper ends of the casings 70 are in contact with the
undersurface of the 1lower 1lateral support plate 66.
Orifice bushings 72, having a diametrical extent which is
less than that of the casings 70, are disposed within
apertures 74 defined within the upper lateral support plate
66 such that the upper ends of the bushings 72 extend
slightly above the upper surface of the upper support plate
66 while the lower ends of the bushings 72 are disposed
within the upper ends of the casings 70. The upper ends of
the swirl vane tubes 64 terminate at a level within the
casings 70 which is below that of upper lateral support
plate 66, and in this manner, water thrown radially out-
wardly under centrifugal force as a result of the passage
of the steam/water mixture throudh the swirl vane separator
tubes 64, and in particular past the swirl vane separators
76 respectively disposed within each tube 64, can collect
upon the inner surface of each casing 70 while the steam
can continue to +travel axially upwardly so as to pass
through the upper ends of the separator casings 70 and
orifice bushings 72. The lower ends of the casings 70 are
provided with rectangulaily shaped cut-outs or apertures 78
so as to permit the aforenoted separated water to pass
outwardly therethrough and over the peripheral edge of the
lower lateral support plate 66 and be discharged back into
the downcomer region 48 for recirculation back upwardly
through the heater exchanger tube bundle within wrapper 46.

Within the uppermost section of the steam genera-
tor shell portion 14, there is defined a steam dome chamber
80 into which the steam exiting from the orifice bushings
72 enters, and within which there is disposed a plurality
of stacked positive entrainment steam dryers 82. The
dryers 82 have the configurations of cubes or rectangular
parallelepipeds, and the upper surface of the dryer 82 is
open so as to mate with a similarly configured cut-out or
aperture 84 defined within a divider plate 86 disposed
within the steam dome chamber 80. In this manner, the
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steam exiting from the orifice bushings 72 and passing into
the steam dome chamber 80 is forced to enter the sidewalls
of the dryers 82 before being further passed through dryer
82 and upwardly out of dryer opening 84 for discharge from
the steam generator through means of an axially upstanding
steam nozzle 88 disposed atop the steam generator. The
dryers B2 serve to separate any remaining or residual water
vapor entrained within the steam before the latter is
conducted to the steam nozzle 88 for further passage to the’
steam turbines and electrical generators, not shown, and
any such separated water is conducted vertically downwardly
to a suitable pool or reservoir 89, defined within the
central portion of the wrapper deck or cover 60, by means
of an axially central drain pipe 90 dependently affixed to
the'floor 92 of the lower dryer 82. The lower end of pipe
90 is vertically spaced above wrapper deck or cover 60, and
in this manner, the water collected within reservoir or
pool 89 may ultimately flow radially outwardly over the
wrapper deck or cover 60 so as to cascade downwardly into
the annular downcomer region 48.

Having now generally described the heat exchange
operation of a conventional or typical steam generator, it
has been observed that when the infeed water flowing
vertically downwardly within the steam generator annulus or
downcomer region 48 defined between the lower outer shell
section 16 and the heat exchange bundle tube wrapper 46
traverses the region defined beneath the lower free end of
the wrapper 46 so as to commence the upward flow within the
wrapper 46 and between the heat exchanger U-bent tubes 20,
considerable turbulence within the flow may develop due to
the generation of wvortices within the fluid flow as a
result of the fluid encountering the upper surface of the
tubesheet 22 as well as the lower ends of the legs of the
heat exchange tubes 20 affixed within the tubesheet 22 as
the flow seeks to achieve the 180° reversal in flow direc-
tions as defined by means of the flow vertically downwardly
within the downcomer region 48 and vertically upwardly
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interiorly of wrapper 46 and between heat exchanger tubes
20. Such turbulent flow conditions may result in excessive
vibrational motion of the heat exchanger tubes 20 within
wrapper 46 so as to lead to rapid wear and erosion of the
same. In addition, it is likewise possible that entrain-
ment of foreign particles within the fluid flow could cause
rapid degradation of the tubes 20 as a result of impaction
or impingement of the same upon the tubes 20 under high
velocity turbulent flow conditions. '

With reference now being made to Figures 2 and 3
thereof, there is illustrated a perforated flow distribu-
tion plate arrangement generally indicated by the reference-
character 100. It is to be appreciated that the perforated
flow distribution plate 100 of the present invention
comprises an annulus disposed circumferentially about the
entire interior portion of the steam generator although, of
course, only a limited section of the plate 100 is illus-
trated. As particularly seen from the drawing figures, the
perforated plate 100 has the form Sf a conical frustrum and
is, in effect, a perimetrical skirt adapted to be inter-
posed between the lower free edge portion 202 of the
annular steam generator heat exchanger tube bundle wrapper
146 and the upper surface 204 of the tube bundle tube sheet
122. It is to be noted at this juncture that the reference
characters denoting, for example, the various components of
the steam generator system illustrated within Figures 2 and
3 are similar to those reference characters denoting the
same components of the steam generator system illustrated
within Figure 1 with the exception that the reference
characters employed within Figures 2 and 3 are in a 100
series of numbers.

As a result of the interdisposition of the
perforated flow distribution plate 100 between the lower
free end or edge portion 202 of the steam generator tube
bundle wrapper 146 and the upper surface 204 of the tube
bundle tube Fheet 122, the downcomer region 148 of the

steam generator, within which incoming infeed water is
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flowing vertically downwardly as seen in the direction of
arrow 206 between the steam generator outer shell 116 and
the wrapper 146, is physically separated from the portion
208 of the steam generator which is radially internally or
interiorly of the steam generator wrapper 146 and within
which the heat exchanger U~shaped tubes 20 would be dis-
posed, although the latter are not illustrated within
Figure 3. It is seen that the perforated flow distribution
plate 100 comprises a plurality of main body portions or

.segments 210 within each of which there is defined a

multitude of through-bores or apertures 212 which are
uniformly distributed throughout each plate main body
portion or segment 210 in an array which comprises diago-
nally extending rows, all as best seen in Figure 2. In
light of the.foregoing structure, then, when the incoming
infeed water flowing vertically downwardly in the direction
of arrow 206 within the downcomer region 148 of the steam

generator seeks to cross-over or traverse the region of the

steam generator which is located directly beneath the lower
free end or peripheral edge 202 of the tube bundle wrapper
146 so as to pass from the downcomer region 148 of the .
generatér into the tube bundle section or region 208 of the
generator, the water is forced to pass only through the
through-bores or apertures 212 of the perforated flow
distribution plate segments or sections 210. As can thus
be appreciated from Figure 3, therefore, uniform flow,
exhibiting substantially parallel flow paths as designated
by the arrows 214, is achieved through the perforated flow
distribution plate segments or sections 210, and such flow
is free from turbulent conditions which characterizes the
flow within such regions of a steam generator within which
the perforated flow distribution plate 100 of the present
invention is not employed, such as, for example, as illus-
trated within Figure 1. Viewing the flow conditions in a
slightly different 1light or from a slightly different
viewpoint, the disposition of the perforated flow distribu-
tion plate 100 within the transition 2zone 216 defined
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between the downcomer region 148 and the tube bundle region
208 serves to ‘interrupt the fluidic communication between
the downcomer and tube bundle regions 148 and 208, respec-
tively, whereby the normal 180° flow path of the incoming
infeed water 206, which serves to induce the turbulence and
the generated or developed vortices, is in fact unable to
establish or generate such vortices and turbulent flow
conditions because such conventional 180° flow path has
been effectively severed, and in lieu thereof, there has
been established a plurality of substantially parallel flow
paths as schematically illustrated by the arrows 214.

In addition to aforenoted structural features per
se of the perforated flow distribution plate 100 of the
present invention, and its particular disposition within
the transition zone 216 of the steam generator, it is also
of importance to appreciate the fact that the plate 100
likewise serves to drastically alter the flow velocity
characteristics of the incoming infeed water flow 206.
More particularly, +the lower free end or peripheral edge
portion 202 of the steam generator wrapper 146 is conven-
tionally disposed above the upper surface 204 of the tube
bundle tube sheet 122 a distance approximately between 30
and 35 c¢cm, while the distance defined between the tube
bundle wrapper 146 and the steam generator shell 116 is
approximately 5 or 7.5 c¢cm. The fluid velocity of the
incoming infeed water 206 flowing vertically downwardly
within the downcomer region 148 is approximately 5 m per
second, and therefore, in view of the fact that there is an
approximate factor of five defined between the fluid flow
spaces between the wrapper lower edge-tube sheet upper
surface and the shell wrapper, the flow velocity of the
incoming or feed water through ‘the transition zone or
region 216 would normally be reduced by one-fifth so as to
exhibit a speed of 1 m per second. In reality, however,
the actual flow wvelocity is substantially higher, and on
the order of 2.6 or 3.3 m per second due to the turbulent
conditions induced within the flow path. Continuing
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further, by the provision of the perforated flow distribu-
tion plate 100 of the present invention, wherein the same
is provided with a porosity factor or approximately fifty
per cent (50%) by means of through-bores or apertures 212,
a factor of two is introduced into the system, and conse-
quently, the flow velocity of the water through the holes
or apertures 212 within the perforated flow distribution
plate 100 of the present invention is approximately six
feet per second (6 fps). This compares quite favorably
with the aforenoted wvelocity characteristic of the conven-
tional steam generator system, and in addition, it is also
to be emphasized, of course, that the resulting flow
through the perforated flow distribution plate 100 of the
presént invention is uniform flow which is free of turbu-
lence, vortices, and the like. Still further, in view of
the uniform flow paths through the flow distribution plate
100 as schematically designated by the arrows 214, it has
been experienced that the turbulent and vortex flow condi-
tions which possibly occur within a conventional steam
generator which does not employ the flow distribution plate
100 of the present invention do not in fact tend to be
re-established or regenerated within the tube bundle region
208 of the generator. As a result of all of the foregoing,
no substantial wvibrational forces are induced upon the
steam generator tube bundle tubes 20 whereby excessive wear
of the tubes 20 is effectively prevented with a concomitant
extension in the service life of the heat exchanger tubes
20. As an additionally desirable characteristic or feature
of the flow distribution plate 100 of the present inven-
tion, each of the through-bores or apertures 212 has been
predetermined so as to have a diametrical extent of approx-
imately 6.3 mm, and in this manner, foreign particles which
may be entrained within the incoming infeed water 206, and
having a diametrical size greater than 6.3 mm are prevented
from entering the tube bundle section of the generator. In
this manner, erosive degradation of the tubes 20 of the

generator is minimized as a result of eliminating such
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particles from the tube bundle region 208 of the generator
wherein such particles would normally impact and impinge
upon the tubes 20.

With reference still being made to Figure 3 of
the drawings, it is seen that in order to provide for the
installation of the perforated flow distribution plate 100
of the present invention in connection with, for example,
already existing steam generator facilities, the upper edge
of each perforated plate segment 210 is integrally provided
with an upstanding flange portion 218 as well as a horizon-
tally extending flange portion 220 such that the two
flanged portions together define an L-shaped shoulder or
seat for engagement with the lower free end or peripheral
edge portion 202 of the generator wrapper 146. The primary -
or main body portions 210 of each perforated plate segment
is seen to be inclined with respect to the horizontal
through means of an angle « of approximately 80°, and
consequently, when the plate segments 210 are wedgingly
interposed between the upper surface 204 of the tube sheet
122 and the lower free peripheral edge portion 202 of the
generator wrapper 146 such that the wrapper edge portions
202 is seated within the plate shoulder region as defined
by means of the plate segment flanged portions 218 and 220,
the inclined plate segments 210 will be disposed within a
stable erected mode relative to the generator wrapper 146
and the tube sheet 122, under the influence of the incoming
infeed water 206, it being remembered that the perforated
flow plate 100 of the present invention extends circumfer-
entially about the entire lower end portion 202 of the
wrapper.

In order to actually install the perforated flow
distribution plate 100 of the present invention into
existing steam generator facilities, an access must ini-
tially be made within the steam generator outer shell 116
so as to permit insertion of the individual plate segments

210 into the annular downcomer region 148 of the generator

as well as to provide manipulative access to the segments
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210 once the same are disposed within the downcomer region
148. If the generator vessel or shell 116 is conventional-
ly provided with manipulative access passageways, such as,
for example, that shown at 222 in Figure 1, then such
passageways may be employed for facilitating additional
manipulation of the plate segments 210 within the downcomer
region 148, provided that such access passageways are
located at a suitable or proper elevational 1level with
respect to the tube sheet 22 or 122, it being noted that
such access passageways 222 are not conventionally large
enough to permit the insertion of the plate segments 210
into the downcomer region 148. Once individual perforated
flow distribution plate segments 210 are inserted through
the access holes in the generator shell 116, adjacent
segments may be securely fastened together either by means
of welding techniques or be suitable brackets 224 provided
upon the upper side edge of each plate segment, within or
through which bolt fasteners 226 may be inserted. While
such brackets 224 are illustrated as being employed only
along the upper extent of each plate segment, it is under-
stood that if such be desired, similar brackets and bolt
fasteners may likewise be employed along the lower extent
or edge of each of the segments 210 .so as to maintain the
abutting side edges of the segments 210 in close, sealed
contact with each other. Upon completion of the welding or
bolt fastening processing of, for example, the first two
segments 210, the assembled plate segments 210 may be
translated circumferentially within the transition zone 216
of the generator in order to accommodate the next plate
segment 210 to be welded or bolt fastened to the preceding
plate segments 210. It is to be understood that in view of
the fact that the circumferential curvature of each of the
plate segments 210 is similar to that of the generator
wrapper 146, and in particular, the fact that the circum-
ferential curvature of the plate flanged portions 218 and
220 are substantially identical to that of the wrapper so
as to be operatively mated therewith, such circumferential
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translation of the segments within the transition zone 215
of the generator for accomplishing the installation of the
entire plate 100 within the generator should not present
any problems. Upon assembly together of all of the plate
segments 210, and the disposition of the entire plate 100
about the lower periphery of the generator wrapper 146, the
first and last two plate segments 210 may be welded or
bolted together, however, it is noted that the segments 210
are not, and need not, be fixedly secured to the generator
wrapper 146 within existing steam generator facilities.
Such assembly processing or techniques not only permits the
circumferential translation of the assembled segments about
the transition zone 216 of the generator so as to accommo-
date additional segmenfs for assembly thereof, but in
addition, such foreshortens the requisite assembly time and
any exposure of such assembly or maintenance personnel to
radiation as a result of the core coolant having been
conducted through the heat exchanger tube bundle tubes 20.
Upon completion of the entire assembly operation, it is
simply necessary to close the access hole originally made
within the generator shell 116 so as to preserve the
structural integrity of the shell and the generator.

In accordance with an alternative mode of in-
stalling the perforated flow distribution plate 100 of the
present invention within the steam generator facility,
access to the interior of the steam generator shell may be
accomplished through means of maintenance or inspection
manways conventionally provided within the steam dome
chamber region 80 of the upper steam generator shell
section 14 as shown in Figure 1 at 228. The individual
circumferentially curved or arcuate plate segments 210 may
then be lowered vertically downwardly within the upper and
transition zone sections 14 and 18 of the generator and
ultimately passed downwardly into the downcomer region 148.
The lower maintenance of personnel access or inspection
manways 222 may then be utilized for performance of the

actual installation, circumferential +translation, and
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in-situ welding or bolt fastening operations in connection_
with the plate 100, if the manways 222 are suitably located
elevationally with respect to the tube sheet 122. 1If the
manways 222 are not suitably located, then access penetra-
tions are again required to be made within the steam
generator shell 116, however, these penetrations need not
be as large as those required in accordance with the
previous mode of installation for they do not have to
provide for the insertion or introduction of the plate’
segments 210 into the generator. It is foreseeable that
some difficulty might possibly be encountered in accordance
with this mode of installation of the plate segments 210
into the generator in that the tapered transition zone
annulus, as defined between the shell <transition =zone
section 18 and the corresponding portioh of the tube bundle
wrapper, may not readily permit traversal therethrough of

the circumferentially curved or arcuate-shaped plate

segments 210, in which instance access penetrations, not

shown, in the form of vertically extending grooves or the
like, may have to be provided within the outer surface of
the tube bundle wrapper. Lowering of the plate segments
210 from manways 228 to the tube sheet 122 or 22 may be
accomplished by any suitable means, such as, for example,
suspension cables, or the like.

In the instance of new steam generator facili-
ties, the perforated flow distribution plate 100 of the
present invention may simply be provided as an integral
skirt portion of what otherwise would be the conventional
tube bundle wrapper, and consequently, the foregoing
installation requirements would not longer be 'required. It
is noted that the tube bundle wrapper 146 is conventionally
fabricated from a suitable carbon steel, however, in crder
to improve the erosive and corrosive resistivity of the
perforated or foraminous flow distribution plate 100 of the
present invention, it might be best to fabricate the same
from a suitable metal, such as, for example, INCONEL 600.
This is particularly desirable in view of the fact that the
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plate 100 also serves to prevent the introduétion of
foreign particles, larger than the aforenoted predetermined
size of 6.7 mm in diameter, into the tube bundle region 208
of the generator. Long term testing in reference water
chemistry has shown that plates having such through-holes
defined therein do not experience any substantial tendency
for erosion, sludge deposition, or the 1like, and the
fabrication of the plate segments 210 from INCONEL 600
would eﬁhance these operative and service life characteris-
tics or properties still further. In the instance that the
plate segments 210 are therefore fabricated from a differ-
ent material than that of the wrapper 146, the plate
segments 210 may be welded to the wrapper 146 prior to the
installation of the wrapper 146 within the generator, or
still alternatively, a one-piece perforated flow distribu-~
tion plate skirt, fabricated of INCONEL 600, may be welded
or otherwise secured to the lower end of the wrapper 146
prior to installation of the same within the generator. It
is of course to be understood that in connection with
existing facilities, the plate segments 210 fabricated of
INCONEL 600 would be installed in accordance with the
aforenoted in-situ techniques, and not directly affixed or
secured to the wrapper 146. The width of the individual
plate segments 210 will be dictated by means of commercial-
ly available strip dimensions, and the thickness of the
plate segments 210 may be specified by means of suitable
stress analyses, anticipated transient flow 1loads under,
for example, fluid line rupture conditions, and the like.

In the embodiment shown in Figure 4 a plurality
of strong cylindrical members 124 constructed as either
solid rods or thick-walled, hollow tubes, £for example,
having a wall thickness of greater than about 2.5 mm.

The cylindrical members 124 generally have a
length sufficient to span the opening 125 and are arranged
around the lower peripheral portion of the tube bundle 108
in alignment with the longitudinal axis thereof. The

cylindrical members 124 are dimensioned to have an outside
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diameter corresponding to the outside diameter of the heaf
transfer tubes 20 and are arranged in an array having s
pitch corresponding to the pitch of the heat transfer
tubes. In this regard, the cylindrical members 124, by
having the same outside diameter and pitch as that of the
heat transfer tubes 20, act 1like another row of heat
transfer tubes 20 to the flowing fluid such that the
pressure loss of the fluid flowing through the annular

downcomer passage 106 and across the cylindrical members

into the tube bundle 108 is almost negligible. According-
ly, the cylindrical members  function as an almost inde-
structible screen against impacting pieces of metallic
debris swept along by the fluid flowing within the annular
downcomer passage 106. '

The cylindrical members 124 can be secured at
their lower ends to the tube sheet 122 within openings 126
provided about the periphery of the tube bundle. The
openings 126 may be threaded so as to receive a correspond-
ing threaded portion of the lower ends of the cylindrical
members 124, or may provide for a slip or friction f£fit
therebetween. In any event, the cylindrical members 124
can be spot-welded or permanently fastened in some other
way to the tube sheet 122 if desired. The upper ends of
the cylindrical members 124, extend through openings 128
provided within the first flow distribution support baffle
112 and are secured to the support baffle 112 by means of a
collar 130 engaging a portion of the cylindrical members,
as well as by welding them together. The cylindrical
members 124 extend between the tube sheet 116 and the
support baffle 112. However, it is not necessary that the
cylindrical members 124 extend to the first support baffle
112. It is only required that the cylindrical members 124
extend generally across the extent of the opening 125,
whereby the upper end of the cylindrical members may
terminate freely under the first support baffle at a
location indicated, for example, by the dotted lines 132.
Protection above the support baffle 112 is not required, as
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this flow distribution support baffle prevents any ris

from passing therebeyond.
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CLAIMS:

1. A steam generator, comprising a plurality of
heat exchange tubes (20) through which a heated f£fluid
flows, said tubes (20) being mounted on a tube sheet (122);
a wrapper (146) disposed about said heat exchange tubes
(20) so as to define a heat exchange tube sectién (208)
interiorly of said wrapper (146); an outer shell (116)
disposed substantially concentrically about said heat
exchange tube wrapper (146) so as to define a downcomer
region (148) between said outer shell (116) and said heat

exchange tube wrapper (146), and means (40) for introducing

water (206) into said downcomer region (148) of said steam

generator for flow into said heat exchange tube section
(208) so as to permit said water to undergo a heat exchange
process with said heat exchange tubes (20) and thereby be
converted into steam, characterized in that a foraminous
structure (100) is arranged at the bottom end of said heat
exchange tube wrapper (146) so as to extend around the
bottom end of said tubes for protecting said tubes from
impacts of debris and for imparting to said water
nonturbulent uniform flow conditions as said water flows
from said downcomer region (148) of said steam dgenerator
into said heat exchange tube section (208) of said steam
generator. '

2. A steam generator according to claim 1,
characterized in that said foraminous structure is a
foraminous plate extending between the bottom end of said
wrapper (146) and said tube sheet (122) and being inclined
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so as to extend from said wrapper outwardly toward said
shell (116), at an angle of about 80° with respect to a
horizontal plane.

3. A steam generator according to claim 2,
characterized in that said foraminous plate comprises a
plurality of arcuate plate segments secured together so as
to form an annular ring.

4. A steam generator according to claim 2 or 3,
characterizéd in that the porosity factor of said
foraminous plate is approximately fifty per center (50%).

5. A steam generator according to any of claims
1 to 4, characterized in that said foraminous structure is
fabricated from INCONEL 600.

6. A steam geherator according to any of claims
1 to 5, characterized in that said foraminous structure has
apertures of a predetermined size of approximately 6.3 mm
in diameter thereby to prevent foreign particles having a
size greater than said predetermined size from entering
salid tube bundle section of said steam generator.

7. A steam generator according to claim 1,
characterized in that said foraminous structure comprises a
plurality of cylindrical members (124) having an outside
diameter corresponding to the outside diameter of said heat

transfer tubes (20) and arranged in radial alignment with

said heat transfer tubes (20).

8. A steam generator according to claim 7,
characterized in that said cylindrical members are a
plurality of solid rods (124).
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