PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :

F22B 37/54 Al

(11) International Publication Number:

(43) International Publication Date:

WO 90/12983

1 November 1990 (01.11.90)

PCT/US90/02215
24 April 1990 (24.04.90)

(21) International Application Number:
(22) International Filing Date:

(30) Priority data:

343,001 25 April 1989 (25.04.89) us

(7)) Applicant: KINDLING, Alexander, T. [US/US]; 5619
Kentucky Avenue, Pittsburgh, PA 15232 (US).

(71X(72) Applicant and Inventor: STOLMAR, Aladar [HU/US];
1819 Atkinson Place, Pittsburgh, PA 15235 (US).

(74) Agent: POFF, Clifford, A.; Suite 2230 Koppers Building,
436 Seventh Avenue, Pittsburgh, PA 15219 (US).

(81) Designated States: AT (European patent), BE (European
+ patent), CA, CH (European patent), DE (European pa-
tent), DK (European patent), ES (European patent), FR
(European patent), GB (European patent), HU, IT (Eu-
ropean patent), JP, LU (European patent), NL (Euro-

pean patent), SE (European patent), SU.

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: METHOD AND APPARATUS FOR ORGANIZING THE FLOW OF FLUID IN A VERTICAL STEAM GEN-

ERATOR

(57) Abstract

Apparatus and meth-
od for preventing formation
of stagnate volumes and
sludge deposition sites (40)
in lower central regions of
steam generating fluid con-
tained in vertical-tube heat
exchangers of steam genera-
tors. Fluid in the generator is
injected into the heat ex-
changer by diametrically-op-
posed flow vanes (20) direct-
ing fluid in opposite direc-
tions (30) near the central re-
gion of a tube sheet (2) at the
lower end of the heat ex-
changer. The fluid is injected
adjacent and parallel (30) to
the tube sheet surface to in-
duce initial rotational flow
(32) in the fluid, thus intro-
ducing horizontal, outwardly
directed radial flow compo-

nents into the vertically flowing fluid in the generator. The flow vanes (20) induce a system of vertical, radial and rotational flow
components into the fluid; which system causes the fluid to separate portions of dissolved or suspended sludge. Such precipitated
sludge is directed to collection sites (42) near the periphery of the tube sheet where it is expelled from the generator,

+ See back of page




DESIGNATIONS OF “DE”

Until further notice, any designation of “DE” in any international application
whose international filing date is prior to October 3, 1990, shall have effect in the
territory of the Federal Republic of Germany with the exception of the territory of the
former German Democratic Republic.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT. :

AT | Austria ES  Spain MC  Monaco

AU Australia Fi Finland MG  Madagascar
BB  Barbados FR  France ML Mali

BE  Bclgium GA  Gabon MR  Mauritania
BF  Burkina Fasso GB  United Kingdom MW Malawi

BG  Buigaria GR  Greeee NL  Netherlands
BJ Benin HU  Hungary NO  Norway

BR  Bravil 1T ltaly RO Romania
CA  Canada JP Japan SD  Sudan

CF  Central African Republic KP  Democratic People’s Republic SE  Sweden

CG Congo of Korca SN Senegal

CH  Switzerland KR Republic of Korca SU  Soviet Union
CM  Cameroon Li Licchienstein TD  Chad

DE  Germany, Federal Repablic of LK~ Sri Lanka TG  Togo

DK Denmark LU  Luxembourg US  United States of America




WO 90/12983 PCT/US90/02215

10

15

20

25

1

METHOD AND APPARATUS FOR ORGANIZING
THE FLOW OF FIUID IN A VERTICAL STEAM GENERATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention: This invention relates
to organizing the flow of a fluid in a vertical heat
exchanger to prevent the formation of a stagnant volume
therein and also to direct sludge forming contaminants
occurring in the fluid toward predetermined sites for
withdrawal from the heat'exchanger. More particularly, the
present invention is useful in a steam generator of the
type in which a multiplicity of heating tubes extend from a
tube plate and wherein a rotational flow is induced in the
steam generating fluid by introducing the fluid into a
bottom central portion of the generator just above the tube
plate. The rotational flow washes radially outwardly across
the surface of the tube plate to carry salts and/or other
contaminants capable of forming sludge to predetermined
collection and discharge sites at the periphery of the tube
plate.

2. Description of the Prior Art: As is known in
the art, a steam generator is a form of heat exchanger used
in power plants, particularly nuclear power plants, to
produce steam which is used to drive a turbine-generator for
the production of electric power. A steam generator of this
type includes a bundle of vertically orientated tubes inside
a cylindrical shell. 1In certain éteam generators, the tubes
are bent to a U-shaped form and fastened in inverted

positions to a tube sheet in a lower part of a shell. 1In
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other types of steam generators, also called "once through",
the tubes are stralght and fastened to lower and upper tube
sheets located inside the shell. In both types of steam
geaerate}s,'tﬁe primary coolant from the nuclear reactor
Sflows 1ns1de the vertlcally orientated tubes in order to
heat a fluld medium used for generating steam which flows
upwardly in the spaces between the tubes. The tubes in the
bundle—formation are relatively long to allow a needed

residence time for the heat exchange process. As the fluid

10rises in the steam generator along the outside surfaces of

V:the bundle of tubes the fluid is converted to gaseous steanm
';b an eve;‘lnereas;ng extent so that after leaving the heat
exchanger the steam is separated from the liquid and
essentiaﬁiy'only steam is drawn off at the top portion of
15the steam generator in order to drive a turbine generator.
| fn the 11qu1d to-gas conversion process the upward
| volumetrlc flow rate is ever increasing with a concurrent
decreasing den51ty. Under these operating conditions and at
the operating pressures of the steam generator, the average
20concentration of the salt content in the liquid volume
’.increases witﬁ time because of the above-mentioned
evaporatiéhAprocess, chemical factors, thermal factors, and
stiil‘otﬁet faetors. 'When the concentration of the salt
contaminate becomes too great, the salt begins to
25prec1p1tate out of solutlon to form sludge deposits.
An equilibrium salt concentration can be achieved in
the steam'Qenetator water with the organization of a partial

£

blowdown flow and an excess clear feedwater uptake.
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Nevertheless, the proper selection of blowdown rates does
not prevent the sludge collection in a conventional steam
generator with turbulent intake at the bottom of the heat
exchanger. This is because the low upward flow velocity
together with uncontrolled organization of flow channels due
to the conversion of liquid to steam contribute to the
organization of stagnate fluid volumes. At these stagnate
volumes, the sedimentation of the salt, both in the form of
ions and in the form of solid particles, can be seen as the
intermediate cause for sludge formation. The stagnation
sites are prevalent at the cooler flow spaces between the
tubes in the lower central part of a steam generator.

In a typical steam generator of the type described,
an entry flow of a mixture of feed water and steam generator
water is directed into the lower portion of a steam
generator through circumferential opening just above the
tube sheet and communicating with a downcomer flow space
between inner and outer shell members of the generator. As
the water mixture enters the tube interspace from the
downcomer, the immediate effect by the heat exchange process
is an induced upward flow of the fluid, turning the initial
horizontal flow of water from the circumferential opening
upward, causing channels with elevated velocity to form in
accordance with local heat-up rates and isolating the colder
parts of the heat exchanger, whereby a stagnation to the
fluid flow is further induced. A change in the selection of
blowdown uptake location alsoc cannot solve the problem

because of the self reorganization of flows under
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uncontrolled normal operation flow conditions.

The stagnate volume allows the sludge to accumulate
on the tube sheet, rise along the tubes and become situated
in colder central volumes. Under these conditions, local
corrosion occurs. With the ever increasing build-up of
sludge, there occurs a need for more frequent down time for
maintenance, particularly clean-up operations. As a
consequence, more limited and costly restrictions are
usually imposed on the quality of feed water that can be
used in the steam generator.

SUMMARY OF THE PRESENT INVENTION

It is an object of the present invention to provide

for directing the flow of a steam generating fluid in a

~vertical steam generator of the type having a horizontally

15

oriented tube plate, from which a bundle of heat exchanger
tubes arise, in such a manner to eliminate a stagnate fluid
flow condition in central colder lower regions of the fluid
medium by imparting thereto a directed flow which is

generally parallel to the tube plate and of a sufficient

HJVelocity and volume to insure fluid movement at lower

25

;elevations just above the tube plate which prevent the
occurrence of central sites of stagnate fluid.

It is a further object to reduce, control and
elimiﬁate the quantity of sludge precipitated at lower
regions of a vertical heat exchanger.

It is a further object of the present invention to
provide a2 method and apparatus for introducing a component

of flow into a fluid medium of a vertical heat exchanger in
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a rotational direction just above the tube plate so as to
carry sludge-forming contaminants occurring in the fluid
medium to predetermined collection and discharge sites at
the periphery of the tube plate whereby the sludge-forming

5 contaminants can be effectively and efficiently purged from
the heat exchanger.

Still other objects and advantages will become

apparent when one considers the attached drawing figures and
the description of the invention presented hereinbelow.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view of a steam
generator having fluid flow directing means of the present
invention contained therein;

Figure 2 is a partial cross-sectional view taken

15along line II-II of Figure 1 with the heating tubes removed
for purposes of clarity:

Figure 3. is a perspective view of the flow directing
means of the present invention;

Figure 4 is a plan view in section of the flow

20directing means of the present invention taken along line
IV-IV of Figure 2;

Figure 5 is an enlarged side view of one of the flow
directing means of the present invention;

Figure 6 is a view taken along line VI-VI of Figure

255;

Figure 7 is a view taken along line VII-VII of

Figure 6;

Figure 8 describes the flow patterns of a steam
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generating fluid in a vertical stean generator without the
flow directing means of the present invention; and

Figure 9 describes the flow patterns of a steam

generating fluid in a vertical steam generator with the flow

directing means of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In Figure 1 there is illustrated a shell-type heat

'exchanger\wherein a primary working fluid experiences

10

15

20

25

indirect heat exchange with a secondary working fluid. The
heat exchange:-censists of a vessel 1 having a tube sheet 2
disposed at its lower end portion, and a header 3 attached
beneath the tube sheet. The header 3 has an inlet 32, and
outlet 3B, and defines an incoming working fluid chamber 4
and an dutgoing inventory chamber 5. & plurality of
subétané}ally U-shaped tubes 6 have their respective end
portioné;mounted in the tube sheet 2 for passing fluid from
tbgfphémger 4 to chamber 5. Primary working fluid is
indicated by arrows P. The vessel 1 has an inlet 1A and an
outlet 1B for secondary working fluid indicated by arrows S.
It ig understood that secondary fluid S is passed in a heat

exchange relation to the primary working fluid P passing

through the, tubes 6 to raise the temperature of the

seconda;y fluid S to the extent that it is typically
ponverté& from a liquid to a gas. In the above arrangement,
the roi; of the tube sheet 2 is basically to fix the
location of the ﬁﬁpes 6. The header 3 is of hemispherical

configuration with a radius of nearly three times the width

- of the tube sheet. The inventory volume of the header 3 is
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therefore relatively large. The interior of the vessel
contains a cylindrical peripheral wall in the form of an
annular baffle plate 10 which according to the present
invention is substantially continuously joined to and

5 extends from the top surface of the tube sheet 2 upwardly
about the outer periphery of the bundle of tubes 6 beyond
the reverse bends of the tubes where the baffle 10 is then
joined with a truncated conical baffle 12. As is known, a
plurality of vertically spaced supports 7, also known as

10 tube support plates, maintain the tubes 6 in proper vertical
orientation within baffle 10. Baffle 10 is spaced from the
shell by supports (not shown).

Baffle 10 forms an inner evaporator chamber 14 and
baffle 12 forms a collection chamber 13 wherein a vapor-

15 1liquid mixture is processed.

From the mixture collection chamber 13 the flowing
mixture is passed to vapor-liquid separator apparatus which
includes a multiplicity of separators indicated as 13A being
mounted upon baffle plate 12A and communicating with the

20 chamber 13 by means of openings 13B provided in the plate
12A. The separators 13A may be of any well-known
construction and are arranged to discharge separated liquid
downwardly upon the baffle plate 12A from whence it is
returned to an annular downcomer passage 16 to be mixed with

25the incoming feedwater S and recirculated through the
vessel. The separated vapor, on the other hand, is
discharged from the separators in the upward direction and

passes through the vapor outlet nézzle 1B to a point of use.
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Annular downcomer passageway 16 is formed between the shell
of the vessel and annular baffle plate 10. Feed water
entering at 1A is discharged by a ring shaped header 15 and
flows downwardly along the downcomer passage 16. Upstanding
slots 18 which provide the only discontinuities between the
attachment of baffie plate 10 to the tube sheet 2, are
formed in the baffle plate 10 at generally diametrically
opposite sites. Slots 18 are connected in a fluid type
relation with flow directing vanes in the form of injector
housings 20 each having a length sufficient to extend from
the baffle 10 to the proximate geometric center of the tube
sheet 2. The injector housings 20 are supported by spacer
plates 21 at first and second opposite longitudinal end
portions thereof which raise the bottom wall 22 of each of
the housings 20 above the tube sheet 2 to allow a flow of
water in the spaces 22A thus formed beneath the housings 20.

As depicted in Figures 3, 5 and 7, flow vanes or
injector housings 20 each have a top wall 24 and opposed
substantially vertical side walls 26 and 28 downwardly
extending therefrom to bottom wall 22. The radially
innermost portions of top wall 24, side walls 26 and 28, and

bottom wall 22 are closed by the spacer plate 21 located

proximate the central portion of tube sheet 2. Preferably,

top wall 24 is semicircular in cross-section and extends in
an upwardly inclined fashion from the central spacer plate
21 to the juncture of housing 20 with upstanding slots 18

formed in baffle 10. It is also contemplated that the top

wall 24 may be flat, peaked or of some other cross section
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and may extend in horizontal fashion generally parallel to
the tube sheet 2 and, the side walls 26 and 28 may diverge
from top wall 24 to bottom wall 22. The top wall 24, side
walls 26 and 28, and bottom wall 22 are joined to baffle 10
at slots 18 such that steam generator downcomer flow can
only enter the enclosed volume of the steam generator
through housings 20. The juncture of each housing 20 with
baffle 10 thus forms an inlet portion 23 of housing 20.
Inlet portion 23 has inlet 23A provided therein. Opposite
the inlet portion 23 is outlet portion 25 formed by wall 26
having outlet 25A therein. oOutlet 25A extends substantially
perpendicularly to inlet 23A. In the preferred
embodiment,as best shown in Figures 3 and 5, outlet portion
25 is provided with an outlet 25A which is triangular in
shape with the base of the triangular shape being located at
innermost spacer plate 21 and the apex of the triangular
shape pointing toward, but preferably spaced from, baffle
10.

As one can clearly see, the fluid or downcomer water
flow which enters the enclosed volume of the baffle 10
through each of the flow vanes or injector housings 20 is
supplied at greatest volume nearest central spacer plate 21.
This is because the size of triangular outlet 252 is
greatest adjacent the proximate center of tube sheet 2.
Therefore, the greatest volume of downcomer water is
injected into the steam generator near the central-most
regions thereof, with decreasing volumes being injected at

increasing radial distance from the center. The relative



- W0 90/12983 ™ PCT/US90/02215

10

15

10

volumes of injected feed water are best illustrated by the

-.oppositely directed arrow gradients shown in Figure 4.

Réferring to Figure 3, it can be seen that the feed
water‘iS’injecteq through housings 20 in opposite directions
as depicted by arrows 30. Since the spacer plates 21
generally support the flow vanes or injector housings 20
approximately 1" above the surface above tube sheet 2, the
feed waﬁ?r‘;s injected in a substantially horizontal
direction closely adjacent to, and substantially parallel

with, the tube sheet 2. The oppositely directed injected

' feed water thus creates a force couple within the fluid

contained in the lower regions of the steam generator to
thereby induce an initial rotational flow in the contained

fluid. This situation is illustrated by rotational arrow 32

.shown in Figure 3. This induced rotational flow introduces

horizontal flow component into the naturally occurring

- vertical flow of the fluid contained within the steanm

" generator. And, since the induced rotational flow is

. greatest in the central regions of the steam generator, at

20

25

least three significant benefits are achieved.
‘ First,, the creation of stagnate volumes of water in

the central regions of the steam generator are avoided. As

'is,known, such stagnate volumes are responsible for the

precipitation of sludge deposits in the form of salts and/or
other contaminants normally occurring in the generator feed
watef,” When the stagnate volumes are present in the central

regions.of the generator, sludge deposits form which cannot

- be satigfactorily purged by blowdown of the generator. A
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"blowdown" is generally understood to mean a purging of
contaminants by an operation in which the feed water is
pumped in excess amounts over that which is routed out of
the steam outlet. The excess flow is then routed out from
the lower elevations of the liquid volume of the steam
generator through a designated blowdown pipeline. However,
in the past, the sludge became so amassed in a single
centralized location of the generator that all of the sludge
could not be purged from the generator, even in such cases
where a blowdown drain hole was provided in a central
portion of the tube sheet. As mentioned above, the induced
rotational flow provided by the flow vanes 20 of the present
invention prevents stagnate volumes of watér in the central
regions of the generator and, thus, prevents the formation
of single centralized masses of sludge in the generator.

Second, the induced rotational flow provided by the
flow vanes or injection housings 20 greatly reduces the
amount of sludge which may precipitate since the suspended
sludge is under the influence of rotational (horizontal),
vertical (including gravity), and radial force vectors which
act in concert to separate the heavier, more dense sludge-
forming contaminants toward the periphery of the generator.

Third, by the unique construction of the flow vane
and the unique graduated rotational flow produced thereby,
the location at which the heavier, greater specific gravity
sludge-forming contaminants become concentrated can be
carefully and advantageously controlled that the

contaminants collect at predetermined sites adjacent the
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baffle for efficient and complete purging of the sludge-
forming contaminants by the blowdown operation.

As most clearly seen in Figures 2-7 each the flow
vanes or injector housings 20 includes a tube or pipe means
34, generally parallel to the surface of tube sheet 2, which
interconnects openings 36 and 38 provided in side walls 26
and 28, respectively, at substantially the same elevation as
the lowest tube support plate 7. Tube means 34 permits a
portion of flow having high concentrations of sludge-forming
contaminants to pass from the side of the injector housing
adjacent side wall 28, through tube means 34, to the side of
the injector housing adjacent side wall 26. The presence of
tube means 34, along with spaces 223, aids in maintaining
the rotational flow induced by the injector housings by
permitting fluid and the contaminants suspended therein to
pass through and beneath the injector housings to permit
sedimentation of the contaminants below the lowest tube
support plate. Without the presence of tube means 34 and
spaces 22A, the fluid would otherwise be blocked or at least
greatly inhibited from flowing from one side of the injector
housings to the other thus essentially destroying the
advantageous rotational flow induced by the housing.
However, as will be described below, a certain degree of
such fluid blockage is necessary in order to create the
sludge collection and discharge sites near the periphery of
the tube plate end at the upstream side 28 of each of the

housing 20.



WO 90/12983

10

15

20

25

PCT/US90/02215

13

The diameter of the tube means 34 and the associated
openings 36 and 38 is appropriately selected so that only a
portion of the flow may pass through tube means 34 from side
28 to side 26 in order to maintain rotational flow.

However, the diameter of the tube means 34 must be selected
so that a portion of the feed water becomes "dammed-up" at
upstream side 28 of each of the housings 20. This "damming-
up" of water at side 28 of each housing 20 creates small,
controlled, but necessary, volumes of stagnate fluid which
permit concentrated sludge~forming contaminants 40,
designated in phantom lines in Figures 3 and 4, to be
collected beneath port 38 of each housing onto tube sheet 2
and adjacent baffle 10. It is noted that the situation
depicted in Figures 3 and 4 is one in which the blowdown
pipe would be closed for an extended period of time.

As shown in Figure 4, sludge catcher boxes 42 are
provided in baffle plate 10 immediately adjacent the
upstream side 28 of each injector housing 20. At such times
when concentrated sludge-forming contaminants 40 at upstream
sides 28 become so amassed that an elevated rate blowdown
operation becomes necessary, the concentrated liquid
collected near the sludge catcher boxes 42 can be
effectively purged when the blowdown rate increase performed
and sludge-forming contaminants 40 are purged through sludge
catcher boxes 42. During periodical high rate blowdown, the
purged sludge-forming contaminants/concentrated liquid may
be conveniently passed through blowdown pipelines 44 (Figure

2) provided in lower portions of the shell near sludge
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- catcher boxes 42. Due to the unique flow characteristics

provided by the present invention, the sludge is being
eliminated from the steam generator using the same blowdown
rate as in prior art steam generators. This is because in
the construction of the present invention, the concentrated
ligquid/contaminants is effectively purged.

Figures 8 and 9 graphically illustrate and compare
the velogity components of downcomer water flow occurring in
steam generators with and without flow vane means or
injector housings 20 like those disclosed herein. Figure 8
depicts the vglocity components of flow in a prior art steam
generator in which downcomer water is introduced through a
continuous circumferential space between the baffle and the
tube sheet and Figure 9 illustrates the velocity components
of flow in a steam generator constructed in accordance with
the present invention, i.e., where the downcomer flow is

injected only at discreet central regions of the steam

.-generator.

20

25

In each of Figures 8 and 9, the upper graph
illustrates the vertical component of flow, the middle graph
illustrates the radial component of flow, and the lower
graph illustrates the rotational component of flow. As is

clear from Figure 8, the central region of the vertical flow

~.graph ié approximately zero, thus indicating the existence

of stagnate volumes in this region. At the same time, the

.central région of the vertical flow graph of Figure 9

~“indicates strong positive vertical flow near the central

regions and negative vertical flow adjacent the baffle.

o™

o
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This indicates that sludge must be precipitated near outer
peripheral regions of the steam generator of Figure 9. A
comparison of the radial components of flow of Figures 8 and
9 reveals a similar situation. As can seen from Figure 8,
the radial flow is negative, i.e., inward, at outer regions
of the generator and zero in central regions thereof.
Again, this indicates that sludge is carried inward toward
central regions of the generator and deposited thereat due
to stagnate volumes of water in the central regions. The
graph of the radial component of flow in Figure 9, on the
other hand, indicates that the radial flow is positive, i.e.
outward, throughout most of the regions of the steam
generator, thus indicating a flow outward to carry sludge to
peripheral regions of the tube sheet. 2 small central
region of the radial flow graph of Fig. 9 indicates a
negative or inwardly directed radial flow representing the
presence of injection housing 20.

The rotational flow velocity graph of Fig. 8
indicates that rotational flow is essentially zero in prior
art steam generator constructions. However, the rotational
flow velocity graph of Figure 9 indicates a positive
rotational flow in virtually all regions of a steam
generator constructed in accordance with the present
invention. The introduction of the positive rotational flow
advantageously influences the vertical and radial flow
components so that a steam generator constructed according
to the present invention will separate the heavier sludge-

forming ions and particles and be more easily and
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effectively operated and maintained than the steam
generators of the prior art.

While the present invention has been described in
accordance with the preferred embodiments of the various
figures, it is to be understood that other similar
embodiment may be used or modifications and additions may be
made to the described embodimént for performing the same
functions of the present invention without deviating
therefrom. Therefore, the present invention should not be
limited to any single embodiment but rather construed in
breadth and scope in accordance with the recitation of the

appended claims.

L
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CLATMS

What is Claimed is:

1. A method for influencing the vertical flow of a
steam generating fluid in a vertical steam generator, said
vertical steam generator having an enclosed volume defined
by a cylindrical wall and a lower tube plate, said tube
plate having an array of heating tubes extending therefrom
for heating said steam generating fluid to produce steam
therefrom, said method comprising:

a) inducing a rotational flow in said steam
generating fluid in a horizontal plane generally parallel to
and closely adjacent to a surface of the tube plate, said
rotational flow introducing a horizontal flow component into
the vertically flowing seam generating fluid in the steam
generator, said rotational flow being induced by introducing
a downcomer fluid into said enclosed volume at at least one
site along a central portion of said tube plate, said
downcomer fluid being introduced at greatest amounts nearest
the central portion of said tube plate;

b) carrying sludge-forming contaminants occurring in
a lower portion of the steam generator via said induced
rotational flow to predetermined purging sites adjacent the
cylindrical wall; and

¢) purging the concentrated sludge-forming

contaminants from said purging sites.
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2. The method of claim 1 further comprising
introduding said downcomer fluid at two sites along, and on
diametrical;y opposed sides of said central portion of said
tube plate.

- 3. .The method of claim 2 further comprising
introducing said downcomer fluid from a first of said two
sites in a first direction and simultaneously introducing
said fluid frdm a second of said two sites in a second
difection opposite to said first direction.

hQ. The method of claim 3 further comprising
introducing said downcomer fluid from said two sites at
greatest amounts nearest the central portion of said tube
- plate and at decreasing amounts at increasing radial
distance therefrom.

5. The method of claim 1 wherein said purging step
is performed by a blowdown.

6. The method of claim 1 further comprising
esta?lishing said‘purging sites in said cylindrical wall
adjacent blowdown pipelines provided in a shell of said
.steam geherator surrounding said cylindrical wall and
ldischarging said concentrated sludge-forming contaminants by
a blowdown which expels the concentrated sludge-forming

-contaminants from said purging sites through said blowdown

.. pipelines.

7. The method of claim 3 wherein said two sites are
“formed by separate flow directing means each having a first
side and a second side, said downcomer fluid being

introduced into said enclosed volume from said first side of

ok
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each said flow directing means and one of said predetermined
purging sites being located on said second side of each said
flow directing means.

8. The method of claim 7 further comprising
directing fluid from said second side to pass through said
flow directing means and communicate with fluid on said
first side.

9. The method of claim 8 wherein said step of
directing includes causing fluid to flow between said flow
directing means and said tube plate.

10. Apparatus for influencing the vertical flow of
a steam generating fluid in a vertical steam generator, said
steam generator having an enclosed volume defined by a
cylindrical wall secured at a lower end thereof to a tube
plate, said tube plate having an array of heating tubes
extending therefrom for heating said fluid to produce steam
therefrom, said apparatus comprising:

flow directing means for inducing a rotational flow
in said fluid in a horizontal plane generally parallel to
and closely adjacent to a surface of the tube plate, said
rotational flow introducing a horizontal flow component into
the vertically flowing fluid in the steam generator;

said flow directing means comprising at least one
flow vane means extending radially inwardly from said
cylindrical wall, said flow vane means permitting said fluid
to flow therethrough into said enclosed volume, a lower edge
of said cylindrical wall being continuously attached to said

tube plate such that said fluid is permitted to enter said
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enclosed volume only through said flow vane means, each of
said flow vane means comprising an inlet portion secured to
said cylindrical wall and an outlet portion extending
radially inwardly from said inlet portion, said inlet
portion forming an inlet opening and said outlet portion
forming an outlet opening, said fluid enters said inlet
opening and exits said outlet opening to enter said enclosed
volume, said outlet opening being arranged substantially
perpendicular to said inlet opening; and

at least one sludge discharge passage formed in said
cylindrical wall adjacent said flow vane means, whereby said
fluid enters said enclosed volume through said flow vane
means to thereby induce a rotational flow in said fluid,
said induced rotational flow in said fluid carries sludge~
forming contaminants occurring therein to predetermined
collection sites formed at junctures of said flow vane means
and said cylindrical wall for concentrated collection
thereat, said concentrated sludge-forming contaminants then
being capable of being discharged through said at least one
discharge passage and at least one blowdown pipeline.

11. The apparatus of claim 10 wherein said outlet
opening of each flow vane means is spaced from said
cylindrical wall and adjacent a central portion of said tube
plate.

12. The apparatus of claim 11 wherein said flow
directing means comprise two flow vane means.

13. The apparatus of claim 12 wherein said flow

vanes means are variable in cross section.
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14. The apparatus of claim 13 wherein each of said
flow vane means decrease in cross-sectional area from said
inlet portion to said outlet portion.

15. The apparatus of claim 14 wherein said outlet
opening of each flow vane means decreases in size from a
radially innermost portion thereof to a radially outermost
portion thereof.

16. The apparatus of claim 11 wherein said outlet
opening of each flow vane means decreases in size from a
radially innermost portion thereof to a radially outermost
portion thereof.

17. The apparatus of claim 15 wherein each flow
vane means has a first side and a second side, said fluid
being introduced into said enclosed volume from said outlet
opening on said first side, and one of said predetermined

5 collection sites being located on said second side of each
flow vane means adjacent a peripheral position of said tube
plate.

18. The apparatus of claim 16 wherein each flow
vane means has a first side and a second side, said fluid
being introduced into said enclosed volume from said outlet
opening on said first side, and one of said predetermined
collection sites being located on said second side of each

flow vane means adjacent a peripheral portion of said tube

plate.
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19. The apparatus of claim 17 further comprising
communication means associated with said flow vane means for
permitting fluid from said second side to pass through said

' flow vane means and communicate with fluid on said first
5 side.

20, The apparatus of claim 19 wherein said
communication means comprise a flow space between said flow
vane means and said tube plate, said flow space being formed
by foet means depending from said flow vane means for

5 maintaining said flow vane means in spaced relationship with
said tube plate.

21. -The apparatus of claim 20 wherein said
communigation means further comprise port means formed in
spaced opposed walls of said flow vane means and means
connecting said port means.

22. The apparatus of claim 21 wherein said means

, cgnmeqting said port means comprise tube means.

23. The apparatus of claim 18 wherein said
communication;means comprise a flow space between said flow
vane heans and said tube plate, said flow space being formed
.by foot means depending from said flow vane means for

5 maintaining said flow vane means in spaced relationship with
said tube plate.

-24. The apparatus of claim 23 wherein said

~communication means further comprise port means formed in
spaced opposed walls of said flow vane means and means

- connecting said port means.

o
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25. The apparatus of claim 24 wherein said means
connecting said port means comprise a cylindrical tube
isolating the flow therethrough from the flow directed by
said flow directing means.

26, Apparatus for influencing the vertical flow of
a steam generating fluid in a vertical steam generator, said
steam generator having enclosed volume defined by a
cylindrical wall secured at a lower end thereof to a tube
plate, said tube plate having an array of heating tubes
extending therefrom for heating said fluid to produce steam
therefrom, said apparatus comprising:

flow directing means for inducing a rotational flow
in said fluid in a horizontal plane generally parallel to a
surface of the tube plate, said rotational flow introducing
a horizontal flow component into the vertically flowing
fluid in the steam generator;

said flow directing means comprising at least one
flow vane means, said flow vane means permitting said fluid
to flow therethrough into said enclosed volume, a lower edge
of said cylindrical wall being continuously attached to said
tube plate such that said fluid is permitted to enter said
enclosed volume only though said flow vane means, each of
said flow vane means comprising an inlet portion and an
outlet portion, said inlet portion forming an inlet opening
and said outlet portion forming an outlet opening, said
fluid enters said inlet opening and exits said outlet

opening to enter said enclosed volume, said outlet opening
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being arranged substantially perpendicular to said inlet
opening;

and at least one passage formed in said wall
adjacent said flow vane means for discharging sludge-forming
contaminants occurring in said fluid, whereby said fluid
enters said enclosed volume through said flow vane means to
thereby induce a rotational flow in said. fluid, said induced
rotational flow in said fluid carries sludge-forming
contaminants occurring therein to predetermined concentrated
collection sites formed adjacent said peripheral wall for
concentration thereat, said collected sludge forming
contaminants then being capable of being discharged through
said at least one passage and through a blowdown pipeline
associated therewith.

27. A method for influencing the vertical flow of a
steam generating fluid in a vertical steam generator, said
vertical steam generator having an enclosed volume defined
by a cylindrical wall and a lower tube plate, said tube
plate having an array of heating tubes extending therefrom,
said method comprising:

a) inducing a rotational flow in said steam
generating fluid in a horizontal plane generally parallel to
and closely adjacent to a surface of the tube plate, said
rotational flow introducing a horizontal flow component into
the vertically flowing steam generating fluid in the steam
generator, said rotational flow being induced solely by
introducing downcomer steam generating fluid in to said

enclosed volume at at least one site along a central portion

oy
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15 of said tube plate,, said downcomer steam generating fluid
being introduced at greatest amounts nearest the central
portion of said tube plate;
b) establishing predetermined sludge-forming
contaminant purging sites by damming-up a portion of said
20 steam generating fluid to inhibit the rotational flow
thereof in order to enhance precipitation of sludge-forming
contaminants occurring in a lower portion of the steam
generator;
c) carrying said sludge-forming contaminants
25> occurring in a lower portion of the steam generator via said
induced rotational flow to said predetermined purging sites
to create a concentration of said sludge-forming
contaminants at said purging sites; and
d) purging the concentrated sludge-forming

30 contaminants from said purging sites.
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