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(67)  The water supply tube for steam generator in-
cludes aninserttube portion (21) inserted in a penetration
hole (112) of a shell member and a generator internal
tube portion (22) connected to the insert tube portion.
The generator internal tube portion includes a tubular
passage and an effluence tube (25) allowing effluence
of cooling water in the tubular passage to a space (40)
in a steam generator. The tubular passage includes a
first tilted portion (24c) in which a side having a greater
distance fromthe insert tube portion along a flow direction
is located vertically higher than a side having a smaller
distance from the insert tube portion and a second tilted
portion which is located with a greater distance from the
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insert tube portion than the first tilted portion. In the sec-
ond tilted portion, a side having a greater distance from
the insert tube portion along the flow direction is located
vertically lower than a side having a smaller distance from
the insert tube portion. In at least a portion of a section,
along the flow direction, of the tubular passage (234a)
between the first tilted portion and the second tilted por-
tion, a bottom end (234b) of a cross section of the tubular
passage is arranged vertically higher than a horizontal
plane (30) including a top end (21a) of an inner wall sur-
face of the insert tube portion at a connection between
the insert tube portion and the generator internal tube
portion.
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Description
Field
[0001] The presentinvention relates to a water supply

tube for a steam generator.
Background

[0002] Conventionally, a water supply tube for supply-
ing cooling water into a steam generator of a pressurized
water reactor or the like is known. When steam or high-
temperature water in a generator flows into a water sup-
ply tube or such similar state happens, thermal stratifi-
cation may occur in the water supply tube. Thermal strat-
ification might generate stress causing fatigue and there-
fore is not preferable.

[0003] In Patent Literature 1, a technique applied to a
water supply tube for a steam generator is disclosed, in
which a dam is attached to an inner upper wall of the
water supply tube bent to raise a water supply ring.

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Utility Model
Laid-open No. 61-121304

Summary
Technical Problem

[0005] Further consideration can be made to prevent
thermal stratification in a water supply tube. The object
of the present invention is to provide a water supply tube
for a steam generator capable of suppressing thermal
stratification in the tube.

Solution to Problem

[0006] Accordingtoan aspect of the presentinvention,
a water supply tube for a steam generator includes: an
insert tube portion horizontally extending and configured
to be inserted in a penetration hole penetrating a shell
member of the steam generator; and a generator internal
tube portion connected to the insert tube portion and ar-
ranged inside the steam generator. The generator inter-
nal tube portion includes a tubular passage formed in an
axial direction of the generator internal tube portion and
an effluence unit allowing effluence of cooling water in
the tubular passage from the tubular passage to a space
in the steam generator, the tubular passage allowing
cooling water supplied from outside the steam generator
via the insert tube portion to flow in the tubular passage.
The tubular passage includes a first tilted portion which
is tilted so that a side having a greater distance from the
insert tube portion along a flow direction of cooling water
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is located vertically higher than a side having a smaller
distance from the insert tube portion and a second tilted
portion which is located with a greater distance from the
insert tube portion along the flow direction than the first
tilted portion and is tilted so that a side having a greater
distance from the insert tube portion along the flow di-
rection is located vertically lower than a side having a
smaller distance from the insert tube portion. In at least
a portion of a section, along the flow direction, of the
tubular passage between the first tilted portion and the
second tilted portion, a bottom end of a cross section,
perpendicular to the flow direction, of the tubular passage
is arranged vertically higher than a horizontal plane in-
cluding a top end of an inner wall surface of the insert
tube portion at a connection between the insert tube por-
tion and the generator internal tube portion.

[0007] According to the water supply tube for a steam
generator, thermal stratification caused by a steam-pock-
et generated in an insert tube portion can be suppressed
by suppressing the decrease in water level in the insert
tube portion. Further, in a case when the cooling water
having different temperature from the cooling water in
the insert tube portion flows in, the effluence of the cooling
water having high temperature to the generator internal
tube portion is generated to suppress the thermal strat-
ification.

[0008] Advantageously, in the water supply tube for a
steam generator, the effluence unit is not included in a
section, of the generator internal tube portion, in which
the first tilted portion is formed.

[0009] According to the water supply tube for a steam
generator, the decrease in water level in the insert tube
portion can be suppressed even when the cooling water
level in the steam generator decreases.

[0010] Advantageously, in the water supply tube for a
steam generator, the generator internal tube portion in-
cludes aring tube portion extending in aring shape along
an inner circumferential surface of the shell member and
aconnection tube portion branching off from the ring tube
portion to connect the ring tube portion and the insert
tube portion. The first tilted portion is provided as the
tubular passage formed in the connection tube portion,
and the second tilted portion is provided as the tubular
passage formed in the ring tube portion, the second tilted
portion being formed on each of both ends, in an axial
direction, of the ring tube portion with the connection tube
portion in between.

[0011] According to the water supply tube for a steam
generator, a first tilted portion and a second tilted portion
can be formed by suppressing interference against other
structures in the steam generator.

[0012] Advantageously, in the water supply tube for a
steam generator, a horizontal ring tubular passage which
is the tubular passage extending in a horizontal direction
is formed in a portion, arranged farther than the second
tilted portion from the insert tube portion along the flow
direction, of the ring tube portion, and a top end of a cross
section, perpendicular to the flow direction, of the hori-
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zontal ring tubular passage is provided vertically lower
than the horizontal plane including the top end of the
inner wall surface of the insert tube portion at the con-
nection between the insert tube portion and the generator
internal tube portion.

[0013] According to the water supply tube for a steam
generator, when the cooling water level in the steam gen-
erator decreases, generation of a steam-pocket in a hor-
izontal ring tubular passage is suppressed since expo-
sure of a ring tube portion is suppressed.

[0014] Advantageously, in the water supply tube for a
steam generator, a horizontal ring tubular passage which
is the tubular passage extending in a horizontal direction
is formed in a portion, arranged farther than the second
tilted portion from the insert tube portion along the flow
direction, of the ring tube portion, and a top end of a cross
section, perpendicular to the flow direction, of the hori-
zontal ring tubular passage is arranged vertically lower
than a lower limit of a target for controlling a water level
of cooling water in the space in the steam generator.
[0015] According to the water supply tube for a steam
generator, even when the cooling water level in the steam
generator decreases to a lower limit of the target for con-
trolling the water level, generation of a steam-pocket in
the horizontal ring tubular passage is suppressed. Ad-
vantageous Effects of Invention

[0016] According to the present invention, the thermal
stratification in a water supply tube for a steam generator
can be suppressed.

Brief Description of Drawings
[0017]

FIG. 1 is a schematic view of a steam generator ac-
cording to an embodiment.

FIG. 2 is a cross sectional view of the water supply
tube for a steam generator according to the embod-
iment.

FIG. 3 is a perspective view illustrating the water
supply tube for a steam generator according to the
embodiment.

FIG. 4 is a perspective view illustrating an essential
portion of the water supply tube for a steam generator
according to the embodiment.

FIG. 5 is a cross sectional view illustrating an exam-
ple of the water supply tube capable of suppressing
thermal stratification in an insert tube portion.

FIG. 6 is a perspective view illustrating an example
ofthe water supply tube capable of suppressing ther-
mal stratification in the insert tube portion.

Description of Embodiments

[0018] A water supply tube for a steam generator ac-
cording to an embodiment of the present invention will
be described below in detail referring to the drawings.
The present invention is not limited to the embodiment.
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The component of the embodiment described below in-
cludes such component which can easily be conceived
by those skilled in the art, or components substantially
the same.

Embodiment

[0019] The embodiment will be described referring to
FIG. 1to FIG. 6. The embodiment relates to a water sup-
ply tube for a steam generator. FIG. 1 is a schematic view
of a steam generator according to the embodiment. FIG.
2 is a cross sectional view of a water supply tube for a
steam generator according to the embodiment. FIG. 3 is
a perspective view illustrating the water supply tube for
a steam generator according to the embodiment. FIG. 4
is a perspective view illustrating an essential portion of
the water supply tube for a steam generator according
to the embodiment. Note that, FIG. 2 illustrates a cross
section of the water supply tube for a steam generator
viewed along the horizontal direction as shown in the
arrow | in FIG. 3.

[0020] The steam generator 1 is used for, for example,
the PWR (Pressurized Water Reactor). Light water is
used as a nuclear reactor coolant and a neutron moder-
ator in the pressurized water reactor. In the pressurized
water reactor, light water with high temperature and high
pressure, which does not boil throughout the reactor in-
ternal, is supplied to the steam generator 1 as primary
cooling water. The steam generator 1 transfers the heat
of the high-temperature and high-pressure primary cool-
ing water to secondary cooling water to generate steam
inthe secondary cooling water. With this steam, a turbine
generator is rotated to produce power.

[0021] The steam generator 1 extends in the up-and-
down direction to form a sealed hollow cylindrical shape.
The steam generator 1 includes a body portion 2 having
an upper half portion and a lower half portion of which
diameter is slightly smaller than that of the upper half
portion. The body portion 2 is a shell member of the steam
generator 1. In the lower half portion of the body portion
2, a tube bundle shroud 3 formed in a cylindrical shape
is provided so as to be arranged with a predetermined
gap against the inner wall surface of the body portion 2.
The tube bundle shroud 3 extends downward so that the
bottom end portion of the tube bundle shroud 3 is located
just above the tube plate 4 arranged in the lower part of
the lower half portion of the body portion 2. A heat ex-
change tube bundle 51 composed of a plurality of heat
exchange tubes 5 each formed in an inverted U-shape
is provided in the tube bundle shroud 3. Each heat ex-
changer tube 5 is arranged so as the U-shaped arc por-
tion to be in the upper side. The end portion in the bottom
side of each heat exchanger tube 5 is supported by the
tube plate 4 and the middle portion of each heat exchang-
er tube 5 is supported by a plurality of tube supporting
plates 6. In the tube supporting plate 6, a large number
of penetration holes (not shown in the drawing), in each
of which the heat exchanger tube 5 is inserted to be sup-
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ported, are formed.

[0022] In the bottom end portion of the body portion 2,
a channel head 7 is provided. A partition wall 8 divides
the inside of the channel head 7 into an inlet chamber 71
and an outlet chamber 72. One of ends of each heat
exchanger tube 5 is connected to the inlet chamber 71
and the other end of each heat exchanger tube 5 is con-
nected to the outlet chamber 72. The inlet chamber 71
has an inlet nozzle 711 communicating with the outside
ofthe body portion 2. The outlet chamber 72 has an outlet
nozzle 721 communicating with the outside of the body
portion 2. A cooling water pipe (not shown in the drawing)
through which the primary cooling water is supplied from
the pressurized water reactor is connected to the inlet
nozzle 711. A cooling water pipe (not shown in the draw-
ing) through which the primary cooling water, after ex-
changing heat, is supplied to the pressurized water re-
actor is connected to the outlet nozzle 721.

[0023] Provided in the upper half portion of the body
portion 2 are a steam-water separator 9 which separates
the steam flow into steam and hot water and a moisture
separator 10 which removes moisture from the separated
steam to provide a steam condition close to the dry
steam. Between the steam-water separator 9 and the
heat exchange tube bundle 51, a water supply tube for
a steam generator for supplying a secondary cooling wa-
terinto the body portion 2 from outside (hereinafter simply
referred to as a "water supply tube") 20 is inserted. A
steam discharge port 12 is formed on the top end portion
of the body portion 2. Provided in the lower half portion
of the body portion 2 is a water supply passage 13 which
allows the secondary cooling water supplied from the wa-
ter supply tube 20 into the body portion 2 to fall through
the gap between the body portion 2 and the tube bundle
shroud 3, make turn at the tube plate 4, and ascend along
the heat exchange tube bundle 51. Note that, a steam
supply passage (not shown in the drawing) for supplying
steam to the turbine is connected to the steam discharge
port 12. A cooling water pipe (not shown in the drawing)
for supplying the secondary cooling water recovered in
a steam condenser (not shownin the drawing), by cooling
the steam used in the turbine, is connected to the water
supply tube 20.

[0024] In the steam generator 1 as described above,
the primary cooling water heated in the pressurized water
reactor is transferred to the inlet chamber 71 and finally
to the outlet chamber 72 by passing through a large
numberof heatexchange tubes 5. Further, the secondary
cooling water cooled by the steam condenser is trans-
ferred to the water supply tube 20, and then supplied into
the body portion 2 via the water supply tube 20. In the
embodiment, the secondary cooling water may be simply
referred to as "cooling water." The cooling water supplied
to the body portion 2 ascends along the heat exchange
tube bundle 51, passing through the water supply pas-
sage 13. In this step, heat is exchanged between the
high-pressure and high-temperature primary cooling wa-
ter and the secondary cooling water. Then, the cooled
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primary cooling water returns to the pressurized water
reactor through the outlet chamber 72. Further, the sec-
ondary cooling water which exchanged heat with the
high-pressure and high-temperature primary cooling wa-
ter ascends in the body portion 2 and is separated into
steam and hot water in the steam-water separator 9.
Then, the moisture is removed in the moisture separator
10 and the separated steam is transferred to the turbine.
[0025] The water supply tube 20 includes a tubular
passage in which the cooling water supplied from outside
the steam generator 1 flows and an effluence tube 25
which allows effluence of the cooling water in the tubular
passage to a space 40 in the steam generator 1 (see
FIG. 2 to FIG. 4). The water supply tube 20 is arranged
so as to allow effluence of the cooling water below the
water level of the cooling water in the space 40 during
the operation of the steam generator 1. When supplying
of the cooling water from outside the steam generator 1
stops or starts, such as in a shutdown and a startup of a
nuclear reactor plant, thermal stratification may occur in
the water supply tube 20. For example, when a cooling
water with low temperature is supplied, with a small flow
rate, to the water supply tube 20 containing high-temper-
ature cooling water or steam, thermal stratification be-
tween the cooling water with low temperature and the
cooling water with high temperature may occur inside the
tube, or thermal stratification between steam and cooling
water may occur. When thermal stratification is generat-
ed in the tube, stress causing fatigue is generated, which
is not preferable. It is preferable if thermal stratification
in the water supply tube 20 can be suppressed. Particu-
larly, it is preferable if thermal stratification can be sup-
pressed in the portion of the water supply tube 20 which
is inserted in a penetration hole penetrating the body por-
tion 2.

[0026] In the steam generator 1, as will be described
referring to FIG. 2 to FIG. 4, a generator internal tube
portion 22 of the water supply tube 20 of the embodiment
is arranged inside the steam generator 1 and includes a
connection tube portion 24 (e.g., see FIG. 2) bent to raise
the downstream side from the insert tube portion 21 in-
serted in the penetration hole 112 penetrating the body
portion 2 and a tilted tube portion 233 (e.g., see FIG. 2)
bent to lower the further downstream side. Since the bent
portion is provided to raise the downstream side, along
the flow direction of the cooling water supplied from out-
side, from the insert tube portion 21, the cooling water
passes through the insert tube portion 21 within a short
period of time before developing thermal stratification so
that generation of thermal stress in the body portion 2 is
suppressed. Further, since the water supply tube 20
which is first bent to raise the downstream side is then
bent to lower the further downstream side, the degree of
freedom of water supply tube 20 in designing arrange-
ment regarding other structures in the steam generator
1 and the degree of freedom in designing elevation of
the water level in the generator are provided.

[0027] As illustrated in FIG. 2, the water supply tube
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20 includes the insert tube portion 21 and the generator
internal tube portion 22. Both the insert tube portion 21
and the generator internal tube portion 22 are tubular
members having a circular cross section. A tubular pas-
sage is formed along each axial direction of the insert
tube portion 21 and the generator internal tube portion
22. The cooling water supplied from outside the steam
generator 1 flows through the tubular passage of the gen-
erator internal tube portion 22 via the insert tube portion
21. The effluence of the cooling water flowing through
the tubular passage of the generator internal tube portion
22 from the tubular passage of the generator internal
tube portion 22 to the space 40 in the steam generator
1 via an effluence tube 25, which will be described below,
is generated.

[0028] The body portion 2 includes a nozzle 11. The
nozzle 11 includes a protrusion 111 protruding toward
the radially outward direction of the body portion 2. In the
nozzle 11, a penetration hole 112 penetrating the nozzle
11 along the axial direction of the protrusion 111 is
formed. The insert tube portion 21 engages with the pen-
etration hole 112 from the radially inner side of the body
portion 2. The insert tube portion 21 is secured to the
nozzle 11 by welding or the like so that the outer circum-
ferential surface of the insert tube portion 21 and the inner
circumferential surface of the protrusion 111 face each
other. That is, the insert tube portion 21 is inserted in the
penetration hole 112 penetrating the body portion 2 of
the steam generator 1. The central axis of the nozzle 11,
that is, the central axis of the penetration hole 112 is
horizontally provided and correspondingly, the insert
tube portion 21 extends in the horizontal direction. Fur-
ther, the insert tube portion 21 linearly extends along the
radial direction of the body portion 2.

[0029] The generator internal tube portion 22 is ar-
ranged inside the body portion 2, that s, inside the steam
generator 1. As illustrated in FIG. 2 and FIG. 3, the gen-
erator internal tube portion 22 includes aring tube portion
23 extending in a ring shape and a connection tube por-
tion 24 branching off from the ring tube portion 23 to con-
nect the ring tube portion 23 and the insert tube portion
21. The ring tube portion 23 extends along the circum-
ferential direction of the body portion 2, routing along the
inner wall surface 2a of the body portion 2 illustrated in
FIG. 2. For example, the ring tube portion 23 is arranged
on the same axis as the central axis 50 of the body portion
2. Asiillustrated in FIG. 2, the ring tube portion 23 is sup-
ported on the inner wall surface 2a of the body portion 2
via a stay 14. The ring tube portion 23 includes a hori-
zontalring tube portion 231 and an upper ring tube portion
232 raised vertically higher than the horizontal ring tube
portion 231.

[0030] The horizontal ring tube portion 231 extends in
the horizontal direction. As illustrated in FIG. 2, the tubu-
lar passage formed in the horizontal ring tube portion 231
along the axial direction, that is, a horizontal ring tubular
passage 231a also extends in the horizontal direction.
That is, the top end 231b in any of cross sections, per-
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pendicular to the flow direction of the cooling water, of
the horizontal ring tubular passage 231a has the same
vertical location. Further, the bottom end 231c in any of
cross sections, perpendicular to the flow direction of the
cooling water, of the horizontal ring tubular passage 231a
has the same vertical location. In other words, the central
axis of the horizontal ring tubular passage 231a extends
on the same horizontal plane and the horizontal ring tu-
bular passage 231a has a constant diameter. In the ring
tube portion 23, the horizontal ring tube portion 231 in
which the horizontal ring tubular passage 231ais formed
is arranged farther than the tilted tube portion 233, along
the flow direction of the cooling water, from the insert
tube portion 21. That is, the horizontal ring tubular pas-
sage 231a is arranged in the downstream side, in the
flow direction of the cooling water supplied from outside
the steam generator 1, than the tubular passage 233e of
the tilted tube portion 233.

[0031] Asillustrated in FIG. 3, the upper ring tube por-
tion 232 includes two tilted tube portions 233 and an up-
per horizontal tube portion 234. The tilted tube portion
233 is connected to the insert tube portion 21 via the
upper horizontal tube portion 234 and the connection
tube portion 24. That is, the tilted tube portion 233 is
located with the longer distance, along the flow direction
of the cooling water in the generator internal tube portion
22, from the insert tube portion 21 than the connection
tube portion 24. In other words, the distance of the flow
passage from the insert tube portion 21 to the tilted tube
portion 233 is longer than the distance of the flow pas-
sage from the insert tube portion 21 to the connection
tube portion 24.

[0032] The upper horizontal tube portion 234 is alinear
tube portion extending in the horizontal direction. The
connection tube portion 24 branches off from the upper
horizontal tube portion 234. The connection tube portion
24 branches off from the bottom portion of the upper hor-
izontal tube portion 234 toward the outer side along the
radial direction of the body portion 2. The end portion, in
the side opposite to the side connected to the upper hor-
izontal tube portion 234, of the connection tube portion
24 is connected to the insert tube portion 21. That is, the
connection tube portion 24 branches off from the ring
tube portion 23 to connect the ring tube portion 23 and
the insert tube portion 21. The connection tube portion
24 is tilted so that the side having the greater distance
from the insert tube portion 21 along the flow direction of
the cooling water is located vertically higher than the side
having the smaller distance from the insert tube portion
21. That s, the connection tube portion 24 is tilted so that
the end portion 24b side connected to the upper horizon-
tal tube portion 234 is located vertically higher than the
end portion 24a side connected to the insert tube portion
21. Accordingly, the tubular passage 24c formed in the
connection tube portion 24 is tilted so that the side having
the greater distance from the insert tube portion 21 along
the flow direction of the cooling water is located vertically
higher than the side having the smaller distance from the
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insert tube portion 21. The tubular passage 24c formed
in the connection tube portion 24 corresponds to a first
tilted portion. As for the tubular passage 24c, the gradient
of the flow passage is greater at a location with a greater
distance from the insert tube portion 21 than a location
with a smaller distance from the insert tube portion 21.
[0033] The tilted tube portions 233 are formed on re-
spective both sides, in the axial direction, of the ring tube
portion 23 with the connection tube portion 24 in between.
One of tilted tube portions 233 connects one of ends of
the upper horizontal tube portion 234 and one of ends of
the horizontal ring tube portion 231. The other of tilted
tube portions 233 connects the other end of the upper
horizontal tube portion 234 and the other end of the hor-
izontal ring tube portion 231. The tilted tube portion 233
is tilted so that the side having the greater distance from
the insert tube portion 21 along the flow direction of the
cooling water is located vertically lower than the side hav-
ing the smaller distance from the insert tube portion 21.
Thatis, asillustrated in FIG. 4, the tilted tube portion 233
is tilted so that the side with the end portion 233b con-
nected to the horizontal ring tube portion 231 is located
vertically lower than the side with the end portion 233a
connected to the upper horizontal tube portion 234. Ac-
cordingly, the tubular passage 233e formed in the tilted
tube portion 233 is tilted so that the side having the great-
er distance from the insert tube portion 21 along the flow
direction of the cooling water is located vertically lower
than the side having the smaller distance from the insert
tube portion 21. The tubular passage 233e corresponds
to a second tilted portion.

[0034] The tilted tube portion 233 of the embodiment
includes two elbow parts 233c and 233d which are con-
nected in serial. One of the elbow parts, that is, 233c
extends toward the vertically higher side from a connec-
tion 233g between two elbows and is bent toward one of
the sides along the circumferential direction. The other
elbow part, that is, 233d extends toward the vertically
lower side from the connection 233g and is bent toward
the other side along the circumferential direction. In this
manner, the tilted tube portion 233 is bent downward from
the upper horizontal tube portion 234 to be connected to
the horizontal ring tube portion 231. Further, asillustrated
in FIG. 2, the tilted tube portion 233 is tilted so that the
vertically lower side of the tilted tube portion 233 is locat-
ed in radially outer side of the body portion 2 than the
vertically higher side of the tilted tube portion 233. That
is, the vertically lower side of the tilted tube portion 233
is closer to the inner wall surface 2a of the body portion
2 than the vertically higher side of the tilted tube portion
233. Arranged in this manner, even when any other struc-
ture is arranged in the radially inner region of the body
portion 2, the ring tube portion 23 can be arranged without
interfering with the other structure. Note that, the tilt in
the radial direction of the tilted tube portion 233 is not
limited to the configuration described above. The tilt of
the tilted tube portion 233 may suitably be determined in
any direction as long as the interference between other
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structures and the ring tube portion 23 can be avoided.
[0035] Further, since the first tilted portion, which is an
upward-bent portion of the tubular passage, is formed in
the connection tube portion 24 as the tubular passage
24c and the second tilted portion, which is a downward-
bent portion of the tubular passage, is formed in the ring
tube portion 23 as the tubular passage 233e, a large de-
gree of freedom is provided to the arrangement of the
upward-bent portion and the downward-bent portion of
the tubular passage. Inthe generator internal tube portion
22 of the embodiment, the ring tube portion 23 is formed
inthe circumferential direction, branching from both sides
of the connection tube portion 24. If both the first tilted
portion, which is the upward-bent portion, and the second
tilted portion, which is the downward-bent portion, are to
be formed in the connection tube portion 24, that is, at a
location upstream of the location from which the ring tube
portion 23 branches, a large space is necessary. If both
the first tilted portion and the second tilted portion are to
be formed in the connection tube portion 24, the connec-
tion tube portion 24 needs to be bent in a U-shape or a
V-shape, resulting in the connection tube portion 24
greatly protruding along the radial direction toward the
center of the body portion 2. As a result, the connection
tube portion 24 is likely to interfere with other structures.
[0036] Contrarily, by forming the tubular passage 233e
as the second tilted portion in the ring tube portion 23
branching from the connection tube portion 24, the space
for forming the second tilted portion is easily provided.
According to the technique of forming the second tilted
portion (tubular passage 233e) by tilting the portion of
the ring tube portion 23 as in the embodiment, the second
tilted portion can extend along the circumferential direc-
tion. That is, the second tilted portion can be formed
avoiding interference with the structure arranged in the
central side along the radial direction of the body portion
2. Therefore, the degree of freedom of arranging the sec-
ond tilted portion is large. For example, as described
above, the interference with other structures can be
avoided by providing a tilt to the tilted tube portion 233
so that the vertically lower side of the tilted tube portion
233 is arranged in the radially outer side of the body por-
tion 2 than the vertically higher side of the tilted tube
portion 233.

[0037] A constant tube diameter (inner diameter) can
be provided for each of the insert tube portion 21, the
connection tube portion 24, and the ring tube portion 23.
In the embodiment, tube diameters of the insert tube por-
tion 21 and the connection tube portion 24 are the same,
and the tube diameter of the ring tube portion 23 is smaller
than the tube diameter of the connection tube portion 24.
[0038] The ring tube portion 23 includes an effluence
tube 25. The effluence tube 25 functions as an effluence
unit to allow effluence of cooling water, in the tubular
passage formed in the ring tube portion 23, from the tu-
bular passage to the space 40 in the steam generator 1.
The effluence tube 25 is a hollow cylindrical member. A
plurality of effluence tubes 25 is arranged on the ring tube
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portion 23 along the extending direction of the ring tube
portion 23. As illustrated in FIG. 4, a plurality of penetra-
tion holes 25a, penetrating the cylindrical portion of the
effluence tube 25 in the radial direction, is provided in
the cylindrical portion of the effluence tube 25. Further,
one of ends of the effluence tube 25 in the axial direction
is connected to the tubular passage of the ring tube por-
tion 23 via a flow hole, which is not illustrated in the draw-
ing, formed in the ring tube portion 23. The flow hole is
formed in the top portion of the ring tube portion 23. That
is, the effluence tube 25 is connected to the upper end
of the tubular passage, when viewed from the axial di-
rection of the tubular passage, formed in the ring tube
portion 23. The end portion in the vertically higher side
of the effluence tube 25, that is, the end portion in the
opposite side to the end portion connected to the ring
tube portion 23 is closed.

[0039] When the cooling water is supplied to the ring
tube portion 23 via the insert tube portion 21 from outside
the steam generator 1, the cooling water flows into the
effluence tube 25 from the tubular passage of the ring
tube portion 23, and then effluence of the cooling water
into the space 40 in the steam generator 1 is generated
via the penetration hole 25a. A large number of penetra-
tion holes 25a are uniformly arranged in the circumfer-
ential direction and the axial direction in the effluence
tube 25. Therefore, uniform effluence of the cooling water
is generated around the effluence tube 25. Note that, the
effluence tube 25 is not provided on the connection tube
portion 24, that is, the section, in which the first tilted
portion is formed, in the generator internal tube portion
22.

[0040] Since the flow hole communicating between the
tubular passage of the ring tube portion 23 and the efflu-
ence tube 25 are formed on the ridge of the ring tube
portion 23, the decrease in the water level of the cooling
water in the tubular passage of the ring tube portion 23
is suppressed, even when the water level of the cooling
water in the steam generator 1 is low enough to expose
the ring tube portion 23 above the water level. In this
manner, the generation of a steam-pocket in the tubular
passage of the ring tube portion 23 is suppressed.
[0041] Further, in the water supply tube 20 of the em-
bodiment, the bottom end 234b of the cross section of
the tubular passage 234a formed in the upper horizontal
tube portion 234 is located vertically higher than the top
end 21a of the inner wall surface of the insert tube portion
21. Inthis manner, the generation of thermal stratification
in the insert tube portion 21 is suppressed as will be de-
scribed below.

[0042] As illustrated in FIG. 2, the bottom end 234b of
the cross section, perpendicular to the flow direction of
the cooling water, of the tubular passage 234a formed in
the upper horizontal tube portion 234 is located vertically
higher than the top end 21a of the inner wall surface of
the insert tube portion 21 at the connection between the
insert tube portion 21 and the connection tube portion
24. In other words, the cross section, perpendicular to
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the flow direction of the cooling water, of the tubular pas-
sage 234a does not intersect with a horizontal plane 30
including the top end 21a of the inner wall surface of the
insert tube portion 21 at the connection between the in-
sert tube portion 21 and the connection tube portion 24.
At the same time, the bottom end 234b of the cross sec-
tion is located vertically higher than the horizontal plane
30. In this manner, even when the water level of the cool-
ing water in the steam generator 1 decreases, the de-
crease in the water level in the tube, which is in the insert
tube portion 21 side from the upper horizontal tube por-
tion 234, of the water supply tube 20 can be suppressed.
Specifically, the decrease in the water level of the cooling
water is suppressed so that the water level will not to be
lower than the bottom end 234b of the tubular passage
234a, thereby keeping the insert tube portion 21 filled
with the cooling water. As a result, in the insert tube por-
tion 21, the generation of the steam-pocket in the tube
is suppressed, thereby suppressing generation of ther-
mal stratification in the insert tube portion 21. Particularly,
the connection tube portion 24 of the embodiment does
not include the effluence tube 25. Therefore, the de-
crease in the water level of the cooling water is surely
suppressed so that the water level will not be lower than
the bottom end 234b of the tubular passage 234a.
[0043] Different from the water supply tube 20 of the
embodiment, a certain period of time is necessary for the
whole water supply tube to be filled with the cooling water
after start supplying cooling water to the water supply
tube containing a low level of water as in the start of the
operation of steam generator 1. Such is the case for a
water supply tube which includes the insert tube portion
21 and the ring tube portion 23 horizontally extending in
the same height and does not have an upward-bent por-
tion like the connection tube portion 24 or a downward-
bent portion like the tilted tube portion 233. Until the water
level in the water supply tube rises to the enough level,
layers of steam and cooling water separately exist in the
insert tube portion 21, with the generated stress remain-
ing in the insert tube portion 21 causing fatigue. Further,
awater hammer may occur by the steam making contact
with the cooling water. It is desirable to suppress these
thermal stress and water hammer in the vicinity of the
nozzle 11 provided as a boundary.

[0044] According to the water supply tube 20 of the
embodiment, when supplying of the cooling water to the
water supply tube 20 containing a low level of water
starts, first, the insert tube portion 21 is filled with the
cooling water, and then after the rise in the water level,
the cooling water is supplied from the connection tube
portion 24 to the horizontal ring tube portion 231 via the
upper ring tube portion 232. In this manner, the period
of time in which the steam layer and the cooling water
layer are generated in the insert tube portion 21 can be
shortened, thereby suppressing generation of stress
causing fatigue in the insert tube portion 21.

[0045] Further, according to the water supply tube 20
of the embodiment, the state in which layers of cooling
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water having different temperatures exist separately in
the insert tube portion 21 can easily be avoided, as will
be described below.

[0046] For example, when low-temperature cooling
water is supplied, with a small flow rate, from outside the
steam generator 1 into the water supply tube 20 with
high-temperature cooling water remaining therein, or
when high-temperature cooling water flows into the water
supply tube 20 from the space 40 outside the water sup-
ply tube 20, thermal stratification is generated in which
layers of low-temperature cooling water and high-tem-
perature cooling water separately exist. The thermal
stratification thus generated is likely to remain longer in
the insert tube portion 21 of the water supply tube includ-
ing the insert tube portion 21 and the ring tube portion
23 horizontally extending in the same height.

[0047] According to the water supply tube 20 of the
embodiment, when low-temperature cooling water is
supplied, with a small flow rate, from outside the steam
generator 1 into the water supply tube 20 with high-tem-
perature cooling water remaining therein, the insert tube
portion 21 is rapidly filled with the cooling water supplied
from outside, generating the effluence of the high-tem-
perature cooling water in the insert tube portion 21 from
the connection tube portion 24 to the upper ring tube
portion 232 and the horizontal ring tube portion 231. In
this manner, the water supply tube 20 according to the
embodiment eliminates the thermal stratification in the
insert tube portion 21 in a short period of time compared
to the supply tube including the insert tube portion 21 and
the ring tube portion 23 horizontally extendingin the same
height.

[0048] In the embodiment, the tubular passage 234a
formed in the upper horizontal tube portion 234 corre-
sponds to the tubular passage between the first tilted
portion and the second tilted portion. Further, in the em-
bodiment, the bottom end 234b of the cross section, per-
pendicular to the flow direction of the cooling water, of
the entire section of the tubular passage 234a is arranged
vertically higher than the horizontal plane 30. However,
the present invention is not limited to the configuration.
Any configuration is allowed as long as the bottom end
234b of the cross section, perpendicular to the flow di-
rection of the cooling water, of the tubular passage 234a
is arranged vertically higher than the horizontal plane 30
in atleast a portion of the section, along the flow direction,
of the tubular passage 234a.

[0049] As a water supply tube capable of suppressing
thermal stratification in the insert tube portion 21, a water
supply tube 120 formed such that the whole ring tube
portion 123 is raised than the insert tube portion 21 as
illustrated in FIG. 5 and FIG. 6 can be used. FIG. 5 is a
cross sectional view illustrating an example of the water
supply tube capable of suppressing thermal stratification
in an insert tube portion. FIG. 6 is a perspective view
illustrating an example of the water supply tube capable
of suppressing thermal stratification in an insert tube por-
tion. The ring tube portion 123 of the water supply tube
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120 does not include the tilted tube portion 233 as in the
embodiment. As illustrated in FIG. 5, in the tubular pas-
sage 123aformed in the ring tube portion 123, the vertical
location of the top end 123b of the cross section perpen-
dicular to the flow direction of the cooling water is the
same at any location in the flow direction of the cooling
water. That is, at any location in the flow direction of the
cooling water, the top end 123b of the cross section, per-
pendicular to the flow direction of the cooling water, of
the tubular passage 123ais on the same horizontal plane.
[0050] Asillustratedin FIG. 6, the ring tube portion 123
includes a tapered portion 123c. The tapered portion
123c is formed in the vicinity of the connection between
the ring tube portion 123 and the connection tube portion
124. The tapered portion 123c is formed on both sides,
in the circumferential direction, of the connection be-
tween the ring tube portion 123 and the connection tube
portion 124. The tapered portion 123c has a tapered
shape in which the diameter is smaller for a location far-
ther from the connection tube portion 124 along the flow
direction of the cooling water in the ring tube portion 123.
In the tapered portion 123c, the flow area of the tubular
passage 123a gradually decreases as the cross section
is distanced from the connection tube portion 124. In the
ring tube portion 123, in accordance with both ends of
the tapered portion 123c having different diameters, the
diameter of the ring-side connection tube portion 123d,
which is arranged closer to the connection tube portion
124 than the tapered portion 123c, is larger than the di-
ameter of the portion 123e which is arranged farther from
the connection tube portion 124 than the tapered portion
123c. The connection tube portion 124 is similar to the
connection tube portion 24 of the water supply tube 20
and is tilted so that the side having the greater distance
from the insert tube portion 21 along the flow direction of
the cooling water is located vertically higher than the side
having the smaller distance from the insert tube portion
21.

[0051] The ring-side connection tube portion 123d is a
linear tubular portion having a constant diameter. As il-
lustrated in FIG. 5, the bottom end 123f of the cross sec-
tion, perpendicular to the flow direction of the cooling
water, of the ring-side connection tube portion 123d is
located vertically higher than the top end 21a of the inner
wall surface of the insert tube portion 21 at the connection
between the insert tube portion 21 and the connection
tube portion 124.

[0052] The water supply tube 120 can also suppress
the generation of thermal stratification in the insert tube
portion 21 or rapidly eliminate the thermal stratification,
thereby suppressing generation of thermal stress caus-
ing fatigue. However, when the whole ring tube portion
123 is raised against the insert tube portion 21, the ring
tube portion 123 is easily exposed to a gas layer when
the water level in the steam generator 1 decreases.
[0053] Contrarily, as illustrated in FIG. 3 and FIG. 4, in
the water supply tube 20 of the embodiment, the gener-
ator internal tube portion 22 is bent to raise itself against
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the insert tube portion 21 at the connection tube portion
24, and then bent to lower itself at the tilted tube portion
233. In this manner, the vertical location of the horizontal
ring tube portion 231 is lowered, thereby suppressing
exposure of the horizontal ring tube portion 231 above
the surface of the cooling water. As illustrated in FIG. 2,
the top end 231b of the cross section, perpendicular to
the flow direction of the cooling water, of the tubular pas-
sage 231a in the horizontal ring tube portion 231 is lo-
cated vertically lower than the horizontal plane 30 includ-
ing the top end 21a of the inner wall surface of the insert
tube portion 21 at the connection between the insert tube
portion 21 and the connection tube portion 24. Config-
ured in this manner, the tubular passage 231a in the hor-
izontal ring tube portion 231 is kept below the water level
even when the cooling water level in the steam generator
1 is low enough to start exposing the insert tube portion
21. By lowering chances of the horizontal ring tube por-
tion 231 exposed above the cooling water, the generation
of a steam-pocket in the tubular passage 231a can be
suppressed.

[0054] The vertical location of the tubular passage
231aformed in the horizontal ring tube portion 231 is not
limited to the configuration described above. Any vertical
location can be determined. For example, in the embod-
iment, the top end 231b of the cross section, perpendic-
ularto the flow direction of the cooling water, of the tubular
passage 231ais located vertically lower than the central
axis X of the insert tube portion 21. Configured in such
manner, in the water supply tube 20 of the embodiment,
any vertical location of the tubular passage 231a in the
horizontal ring tube portion 231 can be determined, main-
taining the effect of suppressing thermal stratification in
the insert tube portion 21.

[0055] Further, in the embodiment, the upper horizon-
tal tube portion 234 is provided with an effluence tube
251 (25). This configuration suppresses suction of the
cooling water in the insert tube portion 21 out into the
horizontal ring tube portion 231 side when the cooling
water level in the steam generator 1 decreases. For ex-
ample, in a configuration without the effluence tube 251
provided on the upper horizontal tube portion 234, when
the cooling water level is low enough to start exposing
the horizontal ring tube portion 231, and when the supply
of the cooling water from outside to the water supply tube
20 is stopped, the cooling water in the insert tube portion
21 located higher than the horizontal ring tube portion
231 may be suctioned out into the horizontal ring tube
portion 231 side. In the embodiment, the effluence tube
251 provided on the upper horizontal tube portion 234 is
exposed when the cooling water level in the steam gen-
erator 1 decreases, thereby opening the tubular passage
234a. In this manner, the suction of the cooling water in
the insert tube portion 21 out into the horizontal ring tube
portion 231 is suppressed.

[0056] Note that, the vertical location of the horizontal
ring tube portion 231 can be determined based on the
predetermined target for controlling the water level of the
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cooling water in the space 40 in the steam generator 1.
The target water level of the cooling water is determined
depending on a control parameter of a nuclear plant in-
cluding the steam generator 1. For example, when a low-
er limit is determined for the target of the water level to
be controlled, it may be configured that the top end 231b
of the cross section, perpendicular to the flow direction
of the cooling water, of the tubular passage 231a is lo-
cated vertically lower than the lower limit of the water
level. Configured in this manner, as long as the cooling
water level in the steam generator 1 is at, or higher than,
the lower limit of the target water level, the tubular pas-
sage 231a s kept below the surface of the cooling water.
Thereby, the generation of a steam-pocket in the tubular
passage 231a is suppressed.

[0057] Further, the vertical location of the horizontal
ring tube portion 231 may be determined so that, for ex-
ample, the tubular passage 231a in the horizontal ring
tube portion 231 is located below the cooling water level
in the space 40 in the steam generator 1 even when a
supplied flow rate of low-temperature cooling water is
small, as in the start-up or shutdown under a hot state in
a plant.

[0058] In the embodiment, the tube portion including
the effluence tube 25 is provided as the ring tube portion
23 extending in a ring shape. However, the shape of the
tube portion including the effluence tube 25 is not limited
to such configuration.

Reference Signs List

[0059]

1 steam generator
2 body portion

11 nozzle

112  penetration hole

20 water supply tube

21 insert tube portion

22 generator internal tube portion
23 ring tube portion

231 horizontal ring tube portion
232  upper ring tube portion

233  tilted tube portion

234  upper horizontal tube portion

24 connection tube portion
25 effluence tube
30 horizontal plane

Claims

1. A water supply tube for a steam generator compris-
ing:

aninserttube portion horizontally extending and
configured to be inserted in a penetration hole
penetrating a shell member of the steam gener-
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ator; and

a generator internal tube portion connected to
the insert tube portion and arranged inside the
steam generator,

wherein the generator internal tube portion in-
cludes a tubular passage formed in an axial di-
rection of the generatorinternal tube portion and
an effluence unit allowing effluence of cooling
water in the tubular passage from the tubular
passage to a space in the steam generator, the
tubular passage allowing cooling water supplied
from outside the steam generator via the insert
tube portion to flow in the tubular passage,
wherein the tubular passage includes afirsttilted
portion which is tilted so that a side having a
greater distance from the insert tube portion
along a flow direction of cooling water is located
vertically higher than a side having a smaller dis-
tance from the insert tube portion and a second
tilted portion which is located with a greater dis-
tance from the insert tube portion along the flow
direction than the first tilted portion and is tilted
so that a side having a greater distance from the
insert tube portion along the flow direction is lo-
cated vertically lower than a side having a small-
er distance from the insert tube portion, and
wherein, in at least a portion of a section, along
the flow direction, of the tubular passage be-
tween the first tilted portion and the second tilted
portion, a bottom end of a cross section, per-
pendicular to the flow direction, of the tubular
passage is arranged vertically higher than a hor-
izontal plane including a top end of an inner wall
surface of the insert tube portion at a connection
between the insert tube portion and the gener-
ator internal tube portion.

The water supply tube for a steam generator accord-
ing to claim 1, wherein the effluence unit is not in-
cluded in a section, of the generator internal tube
portion, in which the first tilted portion is formed.

The water supply tube for a steam generator accord-
ing to claim 1, wherein the generator internal tube
portion includes a ring tube portion extending in a
ring shape along an inner circumferential surface of
the shell member and a connection tube portion
branching off from the ring tube portion to connect
the ring tube portion and the insert tube portion,
wherein the first tilted portion is provided as the tu-
bular passage formed in the connection tube portion,
and

wherein the second tilted portion is provided as the
tubular passage formed in the ring tube portion, the
second tilted portion being formed on each of both
ends, in an axial direction, of the ring tube portion
with the connection tube portion in between.
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4.

The water supply tube for a steam generator accord-
ing to claim 3, wherein a horizontal ring tubular pas-
sage which is the tubular passage extending in a
horizontal direction is formed in a portion, arranged
farther than the second tilted portion from the insert
tube portion along the flow direction, of the ring tube
portion, and

wherein a top end of a cross section, perpendicular
to the flow direction, of the horizontal ring tubular
passage is provided vertically lower than the hori-
zontal plane including the top end of the inner wall
surface of the insert tube portion at the connection
between the insert tube portion and the generator
internal tube portion.

The water supply tube for a steam generator accord-
ing to claim 3, wherein a horizontal ring tubular pas-
sage which is the tubular passage extending in a
horizontal direction is formed in a portion, arranged
farther than the second tilted portion from the insert
tube portion along the flow direction, of the ring tube
portion, and

wherein a top end of a cross section, perpendicular
to the flow direction, of the horizontal ring tubular
passage is arranged vertically lower than a lower
limit of a target for controlling a water level of cooling
water in the space in the steam generator.



EP 2 814 039 A1

FIG.1

! (2
. BINIA Y
(-
20
9 A
-;:::f:::_ <« WATER
\ &

u
=
I

T 1 T(I=1
g T 1 g g g
Sl N T N N

1"



EP 2 814 039 A1

“NoiLoTuid’
VINOZIHOH

¢ Ol

IVOILLYE3A

/ NOILOTYHIA
1l
9 <
wn

N
LLi
0.
0.
2

12



EP 2 814 039 A1

FIG.3

FIG.4
232
251 (25) /
251(25) 233c (233)

13



EP 2 814 039 A1

m
2
»

. ) r HIMOT
NOILO3MIA U<
TYLNOZIHOH _ gt
=1 % o4
A — 7 do
> A iz mql
pEZl / \> ~HEE L J_w 1S
| e ] Y3ddn
qezlL €2l €t agzL  agz) AR

Ge

0cl

G old

14



FIG.6




10

15

20

25

30

35

40

45

50

55

EP 2 814 039 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2013/052501

A. CLASSIFICATION OF SUBJECT MATTER

(2006.01) 1

G21D1/00(2006.01)1, F17D1/08(2006.01)1i, F22B1/16(2006.01)1i, F22B37/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G21D1/00, F17D1/08, F22B1/16, F22B37/00

Minimum documentation searched (classification system followed by classification symbols)

1922-1996
1971-2013

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2013
1994-2013

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

No. 106710/1989)

18 July 1989 (18.07.1989),
entire text; all drawings
(Family: none)

A JP 2003-28977 A
Ltd.),

29 January 2003 (29.01.2003),
entire text; all drawings
(Family: none)

(Mitsubishi Heavy Industries, Ltd.),

A Microfilm of the specification and drawings 1-5
annexed to the request of Japanese Utility
Model Application No. 56/1988 (Laid-open

(Mitsubishi Heavy Industries, 1-5

Further documents are listed in the continuation of Box C.

I:l See patent family annex.

* Special categories of cited documents: wp

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international “x”
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other wy?

special reason (as specified)
“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than
the priority date claimed “&”

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
15 April, 2013 (15.04.13)

Date of mailing of the international search report

23 April, 2013 (23.04.13)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

16




10

15

20

25

30

35

40

45

50

55

EP 2 814 039 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2013/052501

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

Microfilm of the specification and drawings
annexed to the request of Japanese Utility
Model Application No. 33613/1981 (Laid-open
No. 150390/1982)

(Mitsubishi Heavy Industries, Ltd.),

21 September 1982 (21.09.1982),

entire text; all drawings

(Family: none)

1-5

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

17




EP 2 814 039 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 61121304 A [0004]

18



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

