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Description

Technical Field

[0001] The present invention relates to steam gener-
ators.

Background Art

[0002] For example, in an approximately cylindrical-
shaped barrel portion of a steam generator in a pressu-
rized-water nuclear power plant, a heat transfer tube
group formed of a number of heat transfer tubes that are
bent in a U-shape and whose ends are secured to a tube
plate is provided in a state where it is covered by a tube-
group outer casing.
[0003] Water (supply water) supplied to an upper por-
tion of an annular channel formed between the inner wall
of the barrel portion and the tube-group outer casing flows
down through the annular channel, flows into the tube-
group outer casing from a lower portion of the annular
channel, and rises along the heat transfer tubes. During
this process, since pressurized high-temperature coolant
from a reactor flows through the heat transfer tubes and
heats the heat transfer tubes, the water that is in contact
with the outer surfaces of the heat transfer tubes is heated
and moves upward while evaporating.
[0004] By means of a steam/water separator provided
above the heat transfer tube group, the water is separat-
ed by into steam and hot water, and the hot water is
returned to the annular channel whereas the steam is
sent, for example, to a turbine in a secondary system
after moisture contained in the steam is separated there-
from.
[0005] Examples of steam generators are disclosed in
EP-296.064, US-3,213,833, WO 2007/099811, FR 77
18322, EP-35.450 and US 5,419,391.
[0006] Since the supply water takes heat from the high-
temperature coolant flowing through the heat transfer
tubes, the temperature of the coolant is gradually re-
duced from an inlet side toward an outlet side. In this
way, since the coolant in the heat transfer tubes has a
relative temperature difference, an area located from the
inlets of the heat transfer tubes to the apexes of the U-
shape thereof may also be referred to as a hot side and
an area located from the apexes to the outlets thereof
may also be referred to as a cold side.
[0007] In this steam generator, since the supply water
is mixed in the entire area of a lower portion of the tube-
group outer casing, the temperature of the supply water
in this portion is made similar, thus reducing the temper-
ature difference between the coolant in the outlets of the
heat transfer tubes and the supply water. Therefore,
since the amount of heat exchange is reduced in this
portion, the total amount of heat exchange of the steam
generator is reduced.
[0008] Various ways of improving this point have been
proposed, and, for example, Patent Citations 1 and 2

describe examples thereof.
[0009] In the examples, supply water is supplied only
to a cold-side portion of an annular channel to reduce
the temperature of the supply water flowing into the cold
side. This increases the temperature difference between
the coolant in the outlets of the heat transfer tubes and
the supply water to increase the amount of heat exchange
in this portion.
[0010]

Patent Citation 1:
Japanese Unexamined Patent Application, Publica-
tion No. Hei-03-87501
Patent Citation 2:
Japanese Unexamined Patent Application, Publica-
tion No. 2000-9888

Disclosure of Invention

[0011] The hot water separated by the steam/water
separator includes fine air bubbles or is likely to generate
air bubbles by involving ambient air. Conventionally, wa-
ter is supplied in a full-scale manner, thereby cooling the
hot water to condense such air bubbles.
[0012] In the technologies described in Patent Cita-
tions 1 and 2, since water is not supplied to the hot side,
generated air bubbles remain as they are. So-called car-
ry-under, in which the air bubbles descend together with
supply water, occurs.
[0013] When carry-under occurs (is increased), loss of
supply water transfer pressure is increased, and thus the
supply water does not flow smoothly in the hot side. Ac-
cordingly, because the amount of supply water flowing
in the hot side is reduced, reducing the amount of heat
exchange, the total amount of heat exchange may be
reduced.
[0014] In view of the above-described problems, an
object of the present invention is to provide a steam gen-
erator in which the total heat transfer efficiency can be
improved by suppressing a reduction in the amount of
heat exchange at an inlet side of heat transfer tubes while
maintaining the effect of increasing the amount of heat
exchange at an outlet side thereof.
[0015] In order to solve the above-described problems,
the present invention employs the following solutions.
[0016] Specifically, according to an aspect, the present
invention provides a steam generator including: a heat
transfer tube group that is formed of a plurality of heat
transfer tubes in each of which both ends thereof are
secured to a tube plate and each of which has a U-shaped
free end in which a heat medium flows from one end
toward the other end; an annular channel that is formed
so as to cover the circumference of the heat transfer tube
group and that has an opening, at a lower portion thereof,
that communicates with the heat transfer tube group; a
water supply unit that is disposed at an upper portion of
the annular channel and that supplies water to a descend-
ing-side portion serving as an area where the heat me-
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dium in the heat transfer tubes descends toward the other
end; and a steam/water separator that is disposed above
the heat transfer tube group and that separates water
heated while passing from the annular passage along
the circumference of the heat transfer tubes into steam
and hot water, in which an air bubble removing member
for removing air bubbles is provided in the annular chan-
nel, in a rising-side portion serving as an area where the
heat medium in the heat transfer tubes rises from the one
end.
[0017] According to the steam generator of this aspect,
the water supply unit is disposed at an upper portion of
the annular channel and supplies water to a descending-
side portion serving as an area where the heat medium
in the heat transfer tubes descends toward the other end,
in other words, a cold-side portion serving as a relatively-
low-temperature area located from the apexes of the heat
transfer tubes to the outlets thereof; therefore, it is pos-
sible to reduce the temperature of supply water flowing
into the descending-side portion, serving as an outlet por-
tion of the heat transfer tubes. When the temperature of
the supply water flowing into the descending-side portion
is reduced, a large temperature difference can be pro-
duced between a relatively-low-temperature heat medi-
um flowing in the outlet portion of the heat transfer tubes
and the supply water, and thus the amount of heat ex-
change can be increased in this portion.
[0018] Further, since the air bubble removing member
is disposed in the annular channel located in the rising-
side portion, which serves as an area where the heat
medium in the heat transfer tubes rises from the one end,
in other words, the hot-side portion, which serves as a
relatively-high-temperature area located from the inlets
of the heat transfer tubes to the apexes thereof, it is pos-
sible to remove air bubbles in the rising-side portion.
When air bubbles are removed in an upper portion of the
rising-side portion, it is possible to suppress, in the rising-
side portion, the occurrence of so-called carry-under, in
which air bubbles descend together with supply water.
This can suppress an increase in loss of supply water
transfer pressure in the rising-side portion, and therefore,
it is possible to prevent a reduction in the amount of sup-
ply water flowing in the hot side and to maintain the
amount of heat exchange in the rising-side portion, as in
a conventional manner.
[0019] Therefore, since a reduction in the amount of
heat exchange in the rising-side portion can be sup-
pressed while maintaining the effect of increasing the
amount of heat exchange in the descending-side portion
of the heat transfer tubes, the total heat transfer efficiency
can be improved.
[0020] In the aspect, a configuration may be used in
which the air bubble removing member is a porous plate
that has a plurality of through-holes.
[0021] With this configuration, a flow of supply water
stagnates at portions of the porous plate without the
through-holes, so that air bubbles that move downward
when the supply water descends, in other words, air bub-

bles that have small volumes and small buoyancies, are
accumulated.
[0022] When the air bubbles are accumulated, they co-
alesce to form air bubbles that have large volumes. Since
the buoyancies of the air bubbles are increased when
the volumes thereof are increased, they come up through
the through-holes against the descending supply water
and are discharged to the space above.
[0023] In this way, it is possible to suppress, in the ris-
ing-side portion, the occurrence of so-called carry-under,
in which the air bubbles descend together with supply
water.
[0024] In the configuration, the porous plate may be
disposed in the annular channel at a position where the
steam/water separator is disposed.
[0025] In the configuration, the porous plate may be
disposed at a position away from the steam/water sep-
arator, downward in the annular channel.
[0026] In the aspect, the air bubble removing member
may be a water supply member that supplies water for
condensing the air bubbles.
[0027] In this way, since the water supply member sup-
plies a sufficient amount of water for condensing air bub-
bles, air bubbles in an upper portion of the rising-side
portion are cooled and condensed. Therefore, it is pos-
sible to suppress, in the rising-side portion, the occur-
rence of so-called carry-under, in which the air bubbles
descend together with the supply water.
[0028] Note that the sufficient amount of water for con-
densing air bubbles, supplied by the water supply mem-
ber, is, for example, 5 to 10 % of the amount of water
supplied from the water supply unit, for example, and an
influence on the heat-exchange increasing effect in the
descending-side portion can be suppressed.
[0029] In the aspect, in a tube supporting plate that
supports the heat transfer tubes, the opening area in the
rising-side portion may be larger than the opening area
in the descending-side portion.
[0030] The heat transfer tubes are supported by tube
supporting plates that laterally extend at positions located
in the vertical direction and that have openings through
which supply water passes.
[0031] According to the present invention, in the tube
supporting plates for supporting the heat transfer tubes,
the opening areas in the rising-side portion are larger
than the opening areas in the descending-side portion,
and therefore, the flow resistance in the rising-side por-
tion, that is, the hot-side portion, is reduced. Since supply
water flow improves in the rising-side portion when the
flow resistance in the rising-side portion is reduced, the
supply water easily circulates in the upstream-side por-
tion, and the occurrence of an unstable flow can be sup-
pressed.
[0032] Therefore, since a reduction in the amount of
heat exchange in the rising-side portion can be sup-
pressed, the total heat transfer efficiency can be im-
proved.
[0033] In the aspect, a heat-transfer-tube partitioning
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plate that partition the rising-side portion and the de-
scending-side portion may be provided at a lower portion
of the heat transfer tube group, and a channel in the de-
scending-side portion partitioned by the heat-transfer-
tube partitioning plate may be a serpentine channel.
[0034] This makes supply water meander upward in
the descending-side portion partitioned by the heat-
transfer-tube partitioning plate, so that supply water flows
in lateral directions.
[0035] When supply water flows in the lateral direc-
tions, the number of chances, in other words, the duration
of time, for it to make contact with the heat transfer tubes
is increased compared with a case where supply water
simply rises, and thus the amount of received heat can
be increased accordingly.
[0036] Therefore, since the heat exchange efficiency
in the descending-side portion is improved, the total heat
transfer efficiency can be improved.
[0037] In the aspect, a plurality of openings that make
the annular channel communicate with the heat transfer
tube group are provided at points with gaps being pro-
vided therebetween in a vertical direction, in a lower por-
tion of the heat transfer tube group.
[0038] Since supply water flows in the lateral direction
at the water supply points, the number of chances, in
other words, the duration of time, for it to make contact
with the heat transfer tubes is increased, and thus the
amount of received heat can be increased accordingly.
[0039] Since water is supplied to the descending-side
portion from a plurality of points with gaps being provided
therebetween in the vertical direction, the heat exchange
efficiency is improved compared with a case where water
is supplied from a single lowermost point, and thus the
total heat transfer efficiency can be improved.
[0040] Note that, in this case, it is preferable that the
lower portion of the heat transfer tube group be parti-
tioned into the rising-side portion and the descending-
side portion, so as to supply water to the descending-
side portion.
[0041] In the aspect, a partitioning plate that vertically
divides the annular channel into the rising-side portion
and the descending-side portion is further included, in
which, in at least a lower portion of the partitioning plate,
a circumferential region in the rising-side portion be-
comes gradually smaller in the downward direction than
a circumferential region in the descending-side portion.
[0042] This supplies water supplied from the water
supply unit, also to the rising-side portion, and therefore,
the temperature of supply water in a lower position of the
rising-side portion can be reduced.
[0043] When the temperature of the supply water in
the lower position of the rising-side portion is reduced,
the difference in temperature between heat medium flow-
ing in the heat transfer tubes and the supply water is
increased even in the rising-side portion, and therefore,
the heat exchange efficiency can be improved.
[0044] In the aspect, anti-vibration bars inserted be-
tween free ends of the heat transfer tubes adjacent to

each other may be arranged such that the arrangement
density in the rising-side portion is lower than the arrange-
ment density in the descending-side portion.
[0045] In the aspect, a resistance porous plate having
a plurality of through-holes may be further included at a
position in the descending-side portion between the heat
transfer tube group and the steam/water separator.
[0046] In this aspect, a plurality of steam/water sepa-
rators may be provided, of which a steam/water separator
that is positioned in the descending-side portion has an
orifice channel resistance at an inlet thereof.
[0047] Alternatively, those structures may be com-
bined.
[0048] This makes the channel resistance in the de-
scending-side portion larger than that in the rising-side
portion, and therefore, supply water flows in the rising-
side portion more easily than in the descending-side por-
tion. Accordingly, more supply water flows in the rising-
side portion, and therefore, the proportion of air bubbles
in the upper portion of the rising-side portion can be re-
duced.
[0049] Therefore, since air bubbles can be prevented
from being mixed into supply water to be supplied to the
rising-side portion in combination with air-bubble removal
by an air bubble removing member, it is possible to ef-
fectively prevent an unstable flow in the rising-side por-
tion and to improve the heat exchange efficiency.
[0050] According to the present invention, since the
water supply unit that supplies water to the descending-
side portion in the upper portion of the annular channel
is provided with the air bubble removing member in the
rising-side portion, it is possible to increase the amount
of heat exchange in the descending-side portion and to
maintain the amount of heat exchange in the rising-side
portion, as in a conventional manner.
[0051] As described above, since a reduction in the
amount of heat exchange in the rising-side portion can
be suppressed while maintaining the effect of increasing
the amount of heat exchange in the descending-side por-
tion of the heat transfer tubes, the total heat transfer ef-
ficiency can be improved.

Brief Description of Drawings

[0052]

[FIG. 1] FIG. 1 is a longitudinal cross section sche-
matically showing, in outline, the overall structure of
a steam generator according to a first embodiment
of the present invention.
[FIG. 2] FIG. 2 is a cross section taken along arrows
X-X shown in FIG. 1.
[FIG. 3] FIG. 3 is a partial longitudinal cross section
of a porous plate according to the first embodiment
of the present invention.
[FIG. 4] FIG. 4 is a longitudinal cross section sche-
matically showing, in outline, the overall structure of
a steam generator according to a second embodi-
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ment of the present invention.
[FIG. 5] FIG. 5 is a cross section taken along arrows
Y-Y shown in FIG. 4.
[FIG. 6] FIG. 6 is a partial cross section showing a
cold-side portion of a tube supporting plate according
to the second embodiment of the present invention.
[FIG. 7] FIG. 7 is a partial cross section showing a
hot-side portion of the tube supporting plate accord-
ing to the second embodiment of the present inven-
tion.
[FIG. 8] FIG. 8 is a longitudinal cross section sche-
matically showing, in outline, the overall structure of
a steam generator according to a third embodiment
of the present invention.
[FIG. 9] FIG. 9 is a cross section taken along arrows
Z-Z shown in FIG. 8.
[FIG. 10] FIG. 10 is a longitudinal cross section sche-
matically showing, in outline, the overall structure of
a steam generator according to a fourth embodiment
of the present invention.
[FIG. 11] FIG. 11 is a longitudinal cross section sche-
matically showing, in outline, the overall structure of
a steam generator according to a fifth embodiment
of the present invention.
[FIG. 12] FIG. 12 is a cross section taken along ar-
rows U-U shown in FIG. 11.
[FIG. 13] FIG. 13 is a cross section taken along ar-
rows V-V shown in FIG. 11.
[FIG. 14] FIG. 14 is a cross section taken along ar-
rows W-W shown in FIG. 11.
[FIG. 15] FIG. 15 is a schematic view showing an
upper portion of a heat transfer tube group in a sixth
embodiment of the present invention.
[FIG. 16] FIG. 16 is a longitudinal cross section sche-
matically showing an upper barrel portion in a sev-
enth embodiment of the present invention.
[FIG. 17] FIG. 17 is a longitudinal cross section sche-
matically showing an upper barrel portion in an
eighth embodiment of the present invention.

Explanation of Reference:

[0053]

1: steam generator
11: tube plate
13: heat transfer tube
15: heat transfer tube group
23: annular channel
25: opening
29: water supply box
31: steam/water separator
35: porous plate
43: through-hole
45: water supply pipe
47: heat-transfer-tube partitioning plate
53: inflow pore
55: partitioning plate

57: resistance porous plate
59: orifice channel resistance
D: serpentine channel
C: cold-side portion
H: hot-side portion

Best Mode for Carrying Out the Invention

[0054] Embodiments of the present invention will be
described below with reference to the drawings.

First Embodiment

[0055] A first embodiment of the present invention will
be described below with reference to FIGS. 1 to 3.
[0056] In this embodiment, the present invention is ap-
plied to a steam generator 1 in a pressurized-water nu-
clear power plant. Note that this embodiment does not
limit the invention.
[0057] FIG. 1 is a longitudinal cross section schemat-
ically showing, in outline, the overall structure of the
steam generator 1. FIG. 2 is a cross section taken along
arrows X-X shown in FIG. 1. FIG. 3 is a partial longitudinal
cross section of a porous plate.
[0058] The steam generator 1 includes a lower barrel
3 having an approximately cylindrical shape and an upper
barrel 5 having an approximately cylindrical shape.
[0059] The lower barrel 3 includes a first water cham-
ber 7, a second water chamber 9, a tube plate 11, a heat
transfer tube group 15 formed of a number of heat trans-
fer tubes 13, and a tube-group outer casing 17.
[0060] The first water chamber 7 and the second water
chamber 9 are disposed so as to divide a lower portion
of the lower barrel 3 into two. Primary coolant from a
reactor is introduced to the first water chamber 7 through
a nozzle (not shown).
[0061] The primary coolant introduced to the first water
chamber 7 passes through a plurality of heat transfer
tubes 13 and is recovered in the second water chamber
9. The primary coolant recovered in the second water
chamber 9 is discharged toward the reactor through a
nozzle (not shown).
[0062] The heat transfer tubes 13 are bent to have a
U-shape.
[0063] Both ends of each of the heat transfer tubes 13
are secured to the tube plate 11 provided on upper por-
tions of the first water chamber 7 and the second water
chamber 9, so as to pass through the tube plate 11. The
heat transfer tubes 13 extend upward from the tube plate
11, and free ends thereof are positioned at almost an
upper end of the lower barrel 3.
[0064] Attachment positions of both ends of the heat
transfer tubes 13 to the tube plate 11 are positions where
one end thereof is communicated with the first water
chamber 7 and the other end thereof is communicated
with the second water chamber 9.
[0065] The heat transfer tubes 13 are arrayed along
planes parallel to each other. In each plane, the heat
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transfer tubes 13 are arrayed such that the radii of cur-
vature of the free ends thereof are gradually increased
from the inner side toward the outer side.
[0066] The number of included heat transfer tubes 13
is gradually reduced from the top, going outward from
the axis of the lower barrel 3.
[0067] Therefore, the free ends of the heat transfer
tubes 13 form an approximately hemispherical shape as
a whole, and the lower portions thereof form the heat
transfer tube group 15 having an approximately cylindri-
cal shape.
[0068] A plane connecting the apexes of the respective
heat transfer tubes 13 is perpendicular to the plane of
the paper of FIG. 1 and extends to pass through the bor-
der between the first water chamber 7 and the second
water chamber 9. The first water chamber 7 side of this
plane is an area in which high-temperature primary cool-
ant introduced to the first water chamber 7 rises through
the heat transfer tubes 13, and is therefore referred to
as a hot-side portion (rising-side portion) H.
[0069] On the other hand, the second water chamber
9 side thereof is an area in which the primary coolant
whose heat has been exchanged in the hot-side portion
and thus whose temperature has been relatively reduced
descends through the heat transfer tubes 13 toward the
second water chamber 9, and is therefore referred to as
a cold-side portion (descending-side portion) C.
[0070] The tube-group outer casing 17 has an approx-
imately cylindrical shape with one end face thereof being
opened and is provided so as to cover the heat transfer
tube group 15.
[0071] Straight tube portions of the heat transfer tubes
13 are supported by a plurality of tube supporting plates
19 provided in a vertical direction with gaps therebe-
tween. Each of the tube supporting plates 19 has through-
holes 21 (see FIG. 6) in portions where the heat transfer
tubes 13 are supported.
[0072] A gap is provided between the tube-group outer
casing 17 and the inner wall of the lower barrel 3 and the
upper barrel 5, so as to form an annular channel 23
through which supply water flows.
[0073] The tube-group outer casing 17 and the heat
transfer tube group 15 are substantially united via the
tube supporting plates 19. A gap is provided between a
lower end position of the tube-group outer casing 17 and
an upper end position of the tube plate 11 so as to form
an opening 25 for communicating between the inside (the
heat transfer tube group 15) of the tube-group outer cas-
ing 17 and the annular channel 23.
[0074] At the free end portion of the heat transfer tubes
13, anti-vibration bars 27 are inserted between adjacent
rows to prevent vibration of the heat transfer tubes 13.
[0075] The upper barrel 5 includes a water supply box
(water supply unit) 29, a plurality of steam/water sepa-
rators 31, a moisture separator 33, a porous plate (air
bubble removing member) 35, and a steam chamber 37.
[0076] The water supply box 29 has a semi-ring shape
and is mounted at a lower portion of the upper barrel 5

along the cold-side portion C at the upper portion of the
tube-group outer casing 17. The water supply box 29
supplies the cold-side portion C of the annular channel
23 with secondary-coolant-system water supplied
through a supply-water inlet nozzle 39.
[0077] A plurality of, for example, 20, steam/water sep-
arators 31 are provided on the upper surface of the tube-
group outer casing 17 with appropriate gaps being pro-
vided therebetween. The steam/water separators 31
crudely separate steam mixed with water that has passed
through the heat transfer tube group 15 into steam and
water (hot water). The water separated by the steam/wa-
ter separators 31 is returned to the annular channel 23.
[0078] The steam crudely separated by the steam/wa-
ter separators 31 is introduced to the moisture separator
33, and moisture contained in the steam is separated
therefrom. The steam from which moisture has been sep-
arated and eliminated is sent from the steam chamber
37 through a steam outlet nozzle 41 to a turbine in a
secondary system, for example.
[0079] The porous plate 35 is a plate member having
an approximately semicircular shape and has a number
of through-holes 43 passing therethrough in a thickness
direction.
[0080] The porous plate 35 is mounted above the tube-
group outer casing 17 so as to extend laterally while cov-
ering the hot-side portion H of the upper barrel 5.
[0081] As indicated by the two-dot chain line in FIG. 1,
the porous plate 35 may be provided at half the height
of the annular channel 23, that is, at a position between
the tube plate 11 and the steam/water separators 31, so
as to cover the hot-side portion H of the tube-group outer
casing 17.
[0082] The operation of the thus-configured steam
generator 1 according to this embodiment will be de-
scribed.
[0083] High-temperature and high-pressure primary
coolant from a reactor (not shown) is introduced to the
first water chamber 7 through a nozzle (not shown). This
primary coolant is introduced from the first water chamber
7 to one end of each of the heat transfer tubes 13, circu-
lates through the respective heat transfer tubes 13, and
is discharged from the other end of each of the heat trans-
fer tubes 13 to the second water chamber 9. The primary
coolant is returned to the reactor from the second water
chamber.
[0084] This circulation of the primary coolant keeps the
heat transfer tubes 13 at a high temperature. At this time,
a temperature gradient is produced by heat exchange
with secondary-coolant-system water such that the tem-
perature of the heat transfer tubes 13 is the highest at
the first water chamber 7 side and is gradually reduced
toward the second water chamber 9 side.
[0085] The secondary-coolant-system water supplied
from the water supply box 29 is supplied to the cold-side
portion C of the annular channel 23. Since this water is
mixed with high-temperature hot water flowing out from
the steam/water separators 31 at the cold-side portion C
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and cools this hot water, air bubbles included in the hot
water are condensed and almost completely removed.
[0086] Although this mixed water partially moves to the
hot-side portion H, it mainly flows down in the cold-side
portion C of the annular channel 23 and is supplied to
the inside of the tube-group outer casing 17 through the
opening 25.
[0087] In this way, since the secondary-coolant-sys-
tem water supplied to the cold-side portion C of the heat
transfer tube group 15 has a relatively-low temperature,
it is possible to produce a large temperature difference
between the heat transfer tubes 13 in the second water
chamber 9 side, having a relatively-low temperature, and
the secondary-coolant-system water. Therefore, the
amount of heat exchange can be increased in this portion.
[0088] On the other hand, hot water flowing out from
the steam/water separators 31 that are disposed in the
hot-side portion H is mainly supplied to the hot-side por-
tion H of the annular channel 23. This hot water includes
fine air bubbles that have not been separated by the
steam/water separators 31 or is likely to generate air bub-
bles by involving ambient air.
[0089] Water that mainly includes this hot water moves
downward through the through-holes 43 in the porous
plate 35. At this time, since the flow of the water stagnates
at portions of the porous plate 35 without the through-
holes 43 and the like, air bubbles k that move downward
when the water descends, in other words, air bubbles k
that have small volumes and small buoyancies, are ac-
cumulated at these portions.
[0090] The accumulated air bubbles k collide with each
other and coalesce to form air bubbles K that have large
volumes. Since the buoyancies of the air bubbles K are
increased when the volumes thereof are increased, the
air bubbles K come up through the through-holes 43
against the descending water and are discharged to the
space above.
[0091] As described above, it is possible to suppress,
in the hot-side portion H, the occurrence of so-called car-
ry-under, in which the air bubbles k descend together
with secondary-coolant-system water.
[0092] Although this water partially moves to the cold-
side portion C, it mainly flows down in the hot-side portion
H of the annular channel 23 and is supplied to the inside
of the tube-group outer casing 17 through the opening 25.
[0093] Since air bubbles can be removed by the porous
plate 35 in this way, an increase in loss of water transfer
pressure can be suppressed in the hot-side portion H.
Therefore, since a reduction in the amount of supply wa-
ter flowing in the hot-side portion H can be prevented,
the amount of heat exchange in the hot-side portion H of
the heat transfer tube group 15 can be maintained, as in
a conventional manner.
[0094] Since a reduction in the amount of heat ex-
change in the hot-side portion H can be suppressed while
maintaining the effect of increasing the amount of heat
exchange in the cold-side portion C of the heat transfer
tube group 15, as described above, the total heat transfer

efficiency can be improved.
[0095] In this way, part of secondary-coolant-system
water evaporates to become steam when it rises around
the heat transfer tubes 13, which are maintained at a high
temperature.
[0096] The water mixed with the steam is introduced
to the steam/water separators 31 and is crudely separat-
ed into steam and water.
[0097] The steam crudely separated by the steam/wa-
ter separators 31 is introduced to the moisture separator
33, and moisture contained therein is removed therefrom.
[0098] The steam from which moisture has been sep-
arated by the moisture separator 33 is sent to a turbine
in the secondary system (not shown) from the steam out-
let nozzle 41 provided on the top of the upper barrel 5.
The turbine is rotationally driven by this steam, and its
power drives a power generator, for example, to generate
electric power.

Second Embodiment

[0099] Next, a second embodiment of the present in-
vention will be described using FIGS. 4 to 7.
[0100] In this embodiment, the configuration of the tube
supporting plates 19 is different from that of the first em-
bodiment, and the other components are the same as
those in the first embodiment; therefore, the difference
therebetween will be mainly described below and a re-
peated description of the other components will be omit-
ted.
[0101] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0102] FIG. 4 is a longitudinal cross section schemat-
ically showing, in outline, the overall structure of the
steam generator 1. FIG. 5 is a cross section taken along
arrows Y-Y shown in FIG. 4.
[0103] In this embodiment, the sizes of the through-
holes 21 in the tube supporting plates 19 are different
between the hot-side portion H and the cold-side portion
C.
[0104] Specifically, the sizes of the through-holes 21
in the hot-side portion H, shown in FIG. 7, are made larger
than those of the through-holes 21 in the cold-side portion
C, shown in FIG. 6. Therefore, the opening areas of the
tube supporting plates 19 in the hot-side portion H are
larger than the opening areas thereof in the cold-side
portion C.
[0105] This makes the flow resistance in the hot-side
portion H smaller than that in the cold-side portion C.
Since water flow improves in the hot-side portion H when
the flow resistance in the hot-side portion H is made
smaller, the water easily circulates in the hot-side portion
H, and the occurrence of an unstable flow can be sup-
pressed.
[0106] Therefore, since a reduction in the amount of
heat exchange in the hot-side portion H can be sup-
pressed, the total heat transfer efficiency of the steam
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generator 1 can be improved.

Third Embodiment

[0107] Next, a third embodiment of the present inven-
tion will be described using FIGS. 8 and 9.
[0108] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
configurations of the air bubble removing member and
the cold-side portion C of the heat transfer tube group 15
are different. The differences therebetween will be mainly
described below, and a repeated description of the other
components will be omitted.
[0109] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0110] FIG. 8 is a longitudinal cross section schemat-
ically showing, in outline, the overall structure of the
steam generator 1. FIG. 9 is a cross section taken along
arrows Z-Z shown in FIG. 8.
[0111] In this embodiment, as an extension of the water
supply box 29, a water supply pipe (water supply mem-
ber) 45 having a semi-ring shape is positioned in the hot-
side portion H of the annular channel 23 and is mounted
to supply water to that portion.
[0112] The water supply pipe 45 is branched to supply
water from the water supply box 29. The water supply
pipe 45 has a pipe diameter smaller than the water supply
box 29 and the amount of water supplied is sufficient to
condense air bubbles included in water in the hot-side
portion H. This amount is, for example, 5 to 10 % of the
amount of water the water supply box 29 supplies to the
cold-side portion C.
[0113] As described above, since the water supply pipe
45 supplies a sufficient amount of water for condensing
air bubbles, air bubbles in an upper portion of the hot-
side portion H of the annular channel 23 are cooled and
condensed by this water. Therefore, it is possible to sup-
press, in the hot-side portion H, the occurrence of so-
called carry-under, in which air bubbles descend together
with supply water.
[0114] Although this water partially moves to the cold-
side portion C, it mainly flows down in the hot-side portion
H of the annular channel 23 and is supplied to the inside
of the tube-group outer casing 17 through the opening 25.
[0115] Since air bubbles can be removed by the cold
water supplied by the water supply pipe 45 in this way,
an increase in loss of water transfer pressure in the hot-
side portion H can be suppressed. Therefore, since a
reduction in the amount of supply water flowing in the
hot-side portion H can be prevented, the amount of heat
exchange in the hot-side portion H of the heat transfer
tube group 15 can be maintained, as in a conventional
manner.
[0116] Further, in this embodiment, a heat-transfer-
tube partitioning plate 47 that partitions the hot-side por-
tion H and the cold-side portion C is provided at a lower
portion of the heat transfer tube group 15.

[0117] Semicircular-shaped flow adjusting plates 49
are attached to the cold-side portion C of the heat-trans-
fer-tube partitioning plate 47 so as to be aligned with the
second and fourth tube supporting plates 19 from the
bottom.
[0118] Semi-ring-shaped flow adjusting plates 51 are
attached to the cold-side portion C of the tube-group outer
casing 17 so as to be aligned with the first and third tube
supporting plates 19 from the bottom.
[0119] With the flow adjusting plates 49 and the flow
adjusting plates 51, a water flow channel in the cold-side
portion C serves as a serpentine channel D.
[0120] In this way, since water meanders upward along
the serpentine channel D in the cold-side portion C of the
heat transfer tube group 15 partitioned by the heat-trans-
fer-tube partitioning plate 47, the water flows in lateral
directions.
[0121] When the water flows in the lateral directions,
the number of chances, in other words, the duration of
time, for it to make contact with the heat transfer tubes
13 is increased compared with a case where the water
simply rises, and thus the amount of heat received from
the heat transfer tubes 13 can be increased accordingly.
[0122] Therefore, since the heat exchange efficiency
in the cold-side portion C is further improved, it is possible
to improve the total heat transfer efficiency of the steam
generator 1, in combination with the fact that the amount
of heat exchange in the hot-side portion H can be main-
tained, as in a conventional manner.

Fourth Embodiment

[0123] Next, a fourth embodiment of the present inven-
tion will be described using FIG. 10.
[0124] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
configuration of the water supply box 29 is different. The
difference therebetween will be mainly described below,
and a repeated description of the other components will
be omitted.
[0125] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0126] FIG. 10 is a longitudinal cross section schemat-
ically showing, in outline, the overall structure of the
steam generator 1.
[0127] In this embodiment, a lower portion of the water
supply box 29 extends to almost a lower end position of
the tube-group outer casing 17.
[0128] Inflow pores 53 that extend in a lateral direction
to make the inside of the tube-group outer casing 17 com-
municate with the inside of the water supply box 29 are
provided in the lower portion of the water supply box 29
at positions between the first and second tube supporting
plates 19 from the bottom, between the second and third
tube supporting plates 19 from the bottom, and between
the third and fourth tube supporting plates 19 from the
bottom. An appropriate number of inflow pores 53 may
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be provided as needed.
[0129] The heat-transfer-tube partitioning plate 47,
which partitions the hot-side portion H and the cold-side
portion C, is provided at the lower portion of the heat
transfer tube group 15. The top of the heat-transfer-tube
partitioning plate 47 is set higher than the position of the
top inflow pore 53.
[0130] Secondary-coolant-system water supplied from
the water supply box 29 passes through the opening 25
and the respective inflow pores 53 and is supplied in the
lateral direction to the cold-side portion C inside the tube-
group outer casing 17.
[0131] In other words, since water flows in the lateral
direction, the number of chances, in other words, the du-
ration of time, for it to make contact with the heat transfer
tubes 13 is increased. Since the amount of received heat
can be accordingly increased, the heat exchange effi-
ciency can be improved.
[0132] Furthermore, since water is supplied through a
plurality of points with gaps being provided therebetween
in the vertical direction, the heat exchange efficiency is
improved compared with a case where water is supplied
through a single lowermost point. Therefore, the total
heat transfer efficiency is improved.

Fifth Embodiment

[0133] Next, a fifth embodiment of the present inven-
tion will be described using FIGS. 11 to 14.
[0134] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
configuration of the annular channel 23 is different. The
difference therebetween will be mainly described below,
and a repeated description of the other components will
be omitted.
[0135] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0136] FIG. 11 is a longitudinal cross section schemat-
ically showing, in outline, the overall structure of the
steam generator 1. FIG. 12 is a cross section taken along
arrows U-U shown in FIG. 11. FIG. 13 is a cross section
taken along arrows V-V shown in FIG. 11. FIG. 14 is a
cross section taken along arrows W-W shown in FIG. 11.
[0137] In this embodiment, two partitioning plates 55
that extend vertically and that partition the annular chan-
nel 23 laterally are attached to the annular channel 23.
[0138] Upper portions of the partitioning plates 55 are
positioned at the border between the hot-side portion H
and the cold-side portion C to divide the annular channel
23 into the hot-side portion H and cold-side portion C.
[0139] Lower portions of the partitioning plates 55 are
gradually curved toward the hot side in the downward
direction. Therefore, a hot-side circumferential region
23H of the hot-side portion H of the annular channel 23
partitioned by the partitioning plates 55 is made gradually
smaller than a cold-side circumferential region 23C of
the cold-side portion C, as shown in FIGS. 13 and 14.

[0140] Secondary-coolant-system water is supplied
from the water supply box 29 to the cold-side circumfer-
ential region 23C of the annular channel 23 and flows
down. The cold-side circumferential region 23C enlarges
downward so as to enter the area of the hot-side portion
H.
[0141] Therefore, water entering the inside of the tube-
group outer casing 17 through the opening 25 positioned
at the hot-side portion H is a mix of relatively-hot water
that has passed through the hot-side circumferential re-
gion 23H and relatively-cold water that has passed
through the cold-side circumferential region 23C, thereby
reducing the temperature of water to be supplied to the
heat transfer tube group in the hot-side portion H.
[0142] When the temperature of the supply water at a
lower position in the hot-side portion H is reduced, the
difference in temperature between the heat transfer
tubes 13 and the supply water is increased even in the
hot-side portion H, and therefore, it is possible to improve
the heat exchange efficiency in the hot-side portion H.

Sixth Embodiment

[0143] Next, a sixth embodiment of the present inven-
tion will be described using FIG. 15.
[0144] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
configuration of the anti-vibration bars 27 is different. The
difference therebetween will be mainly described below,
and a repeated description of the other components will
be omitted.
[0145] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0146] FIG. 15 is a schematic view showing an upper
portion of the heat transfer tube group 15 in this embod-
iment.
[0147] In this embodiment, the anti-vibration bars 27
are arranged such that the arrangement density in the
hot-side portion H is lower than that in the cold-side por-
tion C.
[0148] The anti-vibration bars 27 serve as channel re-
sistance when water flows. In this embodiment, since the
arrangement density of the anti-vibration bars 27 in the
hot-side portion H is lower than that in the cold-side por-
tion C, the channel resistance in the cold-side portion C
is larger than that in the hot-side portion H, and supply
water flows in the hot-side portion H more easily than in
the cold-side portion C.
[0149] Accordingly, more supply water flows in the hot-
side portion H, and therefore, the proportion of air bubbles
in the upper portion of the hot-side portion H can be re-
duced.
[0150] Therefore, since air bubbles can be prevented
from being mixed into supply water to be supplied to the
hot-side portion H in combination with air-bubble removal
by an air bubble removing member such as the porous
plate 35, it is possible to effectively prevent an unstable
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flow in the hot-side portion H and to improve the heat
exchange efficiency.

Seventh Embodiment

[0151] Next, a seventh embodiment of the present in-
vention will be described using FIG. 16.
[0152] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
inner configuration of the tube-group outer casing 17 is
different. The difference therebetween will be mainly de-
scribed below, and a repeated description of the other
components will be omitted.
[0153] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0154] FIG. 16 is a longitudinal cross section schemat-
ically showing the upper barrel 5 in this embodiment.
[0155] In this embodiment, a resistance porous plate
57 having a plurality of through-holes is mounted be-
tween the heat transfer tube group 15 and the steam/wa-
ter separators 31 at a position in the cold-side portion C
in the tube-group outer casing 17.
[0156] The resistance porous plate 57 serves as chan-
nel resistance when water flows. Since the resistance
porous plate 57 is mounted in the cold-side portion C,
the channel resistance in the cold-side portion C is larger
than that in the hot-side portion H, and supply water flows
in the hot-side portion H more easily than in the cold-side
portion C.
[0157] Accordingly, more supply water flows in the hot-
side portion H, and therefore, the proportion of air bubbles
in the upper portion of the hot-side portion H can be re-
duced.
[0158] Therefore, since air bubbles can be prevented
from being mixed into supply water to be supplied to the
hot-side portion H in combination with air-bubble removal
by an air bubble removing member such as the porous
plate 35, it is possible to effectively prevent an unstable
flow in the hot-side portion H and to improve the heat
exchange efficiency.

Eighth Embodiment

[0159] Next, an eighth embodiment of the present in-
vention will be described using FIG. 17.
[0160] In this embodiment, the basic configuration is
the same as that of the first embodiment, whereas the
configurations of the steam/water separators 31 are dif-
ferent. The differences therebetween will be mainly de-
scribed below, and a repeated description of the other
components will be omitted.
[0161] Note that identical reference symbols are as-
signed to the same components as those in the first em-
bodiment, and a description thereof will be omitted.
[0162] FIG. 17 is a longitudinal cross section schemat-
ically showing the upper barrel 5 in this embodiment.
[0163] In this embodiment, orifice channel resistances

59 are mounted at inlet ports of the steam/water sepa-
rators 31 that are positioned in the cold-side portion C.
[0164] The orifice channel resistances 59 serve as
channel resistance when water flows. Since the orifice
channel resistances 59 are mounted to the steam/water
separators 31 that are positioned in the cold-side portion
C, the channel resistance in the cold-side portion C is
larger than that in the hot-side portion H, and supply water
flows in the hot-side portion H more easily than in the
cold-side portion C.
[0165] Accordingly, more supply water flows in the hot-
side portion H, and therefore, the proportion of air bubbles
in the upper portion of the hot-side portion H can be re-
duced.
[0166] Therefore, since air bubbles can be prevented
from being mixed into supply water to be supplied to the
hot-side portion H in combination with air-bubble removal
by an air bubble removing member such as the porous
plate 35, it is possible to effectively prevent an unstable
flow in the hot-side portion H and to improve the heat
exchange efficiency.
[0167] The embodiments of the present invention have
been described above in detail with reference to the draw-
ings; The embodiments may be combined with each oth-
er and used.

Claims

1. A steam generator comprising:

a heat transfer tube group (15) that is formed of
a plurality of heat transfer tubes (13) in each of
which both ends thereof are secured to a tube
plate (11) and each of which has a U-shaped
free end in which a heat medium flows from one
end toward the other end;
an annular channel (23) that is formed so as to
cover the circumference of the heat transfer tube
group and that has an opening (25), at a lower
portion thereof, that communicates with the heat
transfer tube group (15);
a water supply unit (29) that is disposed at an
upper portion of the annular channel and that
supplies water to a descending-side portion
serving as an area where the heat medium in
the heat transfer tubes (13) descends toward
the other end; and
a steam/water separator (31) that is disposed
above the heat transfer tube group (15) and that
separates water heated while passing from the
annular channel (23) along the circumference
of the heat transfer tubes into steam and hot
water,
characterized by comprising an air bubble re-
moving member for removing air bubbles pro-
vided above an upper entrance of the annular
channel (23), in a rising-side portion serving as
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an area where the heat medium in the heat trans-
fer tubes rises from the one end, the air bubble
removing member is a water supply member
(45) that supplies water for condensing the air
bubbles.

2. A steam generator comprising:

a heat transfer tube group (15) that is formed of
a plurality of heat transfer tubes (13) in each of
which both ends thereof are secured to a tube
plate (11) and each of which has a U-shaped
free end in which a heat medium flows from one
end toward the other end;
an annular channel (23) that is formed so as to
cover the circumference of the heat transfer tube
group and that has an opening (25), at a lower
portion thereof, that communicates with the heat
transfer tube group (15);
a water supply unit (29) that is disposed at an
upper portion of the annular channel and that
supplies water to a descending-side portion
serving as an area where the heat medium in
the heat transfer tubes (13) descends toward
the other end; and
a steam/water separator (31) that is disposed
above the heat transfer tube group (15) and that
separates water heated while passing from the
annular channel (23) along the circumference
of the heat transfer tubes into steam and hot
water,
characterized by comprising an air bubble re-
moving member for removing air bubbles pro-
vided in the annular channel (23), in a rising-side
portion serving as an area where the heat me-
dium in the heat transfer tubes rises from the
one end; the air bubble removing member is a
porous plate (35) having a semicircular shape
and having a plurality of through-holes (43)
passing therethrough in a thickness direction;
wherein the porous plate (35) is disposed in the
annular channel at a position where the
steam/water separator (31) is disposed or in a
position away from the steam/water separator
(31), downward in the annular channel (23).

3. A steam generator according to one of claims 1 or
2, wherein, in a tube supporting plate (11) that sup-
ports the heat transfer tubes (13), the opening area
(21) in the rising-side portion is larger than the open-
ing area (21) in the descending-side portion.

4. A steam generator according to one of claims 1 to
3, wherein a heat-transfer-tube partitioning plate (47)
that partitions the rising-side portion and the de-
scending-side portion is provided at a lower portion
of the heat transfer tube group (15), and a channel
in the descending-side portion partitioned by the

heat-transfer-tube partitioning plate (47) is a serpen-
tine channel (D).

5. A steam generator according to one of claims 1 to
4, wherein a plurality of openings that make the an-
nular channel communicate with the heat transfer
tube group (15) are provided at points with gaps be-
ing provided therebetween in a vertical direction, in
a lower portion of the heat transfer tube group (15).

6. A steam generator according to one of claims 1 to
5, further comprising a partitioning plate (55) that ver-
tically divides the annular channel into the rising-side
portion and the descending-side portion,
wherein, in at least a lower portion of the partitioning
plate (55), a circumferential region in the rising-side
portion becomes gradually smaller in the downward
direction than a circumferential region in the de-
scending-side portion.

7. A steam generator according to one of claims 1 to
6, wherein anti-vibration bars (27) inserted between
free ends of the heat transfer tubes adjacent to each
other are arranged such that the arrangement den-
sity in the rising-side portion is lower than the ar-
rangement density in the descending-side portion.

8. A steam generator according to one of claims 1 to
7, further comprising a resistance porous plate (57)
having a plurality of through-holes, at a position in
the descending-side portion between the heat trans-
fer tube group (15) and the steam/water separator
(31).

9. A steam generator according to one of claims 1 to
8, wherein a plurality of steam/water separators (31)
are provided, of which a steam/water separator that
is positioned in the descending-side portion has an
orifice channel resistance (59) at an inlet thereof.

Patentansprüche

1. Dampferzeuger umfassend:

eine Wärmeübertragungsrohrgruppe (15), die
aus einer Mehrzahl von Wärmeübertragungs-
rohren (13) gebildet ist, wobei beide Enden je-
des Rohres an einer Rohrplatte (11) befestigt
sind und jedes Rohr ein U-förmiges freies Ende
hat, in welchem ein Wärmemedium von einem
Ende zu dem anderen Ende fließt;
einen ringförmigen Kanal (23), der so ausgebil-
det ist, dass er den Umfang der Wärmeübertra-
gungsrohrgruppe abdeckt und eine Öffnung
(25) an einem unteren Abschnitt aufweist, die
mit der Wärmeübertragungsrohrgruppe (15)
kommuniziert;
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eine Wasserzufuhreinheit (29), die an einem
oberen Abschnitt des ringförmigen Kanals an-
geordnet ist und Wasser an einen Abschnitt auf
der absteigenden Seite zuführt, der als Bereich
dient, wo das Wärmemedium in den Wärmeü-
bertragungsrohren (13) in Richtung des ande-
ren Endes herabfließt; und
einen Dampf/Wasserabscheider (31), der über
der Wärmeübertragungsrohrgruppe (15) ange-
ordnet ist und das Wasser, das erwärmt wird
während es von dem ringförmigen Kanal (23)
entlang dem Umfang der Wärmeübertragungs-
rohre gelangt, in Dampf und heißes Wasser teilt,

dadurch gekennzeichnet, dass er ein Luftblasen-
Entfernelement zum Entfernen von Luftblasen in ei-
nem oberen Eingang des ringförmigen Kanals (23)
aufweist, der in einem Abschnitt auf der ansteigen-
den Seite als Bereich dient, in dem das Wärmeme-
dium in den Wärmeübertragungsrohren von dem ei-
nen Ende aufsteigt, wobei das Luftblasen-Entferne-
lement ein Wasserzufuhrelement (45) ist, das Was-
ser zuführt, um die Luftblasen zu kondensieren.

2. Dampferzeuger umfassend:

eine Wärmeübertragungsrohrgruppe (15), die
aus einer Mehrzahl von Wärmeübertragungs-
rohren (13) gebildet ist, wobei beide Enden je-
des Rohres an einer Rohrplatte (11) befestigt
sind und jedes Rohr ein U-förmiges freies Ende
hat, in welchem ein Wärmemedium von einem
Ende zu dem anderen Ende fließt;
einen ringförmigen Kanal (23), der so ausgebil-
det ist, dass er den Umfang der Wärmeübertra-
gungsrohrgruppe abdeckt und eine Öffnung
(25) an einem unteren Abschnitt aufweist, die
mit der Wärmeübertragungsrohrgruppe (15)
kommuniziert;
eine Wasserzufuhreinheit (29), die an einem
oberen Abschnitt des ringförmigen Kanals an-
geordnet ist und Wasser an einen Abschnitt auf
der absteigenden Seite zuführt, der als Bereich
dient, wo das Wärmemedium in den Wärmeü-
bertragungsrohren (13) in Richtung des ande-
ren Endes herabfließt; und
einen Dampf/Wasserabscheider (31), der über
der Wärmeübertragungsrohrgruppe (15) ange-
ordnet ist und das Wasser, das erwärmt wird
während es von dem ringförmigen Kanal (23)
entlang dem Umfang der Wärmeübertragungs-
rohre gelangt, in Dampf und heißes Wasser teilt,

dadurch gekennzeichnet, dass er ein Luftblasen-
Entfernelement zum Entfernen von Luftblasen in
dem ringförmigen Kanal (23) aufweist, der in einem
Abschnitt auf der ansteigenden Seite als Bereich
dient, in dem das Wärmemedium in den Wärmeü-

bertragungsrohren von dem einen Ende aufsteigt,
wobei das Luftblasen-Entfernelement eine poröse
halbkreisförmige Platte (35) ist und eine Mehrzahl
von Durchgangslöchern (43) hat, die sich durch die-
se hindurch in Richtung der Dicke erstrecken;

wobei die poröse Platte (35) in dem ringförmigen
Kanal an einer Position angeordnet ist, wo der
Dampf/Wasserabscheider (31) angeordnet ist
oder in einer von dem Dampf/Wasserabschei-
der (31) in einer Richtung nach unten in dem
ringförmigen Kanal (23) beabstandeten Position
angeordnet ist.

3. Dampferzeuger nach einem der Ansprüche 1 oder
2, wobei bei einer Rohrstützplatte (11), die die Wär-
meübertragungsrohre (13) stützt, der Öffnungsbe-
reich (21) in dem Abschnitt auf der ansteigenden Sei-
te größer ist als der Öffnungsbereich (21) in dem
Abschnitt auf der absteigenden Seite.

4. Dampferzeuger nach einem der Ansprüche 1 bis 3,
wobei eine Wärmeübertragungsrohr-Trennplatte
(47), die den Abschnitt auf der ansteigenden Seite
und den Abschnitt auf der absteigenden Seite trennt,
an einem unteren Abschnitt der Wärmeübertra-
gungsrohrgruppe (15) vorgesehen ist und ein Kanal
in dem Abschnitt auf der absteigenden Seite, der
von der Wärmeübertragungsrohr-Trennplatte (47)
abgetrennt ist, ein serpentinenförmiger Kanal (D) ist.

5. Dampferzeuger nach einem der Ansprüche 1 bis 4,
wobei eine Mehrzahl von Öffnungen, die den ring-
förmigen Kanal in Kommunikation mit der Wärmeü-
bertragungsrohrgruppe (15) bringen, an Stellen vor-
gesehen sind, zwischen denen Abstände in vertika-
ler Richtung in einem unteren Abschnitt der Wärme-
übertragungsrohrgruppe (15) vorgesehen sind.

6. Dampferzeuger nach einem der Ansprüche 1 bis 5,
weiterhin umfassend eine Trennplatte (55), die den
ringförmigen Kanal vertikal in den Abschnitt auf der
ansteigenden Seite und den Abschnitt auf der ab-
steigenden Seite unterteilt,

wobei zumindest in einem unteren Abschnitt der
Trennplatte (55) ein Umfangsbereich in dem Ab-
schnitt auf der ansteigenden Seite allmählich
nach unten kleiner wird als der Umfangsbereich
in dem Abschnitt auf der absteigenden Seite.

7. Dampferzeuger nach einem der Ansprüche 1 bis 6,
wobei schwingungsdämpfende Stäbe (27), die zwi-
schen den freien Enden der Wärmeübertragungs-
rohre nebeneinander eingefügt sind, so angeordnet
sind, dass die Anordnungsdichte in dem Abschnitt
auf der aufsteigenden Seite geringer ist als die An-
ordnungsdichte in dem Abschnitt auf der absteigen-
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den Seite.

8. Dampferzeuger nach einem der Ansprüche 1 bis 7,
weiterhin umfassend eine poröse Widerstandsplatte
(57) mit einer Mehrzahl von Durchgangslöchern an
einer Position in dem Abschnitt auf der absteigenden
Seite zwischen der Wärmeübertragungsrohrgruppe
(15) und dem Dampf/Wasserabscheider (31).

9. Dampferzeuger nach einem der Ansprüche 1 bis 8,
wobei eine Mehrzahl von Dampf/Wasserabschei-
dern (31) vorgesehen ist, von welchen ein
Dampf/Wasserabscheider, der in dem Abschnitt auf
der absteigenden Seite angeordnet ist, an einem
Einlass einen Öffnungskanalwiderstand (59) auf-
weist.

Revendications

1. Générateur de vapeur comprenant :

un groupe (15) de tubes de transfert de chaleur
qui est constitué d’une pluralité de tubes de
transfert de chaleur (13) dans chacun desquels
les deux extrémités de ceux-ci sont fixées à une
plaque (11) de tube et chacun desquels a une
extrémité libre en forme de U dans laquelle un
milieu caloporteur s’écoule d’une première ex-
trémité vers l’autre extrémité ;
un canal annulaire (23) qui est formé de manière
à recouvrir la circonférence du groupe de tubes
de transfert de chaleur et qui comporte une
ouverture (25), au niveau d’une partie inférieure
de celui-ci, qui communique avec le groupe (15)
de tubes de transfert de chaleur ;
une unité d’alimentation en eau (29) qui est dis-
posée au niveau d’une partie supérieure du ca-
nal annulaire et qui apporte de l’eau à une partie
côté descendant servant de zone où le milieu
caloporteur dans les tubes de transfert de cha-
leur (13) descend vers l’autre extrémité ; et
un séparateur de vapeur/eau (31) qui est dispo-
sé au-dessus du groupe (15) de tubes de trans-
fert de chaleur et qui sépare en vapeur et en eau
chaude l’eau chauffée alors qu’elle passe de-
puis le canal annulaire (23) le long de la circon-
férence des tubes de transfert de chaleur,
caractérisé en ce qu’il comprend un organe de
retrait de bulles d’air destiné à retirer les bulles
d’air situé au-dessus d’une entrée supérieure
du canal annulaire (23), dans une partie côté
ascendant servant de zone où le milieu calopor-
teur dans les tubes de transfert de chaleur mon-
te depuis la première extrémité, l’organe de re-
trait de bulles d’air étant un organe d’alimenta-
tion en eau (45) qui apporte l’eau pour conden-
ser les bulles d’air.

2. Générateur de vapeur comprenant :

un groupe (15) de tubes de transfert de chaleur
qui est constitué d’une pluralité de tubes de
transfert de chaleur (13) dans chacun desquels
les deux extrémités de ceux-ci sont fixées à une
plaque (11) de tube et chacun desquels a une
extrémité libre en forme de U dans laquelle un
milieu caloporteur s’écoule d’une première ex-
trémité vers l’autre extrémité ;
un canal annulaire (23) qui est formé de manière
à recouvrir la circonférence du groupe de tubes
de transfert de chaleur et qui comporte une
ouverture (25), au niveau d’une partie inférieure
de celui-ci, qui communique avec le groupe (15)
de tubes de transfert de chaleur ;
une unité d’alimentation en eau (29) qui est dis-
posée au niveau d’une partie supérieure du ca-
nal annulaire et qui apporte de l’eau à une partie
côté descendant servant de zone où le milieu
caloporteur dans les tubes de transfert de cha-
leur (13) descend vers l’autre extrémité ; et
un séparateur de vapeur/eau (31) qui est dispo-
sé au-dessus du groupe (15) de tubes de trans-
fert de chaleur et qui sépare en vapeur et en eau
chaude l’eau chauffée alors qu’elle passe de-
puis le canal annulaire (23) le long de la circon-
férence des tubes de transfert de chaleur,
caractérisé en ce qu’il comprend un organe de
retrait de bulles d’air destiné à retirer les bulles
d’air situé dans le canal annulaire (23), dans une
partie côté ascendant servant de zone où le mi-
lieu caloporteur dans les tubes de transfert de
chaleur monte depuis la première extrémité ;
l’organe de retrait de bulles d’air étant une pla-
que poreuse (35) ayant une forme semi-circu-
laire et comportant une pluralité de trous débou-
chants (43) la traversant dans une direction
d’épaisseur ;
dans lequel la plaque poreuse (35) est disposée
dans le canal annulaire dans une position où le
séparateur de vapeur/eau (31) est disposé ou
dans une position éloignée du séparateur
d’eau/vapeur (31), en aval dans le canal annu-
laire (23).

3. Générateur de vapeur selon l’une des revendica-
tions 1 ou 2, dans lequel, dans une plaque de support
(11) de tube qui supporte les tubes de transfert de
chaleur (13), la zone d’ouverture (21) dans la partie
côté ascendant est plus grande que la zone d’ouver-
ture (21) dans la partie côté descendant.

4. Générateur de vapeur selon l’une des revendica-
tions 1 à 3, dans lequel une plaque de séparation
(47) de tube de transfert de chaleur qui sépare la
partie côté ascendant et la partie côté descendant
est disposée au niveau d’une partie inférieure du
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groupe (15) de tubes de transfert de chaleur, et un
canal dans la partie côté descendant séparée par la
plaque de séparation (47) de tube de transfert de
chaleur est un canal en serpentin (D).

5. Générateur de vapeur selon l’une des revendica-
tions 1 à 4, dans lequel une pluralité d’ouvertures
qui amènent le canal annulaire à communiquer avec
le groupe (15) de tubes de transfert de chaleur se
situent à des endroits, des espaces étant prévus en-
tre eux dans une direction verticale, dans une partie
inférieure du groupe (15) de tubes de transfert de
chaleur.

6. Générateur de vapeur selon l’une des revendica-
tions 1 à 5, comprenant en outre une plaque de sé-
paration (55) qui divise verticalement le canal annu-
laire en la partie côté ascendant et en la partie côté
descendant,
dans lequel, dans au moins une partie inférieure de
la plaque de séparation (55), une région circonfé-
rentielle dans la partie côté ascendant devient pro-
gressivement plus petite dans la direction aval
qu’une région circonférentielle dans la partie côté
descendant.

7. Générateur de vapeur selon l’une des revendica-
tions 1 à 6, dans lequel des barres anti-vibrations
(27) insérées entre des extrémités libres des tubes
de transfert de chaleur adjacentes les unes aux
autres sont agencées de telle sorte que la densité
d’agencement dans la partie côté ascendant est in-
férieure à la densité d’agencement dans la partie
côté descendant.

8. Générateur de vapeur selon l’une des revendica-
tions 1 à 7, comprenant en outre une plaque poreuse
résistante (57) ayant une pluralité de trous débou-
chants, dans une position dans la partie côté des-
cendant entre le groupe (15) de tubes de transfert
de chaleur et le séparateur de vapeur/eau (31).

9. Générateur de vapeur selon l’une des revendica-
tions 1 à 8, dans lequel une pluralité de séparateurs
de vapeur/eau (31) sont prévus, dont un séparateur
de vapeur/eau qui est positionné dans la partie côté
descendant présente une résistance de canal à ori-
fice (59) au niveau d’une entrée de celui-ci.
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