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MOISTURE SEPARATING AND STEAM 
REHEATING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to moisture separating 
and steam reheating apparatus adapted to reheat actu 
ating steam after moisture has been separated there 
from, especially to a moisture separating and steam re 
heating apparatus that can be assembled in an atomic 
power plant containing a steam turbine plant. 
Since steam generated by atomic reactors is in a satu 

rated condition or a slightly superheated condition, 
moisture in the steam increases during the process of 
expanding the steam in a steam turbine. Such moisture 
content is not desirable with respect to heat efficiency 
of the turbine power plant and the security thereof. 
Therefore, many methods are employed for removal of 
the moisture from the moist steam. It is well known that 
a moisture separator may be disposed within a commu 
nicating conduit between a high pressure turbine and a 
low pressure turbine to remove the moisture in the 
steam, and further that a steam reheater may be con 
nected with the moisture separator to reheat the steam 
by using high temperature steam as the heat exchange 
?uid, which can be obtained as main steam or the like. 
Thereby, the corrosion of the parts in the low pressure 
turbine may decrease and the heat efficiency of the low 
temperature turbine may rise, in correlation with the 
removal of moisture and reheating of the steam. 

In the prior art, it is known to combine a moisture 
separator with a steam reheater in a tubular shell. This 
apparatus has long passages for the steam in the shell, 
which produces a proportionately large pressure loss, 
which pressure loss correspondingly reduces the heat 
efficiency of the turbine power plant. 
As an example of such prior art, an apparatus may 

include an elongated tubular shell structure, an elon 
gated moisture separator disposed in the tube shell 
structure, a moisture/steam collection space and a 
steam collection space, a steam inlet disposed on an 
end closure member of said tubular shell and communi 
cating with said moisture/steam‘ collection space, a 
steam outlet communicating with said steam collection 
space, a moisture drain outlet communicating with said 
moisture/steam collection space, a steam reheater dis 
posed in said steam collection space and including a 
plurality of elongated tubes. 
However, since the steam inlet is mounted on the end 

closure member of the shell, the pressure loss of steam 
will effectively become quite large in the shell structure 
due to the length of travel. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
moisture separating and steam reheating apparatus, 
which will cause the moist steam to be processed to 
?ow from an inlet to an outlet substantially in a straight 
path, thereby to make the pressure loss of actuating 
steam smaller than in the prior art. 
Another object of the present invention is to provide 

a moisture separating and steam reheating apparatus 
that will have a plurality of steam inlets and outlets per 
mitting this straight flow across the shell structure. The 
present invention will treat a large quantity of moist 
steam at a high efficiency without increasing the di 
mensions of the shell, with respect to the prior art. 
Thus, actuating steam may be expanded through tur 
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2 
bines without a high concentration of moisture that 
would be harmful to the steam turbines, while at the 
same time keeping the pressure loss of the actuating 
steam small. 
The above objects are accomplished by providing a 

moisture separator and steam reheater that comprises 
an elongated tubular shell with closure members, a plu 
rality of moist actuating steam inlets having their ?ow 
axes extending radially through one side wall of the 
shell, a plurality of reheated actuating steam outlets 
being mounted on the opposite side wall of the shell 
with their flow axes extending radially opposite from 
the inlet flow axes, ?ow distribution or rectifying means 
substantially elongated from one closure member to 
another closure member and disposed adjacent and in 
parallel with the row of inlets, a moisture separator ad 
jacent to and in parallel with the rectifying means along 
a major portion of the length thereof, said moisture 
separator dividing the interior of the shell into a mois 
ture/steam collection space and ‘a steam collection 
space, a steam reheater disposed in said steam collec 
tion space and including a plurality of elongated tubes 
extending in parallel to said moisture separator and 
along a major portion of the length thereof, whereby 
the steam supplied from the inlets flows substantially in 
a straight line to the outlets and the lines of steam cross 
at right angles with the heat exchange ?uid within the 
reheater tubes. 

BRIEF DESCRIPTION OF THE DRAWING 

Further objects, features and advantages of the pres 
ent invention will become more clear from the follow 
ing detailed description of a preferred embodiment of 
the present invention, as shown in the attached draw 
ing, wherein: . ' 

FIG. 1 is a schematic view of an overall steam power 
plant system employing the present invention; 
FIG. 2 is a perspective view, with portions broken 

away and in cross section, of the moisture separator 
and steam reheater apparatus according to the present 
invention; ‘7 
FIG. 3 is a longitudinal cross sectional view along the 

axis of the device of FIG. 2; 
FIG. 4 is a transverse cross sectional view taken on 

line IV-IV of FIG. 3; t- ' 
FIG. 5 is an enlarged view of a part of the moisture 

separator showing the plurality of wavy plates con 
tained therein; and 
FIG. 6 is a perspective view of one of the wavy plate 

blocks for the moisture separator, with portions broken 
away. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A system, shown schematically, of a steam power 
plant employing the moisture separating and reheating 
apparatus of the present invention is shown in FIG. 1. 
In such a steam power plant ‘system, for example an 
atomic power turbine plant, main actuating steam from 
a reactor is provided in a nearly saturated condition to 
be fed into line 66 to a high pressure turbine 60, and 
after traveling through and expanding in the high pres 
sure turbine 60, the exhaust steam will exit through line 
70 with a large amount of moisture. The moisture 
within the steam exhausted from the high pressure tur 
bine 60 will be removed in the moisture'separator 62, 
with the condensate being removed by a drain conduit 
67. After the moisture has been removed by separator 
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62, the actuating steam will pass into ?rst and second 
reheaters 63, 64, where the actuating steam will be 
heated to become superheated steam to pass into the 
outlet conduit 71 for delivery to the low pressure tur 
bine 61. To use as a heat exchange ?uid for reheating 
the actuating steam within the reheaters 63, 64, steam 
may be extracted from the high pressure turbine 60 at 
a midpoint in the expansion by means of conduit 65, or 
steam may be obtained from the main steam inlet con 
duit 66. After the heat exchange steam from lines 65, 
66v passes through the reheaters 63, 64, it will be ex 
hausted as moist steam or condensate from drain con 
duits 68, 69, respectively. 
The apparatus that is the particular subject matter of 

the present invention is used in the overall system of 
FIG. 1 as the steam separator 62 and the reheaters 63, 
64. The apparatus of the present invention is shown in 
detail in FIG. 2 as a unit 10, for removing moisture 
from the moisture laden, saturated steam, for example’ 
“vapor steam,” in a highly pressurized state and heat 
ing the demoisturized steam to a dry and/or super 
heated state. This type of apparatus is generally known 
in the art and is usually called a “unitary moisture sepa 
rator and steam reheater apparatus.” For simplicity of 
explanation, the above term will be used in this speci? 
cation, and also “steam” and “water” will be employed 
in the description of the moisture separator and steam 
reheater apparatus for the same reason, and not by way 
of limitation. ' 
As shown in FIGS. 2 and 3, the moisture separating 

and steam reheating apparatus of the present invention 
is provided with a horizontally disposed and axially 
‘elongated tubular shell or casing 11, which is closed at 
its opposite axial ends by a pair of oppositely disposed 
end caps or closures 50, 51, and is further provided 
with a plurality of steam inlets 12 that extend through 
and are mounted on the side cylindrical wall 52 and a 
plurality of steam outlets 13 that extend through and 
are mounted on the opposite, side cylindrical wall 53. 
Mounted within the shell 1 1 so as to face the steam in 
lets 12, is a rectifying or ?ow directing device 14, which 
is comprised of a plurality of rectifying plates to distrib 
ute the quantity of steam ?ow evenly along any position 
of the rectifying device, which is preferably disposed in 
a vertical plane perpendicular to the ?ow path of the 
inlets 12. Immediately downstream of the rectifying de 
vice 14, there is mounted a moisture separator 15 of a 
wave plate type, and downstream from the moisture 
separator 15, there are provided, serially, ?rst and sec 
ond reheaters 16, 17. Each of the reheaters 16 and 17 
includes a heat exchanger of the parallel tube type, 
with the tubes extending generally between the end clo 
sures 50, 51. The moisture separator 15 will divide the 
interior into a moist steam chamber adjacent the inlets 
l2 and a steam chamber on the side of the outlets 13, 
with the reheaters 16, 17 being within this steam cham 
ber. 
The interior is further divided by means of oppositely 

disposed partitions 24, 25, which will support the oppo 
site axial ends of the rectifying device 14, the moisture 
separator 15, and the reheaters 16, 17. When the 
length of the shell is relatively long, it is desirable to 
employ a divided structure for the rectifying device 14 
and further to provide a dividing structure for the mois 
ture separator 15, to facilitate their assembly. 
With respect to the moisture separator 15, its con 

struction is shown as in FIG. 5 to be made of a plurality 
of wave plates 15a that are assembled as shown in FIG. 
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4 
6 within a frame 36 to provide a block. A plurality of 
these blocks (?ve being shown in the drawing) are ar 
ranged in axially spaced and axially aligned position 
within the shell as illustrated in FIG. 3. The recti?er 
unit is correspondingly divided into a plurality of indi 
vidual blocks. 
To provide heat exchange ?uid to the ?rst and sec 

ond reheaters 16, 17, there are respectively provided 
headers 18, 19. Heat exchange steam is provided, as 
shown in FIG. 2, through inlets conduits 20, 21 to the 
headers 18, 19 for distribution to the reheaters 16, 17, 
respectively. As seen, the plurality of tubes that form 
the reheaters 16, 17 extend from the upper portion of 
the headers 18, 19 horizontally in parallel spaced rela 
tionship to the opposite end of the shell, where they are 
bent with return portions so as to extend axially and 
parallel back to the headers 18, 19. Thus, the heat ex 
change ?uid is returned to the lower portions of the 
headers 18, 19, and any condensate in the returned 
heat exchange ?uid is conducted through drain con 
duits 22, 23 that are respectively connected to the 
lower return portions of the headers 18, 19. 
The inlet and outlet terminal ends of the heat ex 

change tubes of U-type are mounted in and supported 
by a partition 34 that closes the end of the headers 18, 
19. The return bend portions of the heat exchange 
tubes are mounted in and supported by the partition 
25, and the center portions of these tubes are mounted 
and supported on partition plates 30 that are provided 
in axial spaced relationship throughout the length of 
the shell 11 as desired, whereby de?ection and vibra 
tion of the tubes are prevented. As illustrated in FIG. 4, 
plates 26 and 27 are horizontally disposed in the shell 
11 so that they will hold the upper and lower portions 
of the reheaters 16, 17, the rectifying device 14, the 
moisture separator 15 and the partitions 24, 25, 30, re 
spectively. 
A drain receptacle 28, as shown in FIG. 4, is mounted 

in the lower surface of the plate 27 and a conduit 29 is 
connected to the drain receptacle 28 so as to discharge 
condensed liquids to the exterior of the shell 11. 
As illustrated in FIG. 2, the header 18 is divided into 

a steam chamber 32 and a water chamber 33 by means 
of a partition 35, which partition will prevent direct 
communication between the two chambers. The water 
chamber 33 is provided with a water drain conduit 22. 
The header 19 has a substantially identical construc 
tion to the header 18. 

Vertically disposed outlet baf?e plates 31 are 
mounted within the shell 1 1 so that they face the row of 
outlets 13 to distribute the ?ow of steam from the re 
heaters so as to obtain an even distribution of steam 

through the reheaters. 
During operation, steam from the high pressure tur 

bine 60 will ?ow through the conduit 70, with respect 
to the overall system of FIG. 1, to be delivered through 
steam inlets 12 into the shell 11 of FIG. 2, in a substan 
tially horizontal direction transverse to the axis of the 
shell 11. The incoming steam from inlets 12 will be 
evenly distributed by the rectifying device 14, so that 
substantially uniform streams of steam will enter the 
moisture separator 15, which can therefore uniformly 
remove moisture from the streams throughout its elon 
gated length. The removed moisture or condensate will 
drop from the plates of the separator 15 and gather at 
the drain receptacle 28 to be drained through the con 
duit 29. After the moisture has been removed from the 
actuating steam, the steam will enter into the ?rst and 
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entire structure of the reheaters 1'6, 17. The heat ex 
change ?uid, particularly steam, that is providedfwithin 
the tubes of the reheaters 16,, 17 will be conductedto 
the steam chamber 32 of header l8v by inlet conduit 20, 
and then will ?ow in a U-shape through the tubes of the 
reheater 16 to return to the water chamber 33. From 
the water chamber 33, any remaining steam will flow 
out of the outlet conduit 27, and that portion of the 
heat exchange steam that has’been condensed will flow, 
as water through the drain conduit 22. The second re-' 
heater 17 has the same function and a similar operation 
as the above described ?rst reheater 16. Q 
As above described in detail, a plurality of steam-in 

lets 12 and a plurality of steam'outlets 13 are respec 
tively disposed on opposite side walls 52, 53 of the shell 
11 in aligned positions with the rectifying 'device 14;‘v 
the moisture separator 15, and the reheaters 16, 17 
therebetween, that is sequentially arranged between 
the inlets and outlets and vertically disposed in the shell 
so that the actuating steam can ?ow substantially in a 
straight line from the inlets 12 to the outlets 13 in the 
shell. 
While a preferred embodiment of the present inven 

tion has been described in detail with respect to the 
drawing for purposes of illustration and the specific ad 
vantages of the details, further embodiments, variations 
and modi?cations are contemplated according to the 
broader aspects of the present invention, all as de?ned 
by the spirit and scope of the following claims. 
What is claimed is: 
1. A unitary moisture separating and steam reheating 

apparatus, comprising: an axially elongated tubular 
shell structure having a pair of oppositely disposed end 
closure members; a plurality of steam inlets formed on 
a side wall of the shell structure; a plurality of steam 
outlets formed on another horizontally opposite side 
wall of the shell structure; ?ow rectifying means axially 
extending substantially from one of said end closure 
members to the other of said end closure members and 
being disposed vertically in the vicinity of the inlets for 
distributing the inlet steam along the length of said shell 
structure; moisture separator means extending verti 
cally and in parallel to said ?ow rectifying means along 
a major portion of the length thereof for removing 
moisture from the steam; steam reheater means extend 
ing vertically and in parallel to said moisture separator 
means along a major portion of the length therefor for 
heating the steam; said steam reheater means being dis 
posed between said moisture separator means and said 
steam .outlets, and including a plurality of longitudi 
nally elongated heat exchange tubes; said steam inlets, 
rectifying means, moisture separator means, steam re 
heater means, and steam outlets being serially mounted 
horizontally across a diameter of said tubular shell 
structure so that the steam ?ows substantially horizon 
tally and straight from said steam inlets toward said 
steam outlets to pass through said vertically disposed 
?ow rectifying means, said vertically disposed moisture 
separator means and said vertically disposed steam re 
heater means at substantially right angles. 

2. A unitary moisture separating and steam reheating 
apparatus, comprising: an axially elongated tubular 
shell structure having a pair of oppositely disposed end 
closure members; a plurality of steam inlets formed on 
a side wall of the shell structure; a plurality of steam 
outlets formed on another side wall of the shell struc 
ture; ?ow rectifying means axially extending substan 

6 
tiallyfrom one of said,‘ end closure'im‘embe'rs ‘to the 
otherof said, end closure members and’being disposed 

' in the vicinityvof the inlets for distributing thev inlet 
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steam along the length of said shell structure; moisture 
separator means extending in parallel to said ?ow rectif 
fying means along amajor portion of the length thereof 
for removing moisutre from the steam; steam reheater 
means extending in parallel to. said moisture separator 
meansalong a major portion of the length therefor for 
heating the steam; said steam reheater means being dis 
posed between said moisture separator vmeans and said 
steam outlets, and including a plurality of longitudi 
nally'elongated heatexchange tubes; said steam inlets, 
rectifying means, moisture separator means, steam re 
heater means, and steam outlets being serially- mounted 
so that the steam ?ows substantially straight from said 
steam inlets toward said steam outlets to pass through 
said moisture separator means and said steam reheater 
means at substantially right angles; and a plurality of 
baf?e plates disposed between said steam reheater 
means and said steam outlets. 

3. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 2, wherein said baf?e 
plates correspond in number to the number of said 
steam outlets, and are respectively immediately trans 
versely adjacent to said steam outlets; each of said baf 
?e plates extending parallel to said rectifying means, 
said moisture separator means, and said steam reheater 
means. 

4. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 1, wherein said moisture 
separator means comprises a plurality of blocks extend 
ing in the axial direction, each of which comprises a 
frame and a plurality of wave plates assembled in the 
frame. 

5. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 4, wherein said blocks 
are substantially identical to each other and serially axi 
ally aligned with each other; and said rectifying means 
including a corresponding number of separate coexten 
sive blocks of parallel recti?er plates. 

6. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 1, including a plurality of 
partitions supporting said tubes and being mounted in 
the shell structure in axially spaced relation. 

7. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 6, wherein each of said 
partitions is substantially planar and extends perpen 
dicular to said rectifying means, said moisture separa 
tor means, and said steam reheater means. 

8. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 1, wherein said steam re 
heater means includes a header which is ?uid con 
nected to the tubes and has partition means dividing its 
interior into a steam chamber and a separate water 
chamber, a steam inlet conduit ?uid connected to the 
steam chamber, and a steam outlet conduit and a con 
densate drain conduit ?uid connected to the water 
chamber. 

9. A unitary moisture separating and steam reheating 
apparatus as claimed in claim 8, wherein said tubes ex 
tend in parallel relationship from one terminal end at 
said steam chamber axially for substantially the entire 
length of said shell structure, are reversely bent at the 
end of said shell structure opposite from said header, 
and extend parallel to each other back to their opposite 
terminal ends at said water chamber. 
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10. A unitary moisture separating and'steam reheat 
ing apparatus, comprising: an axially elongated tubular 
shell structure having a pair of oppositely disposed end 
closure members; a pair of transverse partitions respec 
tively oppositely disposed adjacent each of said end 
closure members; a plurality of steam inlets formed on 
a side wall of the shell structure; a plurality of steam 
outlets formed on another side wall of the shell struc 
ture; ?ow rectifying means axially extending from one 
of said partitions to the other partition and being dis 
posed adjacent to the inlets for distributing the inlet 
steam along the length of said shell structure; moisture 
separator means extending in parallel to said ?ow recti 
fying means along said ?ow rectifying means from said 
one partition to said other partition for removing mois 
ture from the steam; steam reheater means extending in 
parallel to said moisture separator means and along 
said moisture separator for heating the steam; said 
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8 
steam reheater means being disposed between said 
moisture separator means and said steam outlets, and 
including a plurality of longitudinally elongated heat 
exchanger tubes supported by said partitions, and a 
pair of partitions horizontally disposed respectively on 
an upper portion and a lower portion of said moisture 
separator means and said steam reheater means. 

11. A unitary moisture separating and steam reheat 
ing apparatus as claimed in claim 10, including a 
header mounted on said lower partition, ?uid commu 
nicating with said moisture separator means and con 
nected to a condensate drain conduit. 

12. A unitary moisture separating and steam reheat 
ing apparatus as claimed in claim 11, wherein a plural 
ity of baf?e plates are disposed between said steam re 
heater means and said steam outlets. 
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