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(71 ) W e , CLARKE CHAPMAN LIMITED, a 
British Company, of Victoria Works, Gates-
head, Tyne & Wear, NE8 3HS, do hereby 
declare the invention, for which we pray 

5 that a patent may be granted to us, and the 
method by which it is to be performed, 
to be particularly described in and by the 
following statement:— 

The invention relates to methods of, and 
10 apparatus for, separating steam and water, 

particularly though not exclusively for use 
in nuclear powered steam generating plant. 

A method of separating steam and water 
according to the invention comprises pass-

15 ing a steam and water mixture through 
pipes having apertures arranged so that the 
mixture leaves the pipes through the aper-
tures passing the mixture through a scrub-
ber assembly and passing separated steam 

20 leaving the scrubber assembly through a 
baffle having perforations, the apertures in 
the pipes and the perforations in the baffle 
being such as to produce a uniform velocity 
distribution through the steam and water 

25 mixture across the scrubber assembly. 
Preferably, the scrubber assembly com-

prises superimposed scrubber unite each 
similarly inclined to a common plane so 
that the lower end of each unit is displaced 

30 relative to the upper end of the adjacent 
underlying unit. 

Preferably, the lower end of each unit 
is displaced relative to the upper end of 
the adjacent underlying unit in the direc-

35 tion of flow of steam and water mixture into 
the scrubber assembly. 

Preferably, the separation is performed 
in a vessel which can be used as a start-up 
vessel for the steam power generating boiler 

40 with which it is associated. The vessel also 
operates under all load conditions imposed 
on said boiler during power generation. 

Apparatus for performing the method 
according to the invention comprises a vessel 

45 having inlet means for the steam and water 
mixture, outlet means for separated steam 
and separated water, a baffle having per-
forations within the vessel, a scrubber as-
sembly arranged about the baffle, and per-

forated pipes leading from the steam/water 50 
inlet means and distributed about the scrub-
ber assembly. 

Preferably, the scrubber assembly is of 
upright hollow polygonal shape. 

For example the shape may be hexagonal. 55 
The scrubber assembly preferably com-

prises several upright hollow columns each 
at a node of the polygon, with a series of 
superimposed scrubber units located between 
each pair of adjacent columns, drainage 60 
means being provided to allow separated 
water to flow from the bases of the scrub-
ber units into the interiors of the columns, 
separated water flowing downwardly within 
the columns towards the water outlet. 65 

One form of the method and one form 
of apparatus by which it can be performed 
will now be described by way of example 
with reference to the drawings accompany-
ing the provisional specification in which: 70 

Figure 1 is a vertical section through the 
apparatus; 

Figure 2 is a horizontal section on a larger 
scale through the apparatus shown in Figure 
1; _ 75 

Figures 3 and 4 are sections on the lines 
III—III and IV—IV, respectively, in Fig-
ure 2; 

Figure 5 is a horizontal section through 
part of the apparatus; and 80 

Figure 6 is a section on the line VI—VI 
in Figure 5. 

The drawings show an upright cylindrical 
vessel 10 containing an upright hexagonal 
perforated hollow baffle 12; a hexagonal 85 
scrubber assembly 14 arranged around the 
baffle 12; and six pipes 16 distributed 
around the scrubber assembly 14. 

The vessel 10 has inlet means for steam 
and water mixture in the form of two in- 90 
lets 18 connected to respective manifolds 
20 to each of which three of the pipes 16 
are connected within the vessel 10. The 
vessel 10 has outlet means for separated 
water in the form of an outlet stub 22; 95 
outlet means for separated steam in the form 
of an outlet stub 24; a water clean up/dump 
connection 26; a feedwater connection 28; an 
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external heater return connection 30; a man-
access 32 having a dome cover 34 which 
must be cut off to allow access; and a 
water level gauge connection 36. A heater 

5 suction connection (not shown) is also pro-
vided. 

Each pipe 16 is clamped to the inside of 
the vessel wall by clamps 40 and is closed 
at its upper end by an inclined plate 42. 

10 Each pipe 16 has apertures (not shown) 
throughout its length through the pipe wall 
adjacent the vessel wall which direct steam/ 
water mixture towards the vessel wall. The 
mixture then reverses direction and moves 

15 towards the scrubber assembly 14. The 
sizes of the apertures are graded from one 
end of each pipe to the other so as to 
achieve correct flow and velocity distri-
bution, the apertures increasing in size to-

20 wards the upper end of the pipe. 
Above the pipes 16 there is an annular 

plate 44 which is connected to a further an-
nular plate 45 in a sealed manner. The 
plate 45 is also connected in sealed manner 

25 to the vessel wall, and supports the scrub-
ber assembly 14. The central aperture 46 
of the plate 44 lies immediately above the 
upper end of the baffle 12, which is secured 
to the plate 44 by welded angle bars 48. 

30 The scrubber assembly 14 has upper end 
channel members 50 also secured to the 
plate 44. 

The scrubber assembly 14 comprises six 
upright hollow columns 60 each fabricated 

35 from an assembly of plates and each located 
at a node of the scrubber assembly. 

Between each adjacent pair of columns 
60 is a series of superimposed scrubber 
units 62. 

40 Each scrubber unit 62 comprises closely-
spaced walls 63 of thin metal sheet of simi-
lar zig-zag shape (Figure 5). The walls 63 
are held apart by spacers (not shown) and 
are formed into units 62 by end plates 93 

45 welded to tie tubes 64. Each unit is located 
between adjacent columns 60 and is located 
and retained in position by four horizontal 
bolts 66 one passing through each tie tube 
64, (Figures 5 and 6). The scrubber units 

50 62 are all similarly slightly inclined to the 
vertical plane so that as seen clearly in 
Figures 3, 4 and 6 the lower end of each 
unit is displaced inwardly relative to the 
upper end of the adjacent underlying unit 

55 in the direction of radially inward flow of 
steam/water mixture into the scrubber unit. 

Each scrubber unit 62 has an inclined 
base plate 70 fixed at each end to the ad-
jacent columns 60. Each base plate has a 

60 till plate 74 extending transversely to the 
base plate 70. Each end of the plate 70 
communicates with a rectangular aperture 
76 through the wall of the respective column 
60. Each column has internal inclined de-

65 fleeter plates 72 extending from one side of 

each aperture 76 to the opposite side of 
the aperture 76 below. 

The lower ends of the columns 60 are 
joined to a horizontal hexagenal plate 80 
and the lower end of the baffle 12 is also 70 
connected to the plate by lower bracket 
members 82 interconnecting the columns 
60. However, the lower end of each column 
60 is open at 84 to allow separated water 
to flow into the lower end of the vessel 10 75 
and so reach the outlet 22. The plate 80 
is located slightly above the normal level 
of water in the vessel 10 indicated at 86 
in Figure 1. Brackets 90 are welded to 
the base plate 80 and are located in shoes 80 
92 welded to the vessel shell 10 (Figure 2). 
These brackets 90 are free to move in the 
guide shoes 92 in a longitudinal direction 
but restrain any circumferential or radial 
movement. 85 

OPERATION 
The vessel described above is typically 

intended for use, for example, as part of 
the boiler apparatus of a nuclear power 90 
generating plant, the nuclear reactor being 
of the fast reactor type. The boiler sys-
tem is of so-called hybrid once-through 
type, and the separator is suitable for sep-
arating steam from mixtures of low water 95 
content, say in the range 5% to 25% wet. 
No other form of separators are used. The 
vessel 10 is connected between the evapora-
tor and superheater sections of the boiler, 
receiving steam/water mixture from the for- 100 
mer and delivering separated steam to the 
latter. 

The vessel 10 has the connection 28 to 
the feed-water line so that, during start-up 
of the boiler, the vessel can be filled with 105 
water and can pass water to and receive 
water from an external heater to permit the 
heating and cleaning up water prior to fill-
ing the evaporator vessel and circulating 
water through the boiler. 110 

The vessel 10 functions as a separator at 
all load conditions of the boiler during 
normal running. Steam/water mixture at 
say 2600 p.s.i.a. enters the inlet 18 divides 
in the manifolds 20 and flows up the six 115 
pipes 16. The mixture escapes from the 
pipes 16 through the perforations in the 
pipes 16 and flows towards the vessel wall. 
It reverses direction and enters the series 
of superimposed scrubber units. The steam 120 
is separated from the water by the multiple 
impingement of the mixture on the zig-zag 
walls 62 in each unit 62, 

Separated steam passes radially inwardly 
through the perforations in the baffle 12 125 
(some of which are shown in Figure 1) and 
leaves the vessel by upward flow through 
the centre of baffle 12, the aperture 46 and 
the outlet 24. 

Separated water flows downwardly in each 130 



3 1,500,500 3 

scrubber unit 62 between the zig-zag walls 
63 and then flows radially outwardly on the 
plate 70 towards the cill 74. The water 
then flows through the apertures 76 into 

5 the columns 60. The water flows down-
wardly in the columns 60 and leaves them 
by exits at 84. The water leaves the vessel 
through the outlet 22 and is returned to 
the feed heating system in order to recover 

10 the high sensible heat of the water prior 
to being passed via the main condensor to a 
water-treatment plant for removing mineral 
contaminants from the water. The cill 74 
prevents inflowing steam/water mixture 

15 from re-entraining the separated water. The 
deflector plate 72 prevents water passing 
through an aperture 76 to the scrubber 
unit below. 

The size distributions of the perforations 
20 in the pipes 16 and in the baffle 12 are 

chosen to ensure as far as possible that 
the steam/water mixture has a uniform 
velocity everywhere across the flow path 
through a scrubber unit and to ensure the 

25 same velocity for all scrubber units. The 
sizes of the perforations in the baffle are 
graded from one end to the other, the per-
forations increasing in size toward the upper 
end. 

30 The fact that the apertures in the pipes 
16 are directed away from the scrubber 
units and towards the vessel wall also en-
sures uniform velocity distribution as far 
as possible by imposing change of direction 

35 on the mixture flow. 
The polygonal arrangement of the scrub-

ber units and the baffle and the distribu-
tion of the pipes about the assembly also 
contributes to achieving satisfactory flow 

40 and velocity distribution. 
In modifications (not shown) other devices 

may be incorporated to help in achieving 
uniform velocity profiles everywhere in the 
scrubber unit cross-section transverse to 

45 the flow direction. The perforations can be 
slit shaped if desired or other shapes. The 
graduation of perforation size may be used 
only in the pipes or only in the baffle or 
in both. 

50 For certain applications, i.e. where the 
steam is more than 25% wet, it may be re-
quired to have a primary separation stage 
in which primary separators are located in 
the base of the vessel, for example cyclone 

55 separators. 

WHAT WE CLAIM IS:— 

1. A method of separating steam and 
60 water comprising passing a steam and water 

mixture through pipes having apertures ar-
ranged so that the mixture leaves the pipes 
through the apertures, passing the mixture 
through a scrubber assembly and passing 

65 separating steam leaving the scrubber assem-

bly through a baffle having perforations, the 
apertures in the pipes and the perforations 
in the baffle being such as to produce a 
uniform velocity distribution through the 
steam and water mixture across the scrub- 70 
ber assembly. 

2. A method according to claim 1, in 
which the steam and water mixture is passed 
through the scrubber assembly, which as-
sembly comprises superimposed scrubber 75 
units each similarly inclined to a common 
plane so that the lower end of each unit is 
displaced relative to the upper end of an 
adjacent underlying unit. 

3. A method according to claim 2, in 80 
which the lower end of each unit is dis-
placed relative to the upper end of an 
adjacent underlying unit in the direction 
of flow of the steam and water mixture into 
the scrubber assembly. 85 

4. A method according to any one of 
the preceding claims, in which the direction 
of flow of the mixture after leaving the 
pipes is changed so that the mixture strikes 
the scrubber assembly. 90 

5. A method according to any one of 
the preceding claims, in which the separation 
is performed in a vessel which can also 
be used as a start-up vessel for a steam 
power generating boiler with which it is 95 
associated. 

6. A method according to any one of 
the preceding claims, in which the mixture 
is not more than 25% wet. 

7. A method according to any one of 100 
the preceding claims, in which a primary 
separation of said mixture is effected to 
ensure that the mixture is not more than 
25% wet. 

8. Apparatus for performing the method 105 
according to claim 1, comprising a vessel 
having inlet means for the steam and water 
mixture, outlet means separated steam and 
separated water, a baffle having perfora-
tions within the vessel, a scrubber assembly 110 
arranged about the baffle, and perforated 
pipes leading from the steam/water inlet 
means and distributed about the scrubber 
assembly. 

9. Apparatus according to claim 8, in 115 
which the scrubber assembly is of upright 
hollow polygonal shape. 

10. Apparatus according to claim 9, in 
which the polygonal shape of the scrubber 
assembly is hexagonal. 120 

11. Apparatus according to claim 8 or 
claim 9, in which the scrubber assembly 
comprises several upright hollow columns 
each at a node of the polygon, with a series 
of superimposed scrubber units located be- 125 
tween each pair of adjacent columns, drab-
age means being provided to allow separ-
ated water to flow from the bases of the 
scrubber units into the interiors of the 
columns, separated water flowing down- 130 
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wardly within the colums towards the water 
outlet. 

12. Apparatus according to claim 11, in 
which the scrubber units are each similarly 

5 inclined to a common plane so that the 
lower end of each unit is displaced relative 
to the upper end of an adjacent underlying 
unit. 

13. Apparatus according to claim 12, in 
10 which said displacement is in the direction 

in which, during use, the steam/water mix-
ture flows through the assembly. 

14. Apparatus according to any one of 
claims 11, 12 or 13, in which each unit 

15 comprises closely-spaced walls of thin metal 
sheet, the walls being of a similar zig-zag 
shape to one another. 

15. Apparatus according to any one of 
claims 11 to 14, in which each unit has a 

20 base having a cill plate for guiding separ-
ated water through apertures in the hollow 
columns. 

16. Apparatus according to any one of 
claims 11 to 15, in which each column has 

25 a number of inclined plates each arranged 
to guide separated water entering the col-
umn from a unit during use, past the entry 
point of separated water of an underlying 
unit. 

30 17. Apparatus according to any one of 
claims 8 to 16, in which the apertures in 
the pipes face a wall of the vessel to direct 
the steam/water mixture against the wall 
to effect a reversal of the flow of said mix-

35 ture during use of the apparatus. 
18. Apparatus according to any one of 

claims 8 to 17, in which the sizes of the 
apertures in the pipes are graded from one 

end of each pipe to the other end, the aper-
tures increasing in size towards the upper 40 
end of the pipe. 

19. Apparatus according to any one of 
claims 8 to 18, in which the sizes of the 
perforations in the baffle are graded from 
one end of the baffle to the other end, the 45 
perforations increasing in size towards the 
upper end of the baffle. 

20. Apparatus according to any one of 
claims 8 to 19, in which the vessel has con-
nections by which it is connected to an 50 
external heater means to enable the vessel 
to function also as a start-up vessel for a 
steam power generating boiler with which 
it is associated. 

21. Apparatus according to any one of 55 
claims 8 to 20, in which a steam/water 
separator means is located in the base of 
the vessel to effect, during use, a primary 
separation of the mixture before the mix-
ture enters said pipes. 60 

22. Apparatus according to claim 21, in 
which said means comprises a cyclone sep-
arator. 

23. A method according to claim 1 sub-
stantially as herein described with reference 65 
to the drawings accompanying the provi-
sional specification. 

24. Apparatus for performing the 
method according to claim 1 substantially 
as herein described with reference to the 70 
drawings accompanying the provisional 
specification. 

ROBERT J. CUMMINGS, 
Chartered Patent Agent, 

Agent for the Applicants. 
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