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This invention relates in general to the construction 

and operation of apparatus for separating liquids from 
gases and more particularly to separating apparatus 
adapted for use in the steam space of a steam and water 
drum of a marine type steam generating unit for the re 
moval of suspended moisture and solids from the out 
going steam. 
The importance in steam generation of providing clean 

dry steam has long been recognized, but as the operating 
pressure and capacities of steam generators have marked 
ly increased, the need for removal of moisture and im 
purities from the steam to a greater degree has become 
more important to avoid harmful deposits in the asso 
ciated superheater and/or turbine. This is particularly 
true where the circulating water of the steam generator 
contains a high concentration of solids introduced for the 
purpose of preventing internal corrosion of the pressure 
parts. Small particles of the solid material are present in 
the moisture carried by the steam entering the ‘boiler 
steam and water drum, and unless removed from the 
steam before its exit from the drum, would deposit in 
the superheater and/ or associated turbine, thereby increas 
ing outage and maintenance of this equipment and lower 
ing turbine efficiency and output. 
The production of steam that is free from boiler water 

and its attendant solids is usually more difficult to attain 
in marine practice than in stationary practice, for the 
problem of swelling of the Water is more accentuated in 
the former owing to the fact that a marine type steam 
generator is subject to ship pitch and roll and is more 
subject to sudden changes in load. Swelling of the water 
affects the water level extensively and can produce prim 
ing, that is, the discharge from the steam and water drum 
to the superheater of steam containing quantities of water 
in suspension. 
Thus the general object of the present invention is the 

provision of steam and ‘water separating equipment pos 
sessing the virtues of compactness, simplicity, reliability 
and ability to provide steam that is free from boiler water 
and its attendant solids under the most severe drum water 
swelling conditions that can be anticipated. The steam 
and water separating apparatus of the invention is further 
characterized by its ready accessibility for inspection, 
maintenance and repair; its ability to be removed quickly 
for access to tubes connected to the steam and water 
drum; and its capacity to deliver steam-free water to the 
downcomers of the circulation circuits, thereby providing 
optimum circulation head. 

In accordance with the invention, the steam and water 
drum of a steam generator is provided with steam and 
water separating apparatus comprising a substantially 
cylindrical horizontally arranged whirl chamber and a 
separated water discharge conduit having its inlet end 
connected to the circumferential wall of and opening to 
and extending along substantially the entire length of the 
whirl chamber and its outlet end opening into the Water 
space of the steam-water drum, with each end of the 
whirl chamber being formed with a separated steam 
outlet opening to the vapor space of the drum, and with 
a perforated plate covering the inlet end of the separated 
water discharge conduit. Provisions are made for passing 
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steam-water mixtures generated in the riser circuits of 
the steam generator tangentially into the whirl chamber 
along substantially the entire length thereof and effecting 
a whirling path of steam-water travel therein along the 
circumferential Wall of the whirl chamber at a velocity 
su?icient to centrifulgally separate the steam from the 
water and to cause almost all of the separated water to 
discharge through the perforated plate and water dis 
charge conduit into the water space of the drum. Separ 
ated steam is directed axially of the whirl chamber 
through the steam outlets thereof to the vapor space, and 
then through corrugated scrubber plates before it passes 
to the superheater and turbine. 
The various features of novelty which characterize our 

invention are pointed out with particularity in the claims 
annexed to and forming a part of this speci?cation. For a 
better understanding of the invention, its operating ad 
vantages and speci?c objects attained by its use, reference 
should be had to the accompanying drawings and de 
scriptive matter in which we have illustrated and described 
a preferred embodiment of the invention. 
Of the drawings: 
FIG. 1 is a vertical section of increased scale along 

line 1—1 of FIG. 2 of a steam and water drum of a 
steam generator incorporating steam and water separating 
apparatus'constructed in accordance with the invention; 

FIG. 2 is a plan section of reduced scale taken along 
line 2-2 of FIG. 1; ' 

FIG. 3 is a vertical section of reduced scale taken 
along line 3-~3 of FIG. 1; 

FIG. 4 is an enlargement of one of the steam and Water 
separating devices of FIG. 1; and 

FIG. 5 is a front view of the separator of FIG. 4. 
(In the construction illustrated in the drawings, the 

steam and water separating equipment of the invention 
is disposed in a horizontally arranged steam and water 
drum 10 of a steam generating unit having a normal 
water level slightly below the centerline of the drum sep 
arating an upper steam space 12 from a lower water space 

_ 14. Feedwater enters the water space of the drum by way 
of a perforated pipe 16 then ?ows downwardly through 
downcomer tubes 18 to the riser circuits of the unit. 
Steam and water mixtures generated in the riser circuits 
pass through riser tubes 20, only a few of which are illus 
trated, connected to the drum along the length thereof 
for discharge to a water-tight inlet compartment 22 ex 
tending longitudinally of the drum to positions spaced 
from the ends thereof and circumferentially along the 
lower portion of the drum from a position on one side 
of the drum above the horizontal centerline thereof to 
the corresponding position on the opposite side of the 
drum. Compartment 22 is formed in most part by a series 
of curved plates 24 inwardly spaced from the inner drum 
wall and supported by brackets 26 secured to the drum 
wall, with opposite ends of compartment 22 being closed 
by plates 28 extending between and secured to the drum 
wall and plates 24. 

In accordance with the invention, drum 10 is provided 
with two rows of steam and water separators 32 disposed 
along the length and at opposite sides of the drum and 
in most part within the steam space 12. Each separator 
comprises ‘ a substantially cylindrical horizontally dis 
posed chamber 34 arranged in steam space 12 with its 
longitudinal axis extending parallel to the longitudinal 
axis of drum 10 and having its circumferential boundary 
wall formed by a plate 36 and its opposite ends partly 
closed by plates 38, with each plate 38 having a circular 
throat 40 arranged eccentrically of and projecting into 
chamber 34 and forming a separated steam outlet ‘42 open 
ing to steam space 12. Cylindrical chambers 34 of each 
row are coaxially arranged, with their corresponding 
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steam outlets ‘42 also being coaxially aligned. Each out 
let 42 is so eccentrically arranged relative to its corre 
sponding chamber that its horizontal axis is disposed 
slightly below the corresponding axis of the chamber 
and its vertical axis is spaced a short distance from the 
corresponding axis of the chamber in the direction of 
the vertical center-line of the drum. Each separator is 
provided with a fluid supply duct 44 of substantially rec 
tangular cross-sectional area having its inlet end opening 
to and forming a part of compartment 22 and its dis 
charge end opening tangentially into corresponding cham 
ber 34 along the entire length and on the drum wall side 
of the chamber at about the level of the horizontal axis 
of the chamber. Each duct 44 is so arranged relative to 
each of the outlets 42 of the corresponding chamber that 
a line drawn through the center of each outlet 42 and 
the center of the corresponding end wall 38 will make 
an angle of approximately 45° with the tangential side 
of duct 44. Ducts 44 of each row are formed in part by a 
metal plate 46 extending along the length of the drum, 
having its lower end connected to adjacent plate 24 to 
form an extension of compartment 22, and having its 
upper portion terminating in most part at and connected 
to the circumferential wall of each chamber 34. Since 
each duct 44 is essentially an extension of compartment 
22 there is very little dissipation of the velocity head 
energy of the steam-water mixtures as they pass through 
compartment 22 to chambers 34. 

Separated water is discharged from each chamber 34 
by way of a corresponding duct or conduit 48 having its 
discharge end opening into the water space 14 at about 
the level of feed pipe 16 and its inlet end connected to the 
circumferential wall of the chamber and opening to the 
bottom and extending along the entire length of the cham 
ber, with each duct 48 having an upper portion 48A 
of gradually decreasing rectangular cross-section in the 
direction of flow and a lower portion 483 of uniform 
rectangular cross-‘section. Each duct 48 should be long 
enough to reach below the minimum expected drum wa 
ter level to assure that its discharge end will not be ex 
posed under any operating condition. The inlet end of 
each duct 48 is covered by a plate 50 connected to and 
forming a part of the circumferential wall of the corre 
sponding chamber 34, and provided with staggered rows 
of circular holes throughout its extent for passage of 
separated water to the corresponding duct 48. 
The thickness of the steam-water mixture stream whirl 

ing along the circumferential wall of each chamber 3'4 
is not uniform. A large percentage of the volume of the 
steam-water mixture entering each chamber 3'4 is oc 
cupied by steam. As the steam is separated the volume of 
the mixture, and therefore the thickness, is reduced until 
only solid water and a minimum stream thickness is pro 
duced just ahead of the corresponding perforated plate 
50. Hence the vortex formed inside of each chamber 34 
is not concentric with the chamber. Thus while the 
steam outlets ‘42 are eccentrically located relative to cor 
responding chamber 314, they are substantially concen 
trically located relative to the vortex formed by the high 
velocity whirling mixture to reduce the separator pres 
sure drop and to minimize the entrainment of water with 
the separated steam discharging through outlets 42 to 
the steam space of the drum. 

Separated steam discharging from the separators in 
each row is directed upwardly by U-shaped guide de 
vices 54 associated with outlets 42 and comprising up 
wardly inclined plates or legs 52 extending between next 
adjacent chambers 34 tangentially to the bottom of the 
corresponding outlets 42 thereof and weld-united to the 
end walls of the corresponding chambers. Troughs 56 
are disposed between next adjacent chambers 34 and 
clamped to the upper ends of plates ‘52 and to the cir 
cumferential walls of the corresponding chambers, thus 
forming extensions of plates 52. The cross portion of each 
?ow guide device 54 comprises a plate 58 so shaped as 
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to extend outside of and along the circumferential and 
end walls of each chamber of the corresponding separa 
tor row in sealing relation therewith and to provide leg 
portions 58A disposed between next adjacent chambers 
‘34 and extending tangentially to the bottom of the cor 
responding out-lets 42 thereof, with leg portions ‘58A be 
ing integrally connected to the lower ends of plates 52. 
A plate 60 constitutes the other leg of each of the guide 
devices 54, extends along the length of the drum gen 
erally parallel to plates ‘52, and has its upper end se 
cured by clamps to the drum wall in sealing relation 
therewith and its lower end integrally connected to plate 
58. Guide devices of the character above-described are 
also associated with outlets 42 at the extremities of each 
separator row. 

Guide devices 54 permit a large leeway in drum wa 
ter level above normal without carry-over and also pre 
vent the high velocity separated steam from impinging 
on the drum water surface as it passes upwardly from 
outlets 42. 

‘Plate 46 of each separator row is formed with upper 
extensions 46A weld-united to the end walls 38 of cham 
bers 34 and to the leg portions 58A of plate 58, with 
end plates 62 weld-united to corresponding plates 46, 
‘58 and 60 and forming continuations of plates 28. 
Thus in each row of separators, plates 46, 58, 
60 and 62 cooperate with the drum wall and the 
peripheral walls of the chambers 34 to form an upper 
closure for and extension of compartment 22. 

Perforated plates 64 are arranged across the path of 
the separated steam discharging from troughs 56, ex 
tend along the length of the drum, and are inclined down 
wardly in the direction of the center of the drum. Each 
plate 64 projects over and adjacent to the troughs 56 of 
the corresponding separator row and is suitably supported 
by brackets 66 connected to the drum wall. Plates 64 
serve to even out along the length of the drum the ?ow 
distribution of the steam discharging from the separators, 
to intercept entrained moisture in the separated steam, 
and to limit the size of droplets that can reach the sec 
ondary scrubber equipment. 
Beyond plates 64, separated steam passes upwardly 

, through a secondary steam scrubber section 68, and thence 

50 

through a steam outlet 70 to the superheater, not shown, 
of the steam generator. Scrubber section 68 is formed by 
a series of closely spaced corrugated sheet metal plates 
arranged side by side in vertical planes parallel to the 
general direction of steam ?ow to de?ne a series of 
narrow undulating ?ow channels. 

In the operation of the steam and water separating 
. equipment above described, the steam-water mixtures 
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generated in the riser circuits and collected in compart 
ment 22 pass tangentially into chambers 34 by way of 
ducts 44. Each duct 44 is proportioned and arranged to 
provide a ?uid inlet velocity over the required load range 
of a magnitude suf?cient to establish a vortex within the 
corresponding chamber 34, to cause centrifugal separation 
of the water from the steam and the discharge of almost 
all of the separated water through corresponding perfo 
rated plate 50 and conduit 48, and to cause recirculation 
of the remaining separated water within the chamber. In 
each chamber the steam and water density relation in 
conjunction with the kinetic energy of the steam-water 
mixture produce a strong vortex so that a separating force, 
many times greater than gravity, is set up. Separated 
steam, collecting in the central portion of each chamber, 
discharges axially through corresponding outlets 42, then 
is directed upwardly by ?ow guide devices 54 to and 
through perforated plates 64, and then passes through 
scrubber section 68 for removal of the last traces of 
moisture before discharging from the drum by way of 
outlet 70. Meanwhile, the heavier water, thrown out 
wards by centrifugal force, moves downwards in each 
whirl chamber 34 along the circumferential wall thereof 
and is forced out through corresponding perforated plate 
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50 and duct 48 to the water space 14 of the drum for 
return through the downcomers to the riser circuits. 

Each plate 50 is proportioned and arranged to provide 
a pressure drop of a magnitude su?icient to assure the 
maintenance of a water ?lm over the upstream surface 
of the plate. This ?lm forms a seal for the prevention of 
carry-under, i.e., entrainment of steam with the sepa 
rated water discharging to the water space 14, which, if 
carried into the downcomers 18, reduces the force avail 
able to produce circulation. Thus, a certain amount of 
water is continually recirculated within each chamber 34. 
If water ?ow increases, the thickness of the water ?lm 
will increase. This will result in an increase in the cen 
trifugal pressure and in the amount of water forced out 
through perforated plate 50 of each chamber until an 
equilibrium condition is again reached at which substan 
tially all the water entering each chamber 34 is being 
discharged. So, in effect, separators 32 are self-compen 
sating with respect to water loading. This feature of the 
invention permits satisfactory operation over a wide 
range of loads. 

Perforated plate 50 of each chamber 34 also prevents 
any disturbance in the corresponding water discharge 
duct 48 from affecting the operation of the chamber. 
Once separated water has been discharged from the cham 
ber, perforated plate 50 acts as a barrier to back?ow. 
Since substantially all of the steam is separated within 
the chambers 34 and there is always a water ?lm over 
perforated plate 50, there is little or no steam carry 
under. Therefore, the separated water can be discharged 
into the water space 14 well below the drum water level 
where it does not cause any disturbance of the drum wa 
ter surface. This is important, for experience indicates 
that drum water surface disturbances can be a source of 
carry-over of moisture in the steam leaving the drum. 
By way of example and not of limitation, we have 

found that highly effective separation is attained with 
each separator formed by 14 gauge plate and having a 
whirl chamber 34 of 9" ID. and 7" long, 4%" ID. 
outlets 42, a ?uid supply duct 44 having a ‘discharge end 
measuring 1%" x 7", and a separated water duct 48 
having an inlet extending along an arc of about 45° at 
the bottom of the chamber, with a plate 50 of 20 gauge 
plate having rows of side staggered 9/16" diameter holes 
arranged to provide 51 percent open area. 
What is claimed is: 
1. In a steam and water drum normally having a water 

level separating a steam space from a water space and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, ‘a water-steam separator 
in said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming ‘a separated water discharge conduit having an 
inlet end connected to the circumferential wall of the 
whirl chamber and opening to and extending along the 
length thereof and an outlet end opening to said water 
space at a position beneath the water level of the drum, 
said conduit constituting the only outlet for discharge of 
separated water from the whirl chamber, a perforated 
plate covering the inlet end of said conduit, means for 
passing the water-steam mixtures from said compartment 
tangentially into said whirl chamber along the length there 
of and effecting a whirling path of water-steam travel 
therein along the circumferential wall of said chamber 
at a velocity sufficient to centrifu-gally separate the steam 
from the water, to cause most of the separated water to 
discharge through said perforated plate and conduit into 
the water space and to cause recirculation of the re 
mainder of the separated water in the whirling path, said 
perforated plate being proportioned and arranged to pro 
vide a pressure drop of a magnitude sut?cient to assure the 
maintenance of a water ?lm over said plate to inhibit 
carry-under of steam to said water space, and means 
forming an outlet for separated steam arranged at one 
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end of said whirl chamber and opening to said steam 
space. 

2. In a steam and water drum nonmally having a water 
level separating a steam space from a water space and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, a water-steam separator 
in said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming a separated water discharge conduit having an 
inlet end connected to the circumferential wall of the 
whirl chamber and opening to the bottom and extending 
along the length thereof and an outlet end opening to said 
water space at a position beneath the water level of the 
drum, said conduit constituting the only outlet for dis 
charge of separated water from the whirl chamber, a per 
forated plate covering the inlet end of said conduit, means 
for passing the water-steam mixtures from said compart 
ment tangentially into said whirl chamber along the length 
thereof and effecting a whirling path of water-steam travel 
therein along the circumferential wall of said chamber 
at a velocity sufficient to centrifugally separate the steam 
from the water, to cause most of the separated water to 
discharge through said perforated plate and conduit into 
the water space. and to cause recirculation of the remainder 
of the separated water in the whirling path, said perforated 
plate being proportioned and arranged to provide a pres 
sure drop of a magnitude sufficient to assure the main 
tenance of a water ?lm over said plate to inhibit carry 
under of steam to said water space, and an inwardly pro 
jecting throat forming an outlet for separated steam ec 
centrically arranged at each end of said whirl chamber 
and opening to said steam space. 

3. In a steam and water drum norm-ally having a water 
level separating a steam space from a water space and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, a water-steam separator 
in said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming a separated water discharge conduit having an in 
let end connected to the circumferential wall of the whirl 
chamber and opening to and extending along substantially 
the entire length thereof and an outlet end opening to said 
water space at a position beneath the water level of the 
drum, said conduit constituting the only outlet for dis 
charge of separated water from the whirl chamber, a 
perforated plate covering the inlet end of said conduit, 
means for passing the water-steam mixtures from said 
compartment tangentially into said whirl chamber along 
substantially the entire length thereof and effecting a 
whirling path of water-steam travel therein along vthe cir 
cumferential wall of said chamber at a velocity su?icient 
to centrifugally separate the steam from the water, to 
cause most of the separated water to discharge through 
said perforated plate and conduit into the water space and 
to cause recirculation of the remainder of the separated 
water in the whirling path, said perforated plate being 
proportioned and arranged to provide a pressure drop of 
a magnitude sut?cient to assure the maintenance of a water 
?lm over said plate to inhibit carry-under of steam to said 
water space, and an inwardly projecting throat forming 
an outlet for separated steam eccentrically arranged at one 
end of said whirl chamber ‘and opening to said steam 
space. 

4. In a steam and water drum normally having a water 
level separating a steam space from a water space ‘and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, a Water-steam separator 
in said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming a separated water discharge conduit having an in 
let end connected to the circumferential wall of the whirl 
chamber and opening to and extending along substantially 
the entire length thereof and an outlet end opening to said 
Water space at a position beneath the water level of the 
drum, said conduit constituting the only outlet for dis 
charge of separated water from the whirl chamber, a 
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perforated plate covering the inlet end of said conduit, 
means for passing the water-steam mixtures from said 
compartment tangentially into said Whirl chamber along 
substantially the entire length thereof at a position to one 
side of and adjacent to and angularly spaced from the 
inlet opening of said conduit and effecting a whirling path 
of water-steam travel therein along the circumferential 
wall of said chamber at a velocity su?icient to centrifugally 
separate the steam from the water, to cause most of the 
separated water to discharge through said perforated plate 
and conduit into the water space and to cause recircula 
tion of the remainder of the separated water in the whirl 
ing path, said perforated plate being proportioned and 
arranged to provide a pressure drop of a magnitude suffi 
cient to assure the maintenance of a water ?lm over said 
plate to inhibit carry-under of steam to said water space, 
and an inwardly projecting throat forming an outlet for 
separated steam eccentrically arranged at each end of said 
whirl chamber and opening to said steam space. 

S. In a steam and water drum normally having a water 
level separating a steam space from a water space and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, a Water-steam separator 
in said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming a separated water discharge conduit having an 
inlet end connected to the circumferential wall of the 
whirl chamber and opening to and extending along sub 
stantially the entire length thereof and an outlet end 
opening to said water space at a position beneath the water 
level of the drum, said conduit constituting the only out 
let for discharge of separated water from the whirl cham 
ber, a perforated plate covering the inlet end of said con 
duit, means for passing the water-steam mixtures from 
said compartment tangentially into said whirl chamber 
along substantially the entire length thereof at a position 
to one side of and adjacent to and angularly spaced from 
the inlet opening of said conduit and effecting a whirling 
path of water-steam travel therein along the circum 
ferential wall of said chamber at a velocity sufficient to 
centrifugally separate the steam from the water, to cause 
most of the separated water to discharge through said 
perforated plate and conduit into the water space and to 
cause recirculation of the remainder of the separated 
water in the whirling path, said perforated plate being 
proportioned and arranged to provide a pressure drop of 
a magnitude suf?cient to assure the maintenance of a 
water ?lm over said plate to inhibit carry-under of steam 
to said water space, an inwardly projecting throat forming 
an outlet for separated steam eccentrically arranged at 
each end of said Whirl chamber and opening to said steam 
space, and a U-shaped guide device associated with each 
steam outlet for positively directing the separated steam 
to the upper portion of the drum. 

6. In a steam and water drum normally having a water 
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level separating a steam space from a water space and 
containing means forming an inlet compartment arranged 
to receive water-steam mixtures, a water-steam separator in 
said drum comprising means forming a substantially 
cylindrical horizontally arranged whirl chamber, means 
forming a separated water discharge conduit having an 
inlet end connected to the circumferential wall of the 
whirl chamber and opening to and extending along sub 
stantially the entire length thereof and an outlet end 
opening to said water space at a position beneath the 
water level of the drum, said conduit constituting the 
only outlet for discharge of separated water from the whirl 
chamber, a perforated plate covering the inlet end of said 
conduit, means for passing the water-steam mixtures from 
said compartment tangentially into said whirl chamber 
along substantially the entire length thereof at a position 
to one side of and adjacent to and angularly spaced from 
the inlet opening of said conduit and effecting a whirling 
path of water-steam travel therein along the circumfer 
ential wall of said chamber at a tvelocity su?icient to cen 
trifugally separate the steam from the water, to cause 
most of the separated water to discharge through said 
perforated plate and conduit into the water space and to 
cause recirculation of the remainder of the separated 
water in the whirling path, said perforated plate being 
proportioned and arranged to provide a pressure drop of 
a magnitude su?icient to assure. the maintenance of a 
water ?lm over said plate to inhibit carry-under of steam 
to said water space, the inlet end of said conduit being so 
constructed and arranged relative to the whirl chamber 
that the separated water makes a sharp change in direc 
tion of ?ow as it passes from the chamber to the conduit, 
and an inwardly projecting throat forming an outlet for 
separated steam eccentrically arranged at one end of said 
whirl chamber and opening to said steam space. 
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