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Claims. 

This invention in general relates to improved 
means for separating the heavier particles of 
liquid and Solid materials from vapors and gases 
by centrifugal and vortex actions without moving 
parts, and ejecting said separated particles into 
a Separate COIn partment under Sufficient extra 
pressure to facilitate their removal. 
The embodiment of the invention herein ill 

lustrated and described pertains especially to the 
Separation of entrained moisture and suspended 
impurities from steam produced in all kinds of 
Steam generators. 
When equipped with my centrifugal vortex 

Separator, Steam from the upper steam space of 
the steam generator, or boiler, enters the sepa 
rator through one or more nozzles near the top of 
the separator casing, and is discharged tangenti 
ally and downwardly into an annular chamber 
between the outer casing and a downwardly pro 
jecting central exit pipe connecting with the main 
steam outlet pipe of the generator. The steam 
from each nozzle revolves rapidly through a 
plurality of revolutions in said annular space in a 
Spiral downward course, thus centrifuging the 
entrained moisture and dirt outwardly against 
the inner surface of the casing where it is blown 
along to a plurality of extraction slots, positioned 
across the path of travel of said film in a transi 
tion element near the bottom of the casing. The 
said extraction slots, each preferably provided 
with a cutting edge, are so proportioned and ar 
ranged as to intercept and discharge the moisture 
and dirt of the aforesaid surface film into a 
separate lower compartment below a flow transi 
tion and partition element, wherein sufficient 
extra static pressure is built up to insure its flow 
back into the boiler proper. 
After the cleaned dry steam of the vortex has 

passed the cutting-edge slots it enters the lower 
end of the exit pipe through suitable means 
adapted to straighten out the rotational flow 
from the vortex to approximately parallel flow 
through said exit pipe to the other plant equip 
ment. 
An object of the invention is to provide im 

proved, powerful and thorough separating means 
of the kind described, that is adapted for use 
either within the steam drum of the steam gener 
ator or within a housing exterior of but connected 
to Said Stean drum. w 
Another object of the invention is to provide 

a device of the kind described that will auto 
matically return the extracted liquid and solid 
materials to the interior of the steam generator 
without the use of moving parts or traps. 

(C. 183-83) 

Further objects of the invention are to provide 
a device of the kind described that is simple, 
compact, and light in weight, that may be easily 
constructed of inexpensive materials, and that 
can be removed readily during cleaning and in 
spection, by passing through steam generator 
manholes of standard size. 
Other objects and advantages of my invention, 

and its application for separating liquid and dust 
particles from gases for other industrial pro 
cesses, will be apparent to those skilled in the 
art from the following detailed description of said 
invention, which consists of certain parts and 
combinations of parts, hereinafter described, ill 
lustrated in the accompanying drawings and em 
braced in the appended claims. 
In the drawings: 
Figure 1 is an elevation partly in medial section 

of a simplified form of the device for installation 
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O 

within the steam drum of a boiler of suitable 
size. 

Fig. 2 is a transverse section on broken line 
2-2 of Fig. 1, showing the preferred overlapping 
arrangement of the extraction slots. 

Fig. 3 is an elevation mostly on a medial plane 
at broken line 3-3 of Fig. 4 through a com 
mercial form of the invention to a larger Scale 
adapted to be removably secured to the steam 
nozzle within the steam space of certain boilers. 

Fig. 4 is a plan view of the separator housing 
taken on broken line 4-4 of Fig. 3. 

Fig. 5 is a detail in perspective of one of the 
extraction slots to a larger Scale. 

Fig. 6 is an elevation mostly on a medial plane 
through another commercial form of the inven 
tion adapted to be attached within the steam 
drums of existing large boilers. 

Fig. 7 is a transverse section on line 7-7 of 
Fig.6 showing the relation of the extraction slots 
to the air-foils or turbine-like blades here used 
to produce approximately parallel flow. 

Fig. 8 is a left hand sectional elevation ill 
lustrating one steam dome construction for 
mounting a simplified form of my vortex separa 
tor in separate compartments exterior of steam 
drums of small diameter. 

Fig. 8d. is a right half Sectional elevation ill 
lustrating the mounting of the simplified form 
of my separator in another type of steam dome. 

Fig. 9 is a transverse Sectional view of the 
above taken on broken line 9-9 of Fig. 8. 

Like reference numerals are used to indicate 
like parts throughout the drawings, wherein lo 
is the plate of the steam drum, f is the main 
steam outlet pipe, which in Fig. 1 is illustrated 

25 

30 

35 

40 

45 

5. 



2 2,214,658 
as fixedly secured to the steam drum as by Weld 
ing at ff'. The inner end of Said outlet pipe 
may be provided with a flange ' to which the 
upper end of exit pipe 2 of the steam separator 

5 may be removably secured by means of a plurality 
of bolts and nuts 3. Said exit pipe is the inner 
wall, and casing 14 the outer wall of an annular 
chamber 5, into which steam from the upper 
space 6 of the steam drum enters through a 

10 plurality of nozzles T, of which head 8 of the 
separator is the upper wall. Any number of 
nozzles required to satisfy the fluid flow conditions 
of the design may be used. For most applications 
I prefer to use two nozzles in diametrically oppo 

5 site positions, and so inclined as to discharge the 
steam tangentially into the aforesaid annular 
chamber in dual non-interfering downwardly 
spiraling contiguous streams, as clearly illustrated 
in the drawings. 

90 The velocity and momentum of the steam as it 
leaves the nozzles assures its executing a plurality 
of revolutions at high velocity in said annular 
chamber, thus centrifuging the entrained mois 
ture and dirt outwardly against the inner surface 

25 of the casing, where, in the form of a film, it is 
blown around and downwardly until intercepted 
by a flow transition element in the form of parti 
tion plate 9, which contains a plurality of ex 
traction slots 20 positioned directly across the 

30 path of travel of said film. 
By the inherent nature of the device, the 

Separating velocity of the steam rotating in the 
said annular space is independent of its size, for 
the reason that the ratio of said separating 

35 velocity to the discharge velocity in the main 
steam pipe is determined only by the relative size 
of the inlet nozzles assigned by the designer. 

It will be apparent to those skilled in the art 
that, with Substantially uniform linear flow 

0 velocity across the entire discharge area of nozzles 
7, the portion of the steam in chamber 15 nearer 

the exit pipe f2, will revolve at greater angular 
velocity than the portion near casing 4, thus 
producing greater centrifugal action on the rela 

As tively inner portions throughout the entire 
distance from the nozzles to transition plate 9. 
The centrifugal force thus produced causes 

the pressure at the outer wall of the annular 
chamber to exceed the static pressure at the more 

50 central portions of the rotating steam, the total 
centrifugal side pressure exerted against said 
outer Wall being the sum of the centrifugal effects 
of all the spinning portions of the aforesaid re 
volving streams of steam. The centrifugal force 

is thus produced not only throws the moisture and 
Solids of higher Specific gravity outwardly from 
the dryer steam, but also tends to force the steam 
itself away from the central exit pipe through 
Out its downward course until it reaches plate 9. 

60 Here the transition in flow from the downwardly 
spiraling stream into an inwardly contracting 
Spiral Spin produces a powerful vortex action 
above the slots in said partition plate. This re 
Sults in increasing angular velocities due to the 

65 decreasing radii as the spinning steam of the 
vortex approaches the lower end of the exit pipe, . 
this contracting spiral spin following the flow of 
the steam in one or more downwardly-spiraling 
streams in the annular space of the separator, I 

70 term a "centrifugal vortex whirl' for the purpose 
of this specification. ' 
The position of extraction slots 20 with refer 

ence to Said centrifugal vortex whirl of the steam 
in such, that the transition in direction of flow 

75 at the lower portion of the annular separating 

space. 5, the higher langular velocity of spin for 
the smaller radii portions, together with the force 
of gravity, combine to impinge the finer and 
lighter particles of moisture and dirt against the 
raised sides of the aforesaid slots, through which is 
they are discharged into a lower extraction com 
partment 2 together with the previously de 
scribed surface film from the inner surface of the 
casing. Each of the aforesaid raised sides of 
extraction slots 20 is provided with a cutting O 
edge 20' proportioned to intercept and deflect 
the separated moisture and dirt through said 
slots into said lower extraction compartment 
which is formed by said transition element and 
the funnel-like base 22 of the separator shell. S 

Figures 2 and 7 illustrate the preferred ar 
rangement of the spaced apart and diagonally 
disposed slots, and show clearly how the steam 
in the centrifugal vortex whirl must traverse the 
space above and across said slots before entering 0 
the exit pipe. The fragmentary section in Fig. 5, 
illustrates a preferred arrangement and pro 
portion for cutting edges 20, the arrows indi 
cating the courses of the steam and of the ejected 
undesirable materials. 5 
When the rotating steam impinges On these 

cutting edges set directly in its path, the velocity 
head is recovered in the form of an increase of 
Static pressure in the extraction slots, nearly 
equal to the loss of static pressure which was 0 
utilized to produce the separating velocity in the 
annular chamber, because of the very small 
frictional resistance of the Smooth Walls of that 
chamber. This local increase of static pressure 
acts equally in all directions below the knife-edge 
slots within the extraction compartment, where 
it is added to the extra casing pressure produced 
by the vortex centrifugal force above described, 
the combination of which produces a greater pres 
sure in the extraction compartment 2 than exists 40 
in steam space 5 of the separating chamber 
above. Said greater combined pressure is suff 
cient to eject the moisture and impurities from 
the extraction compartment back into the steam 
generator, preferably through a drain pipe 23 is 
which may terminate in an open top vessel 24, 
that is normally filled with water or continually 
submerged beneath the surface of the water 25 in 
the steam drum to form a water seal. If desired, 
instead of using the construction illustrated, the 50 
drain pipe may conduct the moisture and impuri 
ties into the feed-water pan, not shown, or to 
Some other convenient part of the generator 
where little or no. steam is produced, and where 
the direction of flow and the surges within the 
boiler will not interfere with the return of the 
extracted moisture and impurities. 
After the cleaned dry steam passes over the 

cutting edges of slots 20, the steam enters the 60 
lower end of the exit pipe through a scroll of 
vanes 26, fixedly secured within said pipe to 
straighten out the flow from the centrifugal vor 
tex to approxirinately parallel flow through the 
main steam outlet pipe. 35 
It will be apparent that the vortex of high 

velocity and lower static pressure acts like the 
throat of the well known Venturi tube, and the 
diffusion vanes in the exit pipe act like the enlarg 
ing cone following the Venturi throat to reduce 70 
the velocity and restore nearly the original pres 
Sure. Hence by means of these vanes, the effec 
tive forces of extra velocity utilized in the sepa 
rating chamber are largely recovered in said out 
let pipe, thus reducing the loss in static pressure 76 



O 

5 

20 

25 

30 

35 

() 

5 

2,214,658. 
through this vortex separator to negligible pro 
portions. 
The course of the steam entering one of the 

nozzles of the separator is illustrated in Fig. 1 by 
the light solid lines carrying arrow heads. The 
dotted arrow lines, associated therewith indicate 
the course of the separated entrained moisture 
and impurities through the annular separating 
chamber into the extraction compartment and 
their return to the boiler. The solid arrow lines 
in the said figure also indicate the passage of 
clean steam to and through the main steam pipe. 
In utilizing the combination of coacting ele 

ments herein described, certain structural modi 
fications are desirable for the various commercial 
sizes of steam generators and rates of steam flow 
as illustrated in the other figures of the drawings, 
the essentially equivalent parts of the several 
forms being designated by the same reference 
numerals used in describing the form shown in 
Figures 1 and 2. 
For moderate rates of steam flow through the 

device, I prefer to use the embodiment of the 
invention illustrated in Figures 3 and 4, wherein 
the form of nozzles 7 has been modified to per 
mit the device to pass through the manhole, not 
shown, that is provided as standard practice in 
steam drum O. Fig. 3 illustrates a preferred 
means of securing the exit pipe of the steam sep 
arator to the boiler nozzle 27, fixedly secured to 
the steam drum by means of rivets 28. This com 
prises forming a fange f2f at the upper end of 
the exit pipe f2 and providing apertures therein 
for stud bolts 29, so that a collar 30 and nuts 3 
may be used to hold the end of the pipe against 
the inner end of the boiler nozzle, 
The exterior steam plpe may be secured to 

the upper end of the boiler nozzle by any ap 
proved means. In Fig. 3 flange f is shown 
Welded to said steam pipe and secured to the 
upper flange 27f of the nozzle by means of bolts 
and nuts 3 ?, a gasket 32 of suitable material being 
used to make the joint steam tight. 
The scroll of vanes 26 for the form shown in 

Fig. 3 may be built around a central cylindrical 
core 33, and is fixedly secured within exit pipe 
2, preferably by welding. Partition plate 9 and 
closure base 22 are provided with flanges 9f and 
22f respectively, and are removably secured to 
casing flange 4f by means of stud bolts and nuts 
34. Transition plate 19 may be secured also at 
its center to the threaded end of core 33 by means 
of cap screw 35. This prevents the center portion 
of said plate from vibrating and greatly strength 
ens the entire interior structure of the separator. 
The aforesaid closure base of the separator 

shell is provided with a threaded boss 22b adapted 
to receive the threaded end of drain pipe 23, in 
which suitable vanes 36 are fixedly secured to 
reduce the amount of spin of the ejected material 
and to facilitate its passage into said drain pipe. 

In Fig. 6 is shown a bushing adapter 37 for an 
old boiler nozzle 27' that may be forced into the 
taper of said nozzle after being coated with a 
suitable plastic cement, and held in place by a 
plurality of dowel pins 38. The form of separator 
illustrated in this figure of the drawings is sin 
ilar in construction to that shown in Fig. 3, but 
is adapted for use in larger boilers and higher 
rates of steam flow. 

In this form, instead of a scroll of vanes I pre 
fer to use a plurality of air foils, or turbine-like 
blades, 26' the upper ends of which ale fixedly 
secured to the specially flanged lower end 2' of 
exit pipe 2, preferably by Welding. The lower 

3 
ends of said blades are likewise fixedly secured 
to the curved flange portion 39 of conical ele 
ment 39. The arrangement of this airfoil assem 
bly is adapted to straighten out the relatively 
large volumes of steam in the previously described 
vortex whirl with a minimum of resistance to the: 
flow of the steam into the exit pipe, from which it 
flows into the exterior steam pipe as in the other 
forms of the device. The arrangement of said 
air folls with reference to extraction slots 20 in 
transition plate 9 is shown clearly in Fig. 7. 
Transition plate 9 may be removably secured 

to flange 39” by means of cap screws 35'. Its 
flange 9f and flanged closure base 22 of the sepa 
rator shell are removably secured to the casing 
flange by means of stud bolts as in the form pre 
viously described. Where larger quantities of 
moisture and dirt are ejected, I prefer to use a 
plurality of vanes 36' welded to the aforesaid clo 
sure base to reduce the amount of spin of the 
ejected matter and to facilitate its passage down 
drain pipe 23. 
Where the steam drum is too small, or for any 

other reason it is impracticable to place the cen 
trifugal vortex separator within the steam drum, 
it may be installed in a small steam dome affixed 
thereto for that purpose. In each of Fig. 8 and 
Fig. 8a of the drawings, a simplified form of the 
Separator, similar to that shown in Fig. 1, is 
illustrated in association with a typical form of 
Steam dome, each being shown in half sectional 
elevation with reference a half of said separator. 

In the form shown in the half sectional eleva 
tion to the left of the separator in Fig. 8, a suit 
able dome housing 40 is provided with an upper 
flange 40' and a lower flange 40', the latter being 
used to secure the housing to boiler nozzle 27' by 
means of bolts 3", gasket 32 being used to pro 
vide a steam tight joint. The top of said dome 
housing is closed by means of a head 4f remov 
ably secured to upper flange 40' by means of 
bolts and nuts 42 using gasket 43 to seal the 
joint. The separator is supported from said head 
by Welding exit pipe 2 thereto as indicated at 44. 
Nozzles 7 are shaped to fit snugly within the 
steam dome as shown in Fig. 9, and are adapted 
to facilitate the flow of steam from the steam 
drum as indicated by the arrows shown in Figs. 
8 and 9. 
In the half sectional elevation to the right of 

the separator in Fig. 8a, the steam dome shell 45 
is flanged at its lower end to fit directly on steam 
drum O, to which it is fixedly secured in the 
usual way by means of rivets 46. The upper end 
of Said steam dome shell may be flanged the same 
as for the other form, thus enabling the separator 
to be inserted from the top and the dome closed 
by means of head 4, gasket 43, and bolts and 
nuts 42, as previously described. 
The arrow lines in the separate halves shown 

in 8 and 8a indicate the double spiral flow of 
the steam through the separator and above slot 
ted transition plate 9, where the steam flows into 
the lower end of exit pipe f2 and the separated 
materials are ejected into extraction compart 
ment 2 for return to the boiler through pipe 23, 
as previously explained. 
While I have illustrated and described several 

modifications of my invention for separating en 
trained moisture and Solids from steam, it will 
be apparent to those skilled in the art that said 
modifications do not change either the relation 
between or functions of the coacting elements, 
and that still other modifications may be made 
in the several parts to better adapt the device 

5 

0. 

5 

20 

25 

30 

40 

45 

50 

55 

50 

75 



4. 2,214,858 
for a particular application, and for the extrac 
tion of undesirable matter of higher specific grav 
city from various other fluids without departing 
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from the purpose and intent of the invention as 
embraced in the appended claims. 
What I claim as new and desire to protect by 

Letters Patent is: 
1. In a device of the kind described, the com 

bination of an outer casing and an inner exit 
pipe projecting into said casing to form an an 
nular chamber, an inlet nozzle at One end of said 
chamber for directing fluid flow tangentially and 
toward the opposite end into Said chamber in a 
spinning continuous stream to form a centrifugal 
vortex adjacent the interior end of said exit 
pipe, a partition in spaced apart relation to Said 
end of the exit pipe and containing a plurality 
of extraction slots, an extraction compartment 
on the opposite side of said partition to receive 
the spinning centrifuged matter of higher 
specific gravity ejected through said slots, a con 
duit for draining said extraction compartment, 
and Vane means in Said compartment to reduce 
the amount of spin of said ejected matter and to 
facilitate its passage into said conduit. 

2. In a device of the kind described, the com 
bination of an outer casing, an exit pipe for the 
cleaned fluid, means for imparting a rotary 
motion to the entering fluid to assist in forming 
a centrifugal vortex whirl adjacent the end of 
Said exit pipe, structural means assisting in 
directing said fluid in rotary motion into said 
vortex Whirl and containing a plurality of ex 
traction slots having raised edges adapted to in 
tercept the centrifuged denser portion of the fluid 
of said vortex whirl containing droSs material 
and to convert the velocity head of the inter 
cepted fluid into extra pressure in Said slots to 
expel the Separated material; and curved vane 
means adapted to straighten out the rotary flow 
of said vortex whirl to approximately parallel 
flow as the fluid enters said exit pipe to recover 
the velocity head of said fluid in rotary motion. 

3. In a centrifugal vortex separator, the com 
bination of an outer casing and an exit pipe 
projecting into said casing to form therewith an 
annular chamber, a plurality of inlet nozzles 
at one axial end of said chamber for directing 
fluid flow tangentially and toward the opposite 
end into said chamber in separate non-interfer 
ing Spiralling contiguous streams to assist in 
forming a centrifugal vortex whirl adjacent the 
end of said exit pipe, structural means forming 
One Wall of an extraction compartment and con 
taining a plurality of extraction slots having 
raised edges adapted to intercept the centrifuged 
denser portion of the fluid of said vortex whirl 
containing dross material and -to convert the 
velocity head of the intercepted fluid into extra, 
pressure in and below said slots to force the ex 
tracted matter of higher specific gravity into said 
extraction compartment. 

4. In a device of the kind described, the com 
bination of a vertically disposed outer casing and 
an inner exit pipe projecting into Said casing to 
form therewith an annular chamber, means for 
imparting a rotary motion to the entering fluid 
to assist in forming a centrifugal vortex whirl 
adjacent the end of said exit pipe, a partition 
element containing a plurality of spaced apart 
and diagonally disposed extraction slots posi 

tioned across the path of flow of the centrifuged 
denser portion of the fluid in Said vortex whiri, 
said slots having raised edges adapted to inter 
cept said centrifuged denser portion of the fluid 
of said vortex whirl containing dross material 
and to convert the velocity head of the inter 
cepted fluid into extra pressure in said slots, and 
an extraction compartment below said partition 
element for receiving the extracted matter of 
higher specific gravity. 

5. In a separator, the combination of a ver 
tically disposed substantially cylindrical casing, 
an exit, pipe extending into said casing coaxial 
therewith, to form an annular chamber, inlet 
means at the upper end of Said chamber Con 
structed to introduce fluid tangentially into said 
chamber, a partition plate adjacent the lower end 
of the exit pipe forming upper and lower COm 
partments in said casing, said partition plate con 
taining a plurality of slots which form the inlet 
to said lower compartment, said slots having 
raised edges adapted to intercept a portion of the 
revolving fluid stream containing droSS material, 
whereby the velocity head of the intercepted 
fluid is converted into back pressure in the lower 
compartment so that the heavier dross material 
passes through the slots to the lower compart 
ment with a sufficient amount of lighter fluid to 
maintain the back pressure in the lower com 
partment. 

6. In a separator, the combination of a ver 
tically disposed substantially cylindrical casing, 
an exit pipe extending into said casing coaxial 
therewith, to form an annular chamber, nozzle 
means at the upper end of Said chamber con 
structed to introduce fluid tangentially into said 
chamber, a partition plate adjacent the lower 
end of the exit pipe forming upper and lower 
compartments in said casing, said partition plate 
containing a plurality of slots which form the 
inlet to said lower compartment, said slots hav 
ing raised edges adapted to intercept a portion 
of the revolving fluid stream containing dross 
material, whereby the velocity head of the inter 
cepted fluid is converted into back pressure in 
the lower compartment so that the heavier dross 
material passes through the slots to the lower 
compartment with a sufficient amount of lighter 
fluid to maintain the back pressure in the lower 
compartment. 

7. In a separator, the combination of a ver 
tically disposed substantially cylindrical casing, 
an exit pipe extending into said casing coaxial 
therewith, to form an annular chamber, inlet 
means at the upper end of Said chamber con 
structed to introduce fluid tangentially into said 
chamber, a partition plate adjacent the lower 
end of the exit pipe forming upper and lower 
compartments in Said casing, said partition plate 
containing a plurality of diagonal slots which 
form the inlet to said lower compartment, said 
slots having raised edges adapted to intercept a 
portion of the revolving fluid stream containing 
dross material, whereby the velocity head of the 
intercepted fluid is converted into back pres 
sure in the lower compartment so that the 
heavier droSS material passes through the slots 
to the lower compartment with a sufficient 
amount of lighter fluid to maintain the back 
pressure in the lower compartment. 
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