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(57) Abrege/Abstract:
A fluid separator includes a casing and a tubular main body disposed In the casing and having a central axis, inlet and outlet ends
spaced along the axis, inner and outer circumferential surfaces; and drain passage(s) extending radially between the inner and
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(57) Abrege(suite)/Abstract(continued):

outer surfaces. A collection chamber Is defined between the outer surface and the casing and the inner surface defines a central
flow passage, such that liquid contacting the inner surface flows through the drain passage(s) and into the collection chamber. A
deflector disposed within the flow passage includes a hub located on the central axis with a bore and a plurality of vanes extending
radially between the hub and the main body inner surface. Each vane has a first channeling surface facing toward the body Inlet

and a second channeling surface facing away from the inlet. Recirculation members fluidly connect the collection chamber with the
hub bore.
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(54) Title: IMPROVED STATIC FLUID SEPARATOR DEVICE

(57) Abstract: A fluid separator includes a casing and a tubular main
oc \ I/ / (4a | body disposed in the casing and having a central axis, inlet and outlet
ends spaced along the axis, inner and outer circumferential surfaces; and
i . drain passage(s) extending radially between the inner and outer surfaces.
22 A collection chamber is defined between the outer surface and the cas-
T o | ing and the inner surface defines a central flow passage, such that liquid
| 8—f—" N = | | contacting the inner surface flows through the drain passage(s) and into
' the collection chamber. A deflector disposed within the flow passage in-
] 30 | | cludes a hub located on the central axis with a bore and a plurality of
14 L vanes extending radially between the hub and the main body inner sur-
| 30 | 20 face. Each vane has a first channeling surface facing toward the body
| O —= Saszaeendeodloes inlet and a second channeling surface facing away from the inlet. Re-
circulation members fluidly connect the collection chamber with the hub
bore.
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TITLE OF THE INVENTION -

Improved Static Fluid Separator Device

The present invention relates to fluid machinery, and more particularly to static
fluid separator devices. ,

Fluid separators are known and are general iy used to separate a mixed flow (e.g.,
solids and fluids, liquids and gases, etc.) into different phases of fluid, fluids of varying
density, and/or to separate solids from fluids. One type of static separator is a “cyclonic
separator” which induces swirling motion to a fluid stream such that heavier fluids (e.g.,
liquids) within a fluid stream are directed to move radially outwardly from a remaining

portion of a fluid stream by centrifugal forces.

SUMMARY OF THE INVENTION

In one aspect, the present invention is a fluid separator comprising a generally
tubular main body having a central axis, inlet and outlet ends spaced apart: along the axis,
inner and outer surfaces ektending circumferentially about the axis, and at least one drain
passage extending generally radially between the inner and outer surfaces. The main body
inner surface defines a central flow passage and the tubular body 1s configured such that at
least a portion of liquid contacting .the inner surface flows through the at least one drain
passage. A deflector is disposed within the main body flow passage and includes a central
hub disposed generally on the central axis and a plurality of vanes extending generally
radially between the hub and the main body inner surface. Each vane hasa first
channeling surface facing generally toward the main body inlet end and a second
channeling surface facing generally away from the inlet end, each vane being generally
angled with respect to the main body central axis such that the first channeling surface also
faces generally toward the main body tnner surface.

In another aspect, the present invention is again a fluid separator comprising a
generally tubular body having a central axis, inlet and outlet ends spaced apart along the
axis, inner and outer surfaces extending circumferentially about the axis, the inner surface
defining a central flow passage, and at least one drain passage extending generally radially
between the inner and outer surfaces. The inlet end is connectable with a fluid source such
that fluid flows through the inlet end and into the flow passage and the main body is
configured such that at least a portion of liquid contacting the inner surface flows through

the at least one drain passage. A fluid deflector is disposed within the flow passage and
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includes a central hub located generally on the céntral axis and a plurality of vanes
extending generally radially between the hub and the tubular body inner surface. Each
vane is configured to direct fluid contacting the vane at least generally toward the tubular
member inner surface. The fluid separator also has at least one, and preferably all, of the
following structural elements or limitations: 1) the at lease one drain passage is a generally
endless slotted opening extending circumferentially about the separator axis; 2) the drain
passage has an inlet at the main body inner surface, an outlet at the main body outer :
surface, and extends partially axially through the main body such outlet is spaced axially
from the inlet in a direction generally toward the main body outlet; 3) each vane has inlet
and outlet ends and an axial length between the inlet and outlet ends, the at least one drain
passage being spaced from all of the vane outlet ends by a distance of about one-half the
vane axial length; and 4) the separator includes first and second, axially spaced apart drain
passages, the first drain passage being disposed generally between the deflector and the
second drain passage, each drain passage having an axial width and the first drain passage
width being substantially greater than the second drain passage width.

In a further aépect, the present invention is a once again a fluid separator
comprising a generally tubular body having a central axis, inlet and outlet ends spaced
apart along the axis, inner and outer surfaces extending circumferentially about the axis,
the inner surface defining a central flow passage, and at least one drain passage extending
generally radially between the inner and outer surfaces. The inlet end is connectable with
a fluid source such that fluid flows through the inlet end and into the flow passage and the
main body is configured such that at least a portion of liquid contacting the inner surface
flows through the at least one drain passage. A fluid deflector is disposed within the flow
passage and includes a central hub located generally on the central axis and a plurality of

vanes extending generally radially between the hub and the tubular body inner surface.

Each vane is configured to direct fluid contacting the vane at least generally toward the
tubular member inner surface. The fluid separator further has at least one, and preferably
all, of the following structural elements/limitations: 1) the main body inner surface has an
inside diameter and the hub has an outside diameter, the hub inside diameter having a
value of at least about one-half a value of the body inside diameter; and/or 2) the hub has
opposing inlet and outlet axial ends and a generally conical deflector surface at the inlet
end, the conical surface being configured to direct fluid contacting the surface to flow

generally toward the main body inner surface.
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In yet another aspect, the present invention is once again a fluid separator
comprising a casing having an inner circumferential surface defining an interior chamber

and a generally tubular separator main body having inlet and outlet ends, inner and outer -

- circumferential surfaces, and at least one drainage opening extending generally radially

between the two surfaces. The separator main body is disposed within the casing chamber
so as to define a collection chamber between the casing inner surface and the separator
outer surface and the inner surface define a central flow passage. A deflector is disposed
within the flow passage and is configured to direct fluid contacting the deflector generally
toward the separator inner surface, the deflector including a hub with a central bore fluidly
connected with the flow passage and a plurality of vanes, each vane extending generally

radially between the hub and the main body inner surface. At least one recirculation

~member has an outer surface, a first end connected with the separator main body, a second

end connected with the hub, a central bore extending between the two ends. The central
bore 1s configured to fluidly connect the collection chamber with the deflector hub bore
and a central axis extends through the bore. The fluid separator also has at least one, and
preferably all, of the following structural limitations or elements: the recirculation member
has generally oval-shaped cross sections extending generally perpendicularly through the

recirculation member axis; 2) the recirculation member is arranged such the recirculation

~member axis defines an acute angle with respect to the separator central axis so that fluid

contacting the tube outer surface is directed generally toward the main body inner
circumierential surface; and/or 3) the recirculation member is integrally formed with one
of the plurality of vanes.

In yet an even further aspect, the present invention is yet again a fluid separator
comprising a generally tubular body having a central axis, inlet and outlet ends spaced
apart along the axis, inner and outer surfaces extending circumferentially about the axis,
the inner surface defining a central flow passage, and first and second drain passages
extending generally radially between the inner and outer surfaces. The inlet end is
connectable with a fluid source such that fluid flows through the inlet end and into the
flow passage and the main body is configured such that at least a portion of liquid
contacting the inner surface flows through the at least one drain passage. The first drain
passage is located generally axially between the inlet and the second drain passage and
each one of the first and second drain passages has an axial width, and the first drain

passage axial width being substantially greater than the second drain passage width.
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In yet another aspect, the present invention is once again a fluid separator
comprising a generally tubular main body having a central axis, inlet and outlet ends
spaced apart along the axis, inner and outer surfaces extending circumferentially about the
axis, the inner surface defining a central flow passage, and at least one drain passage ‘
extending generally radially between the inner and outer surfaces. The inlet end is
connectable with a fluid source such that fluid flows through the inlet end and into the
flow passage and the main body is configured such that at least a portion of liquid
contacting the inner surface flows through the at least one drain passage. A fluid deflector
is disposed within the flow passage generally proximal to the main body inlet end and is
configured to direct fluid contacting the deflector at least generally toward the main body
inner surface. Further, an axial flow channeling device is disposed within the flow
passage generally proximal to the main body outlet end such that the at least one drain
passage is located generally between the fluid deflector and the axial channeling device.
The axial channeling device is configured to direct fluid to flow generally along the

separator central axis and out of the main body outlet end.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The foregoing summary, as well as the detailed description of the preferred
embodiments of the present invenﬁon, will be better understood when read in conjunction
with the appended drawings. For the purpose of ilustrating the invention, there is shown

in the drawings, which are diagrammatic, embodiments that are presently preferred. It
should be understood, however, that the present invention is not limited to the precise

arrangements and instrumentalities shown. In the drawings:

Fig. 1 is an axial cross-sectional view of a separator in accordance with the present

mvention;

Fig. 2 is a perspective view of the separator;

Fig. 3 1s a radial end plan view of the separator;

Fig. 4 1s an enlarged axial cross-sectional view of the éeparator;

| Fig. 5 1s a more enlarged, broken-away axial cross-sectional view of a swirl

chamber section of a separator body;

Fig. 6 is a greatly enlarged, broken-away axial cross-sectional view of the separator
body, showing one drain passage;

Fig. 7 is an enlarged, broken-away axial cross-sectional view of a fluid deflector of

the separator;
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Fig. 8 is a perspective view of the fluid deflector, showing a view through a
recirculation passage of a recirculation member;
Fig. 9 is an enlarged, radial cross-sectional view of one recirculation member;

Fig. 10 is another perspective‘ view of the fluid deflector, showing the side surfaces

of the recirculation member;

Fig. 11 1s top plan view of the deflector:;
- Fig. 12 1s another axial cross-sectional view of the fluid deflector: and

Fig. 13 is a perspective view of an alternative fluid deflector device having

recirculation members integral with the deflector vanes.

DETAILED DESCRIPTION OF THE INVENTION
Certain terminology is used in the following description for convenience only and
1s not limiting. The words “right”, left”, “lower”, “upper”, “upward”, “down’ and
“downward” designate directions in the drawings to which reference is made. The words
"inner”, "inwardly" and "outer", "outwardly" refer to directions toward and away from,
respectively, a designated centerline or a geometric center of an element being described,

the particular meaning being readily apparent from the context of the description. Further,

- as used herein, the word "connected" is intended to include direct connections between

two members without any other members interposed therebetween and indirect
connections between members in which one or more other members are interposed
therebetween. The terminology includes the words specifically mentioned above,
derivatives thereof, and words of similar import.

Retferring now to the drawings in detail, wherein like numbers are used to indicate
like elements throughout, there is shown in Figs. 1-13 an improved "static" fluid separator
10 that basically comprises a casing 12 with an interior chamber 13, a generally tubular

main body 14 disposed within the chamber 13 and having an inner circumferential

"separation” surface 15 bounding a central flow passage 16, and a fluid deflector 18

~ disposed within the separator flow passage 16 and configured to direct fluid generally

toward the separator main body inner surface 15. The casing 12 has an inner
circumferential surface 20 defining the interior chamber 13 and a central axis 21 extending
longitudinally through the chamber 13. The separator main body 14 has inlet and outlet
ends 14a, 14b, respectively, each end having a port 22A, 22B, respectively, each fluidly -

connected with the passage 16, and a central axis 24 extending between the two ends 14a,
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14b, which is at least generally parallel to the casing axis 21 and most preferably generally

collinear therewith.

Further, the separator main body 14 also has an outer circumferential surface 26,

- such that a collection chamber 28 is defined between the casing inner surface 20 and the

separator body outer surface 26, and at least one and preferably a plurality of separation or
"drain" passages 30. ‘Each éeparation/drain passage 30 extends generally radially between
the main body inner and outer surfaces 20, 26 and ﬂuidly: connects the flow passage 16
with the collection chamber 28. Furthermore, the separator body inlét port 22A is
connectable with é fluid source SF '(Fig. 1) such that a fluid stream F flows through the

- inlet port 22A and into the flow passage 16. The fluid stream F then flows through the

fluid deflector 18 and is directed at least generally. toward the separator body inner surface
15, such that at least a portion of a liquid within the stream F contacts the inner surface 15,
SO as to be sepérated from the remaining fluid (i.e., which is substantially gaseous), and
thereafter flows through the at least one drain passage 30 and into the collection chamber
hg. | | ‘

Preferably, the fluid deflector 18 is basically a “swirler” device that includes a
plurality of vanes 34 spaced circumferentially about the separator axis 24, each vane 34
being configured to direct fluid contacting the vane 34 at least generally toward the
separator body inner surface 15. More specifically, the plurality of vanes 34 define a
plurality of flow channels 36 extending between each pair of adjacent vanes 34, each
channel 36 having an inlet 38 and an outlet 40, as described in further detail below. The
plurality of vanes 34 are conﬁgured to direct flow through each channel 36 such that a
tluid stream F flowing generally axially into the channel inlet 38 is directed to flow
generally circumferentially and radially outwardly from the channel outlet 40. As such,
with the plurality of cifcumferentially spaced outlets 40 each directing a separate fluid
stream portion fp radially outhirdl_y In a separate circumferential and axial, generally

spiral shaped path Pc (see Fig. 7), a swirling fluid stream section Fi (Fig. 1) is generated

~within a swirl chamber section 17 of the separator flow passage 16, as described below.

Thereby, the swirling fluid stream Fs causes liquid portions of the swirling stream Fg to be
directed onto the separator surface 15 so as to be removed from the fluid stream F prior to
tlowing out of passage outlet port 22B.

Referring to Figs. 1, 4 and 5, the fluid separator 10 preferably further comprises an
axial flow channeling device or “de-swirler” 41 disposed within thé" sebarator body flow

passage 16 and configured to direct fluid to flow generally along the separator axis 24.
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The channeling device/de-swirler 41 is spaced axially from the at least one drain passage

30, specifically from the passage 30 most distal from the deflector 18, generally toward the
separator outlet end 14b, such that the one or more drain passages 30 are disposed

generally between the inlet port 22A and the channeling device 41. As such, the swirling

fluid sections Fg passing through the swirler chamber section 17 are subsequently

“straightened” to flow as generally axial fluid sections F4 after passing through the
channeling device 41. Preferably, the axial channeling device 41 includes a plurality of
blades 42 spaced circumferentially about the axis 24, preferably four blades 42, and a
central support member 43 disposed generalnly on the axis 24. Each blade has an inner
axial edge 42a connected with the support member 43 and an outer axial edge 42b
connected with the main body inner surface 15. Further, each axial channeling blade 42
preférably includes a generally flat, generally rectangular plate 45 oriented generally
parallel with or along the separator axis 24, such that fluid contacting the plate 45 is
directed to flow generally along the axis 24. As such, the de-swirler 41 functions to
eliminate or at least substantially reduce any swirl remaining in the fluid flow F exiting the
swirler chamber section 17, so as to reduce frictional losses in the downstream gas piping :
system. | '
Referring to Figs. 4-6, the separator body 14 preferably has at least two drain
passages 30 spaced apart along the separator axis 24, such that the swirl chamber section
17 is defined between an outlet 19 of the deflector 18 (i.e., collectively defined by the
plurality of flow channel outlets 40) and a drain passage 30 located most distally from the
deflector outlet 19. The first passage 30 is preferably located so as to be axially spaced
from the deflector outlet 19 by a distance of about one-half the axial length of each vane
34, the subsequent passages 30 being arranged with respect to the first passage 30 to
maximize fluid separation, as described below. Preferably, each drain passage 30 is a
generally endless slotted opening 32 extending circumferentially about the separator axis
24 and having an inlet 33 at the separator body inner surface 15 and an outlet 35 at the
separator body outer surface 26 (see Fig. 6). Funhe}, each slotted opening 32 preferably
extends partially axially through the separator body 14 such that the drain passage inlet 33

is located more proximal to the separator inlet end 14a than the passage outlet 35, i.e., the
; |

passage outlet 35 1s spaced axially from the inlet 33 in a direction generally toward the

main body outlet 14b. Thus, each drainage slotted opening 32 angles generally

downwardly, as discussed in further detail below.
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As best shown in Fig. 6, each slotted opening 32 is preferably defined between first
and second radial surfaces 37, 39 extending circumferentially about the central axis 24.
The first radial surface 37 is spaced axially from the second radial surface 39 such the first
surface 37 is located more proximal to the separator inlet end 14a than the second radial
surface 39. Preferably, the first end surface 37 intersects with the separator body inner
surface 15 so as to define a generally obtuse angle Ao and the second surface 39
intersectin g with the separator body inner surface 15 so as to define a génerally acute angle
Aja. Furthermore, the intersection Is between the first radial surface 37 and the separator |
body inner surface 15 is preferably generally “radiused”, such that the slotted opening inlet
33 has an axial width greater than an axial width of the slotted opening outlet 35. With
this preferred separation opening strﬁcture, each passage inlet 33 facilitates entry into the
associated passage 30 by liquid on the body inner surface 15 flowing axially toward the
separator outlet end 14b.

Reterring to Figs. 4 and 5, the separator body 14 includes a plurality of connected
together tubular body sections 44 each having opposing, first and second axial ends 44a,
44b. Each of the preferred slotted openings 32 is defined between a first axial end 44a of
one tubular section 44a and a second axial end 44b of an adjacent tubular body section 44.
In other words, each first radial end surface 37 is provided on the second axial end 44b of
one tubular section 44 located more proximal to the separator inlet end 14a and each
second radial surface 39 is provided on the first axial end of 44b of an adjacent tubular
section 44 located more distally from the separator inlet end 14a. F urther, the separator
body 14 preferably further includes at least one and preferably a plurality of
circumferentially spaced, generally axially-extending connector bars 47 configured to
connect together the two or more tubular body sections 44. Each connector bar 47 has a
first end or portion attached to one of the tubular body sections 44 and a second
end/portion attached to an adj acént tubular body section 44 so as to connect the two body
sections 44. Most preferably, each bar 47 extends axially between all of the tubular
sections 44, as shown in Fig. 5, but may alternatively be arranged to only connect together
two adjacent body sections 44.

Referring particularly to Fig. 5, the plurality of fluid drain passages 30 are |
preferably relatively sized having an axial width W, that progressively decreases from the
first passage 31A to the second passage 31B, from the second passage to a third passage
31C, etc. For example, with an embodiment including three drain passages 30, the three

passages 30 are arranged such that the third passage 31C is spaced axially from the first
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drain passage 31A in a direction A, toward the main body outlet 14b and the second
passage 31Bq i1s disposed generally between the first and second drain passages 31A, 31B.
Further, the first passage width W, is substantially greater than the second passage width
Wa:z and the second passage width W .- is substantially greater than the third passage
width Wa3. Most preferably, the first drain passage 31A has an axial width Wa that
provides about fifty percent (50%) of a total required drain area or volume, the second
passage 31B has a width Wa2 that provides about thirty-five percent (35%) of the drain
area/volume, and the third passage 31C has a width W, providing about fifieen percent
(15%) of the required drain area. As such, the majority of the “coarse” liquids which are
relatively easily separated from the fluid stream F pass through the first passage 31A, the
subsequent passages (e.g., 31B, 31C, etc.) provide for separation of the«ﬁner fluid particles
from the stream F. Further, the separator 10 may be configured for a particular application
by constructing or adjusting or number of drain passages 30; the total length of the swirl
chamber 17 and the relative width of each passage 30 to account for the total amount 6f 1
liquid expected through the separator 10 and the expected velocity of fluid stream within
the swirl chamber section 17. ;

Reterring to Figs. 7, 8 and 10-13, the deflector 18 preferably includes a central
body or hub 46 disposed generally on the separator axis 24 so as to define an annular flow
passage 48 between the central body 46 and the separator body inner surface 15. The
deflector vanes 34 are disposed within the annular passage 48 so as to extend generally
radially between the central body/hub 46 and the separator body inner surface 15, thus
dividing the annular flow passage 48 into the plurality of discrete flow channels 36 as
described above. More specifically, the separator body 14 has an inside diameter IDg and
the deflector central body 46 has an outside diameter ODp, as indicated in Fig. 11, and the
value of the deflector body outside diameter ODp is preferably a substantial portion of a
value of the separator body inside diameter IDs. As such, the annular passage 48 is
located substantially proximal to the separator body inner surface 15: in other words, the
deflector central body 46 is sized to occupy a substantial portion of the separator body
cross-sectional area (not indicated), so that the remaining “unoccupied” area remaining for
the annular passage 48 is generally adjacent to the separator inner surface 15. Most
preferably, the deflector body outside diameter ODp has a value of about one half (172) the
value of the separator body inside diameter IDs.

Further, the deflector central body 46 preferably has first and second, opposing

axial ends 46a, 46b, the first end 46a being located more proximal to the separator inlet
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end 14a than the second body end 46b. The first body end 46a is preferably configured to
direct fluid contacting the first end 46a geherally radially outwardiy and away from the
separator axis 24. More specifically, the deflector body 46 preferably includes a generally
conical deflector surface 50 at the body first end léa, the conical surface 50 being
arranged such that fluid contacting the surface 50 is directed generally radially aWay from
the separator axis 24 and generally axially toward the deflector vanes 34. Preferably, the
deflector central body 46 preferably includes a generally conical body section 52 |
providing theﬂ central body first end 46a and a generally cylindrical or tubular body section
54 with opposing first and second ends 54a, 54b. The conical body section 52 is
connected with the tubular body first end 54a and provides the deflector surface 50, and
the tubular body second end 54b provides the deflector body second end 46b. -

Referring now to Figs. 8-13, the deflector hub 46 preferably has an interior
chamber 56 and a pori: 8 fluidly connecting the deflector chamber 56 with the separator
flow passage 16 and the deflector 18 further includes at least one and preferably a plurality
of recirculation members 60. Each recirculation member 60 has an outer surface 61, a first
end 60a connected with the deflector hub 46, a second end 60b connected with the
separator main body 14, a central passage or bore 62 extending between the two ends 60a,
60Db, and a central axis 62a (Fig. 12) extending through the passage 62. The recirculation
member passage 62 is configured to fluidly connect the collection chamber 28 with the
deflector body interior chamber 56, such that a recirculation flow Fg of gases within the
collection chamber 28 may be reintroduced into thé fluid stream F so as to pass through
the outlet port 22B. Preferably, each recirculation member 60 is arranged such the
recirculation member axis 62a defines an acute angle Agg with respect to the separator

central axis 24 so that fluid contacting the recirculation member outer surface 61 is

- directed generally radially toward the main body inner circumferential surface 15. That 1S,

the recirculation member outer surface 61 has a first or "inlet" edge surface section 64a
(described below) facing generally toward the main body inlet end 14a and the

recirculation member second end 60b is spaced axial'ly from the member first end 60a in a
direction generally toward the main body outlet end 14b. As such, fluid contacting the
radially-outwardly angled or "outwardly inclined" inlet surface section 64a is directed or
defected to flow in a generally radially outward direction toward the second end 64b, and
thus toward the main body inner surface 15.

Preferably, each recirculation member 60 is either disposed generally above (and

preferably connected with) one of the deflector vanes 34 (Figs. 8 and 9) or is integrally
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formed with one of the vanes 34 (Fig 12). More specifically, in one embodiment shown in
Figs. 7-12, each recirculation member 60 includes a generally oval-shaped tubular body 64
having generally oval-shaped cross sections CSrym extending generally perpendicularly
through the recirculation member axis 62a, as indicated in Fig. 9. The oval-shaped tubular .
body 64 is formed such that the outer surface 61 has first and second edge surface sections
64a, 64b extending between the body first and second ends 60a, 60b, the first edge surface
64a being an "upper" surface and the second edge surface 64b being a "lower" surface
spaced axially from the first, upper edge surface 64a in a direction towarci the main body
outlet 14b. A pair of opposing, generally convex first and second side surface sections
64c, 64d each extend generally axially between the first and second edge surface sections
64a, 64b. Further, at least one of the first and secqnd side surface sections 64c, 64d is
contigured to direct fluid contacting the recirculation member outer surface 61 at least
generally toward at least one of the deflector vanes 34.

- Furthermore, each recirculation member 60 is generally angled such that the first
sidé surface section 64c¢ faces generally toward the main body inlet end 14a and the second
side surface section 64d faces generally toward the main body outlet end 14b. Preferably,
the recirculation member second edge surface section 64b is connected with the inlet end

70a of one of the plurality of vanes 34, such that the first and second side surface sections

64c, 64d is generally faired into a sepax:ate channeling surface 74, 76 (described below) of

+ the vane 34. However, in another embodiment shown in Fig. 12, the at least one

recirculation member 60 is integrally formed with one of the plurality of deflector vanes
34. That is, the vanes 34 are preferably.constructed such that a recirculation passage 62
extends through one or more, and preferably all, of the vanes 34 between opposing vane
side edges 70c, 70d, as described below.
34. With either structure, the recirculation member 60 is shaped and positioned so as to be
generally "streamlined" with respect to the fluid stream flowing from the main body inlet
14a toward the deflector 18. For example, the planar area of each recirculation member 60
that extends generally perpendicular to the flow direction is substantially reduced in
comparison to a generally circular recirculation member/tube having about the same cross-
sectional flow area, such that each recirculation member 60 is substantially less
"obstructive" to the flow. | |

Referring to Figs. 8 and 10-13, each vane 34 preferably has a generally curved
body 70 with inlet and outlet ends 70a, 70b, the vane body 70 extending generally axially
and generally circumferentially about the separator axis 24 between the two ends 70a, 70b.
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As such, fluid contacting each vane 34 is directed generally circumferentially about the
axis 24 and radially outwardly toward the separator body inner surface 15. Furthermore,
all of the vane bodies 70 at least partially extend circumferentially in the same one of two
opposing angular directions DA, (as shown) or DA; about the separator body axis 24,
That is, the vane bodies 70 each have a longitudinal centerline 71 extending between the
body inlet and outlet ends 70a, 70b and the vanes 34 are ananged 24 such that each vane
centerline 71 extend both generally axially and generally radially in the same angular

direction DA, DA; about the separator central axis 24. As such, the vanes 34 are

- arranged/configured to direct a fluid stream F contacting at least two or more of the vanes

34 to generally swirl in one of the two opposing angular directions DA;, DA; about the
separator central axis 24. .

| Furthermore, by having a bended body 70 arranged as described above, each vane
34 generally “overlaps’ the outlet end 70b of an adjacent vane 34, preferably by at least by
at least one quarter of the spacing or pitch between adjacent vanes 34. In other words, the
circumferential spacing distance Dys between the inlet ends 70a (and all other sections) of
two édj acent vanes 34 is lesser than the circumferential length or extent L¢ of each vane
34, such that each vane outlet end 70b is disposed beneath a portion of one adjacent vane
34 (see Fig. 9).
With this structure, each flow channel outlet 40 is spaced laterally or circumferentially
from the associated inlet 38. With this structure, fluid entering generally centrally through
a channel inlet 38 cannot pass through without contacting at least the vane 34 which
extendz;; across the particular flow channel 36, which is preferably a suction surface 74 of
the vane 34 as described below.

Retferring to Figs. 8, 10 and 13, each vane body 70 is preferably provided by a

curved plate 72 of generally uniform thickness, and most preferably a thickness that is less

. than ten percent (10%) of a spacing distance Dys (see Fig. 10) between adjacent vanes 34

so as to minimize pressure losses in the fluid stream F when passing through the deflector
18. Preferably each vane body 70 further has first and second, opposing channeling
surfaces 74, 76 extending between the inlet and outlet ends 70a, 70b. The first channéling
surface 74 is a “suction” surface and faces generally toward the separator inlet end 14a and
the second surface 76 is a “pressure’ surface and faces generally away from the separator
inlet end 14a (i.e., towards the outlet end 145). Preferably, each vane body 70 is angled
such that the first channeling surface 74 faces generally toward the separator body inner

surface 15, so that flow contacting either channeling surface 74, 76 is directed generally
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radially outwardly or away from the separator axis 24, and thus toward the separator inner
surface 15. |

More specifically, each vane body 70 further has first and second side edges 70c,
70d extending between the inlet and outlet ends 70a, 70b. The first or inner side edge 70c
extends proximal to the deflector hub 46 and the second or outer side edge 70d extends
proximal to the separator body inner surface 15. The two side edges “700, 70d of each
body 70 are preferably spaced apart axially such that the first side edge 70c¢ is located
more proximal to the separator inlet end 14a than the second side edge 70d. In other
words, each vane body 70 is preferably arranged with respect to the;; hub 46 such that
lateral centerlines 75 of each body 70 are generally angled toward the separator outlet end
14b in a radial outward direction, as best shown :in Fig. 8. That is, the vanes 34 are
arranged such that lines Lp perpendicular to each suction surface 74 extend generally
toward the separator body inner surface 15, as indicated in Fig. 11. As such, each vane
pressure channeling surface 74 faces generally toward the separator inner surface 15, as

described above, such that fluid (particularly liquids) contacting the vane surfaces 74, 76

flow generally radially toward the separator body inner surface 15.

Referring again to Figs. 8 and 10-13, each vane body 70 most preferably includes a

first generally axial body section 77 providing the body inlet end 70a and a second,

substantially curved body section 78 with a generally constant radius (not indicated) about

the separator central axis 24. The axial section 77 preferably has a length along the
centerline 71 that is about twenty percent (20%) of the total axial length (not indicated)
and is preferably radiused at the inlet end 70a so as to minimize pressure drop through the
detlector flow channels 36. Further, the outlet end 70b of the preferred curved body
section 78 is preferably beveled to a sharp edge to facilitate shearing of liquid off of the
vane surfaces 74, 76 during movement toward the separator body inner surface 15.
Referring particularly to Fig. 11, each vane 34 is preferably further arranged or
oriented so as to only extend generally radially with respect to the separator axis 24 and
not substantially or precisely radially. More specifically, each vane 34 is generally angled
with respect to, and generally intersects, radial lines R, (e.g., R1, Ra, etc.) through the

separator axis 24, such that a lateral centerline 75 of the vane 34 is spaced or offset by a

perpendicular distance dp from separator axis 24. As such, the vane suction surface 74

faces generally toward the separator body inner surface 15, so that fluid flowing through

the channel inlet 38 bounded by the suction surface 74 and is deflected generally toward

the separation body surface 15.
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Referring now to Figs. 1-4, the casing 12 preferably includes a generally tubular
body 80 having opposing ends 80a, 80b and first and second geheral]y circular end caps
82, 84 each disposed at a separate one of the two ends 80a, 80b and having an opening 85.
The cap openings 85 are each aligned with the other opening 85 and the separatof body 14
is disposed within the two openings 85, the separator inlet end 14a being located at least

generally proximal to the first end cap 82 and the outlet end 14b being located at least

generally proximal to the second end cap 84. Preferably, the casing axis 21 extends

generally vertically, such that the first end cap 82 is located generally vertically above the
second end cap 84 and the tubular separator member 14 extends generally vertically
through the casing 12. As such, fluid passing through the drain passages 30 flows by .
gravity toward a lower end of the collection chamber 28. However, the separator 10 may

be arranged such that the casing and separator axes 21, 24 extend generally horizontally or

be angled to extend both horizontélly and vertically.

It will be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept thereof.
It is understood, therefore, that this invention is not limited to the particular embodiments
disclosed, but it is intended to cover modifications within the spirit and scope of the

present invention as generally defined in the appended claims.
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Claims:

1. A fluid separator, comprising:

a casing having an inlet port and an outlet port;

a tubular body disposed at least partially in the casing and defining an annular
collection chamber therebetween, the tubular body having an inlet end fluidly coupled to the
inlet port of the casing, and an outlet end fluidly coupled to the outlet port, and the tubular
body defining a plurality of drainage passages in fluid communication with the annular
collection chamber;

a deflector disposed at least partially in the tubular body and including a central hub
and a plurality of vanes extending from the central hub toward an inner circumferential
surface of the tubular body, the deflector configured to swirl a fluid such that at least a
portion of a denser matter of the fluid 1s urged radially outward through the plurality of
drainage passages and into the annular collection chamber and at least a portion of a less
dense matter of the fluid is directed to the outlet end; and

a recirculation member extending from the annular collection chamber to the central
hub so as to provide fluid communication therebetween, the recirculation member being
oriented such that the recirculation member extends radially inward from the inner
circumferential surface of the tubular body and axially toward the inlet end to meet with the
central hub, the recirculation member being configured to return at least a portion of any of
the less dense matter that 1s directed through the plurality of drainage passages to an interior

of the tubular body.

2. The fluid separator of claim 1, wherein the central hub defines a hub port facing the

outlet end of the tubular body, such that the less dense matter received from the recirculation

member is returned to the interior of the tubular body via the hub port.

3. The fluid separator of claim 1, wherein the recirculation member is defined within at

least one of the plurality of vanes.
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4, The fluid separator of claim 1, wherein the recirculation member is integrally-formed

with at least one of the plurality of vanes.

5. The fluid separator of claim 1, wherein the recirculation member 1s airfoil-shaped in

cross-section.

6. The fluid separator of claim 1, wherein the recirculation member defines a
recirculation member central axis and the tubular body defines a tubular body central axis,
the recirculation member central axis and the tubular body central axis intersecting to define

an acute angle.

7. The fluid separator of claim 1, wherein the plurality of drainage passages comprises

a first drainage slot and a second drainage slot, the second drainage slot being disposed

between the outlet end of the tubular body and the first drainage slot.

8. The fluid separator of claim 7, wherein the first drainage slot has a first width and the

second drainage slot has a second width, the second width being smaller than the first width.

9. The fluid separator of claim 8, further comprising a third drainage slot disposed
between the outlet end and the second drainage slot, the third drainage slot having a third

width, the third width being smaller than the second width.

10.  The fluid separator of claim 9, wherein the plurality of drainage passages
cumulatively define a total drainage area, the first drainage slot providing about 50% of the
total drainage area, the second drainage slot providing about 35% of the total drainage area,

and the third drainage slot providing about 15% of the total drainage area.

11.  The fluid separator of claim 8, wherein the first drainage slot 1s axially spaced from
the plurality of vanes by a distance of about one-half an axial length of one of the plurality

of vanes.
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12.  The fluid separator of claim 1, wherein the plurality of drainage passages includes at
least one endless slot, and the tubular body comprises two or more cylindrical segments
separated by the at least one endless slot and connected together by one or more connecting

rods.

13.  The fluid separator of claim 1, wherein the detlector 1s disposed proximal the inlet

end and the plurality of vanes are disposed at a substantially constant distance apart.

14.  An apparatus for separating a fluid, comprising:

a first cylinder;

a second cylinder concentric with the first cylinder and defining an annulus
therebetween, the second cylinder having inlet and outlet ends, inner and outer
circumferential surfaces, and a plurality of drainage slots extending between the inner and
outer circumferential surfaces such that an interior of the second cylinder is in fluid
communication with the annulus via the plurality of drainage slots;

a central hub disposed at least partially in the second cylinder and having a port
defined therein, the port being in fluild communication with the interior of the second
cylinder;

a plurality of vanes extending radially from the central hub to swirl the fluid; and

a recirculation member extending from the outer circumferential surface of the
second cylinder to the central hub to provide fluid communication between the outer
circumferential surface and the central hub, the recirculation member being disposed at an
acute angle with respect to the second cylinder, such that the recirculation member extends
radially inward from the inner circumferential surface of the second cylinder and axially

toward the inlet end of the second cylinder to meet the central hub.

15.  The apparatus of claim 14, wherein the plurality of drainage slots are axially offset
from one another and each have a width, the widths of the plurality of drainage slots

progressively decreasing proceeding axially from the inlet end and toward the outlet end.
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16.  The apparatus of claim 15, wherein the recirculation member 1s integrally-formed

with at least one of the plurality of vanes and is positioned between at least one of the

plurality of vanes and the inlet end.

17.  The apparatus of claim 14, wherein the recirculation member is airfoil-shaped in

cross-section.

18.  The apparatus of claim 14, wherein the recirculation member 1s defined at least

partially within at least one of the plurality of vanes.

19. A fluid separator, comprising:

a casing having an inlet port and an outlet port;

a tubular body disposed at least partially in the casing and defining an annular
collection chamber therebetween, the tubular body having an inlet end fluidly coupled to the
inlet port of the casing, and an outlet end fluidly coupled to the outlet port, and the tubular
body defining first and second drainage slots, the second drainage slot being axially offset
from the first drainage slot and disposed between the first drainage slot and the outlet end,
the first and second drainage slots being in fluid communication with the annular collection
chamber, and the second drainage slot having a width that i1s greater than a width of the first
drainage slot;

a deflector disposed at least partially in the tubular body, the detlector including a
central hub and a plurality of vanes extending from the central hub toward an inner
circumferential surface of the tubular body, the deflector configured to swirl a fluid such that
at least a portion of a denser matter of the fluid 1s urged radially outward through the first

and second drainage slots and into the annular collection chamber and at least a portion of a
less dense matter of the fluid is directed to the outlet end, the central hub defining a port in

fluid communication with an interior of the tubular body; and
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a recirculation member extending from the annular collection chamber to the central

hub so as to provide fluid communication between the annular collection chamber and the

port of the central hub, the recirculation member being configured to recycle the at least a

portion of the less dense matter that 1s directed through the first and second drainage slots.

20.  The fluid separator of claim 19, wherein the recirculation member is disposed at a

non-perpendicular angle with respect to a central axis of the tubular body.

21.  The fluid separator of claim 20, wherein the recirculation member extends from the
annular collection chamber radially inward and axially toward the inlet end to meet the

central hub.

22.  The fluid separator of claim 20, wherein the recirculation member 1s integrally-

formed with at least one of the plurality of vanes.
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