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- . .[.err] SUBMERSI BLE VEELL PUMP GAS
SEPARATOR This invention relates.in general to electrically driven

centrifugal subrersible well punps, and in particular to . a gas seﬂazét%gs

for separating gas fromthe well fluid prior to reaching the punpt

Subnersible well punps of the type concerned herein are centrifugal
and driven by a downhole electrical notor. A punp wi.ll have a | arge
nunber of stages, each stage having an inpeller rotatably driven within a

di ffuser. These punps are used to purfp"‘llafge vol uneés of fluid, such as oil
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punp. I n these circunstances, gas separators are nounted in the assenbly
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The rotor has atdrisesnt wentxrifiegal venbmeFaiblencwelll pumps, a and in
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conponent s becatbe seld fﬂemﬁcmrmrdtqsreaebinm thet pumpi.qui d conponents

| ocating near the outer wall of the housing, and the gas renaining near the

shaft. A discharge menber s nmounted above the rotor. The

Submersible well pumps of the type concerned
herein are centrifugal and driven by a downhole
electrical motor. A pump will have a large number of
stages, each stage having an impeller rotatably driven
within a diffuser. These pumps are used to punmp large
volumes of fluid, such as oil and water from wells.

_ Most oil wells typically will also produce sonme
gas. if. the gas is of sufficient volume, it can reduce
the performance of the pump. In these circumstances,
gas separators are mounted in the assembly below the
punp and above the motor and the mechanical seal.

Prior art gas sepérators utilize a fotatably
driven rotor within a cylindrical housing. The rotor
has at least one blade or vane. The vane will impart a
centrifugal force to the well fluid flowing through the
housing. This centrifugal force tends to separate the
liquid components from the gas components because of
differance in densities, with the liquid components
locating near the outer wall of the housing, and the
gas remaining near the shaft. '




di scharge nenber provides a passage fromthe central portion of the rotor
to the exterior of the gas separator t.o di scharge gas. The di scharge nenber
al so provides a liquid passageway for the remaining portion of the well
fluid to flow upward toward the intake of a punp. Although t he
above-descri bed appar at us IS wor kabl e, i nprovenents are desirable, as
are provided by the present invention as gefined in claim1l. An exanple of
the invention will now be described with Teference to the acconpanyi ng
drawi ngs, in which:- Figures 1A, 1B and 1C show sectional views of a gas
separator, Figure 2 is a side view of ;the discharge nenber used in the ga
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praoceeds firsteigy alpwdliCEéwadd the intake of a pump.

\/ _ Although the  above-described apparatus - is  workable,
improvements are desirable, as are provided by the present

invention as defined in claim 1.

An example of the invention will now be described with

| reference to the accompahying drawings, in which:-

Figures 1A, 1B and 1C shoﬁ sectional views of a gas

separator,

Figure.z is a side view of the discharge member used ih the
gas separator'of Figure 1, showing a side 90 degrees from

the position shown in Figure 1,
Figure 3 is a plan of the dischage member of Figure 2 and

Figure 4 is a sectional view of the discharge member of

Figure 2 taken along the line IV-IV of Figure 2.



| nducer 21 conprises a helical screw nounted to the shaft

17 for rotation

with it. [nducer 21 conveys-the fluid upward and pressurizes the fluid
~to preven’t expansi on of the gas contained in the fluid at that point. The
wel | fluid then passes through a bearing 23, which is of a spider type,
having a plurality of passages 24. The_ well fluid proceeds to a set of

gui de vanes 25. @uide vanes 25 are rTD'L;BIt"d to the shaft 17 -for rotation _
therewith. Preferably there are nmore than one of the guide vanes 25, each
conpri si ng a flat or curved plate, and each being inclined relative tothe
axi s of shaft 17. m%rMesozah«pmavam.rlang doy | partbcubarwetd”
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each vane 33 pri&3 etgm@rawing well tluid into passage 15,

The well fluid proceeds first 'to' an i'ndu'cer 21.

Inducer 21 comprises a‘helical screw mounted. to the \J

shaft 17 for rotation with it. ' Inducer 21 conveys the
fluid upward and pressurizes the tluid to prevent
expansion of the gas contained in the fluid at that

point.

, The veu fluid then passes through a bearing 23,
wvhich is of a ‘spider type, having a ‘plurality of .

passages 24. The well fluid proceeds to a

set of guide

~‘vanes 25;___ Guide 'vanes ‘25 are mounted. to the shatt 17
for rotation therewith. Preferably there are nora than:
one of the guide vanes 25, each comprising a flat or .
curved plate, and each being inclined relative to the -
axis of shaft 17. ‘Guide vanes. 25 impart a swirling "/

notion to the well fluid.

Guide vanes 25 are located in the lower portion of
" a rotor 27. Rotor 27 has an outer cylinder 29 which
extends down. over guide vanes 25. Outer cylinder 29
encloses an inner hub 31 and is closely spaced within a
stationary sleeve 30 mounted in the passage 15. Inner -
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has a notch 35 forned in its upper end. Notch 35 is a |longitudinal slot
that extends downward a short distance fromthe upper edge of each vane
33. In the enbodi nent shown, each notch -35 is located

approxi mately m dway between the hub 31 arfd%4he outer cylinder 29. The
not ches 35 al so may be positioned to one side or the other of the m dpoint
bet ween hub 31 and hubemlcyioumis €68, thiekphadtndorférerotatibnofiwith the
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cavity 41 will flowongitudinal slot that extends downward a short

distance from the upper edge of each vane 33. In the

L | embodiment shown, each notch 35 is located
approximately midway between the hub 31 and the outer
cylinder 29. ° The notches 35 also may be positioned

to one side or the other of the midpoint between hub 31
and outer cylinder 29, dekpending on the amount of
separation desired. The rotor 27 imparts a centrifugal
force to the well £luia, causing heavier 1liquid
. compbnents to flow outward toward the outer cylinder 29
as they progress up the rotor 27. The lighter gaseous
phase will remain in the: central portion of the rotor
27, near the hub 31. ' -

A discharge member 37 mounts stationarily directly

(% above rotor 27. Discharge member 37 does not rotate
with shaft 17. Discharge member 37 has a depending

~skirt 39 that extends downward. Skirt 39 is concentric

with shaft 17. Skirt 39 is annular, having an outer

~diameter significantly smaller than the inner diameter

of the passage 15 of housing 13. The inner diameter of

skirt 239 1is significantly greater than the outer’
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with a '  gas ‘outlet 47 extending through housing 13.
Gas ‘outlets 47 allow separated gas to be discharged

into the well._

with.
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As - shown also in Figures 3 and 4, discharge f
“-member 37 has a plurality of laterally extending
'=supports 49, In the embodiment shown, there are three

~ * 'supports 49 spaced 120 degrees apart trom each other.

The supports 49 extend out into contact with the
-passage 15. R ‘Each support 49 has' ‘a generally.

rectangular perineter, having tlat upper and lower

-edges ‘and’ side edges, as shown in Pigure 2. The outer :

having approximately the same _diameter as the inner

- diameter of passage 15. The outer face of each support

49 extends circumferentially about 45 degrees.

' The well fluid in the 'liqui-d' passage 43 flows
between the “supports” 49. - A window 51, which is

'rectangular in the embodiment shown, is located in the
“outer face" of each eupport 49. Window 51 registers
‘with - one ot ‘the. gas outlets 47 (Fig.i 1) and

communicates with a cavity 53 defined by the interior
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gas outlet 47 (Fig. 1). A fastener, such as a screw 55, or |ocking device
extends through a hole in housing 13. The fip of screw 55 engages a dinple
provided in one of the upper supports 4 This engagenent prevents

rotation of the discharge nmenber 37 and al so fixes the di scharge nenber 37

axi al | Referri S t éB. ngy 5 S
di rectl>/y above dlngchz'gh e rf%r@%? Bea?f%g&@ g%s‘éﬂjrgégf&?yw hagxﬁ
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separator 11 is 6@9??5“4’”’ ndl an havastenemr sueh asuaiscsey @5pedk i n
seri es\udependi ngO%pon condlﬁt.:ll % That is, there are two separate

and i ndependent s%&?i)r ﬂBi’-FPorﬁ?‘teﬂﬁ’é sthrevgh caohede 48, hewsingod3d.on

above bearing 57 -nse t€fp S s cfew 'S8 &Y Tbl&i@qur pé9ideal Yseond of
i nducer 61. A bear n . 63 | ocat es above | nducer | ui

passi ng t hrough | i MPRES o RHPRO sﬁﬂ co'mja?n %%igﬁagnkThPr\ﬁéﬂqnt'
fluid flows thrommg@s &ielaibena rge Gdmberas7upi glsdcfines &he

LPEe] ouer “port o ERCEANE etde 517 (e fm PP59 has an outer cylinder 71

closely spaced to a statlonary sl eeve 72 in housing 13. An inner hub 73

U‘;ﬁgt;?go shaft 17 Torpdfd I dei1h SBF Fiddre 18P &' Hddpimdy 59 Hounts"d
in housing 13 directly above discharge member 37.
Bearing 57 has a plurality of axjal passages 59
extending through it.

In the embodiment shown, the gas separator 1l is
of a tandem type, and can have two or more units joined
in series depending upon well conditions. - That is,
there are two separate and independent separator
portions. The structure of the separator portion above
bearing 57 is the same as that below. This structure
includes an inducer 61. A bearing 63 locates above
inducer 61. The well fluid passing through 1liquid
passage 43 may still contain some gas. The well fluiad
flows through passages 65 in bearing 63 to an upper

_ guide vane 67. Upper qguide vane 67 rotates with shaft
o/ 17.

Upper guide vane 67 1locates in the lower portion
of an upper rotor 69. Rotor 69 has an outer cylinder
71 closely spaced to a stationary sleeve 72 in housing
13. An inner hub 73 mounts to shaft 17 for rotation

. with shaft 17. A plurality of longitudinal vanes 75



extend between inner hub 73 and outer cylinder 71. Each vane has a notch 77
I n its upper edge. An upper discharge nenber 79 nounts stationarily above
upper rot'or 69. Upper discharge nenber ?z‘has a depending skirt 81, the

| ower edge of which extends into the ndtches 77. Skirt 81 defines a gas
cavity 83 on its inner dianeter. Three gas passages 85 | ead through the
upper - di schargatendbaueﬁﬁeenadmner ahubp23 gmdomuﬁr Styliﬁdeq:w @lpassage

89 is located a c t Ir e i‘'nner di aneter of
housi ng 13. Tﬁé%ag&r‘s Fﬁ? gr g'g&#gng‘e'r q%ilﬁgs br't':s 91, each{:
havi ng a wi ndow 93. The supports 91 extend to- the |nner dianet er o?"'

housing 13 . cPten LEERARS grﬁahbélgl Y76 P é‘%t&ti&ﬂﬂi‘%ﬁf?md
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clearance between ‘the skirt 81 and ‘the :I.nner diametgr
of housing 13, . . ._ _

- The upper discharge member 79 has three _supports
| 91, each having a window 93." “The’ supports 91 extend to
‘the inner  diameter of - housing - '”_13' ~ and  are
circunferentially spaced apart from each other. A
. fastener 95 extends- through a threaded hole in housing
':13 and has an innsr end that engages ‘the" support 91.

A b_earing:._s-'l- nounts in housing 13 above uppsr'

- discharge 'u'_e,m_b'er_ 79 for supporting shaft 17. Bearing

97 has one or more axial passages 99 for the flow of

vell fluid'. : ‘I'he well fluid flows. through a bore outlet
101 on. the upper end into - the intake of a pump (not .-
shown). : . : \J

In operation, the well fluid flows in intake 19

(Fig. 1C)-, . The inducer 21 will apply pressure to the
 well fluid, which then flows through guide vanes 25
~ _into rotor 27..- 'rhe spinning rotor ‘27 causes some
separation ot the gas and liguid, ‘with the heavier



| i qui d conponents noving outward toward the outer cylinder 29. Referring to
Figure 1B, the gaseous phase remains .near inner hub 31 and wll flow

t hrough the gas cavity 41, gas passage 45 %nd- out the gas outlet 47. The
remai ning portion of the well fluid, which my be a mxture of liquid and
gas, wll flow up the liquid passage 43 and through the bearing passage 59.
The well fluid aliguidpocompenents amoeingd cetwardi otowaxde thechouter
operates in the s ra@s previously described. The well fluid is
pressurized agai n%%ﬁaﬁdﬁger 61. The well fluid flows into rotor 69
(Fig. A Agai n, separation occurs. The separated gas flows through gas

cavity 83, gas passage ﬁéf&?ﬁ%ﬂé‘ §3Sp €t1§7 thIh%égSgbg s‘@'ﬂeﬂéﬁisd

f1 ows up the liquid passage rou e pa sage

or
outlet 101, Thenmax ipnes hibn3dn 307 Ea cthrough Fhe, Ga8 SRS
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the diffuser enhances ar atlon of t i qui d i (hﬁars?eous nents The
stationary skirt Irseq%ég ng BTN, £ a¥edte
such as used in ondxture o8 Mguidf and gapgyr arill I]smdluphattye rlﬂnjuids
are easier to install. t CeflE r h by axi al
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conpressi on as 1| n®one ype.

- The well fluid at that point enters a second
separation stage which operates in the same manner as
\\/ . previously described. The well fluid is pressurized
again by an inducer 61. The well fluid flows into
;, rotor 69 (Fig. 1A). Again, separation occurs. The
separated gas flows through gas cavity 83, gas passage
85 and out gas outlet 87. The i‘emaining well fluid
flows up the liquia p'ass'age 89, through the passage 99
and out the bore outlet 101. The well fluid then
enters the intake of a pump (not shown).

The invention has significant advantages.

Utilizing a stationary skirt with the diffuser enhances
separation of the liquid and gaseous components. The
stationary skirt is less expensive to manufacture than

o/ a rotating skirt such as used in one prior art type of
gas separator. The discharge members are easier to
install as they are held by fasteners rather than by
axial compression as in one prior art type.



CLAI M5 1. A gas separator for a subnersible centrifugal punp for a mefl,
the gas separator having a cylindrical housing 5 with a bore extending.
t heret hrough, a shaft adapted to be driven by a notor of the punp and

extending axially through the bore, an intake _ of the
housing for receiving well fluid contgiing Idullmnuuuﬂnuulwu“rotor mount ed
on the shaft for. rotation therewith for receivi*ngcl0O-fI%i c f [*owi ng t hrough
the bore of the housing and forcing the liquid phase radially outward while
the gas phase flows through a cent CUAIMS tion of the rotor, the rotor
havi ng an inner hub, at |east one |ongitudinal vane extending radi al | y»#

outward fromthe inner hub, and a discharge nenber 15 nounted stationarily -
above the rotor for dlrectlng the gas outward to a gas outlet in the R

housi ng jand - d|r f 1t I :
stati ona}ry ski r?-;%d r%é%égcﬁh?roge@rre bqné}r rﬂerécll%éﬂef'ﬂ%ar lrJda{ he . &
r ot or rauma yveddt,wa:rht gast rsepar@mozarlxmm | |qyl+1fm1d=sif lztmsm bore of

the hgug Bond’ e‘iﬁ'{]e%r%‘?f ‘her¥tiondftf, W khak 0%udpEEd ‘ed Be

dlscharglng ga é% as outlet fe Texterior o he skirt deflnlng

a |iqui Gréxen Py ha e PR and @WM% Ly, theaual o

ci rcunf eh@ntgodld,y aipfﬁ&%k@%t thadilgwet @idvafllthe Houwding S supports :

i nt o cont act, wnth t b re of the hQUSI an ast ener e tendi ng through
a wal | &ecedying b5 q%‘ﬁ“dﬁ’ga(ﬂ‘;ﬁ?@'s St1% for securing

t he di sﬁwmdmﬂ)mhemsﬂaﬁt tﬂw Inmmnigxn lherew&tgnsfozemmlm claimed -
| oB B A RPR B SR AN iy Yetduadpd ocated
the liquid phase radially outward whlle the gas phase flows o _
through a central portlon of the rotor, ‘the rotor hav1ng an
~inner hub, at least one longltudlnal vane extendlng .

radlally outward from the 1nner hub, and a dlscharge member'

15 mounted statlonarlly above the rotor for dlrectlng the gas
outward to a ‘gas outlet in the hou51ng and dlrectlng the
llquld upward from the hous;ng, an. annular stationary skirt
on the discharge member_extendlng downward toward the rotor
radially outward ofqthe-shaft.and-radially“inward of the

20 borelof_the-housing,hthe_interioraof.the~skirt defining a
gas cavity for discharging gas through-the gas outlet, the
_exterior of the skirt defining a liquid. cavity, the )
discharge;member being formed with a plurality of . _ NG
circumferentially'spaoed apart radially outwardly extending

25 supports into contact with ‘the bore of -the hou51ng, and a
fastener extendlng through a. wall of the housing into
engagement with one of the supports for securing the
discharge member within the housing.

O e

. 2. A gas separator as claimed in claim 1 wherein the
30 supports are located above the skirt and located such that
the portion of the wall fluid that does not flow into the

L7



gas cavity flows between the supports. 3. .. A gas separator as clained in

claim1l or claim2 wherein each of the: supports ceﬂ%a+ns——gas__pa§§§ge
nmeans for conmunicating fromthe gas cavity to the g aoutlet

separator as clained in any one of clains 1 to 3 wher lw:’ Ilm“m' ,m the
di scharge neans extends downward into the rotor radiall hub
and radially inward of the outer peripHery*8T the rotor. 5. A gas sepaf at or
as clained in any one of the preceding clainms conprising a notch forned
in §;pper edge of the vane for receiving a | ower edge of the skirt. 6.
A gas par at a |,N n e eding clai ns wherein
there are thrgés g?skﬁg gggB%oP?gxeggaﬁgé %Qg ggggees fromeach other. 7.
A gas separator substatially as in described wth refernce to the
acconpanylng dr awi ngs.

3. A gas separator as claimed in claim 1 or claim 2 wherein

each of the supports contains gas passage means for

communicating from the gas cavity to the gas outlet.

4. A gas separator as claimed in any one of claims 1 to 3
W, wherein the skirt on the dlscharge means extends downward

into the rotor rad1a11y outward of the hub and radially

inward of the outer periphery of the rotor.

5. A gas separator as claimed in any one of the preceding

claims comprising a notch formed in an upper edge of the

vane for receiving a lower edge of the skirt.

6. A gas separator as clainmed in any one of the preceding

claime wherein there are three of the supports, spaced 120 -
o/

degrees from each other.




