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(57) Abréegée/Abstract:

An electrical submersible pump assembly has a diluent fluid injection line to reduce viscosity of well fluid. The electrical submersible
pump Includes impellers for displacing well fluids, and a base member having an intake port for receiving well fluid. An Iinducer
having a helical flight is mounted below the impellers in the base member. The submersible pump Is additionally provided with
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(57) Abrege(suite)/Abstract(continued):
Injection ports, preferably radially spaced around the base member proximate the inducer through which diluent Is injected for
mixing with the well fluid. The diluent is pumped down to the injection ports by an injection line that runs down from the surface.
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ABSTRACT

An electrical submersible pump assembly has a
diluent fluid injectioﬁ line to reduce viscosity of well
fluid. The electrical submersible pump 1includes
impellers for displacing well fluids, and a base member
having an intake port for receiving well fluid. An
inducer having a helical flight is mounted below the
impellers 1n the basé member. The submersible pump 1s
additionally provided with 1injection ports, preferably
radially spaced around the base member proximate the
inducer through which diluent is injected for mixing with
the well fluid. The diluent 1s pumped down to the
injection ports by an injection line that runs down from

the surface.
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CENTRIFUGAL PUMP WITH DILUENT INJECTION PORTS

Technical Field

This invention relates 1in ggeneral to -electrical
submersible well pumps, and in ©particular to a
centrifugal pump with injection' ports for 1njecting _
fluids to reduce viscosity of the well fluid being .
pumped. More particularly, the device is useful in wells
producing heavy o011, whefe reducing fluid viscosity 1is
especially important.

Related art devices have been used to distribute a
chemical below a submersible pump. An example of such a
device is described in United States patent numbe'r
4,582,131, which utilizes a secondary pump for injecting
chemicals below the motor. The secondary pump has an
intake connected to an intake tube that extends upwardly
above the intake of the primary pump. Chemicals
introduced into the annulus at the surface flow down the
annulus and into the intake tube and are discharged below

the motor. Another device, described 1in United States

patent number 4,749,034, is a well pump assembly that has

a tube extending into a well for delivering water to a
point below the pump for reducing viscosity of oil being

pumped .
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No known previous devices, however, have an 1inlet
for 1njecting a chemical directly 1into an 1injection
inlet.

Summary of the Invention

According to the present 1invention, a centrifugal
pump for use 1n an electrical submersible well pump
assembly 1is provided that includes a submersible pump
having impellers for displacing well fluid and an 1nducer
attached to the pump for inducing well fluild to flow into
the impellers. One or more 1njection ports are provided
in a sidewall of the pump proximate to the 1inducer for
injecting diluent into the pump for mixing diluent with
well fluid. The diluent 1s fed to the 1njection port by
an injection line that transmits fluid from an injection
pump on the surface 1nto the submersible pump.
Preferably, a plurality of injection ports are positioned

radially about the submersible pump and are 1in
communication with an annular 1interior chamber for
injecting diluent 1nto the pump for mixing with well
fluid. Additionally, it 1s preferred that the 1njection
ports are positioned along a length of the 1inducer so
that diluent 1s mixed with well fluid 1n the 1nducer.
The 1nducer 1s preferably a helical screw pump. It 1s
preferred that the pump 1s comprised of a pump section
and a pump base, wherelin the pump base houses the
inducer.

In practice, diluent 1s transferred via one or more
injection lines from ground level to 1njection ports

positioned radially about the pump. Diluent 1s 1njected
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into the pump so that the diluent 1s acted upon by an
inducer and mixed with well fluid to form a mixture.

According to another aspect of the present i1nvention
there is provided an electrical submersible well pump
assembly comprising:

a centrifugal pump having a plurality of impellers
rotated by a shaft;

a base member mounted to the centrifugal pump, the
base member having a side wall and a well fluid inlet for
intake of well fluid, the shaft extending into the base
member ; *

an 1nducer in the base member and mounted to the
shaft for rotation therewith, the inducer having a
helical flight to pump the well fluid into the
céntrifugal pump ; '

an injection port in the side wall of the base
member ;

an annular manifold mounted to and surrounding the
side wall of the base member, the manifold having an
annular chamber that communicates with the injection
port; and

an injection line running from surface level to the
annular chamber for injecting diluent through the
manifold and injection port into the base member, which
mixes with the well fluid being pumped by the inducer
into the centrifugal pump. .

According to yet another aspect of the present'
invention there is provided an electrical submersible
well pump assembly comprising:

a centrifugal pump having a housing containing a
plurality of impellers rotated by a shaft;

a tubular base member mounted to and extending

downward from the housing, the base member having a side
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wall with a cylindrical upper portion and a conical lower

portion, the shaft extending into the base member:

at least one well fluid inlet located in the conical
lower portion for intake of well fluid into the basge
member;

an i1nducer in the base member and mounted to the

shaft for rotation therewith, the inducer having a

helical flight to pump the well fluid flowing into the
intake into the centrifugal pump;

an 1lnjection port in the upper portion of the side
wall of the base member adjacent the inducer;

an annular manifold mounted to and extending around
the upper portion of the side wall of the base member,

the manifold having an annular chamber that has an open

inner side that communicates with the injection port; and
an 1njection line running from surface level to the
annular chamber for injecting diluent through the

manifold and injection port into the base member where it

mixes 1n the inducer with well fluid.

gt

According to still yet another aspect of the present

invention there is provided a method of mixing diluent
and well fluids 1n a down hole centrifugal pump having a
base member with an intake for well fluid, comprlsing the
steps of:

(a) mounting an inducer having a helical flight within

the base member:;

B

(b) providing an injection port through a side wall of
the base member;

(c) mounting an annular manifold to the side wall of the
base member, the manifold having an inner annular recess
that extends around the side wall of the base member,
defining a chamber that communicates with the injection

POorte;

-39 -

L L TR ere e wvhhmuummmmm'mmwmmm‘mmmmwmm P MNP ETTIIA SO A TS PRSI ¢ sl A N AN A DAL IELARIET AT UM AT AN 8 o TS vt s P ¢ AT 5 £ A MAC I I b o v



CA 02238276 2001-08-01

(d) deploying an injection line from the surface to the

manifold;

(e) rotating the centrifugal pump and the helical f1i1ght

of the inducer, causing the inducer to pump well fluid

flowing from the intake into the centrifugal pump; and

(f) delivering fluid down the injection line into the

chamber of the manifold, which then flows through the
injection port into the base member where it mixes with

the well fluid being pumped by the inducer.

Brief Description of Drawinas

Embodiments of the present invention will now be

described more fully with reference to the accompanying
drawings in which:

Figure 1 is a schematic view illustrating an
electrical submersible pump assembly installed in a well
and having diluent injection ports in accordance with
this invention.

Figure 2 1is an enlarged sectional view of a lower

portion of the pump of Figure 1.

Figure 3 1s a sectional view of an alternate

”

embodiment of a lower portion of the pump of Figure 1,

which houses a gas separator.

Bes ode for Carrving OQut the Invention
Referring to Figure 1, an electrical submersible

pump assembly 11 1s shown installed within a well 13.

Well 13 contains a well fluid 15 which flows inward from

perforations 17. In the application of this invention,

well fluid 15 will typically be a heavy viscous crude.

Pump assembly 11 1Includes a centrifugal pump 19

which has a well fluid inlet or lower intake 21. Pump 19

-3b-
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1s suspended by a string of production tubing 20, and its

lower end 1s mounted to a conventional seal section 23

An electrical motor 25 is supported on the lower end of

seal section 23. Seal section 23 seals well fluid from

lubricant within electrical motor 25 and also reduces the

pressure differential between the hydrostatic pressure

the well and the internal pressure of the lubricant in

the motor. Additionally, seal section 23 has thrust

“BC*’
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bearings for absorbing axial thrust generated by pump 19.
Electrical motor 25 1is a large AC motor which 1s

supplied with electrical power through a power cable (not

shown) extending down from the surface.

An injection line 27 also extends downward from the
surface. Injection line 27 1is a small diameter tube,
that can be seen more clearly in Figure 2. Injection
line 27 1s connected t\o a reservolr and pump (not shown)
at the surface. The lower end of 1njection 1line 27
terminates at the lower end of pump 19. Injection line
27 is used to supply a diluent fluid such as kerosine or
naphtha near intake 21 of pump 12. The diluent fluid 1is
for diluting well fluid 15 as it flows into pump 1intake
21. '

Referring to Figure 2, the lower end of pump 19 has
a pump base 29 affixed thereto. Pump base 29 1s secured

by bolts (not shown) to seal section 23 (Fig. 1). Pump

base 29 1s a tubular member having a sidewall 30 that
defines a bore 28. Sidewall 30 may contain a single
injegtion port 31 for receiving the 1lower end of
1njection line 27. However, 1n the preferred embodiment,
sidewall 30 contains a plurality of radial 1njection
ports 31 which extend radially from bore 28 to the
exterior of sidewall 30. Injection ports 31 are spaced a
short distance above intake ports 21, which are larger in
diameter. An annular manifold 33 1s secured to pump base
29 and surrounds 1injection ports 31. Manifold 33 1s

secured to pump base 29 by bolts 35. Upper and lower

seals 37 seal manifold 33 above and below injection ports

-4 —
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31. Manifold 33 has an annular interior chamber 39 that
communicates with injection ports 31. An 1inlet passage
41 extends through an upper side of manifold 33 parallel
to the longitudinal axis of pump 19 and into chamber 39.

Inlet passage 41 is threaded, and injection line 27
connects to inlet passage 41 by means of a pipe fitting

42 .

An axial shaft 4~3 extends through pump base 29.
Shaft 43 couples to a shaft (not shown) extending upward
from seal section 23 (Fig. 1), which 1is driven by
electrical motor 25 (Fig. 1). Inducer 45 1s mounted to
shaft 43 and located within bore 28. Inducer 45 1s a
helical screw pump, having a hub 47 that slides over
shaft 43 and rotates with shaft 43 by means of a key. A
flight 49 extends outward from hub 47. Flight 49 1is
helical and has an outer periphery 1n close proxifnity to
sidewall 30 of pump base 29. Inducer 45 has a length
that is less than the length of pump base 29. The lower
end of inducer 45 is below injection ports 31 so that
diluent fluid flowilng in will flow into inducer 45 at a
point above its lower end.

Pump base 29 has a set of exterior threads 51 on 1its
upper end. A tubular housing 53 secures pump base 29 to
an upper portion of pump 19. The remaining portions of
pump 19 are conventional. Pump 19 has a large number of
pumping stages, each having a rotating impeller 55 and
stationary diffuser 57.

In operation, electrical power is supplied to motor

25 to drive pump 19. As indicated by the arrows 1n Fig.

_5_
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1, well fluid 15 flows into intake ports 21. At the same
time, a surface pump (not shown) pumps diluent fluid down
injection 1line 27 and 1into 1inducer 45, Inducer 45
rotates with shaft 43, mixing the diluent fluid with well
fluid 15, which reduces the viscosity of well fluid 15
before it reaches the pump impellers and diffusers 55, 57
(Figure 2). As well as mixing, inducer 45 also acts as a
low pressure pump stagé to induce flow into impellers and
diffusers 55, 57.

In some installations 1t may be advantageous to
provide a gas separator 59 with an electrical submersible
pump assembly 11. Gas separator 59 may be any type of
separator including a rotary separator or a static
separator. Referring to Figure 3, gas separator 539 1s a
tubular member having a side wall or housing 61. A head
63 secures to the upper end of housing 61 by threads,
although other means of attachment such as a bolt-on
arrangement may be used. Head 63 is adapted to an 1ntake
or lower end of a conventional submersible centrifugal
pump. Head 63 has an axial discharge passage 65. A Dbase
67 secures to the lower end of housing 61 by threads or

other attachment means. Base 67 1is secured by bolts 68

to the upper end of a seal section (not shown) of a

motor.

The side wall of gas separator 59 includes a tube 71
that extends closely within housing 61. Tube 71 extends
from base 67 to head 63. A shaft 73 extends axilially
through housing 61. A coupling 75 is schematically shown

for coupling shaft 73 to a driven shaft from a seal

....6...
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section and motor (not shown). The upper end of shaft 73

connects to the pump.

A plurality of inlet ports 77 are located 1n base
67. Inlet port 77 inclines upward for drawing fluid into
the lower end of tube 71. Optional screens 79 may be
employved over inlet ports 77 1f desired. An 1inducer 81
is mounted to shaft 73 for rotation therewith. Inducer
81 is a helical screw type pump. It comprises a helilcal
flight, which when rotated, will pump a well fluid
upward. A guide vane 83 mounts directly above inducer 81
for rotation with shaft 73. Guide vane 83 comprises one
or more flat or curved plates, each beling 1nclined
relative to the axis of shaft 73 for imparting a swirling
motion to the fluid being pumped by inducer 81.

A straight through bore section 85 1s located above

gulde vane 83. Straight through bore section 85

comprises a section of bore which 1s free of any rotating
components that might otherwise 1mpart any centrifugal
force or motion to the well fluid. Straight through bore
section 85 has a length selected which allows the
swirling well fluid to separate 1nto heavier 1liquic
components near the outer wall of tube 71 and 1lighter
gaseous components near the shaft 73.

Housing 61 contains a plurality of radial injection
ports 87 which extend radially from bore section 85 to
the exterior of housing 61. Injection ports 87 are
spaced above inlet ports 77 which are larger in diameter.

An annular manifold 89 1is secured to base 67 and

surrounds injection ports 87. Manifold 89 is secured to

iy
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base 67 by bolts 9l. Upper and lower seals 93 seal
manifold 89 above and below injection ports 87. Manifold
89 has an annular interior chamber 95 that communicates
with radial 1njection ports 87. An inlet passage 97
extends through an upper side of manifold 89 parallel to

the longitudinal axis of gas separator 59 and 1into
chamber 95. Inlet passage 97 1is threaded and injection
line 99 connects to inlet passage 97 by means of pilpe
fitting 101.

A discharge member 103 is mounted stationarily 1n
housing 61 and head 63 at the upper end of straight
through bore section 85. Discharge member 103 has lower
lip 105 that is circular and locates approximately midway
between shaft 73 and tube 7/1. The interior of 1lip 105
defines an inner collection area around shaft 73 for
collecting the separated gas. Three gas passages 107
(only one shown) join the inner collection area with 1lip
105. Each gas passage 107 registers with a gas discharge
port 109 formed in head 63 which may be considered a

portion of the side wall of gas separator 59. The gas

will flow out ports 109 and discharge to the exterior of
gas separator 59. The liquid components 1in an outer area
near the wall of tube 71 flow around the exterior of 1lip
105 upward through bearing 111. Bearing 111 has axilal
passages 113 for fluid to flow upward through discharge
passage 65 to the 1intake of the pump. Shaft 73 1is
supported by a bushing 115 on its lower end. Shaft 73 1s
protected from sand abrasion by a sleeve which comprises

a lower sleeve 117 1located 1n bushing 115 and upper

-8-
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sleeve 119. Upper sleeve 119 extends from guide vane 83
upward through bearing 111. Sleeves 117 and 119 rotate
with shaft 73. A key 121 causes sleeves 117 and 119 as
well as guide vane 83 and inducer 81 to rotate with shaft

73.

The components of gas separator 59 exposed to the
flowing fluid have hardened cases for resisting abrasion
from sand. The hardened cases are formed conventionally
and may have hardness selected to best resist abrasion

such as a hardness greater than 50 Rockwell VC%7. The
hardened cases are located on bushing 115, sleeves 117,

119, inducer 81, guide vane 83, the inner wall of tube 71
and a bushing within bearing 11l1.

In the operation of gas separator 59, well fluid
will flow through entry ports 77 as a result of the
rotation of inducer 81. Inducer 81 applies pressure to
the well fluid which flows upward through gulide vane 83.

The guide vane 83 imparts a swirling motion to the well
fluid causing separation between the gas and liquid 1n
the straight through bore section 85. The heavier liquid
flows on the outer side of 1lip 105 up through bearing'
passages 113 and discharge passage 65, where the liquid
flows into the intake of the pump. The gas flows within
the' interior of lip 105 and through the gas passages 107

and outlet ports 109.

Although 1inducer 81 and guide vane 83 1mpart a
swirling motion to the well fluid they do not 1mpose a

high velocity centrifugal force to the well fluid. The

veloclities of the flowing fluid are much lower than

-G
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velocities created by a rotating rotor or an 1impeller
pump stage of the prior art types. By injecting diluent
into radial injection ports 87, heavy fluids may be
diluted and gas separated with gas separator 59 before
the pump fluid enters an electrical submersible pump.

The invention has significant advantages. By
injecting diluent chemicals directly into an 1intake of a
submersible pump, the 'amount of diluent mixed with well
fluid may be more carefully controlled.

While the invention is shown in only one of 1its
forms, it should be apparent to those skilled 1n the art
that it is not so limited, but is susceptible to various
changes without departing from the scope o0f the

invention.

_10_
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What is claimed is:

1. An electrical submersible well pump assembly
comprising:

a centrifugal pump having a plurality of impellers
rotated by a shaft;

a base membér mounted to the centrifugal pump, the
base member having a side wall and a well fluid inlet for
intake of well fluid, the shaft extending into the base
member;

an inducer 1n the base member and mounted to the
shaft for rotation therewith, the inducer having a .
helical flight to pump the well fluid into the
centrifugal pump}

an injection port in the side wall of the base
member

an annular manifold mounted to and surrounding the

side wall of the base member, the manifold having an

annular chamber that communicates with the injection

port; and

an injectidn line running from surface level to the

- annular chamber for injecting diluent through the

manifold and injection port into the base member, which
mixes with the well fluid being pumped by the inducer

into the centrifugal pump.

2 . The pump assembly of claim 1, wherein the chamber
has an open inner wall that extends circumferentially

around the side wall of the base member.

3. The pump assembly of claim 1, wherein the manifold
has an upper wall and the injection line is secured to an
injection line port in the upper wall that communicates

wlith the chamber.

-11-
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4 . The pump assembly of c¢laim 1, further comprising a
plurality of fasteners extending radially from the
manifold into the side wall of the base member for

securing the manifold to the base member.

5. The pump assembly of claim 1, further comprising a
pair of annular seals located between the manifold and
the side wall of the base member, one of the seals being

above the injection port and one below the injection

port, for sealing the chamber of the manifold to the side

wall of the base member.

6. The pump assembly of claim 1, wherein the well fluid
inlet 1s located in the side wall of the base member

upstream of the manifold.

7. The pump assembly of claim 1, wherein the inducer
has an upper end and a lower end, and wherein the
injection port enters the base member between the upper

and lower ends of the inducer.

8. The pump assembly of c¢laim 1, further comprising:

a gulide vane mounted to the shaft for rotation
therewith in the base member downstream of the inducer
for lmparting a swirling motion to the well fluid mixed
with the diluent, causing liquid components within the
well fluid to flow radially outward within the base
member and gaseous components to flow toward a central
area 1n the base member; and

a discharge member located downstream of the guide
vane, the discharge member having a central collection

area for collecting and discharging the gaseous

components into the well and an outer collection area for

passing the liquid components into the centrifugal pump.

-12-
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5. An electrical submersible well pump assembly
comprising: -

a centrifugal pump having a housing containing a
plurality of impellers rotated by a shaft;

a tubular base member mounted to and extending
downward from the housing, the base member having a side
wall with a cylindrical upper portion and a conical lower
portion, the shaft extending into the base member;

at least one well fluid inlet located in the conical
lower portion for intake of well fluid into the base
member;

an inducer in the base member and mounted to the
shaft for rotation therewith, the inducer having a
helical flight to pump the well fluid flowing into the
intake into the centrifugal pump;

an injection port in the upper portion of the side
wall of the base member adjacent the induéer;

an annular manifold mounted to and extending around
the upper portion of the side wall of the base member,
the manifold havihg an annular chamber that has an open
inner side that communicates with the injection port; and

~an 1njection line running from surface level to the
annular chamber for injecting diluent through the
manifold and injection port into the base member where it

mixes in the inducer with well fluid.

10. The pump assembly of claim 9, wherein the manifold
has an upper wall and the injection line is secured to an

injection line port in the upper wall that communicates

with the chamber.

11. The pump assembly of claim 9, further comprising a
plurality of fasteners extending radially from the

manifold into the upper portion of the side wall of the

-13 -
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base member for securing the manifold to the base member.

12. The pump assembly of claim 9, further comprising a

*pair of annular seals located between the manifold and

the upper portion of the side wall of the base member,
one of the seals being above the injection port and one
below the injection port, for sealing the manifold to the

upper portion of the side wall of the base member.

13. The pump assembly of claim 9, wherein the inducer
has an upper end and a lower end, and wherein the
injection port 1is located between the upper and lower

ends.

14. The pump assémbly of claim 9, further comprising:

a gulide vane mounted to the shaft in the base member
above the inducer for imparting a swirling motion to the
well fluid mixed with the diluent, causing liquid
components within the well fluid to flow radially outward
within the base member and gaseous components to flow'
toward a central area in the base member; and

a discharge member located above of the guide wvane,
the discharge member having a central collection area for
collecting and discharging the gaseous components into
the well and an outer collection area for passing the

liquid components into the centrifugal pump.

15. A method of mixing diluent and well fluids in a down
hole centrifugal pump having a base member with an intake
for well fluid, comprising the steps of:

(a) mounting an inducer having a helical flight within

the base member;

(b) providing an injection port through a side wall of

the base member;

-14-
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(c) mounting an annular manifold to the side wall of the
base member, the manifold having an inner annular recess
that extends around the side wall of the base member,
defining a chamber that communicates with the injection
port ; '

(d) deploying an injection line from the surface to the
manifold;:

(e) rotating the centrifugal pump and the helical flight
of the inducer, causing the inducer to pump well fluid
flowing from the intake into the centrifugal pump; and
(f) delivering fluid down the injection line into the
chamber of the manifold, which then flows through the
injection port into the base member where it mixes with

the well fluid being pumped by the inducer.

16. The method according to claim 15, wherein step (b)
comprises mounting the injection port downstream of the

intake.

17. The method according to claim 15, wherein step (b)

comprises mounting the injection port above a lower end

of the inducer.

18. The method according to claim 15, further comprising
causing a swirling motion to the well fluid and the
diluent at a point downstream of the inducer to separate
liquid components in the well fluid from gaseous

components, then discharging the gaseous components into

the well before reaching the pump.

~15-
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