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Positive displacement oil well pump

Background

Pumps are used in a variety of industries; mainly in the oil industry very long,
small diameter pumps are required as the geometry of the well requires that a

pump fits within the small diameter of the well bore.

Traditionally, there are two solutions for down hole well pumps, the first is a
centrifugal type pump, which generally is very effective, however ideally
needs a relatively large diameter and many stages to boost the pressure the
500-1000psi range which is often required. The second type of pump is a
progressive cavity type pump, this is rather like a positive displacement auger
in which the fluid is screwed up a helical path within a elastomeric stator
forming the pressure seal. The disadvantage with these pumps is that they are
not effective at high pressures and are prone to failure due significantly to

elastomeric seal failure.

This invention aims to provide a new type of pump suitable for use in down

hole oil and gas well applications which does not have these disadvantage.

According to the invention there 1s provided a multi-stage positive
displacement pump comprising at least one piston means 6 disposed for
reciprocal movement in a piston chamber 8 said piston means 6 having rollers
4 arranged therewith, said rollers 4 being located in a slot 20 which 1s formed
in a housing 1 and follows a helical path on the internal surface thereof, such

that when there is rotational movement between the housing and the pistons
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the pistons are correspondingly moved in the piston chamber 8, and wherein
the piston chamber comprises a fluid inlet and a fluid outlet such that
movement of the piston in the piston chamber serves to urge fluid that has

entered the piston chamber through the inlet up out through the outlet.

According to another aspect of the present invention, there is provided a pump
system having two or more pumps arranged along the downhole pipe string,

the pump outlets feeding into a common manifold.

According to another aspect of the present invention, there is provided a pump
system having two or more pumps arranged along the downhole pipe string,

with one pump outlet feeding into an adjacent pump inlet.

Using pumps to forms a multi stage positive displacement pump which feeds
in a parallel manner into a common discharge manifold, or a serial manner,
each feeding to the next, and having a flush outside diameter, may

advantageously be applied to other types of pumps.

Preferably the fluid to the fluid inlet 1s drawn from at least one port which is
diametrically on the outer part of the pump and the fluid from the fluid outlet is

urged into a central bore running through the centre of the pump.

Preferably the pump is arranged to be a modular pump with the potential for
multiple stages. Each end of the pump has corresponding connection means to

an adjacent pump so that a plurality of pumps can be arranged in series.
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Furthermore it is possible and preferable to orientate each stage to phase the

discharge and hence make the flow in the common manifold close to uniform.

It is preferable that all pumping surfaces are hard faced and honed to a
precision fit to achieve high discharge pressures thus eliminating all additional

seal parts.

Preferably the piston means is double acting with a piston chamber 8 at each
end such that with for a downward stroke at one end resulting in intake of fluid

there is a corresponding up stroke at the other end discharging fluid.
Preferably there are two pistons 6 in the pump module, however another
number of pistons may be accommodated per pump module depending on the

size of the pump.

Figure 1 is a isometric view of the pump assembly with the housing made

transparent.

Figure 2 is a section side view of the pump.

Figure 3 is a section end view XX of figure 2.

Referring to the figures 1 to 3 there is shown a pump housing 1. At each end

of the housing 1 there is formed a male and female matching spline 2 and 3

which enables a plurality of housings 1 to be connected together in series.
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On the inside surface of the housing 1 is machined a slot 20 which follows an
helical path. Rollers 4 supported on roller support buts 5 are located in the slot
20. The support buts 5 are in turn part of a piston 6 such that the piston 6 a
follows a piston stroke in the piston bore 8 when the main shaft 11 1s rotated

relative to the housing 1.

The piston bore 8 is formed by a cylinder block 7. A flank 9 of the piston 6,
locates in slots 10 of the cylinder block 7 such that the piston 6 rotates with the
main shaft 11. The cylinder block 7 also comprises an inlet port 41 which
allows fluid into the piston bore 8 at one end of the stroke of the piston 6 and
an outlet port 45 through which fluid 1s forced outwardly by the action of the
piton 6 at the opposite end of the stroke of the piston 6. Thus fluid is drawn
into the piston chamber 8§ via the inlet port 41 from common galleries 40 on the
inlet side of the pump, when the piston 6 is on its downward stroke. At the
downward point port 41 is exposed and fluid fills the chamber 8. On the
upward stroke, the piston closes the port 41 and energises the fluid in the
contained chamber 8. A discharge valve 43 seals the discharge port 45 while
seated on valve seat 44 during the downward stroke of the piston 6. Both a
spring 46 and discharge manifold pressure keep this valve closed. So the
pressure in the piston chamber has to match the discharge manifold pressure
before the valve opens. This is particularly relevant if the fluid being pump has

entrained gas.

Each piston is double acting on a piston chamber 8 at each end such that with
for a downward stroke at one end resulting in intake of fluid there is a

corresponding up stroke at the other end discharging fluid.
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In the embodiment shown there are two pistons 6 in the pump module,
however it will be appreciated that another number of pistons could be

accommodated per pump module within the scope of the invention.

The main shaft 11 comprises connecting parts 12 which comprise threaded
connections 13 which enable each pump element to be modular and stacked
together. Each pump module can be orientated so that the pistons of each
module are out of phase with each other in a rotational sense. Ideally they
would be out of phase in a balanced way so that if two modules were used they
would be 180 degrees out of phase, three modules would be 180 degrees out of

phase etc.

It will also be appreciated that the hole 14 in the centre of the main shaft 11
can be used to gain access below or beyond the pump in order to carry out

other operations.

The pump is able to operate to achieve high discharge pressures and this is
achieved by a number of features. Firstly, the valve 43 and valve seat 44 are
honed precision fit surfaces that provide a high pressure seal. Similarly the
external surface of the pistons 6 and the internal surface of the piston chamber
8 would be made of a high tolerance honed metal or ceramic finish capable of
operating under high pressure. Similarly the wearing surfaces of the helical
slot and the rollers followers would be made of wear resistant materials

capable of operating under high pressures.
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Claims

1. A pump system for use in with a downhole pipe string, having a pump
comprising at least one cylinder with at least one piston inside the cylinder, the
movement of the piston causing fluid to be drawn into the pump through a
pump inlet before being pushed out through a pump outlet, the pump being
housed in a tube having a cammed surface formed by internal wall of the tube,
the piston having a cam follower such that rotation of the piston relative to the

tube causes the piston to move relative to the cylinder.

2. A pump system wherein two or more pumps according to claim 1 are
arranged along the downhole pipe string, the pump outlets feeding into a

common manifold.

3. A pump system according to claim 2 wherein the strokes of the piston or
pistons of one pump are out of step with the strokes of the piston or pistons of

another pump such that the outlet stream is more uniform.

4. A pump system according to claim 1 wherein two or more pumps according
to any of claims 1 to 10 are arranged along the downhole pipe string, with one

pump outlet feeding into an adjacent pump inlet.

5. A pump or pump system according to any previous claim, wherein the
rotation of the piston relative to the tube is achieved by the rotation of the

downhole pipe string.
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6. A pump or pump system according to any previous claim wherein the tube
1s axially aligned with the downhole pipe string, and the cammed surface is an

eccentric groove on the inside of the tube.

7. A pump or pump system according to claim 6 wherein the piston is axially

aligned with the tube.

8. A pump or pump system according to claim 7 wherein at least a further
piston is axially aligned with the tube, this piston acting as a valve to control a

path from the cylinder to the pump inlet and/or pump outlet.

9. A pump or pump system according to any previous claim wherein the tube is
axially aligned with the downhole pipe string, and the cammed surface is an

elliptical surface lying in a plane perpendicular to the tube’s axis.

10. A pump according to claim 9 wherein the piston lies a the plane

perpendicular to the axis of the tube.

11. A pump according to either of claims 1 or 8 wherein the piston and
cylinder lie in a the plane perpendicular to the axis of the tube, and the cylinder

1s rotatable about an axis parallel to but offset from the tube’s axis.

12. A pump according to any previous claim wherein the pumping surfaces

are hard faced and honed to a precision fit.
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