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5 Claims.

The present invention relates to pumps, and
more particularly to a double acting pump hav-
ing a high efficiency.

In deep well water pumps the conventional
types are of relatively small capacity and are of
such construction as to require frequent repair
and replacement of certain parts such as pack-
ings and valves. Often times a deep well does
not have a straight wall thus complicating the
installation of a pump. It, therefore, would be
desirable for deep wells, particularly water wells,
to provide a pump which is simple in construc-
tion and installation, and which requires a mini-
mum amount of maintenance.

In accordance with the present invention a
pump, particularly adapted for deep wells for
pumping water, oil and the like is provided which
utilizes a plurality of bellows and which is double
acting so as to provide a high degree of efficiency.
The pump is fluid or liquid actuated by two con-
duits operating to supply alternate power. The
two columns of propulsion liquid are balanced
and the volume displaced by the pumping bel-
lows is relatively small thereby minimizing the
inertia losses. Such pump does not require at-
tachment to the well wall nor does it have the
high parasitic loss characteristic as in the
plunger type pump.
does not require high hydraulic pressures of the
circulating losses of a jet type pump. It may be
set at a greater depth than pumps of the types
mentioned and is more readily installed or re-
moved from the well since the connections may
comprise semi-rigid tubing.

It, therefore, is an object of the present in-
vention to provide an improved double acting
pump particularly adapted for use in wells.

It is another object of the present invention
to provide an improved double acting pump of
the bellows type.

Still another object of the present invention is
to provide an improved bellows type pump which
does not require connection to the well tubing nor
involve rigid mechanical conection between the
top and bottom of the well.

Still another object of the present invention is
to provide a pump structure which is readily in-
stalled or removed from a well and which is par-
ticularly adapted for deep well operation.

Still another object of the present invention is
to provide an improved bellows type pump char-
acterized by simplicity of construction and instal-
lation, a high operating efficiency, and a mini-
mum amount of maintainance and repair.

Other and further objects of the present in-
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vention subsequently will become apparent by
reference to the following description taken in
connection with the accompanying drawing
wherein

Figure 1 is a diagrammatic cross sectional view
illustrating the construction of a pump in accord-
ance with the present invention;

Figure 2 schematically illustrates the prime
mover or power supply for the pump mechanism
shown in Figure 1;

Figure 3 is a cross sectional view of the appar-
atus shown in Figure 1 as seen in the direction
of the arrows along the line 3—3;

Figure 4 is a cross sectional view of a diagram-
matic representation of another embodiment of a
pump constructed in accordance with the prin-
ciples of the present invention;

Figure 5 is a view of a portion of the pump
mechanism shown in Pigure 4 as seen in the di-
rection of the arrows along the line 5—5:

Figure 6 is a cross sectional view of another
diagrammatic representation of another pump
embodiment utilizing the principles of the pres-
ent invention;

Figure 7 is a view of a portion of the pump
mechanism shown in Figure 6 as seen in the di-
rection of the arrows along the line 7—1; and

Figure 8 is a cross sectional view of a further
modification of the present invention which is
more particularly adapted for use with shallow
pumps.

Referring to Figure 1 there is shown a well cas-
ing 10 which may be assumed to be adjacent the
lower extremity of a relatively deep well. Within
the casing 19 there is a housing {2 which con-
tains a pump structure embodying the present in-
vention. The housing 12 which is submerged be
low the level of the liquid, oil or water, in the well
has two inlets 14 and 16 each provided with suit-
able valve means 18 and 20 diagrammatically il-
lustrated as being of the flutter type construction.
Any simple type of valve means may be employed,
it being preferable to use a relatively simple type
structure which will require a minimum of main-
tenance and repair.

The housing 12 also has two outlets 22 and 24
provided with suitable valve means 25 and 28.
The outlets 22 and 24 are connected to a com-
mon conduit 30 through which the fluid is to be
forced to the top of the well. The housing 2
has a bellows 32 so arranged as to provide the
housing into two chambers 34 and 36. There-
fore the chamber 34 is provided with the inlet
16 and the outlet 22 whereas the chamber 36
is provided with the inlet 14 and the outlet 24.
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The bellows 32 is arranged to be actuated by two
oppositely arranged coaxial pellows 38 and 40
connected to conduits 42 and 44 respectively.
The oppositely arranged bellows 38 and 40 are
mechanically connected to the bellows 32 so
that the movement of the bellows 38 and 49 pro-
duces movement of the bellows 32. The bellows
in Pigure 1 are shown in a state of equilibrium
when no pumping action is oceurring, or whe_n
the bellows 38 and 40 are midway between their
extreme positions.

The bellows 38 and 40 connected with the con-
duits 82 and 848 are hydraulically actuated by
the liquid within the conduits which is compressed
and released by a suitable prime mover or pump-
ing mechanism schematically illustrated -in
Figure 2. From this figure it may be assumed
that the conduit 44 is connected to a cylinder

or bellows 4§ which at the moment is being.

compressed or reduced in volume while at the
same time the conduit 42 is connected to a cyl-
inder or bellows 48, the volume of which is being
increased. Thus the flow of liquid through the

conduits 44 and 42 is such that the flow in the

first conduit is downward and in the second con-
duit is upward. Thus it may be assumed that
the bellows 40 is-expanding and the beliows 38 of
Figure 1 is contracting. )

This, therefore, brings about a contraction of
the bellows 82 so that the pressure applied to the
liquid within the bellows closes the flap valve
29 and opens the valve 28 so that the liquid there-
in is forced upwardly through the conduit 30. At
the same time that the internal volume of the
bellows 32 is being reduced thereby reducing the
size of the chamber 24, the size of the chamber
36 is being increased so that the valve 28 is
closed, and the valve 18 is open. Due to the
increase in the volume of the chamber 26, ’i_:hev
liquid from within the well casing 18 is being
drawn into this chamber so that when the flow
of hydraulic power in the bellows 38 and 40
is reversed, the liguid then in the chamber 36
will be forced upwardly through the outlet 24
into the conduit 38. When this occurs, the vol-
ume of the chamber 32 will be increasing while;
the volume in the chamber 36 is decreasing.
The increase in the volume of the chamber 34
causes the valve 26 to close and the valve 20 to
open thereby again filling the chamber 34 with
more liquid from within the well.

The arrangement thus far described does nqt.
utilize any piston or packing material nor 1s

there any other delicate machinery in the well:

which might require frequent. repair or maiz}-
tenance. An arrangement such as shown 1n
Figure 1 may be used in a well of relatively small

diameter since the dimensions of the casing 12

and the components therein may be varied ac-
cordingly. A relatively high efficiency of op-
eration is obtained since the liquids contained
within the conduits 42 and 84 and the bellows
38 and 80 are equal and in balance so that all
the energy supplied by the pumping mechanism

at the top of the well, schematically illustrated in:

Figure 2, is devoted to useful work as the only

losses are the slight losses due to the alternating:
flow of the transmission fluids in the conduits

42 and 48.

Preferably all liquid velocities are relatively
low, and the mechanical losses are negligible
since the energy stored in the compressed or €x-

panded bellows is recovered to a substantial de-.

gree ag is the case in a spring. The arrange-

ment shown will operate against- high' pres-.
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4
sures without loss of capacity or efficiency since
there is no theoretical limit to the depth at
which it may operate dependent upon the limit
of the strength of the materials. A pump of
this sort having no leathers or other materials
of organic origin does not require appreciable
maintenance since the only wearing parts are
the inlet and outlet valves. A semi-rigid tubing
such as seamless copper, steel, or plastic tubing
may be used for the éonduits 30, 42, and 44 thus
permitting easy installation or removal from the
well and installation in wells which are not

‘straight. No attachment to the well wall is re-

quired and the operating machinery need not be
placed over the well. The pump requires no
priming, and the propulsion systems may be filled
with a non-freez:ng liquid for use in cold cli-
mates. In such instances the discharge con-
duit 89 may be insulated or otherwise suitably
protected.

A further embodiment of the principles of the
present invention is discloced in Figure 4 where
in the outer casing 58 is divided into two cham-
bers 52 and 54 by a bellows §8. The bellows is
shown attached to an apertured support or wall
58 arranged transversely of the casing 50. The
chamber 52 is provided with an inlet 68 and a
cooperating valve structure 62. The chamber 52
is connected through a conduit 64 to an outlet 66
having a cooperating valve mechanism 68. The
outlet 68 is associated with a common conduit 10
through which liquid is to be supplied to the top
of the well. The chamber 54 is provided with an
inlet 72 having a cooperating valve member 74,
and an outlet 76 having o cooperating valve mem-
ber 78. The bellows 56 is connected to a rod
and frame 88 which, as may be seen from Figure
5, engages opposite extremities of a pair of bellows
82 and 84. Adjacent ends of the bellows 82 and

Y 24 are secured to a cross member 8§ extending

between the side walls of a casing 50. The cross
member 8§ contains two conduits 88 and. 80 re=
spectively connected to the bellows &2 and: 84:
The conduits 88 and 88 extend to the top of the
well where they are connected to a suitable recip=
rocating pump or prime mover to alternately
supply liquid under compression to one of the
bellows.  Thus when one of the bellows 82 is
expanded, the other bellows 84 is contracted
thereby moving the pumping bellows 56. This
movement of bellows 56 reduces or changes the
capacity of the chamber 52 and changes: the
capacity of the chamber 54, thereby to bring about:
a pumping action of liquid similar to the pump-
ing action described in connection with the em-
bodiment in Figure 1.

It may be assumed that the:conduit 88 is: sup=
plying liquid under pressure thereby causing the
bellows 82 to become expanded so that the volume
of the chamber 54 is increasing. thus bringing
about a closing of the valve 78 and an opening
of the valve 14 so as to admit liquid from: the
well to- this chamber. At the same time thé
chamber 52 is decreasing in volume thereby clos-
ing the valve 62 and opening the valve 68 bringing:
about a flow of liquid through. the conduits 64
and 76 to the top of the well.

When the other bellows 84 is expanding the:
valve T4 is closed and the valve: 78 is opened, and’
at the same time the valve 62 is opened and the
valve 88 is closed.. Thus the chamber $2:is Te-.
ceiving liquid from the well and the:chamber 54
is forcing its liquid upwardly tothe top of the:well..
The arrangement shown in Figure-4:provides:for:
a.greater displacement for-a-given lihear motion
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of the end of the bellows 58 as compared to a

similar motion of the bellows 32 of Pigure 1.

A further arrangement of the present inven-
tion is shown in Figure 6 wherein the outer casing
92 is divided into two chambers 924 and 96 by a
bellows §8. The bellows 98 is supported from a
cross member or apertured partition 188 extend-
ing transversely of the housing 92. The chamber
94 has an inlet 162 and an outlet i34 intercon-
nected by a pipe 166. The outlet 184 is con-
nected to an upwardly extending conduit 108.
The other chamber 86 has an inlet 1{g and an
outlet 1{2. Extending between the transverse
apertured wall 189 and one end of the casing §2
is a pair of bellows 114 and 1{§ connected to a
stirrup frame 118 at their common juncture.
The stirrup frame {18 is connected to one end of
the bellows 98. The bellows 114 is connected to
a power conduit 1280 and the other bellows 118
is connected to another power conduit 122. The
conduits 128 and (22 are connected to the prime
mover source which supplies alternating fluid
power to the two bellows to bring about g double
action motion to the bellows 98 so that a rela-
tively constant stream of liquid is pumped from
the well up to the top of the well by the conduit
108.

Where the requirements of the deep well op-
eration are not to be met, a pump structure such
as that shown in Figure 8 may be utilized. 'This
structure involves a casing 124 having an inlet
conduit 126 and an outlet conduit 128. The inlet
conduit 126 has two valved openings 138 and 132
connected to two chambers 134 and 136 respec-
tively. The chambers i34 and (35 are formed
by a bellows member 138. The bellows 138 is
connected to a coaxial bellows 140 arranged to
provide a suitable mechanical connection to the
common end plate 142 for both of the bellows.
The common end plate 142 is connected by a
suitable link or lever 144 to a source of power
for actuating the bellows 138. Since the bellows
138 divides the housing 124 into two chambers
134 and {36 respectively, and one chamber is
increased in size while the other chamber is
being decreased in size, the pump shown in Figure
8 provides a relatively simple easy to manufacture
double acting pump. It provides positive dis-
placement without the use of a stuffing box or
piston packing. It comprises a closed system
thereby eliminating the possibility of leaks.

While for the purpose of illustrating and de-
scribing the present invention certain embodi-
ments have been shown in the drawings, it is to
be understood that the invention is not to be
limited thereby since the various embodiments are
intended to disclose the variations intended as is
also indicated by the scope of the following claims.

The present invention is hereby claimed as
follows:

1. A fluid actuated pump for liguid comprising
a housing, a pair of coaxially arranged bellows
mounted in said housing, said bellows each con-
nected to a conduit for alternately receiving fuid
power, a third coaxially arranged bellows ar-
ranged concentric to one of said first bellows and
connected so as to be actuated by said pair of
bellows, said third bellows separating said hous-
ing into two chambers, inlet valves, one for each
of said chambers, and outlet valves, one for each
of said chambers, said inlet valves being associ-
ated with a source of fluid and said outlet valves
being connected to an output conduit.

2. A fluid actuated pump adapted to be located
in a well comprising a housing, a pair of coaxial
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oppositely arranged bellows in said housing each
of said bellows connected to a separate conduit
for alternately receiving liquid power, a third
coaxially arranged metal bellows arranged con-
centric to one of said first bellows and mechani-
cally connected to said pair of bellows so as to
be actuated thereby, said third bellows being
mounted in said housing so as to separate said
housing into two chambers, inlet valves, one for
each of said chambers and outlet valves, one for
each of said chambers, said inlet valves being
associated with a source of fluid, said outlet
valves being connected to an output conduit.

3. The combination comprising a source of
power, means controlled by said source of power
for alternately supplying energy through a pair
of fluid conduits, a remotely located fluid actuated
pump connected to said conduits, said pump com-
prising & housing having mounted therein a bel-
lows arranged to divide said housing into two
chambers, each chamber being provided withh an
inlet valve and an outlet valve, said inlet valves
being associated with a source of liquid to be
pumped, said outlet valves being connected to an
cutput conduit, a pair of coaxially arranged op-
positely positioned metal bellows members
mounted within said housing and connected to
said first bellows, each of said pair of bellows be-
ing connected to a different one of said first men-
tioned conduits, and one of said pair of bellows
being arranged concentric to said first bellows.

4. A double acting pump unit for a well com-~
prising a housing adapied to be positioned adja-
cent the bottom of the well, a metal bellows mem-
ber mounted within said housing to form two
chambers, each chamber being provided with an
inlet valve for liquid from said well, each cham-
ber being provided with an outlet valve, a com-~
mon output pipe for said outlet valves, said out-
put pipe being arranged to extend to the top of
the well, a pair of coaxially arranged bellows each
having one end thereof mounted fixedly relative
to said housing, a hydraulic fluid conduit for each
of said bellows adapted to extend upwardly to the
top of the well for connection to a source of alter-
nating hydraulic power, and a stirrup intercon-
necting the other end of each of said bellows with
one end of said first mentioned bellows.

5. A double acting pump adapted to be sub-
merged in a liquid comprising a housing, a bel-
lows member mounted in said housing so as to
separate said housing into two chambers, inlet
valves, one for each of said chambers, and outlet
valves, cne for each of said chambers, said inlet
valves being connected to a source of liquid, said
outlet valves being connected to a common out-
put pipe, a source of reciprocating power con-
nected to said bellows, said source of reciprocat-
ing power including two similar oppositely ar-
ranged bellows mounted in said housing coaxially
with said first bellows and connected thereto, said
first bellows arranged so as to be concentric with
one of said oppositely arranged bellows, and ex-
ternal means for alternately expanding and con-
tracting said oppositely arranged bellows.

WILLIAM L. NIES.
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