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"WELL PUMPING APPARATUS OF THE FREE
PISTON TYPE

Everett D. McMurry, 600 Hedwig Road, Housion, Tex.
Filed May 15, 1958, Ser. No. 735,636
7. Claims. (CI. 103—52)

This invention relates to well pumping apparatus of
the free piston type, and more particularly to mechanism
for controlling the movements of the free piston in such
pumping apparatus.

In the production of oil wells the well fluid is often
recovered from such wells by the .use of plunger lift
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equipment employing a free piston which is operated by -

the pressure of the gas from the formation éither alone
or supplemented by the pressure of fluid introduced into
the well from above. - This-method of producing wells
possesses the: advantages over conventional well pumping
methods that the equipment is easily applied and oper-
ated, the cost of maintenance is greatly reduced, and the
equipment may be successfully employed throughout a
wide range of well conditions such as variations in well
pressure and depth. i

As heretofore commonly employed,. well pumping ap-
paratus of this type make use of a plunger, which is freely
movable in a string of tubing in the well, the plunger
travelling the full distance from top to bottom of the
tubing. The plunger is frequently provided with a pas-
sageway for the flow of fluid from beneath the plunger
to above the same and has a valve which is open during
the downward movement of the plunger to allow the
plunger to pass downwardly freely through the well fluid
and. which is closed when the plunger reaches bottom
to permit the building up of pressure beneath the plunger
to force the plunger upwardly together with the column
or slug of well fluid in the tubing above the plunger.

Various means have been employed heretofore for
regulating the operation of the plunger, such as means
for opening the valve of .the plunger: when the plunger
reaches the limit of its upward movement in the tubing
or other means for causing the pressure above and be-
neath the plunger to be balanced or equalized to permit
free downward movement of the plunger in the tubing.

In the ‘operation of .well pumping equipment of. this
type, fluid under. pressure is. often introduced into the
well casing surrounding the tubing to. augment or regu-
late the pressure in the well which is effective to move
the plunger upwardly.

The cycling of the plunger is frequently controlled by
the opening-and closing of ‘a motor valve located in the
eduction pipe through which well fluid is conducted from
the well, this motor valve being-opened after the plunger
has reached bottom to cause a reduction' in the pressure
in the tubing above the plunger to permit the plunger to
be moved upwardly by the pressure in the well beneath
the plunger and being closed when the plunger reaches
the limit of its upward ‘movement to permit the pressure
above and beneath the plunger fo become equalized to
allow the plunger to return to the bottom. - The ‘opening
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and closing of the motor valve in equipment of this kind

is wsually controlled by suitable timing mechanism, the
motor valve being opened after the plunger has reached
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bottom and being closed after a predetermined time in-

terval.
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One disadvantage possessed by well pumping appara-
tus of the plunger type wherein the opening and clos-
ing of the motor valve is controlled by timing mecha-
nism js that the time required for the plunger to move
from the bottom to its uppermost position in the tubing
may vary substantially from time to time during the oper-
ation of the well, depending upon the pressure of fluid in
the well and the amount of fluid in the column above the
plunger when the plunger begins its upward movement.
At times variations in the well pressure and in the
amount. of fluid which is moved upwardly by the plunger
during each cycle of its operation are sufficient to cause
the plunger to reach the top substantially before the tim-
ing mechanism causes the motor valve to close, so that
the outflow of well fluid lifted by the plunger is followed
by an outflow of gas under pressure flowing through or
past the plunger until the motor valve closes, resulting
in a substantial loss of gas when the plunger reaches the
limit of its upward movement before the time mecha-
nism functions to_close the motor valve.

The present invention has for .an important object the
provision' of ‘control mechanism for well pumping appa-
ratus of the free piston type embodying means operable
immediately upon the arrival -of the well plunger at the
limit of its upward movement in the well tubing to cause
equalization. of the pressure in the tubing above and
beneath the plunger to permit the plunger to return to
the bottom. -

Another object of the invention is the provision of well
pumping apparatus of the free piston type having a well
plunger positioned in a well tubing for upward and down-
ward movement throughout the length of the tubing, and
whose movements are conirolled by a motor valve in the
outflow line from the tubing in response to timing mech-
anism for opening and closing the motor valve, and in-
cluding means for causing the motor valve to close inde-
pendently of the timing mechanism when the plunger
reaches the limit of its upward movement in the tubing.

A further object of the invention is to provide well
pumping apparatus of the free piston type having a well
plunger positioned in a well tubing for upward and down-
ward movement throughout the length of the tubing and
whose movements are controlled by a motor valve in
the outfiow line from the tubing in respomse to timing
mechanism, and wherein means ‘is provided for effec-
tively shutting in the well in the event of failure of the
motor valve to-close.

Another object of the invention is the provision of
well pumping apparatus of the free piston type having a
well plunger which is movable upwardly and down-
wardly within a well tubing throughout the length of the
tubing; .2 motor valve in the outflow line from the tubing,
timing mechanism . for opening the motor. valve - when
the plunger is at the bottom of the tubing and means
operable independently of the timing mechanism for
causing the motor valve to close when the plunger
reaches the limit of its upward movement in the tubing.

A further object of the invention is to provide well
pumping apparatus of the kind referred to having timing
mechanism for opening and closing the motor valve in
the ‘outflow line from the tubing at predetermined in-
tervals and also having means for closing the motor valve
independently of the timing mechanism when the plunger
reaches the limit of its upward movement in the tubing.

Another- object of the invention is the provision of
well pumping apparatus of -the type mentioned -having
plunger "actuated means for .closing ‘the motor valve in
the outflow line from the tubing whei the plinger reaches
the limit of its upward movement in the tubing,' and
having timing.mechanism for opening and. closing the
motor valve and by which the motor valve is closed to
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permit equalization of the pressure in the tubing above
and beneath the plunger to allow the plunger to return
to the bottom in the event of failure of the plunger
actuated means.

A still further object of the invention is to provide
well pumping apparatus of the free piston type, which
is of simple design and rugged construction and which
is economical in operation.

The above and other important objects and advan-
tages of the invention may best be understood from the
following detailed description constituting a specification
of the invention when considered in conjuanction with
the annexed drawings, wherein—

Figure 1 is a fragmentary side elevational view, on a
reduced scale partly in cross-section and partly diagram-
matic, illustrating a preferred embodiment of the in-
vention and showing the same applied to a well;

Figure 2 is a side elevational view, partly in cross-
section and on a somewhat enlarged scale illustrating
the plunger controlling mechanism of the invention and
showing the condition of the mechanism when the
plunger has reached the limit of its' upward movement
in the well tubing; and

Figure 3 is a side elevational view, partly in cross-
section, ‘and on an enlarged scale illustrating a pre-
ferred form of the well plunger employed in the inven-
tion.

Referring now to the drawings in greater detail the
invention is illustrated herein in connection with its use
on a well, such as an oil well having a well casing 10
positioned in a: well bore 12 and extending into an oil
bearing formation 14 from which oil and gas or other
well fluid may enter the casing through the usual perfo-
rations 16 or other suitable means. The casing 10 is
provided at its upper end with a closure 18 through
which a tubing string 20 is in communication at its lower
end with the interior of the casing ¢ and may be pro-
vided with a tubing stop or retainer 22 or other suitable
device within the lower end of the tubing.

Above the upper end of the casing the tubing has an
outflow pipe 24, through which well fluid may flow
from the tubing. A pipe 26 is also provided which
opens into the interior of the casing and which leads to
any suitable source of fluid under pressure from which
such fluid may be supplied to the casing to pressurize
the casing should this be desired.

The tubing 29 has at its upper end a tubular assembly
commonly called a lubricator which includes a tubular
coupling element 28 provided with a port 39 with which
the outflow pipe 24 is conmnected, and a tubular exten-
sion 32 connected at its lower end to the upper end of
the coupling 28 and closed at its upper end by a cap 34.
Within the extension 32 a follower 36 is movably posi-
tioned and the extension is provided with an internal
shoulder 38 with which the follower is engageable to
limit downward movement of the follower in the exten-
sion. Above the follower a coil spring 49 is disposed
in. the extension which spring is seated at its lower end
on the follower 38 and at its upper end on the cap 34.
- A plunger, generally: designated 42, is movably dis-
posed in the tubing 20 for vertical movement therein,
which plunger has a fit in the tubing to permit the plunger
to travel freely between the top and botiom of the tub-
ing. .The plunger may be of conventional construction,
either solid or having a passageway longitudinally there-
through within which a by-pass valve may be located
having valve stems extending upwardly and downwardly
beyend the ends of the plunger so that the valve will
be closed by contact of the lower valve stem with the
retainer when the plunger reaches bottom and opened
by contact of the upper valve stem with. the follower 36
when the plunger reaches the limit of its upward move-
ment.

A motor valve, generally de51gnated 44, is provided
for the outﬂow line 24, which is operable to close the
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outflow line when the plunger has reached the limit of
its upward movement and which opens when the plunger
is at the bottom. Suitable timing mechanism described
in detail hereinafter, is provided by which the motor
valve is opened and closed at predetermined time inter-
vals.

The arrangement of the equipment is such that the
plunger 42 may move downwardly in the tubing when
the motor valve 44 is closed, the plunger passing down-
wardly through the column of well fluid in the tubing
above the lower end of the tubing, until the plunger
reaches bottom. Upon opening of the motor valve after
the plunger reaches bottom, the pressure in the well enter-
ing the lower end of the tubing builds up beneath the
plunger to lift the plunger with the column or slug of
fluid above the plunger to the top of the tubing.

As the plunger approaches the upper limit of its move-
ment the fluid above the plunger in the tubing passes out
through the outflow line 24, the motor valve being open.
When the plunger reaches the limit of its upward move-
ment the motor valve will be made to close, so that the
pressure in the tubing above and beneath the plunger
may become equalized by passage of fluid about or
through the plunger, whereupen the plunger mey again
return to the bottom.

Suitable means is provided for releasably holding the
plunger 42 in its uppermost position in the tubing, such
as the ball 46, shown in Figure 2, located in a tubular
side arm 48, attached to the tubing near its upper end,
which ball is urged inwardly by a c¢oil spring 59, whose
inward force may be adjusted, as by means of a screw
52 threadably carried in a cap 54 on the outer end of the
side arm. . By adjusting the screw 52 inwardly the ball -
46 may be engaged with the plunger to hold the plunger
against downward movement in the tubing.

The motor valve 44, in the present illustration, has'a
body housing 58 provided with a pressure chamber 68
within which a piston 62 is movably positioned and to
which a valve 64 is attached. Beneath the chamber 60
the body housing has a lower exiension 66 which is
threadably connected at its lower end to a coupling ele-
ment 68 forming a part of the body housing and within
which a valve seat 70 is located through which fluid may
flow through the outflow line. The housing alsc has an
upper, tubular extension 72 in communication with the
chamber 68 and within which a coil spring 74 surrounds
an upper stem 76 on the piston. The spring 74 bears
at its lower end on the piston 62 and at its upper end
on a cap 78 to yieldingly urge.the piston and valve
dowawardly to close the motor valve. .

Fluid under pressure from a suitable source, such as
the pipe 26 is supplied to the chamber 68 beneaih the
piston 62 through a pilot system including a pilot valve
%6 and pipe 89, under the control. of time controlied
pilot mechanism described in detail hereinafter, to open
the valve 44. The pressure in the chamber 68, beneath
the piston 62 is also relieved through the pipe 88 under
the control of timing mechanism tc allow the spring 74
to move the pisten downwardly to close the motor valve,

The timing mechanism for the motor. valve includes
a weight arm 82, shown in Figure 2, which is provided
with an elongated slot 84 at one end through which a
pin 85 is extended to support the arm for vertical swing-
ing movement and for limited horizontal sliding move-
ment, A rotatable timing member 88 is provided, which
is rotatable by means of suitable mechanism, such as
clockwork, not shown, and which has a mumber of later-
ally projecting removable pins or lugs 89 located at
suitably spaced intervals peripherally about the member
in position to engage a downwardly projecting tapered
extension 92 on the arm 82 to move the arm first heri:
zontally and then upwardly about the pin at predeter-
Pins 98¢ may be of a structure to
hold the weight arm 82 up for a predetermined time,
after which the arm 82 falls to close valve 96 which in
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turn causes the motor valve 44 to close. By this arrange-
ment the motor valve 44 remains open for a predeter-
mined time, during which the plunger 42 moves upwardly.
If the plunger arrives at the upper limit of its movement
before motor valve 44 is closed by the timing mechanism
the motor valve is made to close by reduction in pressure
in the outflow line 24 caused by the arrival of the plunger.

The pipe 89 is connected in communication with a pipe
94 which leads to the pipe 26 and through which fluid
under pressure is supplied to the chamber 60 beneath the
piston 62 under the control of a pilot valve 96, positioned
to be closed when the arm 82 is in its downmost position.
The pilot valve 96 is of a conventional type adapted to
close off communication between the pipe 94 and pipe
80, and to open the pipe 80 to atmosphere to permit the
outflow of fluid from the chamber 60 beneath piston 62
to allow the motor valve to close, when the arm 82 is
in the down position, and to establish communication
between pipe 86 and pipe 94 to admit fluid under pres-
sure into the chamber 66 beneath piston 62, to open the
motor valve when the arm 82 is in the up position.

The arm 82 also has an upwardly extending abutment
98 positioned to be engaged by the outer end of a piston
rod 10§ of a piston 101 movably positioned in a cylinder
102 to move the weight arm 82 horizontally when the
piston rod is extended, to cause the weight arm to move
to its down position to close the pilot valve 96, when
the plunger 42 arrives at the limit of its upward move-
ment, fo permit the motor valve to close. - A coil spring
103 is located to coact with the cylinder and piston 101
to urge the piston in a direction to retract the piston rod
100. The interior of the cylinder 102 is connected at
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one end in communication with the interior of the tubing

20 through a pipe 104, and at the other end in communi-
cation with the interior of the outflow lie 24 through a
pipe 106, By this arrangement, when the plunger 42
arrives at the limit of its upward movement, the plunger
will cause a reduction of pressure in the outflow line 24
below the pressure in the tubing 20, so that fluid under
pressure from the tubing beneath the plunger will flow
through pipe 104 into the cylinder 102 to cause the piston
therein to move the piston rod 109 outwardly to engage
the abutment 98 to move the weight arm 82 horizoutally
to .move extension 92 past the timing segment or pin 99
allowing the weight arm to move downwardly to close
pilot valve 96, whereupon the fluid in chamber 69 be-
neath piston 62 may flow out through pipe 89 t~ allow
the motor valve 44 to close.

The plunger 42 may be of the solid type having an
elongated solid cylindrical body portion 108 of somewhat
smaller diameter than the internal diameter of the well
tubing 20 and which is provided with an ‘external spiral
groove or thread 11¢ to provide a.partial seal between
the plunger and the internal wall of the.tubing. At its
upper -end “.the plunger has an_unthreaded . cylindrical
portion: 112 which fits into the coupling.element 28 when
the plunger is at the limit of ‘its upward movement to cut
off the outflow line 24 which results in’a reduction in
the pressure in the outflow line to cause the motor valve
to close. By this arrangement the pressure-of well fluid
beneath the plunger is prevented from, escaping during
the upward movement- of the plunger, but after the
plunger arrives .at the top. the motor valve will be closed
and fluid under pressure from beneath the plunger will
then flow past -the plunger to equalize the pressure above
and beneath the plunger to allow the plunger to-return‘to
bottom. s

The pumping apparatus may. also be employed with a
plunger of somewhat modified construction, such -as. that
illustrated in Figure 3, wherein the plunger 42’ has-a body
portion 108’ whose' external diameter is slightly smaller
than the internal diameter of the well tubing and formed
or otherwise "provided with alternately. arranged right
and left hand external threads 118’ and 110” to form
a more effective partial seal between the’ plunger and
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the internal wall of the tubing, This form of the plunges
has a longitudinal passageway 114 therethrough and an
internal valve seat 116 surrounding the passageway. A
check valve 118 is movably positioned in the plunger for
movement into and out of closing relation to the valve
seat 116, and this valve is provided with a downwardly
extending stem 129 whose lower end is positioned below
the lower end of the plunger when the valve is open, and
an upwardly extending stem 122 whose upper end ex-
tends above the upper end of the plunger when the valve
is closed.

It will be apparent that by this construction when
the plunger reaches bottom the lower stem 120 will en-
gage the retainer 22 to close the valve 118 to permit
the pressure in the well below the plunger to move the
plunger upwardly, and when the plunger arrives at the
limit of its upward movement the upper stem 122 will
engage the follower 36 in extension 32 to open the valve
to permit the pressure above and beneath the plunger to
become equalized, whereupon ‘the plunger will return to
bottom.

To place the equipment in operation the timing mech-
anism is first set to open and close the motor valve 44
at selected intervals dependent upon previously -deter-
mined well conditions. ~ For this purpose the rotatable
member 88 may be provided with the necessary number
of pins 90 spaced at the proper intervals peripheraily
of the member, so that the extension 92 of arm 82 wiil
be engaged by a pin to first move arim 82 horizontally
and then raise the arm at the end of each time interval
to open the valve 96 to admit pressure to chamber 69
beneath piston 62 to open the valve 64. - The plunger 42
is released in the well ‘tubing with the motor valve.
closed. As the plunger moves downwardly in the tubing
it passes downwardly through the column of well flund
in the tubing, the fluid flowing around the plunger and
through the sealing-groove 118 until the plunger reaches
bottom. ‘

With -the ‘plunger at bottom, one of the pins 9¢ will
engage the extension 92 of arm 82 to first move arm 82
horizontally and then raising arm 82 to permit, at the end
of the time, valve 96 to open ‘to admit pressure to the
motor valve-mechanism to open the motor valve, where-
upon the pressure of fluid in the well beneath the plunger
will move the plunger upwardly with the columin or slug
of fluid in the tubing above the plunger. As the plunger
approaches the upper end of the tubing the column or
slug of fluid above the plunger passes. out through the
outflow line 24.

When the plunger reaches ijts uppermost position. the
upper end of the plunger causes a reduction in the out-
flow of fluid through the opening 39 in the coupling 28,
causing a -reduction in the pressure in the outflow line
24, whereupon fluid under pressure from the tubing 20
flows through pipe 104 into cylinder 162 to move the
piston:rod 108 outwardly into engagement with abut-
ment 98 to move weight arm 82 to the right, as seen
in Figure 2, so that the arm moves downwardly to close
the valve 96 allowing the pressure in chamber 69 be-
neath piston 62 to pass out through pipe 80 to permit the
motor valve to close.

Upon closing of the ‘motor valve the pressure in tub-
ing 20 may leak past the plunger to cause equalization
of the pressure above and beneath the plunger, where-
upon the plunger again returns to bottom where it re-
mains until the motor valve is again opened by the tim-
ing mechanism. ‘

As soon as the motor valve has closed the pressure in
the cylinder 102 on opposite sides of the piston will be
equalized through pipes 194 and 166 to allow spring
103 to retract the piston rod 200 to permit arm 82 to be
moved 'to the left by the engagement .of the next suc-
cessive pin 20 with extension 92, as seen in Figure 2, at
the close of :the next time interval to cause the motor
valve to opeén.
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Tt will be apparent that the invention, constructed and
operated in the manner described above, possesses the
advantage that the motor valve will be closed upon the
occurrence of a fall in the pressure in the outflow line
24, so that loss of well pressure during the time that
the plunger is in the lubricator is prevented, and in the
event of sticking of the plunger in the lubricator or fail-
ure of the timing mechanism the pressure of the well
will be shut in by closing of the motor valve.

The invention has been disclosed hercin in connection
with certain specific construction and arrangement of
the parts, but it will be understood that these are intended
by way of illustration only, and that various changes
can be made in the equipment within the spirit of the
invention and the scope of the appended claims.

Having thus clearly shown and described the inven-
tion, what is claimed as new and desired to secure by
Letters Patent is—

1. Well pumping apparatus comprising a well tubing
having an inlet and an outlet above the inlet, a valve
for controlling the flow of fluid through the outlet, means
for periodically opening and closing the valve, a plunger
loosely fitted into the tubing for movement in the tubing
between the inlet and outlet and movable upwardly in
response to pressure in the tubing beneath the plunger
when the valve is open and downwardly under the influ-
ence of gravity when the pressure above and beneath
the plunger is equalized, means on the plunger positioned
to close the outlet when the plunger reaches the limit
of its upward movement to cause a decrease in the
pressure in the cutlet, and means for causing the valve to
close upon the occurrence of a decrease in the pressure
in the outlet to permit the pressure beneath the plunger
to bypass the plunger to equalize the pressure above and
beneath the plunger.

2. Well pumping apparatus comprising a well tubing
having an inlet and an outlet above the inlei, a valve
for opening and closing said outlet, a plunger loosely
fitted into the tnubing for movement in the tubing be-
tween the inlet and outlet, timing means for periodically
opening and closing the valve, said plunger being mov-
able upwardly under the -influence of pressure in the
tubing beneath the plunger upon opening of the valve
aud downwardly -under the influence of gravity upon
equalization of the pressure above and beneath the
plunger when the valve is closed to permit the pressure
beneath the plunger to bypass the plunger, and means
for causing the valve to. close independently of said
timing means when the plunger reaches the limit of its
upward movement.

3. Well pumping apparatus comprising a well tubing
having an inlet and an outlet above the inlet, a valve
for controlling the flow of fiuid through the outlet, a
plunger loosely fitted into.the tubing for movement in
the tubing between the inlet and outlet, means for peri-
cdically opening the valve to.permit.the plunger to:be
moved upwardly in response to pressure in the tubing
beneath the plunger, means on the plunger positioned
to close the outlet when the plungér reaches the limit
of its upward movement, and means responsive to a
decrease in the pressure in the outlet for closing the
valve, to permit -an upward flow of fluid from beneath
the plunger to above the same to equalize the pressure
above and beneath the plunger.

4. Well- pumping apparatns comprising a well tubing
having an -inlet and an outlet above the inlet, a valve
for controlling the flow of fluid through the outlet, a
plunger loosely fitted into the tubing for movement in
the tubing between the inlet and outlet, means for open-
ing the valve to permit the plunger to be moved upwardly
in response to pressure in the tubing beneath the plunger
" and for closing the valve after the valve has been open
for a predetermined time, means on the plunger for
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closing said outlet when the plunger reaches the limit
of its upward movement and means for causing the valve
to close in response to closing of said outlet to permit
an upward flow of fluid from beneath the plunger to
above the same to equalize the pressure above and
beneath the plunger to allow the plunger to move down-
wardly under the influence of gravity.

5. Well pumping apparatus comprising a well tubing
having an inlet and an outlet above the inlet, a valve
for controlling the flow of fluid through the outlet, a
plunger lcosely fitted into the tubing for movement in
the tubing between the inlet and outlet, means for open-
ing the valve to permit the plunger to be moved upwardly
in response to the pressure of fluid entering said inlet
and for closing the valve after the valve has been open
for a predetermined time, means on the plunger. for
closing said outlet when the plunger reaches the limit
of its upward movement and means for closing the valve
in response to a reduction in the pressure of fluid in said
outlet to permit an upward flow of fluid from beneath
the plunger to above the same to equalize the pressure
above and beneath the plunger to allow the plunger to
move downwardly under the influence of gravity.

6. Well pumping apparatus comprising a well tubing
having an inlet and an outlet above the inlet, a motor
valve for controlling the flow of fluid through the outlet,
timing ‘mechanism: for opening and closing the: motor
valve, a tubular plunger movable in the tubing between
the inlet and outlet, a check valve movably mounted on
the plunger for movement under the influence of pres-
sure in the tubing beneath the plunger to- close the
plunger to cause the plunger to move upwardly in the
tubing when the motor valve is open, said plunger hav-
ing a portion shaped to close the outlet when the: plunger
reaches the upper limit of its movement, means posi-
tioned . for. engagement with the check valve to -open
the check valve when the plunger reaches said upper
limit to cause equalization.of the. pressure in the tubing
above and beneath the plunger to allow the plunger to
move downwardly under the influence of gravity when
the motor valve is closed, and means for causing the
motor valve to close independently of the timing mech-
anism upon closing of the outlet.

7. Well pumping apparatus comprising a well tubing
having an inlet. and an outlet above the inlet, a motor
valve for controlling the flow of fluid through the outlet,
timing mechanism for opening and closing the motor
valve, a tubular plunger movable in 'the tfubing between
the inlet and outlet, a check valve movably mounted
on the plunger for movement to a position under the
influence of pressure in the tubing beneath the plunger
to close the plunger when the motor valve is open to
cause upward movement of the plunger, said plunger
being movable downwardly under the influence of gravity
upon -equalization of the pressure in the tubing above
and beneath the plunger when the motor valve is closed,
means positioned for engagement with the check valve
to open theé check valve when the plunger reaches the
upper limit of its movement {o cause equalization of the
pressure in the tubing above and ‘beneath the plunger,
said plunger having a portion shaped to close the outlet
when the plinger reaches said upper limit to cause a
reduction in the pressure in said outlet when the motor
valve'is open and means for causing the motor valve to
close independently of said timing mechanism upon the
occurrence of a reduction of the pressure in the outlet.
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