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This invention relates to flow metering or goW 
erning devices, and more particularly to a device 
for controlling the flow of a high pressure operat 
ing fiuid to a fluid operated pump. 
The invention is of particular utility in the oil 

industry and, consequently, is described in Con 
nection with such use, although it is to be under 
stood that I do not intend to be limited thereby 
since the invention is susceptible of other diverse 
SeS. 
Fluid operated pumps for use in deep Wells 

ordinarily include a fluid motor, with a punpunit 
operatively connected thereto, adapted to pump 
oil or other well fluid from the Well up through a 
production conduit leading to the top of the Well. 
the fluid motor and the pump unit are custom 
arily at, or near, the well bottom and, conse 
quently, far removed from observation, with the 
operating fiuid pumped to then under pressure 
from a surface pumping unit through a Supply 
conduit, and it becomes important to have auto 
matic controlling devices with which to regulate 
the flow of the operating fluid to the fluid motor 
in accordance with conditions existent at the Well 
bottom. In order to facilitate control and obser 
vation of operation, it is desirable to have the 
control devices for a large number of Wells 
closely grouped and such a group of controls may 
conveniently receive operating fluid from a single 
high pressure surface-pumping unit through a 
manifold common to all members of the group. 
It is furthermore desirable that the operating 
fluid, passing through the individual controls, 
shouldfow to the individual Wells at pressures 
and rates of flow which are peculiar to the op 
erating conditions of each well and which are 
governable individually in response to those COIl 
ditions. The fluctuations of pressure and flow 
occurring at each of the fluid operated pumpS 
may then be recorded by suitable attachments to 
the control device to provide a history of the Op 
eration of each individual well, available at One 
central inspection point. 
operating conditions for all of a group of wells 

connected to the same operating fluid manifold 
are not likely to be the same and the operating 
fuid passing to each pump must be regulated to 
suit specific circumstances. The specific operat 
ing conditions may include, as major variables, 
the rate of production which may be required Of 
a given well from time to time, and fiuctuations 
in the load on the fiuid operated pump as repre 
sented by the pressure of operating fluid re 
quired to operate the fuid motor at a predeter 
mined speed and as caused by such factors as 
changes in the density of the liquid entering the 
pump, emulsification of the liquid to various de 
grees, and gas entering the pump along with the 
liquid. As a constant, the maximum pressure to 
which it is desirable to load the supply conduit 
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2 
or the fluid motor should be considered. Wari 
able factors which may be termed minor but 
which are none the less important in maintaining 
a calculated rate of production include the spe 
cific gravity and the temperature of the operating 
fluid. 

It is, therefore, a primary object of my inven 
tion to provide a control device for a fluid op 
erated pump which may be installed in the supply 
line of an individual pump leading from a mani 
fold Supplying operating fluid to a group of pumps 
and Which will convert the hydraulic conditions 
of the manifold to hydraulic conditions suitable 
to the individual pump. 
Another object of my invention is to provide 

a control device for governing the flow of operat 
ing fluid from a Source of supply to a fluid op 
erated pulimp which Will regulate the speed of the 
pump by regulating the volume of flow of the 
fluid through the control device. 
A further object of my invention is to provide 

a control device for governing the flow of operat 
ing fluid to a iuid operated pump which will 
regulate the speed of the pump by regulating the 
preSSure at which the fluid is released from the 
control device. 
Yet another object of my invention is to pro 

vide a control device for governing the flow of 
Operating fluid to a fluid operated pump which 
will regulate the intake of fluid from the source 
of supply thereof so as to prevent the pump from 
exceeding a desired maximum speed whenever 
the pressure at which the fluid is released from 
the COintrol device is less than a Selected maximum 
and which will, whenever the pressure at which 
the fluid is released from the control device has 
attained the Selected maximum, thereafter regu 
late the intake of fluid so as to prevent the pres 
Sure from exceeding the Selected maximum. 
A further object of my invention is to provide 

a control device which will prevent racing of a 
pump by decreasing the rate of flow of operating 
fluid thereto in response to a decrease in pressure 
in the fluid passing from the control device to the 
pump below a selected value. 
A still further object of my invention is to pro 

vide a control device for governing the flow of 
operating fluid to a fluid operated pump which 
will so compensate for changes in the tempera 
ture of the fluid at the control device that any 
rate of flow through the control device Will be 
volumetrically constant When measured at a 
constant temperature. 
Yet another object of my invention is to pro 

wide a control device for the purpose indicated 
which may be adjusted for use with operating 
fluids of varied specific gravities, so as to main 
tain. With Such varied fluids like volumes of flow 
under like conditions of entrance and discharge 

6() preSSures. 
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Another object of my invention is to provide 
a control device for the purpose indicated hav ing auxiliary outlets for the supply of operating 
fluid at a regulated pressure to accessory devices 
in addition to the pump to which it is primarily 
connected, and so arranged that its operation, 
may be regulated by back pressure imposed on 
it by an accessory device. . . . . . ." 
Other objects and advantages Will appear in 

the following specification and in the drawings, 
in which: 

Fig. 1 is a plan view of my invention showing 
a unit control device adapted to be joined to 
similar units to form a continuous manifold in 
which each unit is also a T-outlet; 

Fig. 2 is a side elevational view of my inven 
tion taken from the right of Fig. 1; 

Fig. 3 is a side elevational view of my inven 
tion taken from the left of Fig. 1; 
taken on the line 4- 4 of Fig. 1, and showing. 
the arrangement and the intercommunicating 
channels of the main valve, the pilot, valve, and. 
the metering orifice, the valves and the orifice 
being shown in closed position; - 

Fig. 5 is a horizontal sectional view taken on 
the line 5-5 of Fig. 4, and showing the flow. 
channels through which the operating fluid. 
passes; 

Fig. 6 is an enlarged vertical sectional view 
taken on the line 6-6 of Fig. 1, and showing. 

outlets; 
Fig. 7 is a vertical sectional view on a further 

enlarged scale, of a detail of the pressure con 
trol valve shown in Fig. 6; and 

Fig. 8 is a diagrammatic illustration of the 
principal flow channels of my invention, each 
channel formed by a group of passages being 
indicated by the reference number of one mem: 
ber of the group. W. r 

Referring to the details of the drawings, I 
show a manifold section 20 to which a housing. 
2 is secured by bolts 22, and it is to be under 
stood that a plurality of manifold sections 20. 
may be suitably secured to each other in end. 
to end relation so as to form a continuous man 
ifold, each section of which bears its own hous 
ing. The manifold section 20 is provided with 
a shut-off valve 23, which is mounted on a valve 
stem 24, protected and secured by a locking cap, 
25, and which seats upon a valve seat 26 thread 
edly secured in a port 27 aligned with an in 
letport 28 in the housing 21. To seal the joint 
between the manifold section 20 and the hous 
ing 2, the former is provided with an annular 
ridge. 29 which fits within an annular groove 30, 
in the housing 21 and is there held against a 
gasket 31. A discharge pipe 33 is secured to a 
flange member 34 which is secured to the hous 
ing 2f in alignment with a discharge port 35 
by studs 36, the joint between the flange and 
the housing being sealed similarly to that be 
tween the manifold section and the housing by 
an annular ridge 37 held against a gasket. 38 in 
an annular groove 39. A flow circuit is thus 
formed from a source of supply. (not shown) of 
high pressure operating fluid through One or 
more of the manifold sections 20, the valve 23, 
inlet-port. 28, and the housing 2 with its here 
inafter described mechanism to the discharge 
port: 35 and discharge pipe 33. which leads to a 
fluid operated pump (not shown) situated in a 
well and governed in its individual operation by. 
the mechanism secured to the specific manifold. 

Fig. 4 is an enlarged vertical sectional view. 

the pressure control mechanism and auxiliary 
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4. 
section. 20. A grease inlet 40 of the Alemite 
type, may be provided through which heavy 
grease may be forced into a groove 4f surround 
ing the valve stem 24 to prevent leakage of 
high pressure operating fluid when the locking 
cap 25 is removed. The housing 21 is provided with a cylindrical 
changiber 43, in axial alignment with the inlet 
port 28, and connected thereto by smaller axial 
bores 44 and 45. A valve casing 46, comprising 
an upper casing member 47 and a lower casing 
member 48, threagedly joined, is threadedly se 
cured in the chamber 43, the upper casing mem 
ber 47 having a head 49 threaded externally for 
joining to the housing 2 and provided with 
Spanner sockets 50 by which, by use, of a suit 
able tool, the valve, casing 46 may be inserted. 
and removed as a unit, together with its con 
tents. A flange. 5 on the upper casing, mem. 
ber 4 limits the depth to which the valve cas 
ing, 46 may be inserted in the chamber 43.soas. 
to leave a Space. 52 below the lower casing mem 
ber 48. The lower casing member 48 has a tu 
bular extension 53, fitting closely within the 
bore 44 and extending partly therethrough, and, 
a further...extension 54 of reduced diameter, fit 
ting closely within the bore 45, The reduced 
diameter of the extension 54 leaves an annu 
lar. Space. 55 around that part of the extension 
54 contained in the bore 44. A main valve. 56, 
and a pilot valve 57, to be described more fully 
hereinafter, are housed, within the valve cas 
ing 46, with the main valve in communication 
With the inlet port 28 by means of a passage 58 

5, in the lower end of the extension 54, and in. 
communication, with the annular, space 55...by 
means of radial ports, 59 in the extension 54. 
A valve seat. 60 is provided for the main valve, 
56s at the end of the passage 58, adjacent the 
radial ports, 59. Sealing rings 6 on the ex 
tension 53, and 6a on the extension. 54 seal the, 
lower casing member 48 relative to the hous 
ing.2 above and below... the radial ports. 59. 
A. chamber 62 is formed in the housing 2 in alignment With the discharge port 35 and has 

threads 63 to receive and secure a valve body. 64. 
of a control valve. 65. The valve body 64, has a 
lower, portion 66.which is of reduced diameter 
60. as to leave.an, annular space 67 between it 
and the Wall of the chamber 62 and which has radial ports 68 communicating between the an 
nular Space, 67...and a valve chamber 69 within 
the valve 64. The valve chamber 69 being open 
at its lower end communicates with the discharge 
port, 35. As best, shown in Fig. 5, main flow 
passages 70 extend, into the housing 2 at op 
posite sides of the chamber 62, being closed at 
their outer ends by plugs. Ti, and intersecting at 
One end the annular space. 67 surrounding the 
control valve 65, and, at the other end the an 
nular, Space. 55 adjacent the main valve 56, thus 
providing flow channels from the inlet port 28 to 
the discharge port, 35 when the main valve and 
the control valve are open. i . . . . . . . 

The control valve 65 is of plunger type having 
a plunger, head 13, which fits slidably within the 
reduced portion 66 of the valve body 64, so as to 
cut-off, the valve chamber 69 from the annular 
Space 6, and the radial ports 68 form a metering 
Orifice means, 74...the effective area of which may 
be varied by axial movement of the plunger head. 
The plunger head 73 is mounted on a valve stem 
5. Which bears threads 76, preferably of acme 

type, engageable with mating threads...in...the. 
valve body. 64, above the valve chamber 69. The 
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valve stem 75 is reduced in diameter above the 
threads 76 so as to leave an annular space 77 be 
tween the valve stem and the valve body 64 and 
this annular space is in communication. With the 
lower face of the plunger head 73 by means of a 
longitudinal passage 78 in the plunger head and 
valve stem and a radial passage 79 in the latter. 
Above the annular space 77, the valve stem 7.5 
is packed by packing 80 and a gland 8 and the 
upper end of the valve stem, extending above 
the valve body 64 is provided with a micrometer 
thimble 82 registerable with a skirt 83 on the 
valve body 64 graduated to show the rate of flow 
which may be expected through the metering 
orifice 74 throughout its range of Setting, or in 
other convenient units such as the barrels per 
day pumped by the fluid operated pump at Such 
rate of flow. The skirt 83 is held to the valve 
body 64 by a set-screw 84, and the thimble 82 is 
adjustably secured to the valve stem 75 by a set 
screw 85. Spanner Sockets 86 are provided in 
the valve body 64 by which the valve body and 
contents may be installed and removed as a unit 
by use of a suitable tool. 
The interior of the valve casing 46 is divided 

by a transverse partition 88 held in position by 
an upper lining sleeve 89 and a lower lining 
sleeve 90 which bear against the upper and lower 
casing members 47 and 48, So as to form upper 
and lower cylinders 9 and 92. The partition 88 
has an upper central boss 93 extending upwardly 
into the upper cylinder 9, and a lower central 
boss 94 extending downwardly, the exterior of 
the latter providing a sliding fit guide for a tu 
bular valve stem 95 of the main valve 56 and for 
a main valve piston 96 integral with the valve 
stem 95 and reciprocable within the lower cyl 
inder 92. The lower end of the valve stem 95 
is fitted with a valve head 97 adapted to Seat 
upon the valve seat 60, and is reduced in diam 
eter to provide an annular Space 98 within the 
extension 54 of the lower casing member 48 of 
sufficient length that movement of the valve stem 
95 to any position within its scope will leave the 
radial ports 59 fully uncovered. The central 
bosses 93 and 94 are provided with an axial bore 
99 forming a bushing for a needle to of the pilot 
valve 57, and the lower end of the bore 99 is 
counterbored and threaded to receive valve Seat 
0 and a plug 102 for retaining it. The valve 

seat Oi and plug 102 have an axial passage 03 
in extension of the axial bore 99 communicating 
through an axial passage 04 in the main valve 
stem 95 and valve head 97 with the passage 58 
and inlet port 28. The needle too fits loosely that 
part of the axial bore 99 within the lower central 
boss 94 so as to leave an annular Space 05 ex 
tending to the valve seat it, and has a close 
slide fit in the upper part of the axial bore 99 
so as to prevent leakage and extends beyond the 
upper central boss 93 and through a bOSS 06 on 
a pilot valve piston 107 reciprocable in the upper 
cylinder 9, terminating above the boSS O6 in a 
cone 8. The boss to 6 has a pressed fit on the 
needle 100 so that the needle is actuated recip 
rocably by movement of the piston () and may 
be considered as functionally integral thereWith. 

Radial ports iO in the lower central boss 94 
connect the annular space 05 With the lower 
cylinder 92 above the main valve piston 96 to ad 
mit high pressure operating fluid thereto from 
the inlet port 28 when the pilot valve 5 is open. 
The main valve piston 96 has a skirt grooved 
on its exterior surface with a helical groove 2 
which provides a restricted communication be 
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6 
tween the upper and lower faces of the piston. 
The CrOSS-Sectional area, hydraulic radius, and 
length of the groove 2 provide a resistance to 
the flow of operating fluid therethrough result 
ing in a pressure drop across the main valve pis 
tOn 96 of determinable amplitude. The lower 
lining sleeve 90, against which the skirt f bears, 
has a plurality of notches or openings 3 in its 
lower rim communicating with an annular space 
4 between the lower rim of the upper casing 

member 47 and the head of the lower casing 
member 48, and the length of the skirt if f is 
Such as to leave the notches 3 unobstructed 
When the main valve 56 is seated and the skirt 
A is consequently in its lowest possible position. 
A vertical groove 5 on the inner Surface of the 
upper casing member 47 extends from the an 
nular space 4 to the head 49 of the upper cas 
ing member 47, forming a passage between the 
upper casing member 4 and the lower lining 
sleeve 99, the partition 88, and the upper lining 
sleeve 89, connecting with one of a plurality of 
notches or openings 6 in the upper rim of the 
upper lining sleeve 89, similar to the notches 3, 
and thus connecting with the upper cylinder 9 
above the pilot valve piston O. A radial pas 
sage through the upper casing member 47 
connects with an annular groove f8 on the ex 
terior surface of the upper casing member 47, and 
the annular groove 8 communicates through a 
radially inclined passage 9 in the housing 2 
With an annular groove f20 on the exterior sur 
face of the control valve body 64 and thence 
through a radial passage 2 in the control valve 
body 64 to the upper portion of the control valve 
chamber 59 above the plunger head 73. The 
a cine thread 3 permits fluid communication be 
tween the upper portion of the valve chamber 69 
and the annular space 77 around the control 
valve stem 5 whence, as already shown, there 
is communication through the radial passage 79 
and longitudinal passage 18 with the lower face 
of the plunger head 73 and, therefore, with the 
discharge port 35. Sealing rings 22. Seal the 
control valve body 64 relative to the walls of the 
chamber 62 above and below the radial passage 
2 and below the annular space 67. 
The upper cylinder 9 below the pilot valve 

piston f6 is in communication with the annular 
Space 67 around the control valve body 64, and, 
therefore, with the upstream side of the metering 
orifice 74, by means of a notch 23 in the parti 
tion 88, an inclined radial passage 24 in the 
upper casing member 4, an annular groove 25 
on the exterior Surface of the upper Casing Inern 
ber 47, and an inclined radial passage 2 in the 
housing 2, all interconnecting. Sealing rings 
2 are provided above, below, and between the 
annular grooves 8 and 25 to prevent loSS and 
interchange of preSSure. 
The cross-areas of all the passageS and grooves 

forming the fluid communication line between 
the lower cylinder 92, below the main valve pis 
ton 96, and the upper cylinder 9 above the pilot 
valve piston 67, and between the vertical groove 

5 connecting these cylinders and the control 
valve chamber 69, are sufficiently large to main 
tain substantially equalized pressures throughout 
the communication line, in view of the relatively 
restricted helical groove 2 and the Small Wol 
ume of flow possible therethrough. Consequent 
ly, the fluid pressures upon the lower side of the 
main valve piston 96 and upon the upper side 
of the pilot valve piston 07 are substantially 
equal, and are less than the fluid pressure at the 
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main valve: 56-or substantially the pressure upon 
the upstream side of the metering orifice f4 when 
the main valve 56 is open-by an amount equal to 
the pressure drops thiróugh the pilot valve 5T 
and through the helical groove ff2, and are 
greater during normal operation than the fluid 
pressure upon the downstreath side of the meter 
ing orifiee f4 by an amount equal to the pressure 
drop through the acme thread: 76. The fluid 
pressure upon the upper side of the main valve 
piston 96 may equal the pressure at the main 
valve 56 if the pilot valve 5T is fully open, or may 
have some lower value due to pressure drop 
through the pilot valve 5T if that valve is partly 
closed, or may have a value decreasing to the 
fluid pressure upon the lower side of the riain 
valve piston'96 if the pilot valve 5T is closed. The 
fluid pressure upon the lower side of the pilot 
valve piston ( 07 is substantially the same as the 
pressure upon the upstream side of the metering 
orifice f4, any differences being equalized through 
the connecting elements f23, 24, 25, and f26. 
A spring 29, bearing upon the lower side of 

the main valve piston 96 and upon the lower 
casing member 48, acts in supplementation of the 
fluid pressure upon the lower side of the main 
valve piston 96 and is of sufficient strength to 
overcome the pressure drop normally existent 
through the helical groove -2 and thus to hold 
the main valve 56 normally open. As will be 3 
hereinafter shown, the supplementary action of 
the spring (29 may be overcome by increasing 
the pressure drop through the helical groove (2 
above normal, either by increasing the pressure 
above the main valve piston 96 or by decreasing 
or limiting the pressure therebelow. 
In a similar way, a spring f30 acts upon the 

pilot valve piston for but acts to urge the pilot 
valve to a closed position. The head 49 of the 
upper casing member 47 has a recess (3f which 
receives a spring follower 32; and a cup member 
33 is loosely fitted over the boss 06 on the pilot 
valve piston iO7 and has a conical recess f34 to 
receive and bear against the cone 08 on the pilot 
valve needle' foo: The spring 30 is mounted be 
tween the spring follower 32 and the yoke 33 
so as to exert a downward, or closing, force upon 
the needle' too: To compensate for changes in 
temperature in the operating fluid, in a manner 
hereinafter explained, the spring 30 is of bi 
metallic construction, having an outer portion 
35 having a relatively high coefficient of expan 

sion, such as steel, and an inner portion f36 hav 
ing a relatively low coefficient of expansion, such 
as invar metal, so that the outer portion 35 
changes in length more rapidly than the inner 
portion 36 with changes of temperature and 
tends to cause the spring to wind up with increas. 
ing temperature and to unwind with decreasing 
temperature, and correspondingly to increase and 
to decrease the loading of and the force exerted 
by, the spring. To allow for use of operating 
fluids of various specific gravities, an adjustment 
screw 37 is provided in the head 49 of the upper 
casing member 47, having a conical point 38 
which engages a conical recess 39 in the spring 
follower 32, and having a cap 40 which may 
be calibrated in terms. Of specific gravity of thie 
operating fluid. By turning the adjustment 
screw 37, the spring follower 32 may be moved 
to impart a greater or lesser initial loading to 
the spring 30. - 
To allow for drainage, when it is desired to 

remove the control device as a unit, or any of its 
operating parts, asbest shown in Figs. 5 and 8, 
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a drainage bore f43 is provided in the housing 2 
having a drain pipe f44 secured to its outer end 
by any suitable fittings and leading to any con 
venient pits or receptacles. A valve f45, seated 
in a bore f46 of stepped diameter in continua 
tion of one of the main flow passages 70, opens 
arid closes communication between that main flow passage and the drainage bore 43 through 
a connecting passage f47, and comprises a tap 
body 48 threadedly secured in the outer coun 
térbore of the bóre 46, a valve stem 49, threaded 
in an intermediate counterbore of the bore 46 
for movement therein, a ball 56 movable by the 
valve stem f49 to close the bore f 46, and packing 
f5 compressed by the valve body 48. 
The lower cylinder 92 on the low pressure side 

of the main valve piston 96 is connected to the 
Space 52 between the lower casing member 48 
and the housing 2F by an orifice 53 through the 
lower casing member 48, and the space 52 is in 
turn connected by a vertical passage 54, shown 
in Fig. 5, to an auxiliary control passage 55 in 
the lower portion of the housing 21. The fluid 
pressure in the control passage 55 is, therefore, 
norifially the same as the pressure on the low 
pressure sides of the main valve piston 96 and 
the pilot valve piston fol which are in fluid com 
munication, as hereinbefore described. The 
outer end of the control passage 55 is provided 
with a swivel fitting 56 and pipe connections 
f5 which may connect the control passage to a 
pressure gauge 58, and which are also adapted 
to connect the control passage to a control de 
vice i59, shown diagrammatically in Fig. 8, of 
either manually operated or automatically op 
erated type, by which the operation of the con 
trol device may be stopped or intermitted. 
A pressure control valve F60 is connected to 

the inher end of the control passage 55, as best 
illustrated in Fig. 6; and comprises a valve body 
61 threadedly secured in a valve cylinder 62 
formed in the housing 2 and sealed therein by 
a sealing ring 63, an adjusting screw 64 movably 
threaded in the valve body 6? and sealed there. 
in by a sealing ring? 65 and a stuffing nut 66, a 
riozzle F67 threadedly secured in the lower end 
of the valve body f6?, and spring-loaded pressure 
release' mechanism mounted between the ad 
justing Screw f64 and the nozzle (67. The valve 
cylinder 62 communicates with the auxiliary 
control passage 35 by means of a bore 68 in 
Which the nozzle 67 is seated to form a fluid. 
tight joint, and with the drainage bore 43 by a 
passage 69. Asbest shown in Fig. 7, the nozzle 
G has an axial passage f70 and an axial ex 

tension fif chamfered to terminate in a knife 
edge valve seat 72- annularly surrounding the 
passage 70. An optically flat valve head 13, of 
haird metal or sapphire, is held by a cap a 
Which has a sliding fit on the axial extension 
tl and is pressed against the valve seat i2 by 

a cup 75 which fits loosely over the cap (14 and 
is backed by a spring 176 reacting against a 
Spring follower TT positioned by the adjusting 
Screw 6. To cause even wear upon the valve 
Seat 72 and the valve head 73 and to hold the 
various parts in axial alignment, the cup 75 has 
a conical point 78 bearing against the rim of 
an axial drifice f79 in cap 74 and the adjust 
ing screw 64 has a conical point 80 engaged 
by a more obtuse conical recess 8 in the Spring 
follower 77. A micrometer type thimble 82 is 
Sectifed to the upper end of the adjusting screw 
64 by a set screw 83, to register with a calibrat 
edskirt f8 secured to the valve body 6 by a 
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set screw 85. The thimble 82 and skirt 84 
may be calibrated in pounds per Square inch or 
any other convenient units. 
The cap 4 has radial ports 86 at the level 

of the chamfered portion of the nozzle exten 
sion admitting fluid Which has paSSed be 
tween the valve seat 2 and the valve head 73 
to the interior of the valve body 6. A hole 87 
in the valve body 6 communicates between the 
interior of the valve body and the valve cylin 
der 62 whence there is open communication to 
the atmosphere through the passage 69 and the 
drainage bore 43. By turning the adjusting 
Screw to impart a loading to the Spring 6, the 
pressure in the auxiliary control passage 55 
may be limited to a desired amplitude, indicated 
by the micrometer thimble 82 and skirt 84, 
With Surplus pressure being vented through the 
drainage bore 43. 
An auxiliary utility connection is provided as 

shown in Figs. 5 and 6 by a valve 9, similar to 
the drain pipe valve 45, in a vertical bore 9 
which connects with a horizontal paSSage 92 
communicating with the valve chamber 69 of the 
control valve 35 below the metering orifice 74. 
The horizontal passage 92 is closed at its Outer 
end by a plug 93. A ball 94, nowable by the 
valve i38, controls the flow of fluid from the 
vertical bore 8 to a discharge port 95, thread 
ed to receive pipe connections 96 leading to ap 
paratus (not shown) which it may be desired to 
operate in conjunction with the fluid Operated 
pump and at the same pressure as is applicable 
to the pump. 
In the operation of my control device, the con 

trol valve SS is opened to an extent at which it 
will pass operating fluid at a predetermined rate. 
The number of barrels per day of operating fluid 
supplied to the fluid operated pump or the 
strokes per minute which will result is indicated 
by suitable graduations on the micrometer thim 
ble 82 and skirt 83. 

It will be understood that the Volume of flow 
through the control valve 65, at any given extent 
of opening of the metering orifice 74, will depend 
upon the difference in pressures on the upstream 
and downstream sides of the metering orifice 74; 
and the calibration of the thirnble 82 is made 
With reference to a certain pressure differential 
which inay be termed the normal operating pres 
sure differential. Changing the setting of the 
control valve 8. So that the thin ble 82 indicates 
an increased pump output of, say, 50 barrels, 
affects an increase in the opening of the metering 
Orifice G to permit paSSage of operating fluid 
sufficient to cause the pump to pump 50 addi 
tional barrels per day at the same normal oper 
atting pressure differential as previously existed. 
The operation will be best understood by refer 
ring to Fig. 8. The manifold section 2) is con 
nected to an adequate Supply of fluid at a 
pressure in excess of that required to operate the 
fluid actuated pump to be controlled by the me 
tering valve. The valve 23 in the manifold sec 
tion 23 is fully opened to the inlet port 28 and as 
the main valve 56 is normally held open by the 
main Waive Spring 29, high pressure operating 
fluid flows from the manifold section 2 through 
the main flow passages and the metering ori 
fice 4, impressing a fiuid pressure differential 
acroSS the latter. 
of this preSSure differential is communicated to 
the lower, or high pressure, side of the pilot valve 
piston through the group of passages includ 
ing the inclined passage 26, and the low pressure 

The high pressure component 
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tions. 
device is in a state of equilibrium which may be 

O 
component thereof is communicated through the 
group of paSSages including the acme thread 76 
to the radial passage 7, the vertical groove 5 
and the notches 6 and thence to the upper, or 
low pressure, side of the pilot valve piston OT, 
and through the notches 3 to the lower, or 
lower pressure, side of the main valve piston 96, 
and from the latter to the auxiliary control pas 
Sage 55 where it may be registered on the gauge 
58 or be limited by the remote control apparatus 
59 or by the pressure control valve 62. 
When the valve 23 is first opened, the pressure 

on the upper, or low pressure, side of the pilot 
Valve piston 27 is initially and momentarily less 
than normal because of the resistance imposed 
by the metering orifice 74 and the acme thread 
76. The pilot valve spring 3e is adapted to with 
stand a pressure differential across the pilot valve 
piston of slightly less amplitude than the 
normal Operating pressi:re differential across the 
metering orifice 4 and for the moment the pres 
Sure differential across the pilot valve piston is 
excessive because of the low fluid pressure on the 
low pressure side of the piston. Consequently, 
the pilot valve piston 97 moves upwardly and 
the pilot valve 57 opens and admits high pressure 
Operating fluid to the upper, or high pressure, 
Side of the main valve piston 96 through the 
group of paSSages including the passage 04. A 
pressure differential is thus impressed across the 
main valve piston 96 greater than the main valve 
Spring 29 is adapted to withstand and the main 
Valve 56 closes partly, at least. 
The main valve 56 now throttles the flow of 

operating fluid to the metering orifice 74 until the 
preSSure differential therea cross is reduced to the 
normal operating pressure differential. In doing 
So, it reduces the pressure of the high pressure 
component of that pressure differential, which 
is also the pressure of the high pressure com 
ponent of the differential across the pilot valve 
piston 07. At the same time there is a flow of 
fluid through the helical groove 2 to increase 
the fluid pressure on the low pressure sides of the 
main valve piston 96 and the pilot valve piston 
10. Both of these actions tend to restore the 
pressure differential across the pilot valve piston 
07 to the equilibrating amplitude at which the 

pilot valve spring is capable of holding the pilot 
Valve 5 floatingly between open and closed pOSi 

When this is accomplished, the control 
termed the normal operating condition and in 
which the normal operating pressure differential 
across the metering orifice 74 impresses an equi 
librating differential on the pilot valve piston 

, , partly opening the pilot valve 57; and the 
flow through the pilot valve impresses an equi 
librating differential on the main valve piston 96, 
Closing the main valve sufficiently to permit a 
flow to the metering orifice 74 to impress thereon 
the normal operating pressure differential. 
The equilibrating pressure differential aCOSS 

the pilot valve piston f is created and trans 
ferred thereto by the normal operating preSSure 
differential across the metering orifice 4 and has 
the same general magnitude and fluctuates in 
close relationship therewith, varying from it only 
by the resistance of the passages Connecting the 
two sides of the piston to the two sides of the 
Orifice. The high pressure components of the 
two pressure differentials are virtually the same 
because of direct and substantially unrestricted 
Communication through the radial inclined paS 
Sage 26, and the low pressure components vary 
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only by the pressure drop through the acme 
thread 6. The pressure drop through the acne 
thread T8 is zero when the pilot valve 57 is closed 
or as soon after the closing of the pilot valve 
as the pressures at each end of the helix 2 are 
equalized; and it is constant whenever the SyS 
tem is in equilibrium, and the pilot Valve is not 
moving. As the normal situations are those in 
which the pilot valve 5T is either closed or in 
equilibrium, and as the degree of opening of the 
pilot valve required to increase pressure above the 
helix 2 is extremely small and, therefore, the 
flow through the acme thread is extremely light 
in volume, the pressure differential across the 
metering orifice 74 and across the pilot Valve 
piston either are equal or differ by a very 
small and normally constant amount and the 
difference may be ignored. Loading the pilot 
valve spring 3 so as to counterbalance a pre 
determined amplitude of one of these differentials 
in effect loads it to counterbalance a predeter 
mined amplitude of the other. 
The state of equilibrium, defined as the nor 

mal operating condition, will prevail until Some 
circumstance changes the pressure differential 
across the metering orifice 74, when the pilot 
valve 5 and main valve 56 will move to estab 
lish a new rate of flow which will restore the 
pressure differential across the metering orifice 
14 to its normal operating amplitude and So re 
establish equilibrium. The pilot valve 57 Will re 
spond to increases in the pressure differential 
across the metering orifice 74 by increasing the 
extent of its opening and so decreasing the eX 
tent of opening of the main valve 56 and, Con 
versely, will cause an increase in the extent of 
opening of the main valve 56 in response to de 
creases in the pressure differential across the 
metering Orifice 4. Both actions are held to a 
rate of change suitable to a search for equilib 
rium, the one by the resistance of the acme thread 
76 as the rate of flow therethrough increases, and 
the other by the dashpot action through the 
helical groove 2 when flow through the pilot 
valve 57 is reduced or cut off. 
As is best illustrated by the diagrammatic view 

of Fig. 8, the main valve piston 96 is in a flow 
channel which parallels the whole length of the 
main flow channel of the metering device from 
the inlet port, 28 to the discharge port 35 and 
which, therefore, has the same over-all fluid pres 
sure drop. In this respect, the invention differs 
materially from devices of similar function in 
which operation of the main valve is effected 
by control members situated in a flow channel 
which parallels only the main valve itself, these 
control members in turn responding to a preS 
sure differential across a metering orifice. De 
vices of the latter type are well adapted for use 
under conditions permitting employment of an 
automatically variable metering orifice which 
will apportion to itself a, quantitatively constant 
part of the over-all pressure drop across the 
metering device, thereby assuring creation of a 
constant force with which to actuate the control 
members. But with a metering orifice, as in the 
present invention, designed to be set as to permit 
a very accurately controlled predetermined rate 
of pumping independent of the magnitude of the 
pressure differential across the entire valve and 
with large possible variations in this Over 
all pressure drop, the forces required to operate 
the main valve may be largely due to both fric 
tion and unbalanced areas. It is, therefore, de 
sirable under some conditions to have the pres 
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12 
Sure differential across the main valve piston 96 
potentially the over-all preSSure drop and to 
utilize such portion of the over-all pressure drop 
as is necessary to actuate the main Valve. 

It will be appreciated that the temperature and, 
therefore, the specific volume of the operating 
fluid may vary considerably at the control de 
vice but that by the time the operating fluid has 
reached the pump at the bottom of the well, 
the temperature and Specific volune Will have 
been brought to a prevailing constant. Oil, which 
is used as operating fluid, changes in volume in 
direct relation with temperature and, therefore, 
when the temperature of the operating fluid at 
the control device is high, in relation to a con 
Stant, the control device must permit passage of 
an increased volume in order to obtain at the 
pump a Volume Constant in relation to the con 
Stant temperature there prevailing. The bimetal 
lic pilot valve spring 30, as heretofore explained, 
Winds up, SO as to increase in Strength, with an in 
crease in temperature, which is imparted to it 
by the Operating fluid flowing through the con 
tirol device, and So holds the pilot valve 5 slight 
ly more closed and, consequently, causes the main 
valve 56 to open slightly wider for a given pres 
Sure differential across the metering orifice 4. 
This is the equivalent of increasing the normal 
operating pressure differential across the meter 
ing Orifice 74 and the related equilibrating pres 
sure differential across the pilot valve piston 07 
with an increase in temperature of the operating 
fluid so as to require a wider opening of the main 
valve 56 to produce an equilibrating rate of flow. 
Thus, the bimetallic spring 30 serves as a 
thernostat means for automatically shifting the 
level at which the pressure differential across the 
metering orifice T4 is maintained, the pressure 
differential level varying directly with tempera 
ture, or inversely with specific volume. It per 
nitS a production-volume setting on the microm 
eter thimble 82 at any temperature to indicate 
accurately the production volume at all tempera 
tures in an expectable range. 

In a similar manner, operation of the adjust 
ment screw 3 permits an accurate indication of 
the production volume coupled with the use of 
operating fluids of various specific gravities. If 
the specific gravity of the operating fluid was 
above normal, the pressure differential across the 
metering orifice 74 would also be relatively high 
and, if this pressure differential were higher than 
the normal operating pressure differential, it 
would cause opening of the pilot Valve 5 and 
thereby closing of the main valve 55; and, there 
after, when the pressure differential has been re 
stored to the normal operating amplitude, the 
operating fluid flowing through the control device 
Would have less volume and less productive ca 
pacity than was indicated by the micrometer 
thimble 82. The adjustment Screw 37 would, 
under these circumstances, be turned inwardly to 
increase the loading on the pilot valve Spring 3 
and thereby to increase the level of the normal 
operating pressure differential at which the pilot 
valve 5 and main valve 56 are held in equilib 
rium. With the main valve 55 held open to in 
press upon the metering orifice 74, the new, and 
higher, normal operating preSSure differential, 
the same volume of operating fluid will flow 
through the control device as with a lighter fluid, 
a lighter spring, and a lower normal operating 
pressure differential. The adjustment of the 
Screw 37 can, therefore, be calibrated directly 
in fluid gravity so that the control device may 
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be set for the kind of fluid that is passing 
through it. 
A maximum limit on the pressure in the Con 

trol passage 55 may be imposed by the pressure 
control valve $, and as this passage communi 
cates with the low pressure sides of the pilot valve 
piston G7 and the main valve piston 96 and also 
with the low pressure side of the metering orifice 
is through the acme thread 6, the pressure at 
all three of these points may also be limited. If 
it is desired to limit the pressure in the Supply 
line from the control device to the fluid Operated 
pump to a certain maximum, the Spring 6 is 
loaded appropriately by adjustment of the ad 
justing Screw G4, with the micrometer thimble 
82 indicating the allowable pressure. When that 

pressure has been attained, surplus pressure will 
be vented to the atmosphere through the drain 
age bore 43, and the low pressure corapo:heats 
of the operating pressure differential across the 
metering orifice it and of the equilibrating pres 
Sure differentials across the pilot valve piston 
and across the main valve piston 96, Will be held 
to the desired limit. Any further increase in 
the high pressure components of the pressure 
differential across the metering orifice gé and the 
pilot valve piston E, which are of the sarine mag 
nitude, will extend these differentials beyond 
their normal and equilibrating amplitudes and 
so cause the pilot valve 5 to open and to cause 
closure of the nain valve 58. It will be seen that 
the rain Valve is inade abnormally Sensitive 
to closure by the limit imposed on the illuid 
pressure against the low pressure side of its 
piston 96 and that any material flow through the : 
pilot, valve S will cause closure of the main 
valve. The pilot valve will be held in an equilib. 
rium permitting only a small amount of flow 
therethrough and, as only this flow can reach 
the pressure control valve is and part of it will 
pass through the acme thread 6, there will be 
very little Waste to the atmosphere. The action 
of the pressure control valve 6 effectively cuts 
of the supply of operating fluid and stops the 
filid operated pump if, for any reason, the pres 
Stre at the inlet port 28 continues to rise after 
the pressure at the discharge port 35 has reached 
the init in posed by the valve. 
The pump may also be stopped or otherwise 

regulated by control devices connected to the 
auxiliary control passage 55 through the pres 
Sre gauge pipe connections 5i. For example, 
if it should be desired to operate the pump inter 
Innittently to allow the well to fill or a receiving 
tank to enpty, a tinning device may be eighployed 
to open the pipe connections 5 to low pressure 
at intervals as required, and such a device may 
be stationed relihotely at a convenient central Con 
trol point from which a group of wells may be 
controlled. Opening the pipe connection to 
low pressure will at once upset the equilibrium 
on the pilot, valve piston and the main valve 
piston $3, causing the pilot valve 5 to open and 
the main valve 55 to close, but the loss of oper 
atting fluid will be limited to the small amount, 
passed by the pilot valve as further restricted by 
flow through the helical groove 2. 

Warious devices may be connected to the pipe 
connections 98, as shown in FigS. 1 and 2, so as 
to draw operating fluid fron the low pressure 
side of the control valve 65 and to operate in 
parallel with the fluid operated pump and such 
devices may be operated at the same pressure as 
the pump or at a lower pressure, provided the 
supply line thereto is furnished with Suitable 
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14 
pressure control mechanism; and their operation 
will not interfere with the operation of the con 
trol device, as their fluid take-off point is no more 
closely related to the pilot valve system than is 
the fluid take-off point of the pump itself. 
Warious modifications in the arrangement of 

the cooperating parts of my invention will be 
apparent to one skilled in the art, and such nodi 
fications do not depart from the Spirit of my in 
vention, nor do changes in areas and resistances 
altering the pressures of equilibrium as may be 
desirable to adapt my invention to various usages. 
Consequently, I do not intend to be limited to 
the specific embodinent shown and described, 
but desire to be afforded the full scope of the foll 
lowing claims. 
I claim as my invention: 
1. In a control assembly for a fluid flow gov 

ernor, the governor including a housing having 
an inlet, an outlet, passage means connecting 
said inlet and Said outlet, and a metering orifice 
in the line of Said passage means, the combina 
tion of: a sub-housing securable in the housing 
and readily removable therefron, said Sub-hous 
ing providing a first chamber and a second cham 
ber; a main valve piston disposed in said first 
chamber; a pilot Valve piston disposed in said 
second chamber; means carried by said sub-hous 
ing and forming a main valve seat which extends 
into the line of the passage means between the 
inlet and the metering Orifice when said sub 
housing is secured in the housing; main valve 
means Connected to said main valve piston and 
movable into Seating engagement with said main 
valve seat to control the flow of fluid there 
through; pilot Valve means connected to said 
pilot valve piston and disposed in a passage from 
the inlet to One side of Said main valve piston, 
the other side of said main valve piston being ex 
posed to the fluid pressure in the outlet; and 
means connecting said Second chamber across 
said metering orifice to apply the fluid pressures 
On Opposite sides of said metering orifice to oppo 
site sides of said pilot valve piston. 

2. In a device for regulating the flow of a fluid, 
the combination of: a main passage for the fluid; 
a pilot passage communicating with said main 
paSSage; means in the line of said main passage 
for producing a fluid pressure differential; pres 
Sure-actuable pilot valve means in the line of said 
pilot passage and exposed to said fluid pressure 
differential for regulating flow through said pilot 
paSSage; preSSure-actuable main valve means in 
the line of Said main passage and exposed to pres 
Sure variations resulting from variations in the 
flow through said pilot passage for regulating flow 
through Said main passage; pressure-limiting 
means for limiting the low pressure component of 
said pressure differential to a predetermined 
maximum value; thermostat means acting on said 
pilot Valve means and exposed to the temperature 
of the fluid for compensating for variations in 
said fluid pressure differential due to variations 
in the Specific volume of the fluid; and adjustable 
means acting on said thermostat means for com 
pensating for variations in said fluid pressure dif 
ferential due to variations in the specific gravity 
of the fluid. . . 

3. In a device for regulating flow of a fluid, 
the combination of: a main passage for the fluid; 
a pilot passage in parallel with said main passage; 
pressure-actuable main valve means in the line 
of Said main passage and actuable by a main 
pressure differential for regulating fluid flow 
through said main passage; means in the line 



2,658,522 
15 

of said main passage for producing a pilot pres 
sure differential; means in the line of said pilot 
passage, including pressure-actuable pilot valve 
means exposed to said pilot pressure differential, 
for producing Said main pressure differentia and 
for applying it to said main valve means; and 
pressure-limiting means for limiting the low 
pressure components of both of said pressure dif 
ferentials to predetermined maximum values. 

4. A device according to claim 3 including paS 
sage means connecting said main and pilot paS 
sages for substantially equalizing said low pres 
sure components. 

5. In a device for regulating flow of a fluid, 
the combination of: a passage for the fluid; 
means in the line of said passage for producing a 
pressure differential; pressure actuable valve 
means including a pilot valve exposed to said 
preSSure differential and including a main valve 
in the line of said passage for maintaining said 
pressure differential substantially constant rela 
tive to a predetermined pressure-differential 
level; and thermostat means operatively connect 
ed to said pilot valve for shifting said pressure 
differential level in inverse relation to variations 
in the specific volume of the fluid resulting from 
variations in the temperature thereof so as to 
maintain substantially constant the ratio of the 
volumetric rate of flow of the fluid through said 
passage to the specific volume of the fluid. 

6. A device as defined in claim 5 including 
manually adjustable means acting on the means 
last defined in claim 5 for shifting said pressure 
differential level. 

7. In a device for regulating flow of a fluid, the 
combination of: a main passage for the fluid; a 
pilot passage in parallel With said main passage; 
means in the line of Said main passage for pro 
ducing a fluid pressure differential; pressure 
actuable pilot valve means in the line of said 
pilot passage and exposed to said fluid pressure 
differential for regulating flow through said pilot 
passage; pressure-actuable main valve means in 
the line of said main paSSage and exposed to 
pressure variations resulting from variations in 
the flow through said pilot passage for regulat 
ing flow through Said main passage; and thermo 
stat means exposed to the temperature of the 
fluid and cooperating with said pilot valve means 
to move said main valve means toward its open 
and closed positions in response to increases and 
decreases, respectively, in the temperature of the 
fluid. 

8. In a device for regulating flow of a fluid, the 
combination of: a main paSSage for the fluid; 
a pilot passage in parallel with said main pas 
sage; means in the line of Said main passage for 
producing a fluid pressure differential; pressure 
actuable pilot valve means in the line of Said 
pilot passage and exposed to said fluid pressure 
differential for regulating flow through said pi 
lot passage; pressure-actuable main valve means 
in the line of Said main passage and eXposed to 
pressure variations resulting from variations in 
the flow through said pilot passage for regulat 
ing flow through said main passage; and thermo 
stat means acting on said pilot valve means and 
exposed to the temperature of the fluid, said ther 
mostat applying an increasing force to said pilot 
valve means with an increasing temperature of 
the fluid. 
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9. In a device for regulating flow of a fluid, the 

combination of: a main passage for the fluid; 
an auxiliary paSSage in parallel with Said main 
paSSage; means in the line of Said main passage 
for producing a fluid pressure differential; a 
main valve in the line of said main passage and 
movable between open and closed positions for 
regulating flow through said main passage; dis 
placeable fluid Separating means connected to 
Said main valve for moving it between its open 
and closed positions; means providing fluid com 
munication between opposite sides of Said fluid 
Separating means and Spaced points in said aux 
iliary passage; and valve means actuable by said 
preSSure differential for regulating flow through 
Said auxiliary passage. 

10. In a device for regulating flow of a fluid, 
the combination of: a main passage for the fluid; 
a parallel pilot passage communicating with said 
main passage at two Spaced points; means in the 
line of Said main passage between said points for 
producing a fluid pressure differential; pilot valve 
means in the line of Said pilot passage and actu 
able by Said fluid pressure differential for regu 
lating flow through said pilot passage; and main 
Valve means in the line of said main passage be 
tween Said points and movable between open and 
closed positions in response to variations in the 
flow through said pilot passage for regulating 
flow through said main passage. 

11. In a device for regulating flow of a fluid, 
the combination of: a valve, metering means in 
Series with said valve for producing a pressure 
differential; means responsive to a proportion of 
the difference in pressure across said valve and 
said metering means for actuating said valve; and 
means actuable by and exposed to said pressure 
differential for regulating the proportion of said 
difference in pressure applied to said valve-actu 
ating means. 

12. In a device for regulating flow of a fluid, 
the combination of: a main passage for the fluid; 
a pilot paSSage communicating with said main 
paSSage at two Spaced points; means in the line 
of Said main paSSage between said points for 
producing a fluid pressure differential; pressure 
actuable pilot valve means in the line of said 
pilot passage and actuable by said fluid pressure 
differential for regulating flow through said pilot 
paSSage; paSSage means for applying said fluid 
pressure differential to said pilot valve means; 
and main valve means in the line of said main 
paSSage between said points and movable be 
tween open and closed positions in response to 
Variations in the flow through said pilot passage 
for regulating flow through said main passage. 

CLARENCE. J. COBERLY. 
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