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1

This invention relates to flow metering or gov-
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
uses.

Fluid operated pumps for use in deep wells
ordinarily include a fuid motor, with a pump unit
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 fiuid motor and the pump unit are custom-
arily at, or near, the well bottom and, conse-
quently, far removed from observation, with the
operating fluid pumped to them 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
kottom. In order to facilitate control and cbser-
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,

should fiow 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 con-
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-
cration 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 mamfpld
are not likely to be the same and the operating

fiuid passing to each pump must be regulated to

suit specific circumstances. The spgciﬁc operat-
ing conditions may include, as major var_lables,
the rate of production which may be requu'egi of
a given well from fime to time, and fiuctuations

n the load on the fuid operated pump as repre- -

sented by the pressure of operating fluid re-
quired to operate the fluid motor at a predeter-
mined speed and as caused by such factors as
changes in the density of the liguid 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

fn
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which it is desirable to load the supply conduit
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or the fluid motor should be considered. Vari-
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 fuid op-
erated pump which may he 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 confrol device for governing the flow of operat~
ing fluid from a source of supply to a fuid op-
erated pump which will regulate the speed of the
bump by regulating the volume of fiow 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 fiuid operated pump which will
regulate the speed of the pumyp 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 fiuid 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 control 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 th
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 fuid 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 g
constant temperature.

Yet another object of my invention is to pro-
vide 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
pressures.
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Another object of my invention is to provide
a control“device ‘for the purposg indicated hav-
ing auxiliary’otitlets 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 1mposed on
it by an accessory device. - 7

Other objects and advantages will appear in

the following specification and in the drawings,

in which:

Fig. 1 is a plan view of my 1nvent1on showmg
s unit control device adapted t0 be joined to
similar units to form a continuous manifold in
which each unit is also a T-outlet;

Fig: 2 is a side elevatlonal view of my 1nven-
txon taken from “the rlght of Fig. 1;

Frg 3 is a srde elevatlonal view of my inyven-
t1on taken from the left of F1g 1

Flg 4 is an enlarged vertlcal sectional view.

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’ metermg orlﬁce the valves and the orlﬂce
belng shown in closed pos1t10n,

Frg B'is a horrzontal sectional view taken on
the line 5—5 of Fig. 4, and showing the flow.

channels through wh.lch the operatmg ﬂuld;,

passes;
-Fig. 6 is an enlarged vertical sectlonal view
taken on the line ‘E—B of F1g 1 and showing

the pressure control mechamsm and auxzhary,

outlets,

Fig. 7 is a vertical sectional view on a further
enlarged scale, of a deta11 of the pressure con-
trol valve shown in F1g 6; and

Fxg 8 is a d1agrammat1c 1llustrat10n of the.
p11nc1pal flow channels of my 1nvent10n each
channel formed by a group, of passages. being

1ndlcated by the reference number of one mem-
ber of the group.
Referring to the details of the drawings, I

show a mamfold sectron 20 to wh1ch ‘a housing .

21 is’ secured by bolts 22, and it is to be under-

stood that a, plural1ty of mamfold sectlons 20,
may be su1tab1y secured to each other in_end.,

to end relat1on S0 as to form a contmuous man-
1foldr ‘each section of which bears its own,_ hous-

a shut off valve 23 whlch is mounted on g valve

stem 24 protected and secured by a locklng cap,

25, and which_ seats upon a valve seat 26 thread-
edly secured 1n a port 21 ahgned Wrth an_in-
let port 28 in the housing 21.
between the mamfold sectmn 20 and the hous-
mg 21,

in the. housmg 21 and is there held agalnst a
gasket 31.
flange member 34 whlch is secured to the hous-
ing 21 in al1gnment w1th a dlscharge port 35

by studs 36, the Jomt between the ﬁange andi
the housmg being sealed s1mllarly to that, be-.
tween the ‘manifold sect1on and the housmg by .
an annular rldge 31 held agamst a gasket 38.in
A flow circuit is thus

an annular groove 39,
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.

The’ mamfold sectmn 20 is prov1ded with

To seal the Jomt ‘

‘the former is pr0v1ded with an annular
ridge. 29 which fits within an annular groove 30

A d1scharge pipe 33 is secured to a

10

20,

4

section 20. A grease inlet 40 of the Alemité
type,” may, be’ prov1ded through whlch heavy
grease may be forced into a groove 41 surround-
ing the valve stem 24 to prevent leakage of
high pressure operating fluid when the locking
cap 25 is removed.

“The housmg 21 is provided with a cylindrical
chambei 43.7in axial alishment with the inlet
port 28. ‘and connected thereto by smaller axial
bores A4 ‘and 45.° A valve casing 46, comprising
an upper casing member 471 and a lower casing
member 48, threadedly joined, is threadedly se-
cured in the chamber 43, the upper casing mem-
ber 41 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 5J on. the upper casing. mem-
ber 41 limits the depth to which the valve.cas-

" ing 46.may be inserted in the chamber. 43.s0. as.
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to,leaVe a space.92.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-
The reduced.

ting closely within the bore 45.
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 g pilot valve 51, 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.
"commumcatron with. the annular. space 55: by.

means of radial ports. 59 . in the. extension 54,

A valve seat 60 is prov1ded for the main. valve.

56 at. the end of the passage 58 adjacent the .
Sealing rings 61 on. the. ex- .
: tens1on 53, and Bla on the extension 54 seal the,
Iower casing member 48 relative to. the hous-,

rad1a1 ports 59

ing. 21 ahove and. below. the radial ports 59,
‘A chamber 62 is formed in the housing . 2 in.

ahgnment w1th the discharge port 35 and has .
threads 63 to receive. and secure a valve body 64 ;
The valve body 64 has a_

of a control valve, 65

lower portlon 66. Wthh is_of .reduced diameter.

£0_as. to. leave an, annular space 67 between it.
and the wall, of the chamber 62 and, which has .
rad1a1 ports 68 commurucatmg between the an-
nular space 6T. and a valve chamber 69 w1th1n,

the valve 64 The valve _chamber 69 being open

at 1ts lower end commumcates with the discharge.

port 35,

one end the annular space. 67 surrounding the
control valve 65, and at the other end the an-

nular, space 55 adJacent the mam valve 56, thusc

prov1d1ng flow channels from the inlet port 23 to

the. discharge port.35 when the main valve and»

the control valve are open.

As best shown. in Fig. 5, main. flow .,
passages 10 extend into the housmg 21 at op-.
posite sides of the chamber 62; being closed at .
their outer ends by plugs 11 and 1nte1sect1ng at.

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.s0 as.to
cut. off.the valve chamber. 69 from. the annular.
space 61, and the radial ports 68 form a metering
orifice means.14.the effective area of ‘which may.

be varied by axial movement of the plunger head...
The plunger head 13 is mounted on a valve stem ..
15, which bears threads 16, preferably .of. acme,,
type, engageable with mating threads-. in. .the..

valve body.64.above the valve chamber.§9. The.
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valve stem 15 is reduced in diameter above the
threads 76 so as to leave an annular space T7 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 713 by means of a
longitudinal passage 78 in the plunger head and
valve stem and a radial passage 19 in the latter.
Above the annular space 71, the valve stem 175
is packed by packing 8¢ and a gland 81 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 84 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 91 and 92. The partition 88
has an upper central boss 93 extending upwardly
into the upper cylinder 91, 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 98 integral with the valve
stem 95 and reciprocable within the lower cyl-
inder 92. The lower end of the valve stem 85
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 84 are provided with an axial bore
99 forming a bushing for a needle {68 of the pilot
valve 81, and the lower end of the bors 99 is
counterbored and threaded to receive valve seaf
i0t and a plug 102 for retaining it. The valve

seat 101 and plug 102 have an axial passage 103 *

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 100 fits loosely that
part of the axial bore 89 within the lower central
boss 94 so as to leave an annular space (05 ex~
tending to the valve seat 18i, 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 98 and through a boss (06 on
a pilot valve piston 107 reciprocable in the upper
cylinder 91, terminating above the boss 106 in a
cone 108. 'The boss 186 has a pressed fit on the
needle 180 so that the needle is actuated recip-
rocably by movement of the piston 197 and may
be considered as functionally integral therewith.

Radial ports 10 in the lower central boss 94
connect the annular space 105 with the lower
cylinder 82 above the main valve piston 96 to ad-
mit high pressure operating fluid thereto from
the inlet port 28 when the pilot valve 57 is open.
The main valve piston 96 has a skirt { {1 grooved
on its exterior surface with a helical groove 112
which provides a restricted communication be~
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tween the upper and lower faces of the piston.
The cross-sectional area, hydraulic radius;, and
length of the groove (12 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 1 f bears,
has a plurality of notches or openings (13 in its
lower rim communieating with an annular space
14 between the lower rim of the upper casing
member 471 and the head of the lower casing
member 48, and the length of the skirt 11 is
such as to leave the notches 113 unobstructed
when the main valve 56 is seated and the skirt
{11 is consequently in its lowest possible position.
A vertical groove 115 on the inner surface of the
upper casing member 47 extends from the an-
nular space {14 to the head 49 of the upper cas-
ing member 41, forming a passage between the
upper casing member 47 and the lower lining
sleeve 88, the partition 88, and the upper lining
sleeve 89, connecting with one of a blurality of
notches or openings 146 in the upper rim of the
upper lining sleeve 89, similar to the notches 113,
and thus connecting with the upper cylinder 91
above the pilot valve piston {07. A radial pas-
sage {17 through the upper casing member 471
connects with an annular groove {18 on the ex-
terior surface of the upper casing member 41, and
the annular groove {8 communicates through a
radially inclined passage 119 in the housing 21
with an annular groove {20 on the exterior sur-
face of the control valve body 64 and thence
through a radial passage 12{ in the control valve
body 84 to the upper portion of the control valve
chamber 8% above the plunger head 73. The
acme thread 18 permits fluid communication be-
tween the upper portion of the valve chamber €8
and the annular space 17 around the control
valve stem 75 whence, as already shown, there
is communication through the radial passage 18
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
121 and below the annular space 67.

The upper cylinder 91 below the pilot valve
piston 187 is in communication with the annular
space 8T around the control valve body 64, and,
therefore, with the upstream side of the metering
orifice 74, by means of a notch 123 in the parti-
tien 88, an inclined radial passage 124 in the
upper casing member 47, an annular groove 125
on the exterior surface of the upper casing mem-
ber 47, and an inclined radial passage 2§ in the
housing 2, all interconnecting. Sealing rings
{27 are provided above, below, and between the
annular grooves 18 and 125 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 98, and the upper cylinder 81 above the pilo§
valve piston 167, and between the vertical groove
115 connecting these cylinders and the control
valve chamber 6%, are sufficiently large to main-
tain substantially equalized pressures throughout
the communication line, in view of the relatively
restricted helical groove (i2 and the small vol-
ume of flow possible therethrough. Consequent-
1y, the fluid pressures upon the lower side of the
main valve piston 96 and upon the upper side
of the pilot valve piston 1071 are substantially
equal, and are less than the fluid pressure at the
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main valve 56-—oF substatitially the drésstre upon
the upstieam side of the mietering orifice T4 when
the migiii valve 56 is 6pen=-by ai ametint equal t6
the pressure drops thréughe the pilot valve 5T
anid through the helicsl groove (FZ, aiid aré
greater during nermal operation than the fluid
pressure upon the downstrean side 6f the méter-
ing orifice T4 by aii amount équal to fhe pressuré:
drop through the acte thread 16, The fluid
presstire: upon the upper side 6f the main' valyve
piston 96 mdy equal flie pressure at the main
valve 56 if the pilot valve 81 is fully open, or may’
hedve some lower value due to pressuré drop:
through thie pilot valve 5T if that valve is' partly
closed, or may have a vdlue decreasirig’ to the
fluid pressure upon the: lower side of the mgin
valve piston: 9% if the pilot valve 5T is closed. The
ﬂuld1 pressure upon the lower side of the pilot

rlﬁee 'M any diﬁerencesbemg equahzed~ through
the connecting elements 123, 124 (25, and (26

A spring 129, bearing upon the lower side of
the main: valve pistonr 96 and dpon: the Iower
casing membeyr §8, acts in supplemenﬁatmn of the
fluid: pressure upon the lower side of the mdin
valve piston 96 and is: of sufficient strength’ tor
overcore the pressure drop: normally existent
through the helical grogve {12 and thus to hold
the main valve 56
hereinafter shown, the supplementary actionr of
the sprinig (2% may be overcomeé by increasing
the pressure drop® throush: the helical groove (2
above normal, either by 1ncre_asmg‘ the pressure
above the mzin valve piston 85 or by decreasing
of limiting the pressuve therebelow.

I a similar way, d-spring’ 130 acts’ upon: the

pilot valve piston' 0T But acts- to- urge the pilot-

valve to & closed p051t10n The head: 49° of the
upper casing member 47 has a recess 13'F which'
recelves a spring follower 32; and’ a- cup nieriber

33 is loosely fitted: over the boss 106 on the pilot:

valve plston {07 and hus o cohical recess (3% to:
receive'and bear against-thie cone 108 on the pilot
valve needle’ {00 The spring 130'is* ‘mounted be-
tween the: spring follower 13% and’ the yoke 133
s0 as to exert & downward, or ¢losing, force upon
the needle 100! To' compensate: for changes in
temperatuye’ i the operatmg ﬁuld i &8 manney
hereinafter explaitied, the' spring’ 180* ist of Bi
metallic construction; having an outer portmn
135 having a: relatively high coefficient of expan-
sion, stich as steel, and’an inner portion- {36 hav-
ing a relatively low coefficient of expansion, stich’
as invar metal, so that the outer portion 135"
changes in length' more rapidly than the inner
portion 186° with' chariges  of temiperature and'
tends to cause the spring to'wind up with increas=-
ing temperature and to unwind with- decreasmg
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: speclﬁc giravities, an’ adjustment-

serew 137 is'provided in' the head 49'of the dpper

casing member 4T, having a conical’ poitit 138"
which: engages: o' conical recess- 39 in: the spring’

follower 132, @nd: having a cap [40- which may
be calibrated- in: terms- of: specifie: gravity of the

operating fluid. By’ turning the admstment«

screw 137, the spritig follower™ (32 may be moved’

to' impart a greater or lesser initial loading to

the'spring 30:

T6 allow for disimage; when' it is desired’ to"
remove the contiol device as a unit, ot any of its’

operating parts; as best sHown i Figs. 5 anid'§,

normially open. As will be 8
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=Y dramége bore’ 4% i$ provided in the housing 2l
Having & drain pipe (44 secured to its outer end
by any suitable fittifigs afd leading t6 gny corni-
vénient pifs or récéptacles. A valve {45, seated
in & bore (46 of stépped dlameﬁer in continua~
tion of ¢he of the mgin flow passages 10, opens
arid closés communication between that main
fléw passage’ and the drainage bore (43 through'
& connectung passage f41, and comprises g tap
body 148 threadedly secured in the outer coun-
térbére of the bore 146, a valve stem 149, threaded
it an intérmediate counterbore of the bore (46
for movement therem 4 ball I50 movable by the

- F 5 | comp“essed By the valve body I48

The lowér céylinder 92 on the low pressure side
of the msin valve piston 98 is connected to the
space 52 between the lower casing member 48
and the' housing 2§ by an orifice 153 through the
lower casing miember 48, and the space 52 is in
farn conneeted by a vertical passage 154, shown
i Fig. 5, to an auxiliary control passage 155 in
theé lower portion of the housing 21. The fluid
pressure in the control passage 155 is, theréfore,
novifially the samie a§ the pressure on the low
pressuré sides of the main valve piston 96 and
the pilot valve piston 07 which are in ﬂuld com-
munication, as héreinbefore described. The
outér erid of the control passage {55 is provided
w1th a swivel fitting (56 and pipe connections
{57 which may connect the éontrol passage to a
pressure gauge 158, and which are also adapted
to: connect’ the: control passage to' & control de-
vice 159, shown diagrammatically in Fig. 8, of

. either manually opérated or automatlcally op-

érated type, by which the operation of the con-
trol device may be stopped or intermitted.

A presstire control valve (60 is- connected to
tHe infier end of theé control passage 155, as best
illustrated in- Fig. 6, and’ comprises a valve' Body
64 threadedly secured in a valve cylinder (62
formed: ini- the housgitig i and sealed therein by
a-sealing ring 163, an adjusting screw 164 movahbly
thréaded ini the valve' body (61 and sealed there-
in' by’ a- ségling ring 165 and: a- stuffing nut 166, 2

5 rozzle- [6TF thHreadedly secured in the lower end

of thevalve'body #61, and spring-loaded pressure~
reledse’ mechanism mounted: between: the ad-
justing- séfew’ 164 and the nozzle 167. The valve
cylinder 162 comMunicates with the auxiliary

" contrvl passage 155 by means of a bore (68 in

Which® theé! nogzle 16T is seated to form a fuid~
tight joint, and with the dramage bore 143 by &
passage 189. As‘best sHown: in Fig. 7, the nozzle
I67 hds: @n axial passdge: (10 and: an axial ex-
tetision: ¥ chamfered to- terminate in a knife~
edge valve' seat 112 annularly surrounding the
passage (10, An’optically flat valve head (78, of
hard mietal or sdpphire; is- held by a cap 114
which: His® o slidinig fit- on- the- axial extensmn

"% and s présSed asainst the valve sest l72 by

g:ctipy 175 whick: fits 1ocsély over the- cap’ 14 and
is* backed: B¥ a- spring 17186 reacting against a
spring” follower’ (T1 positioned’ by the adjustitig
sc¥ew 168 To cause even wear upon the valve
seat-1 T2 arid the vdlve head 173 and to Hold the .
various ' parts in axial alignmient, the cup (75 has
a’ conical’ poirit 178 bedring against the rim of
an axial onﬁce {19 id cap 174 and the adjust-
ing" strew 164 Has 2 conical point {88 engaged
by a moie obtuse conical recess 181 in the spring
follower (17. A m1c10meter type thimble (82 is
securéd to the upper “enid of the adjusting. screw
164 by o set S6Tew 183, to register with a cahbrat-

ed skif't” 184" seciiied o the valve body (61 by a
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set screw 185. The thimble 182 and skirt 184
may be calibrated in pounds per square inch or
any other convenient units.

The cap (74 has radial ports 186 at the level
of the chamfered portion of the nozzle exfen-
sion 171 admitting fluid which has passed be-
tween the valve seat {72 and the valve head 1713
to the interior of the valve body 16i. A hole 187
in the valve body 16{ communicates hetween the
interior of the valve body and the valve eylin-
der 182 whence there is open communication to
the atmosphere through the passage 189 and the
drainage bore (43. By turning the adjusting
serew to impart a loading to the spring 176, the
pressure in the auxiliary control passage (55
may be limited to a desired amplitude, indicated
by the micrometer thimble 182 and skirt 184,
with surplus pressure being vented through the
drainage bore 143.

An auxiliary utility connection is provided as
shown in Figs. 5 and 6 by a valve 188, similar to
the drain pipe valve 145, in a vertical bore 191
which connects with a horizontal passage 192
communicating with the valve chamber 69 of the
control valve 85 below the metering orifice 14.
The horizontal passage 192 is closed at its outer
end by a plug 193. A ball 194, movable by the
valve §88, controls the flow of fluid from the
vertical bore {91 to a discharge port 195, 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 ¢f my control device, the con-
trol valve 85 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 fuid 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 thimble 82 is made
with reference to a certain pressure differential
which may be termed the normal operating pres-
sure differential. Changing the setting of the
control valve §5 so that the thimble §2 indicates
an increased pump output of, say, 50 barrels,
affects an inerease in the opening of the metering

orifice 74 to permit passage of operating fluid .

sufiicient to cause the pump to pump 50 addi-
tional barrels per day at the same normal oper-
ating pressure differential as previously existed.
The coperation will be best understood by refer-
ring to Fig. 8. The manifold section 29 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 24 is fully opened to the inlet port 28 and as
the main valve 56 is normally held open by the
main valve spring 23, high pressure operating
fluid flows from the manifold section 28 through
the main flow passages 79 and the metering ori-
fice T4, impressing a fluid pressure differential
across the latter.
of this pressure differential is communicated to
the lower, or high pressure, side of the pilot valve
piston 107 through the group of passages includ-
ing the inclined passage 126, and the low pressure

The high pressure component
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-device is in a state of equilibrium which may be
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component thereof is communicated through the
group of passages including the acme thread 76
to the radial passage 117, the vertical groove {15
and the notches {{6 and thence to the upper, or
low pressure, side of the pilot valve piston 107,
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 155 where it may be registered on the gauge
{58 or be limited by the remote control apparatus
189 or by the pressure control valve 152,

When the valve 22 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
78. The pilot valve spring 138 is adapted to with-
stand a pressure differential across the pilot valve
piston (27 of slightly less amplitude than the
normal operating pressure differential across the
metering orifice 74 and for the moment the pres-
sure differential across the pilot valve piston is

excessive hecause of the low fluid pressure on the

low pressure side of the piston. Consequently,
the pilot valve piston 187 moves upwardly and
the pilot valve 57 opens and admits high pressure
operating fluid to the upper, or high pressure,
side ¢f the main valve piston 86 through the
grcup of passages including the passage 104. A
pressure differential is thus impressed across the
main valve piston 28 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 thereacross is reduced to the
normal operating pressure differential. In doing
s0, 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 107. At the same time there is a flow of
fluid through the helical groove 12 to increase

‘the fluid pressure on the low pressure sides of the

main valve piston 96 and the pilot valve piston
187. Both of these actions tend to restore the

‘pressure differential aeross the pilot valve piston
107 to the equilibrating amplitude at which the

pilot valve spring is eapable of holding the pilot
valve 57 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

107, 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 across

‘the pilot valve piston 187 is created and trans-

ferred thereto by the normal operating pressure
differential across the metering orifice 74 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 126, and the low pressure components vary
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only by the pressure drop through the acme
thread 76. The pressure drop through the acme
thread 716 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 112 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 57 is either closed or in
equilibrium, and as the degree of opening of the
pilot valve required to increase pressure above the
helix {12 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 {87 either are equal or differ by a very
small and normally constant amount and the
difference may be ignored. Loading the pilot
valve spring {38 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
cireumstance changes the pressure differential
across the metering orifice 74, when the pilot
valve 51 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 14. 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
16 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 reducéd or cut off.

As is best illustrated by the diagrammatic view
of Fig. 8, the main valve piston 96 is in a flow
¢hannel which parallels the whole length of the
main flow channel of the metering device from
the inleét 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 funection 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 & 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
mémbers. But with a metering orifice, as in the
present invéntion, 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 vossible variations in this over-
all pressure drop, the forces reguired to operate
the main valve may be largely due to both frie-
tioh and unbalanced areas. It is, therefore, de-

“sirable under some conditions to have the pres-
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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 volume 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 fo the con-
stant temperature there prevailing. The bimetal~
lic pilot valve spring 130, 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-
trol device, and so holds the pilot valve 57 slight-
ly more closed and, consequently, causes the main
valve 55 to open slightly wider for a given pres-
sure differential across the metering orifice 74.
This is the equivalent of increasing the normal
operating pressure differential across the meter-
ing orifice 14 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 55 to produce an equilibrating rate of flow.
Thus, the bimetallic spring {38 serves as a
thermostat means for automatically shifting the
level at which the pressure differential across the
metering orifice 14 is maintained, the pressure-
differential level varying directly with tempera-
ture, or inversely with specific volume. It per-
mits 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 {37 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 14 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 57 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 conirol 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 (30
and thereby to increase the level of the normal
operating pressure differential at which the pilot
valve 571 and main valve §6 are held in equilib-
rium. With the main valve 55 held open to im-
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 grayity 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 188, and as this passage communi-
cates with the low pressure sides of the pilot valve
piston 167 and the main valve piston 8§ and also
with the low pressure side of the metering orifice
74 through the acme thread 7§, 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 178 is
loaded appropriately by adjustment of the ad-

justing screw 164, 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 corapcnents
of the operating pressurzs differential across the
metering orifice 74 and of the equilibrating pres-
sure differentials across the pilot valve piston 197
and acress the main valve piston 8%, will be held
to the desired limit. Any further incresse in
the high pressure componenm of the pressure
differential across the metering orifice 74 and the
pilet valve piston 187, which are of the same mag-
nitude, will extend these differentials beyond
their normal and equilibrating amplitudes and

so cause the pilot valve 57 to open and to cause 3

closure of the main valve 58. It will be seen t 1a+
the main valve is made abnormally sensitive
to closure by the limit imposed on the fuid
pressure against the low pressure side of iis

plsfon 98 and that any material flow through the :

pilot valve 57 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 {80 and part of it will
pass through the acme thread 76, there will be
very little waste to the atmosphere. The action
cf the pressure control valve 188 effectively cuts
off the supply of operating fluid and stops the
fluid operated pump if, for any reason, the pres-
sure at fhe inlet port 28 continues to rise after
the pressure at the discharge port 3% has reached
the limit imposed by the valve.

The pump may also be stopped or otherwise
regulated by control devices ccnnected %o the
auxiliary control passage {85 through the pres-
sure gauge pipe connections {57. For example,
if it should be desired to operate the pump inter-
mittently to allow the well to fill or a receiving
tank to empty, a timing device may be employed
to open the pipe connections {87 to low pressure
at intervals as required, and such a device may
be stationed remotely at a convenient central con-
trol point from which a group of wells may bs
controlled. Opening the pipe connection {57 4o
low pressure will at once upset the equilibrium
on the pilot valve piston 187 and the main valve
piston €8, causing the pilot valve 57 to opsn and
the main valve §% to close, but the loss of oper-
ating fluid will be limited to the small amouni
passed by the pilot valve as further restricted by
flow through the helical groove (2.

Various devices may he connected to the pipe
connections 188, as shown in Figs. 1 and 2, so as
to draw operating fluid from the low pressure
gide of the control valve 85 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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‘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 itseif

Various modifications in the arrangement of
the cooperating parts of my invention will be
-apparent to one gkilled in the art and such modi-
fications do not depart {rom the spirit of my in-
vention, nor do changes in areas and resistances
altenng 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 embodiment shown and described,
but desire to be afforded the full scope of the fol-
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 therefrom, 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; meang 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 saig 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
bassage; 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
bassage; 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
pressure-limiting
means for limiting the low pressure component of
said pressure differential to 3 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 fluld 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 fuid pressure dif-
ferential due to variations in the specific gravity
of the fluid. . -

3. In a device for regulatlng 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
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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 differential 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 saigq 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.

10

20

25

30

40

50

55

60

65

70

16

9. In a device for regulating flow of a fluid, the
combination of: g 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
saild main valve for moving it between its open
and closed positions; means providing fluid com-
munication between opposite sides of said fiuid
separating means and spaced points in said aux-
iliary passage; and valve means actuable by said
pressure differential for reguiating 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 g 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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