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) &
lgridvention - relates to' metheds' of iand ap=:
paratus’ for hydraulic pumping; and! more: pars:
tieularly to o method: and:governing dpparatus:
for: controlling: the operatioin: oft fluid-operatad.
purwsin wells and othet bodiés of. liquid having:
quickly varigble fluid. levels.

VWhileimy-ihvention hag particular application
to-the ofl industry and will be described incon=
n‘e‘ctiozii*;with» useiln that:industry, it is o be un=-
desstcod that T donot intendto b limited . to. that
pa,rt'cular usél as ebviously:the invention may:be:
applied to other indstriesand usages:in which: i&
is‘desivakletto.cperate o plimpitoimaintain e flltid
level bétwien: predetermined:. limits,

arilyy includes ai fluid: motor with. a - pumip:
cpsratively  connscted - therete : adapied: to
purapoil; or’other well fiuid; from the. well up:
through o production tubing: leading to the:top
ofithe welll For actusting the fluid mbtor; opers
ating fluid such as oil is: pumped under- rela-
tively:high pressurefrom:the top ofthe well downw
wardly throughsaisupply tubing:which connects!
toctherfluid mctor:. Such fluid:operated: pumpsi

areiordinarily opérated-at relatively great denths 25

inroil wells, utider-conditions which:are not-obs
servable:from: the ground: surface and which may:
produce fuctuation in'the'pumping. load,. causs

gt

the pump to rdace-when theload. lishtens: and:

todineur: hydraulic:shock when!the pump:is: pare :

tlally-Glling withifiuldr 'To prevent racing;.shoeek;
gnd: other: detrimental effects; such asireversed:
hydraulicipressuresurges forcing production: fluid
intothe: working parts of.the pump; and the: fluid

motor, a ‘governor’ mechanism may: be: provided, :

in'the supply. tubing: conveying operating: fluid. tor
ke pump which will immediately control.the rate
cf: flow to the 4nid motor and:prevent:it-from
exesoditigrarsafe limit of- speed:: In my-Patents
W :2:118,736; issued June+7;.1938; for “Governed
Fluid.Operated Pump?; No::2,118,737; issved/ June
1838;. for “Sysierm:of Operating: Fluid:: Opr
erated Pumps’®; andiNo. 2;266,356, issued Decem=
for “Autogmatically:. Governed Pump:
losed ghvernors:for-controllingthe rate
alfiow of opetfating fuid, which-are respensive: to
changes-of vaterof fowrcl ‘the -operating Huid: to
effeet such control,.such rate of-fow being imturn:
related-to-the pump:load.

Acommen-cause: of chianges:in:the pump load ;

islowaring of-thie-Auid-level inthewell casing:to
the: point where:gas:entersthe pump, with -the
fuid or instedd offuidy. Thiswill cdusethe purip
toraceumless s6fe mechanism stich/as a/governos
intervenes to: reduce: the  fgw of theoperating

¥

uid operatedd pumps: for use: in'. deep) wells: !
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fIiige tor thespumpt. - Governors-of the type de-
inimy. abovesreferred tovpaténts act:re-
sponswely to -thie’ effeet upon ‘the governor: pro-
duced by arr-ineregsed:rate’ offlow of: operating:

& fiiidborthiel pump rather than responsively to' the:

caigse of stchiinereased: ratesof flow; and: conse~
guently; cannot. be: effective; until: the: flow in-
créeass and racing ofthe pump:is actually started;.
which may bes detrimental-to:the  mechanism: of:

P the pump or'tos the operation-of the- pumping:

systemy -

It igitheréfore! o 'primpry puipase’ of my-inven=:
tion toprovide s method ofhydratlic pumping-in
whichi{he rate ofs operation of a-fluid-operated:

¢ pump: is:controlled: in aceordance: with ‘the' depth;

cf:thediguid:availableito bepumped so.as to pre-
veht thavdepth from-falling:below o desired mini-
haaibive sty ‘

It is another purposecf myinvention to provide:
a-flew governing: dévicerfor the:opserating:fluid: of
fluidioperated pumps which is responsive directly:
to:condibions affecting the operation of the:pump-
and: so dsveffective:'te: control the: opergtion -of
thevipumpi-before such- chhditions: can.-produce:

- detrimnentaliefécts:

It is-afurther-purpose:of: the‘invention to pro-
vide a fluid flow governor responsive-to the fuid:
level ircigiwell to control-the pumping-rate-of a
hydiauiic pump wheni the-fiuid level in-the well
reaches ‘a predetermined: point..

Itiis.ahother purpdserofimy.invention to provide
asfiuid- flowrgovernor: for a-fluid: operated- pump:
which:will:prevent the pump:from being-operated:
at-a speed-ini-excessof: the..capacity of :the-well

- andlthus:prevent:the:bump: from ‘pumping-: gas:

with attendant-damage: to the-pump-parbs:

Still another purposeof my-invention-is to pro-
vide: a-fluidiiflow -governer-of the- class described:
in which & vdlve controlling-the flow. of operating
fluid.-is: pilot~-operated by- a-fluid-level actuated
valve:and:is-therefore-very:sensitive to fluid - level
changes: -

A further-purpese: of my inyension:i 18 o prov1de
& governor of the class described: having.a Sylphon
clement-which:-may-be- -precharged.fo be .zespon-
sive-to.a:predetermined. fluid pressure.in the well
and-which is:connected to-a pilot valve which in
turn.-governs:the-operation- of a main valve; so
that-when:the -well: pressure -exceeds the prede-
termined. pressure; - the- pilot. valve will: be held
oper-ghdwillin-turn-hold-the-main valve open.

Another-purpose of my-invention is to.provide
argavernor-of-the: class-described:- having. a:-Syl«
phéh : controlled: valve which:- may. be- readily
chirged toi-any -desired: pressure and- which- is
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made in a unit assembly readily interchangeable
with other units set for different pressures for
operative connection to a fluid flow control valve.

Still another purpose of my invention is to pro-
vide a governor of the class described having a
side passage communicating between a Sylphon
element within the governor and the well bore
and having means for sealing the operating fluid
supply line from said passage.

Other ohiects and advantages will appear in the
following specification and in the drawing, in
which:

Fig. 1 is a diagrammatic utility view, partly in
section, of my invention installed in a well;

Fig. 2 is a vertical sectional view of the gov-
ernor of my invention showing the valves in their
closed position; and

Pig. 3 is a horizontal sectional view taken
cn the line 3—38 of Fig, 2, and on a reduced scale.

Referring to Fig. 1 of the drawings, I show a
well casing {8 perforated at its lower end as is
common in the art to permit well liquid to flow
thereinto from the well formation, and having
a casing head {{ provided at its upper end. Sus-
pended from the casing head !{ is a production
tubing 12 having secured at its lower end an inlet
check valve member {3 provided with an inlet
opening (4§ communicating with a cenical pump
seat 15 adapted to receive in seating relation the
lower tapered end of a fluid operated pump 6.
The inlet check valve member {3 is so arranged in
the inlet opening {4 as to permit well fluid to fiow
through the inlet check valve member into the
fluid operated pump but to prevent a reverse fiow
thereof. The fluid operated pump may be of any
suitable type, but I prefer to use a fluid operated
pump such as is shown in my above Patent No.
2,119,736, to which reference is hereby made for
the details of constiruction thereof.

Tor illustrative purposes, a body of well liquid
i7 is shown within the well casing {8, having a
surface level 18, and it is will be understood that
the liquid {7 is to be pumped by the pump {6 and
that the surface level {8 will vary in height above
the inlet opening {4 according to the relative
rates of influx through the well casing 18 and of
output of the pump 16.

Connected to the upper end of the fluid oper-
ated pump 5 is an inlet tubing {9 to which is

connected the flow governor 28 of my invention ¢

at a height normally below the surface level {&.
Connected to the upper end of the flow governor
20 is a string of power tubing 2{ which extends
through the casing head {{ to a surface pumping
mechanism 22 of any suitakle type adapted to
pump an operating fluid, such as clean oil, under
high pressure downwardly through the power
tubing 21, the fow governor 20, ang the inlet tub-
ing 19 to the fAuid operated pump 16 to actuate
the same. Also connected to the casing head i1
and communicating with the production tubing
{2 is a discharge pipe 23 adapted to convey fluid
discharging therethrough to a point of discharge
or use (not showny.

A special coupling 24 connects upper and lower
units of the production tubing {2 at the level of
the flow governor 28 and has, between said upper
and lower units, an inwardly extending thickened
portion 25, forming a guide surface 26, of suffi-
cient diameter to allow the pump {8 to pass down-
wardly therethrough to rest upon the conical
pump seat {3, and fitting slidably upon a housing
27 which encases the hereafter described mem-
pers of the governor 25. Vertical passages 28 in
the thickened portion 25 of the special coupling
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24 connect the interiors of the upper and lower
units of the production tubing {2 and permit the
pump {8 to pump well liquid upwardly past the
housing 27.

The housing 27 comprises an upper coupling
member 28 threadedly secured to the supply tub-
ing 21, and a lower coupling member 33 thread-
edly secured to the inlet tubing {8, the coupling
members 28 and 38 being threadedly secured to
each other and being externally proportioned to
fit elosely in the thickened portion & of the
special coupling 24. The upper coupling mem-
ber 29 has an internal bore 21, in the upper part
of which is disposed a eylinder 32, housing a bel-
lows element 33, of the type known as 2 Sylphon
and lengitudinally expansible and contractible in
response to decrease and increase of external
pressure. The lower coupling maember 33 has an
internal bore 348 housing a cylinder &3 propor-
tioned externally to leave an annular passage 36
between its outer surface and the inner suriace
of the coupling member 0 and having an exten-
sion 87 by which it is threadedly secured in the
lower part of the bore 31 of the upper coupling
member 28. A cylinder head 33 is threadedly
secured in the lower end of the cylinder 35 and
is provided with an extension 39 closely fitting
within a guide collar 49 formed on the inner sur-
face of the lower coupling member 38. The guide
collar 48 serves to keep the cylinder 35 in align-
ment within the bore 34, to maintain uniform
width of the annular passage 36.

The bellows element 33 is secured, as by solder-
ing or brazing, to a head 4! which is threadedly
secured to the cylinder 32 and to the upper cou-
pling 29 and is provided with a nut extension 42
by which the cylinder 32 and the bellows element
25 contained therein may be detached from the
housing 27 by application of a suitable wrench.
The head 41 has a bore 43 provided with a check
valve chamber 44 in which is a ball check 45, and
the hore is closed by a screw plug 46, which may
be removed to permit the bellows element 33 to
be filled with gas to a desired pressure, the ball
check 45 retaining the gas while the plug 46 is
being replaced. A#f its lower end, the bellows ele~
ment 33 is secured, as by soldering or brazing, to
a plunger 47 proportioned to provide a working
space 48 within the cylinder 82 to rermit expan-
sion and contraction of the bellows element 33.
The plunger 47 has secured to it a valve stem 48
of a needle valve 5§ which extends downwardly
through an orifice 5i in the bottom of the cylin-
der 82 and through a bore 52 in the extension 37
of the cylinder §8. The needie valve 38 is thus
removable from the housing 27 along with the
bellows element 23.

The cylinder §5 has a central boss 53 extending
downwardly thereinto and has a bore 54 com-
municating with the bore 52 and connected there-
with by a restricted orifice 55 which forms a seat
for the needle valve 88. The lower portion of the
bore 52 forms a valve chamber &8 around the
needle valve 59 and is connected to the interior
of the eylinder 35 by passages 87.

A cup~-shaped main valve piston 58 fits slidably
within the cylinder 38 and has a depending ex-
tension §9 on its lower face forming a stem for a
main valve 60 of the poppet type extending
through an opening 61 in the cylinder head 38.
The main valve 60 is secured to the extension 59
by a retaining nut 62. The extension 59 has a
bore 63 communicating between the lower face
of the main valve 60 and the bore 54, the main
valve piston 58 being provided with an upwardly
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extendingrguidézcoliar: 64 which: fits; stidably onu
thetboss 58 0f thercylinden.358.. ThHesextensioni30s
of theeylindsrhead:88:hasarmainidischargepass
sage EBufittedr with axvalve seat 68.for thermain:
valve 680 ands communicating batween 1o valvey
chaxber 81 invthe lower: portionvof thssopening:
6% anl thevinlet tubing - 19, . Latersl passages. 63+
cominunicate - between: the: annnulary passage - 38+
and the valve chamber§7; and. a: plurality of vers
ticalpassages 8% initheuppericoupling member 29
communicate: between the supply thbing: 24rands
theannular-passage 38; tHus providing aithrough:
fiow: channek from: the: supply: tubing: 245 to: the:
inlettubing: 197 controlled: by the msin valte 68%
Toprevent leakage past the main valve 80 tHeas
extensicns: 39715 providedrwitht o sealing: rifig: 19+
bearing against the guide collar: 48 'of 'the 1owes-
coupling:mermber §9%.

The: extension 39t 'of the:maih ‘valve-piston-§8*
Hits:loosely - within tHe‘opening: €1-of ‘tHecylindsr
head 88 =0 ag to provideéran-annulay channeal 74
leading front the valve -chamber 67 to the- intéricy:
of“the‘cylinder 35:below the. piston-§8; THe piss-
ton: B8.is provided with ayrestricted orifice T2: thus
providing aby-pass-around the: main valve 68 by
way of the upper:portion-of'the cylindsér 35, pass-
sages B3, the needle valve-chamier 55, orifibe3%
and bores 52 and 83" 'The orifice 7% provides o
restriction in“this‘bypass; se that opening of ‘the-
needle valve 50 will establish a- limited fow of
uid through the! by~pass, and this: limited: Sow~
will'set ‘up s pressure gradient acting on4hie pigs-
ton 5@ tending to move it ‘upwardly: 'The piston-
§8is urged downwardly; ténding to'hold the'main:

valve §biclosed] bya sbring Tehearingagainst the 35

top of the pistor and againstthie upper portion of”
the cylinder 357 ‘

The eylindeér-327is provided with' o plurality-of
radial - openings’ ¥4 which communicate with™

radial passages: 15 in"the upper coupling mem- 4

ber 28, A relatively wide -annular-channel 716 is'
formed in therouter surfdee-of the upper coupling .
member 29, with' which the-passages 15 commiu=
nicate, and a plirality-of’ radial passages 17 in
the:special coupling - 28 compilete - the channe!
through ‘which liguid’inthe well casing (¢ may
enter-the- eylindér-321° Thus; the: fluid' pressure
insthe 'well at the-level'of ‘the passages 17 is ims=
posed ‘upon'-the- exterior of“ the bellows elentent
3% 'The annular chanrel T8 provides some las~
way in: the vertical placement of ‘the Kousing 21"
relatively to the special coupling: 247 in s zone
determined by placement of tHespump 'i§ on the
conical pump: seat {8 and by’ ths length of the-
inlet tubing-19. To isolate the radial passages T8
and 77 from the upper and lower units of the pro-
duction tubing {2, which will contain liquid ai a.
higher pressure than the pressure” in the well
casing 18, the outer surface of the upper coupling .
member 29 is provided with grooves. 78 albove and
below-the annular channel 78; and the grooves:
18- are provided with sealing rings 7% which’ seal .
the housing 27 o the special coupling 24" whila..
pevraitting relative-vertical movement thereof.

Prior to installation of the governor 28 in the
well, the vellows element 33 is"charged with gas
through the check valve 44 to suclr pressure that
it will resist compression until the external pres-
sure-to which it is-subjected is the pressure de-
veloped hydrostatically by a cclumn of liguid in
the- well casing- 18 attaining a desived Height
above the level of the passages 17.

In operation; and ‘when.the governor. 29 is in--
stalied In" the well as shown In Fig. 1, when. the..
surfacelevel of thie liguid.in. the well casing. 10-is::

10
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757 pump;.{ 6; sufficientt. to- provide s, hydrostatic press.
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at:ashelghtrereater-than: the:desited:height- fon:
which: ther bellows:: element: 33+ is : chazged the:

pressure .of the well liquid:entéring: thereylindér

32! through: the radial passages:171;.channel: T8;.
and:radial passages:15 'willtcompress'the: bellows
elentent: 33 and” causerit tosraiserthe:plunger 47

and:valve.stem: 4950 whichs theneedle vilved 59 isa
secured::. The needlevalve 59:willthustbeirgised:
fromuitssseat: in' thesorifice:85; permitting hizgh:

pressuresoperating:funid: to Howfron: the power”
tubing 21, passages 69, annular passage 38, lati-

eral passages: §8; and valvechamber: ¥, thicugh

the byspasstcomprising theannular channel ;.

thelower portionitof: the:cylindér’ 35;. orifice: 125

- upper: portion:.of: ther cylindeér: 35;. passagess BTy

needle valve chamber 86, orifice 55 and bores:54:

and €3, to the discharge:passaige 85 and thence
torthesinlet tubing (8tand the putap. 18 Flow-of

theshigh!:pressure fluld from:the:lower: pertion:-

of theicylinder 35 to thie upber: porticn: thereof!
through:theorifite T2:will create a pressure gradia

ent acrossithe piston58; ténding tocause the pig~:

ton: to’ rise: againstithes resistance of ' the'spring.

T8 and torralserthe main valve 88 from the valve:

seat: 68 This will.permit the'high-pressure op=-

erating: fluid to: How: directly: froms the': valve

chamber §¥:to the: pump: 6 and cause:the pamp:

to.operdte: Liguid is then pumped ffom. the well.

casing {0 through  the production’ tubing 12:to"

the: discharge pipe23; theliquid:passingraround:
the governor 29 throughithe; passages 281 in-the:

special coltipling 24

Conversely; when the:surfaceslevel (87 of the:

liquid inthe well casing 18 falls: belowsthe  de=

sired height corresponding to-thesinternal press-

sure: invthe bellows:element:33; the:bellows. ele-

ment will expand, causing the'needle:valve:58 to:
closerand:to:cub.off the:flowrof operating: fiuid:

through:theabove described bypasss Hydraulic:.

pressure-on:the:faces of the pisbon: 58 will then.

be:'equalized, and: the.spring 13; will ove: the’
piston. downwardly; closing: the main: valve: §8-
and:cutting-off. the ;supply 0f opsrating:fiuid to

theipump:i6:;

As‘a bellows:element such asis herein described.

expands.and-contracts responsively to.changes in
the: pressure differential. orr. its ‘external. and in-

ternal surfaces occurring over:-a. predetermined:

range:.rather than at a predetermined degree; the

liftingand lowering:of the-needlé valve 58 will’
not- be: abrupt; but will' be. gradual, féllowing-

chianges ‘in*the-height' ofthe’ liguid in' the  well
casing 10 aboverthe passages 17, Cénsequently,
the-flow throughthe orifice 12 will be gradually.

changed, the" resultant pressure gradisnt across.

the piston 58 'will gradually change, and the main .

valve 60" will be. raised and. lowered. gradually,
The supply of operating fluid to.the pump 1& will

therefore be regulated. to. maintain the- pumn: at.

an.operating speed.tending -to: pump liguid. from

the..wellcasing: {0 at-the:same: rate: that dguig:

flows into the:casing and.to maintain: the hydro=
statie:pressure-at the-radial passages 17 siibstan~

tially-constant so:long: as:the inflow:of Houid: into"

the well casing:is constant: Any.increase inthe .
rate of inflow of liquid: into the:weli casing will..
permit an-increased flow-of ‘operating: fluid to.the.

well. pumyp: 18 and.a corresponding inerease i the .
‘rate.of -pumping; and:a: decrease in.the rate.of

inflow. will .cause- g corresponding: decreass: in-
the rate:of pumping; even to the point.of shutting:
down.the pump.. Liguid-in the:well-casing: 1§ is-
thus- always. maintained: at: avheight:aboverthe:
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sure-head on the pump and to prevent the pump
from pumping gas and consequently racing.

The cylinder 32, bellows element 33, needle
valve 50, and head 41, form a unit which is
readily removable from the upper coupling mem-
ber 29 by unscrewing the head 41 from the mem-
ber 29, and may be replaced by a similar unit
charged to any desired pressure, or may be
adjusted to any desired pressure by admission or
release of gas through the check valve chamber
44,

Various possible changes in the arrangements
and proportions of the parts and passages of
my invention will be apparent to any person
skilled in the art and do not depart from the spirit
of my invention.

I claim as my invention:

1. In a fluid operated pumping system for wells,
the combhination of: a fuid operated pump
adapted to be instailed in a well; power tubing
communicating with said pump and adapted to
convey operating fiuid under high pressure down-
wardly through said weil to actuate said pump;
production tubing communicating with said pump
and adapted to convey the discharge from said
pump upwardly through the well; a fluid flow
governor disposed in the line of said power tubing
and adapted to control the flow of said operating
fluid therethrough; and pressure respensive

means for controlling the operation of said gov- 3

ernor in response to variations in the level of
liquid in the well, including a fluid passage com-
municating between the interior of said governor
and the exterior of said production tubing at a
point adjacent to said governor.

2. In a fluid operated pumping system for weils,
the combination of: a fluid operated pump
adapted to be installed in a well; power tubing
adapted to convey operating fluid under high
pressure downwardly through said well to actu-
ate said pump; vroduction tubing concentric
with said power tubing and adapted to convey
the discharge from said pump upwardly through
the well; collar means in the line of said produc-

tion tubing and having a lateral fluid passage |,

communicating between the interior and exterior
of said production tubing, said colar means also
having a longitudinal passage communicating
between the upper and lower ends thereof so as
to permit said pump discharge to flow upwardly
therethrough; and a fluid flow governor disposed
within said collar means and connected in the
line of said power tubing and being adapted to
control the flow of said operating fluid there-
through, said governor being provided with a
fiuid control passage adapted to communicate
with said Iateral fluid passage to permit the
entry of well fluid into said governor.

3. In a fluid operated pumping system for
wells the combination of: a fluid operated pump
adapted to be installed in a well; power tubing
adapted to convey operating fluid under high
pressure downwardly through said well to actu-
ate said pump; production tubing concentrie
with said power tubing and adapted to convey the
discharge from said pump upwardly through the
well; collar meang in the lihe of said preduction
tubing and having a lateral fluid passage com-
municating between the interior and exterior of
said production tubing, said collar means also
having a longitudinal passage communicating be-
tween the upper and lower ends thereof so as
to permit said pump discharge to flow upwardly
therethrough; a fluid flow governor disposed
within said collar means and connected in the
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line of said power tubing and being adapted to
control the flow of said operating fluid there-
through, said governor being provided with a
fluid control passage adapted to communicate
with said lateral fluid passage to permit the
entry of well fluid into said governor; and fluid
sealing means disposed between said governor and
said collar means on each side of said fluid con-
trol and lateral fluid passages.

4. In a device adapted for connection to a pair
of concentric tubings, the combination of: collar
means adapted to be connected to the outer one
of said tubings, said collar means having a iat-
eral fluid passage therethrough and having a
longitudinal fluid passage therethrough com-
municating between the upper and lower ends
thereof; and a fluid flow governor disposed with-
in said collar means and adapted to be connected
to the inner one of said tubings, said governor
being adapted to control a flow of fluid through
said inner one of said tubings, said governor be-
ing provided with a fluid control passage adapted
o communicate with said lateral fluid passage.

5. In a device adapted for connection to a pair
of concentric tubings, the combination of: collar
means adapted to he connected to the outer one
of said tubings, said collar means having a lateral
fluid passage therethrough and having a longi-
tudinal fluid passage therethrough communicat-
ing between the upper and lower ends thereof; a
fluid flow governor disposed within said collar
means and adapted to be connected to the inner
one of said tubings, said governor being adapted
to control a flow of fluid through said inner one
of sald tubings, said governor being provided with
a fluid control passage adapted to communicate
with said lateral fluid passage; and fluid sealing
means disposed between said governor and said
collar means and adapted to form a fluid-tight
seal therebetween both above and below said
fluid contrel and lateral fluid passages.

6. In g governor for controlling the rate of flow
of operating fluid to a fluid operated pump
adapted to operate in a well below the surface
level of a body of liquid to be pumped and hav-
ing a production conduit for said liquid and a
supply conduit for said operating fluid, the comt-
bination of: main valve means for controlling
the rate of flow of operating fluid through said
governor; pilot valve means for causing said
main valve means to open and to close; and
means responsive to fluctuations in the surface
level of said body of liquid in the well for ac-
tuating said pilot valve means, including an ele-
ment connected to said pilot valve means and
exposed to said body of liguid.

7. In a governor for controlling the rate of
flow of operating fluid to a fluid operated pump
adapted to operate in a well below the surface
level of a body of liquid to be pumped and hav-
ing a production conduit for said liquid and a
supply conduit for said operating fluid, the com-~
bination of: main valve means for controlling
the rate of flow of operating fluid through said
governor; pilot valve means adapted by opei-
ing and closing respectively to cause said main
valve means to open and to close; and means
responsive to fluctuations in the surface level of
said body of liquid in the well for opening and
closing said pilot valve means, including an ele-
ment connected to said pilot valve means and
exposed to said hody of liquid.

8. In a governor for controlling the rate of
flow of operating fluid to a fluid operated pump
adapted to operate below the surface level of a
body of liquid to be pumped and having a pro-
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duetion -conduit - for rsaid - liguid and sa :supply
conduit:for:said.operating fluid, the combination
cf: armain valve for-controlling. the flow. of.op~-
erating fiuid-through said governor; means form-
Inga hy-pass:for by=passing said-fluid: past said
mizin valve; means:responsive -to flow:.of -said
fluid through said by-pass for-cpening:said main
valve; :a.pilot valve -adapted to..contrel the fow
of:said:fiuid through said by-pass; and pressure-
actuated means responsive .to ‘hydrostatic pres-
sure in:said body of liguid and-operatively.con~
nected to said pilot-valve: for opening-said pilot
valve in response to an increase in said -hydro-
static pressure.

;9. In a governor .for controlling the. rate.of
flow -6f-operating. fluid .to. a -fluid. operated .- pump
adapted to-gperate below the surface .level.of a
hody . of liguid to be pumped-and having a.pro-
duction conduit for: said .liquid -and :a supply
conduit for said operating fluid, the combination
of 1 a-main valve for controlling.the. flow-of -op-
erating- fluid throygh said. governor; raeans:re-
sponsive to.the.establishment of .a-limited: flow
through said gcvernor for ;opening -said main
valve; a pilot valve adapted to establish.a Jimited
flow vof said fluid through saild-governor; -and
pressure-actuated means-connected to said pilet
valve and responsive to an -inecrease.in hydro-
static pressure in :said body of liquid to .cpen
said pilot valve-and. responsive to-a decrease in
said: pressure 1o -close said pilot valve.

:10.-A-governor for controlling the.flow in the
fluid-supply-line of:a fluid.operated pump. adapled
to be-immersed in a.body of liguid to he pumped,
including: two valves for regulating the flow of
said pressure.-fluid-and so arranged that the.flow
therethrough is in.parallel, one of said valves be-
ing adapted to ‘be opened by:the establishment
of flow in the flow channel of the-other of .said
valves; -a bellows-element operatively connected
to said other of said valves, and responsive t0.an
increase and a.-decrease in hydrostatic pressure
in said ‘body of liquid-within :a predetermined
range for respectively opening and closing said
other valve; and_passage means ecmmunicating
bhetween-said bellows -element and said body of
liguid to be.pumped for communicating the.pres-
sure'in said body of liguid to said béllows element.

11, A governor for-controlling - the flow in the
funid-supply line of 2 fluid opsralad pump adapted
to be immersed in a bedy of liguid to he pumped,
including: -a main valve for controlling the flow
of .operating fluid through said governor;.means
forming .a.-by-pass for by-passing szid fluid past
said main valve; a piston in.said by~pass.opera-~
tively .connected to sald main valve and:adapted
to. open said main valve responsively to a.prede-
termined fuid pressure drop. in said by-pass;
spring means urging said main valve towards its
closed position in counter-action to said pressure
drop; .a pilot valve in said by-pass adapied to
reglilate said oressure drop;. a hellows element
operatively connected to said pilot valve for open~
ing and closing said pilot valve in restonse respec-
tively to an inerease-and to-a-deerease in pressure
on sald-hellows element; and housing means for
said bellows element defining. a passage communi-
cating with the extferior of said element and with
said body of lYauid wherehy hydrositatic pressure
in said body of liquid is imposed on said element.

12. A governor for controlling the fiow in the
fluid supply line of a fluid opsrated pump in g well
and adapted to be immersed in a body of liguid to
be pumped, including: a housing adapted to be
disposed in a well ahd having a filuid passage
through one wall thereof which communicates
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10

~with:said body .of liquid. to be pumped; -a pilot

valve within said- housing; :a. main valve within

-said.housing -in parallel with said pilot valve:and

adapted to:be opened in response to-a-flow of Auid

‘through:said pilot valve; and a bhellows.-element

-‘within said housing-and operatively connected.to

‘said pilot valve and-adapted io control the opera-

tion of said pilot valve in response to variations
in fluid pressure-on the- exterior of -said bellows

-element,-said fuid passage communicating with

said exterior of said bellows-element.

'12.. In a-governor for controlling the rate.of
flow of operating fluid to a fuid operated: pump
-adapted to.operats kelow the surface level of a

body of liguid -to be pumyped, said pump communi-
«cating with-a production :conduit for said liguid

and a supply conduit for said operating. fiuid, the
combination of: a housing for said governor com-
municating with said supply conduit-and insert-
ahle !in- said -producticn conduit .at a :prede-
termined level below the normal surface level-of
said body-of liguid; a bellows-element removabiy
secured /in said housing: and. adapted to.expand
and contract in. response to-changes in-external
pressure,said housing -and said production: con-
duit having passages.communicating with the ex-
terior of -said element and with the -exterior of
said production conduit; and valve means for
regulating the flow of fluid-through said governor
including a .valve operatively conunected :to said
Lellows element and adapted fo.open responsively
to an increase in prassure on-said element.

14. In a governor for contrelling the rate of fow
of operating fiuid to -& fluid .operated pump
adapted io. operate below the surface level.of.a
body of Haquid fo be pumped, said pump cornmuni-
cating with o .production conduit for said.liguid
and.a supply conduit for.said operating fluid,.the
combination of:.a housing for zaid.governor.com-
municating with said. supply conduit and insert-
able in said .production .conduit at a .prede-
termined level belew the .normal surface. level of
sz2id body.of liguid; a bellows elemsent secured.in
said  housing, :said bellows .element having an
opening for receiving.a gas charge and g closure
for.sald opening,.s8id closure including a.check
valve whereby said element may be charged to
withstand a predetermined. degree .of external
pressure, sald element being adapted to expand
and contract in response to changes in external
pressure, said housing and said production con-
duit having registering orifices communicating
with the exterior of said. element and with the
exterior .6f said production conduit; and valve
means for. regulating the flow of fiuid through
said governor including a valve operatively con-
nected to said bellows eiement and adapted to
open responsively. to an increase in pressure on
said element.

‘1B, A governor for controlling the rate of ‘flow
of & fluid to a fluid-gperated pump disposed ina
well, including: "a passage ‘for the fluid; a valve
seat encompassing said passage; a valve element
adapted to engagze said valve seat to close said
passage; a piston eletnent connected to said valve
element; means ‘for exposing one side of 'said
piston élement to fluid pressure obtaining in-said
passage -upstream from said valve seab;-means
for applying a variable fluid pressure to the op-
posite side of said piston element; and means ex-~
posed to fiuid pressurs obtaining exteriorly of said
governor for varying said variable fluid pressure.

18. In a governor for controlling the rate of
flow of a fiuid to a fuid-operated pump disposed
in a well in a body of liguid to be pumped, the
combination of: housing means providing a main
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passage and a pilot passage in parallel, said hous-
ing means also providing a bellows chamber and
further providing s vent passage which connects
said bellows chamber to the exterior of said hous-
ing means and communicates with said body of
liquid to be pumped; a bellows in said bellows
chamber; a pilot valve within said housing means
and operatively connected to said bellows for con-
trolling flow through said pilot passage; a main
valve within said housing means for controiling
flow through said main passage; and means for
operating said main valve in response to varia-
tions in the rate of flow through said vilot passage.

17. A governor as set forth in claim 16 wherein
the means last mentioned comprises a piston con-
nected to said main valve, said governor including
means providing an orifice which connects the
ends of said piston and which forms part of said
pilot passage.

18. In a governor adapted to be disposed in a
well in a body of liquid to be pumped for con-
trolling the rate of flow of an operating fluid to
a fluid-operated pump in said body of liquid to
be pumped, the combination of: a ecylindrical
housing provided with a longitudinal passage
therethrough for the fluid; axially movable main
valve means within said housing for controlling
the rate of flow of fluid through said longitudinal
passage; axially movable pilot valve means with-
in said housing and axially aligned with said
main valve means for operating said main valve
means; and axially movable, pressure actuable
means within said housing and axially alighed
with said pilot valve means and said main valve
means for operating said pilot valve means, said
housing being provided with a passage through
one wall thereof to expose said pressure actuable
means to fluid pressure obtaining exteriorly of
said housing in said body of liquid to be pumped.

19. A governor for controlling the rate of flow
of operating fluid through a supply line leading
to a fluid-operated pump which is adapted to
pump liquid from a body of liquid in a well, in~
cluding: a main valve for regulating the rate of
flow of operating fluid through the supply line to
the pump; a pilot valve connected in parallel
with said main valve so that part of the oper-
ating fluid flowing through the supply line to the
pump can flow through said pilot valve; pressure
actuable means responsive to flow through said
pilot valve and connected to said main valve for
opening said main valve; and pressure responsive
means exposed to the fluid pressure obtaining in
the body of liquid in the well exteriorly of the
governor and connected to said pilot valve for
actuating said pilot valve.

20. In a governor for controlling the operation
of a fluid-operated pump which is adapted to
pump liquid from a body of such liquid, the com-
bination of: housing means providing a main
passage and a by-pass passage in parallel, said
housing means being adapted to be disposed in
the line of a conduit for delivering operating
fluid under pressure to the pump, whereby to
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main and by-pass passages; means for varying
the rate of flow of operating fluid through said
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by-pass passage in accordance with variations in
the fluid pressure obtaining in the body of liquid
at a point adjacent the pump; and means for
varying the rate of flow of operating fluid
through said main passage in accordance with
variations in the flow of operating fluid through
said by-pass passage.

21. In a fluid-operated pumping system for
wells, the combination of: a fluid-operated pump
adapted to be installed in a well; passage means,
including a power tubing communicating with
said pump, for conveying operating fluid under
pressure downwardly through said well to actu-
ate said pump; production tubing communicat-
ing with said pump for conveying the discharge
from said pump upwardly through the well; and
a governor independent of said pump and re-
sponsive solely to variations in the level of liquid
in the well for controlling the flow of operating
fluid through said passage means to said pump,
said governor including a valve in said passage
means and including a device responsive to vari-
ations in the level of liquid in the well for con-
tinuously moving said valve as the level of liquid
in the well varies.

22, In a governor for controlling the rate of
flow of operating fluid under pressure to a fluid-
operated pump adapted to operate in a well below
the surface of a body of liquid to be pumped and
having a production tubing fer the pumped
liquid and a power tubing for the operating fluid,
the combination of: a passage; a main valve in
said passage for controlling the rate of flow of
operating fluid therethrough; pressure actuable
means adapted to have a variable pressure differ-
ential applied thereto for operating said main
valve; pilot valve means communicating with
said pressure actuable means for varying the
pressure differential applied thereto so as fo
move said main valve; and means connected to
said pilot valve means and responsive to varia-
tions in the level of said body of liquid in the
well and exposed to said body of liquid in the
well for actuating said pilot valve means.

CLARENCE J. COBERLY.
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