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This invention relates to the control of the
flow of fluid and has for its purpose the con-
trol of the volume of compressed fluid Aow-
ing through a conduit. It is intended pri-

5 marllv to be used in ﬂo*vmg oil wells by
pneumatic means, but may be used in varicus
other ways wherever the same purposes are
soueht Tt has been designed with a view
to over commg the oo;ect*onable features
10 usualiy found in devices of this kind.
Heretofore the plan employed in the con-

struction of devices of this character has in-

volved the use of a diaphragm with the fluid

- pressure. on its inner area while its outer
16 area was exposed to the atmosphere, thus

necessitating a powerful spring under high

tension to actuate the diaphragm as the pres-

sure fluctnated on its inner area. This per-

mitted of little movement of the valve mech-
20 anism controlling the flow of fiuid, the result
being a locking or closing of the valve under
slight variation of the fluid pressure.

For instance, devices of this character are
in demand for use in the fluid lines when
wells are flowed by what is commonly known
as “heading.” "This consists in restricting
the flow of gas or
space between two strings of pipe in such
manner as to allow the well to accumulate
a head of cil in the lower part of the hole.
‘When the oil has risen to a certain height in
the bottom of the well it will begin to meet
with the increasing gas pressure, and this
will continue until the pressure of the gas
5 has become greater than the liquid pressure
in the well, when the oil will be forced down
and around the bottom of the inner string
of pipe by the rising gas pressure. When
the gas pressure has forced all of the oil out
of the well casing into the inner string of
pipe, it will uhml follow in behmd the" oil,
the result being that the head of oil is dis-
chargad from the well.
 This method is employed where the well
45 i not producing sufficient oil to mainfain

steady flow. This being true. it will be read-

'h seen that there is a heavy 1os,3 of pas atter
ach head, which is due to the absence of oil

in the bhottom of the well fo prevent its
escape. The result is that there is a sudden
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air within the annular‘

1928. - Serial No. 296,224,

drop of gas pressure in the well after each.
head, this often being as great as 75% of the
pressure required to discharge the head of
oil. Tt is at this point that the need to con-
trol the flow of gas arises, and it also becomes 85
evident that any device used to control the
flow must be adapted to wide variations in
pressure.

Tt has been ascertained by experimenta-
tion what the flow of a compressed fluid so
through any given sized orifice will be under
a fixed and unvarying pressure. - For in-
stance, it is found by maintaining an abso-
lute pressure of 5 lbs, 1. e., & pressure of 5
lbs. per sq. inch above atmosphemc pres- 65
sure, and 2llowing the gas to flow into the
atmosphere, that 947 cu. ft. of free gas will
flow. throu«rh a 1’ orifice each minute. By
“free gas” 1s meant gas at atmospheric pres-
sure. It has also been found that the rate 70
of flow through an orifice increases or de-
creases in almost direct proportion to the in-
crease or decrease in the size of the orifice.

It is an easy matter to gauge or control the
flow of fluid through any given sized orifice, 75
so long as there is no fluctuation of pressure
on either side of the orifice.- If the pressure
on the “upstream” side of the orifice, i. e.,.
the side from which the flow is coming, be
100 1bs. per sq. in. and the pressure on the . op- 80
posite “downstream” side be 90 pounds, then
there will be a pressure differential of ten
pounds, and the flow will remain the same.as
long as there is no change in pressures.

However, in a case as just outhned if the 85
pressure on either side of the orifice fluctuates,
the flow of fluid will change accordingly. If
the pressure on the upstream side of the ori-
fice drops to 90 pounds, then the flow Wlll
cease entirely. Or if the pressure on the up- ?
stream side remains at 100 lbs., and the pres-
sure on the downstream side drops to 80 1bs.,
then there will be a difference of 20 1bs., in
pressure and the flow will, of course, be much
greater than under the 10 1b. differential.

In view of the foregoing, it is plain that
the pressure on the unstreftm side of the ori-
fice must be held fixed; and that provision
must be made for a W1de]_y varying pressure
on the opposite side, if the volume of gas flow-
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ing through the orifice is to be controlled

“under actual working conditions.

Assuming that the available gas or air
pressure is O'reatel than that with which it
is desired to flow the well, any pressure reg-
ulator, of which there are numerous makes
on the market, may be used in the pipe line
supplying gas to the apparatus herein con-
templated to maintain a fixed pressure in the
line between the pressure regulator and the
control: The capacity of the pressure regu-
lator will always be sufficient to assure an ad-
equate supply of fluid to the control, although
the latter may be operating to capamty The
pressure regulator may be “omitted where the

- gas pressure is maintained steady by the com-

pressor. .

With a fixed and unvarying pressure as-
sured on the upstream side of the orifice, the
next step is to provide an orifice the size of
which will, in effect, increase or décrease in
accordance with the variation of pressure on
its-opposite or downstream side, or the side
adjacent to the well; and also pr ovide against
closing or locking of the control mechanism,

regardless of the ‘extent to which the pressure
" 'may-drop when the well heads. -

It is an ob-
ject of the 1nvent10n to embody these new and

desirable. features in. an apparatus.

Since it is desirable that the volume of gas

flowing through the control be known at all-

times, it is an object to provide visible means

-also for indicating with a reasonable degree

of accuracy the rate of flow, 1evardless of

the pressure being carried in "the gas .Or air

- lines. - This consists, broadly, of a mechanism

that indicates at all times the size of an ad-
justable orifice, the latter being placed at an
appropriate point in the device.

‘With these and other objects in view, as

“will appear as the description proceeds, ‘the

~invention consists in. the novel features of

45

 5°‘

construction  and’ combination of elements.

and parts hereinafter to be fully described
and pointed out in the claims.
In the accompanying drawings: ’
Fig. 1is a vertical sectional view through
an installation embodying “the combonent
parts of the control apparatus.
Fig. 2 is a view mostly in section showing
the indicator. .
Fig. 3 is a section on the plane 3—3 of

- Fig. 2.

,55

‘Fig. 4isa sectmnal v1eW on the plane 4—4
of Fig. 2. ;
Flg 5.is an aosembly view showmo the de-

- vice connected within a fluid pressure line.

i

~ sembly the use of which is contemplated, a-

[/ 7O

The device is intended for inserting within
a flow line for the pressure fluid and betwuen

the pump or compressor and the pipe leading -

into the well or at any other place where ﬁmd
pressureisdesired. In Fig. 1isshown anas-

pipe A‘being understood as leading from the
source of ﬁu1d under pressure The port B

1,850,423

at the opp051te sideis adapted to be connected
to the well where the pressure fluid is to be
employed.  The fluid is intended to pass from

the port A by way of a safety valve indicat-

ed at F and a regulating valve C to the con-
trol D and from there to the outlet port B.
Directly between the two ports A and B a re
lief valve E may be employed.

The safety valve adjacent the port A com-
prises a sleeve 14 extending longitudinally of
a pipe 3 and having at its lower end a flange
1 fitting closely against the inner walls of the
pipe 3 “and havmcr the . passages 2 there-
through for the pressure fluid. There is
central passage 4 from the lower end of the
tube 14, leading to a valve seat 7 closed by
a ball valve 5. Said valve is held normally
seated by means of a weight 8 resting thereon
and it-is to be understood that this weight
may be regulated to hold the valve 5 closed
with a predetermined pressure. The upper
end of the tube 14'is connected by a nipple 9
to a plug 13. Said plug 13 has an L shaped
passage 11 thereto mto which the nipple 9
is screwed. A passage 10 through the nipple

70

%

80

85

90

connects-with the L shaped passage 11 into -

which an outlet conduit 12 is connected. - The

said conduit makes connection with the con-
~trol mechanism D as will be later described.

The plug 13 has a plurality of passages 15

extending longxtudmally thereof and - con-

necting with a chamber 16 within the regula-
tor C.” Said regulator includes a tubular

member having at one side thereof a threaded

opening in ‘which is screwed a stufing ‘box
17 within which a stem 22 is rotatable. There
isa pachcr 19 about said stem and a spring

* 18 within the box bearing against a washer

20 and acting to compress the packing about
the rotatable stem. A gland 21 on the outer
side of the stuﬁing box may be employed
to adjust the pressure upon the packing. The

spring 18 normally holds the packing under -
_pressure, tending to take up ordinary wear.

The stem 22 is connected at its inner end

", with a valve member 93, Said valve member

has a socket in which the stem 22 is con-
nected, said stem being held therein by a
transverse pin 24. Ad1acent the stem 22 the
valve member is provided with a chamber ex-
tending longitudinally of the valve and hav-

ing a lateral orifice 95 therein, from which

ports 27 lead to the interior of a chamber in
the valve housing 30. Within said chamber
is a transverse disc .29, having openings 28
therein and a central threaded opening with-
in which the threaded end 76 of the valve is
screwed. The said threaded end extends be-
yond the disc a material distance and is held

at its end by a nut 31 which may be fixed upon

the valve stem and sleeves to limit the motion
of the valve in one direction:

The end of the valve housing 30 adjacent

the valve stem 22 is extended 1nward1y about
the valve formlnrr an approx1mately ﬂuld-

95

“100.

110
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tight enclosure 80a, through which no appre-
ciable amount of fluid may pass. This flange
serves to close the space between the cham-
ber 16 and the chamber 29” within which the
valve is movable and when the valve “is
screwed into the sleeve 30 as shown in Fig.
1 the ovifice 25 will be closed. When, how-
ever, the valve is unscrewed by means of the
stem 22, the orifice will be gradually advanced
into the chamber 16, allowing the fluid to
pass from said chamber into the chamber 29’
in an obvious manner.

The dial chamber 29” is connected by a cou-
pling with a pipe 26 which leads by way of
the pressure control to the outlet passing to
the well. -The pressure control comprises a
fitting connected with a pipe 26, having there-
in a chamber 87. The lateral opening in this
chamber provides a connection with a spe-
cial coupling 72, threaded at its inner end
within a tube 51. The coupling 72 has a plu-
rality of longitudinal channels 44 therein,
away from the central axis of the coupling,
these channels leading to a chamber 45. The
coupling 72 has an axial passage therein with
a central chamber 79a. The inlet end leading
to this chamber is provided with a valve seat
49 which has a driving fit at 98 within the end
of the coupling, this seat being adapted to re-
ceive a tapered head 41 of a valve member.
The upper end of the chamber 45 is closed by
a flange 40 except for the plurality of open-
ings 77 leading from the chamber 45 to the
interior of the pipe 51. -

The valve 41 has a stem 33 thereon, extend-
ing through the pipe 51 and through a hous-
ing 52 for an expansible pressure member 8%,
Said housing 59 is connected at its inner side
to a nipple 55 which is screwed within an
opening in the pipe 3, as will be seen from
Fig. 1. A passage 78 in said nipple is closed
on the side adjacent the housing 52, except
for a central opening in which a bushing 36
is  screwed. This bushing has a passage
through which the valve stem 83 may pass,
acting as a guide for said valve stem and also
allowing a passage for the pressure fluid
from the pipe 3 into the interior of the dia-
phragm 32, '

Within the housing 52 the pressure mem-
ber 32 previously referred to is located. It
is made up of a series of discs connected to-
gether in pairs at their outer margins and
having a central opening through each set of
discs to which the discs are welded. Thus
there is a passage centrally through the discs
for the valve stem and the valve stem is slid-
ably free therein.. A bellows arrangement,
which aliows meaximum movement of the
stem 33, is thus provided into which the pres-
sure fluid may find aceess. The inner one of
the bellows sections is connected at 86" witl
the bushing 36. Ths opposite end of the bel-
lows is connected to a stop member 35 screwed
upon the valve stem at 37 and serving not

3

only to close the pressure member 32 at that
end, but also as a stop for a spring 89 sur-
rounding the valve stem and pressing at its
other end against a flange 40. 'This spring is
under a predetermined pressure and tends to
prevent the head 41 from closing the ori-
fice 42.

The cutlet end of the chamber T9¢ is con-
nected with & member 46 which serves as a fit-
ting connecting the interior thereof with a
laterally extending tube 47, the end of which
is welded at 49 with the Torward end of a
connecting member 48, The fluid passing
through the connecting member 47 will pass
into the pipe 50 and from there to the port B.

The relief member E acts as a by-pass di-
rectly from the port A to the port B and
serves the purpose of allowing a passage di-
rectly to the port B; when the pressure with-
in the assembly exceeds a predetermined
amount it acts to eliminate the possibility of
rupturing and bursting any part of the dia-
phragm 32 should a volume of gas under ex-
traordinarily high pressure be suddenly ap-
plied to the control device and for other pur-
poses as will be later seen. There is a bush-
ing 57 screwed within one end of the hous-
ing 56 for this member, said bushing having
a central passage leading from the connect-
ing pipe 99 to a valve chamber, said valve
chamber is an extension 57’ upon the bush-
ing 57 and it is closed at its forward end by
a plug 60. A valve seat 58 is fitted within the
inlet end of the valve chamber to accommo-
date a ball valve 59, said valve is held within
the seat by means of a spring 62, having at
each end thereof a bearing member 65 or 64.
Said spring may be adjusted as to tension by

(!

86

88

iy -

means of a threaded shaft 61, extending axial-

ly through a plug 60 and bearing upon the
member 64. There are lateral openings 66 in
the valve chamber leading to a passage 63

through which the fluid may pass to the

chamber 67 adjacent the outlet port B.

Referring to Fig. 1 and disregarding the
spring 89, it will be noted that if the in-
ternal area of the diaphragm 32 he four sq.
in., and the gas pressure be 100 bs., the total
pressure tending to force the valve-head 41
forward will be 400 lbs. This will of course
force the valve 41 into the orifice 42 and clese
the chamber 45 to the escape of gas through
said orifice 42. Assuming further that the
area of the orifice 42 is 1 sq. in., i will be seen
that if 100 ibs. pressure now be applied to the
exterior of the diaphragm 892 through the
chamber 45, that the total force tending to
move the valve-head 41 out of the orifice 42
will only be 800 lbs.; for the reason that the
effective outer area of the diaphragm 32 is
reduced to the extent of the orifice 42. In
other words, with 100 lbs. of gas pressure on
either side of the diaphragm 2, the total
force tending to close will be greater by 100
lbs. than the total force tending to open.

ot
<
[

i3
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‘course, remain in closed position.

‘

Under these conditions the valve would, of
This. is
due to the fact that by reason of the area of

the orifice 42 being 25% of the area of the in--
- terior of the diaphragm 32, the total effective

area tending to open the valve 41 is less by
25% than the total effective area tending to
hold it in closed position; for the area tend-
ing to close will be 4 sq. in., whereas that
tending to open will be 3 sq. in.

If now, 100 lbs. tension be placed on the
spring 89, the valve 41 would still remain
closed for-the reason that the spring pres-
sure of 100 pounds plus a total of 300 pounds
gas pressure on the external side of the dia-
phragm, would just equal the 400 pounds
pressing against -the interior of the dia-
phragm, from the entry 78. e

But should the tension on the spring now
be increased to 115 pounds, the total force
tending to open the valve will be 415 pounds.
whereas the total force tending to hold it in
closed position will still-be 400 pounds. Un-

~der these conditions the valve-head 41 will
- move out of the orifice 42 far enough to per-

mit the escape of 5 1bs. per sq. in. of gas pres-
sure from the chamber 45 via the orifice 42;
and since the exterior of the diaphragm 32

‘communicates with the chamber 45, through
_ the orifices 77, this pressure will also have

been removed from its exterior; thus restor-
ing an equilibrium between the forces tend-
ing to-open and those tending to close..

It will be observed that when the tension’
on the spring 89 was raised from 100 pounds-
t0 115 pounds -an - “excess” pressure of 15
‘pounds was added to the .force tending ‘to

open the valve 41; the effect of this was as
though 5 Ibs. per sq. in. more gas pressure

" had been added to:the exterior of the dia-

phragm than was being exerted on its in-

terior; and the result of this was that the

valve 41 released.5 1bs. per sq. in. gas pres-

sure, or a total pressure of 15 Ibs. from the-
exterior of the diaphragm to restore a bal-

ance of the two forces controlling its move-
ment. - This means that the pressure in the

chamber 45 has now dropped to 95 lbs, per

sq. in., and that this pressure will remain
constant in’ the chamber thereof, - Thus it
will be seen that the difference in pressures

as between the pipes 3 and the chamber 45

will be determined at-all times by the “excess”
tension ‘on the spring’ 89. 1f the total ten-

sion on the spring be 130 lbs., and the gas.

pressure remain at 100 1bs., then there will be
an excess pressure of 30 1bs. tending to open
the valve. This in turn will mean that 10

“1bs per sq. in. in gas pressure will be released
by the valve 41, or a total of 30 Ibs., and that:

the pressure in the chamber 45 will drop to 90
Ibs. per sq. in. instead of 951bs. .~ A
With 115 1bs. tension on the spring 39,
when the valve-head 41 has been forced out
of the arifice 42, it will have moved only far

1,850,423

enough away from: the -orifice 42 to permit
the escape of 5 1bs. per sq. in. of gas pressure
from the chamber 41 and will stop .in this
position until there is a change in gas pres-
sure.  If 5 1bs. of gas pressure per sq. in. es-
caped when the valve 41 opened, then there
would remain 95 lbs. per-sq. in. gas pressure
in the chamber 45; for 5 lbs. pressure from
3.sq. ins. totals 15 lbs.; and 15 lbs. from 415
1bs. equals 400 1bs.; so that when the valve
reaches this position the force tending to
close will equal the force tending to open
and the valve will, as said before, stop at this
point as long as there be no fluctuations in
gas pressure. o
Should the gas pressure in the chamber
45 tend to drop below 95 lbs. the valve-head
41 will move back into the orifice 42 and
check the flow of gas to a point where 95 lbs.
pressure would ‘be restored to the chamber
45 for if the pressure in the chamber 45 drop
to 90 lbs. per sq. in., then the total force tend-

ing to'hold the valve in open position would

be less by 15 1bs. than the force tending to
close ; for 90 lbs. gas pressure times 3 sq. in.
equals 270 1bs. gas pressureplus1151bs.spring
tension equals 385 lbs.; but the effective clos-
ing pressure would still be 100 lbs, gas pres-
sure times 4 sq. in., or atotal force of 400
Ibs. tending to close. Thus it is seen that the
valve 41 will move back and forth to reduce
or increase the area opened to gas flow
through the orifice 42 in direct proportion to

70

"~ 80

90

95

the rise and fall of pressure in the chamber

45; and even though the gas flowing through

“orifice 42 be into the atmosphere, under the

conditions just outlined, the pressure would
always remain at 95 1bs. per sq. in..in the
chamber 45; and further, that a difference-of

5 1bs. per sq. in. will remain constant as be-

tween the entry 78 and the chamber 45.

ence in pressure as between the entry 78 and
the chamber 45 will be determined by the ten-
sion on the spring 39. This tension will be
predetermined by the relative areas of the
diaphragm 32 and the orifice 41, and will be
placed on the spring when the apparatus is
assembled. Further, the spring will be long
enough and resilient enough so as to prevent
any appreciable increase of its tension when

the diaphragm 32 expands to move the valve-

stem 33 forward. o o
Referring to Fig. 1,-it will require 10 lbs.
per sq. in., against the ball valve 5 to lift the

weight 8 and pass the ‘gas pressure through

the conduit 12 to the housing over the dia-

phragm 32. However, it has been seen that
“the difference in pressure as between the

chamber 45 and the entry 78 will at no time

From this it will be seen that the differ-

100

110

115

120

125

be in excess of 5 1bs., per sq. in., under operat- -

ing conditions. "And,since there is communi-

_cation between:the chamber 45 and the hous-

ing over the diaphragm 32, it will be obvious
that there would be no gas flow through the

130:
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safety valve to the housing over the dia-
phragm 32 when the apparatus is properly
functioning. If, however, the orifice 25 be
closed and; through leakage at the valve 41 or
other causes, the gas pressure in the housing
over the diaphragm 32 should drop to a point
where there was danger of bursting the dia-

phragm, the gas will then begin entering-

through the conduit 12 via the safety valve 5
to maintain pressure on the opposite side of
the diaphragm 32. This is the only function
of the safety valve. :

From the foregoing it is noted that with
100 Ibs. gas pressure on either side of the dia-
phragm 32 and 100 1bs. tension on the spring
39, and with atmospheric pressure in the out-
let 79a, that the valve 41 would tend to close
as shown in the drawing.

But, if operating the device with 110 Ibs.
pressure and 100 Ibs. tension on the spring, it
1s assumed that the gas will be flowing into a
well casing or other receptacle and that pres-
sure is being carried on the opposite side of
the valve 41 in the outlet 79¢. This being
true, the automatic by-pass valve 59 will be
set to open at 95 lbs. per sq. in., thus passing
gas pressure to the outlet 794 through the
pipe connection 67. So it 'will be seen that be-
fore the valve 41 could close, the by-pass will
open and admit gas pressure to the opposite
side of valve 41 at 794 through the conduit
47; for it has already been seen that the dif-
ference in pressures as between the chamber
45 and the outlet 79, must be 100 Ibs. or more
per sq. in. before the valve 41 will close. This
being true, with gas pressure at 110 Ibs., the
valve 41 would never close, although the
pressure as between the outlet 79z and the

chamber 45 may vary as much as 95 1bs. per

sq. in. ' For, if the pressure in the outlet 79¢
drops below- 13 1bs. the by-pass begins admit-

ting gas to-the opposite side of the valve at.
9.

The pressure is in turn exerted back
against the outer area of the diaphragm 32
through the orifices 77, thus causing the dia-
phragm to collapse and the valve 41 to assume
an open position. '

t will further be seen that by varying the
areas and dimensions -of the parts compris-
ing the apparatus, that even greater differ-
entials may be obtained. ' But, with the de-

vice constructed as herein described, the gas:

pressure may be raised to any point without
readjusting any of the parts, and still pre-
serve the differential of 95 1bs.
pressure on the inner side of the diaphragm
be 800 Ibs. per sq. in., this pressure will also

be transmitted to the outer side of the dia-

phragm 32 through the chamber 45 and the
orifices 770 - E E

In operation, Fig. 1, the gas enters through:
£ b ph) o B

the pipe 3, thence through the perforations

2—2 and the passages 15—15 to the orifice 25.

The stem 22 will ‘then be rotated and the
orifice 25 opened to-any desired point, by

For if the

5

manner already described.. Thus the opera-
tor may increase or decrease the size of the
orifice 25 at will, by merely rotating the stem
22, -

It has already been seen that, with the de-
vice constructed to the dimensions given
herein, there will bea constant difference of5
ibs. pressure per sq. in: as between the pipe
3 and the chamber 45 when in operation, and,
since there will be no restriction between
chamber 45 and orifice 25, the gas pressure
wili be 5 Ibs. less in the pipe 26 than in the
pipe 3; for the orifice 25 will be the restrict-
ing agency as between pipe 3 and pipe 26.

Thus it is seen that with gas pressure at
100 Ibs. there will be a difference of 5 Ibs.
pressure per sq. in. as between the upstream
and the downstream side of orifice 25; and
that even though the gas flow be into the at-
mosphere at 792, with the pressure at 100 Ibs:
in pipe 3, 95 1bs., per sq. in. pressure will be
constantly maintained in the pipe 26. This
means that while in operation there will at
all times.be a-pressure greater by 5 Ibs. per
$¢. 1n. in pipe 3 than in pipe 26; for the pipe
26 and the chamber 45 have now become one,

and the same fordes will control the rise and

fall of pressure in the pipe 26 as'in the cham-
ber 45. : -

Assuming that the pressure being carried

in the apparatus is 100 lbs. and that the gas
is discharging into the atmosphere at 79g,
the pressure will then be 95 Ibs. in the pipe

26, tor the orifice 25 will be restricting gas

flow to the extent of 5 1bs. per sq. in. I the
size of the orifice 25 be reduced then the pres-
sure in pipe 26 will tend to drop by reason of
lesser flow. The pressure in pipe 8 would not
rise, however, as the regulator 1 will hold
this constant, and- will shut off flow to the
pipe 8, should the pressure rise above 100 1bs.

Should the pressure tend to drop below 95°

Ibs. in the pipe 26, the valve 41 will move into

the orifice 49 and arrest gas flow to a point
where 95 Ibs. per sq. in. would be maintained "*
_ in the pipe 26.

being forced out of the bearing 30¢ in the

70
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If - the size of orifice 25 be increased to ad-

mit more gas from pipe 8 to pipe 26, the pres-
sure will tend to drop in pipe 3, but the pres-

sure regulator will ‘open to supply the in-

creased flow. With the increased flow the
pressure will tend to rise in the pipe 26, but
then again the valve 41 will move out of the
orifice 42 and permit the gas to escape to.a
held in the chamber 45. . ;

It ‘has been found that under a 5 1b. dif-

point where only 95 lbs. per sq. in. will be’

ferential, that is, a pressure greater by 5 Ibs.
per sq. in. on the upstream side than on the |

downstream side, that approximately 60 cu.

ft. of gas will flow through a 14’ orifice each .
minute. Tf then the orifice 25 be 14 in. in di-
ameter, it will be seen that with the pressure.

in pipe 8 at 100 Ibs. and the pressure in pipe

120
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o .




" 2Bat 95 lbs that approximately 60 cu. ft. will

 be flowing throuoh orifice 25 each minute.
- But-bearing in mind that there is 95 lbs. _pres-

10

15

sure in pipe 26, and that the gas is flowing -

mto the atmosphere from the chamber 4551t
isplain that the area open to gas flow at valve
41 will have to be much smaller than the
equlvalent of an orifice 14 in. in diameter ; for
it -is found that approximately 8 times as
much gas will flow through a 14 in. orifice
under a 95 1b, differential as will under a 5
1b. differential.  This being true, it will be

_seen that the valve 41 will automatically
~move in and out of the orifice 42 to increase
‘or decrease the area open to gas flow from

" chamber 45 to correspond to the. open area of

orifice 25. With the pressure as:just outlined,
the area open to gas flow at 42 would be ‘Lp-

- proximately 14 the area of ‘the orifice 25,

20
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~ lbs. pressure was maintained against the:
downstream side of orifice 25;

26 will remain the same as long as the pres- -
~ sure in 79a remains below 95 lbs.

-55

- tofunction, due toan equalizing of the forces-

80

. orifice 25 is the restricting agency as between
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‘into the atmosphere at 79a.-

since “as. much gas will flow through the
smaller size into the atmosphere under a 95

Ib. differential as will through the larger.

under a 5 1b. differential. ‘
“If now pressure in. 79a, Fig. 1, begms to

build up,it would not diminish the flow of gas
through the orifice 25 ; for the valve 41 would
recede into the. chamber 45 and i increase the-
“open area of orifice 42 in exact ratio to the

increase of ‘pressure. in the outlet- 79a, thus

assuring: “that the same volume would be-

moving through the orifice 25 as when flowing
If, for 1nstance,
the pressure in 79« increases to 45 Ibs., this

- pressure would be exerted back against valve

head 41, thus reducing to that extent the force

g tendmg to- close it. This would mean, of

course, that the valve 41 would recede mto the

jchamber 45 thus, as said before, Increasing.

the area open to flow at 42 in exact ratio to

_the increased resistance offered at 79a. Until
‘there was pressure in 79a, valve 41 had re-

duced the outlet at 42 to a point where 95

but with 45
lbs. at T9a, it will only be restricted to the
extent of 50 lbs. as between the chamber 45
and the outlet 79a, and the area open to gas

flow at 42 will be approximately twice that

as without pressure in 79a. From this it

will be seen that, while the pressure may vary

as between the outlct 79a and the orifice 25,
the volume of gas moving through the pipe

the pressure in 79¢ rise above 95 lbs., the flow

~will, of course, then be retarded in- 'the pipe

26, and .the volume of | gas moving through
26 will diminish, for valve 41 will have ceased

by which it is actuated.
From the fore«omg it will be seen that the

plpe 3 and pipe 26; and the valve 41, by gaug-

11ig ‘the volume; and maintaining a constant -

den51tv of ﬁu1d on the downstre'\m s1de of

‘Should.
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the orifice is the factor that makes it prac-
tical to indicate the volume of ﬂuld ﬁowmg
thru the device.-

It will be seen that, by changmg the con-
nections on the apparatus the housing en-
closing the diaphragm 32 may be used in a
vertical position and that a weight may be

_substituted for the spring 39 and still obtam

the same results as claimed herein.
Manually operated means are also provided

to indicate the volume of gas flowing through

the apparatus so.that one may know at any.

time the pressure and the volume of the gas

flowing throucrh the control mechanism. In
Figs. 2, 3 3 and_ 4 the details of this indicator

are shown The indicator is connected di-

rectly to the chamber 30, Fig. 2, for the valve
23 . previously described. Within one side
of 'the chamber 80 and adjacent the tapered

part 102 of the said valve there is provided .
a bushing 112 which is screwed within the

wall of the chamber 80 and extends laterally
away from the chamber, providing a hous-
ing for a stem 111. Said stem is guided in

its S movement within the bushing 112, the in-
.ner end of the stem passing through a-plug:
1116 which acts as a gland upon the packing

114 which is held in position by means of a

spring - 113. This packing -prevents the

escape. of pressure fluid past the stem 111
into the indicating mechanism. The bush-
ing:112 is mounted within the lower wall 118
of the indicator housing 123. The upper end
of the stem 111 passes through a plug 116
and fits within the cupped lower end of a

member 120 the upper:tapered end of which’

fits within a recess 121 of the lever 122. Said
lever 122 is pivoted upon a threaded pin 175

7o
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which is adjustable -within a plurality of -

openings within the housing to vary the effect
of the length: of the lever 192 and the free end

of said lever is connected by a link 124 with

the arm 125 of a bell-crank lever, the other
arm of which is formed into a rack or gear

125" which -meshes with -a ‘segmental gear .

128 pivoted upon a pin-130. The free end of
the lever 122 is held resiliently downward by

105

110

means of a spring 139 pressing at its upper

end agalnst a stationary bracket in a:hous-
ing and at its lower end upon a nut and wash-

er 140 at the lower end of a rod e\tended

through the end of the lever 122.
The gear 128 has secured frictionally there-

to an arm 131 held upon the gear 128 by means

of a'screw 132.  The arm 131 has a socket 135
therein to receive the pointer 134 secured ad-

justably.in sald socket by means of -a set
“serew 136,

115

120

‘The pointer 134 w1ll be car med in the slot - '

185 and held in p0s1hon by the thumb-screw. :
~136.. The coil spring 137 will at all times pre-
vent:lost motion in the pointer 134 in a man-
ner easily understood. - It will be seen that the -

interior of the head 120 is an inverted cone,

rounded at its smaller end; thls permlts a
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rocking motion of the head 120 which in turn
permits the stem 111 to travel in a direct line,
although the notch 121 may tend to. describe
a circle in its upward and downward move-
ment. In operation, there will be gas pres-
sure in the member 30, which will tend to foree
the stem 111 upward; the spring 1389 will
counteract this force, and may be set to corre-
spond to any pressure in 30 by the nut 140.

Numeral 141, Fig. 3, is a shutter that en-
closes the mechanism and is clamped to the
housing by thumb screws as shown at 143 in
Fig. 2. :

Numeral 144, Fig. 8, represents a glass por-
tion of the housing. The upper edge of the
ol f=]

glass 144 will be circular and will fit into the
circular portion of the housing as shown at
146, Fig, 2; the upper and circular edge of the
glass will fit loosely in the housing 146 as
shown at 147, Fig. 3, and will be supported by
its ends resting in the housing. The member
149, Hig. 38, is the bracketed dial shown at 150
in Fig. 2. The dial carries the printed nu-
merals and is made of any suitahle material.
A recess in the housing receives and holds the
dial in position as shown at 149, Fig. 8.

The travel of the pointer 134 may be in-
creased or decreased by changing the position
of the serew 175, Fig. 2, relative to the cpen-
ings in the arm 122. The packing 114 may
ba renewed by removing the screw 175, which
in turn permits removal of the head 120, when
the giand 116 is screwed ont of the member
117, Gas will not escape while the packing is
being replaced ; for the beveled portion 176 on
the member 111 will move into and seal the
space 177 to the escape of gas in a manner
easily understood.

Assuming now, that the pressure being car-
ried is 150 lbs., and that the stem 22, Fig. 2,
has been rotated to the right o a point where
orifice 25 has been drawn into the housing 30.
Orifice 25 will then be closed to the flow of gas
through the member 80;and the stem 111 will
have traveled up the beveled face of 102 until
it is in position on the cylindrical portion of
23. This upward travel of the stem 111 will
have imparted a left hand movement to the
pointer 134, causing the latter to swing
around to the pressure column P on the dial
150, thus indicating that orifice 25 is cloged to
gas entry to the chamber 30.

In computing the rates of flow herein, an
orifice 14" in diameter is taken as a unit of
measurement, and 1000 cu. £t. of free gas flow-
ing through the orifice as the unit of volume.

11, for instance, the threads at 107 be 16 per
linearin., it will mean that for each complete
turn of the stem 22 the member 23 would

' move in or out of orifice 30a % linear in.; and

if the width of orifice 25 be 147/, it will be seen
that each turn of the stem 22 will increase or
decrease the size of orifice 25 by what is ap-
proximately the equivalent of an orifice 14"
diameter.

7

The mechanism actuating the pointer 134

will be coordinated with the horizontal move-

ment of member 23 in such 2 manner as to
cause the pointer to move from the center of
one column to the center of another, on the
dial 150, with each complete turn of the mem-
ber 22.  If the member 22 be rotated one com-
plete turn to the right, it would cause the stem
111 to travel upward along the bevel face 102;
this would mean, of course, that stem 111 had
traveled a given distance in an upward direc-
tion. This upward movement of stem 111
will, as said before, be transmitted to the
pointer 184 in such a manner as to cause the
latter to move from the center of one column
to the center of another on the dial 150.
From this it will be seen that the pointer will
at all times indicate the open area of ori-
fice 25.

In the following, the number 15 is arbi-
trarily selected to represent one atmosphere
as tiie unit of compression, and the exact fig-
ure (14.7,60° F.), disregarded.

~In operation, it is assumed, as pointed out

and described in preceding pages, that the
apparatus is operating under a 5 Ib. differ-
ential; that is, there is a difference in pres-
sure of 5 lbs. per sq. in. as between the up-
stream and the downstream side of the ori-
fice 925.

It is found that under a 5 1b. differential,
3.86 cu. ft. of free gas will flow into the at-
mosphere through a 14"/ orifice each minute,
or a total of approximately 5,500 cu. ft. per
24 hours.

However, if free gas be compressed to 10
atmospheres, or 150 lbs. per sq. in. it will
have been reduced to % of its volume at
atmospheric pressure. If, then under a 5
1b. differential, and flowing into atmosphere,
5,500 cu. ft. of free gas moves through a

5" orifice in each 24 hours, when compressed

to 150 Ibs. and flowing against a pressure 5
ibs. less, or 145 1bs., 1t will be seen that 10

‘times the volume of fres gas will be moving.

If compressed to 20 atmospheres, or 300
Ibs. per sq. in., the volume moving would be
approximately twice that moving under 150
Ibs. pressure, assuming always that the dif-
ferential of 5 Ibs. as beétween the upstream
and downstream sides of the orifice 1s main-
tained. For it is found that for each unit
of compression added, the volume of air con-
fined is increased by the capacity of the re-
ceiver at atmospheric pressure; if the re-
ceiver holds 100 cu. ft. of free gas or air then
another 100 cu. ft. added would raise the com-
pression one atmosphere or 15 ibs. per sq. in.
Thus a pressure gauge reading of 150 lbs.
will indicate that there is 10 fimes the ca-

pacity of the receiver at atmospheric pres--
sure confined, plus the 100 cu. ft. it hald when

compression started.
Thus it will be seen that the higher the
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degree of compression, the greater will be 1%¢
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the volume of “free” gas moving through the
orifice. ‘

If operating the device under 150 Ibs. pres-
sure, then the member 22 will be rotated in
a manner already deseribed until the pointer
134 ‘moves ‘to the pressure column P. 'This
will indicate that the orifice' 25 is closed.
The pointer 134 will then be moved out of the

- slot 185 until it is in the position with the

10

15

‘pointer resting in the pressure column P and
“pointing to the first or lowest pressure brack-
et, that 1s “1507, the pressure with which the

apparatus is to be operated. o
If now the member 22 be rotated one turn
to the left, the pointer 134 will move to the

~'position in the next adjacent column, and

will rest in column T with its point at “557;

this will indicate that the orifice 25 has been"

opened to the equivalent of an orifice 15’/ in
diameter, and that gas is flowing through at

the rate of 55,000 cu. ft. of free gas each 24

hours. If it be desired to double the flow of
gas, another left hand turn of member 22
sends the pointer to column II, which indi-
cates that there is the equivalent of two 14’
orifices open to gas flow, and that the volume
moving through orifice 25 is now 111,000 cu.
ft. per 24 hours. ' If the member 22 be ro-
tated until the pointer rests in column IX,
then it will indicate that there is the equiva-
lent of nine 14’/ orifices open to gas flow at

25, and that the volume passing through is-

© 500,000 cu: ft. per 24 hours.

40"

If the pressure now be raised to 825 1bs.
the pointer 134 will be set to rest on the 325
lbs. bracket in column P, and the stem ro-
tated until the pointer indicates the desired
flow. If the pointer rests as shown in the

drawing, Fig. 2, then it will indicate that

509,000 cu. ft. of free gas is flowing through
the orifice 25 each 24 hours and that the pres-
sure being carried is 275 lbs. ‘

The diaphragm 32, Fig. 2, is only one form
of pressure operated means separating the

" pressure fluid chamber-78 from the chamber

45 and it is to be understood that-other equiv-

" alent devices are contemplated at this point.

50

By the use of this control the volume of

air or gaseous fluid delivered to the well or
other receptacle may be automatically con-

~trolled so that the operator is assured of a

uniform rate of discharge of flnid to the
well no matter what the back pressure in

_the well may:be.

What we claim as newis:

~- 1. Tna device of the character described, a
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flow line, a valve chamber therein, a valve
adapted to fit an orifice therein, means to

“deliver a predetermined flow of air to the up-

stream side of said orifice, and means to con-

trol said valve to pass a predetermined vol-.
~ume of fluid through said orifice regardless

of the amount of fluid pressure on the down-

_stream side of said orifice, means to auto-
“matically pass pressure fluid to the down-

1,850,498

stream side of said valve when there is a
predetermined difference of pressure on the
opposite sides of said orifice. : -

9. A pressure fluid regulator device ar-

ranged to maintain a constant flow of fluid ;

at' varying pressures comprising a valve, a

70

discharge - orifice, means between said valve =

and said orifice to vary the size of orifice in
proportion to the back pressure at said orifice.

3. A pressure fluid regulator including a
regulator valve, a discharge orifice, a control
valve for said orifice; and means to balance
said control valve whereby an equal quantity
of fluid by weight will pass both said regula-

tor valve and said control valve at varying g,

pressures. o

4. A pressure fluid control system includ-
ing a-regulator valve subjected to a constant
pressure on its upstream side, a discharge
orifice, a control valve to vary the size of said
orifice, and balanced means operable by varia-
tionsin back pressure on said control valve
to vary the size of said orifice so that equal
quantities of pressure fluid will pass said
regulator valve and said control valve.

5. Ina pressure fluid regulator, a regulator
valve and a control valve, means to subject
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said regulator valve to a constant differential

pressure whereby a known quantity of fluid

~will pass therethru, means to subject said con-
trol valve to.the downstream pressure of said -

95

regulator valve and to a variable back pres-

sure, and additional balanced means to oper-
ate said control valve to release a quantity of-
fluid equal to that passing said regulator
valve regardless of the back pressure on said
control valve. . - ‘

6. In combination with a pressure fluid
flow regulator apparatus, means to measure
the flow of fluid therethru at a constant pre-
determined pressure, and means subject to a
variable-back pressure to control the dis-

" charge of fliid from said apparatus at a rate
“equal to that of the measured flow.

7. In combination with a fluid pressure flow
line, a regulator valve subjected to a constant
differential pressure, a control valve sub-
jected to a variable differential pressure, and
means- to actuate said control valve in re-
sponse to changes in its differential pressure
whereby the rate of flow of fluid thru both

“of said valves will be equal. -
"In testimony whereof we hereunto affix our

signatures this 20th day of July, A. D. 1928.
: Co JAMES W. TAYLOR.
W. M. WHELESS.
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