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1

This invention relates to fluid injection sys-
tems for internal combustion engines, particu-
larly aircraft engines, and has for its object to
provide a novel and improved system of this
type. This application is a continuation-in-part
of my abandoned application Serial No. 673,431,
filed May 31, 19486,

Another object of the invention is to provide
a novel and efficient liquid metering injection
regulator for an engine operating system of the
above type.

Various other objects and advantages will be
apparent as the nature of the invention is more
fully disclosed. ’

An object and further feature of the inven- 1

tion resides in the provision of means for re-
circulating with or without heating anti-
detonant such as water, water or alcohol or the
like, through various parts of the system back
to the supply tank of the system.

A further object of the present invention is to
provide improved control of water-air ratio, in
a variable water-air regulator.

A further object of the present invention re-
sides in the provision of means to provide an
instantaneous rather than a gradual fuel derich-
ment in accordance with the metering pressure
differential drop across the anti-detonant supply
metering orifice.

A further object of the present invention re-
sides in the provision of means for gradually
admitting anti-detonant to the system instead
of admitting it with a sudden surge as hereto-
fore.

According to the present invention anti-deto-
nant supply to the engine is automatically ini-~
tiated or suppressed dependent on engine operat-
ing conditions (air flow to the engine or engine
power) and to provide a lockout mechanism
which may be manually controlled for locking
the sutomatic valve in the closed position.

A further feature of the present invention re-
sides in the provision of a manual means which
is effective at all times to turn off anti-detonant
flow to the engine irrespective of the automatic
control.

Although the novel features which are char-
acteristic of this invention are set forth more in
detail in the claims appended hereto, the nature
and scope of the invention may be better under-
stood by referring to the following description,
taken in connection with the accompanying
drawings forming a part thereof, in which cer-
tain specific embodiments have been set forth
for purposes of illustration.
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In the drawings:

Fig. 1 is a diagrammatic lay-out of a water
injection system for an internal combustion en-
gine, embodying the present invention;

Fig. 1¢ is a diagrammatic view showing a modi-

" fication for adapting the system of Fig. 1 to the

use of oil;

Fig. 1b is a curve representing the water-air
ratios that may be obtained at different intake
airflows with any one of the three forms of regu-
lator illustrated in the drawing;

Fig. 2 is a cross-sectional view of a water flow
control regulator which is particularly adapted
for use with the system of Fig. 1;

Fig. 3 is a diagrammatic view of a modified
water injection system;

Fig. 4 is a cross-sectional view of a modified
water flow control regulator employed in the
system of Fig. 3;

Fig. 5 is a diagram illustrating another system
embodying the invention;

Fig. 6 is a sectional view of the variable water-
air regulator employed in the system of Fig. 5;

Fig. 7 is a diagram illustrating still another
system embodying the invention; and

Fig. 8 is a sectional view of the variable water-
air regulator employed in the system of ¥ig. 7.

In the following description certain specific
terms are used for convenience in referring to
the various details of the invention. These terms,
however, are to be interpreted as broadly as the
state of the art will permit.

The water injection system shown in Fig. 1
comprises a water tank {0 with a feed line to a
pressure pump 12 which may have a relief valve
13 connected in parsllel thereto.

The water is pumped through a heat exchanger
i4 where it may be heated to prevent freezing
by hot oil coming from the engine or geing to
the engine, the oil being supplied from the tank i5.

The water from heat exchanger (& passes
through line {6 into the variable water regulator
{7, the construction of which is shown in detail
in Fig. 2 and will be described later. In Fig. 1
the regulator 1T is shown as having thres outlet
lines numbered {8, |9 and 28, respectively. Of
these, line {8 is the return conduit leading to
water tank 10 for the purpose of bypassing back
to the tank 16 all water not injected into the
engine. Line (9 is connected to the derichment
valve 23 on the carburetor 24. From derichment
valve 23 liquid is conveyed by conduit 25 to a
supercharger or turbo regulator reset mechanism
27. Line 20 is connected to the engine discharge
nozzle 28 for injecting metered water into the
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engine at a common point with line 63 which
conveys metered fuel from carburetor 24 to dis-
charge nozzle 28.

The derichment valve 23 and the supercharger
regulator reset mechanism 27 may be of any suit-
able type and may be actuated either eleciricaily,
hydraulically or pneumatically. The derichment
valve shown herein for purposes of illustration
is a known device which may be similar to thab
shown in my Patent No. 2,521,002, while the mani-
fold pressure regulator reset mechanism is a
known device which may be basically the same in
principle s that shown in Fig. 5 of Patent No.
9,563,145, In the instant case the valve 23 and
the reset mechanism 27 are assumed to be ac-
tuated hydraulically with water.

The construction of the variable water-air
regulator i7 is shown in detail in Fig. 2. By
referring to Fig. 2 it will be seen that waber from
the heat exchanger passes through line 16 into
the regulator 11, entering through passage 3§90,
passing through chamber 31, and through pres-
sure controlling valve 32 to by-pass chamber &8
which is connected by line i8 to the water tank
(¢ (Fig. 1). Valve 32 acts as a by-pass or relief
valve to maintain the pressure in chamber 3i
egual to the pressuie in fuel chamber 34, which
pressure is equal to the unmetered fuel pressure
in the carburetor 24 to which the chamber 34 is
connected by conduit 35. Diaphragm 87, which
may be of the rubber-cloth type, provides a flex-
ible seal between the fuel chamber 34 and the
water by-pass or discharge chamber 33. Cham-
per 3¢ is separated from chamber 38 by a dia-
phragm 3% which may be of the rubber-cloth type
or a metal “oil can” spring, the chamber 38 being
connectaed to the line or conduit 20 leading to
the engine discharge nozzle.

A combination check valve, variable metering
orifice, and maximum flow fixed orifice 48 is
mounted on diaphragm 39 and is actuated by said
diaphragm. The pressure in chamber 38 is main-
tained at all times equal to the engine fuel dis-
charge nozzle pressure by means of the direct
connection 20 to the discharge nozzle. The
pressure differential between chambers 3! and 38
is therefore equal to the carburetor fuel meter-
ing differential. The tension of spring 42 holds
the check valve 40 on its seat 43 until the dif-
ferential between chambers 31 and 38 reaches a
predetermined value, at which time the force
exerted on the valve assembly 49 by diaphragm
58 wiil cause the valve to lift off the seat 43
thereby admitting water to chamber 44 at a
pressure equal to chamber 3i.

When valve 48 is sealed on its seat 43 the pres-
sure in chamber 44 is equal to the pressure in
chamber 88. The resultant pressure increase in
chamber 44 when the valve .48 opens increases
the effective area of the diaphragm 39, thereby
increasing the resultant force acting against
spring 42 and causing the valve 40 to open an
additional predetermined amount. Water will
then flow through the variable metering orifice
formed by the tapered section of valve 48 from
chambper 44 to chamber 49 and thence through
the fixed metering orifice in-valve 40 to-chamber
33 and into line 20 to the engine discharge
nozzle. The pressure increase in chamber 44 is
transmitted to chamber 85 which is sealed from
chamber 45 by diaphragm 47. The pressure in
chamber 48 at all times remains equal to the
pressure in chamber 38. Hence, a pressure dif-
ferential will be built up between chambers 45
and £8, causing the diaphragm 471 to 'move
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4
against the stem of valve 48 thereby cpening
valve 48 against the tension of spring 58 and ad-
mitting hydraulic pressure by way of pipe 52 into
chamber 53 which is connected by line 1% to the
derichment valve 23 and power control reset
mechanism 27 of Fig. 1. When valve 48 is closed,
the pressure in chamber 53 is vented to the hy-
draulic tank or drain pressure through pipe 54;
and when valve 48 is open, the pressure in cham-
ber 53, because of the restriction 55 in the pas-
sage to pipe 54, increases to main hydraulic feed
pressure. This pressure change is the actuaiing
pressure change in the derichment valve 23 and
the power control reset mechanism 27 of Fig. 1.

In Fig. 2, when the determined differential is
reached between the water inlet pressure (. e, in
chamber 3§) which is maintained at all times
equal to unmetered fuel pressure, and metered
water pressure (i. e.,, in chamber 38) which is
maintained at all times equal to metered fuel
pressure, water injection will occur auiomati-
cally. Water injection is thus initiated auto-
matically at a predetermined fuel metering dif-
ferential and because of the fixed relation of fuel
metering differential to airfiow through the car-
buretor, also at a predetermined airflow to the
engine. Conversely, the water is also turned off
automatically. No manual operation is required
for actuation of water injection to the “on” or
“off” condition.

The apparatus of Fig. 2 has been generaily.
described as being actuated hydraulically. The
connections shown in Fig. 1 illustrate hydraulic
actuation by water. The system shown in Fig. 1
may be modified, as illustrated in Fig. la, to in-
clude an oil pump 58 to provide hydraulic actua-
tion by cil. A similar mechanism can also be
operated pneumatically.

Fig. 3 illustrates a modified form of water
injection system which employs the modified
variable water-air regulator 57 of Fig. 4. For
the sake of clarity the parts in Figs. 3 and 4
which correspond with similar parts in Figs. 1
and 2 are designated by similar reference
numerals.

In Pig. 3 the regulator 37 is shown as having
five inlet and ocutlet lines, 15, 18, {3, 2§ and 35,
corresponding with the similar lines in Fig. 1.
In Fig. 3, furthermors, liquid is cenveyed by line
281 containing restrictions 282 to the return con-
duit {8 leading to the water tank {8 to provide
circulation of heated water through iine 18, de-
richment valve 23, line 25, and supercharger or
turbo regulator reset mechanism 27 when water
injection is in use.

In Fig. 4, two additional diaphragms 6 and
82 cooperate with the diaphragm 37 ic actuate
the water inlet pressure-controlling valve 32 so
that the water inlet pressure and consequent
water metering differential will be greater at all
times than the fuel metering differential by a
constant ratio. Metered water pressure from
chamber 84 (which at all ftimes is egual to
metered fuel pressure because of the intercon-
nection of lines 20 and @) is admitted by pas-
sages 93 and 93A to the chambers hetween dia~
phragms 37 and 62 and above diaphragm §€1.
Unmetered fuel prassure is admitted through line
35 to the chamber between diaphragms 62 and
61. For a more complete explanation of the
mode of operation of valve 32 by diaphragms 37,
61 and 62, reference is made to Fox and Palmer
Patent No. 2,399,480, issued April 30, 1546.

In Fig. 4, furthermore, the fixed and variable
metering orifices §3 and 64 are separated from
the check valve and diaphragm 35, A-three-way
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solenoid valve 65 actuated by solenocid 66 is pro-
vided to change the pressure on the side of check
valve diaphragm 33 opposite from the valve seat
43 from water inlet pressure to metered water
pressure, and vice versa, thereby providing an
alternate electrical control to lock out the check
valve. The solenoid is actuated by a manual
switch 67 in Fig. 3. It will thus be seen that the
system of Figs. 3 and 4 provides a manual (switch
67) “lock out” control superimposed on the auto-
matic water admission (check valve) control. The
switch 67 is closed fo lift the solenocid valve to
its upper seat, against the force of the spring,
to unlock the automatic feed of water to the en-
gine by placing chamber 38 in communication
with chamber 84. The opening of said switch at
any time stops the flow of water to the engine
by permitting the spring to move the valve against
its lower seat, thereby placing chamber 38 in
communication with chamber 31. If the switch
67 is left closed and the airplane descends to a
point where water injection is no longer needed,
the automatic shutoff previously described will
take place. The pilot can always override the
automatic control to shut the water off, but not
to turn the water on. The pilot can unlock the
regulator manually by closing switch §6 and ob-
taining automatic operation.

Figs. 5 and 6 illustrate a modification of the
invention, including a variable water-air regu-
lator incorporating a hydraulic reset for the car-
buretor derichment valve and using blower throat
suction to keep the pressure regulating valve
closed when the water regulator is not operating.

In Figs. 5 and 6, water from the pump 2 en-
ters the regulator 78 under pressure through the
strainer 71 into chamber 72. Air, water vapor and
some water are returned to the supply tank
through bleed 13 and vent passage T4 connected to
line 8. Blower throat suction is transmitted
through internal passages 75A, 75 to chamber i6.
The pressure regulating valve 77 attempts to
maintain pressure in chamber 83 equal to pres-
sure in chamber 76 and consequently the valve
11 remains closed or nearly closed. When the
solenoid 78 is energized by manual switch T8A;
passage 15 is closed and passage 80 is opened by
valve T9 and unmetered fuel pressure is trans-
mitted through internal passages 35 and 89 to
chamber 78.
valve 717 to make pressure in chamber 82 equal {o
unmetered fuel pressure in chamber 76. Any air
or water vapor, and some water, are returned
from chamber 83 through bleed £4 and passage
14 to line 18 (Fig. 5) and thence to the supply
tank (8. The pressures in chambers 86, §7 and
88 are at all times all equal to the metered fuel
pressure since they are all interconnected by pas-
sages 89, 8 and 91, and vented through passage
83 to chamber 94 which leads directly through
line 28 (Fig. 5) to the fuel discharge nozzle 28.
The pressure in chamber 83 which is equal to un-
metered fuel pressure and the pressure in cham-
ber 856 which is equal to metered fuel pressure
create a pressure differential across diaphragm
97 equal to the carburetor fuel metering differen-
tial. This pressure diiferential between chambers
83 and 86 produces a force which at a predeter-
mined value overcomes the force of the spring 88
which is holding the check valve 98 closed. The
check valve 99 opens and allows water to flow into
chamber {83. The metering orifice 102 restricts
the flow from chamber 108 to chamber 94 caus-
ing the pressure in chamber 1006 to increase to
a pressure equal to that in chamber 83. As the

The diaphragm 82 then positions ;
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pressure in chamber 109 increases to be equal fo
the pressure in chamber 83, the effective area of
diaphragm 97 increases, opening check valve 9%
further thus producing a “snap action” of valve
§9. Since the water metering differential, which
is at all times equal to the carburetor fuel meter-
ing differential, is imposed across the metering
orifice 102 the water will flow through the orifice
in predetermined proportions to fuel flow and
thus also to mass airflow from chamber 108 to
chamber 94 and then to the engine discharge noz-
zle 28 through line 20 (Fig. 5).

The pressure in chamber 184 is equal to the
pressure in chamber 169 as these chambers are
connected by passage 105. Hence the water me-
tering differential is also imposed across dia-
phragm {66, which opens valve 187 when the
predetermined force of spring (08 is overcome.
When valve 187 opens, it allows water inlet pres-
sure from chamber 12 and passage 109 to pass
through passage I{0 and conduit 1§ (Fig. 5) to
the derichment valve 23 on the carburetor 24 and
to the reset mechanism 27 on the manifold pres-
sure regulator, if one is used. This reduces the
F/A ratio delivered to the engine to a best power
value and resets the manifold pressure to a pre-
determined value. As the water metering head
differential increases, the increasing pressure dif-
ferential between chambers 180 and 87, acting
on diaphragm 142, opens the enrichment valve
113 against the force of spring 118, Water is
then also metered by the enrichment valve 113
to chamber 84 and to the discharge nozzle 28 of
the engine. Orifice 15 starts to meter the water
when the flow threugh the enrichment valve 118
is sufficient for the orifice 115 to restrict the flow.
The contour of the valve {13 and the rate of the
spring {14 determined the rate of change of flow
with changes in water metering differential be-
tween chambers 100 and 84 which also equals the
pressure differential between chambers 183 and
87 and which is at all times equal to the carbu-
retor fuel metering differential. When the un-
metered fuel pressure in chamber 76 decreases,
the unmetered water pressure in chamber 83
decreases, causing the pressure differential across
diaphragm 87 to decrease. At a predetermined
value of this pressure differential, check valve §8
closes, shutting off the fiow of water through the
check valve 89 and hence through the metering
orifice {82 and the enrichment valve (13. The
flow of water can also be stopped by de-ener-
gizing solenoid 78 allowing valve 7% to close the
unmetered fuel passage 88 to chamber 6 and
opening the blower throat suction passage 15 to
chamber 76. This creates a pressure differential
across diaphragm 82 in the direction to close pres-
sure regulating valve T7, decreasing the pressure
in chamber 83 causing check valve §% to close
shutting off flow of water as described above.
The decrease in pressure in chamber {08 caused
by the closing of check valve §9 allows enrich-
ment valve 113 to close. As the pressure in cham-
ber 100 becomes equal to the pressure in chamber
94 the pressure in chamber (84 becomes equal
to the pressure in chamber §8. Hence spring {08
closes valve 107 and the water is allowed to bleed
out of passage (10 through bleed ({8 relieving the

‘pressure on the derichment valve 23 on carbu-

retor 24 and on the reset mechanism 27 on the
manifold pressure regulator, returning them both
to normal. ’
Through the action of the three-way solenoid
valve 19, the water flow may be started or stopped
manually by energizing or de-energizing the sole~
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noid 78:at a point at -which the fuel and hence
the water metering differential is sufficient to
open the check valve 23. If the solencid 78 is en-
ergized -at a point below which the check valve
89 opens, water will not start to fiow until the
metering differential reaches the predetermined
value and opens the check valve 99. "Likewise the
water flow will stop when fuel and hence the
water metering differential drops below the pre-
determined value mentioned above and closes the
check valve 89, provided that the solenoid 78 has
not been de-energized. If the solencid 18 is de-
energized above the point at which check valve
99-opens, water will cease to flow.

Figs. 7 and 8 illustrate a modification of the
invention inciuding a variable water-air regula-
tor incorporating an electric device for operating
the carburetor derichment valve and supercharg-
er regulator reset.

In Figs. 7 and 8, water from the pump passes
through the heat exchanger i4 and enters the
regulator {19 at chamber 128. All water not flow-
ing to the engine through the pressure regulat-
ing valve {22 and check valve {24 returns through
the pressure contrelling valve 12§ into the water
return duct {8 to the supply tank. The pressure
in chamber {28 is maintained at a value equal to
the force of the spring {28 divided by the area of
valve §26 plus the pressure in chamber {88. The
pressure in chamber 130 is at all times equal to
the pressure.in chamber 83, inasmuch as the two
chambers are connected by passage 132. In the
“water off” position of the sclenoid §34, when the
solenoid is not energized, the pressure in cham-
ber 83 is equal to the pressure in chamber 84, be-
cause the pressures in chambers {35, {38 and 143
are eqgual to the pressure in chamber 84, or the
discharge nozzle pressure. The chambers §3%
and {48 are connected to chamber €2 by the pas-
sage 93 and the pressure in chamber 158 is made
equal to the pressure in chambers {38 and 143
by the solenoid valve 142 closing off passage 35
which is connected o the unmetered fuel pres-
sure from the carburetor and opening vassage {144
to chamber (38.

When the solenoid {34 is energized by manual
switch {88A, Fig. 7, passage 4 is closed off from
chamber (48 and passage 33 is opened by valve
182 and unmetered fuel pressure is transmitied
to chamber {38. The fuel metering pressure dif-
ferential is then imposed ascross diaphragm {45
which creates a force on the stem of the pressure
regulating vaive 122 tending to open the vailve.
As valve 122 opens, the pressure in chamber 83
is increased, which in turn increases the pressure
in chamber {88 tending to close the pressure con-
trolling valve 126 which action increases the pres-
sure in chamber {28 until the pressure centroliing
and pressure regulating valve system reaches g
stabilized condition. This stabilized condition
oceurs when the pressure in chamber 83 is suffi-
ciently greater than the discharge pressure In
chamber {48 to preduce a force on the stem of
valve 122 which is equal and opposite to the force
preduced by the carburetor fuel pressure differen-
tial between chambers §38 and {38, The areas of
diaphragm 348 and {59 are equal to the avea of
valve 122 and are smaller than the avea of dlu-
phragm 145 to the extent that the pressure dif-
ferentizl existing between chambers 83 and {49
will be greater than the pressure . differential
existing between chambers 138 and 136 by a con-
stant predetermined ratio. The pressure built up
.in this-manner in chamber 83 will create a pres-
-suve ‘differential across diaphragm 152 since the
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pressure in chamber 288 on the opposite side of
diaphragm 152 is maintained at all times equal
to the-engine discharge nozzle pressure in cham-
ber 84 by connecting passage 82. This pressure
differential between chambers 83 and 288, sepa~
rated by diaphragm 152, produces a force which
will overpower the force of the spring (54, tend-
ing to hold the check valve {24 in the closed posi-
tion, thereby opening the check valve 124 and per-
mitting water to flow into chamber {8§.

As the ‘pressure in chamber 189 increases to
be equal to the pressure in chamber 88, the effec-
tive area of diaphragm §52 increases, cpening
check valve 124 further, thus producing a “snap

ction” of valve {24. The force exerted by spring

{54 upon check valvei#d can be varied by ad-
justing screw §58. The combination fized and
variable metering orifice 8§ comprising a valve
34’ with opening 63’ presents a restriciion
to the Bow of water from chamber {88 to cham-
Ler 94, thereby causing the pressure in chamber
{89 to increzse to a bpressure egual to that in
chamber 23 when check vaive (24 is opened.
Hence, the water metering differential which is
at all times a constant ratio of the fuel metfering
differential is imposed across the metering orifice
156 and water will flow through the orifice in
predetermined proportions from chamber {80 to
chamber 84 and thence to the engine discharge
niozzle.

The pressure increase in chamber (98, {rom a
pressure equal to that maintained in chamber
$4 by the engine discharge nozzle to a pressure
equal to the unmetered water pressure estab-
lished in chamber 83, is transmitied through
passage 158 to chamber i88. Chamber {388 is
separated from chamber (82 by a diaphragm
154, The pressure in chamber 132 is maintained
equal ab all times %o the pressure in chamber
§d4 since it is connected thereto by passage (85.
Hence, the waber metering differential will be
imposed across diaphragm {84 which will move
the diaphragm against the electrical switch ac-
tusting pin {88, thereby clcsing the conbacts
in the electrical switch #708. This ciosing of the
glectrical switch contacts willi permit electrical
current to activate solenoids 172 and 174 therecby
operating, respectively, the derichment valve on
the carburetor and the supercharger or turbo
regulator reset mechanism. This leans out the
F/a ratio delivered by the carburetor to the
engine and resets the manifeld pressure from
a normal power value 0 anl SMErgency power
value. A manual switch t¥8A is provided to
open the circuit whenever necessary.

When the solencid i34 is de-energized and
solenoid valve {42 moves to close off passage
35, the reverse sequency of Dpressure changes
within the varicus chambers will occur causing
the pressure in chamber 83 to decrease until it
is again equal to the pressure in chamhper 140
which “will close the check valve 1Z4 shutting
off the Blow of water through metering orifice
{58 and causing the pressure in chamber 188
to deerease to a value equal to that in chamber
94. This decrease in pressure in chamber {38
will consequently equalize thie pressure in cham-
pers 1808 and 152 permitting the contact points
in the electrical switch (78 to open. The open-
ing of the contacts in the electrical switch 179
will therefore:open fhe electrical ccnmnection to
the. derichment valve supercharger or turko
regulator reset-imechanism solencids returning

aln

and

the fuel mixture strength and:the manifold: pres-

sure -to -normal -power values.
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The same variable water-air regulator system
shown in Fig, 8 could be operated without the
solenoid valve {42 by klanking off passage {44
which would then produce a regulator automati-
cally providing a flow of water to the engine
when the carburetor metering differential reached
a predetermined value. Hydraulic operation of
the derichment valve and the supercharger reg-
ulator could be obtained by removal of the elec-
trical switch {78 and the diaphragm i84, and by
plugging passage 168. In this case, passage 158
would be connected directly by pressure transfer
lines to the derichment valve and supercharger
regulator reset mechanism.

As a variation, chambers 136 and {28 in Fig.
8 could be subjected to the compensated air pres-
sure metering differential as obtained from the
carburetor air Venturi system instead of being
subjected to the fuel head metering differential
as described above.

Referring to Fig. 1b, which is illustrative of
a preferred metering schedule, the W/A ratio
increases rapidly along section A of the curve
during the initial opening of the check valve
(43 in Fig. 2 and Fig. 4, 99 in Fig. 6 and {24
in Fig. 8). Because of the “snap-action” oper-
ation of the check valve, as previously described,
the slope of section A of the curve is relatively
steep. The W/A ratio then remains relatively
constant as shown in section B of the curve at a
value determined by the area of the fixed meter-
ing orifices (53 in Fig. 4 and Fig. 8, 162 in Fig.
8, and the annular area between the cylindrical
exterior wall of valve 49 and the cylindrical in-
terior wall of chamber 49 in Fig. 2). Then at a
predetermined water metering differential the
W /A ratio begins to increase as shown in section
C of the curve (this action is effected in Fig. 4
and Fig. 8 by variable orifice 64, in Fig, 6 by
variable orifice {43, and in Fig. 2 by further
opening of valve 48 so that the tapered meter-
ing portion of the valve is gradually moved past
the edge of the cylindrical wall of chamber 48).
At maximum airflow the W/A ratio again be-
comes relatively constant as shown in section D
of the curve at a value determined by the limiting
orifice ({115 in Fig. 6, the maximum opening of
orifice §4 in Fig. 4 and Fig. 8, and the orifice
in valve 48 in Fig. 2).

Although certain specific embodiments have
been shown and described herein for purposes
of illustration, it will be evident to those skilled
in the art that the invention is capable of vari-
ous modifications and adaptations within the
scope of the appended claims.

I claim:

1. A liguid injection systema for supplying
metered liquid to an internal combustion en-
gine, comprising a source of liquid, a liguid flow
control regulator connected to said scurce hav-
ing o metering valve controlling the flow of liquid
to said engine, a diaphragm-actuated valve in
said regulator controlling the flow of liguid to
said metering valve, a pressure control valve
located between said diaphragm-actuated valve
and said source of liguid maintaining the water
pressure acting on said diaphragra-actuated
valve at a value dependent on a reference pres-
sure, and means for returning unmetered liquid
from said regulator to said source.

2. A liguid injection system for supplying
metered liquid to the discharge nozzle of an in-
ternal combustion engine, comprising a liguid
supply tank, a pressure pump connected there-
to, a liquid fiow control regulator connected to
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said pump having a metering valve controlling
the flow of liquid to said discharge nozzle, a
diaphragm-actuated valve in said regulator con-
trolling the flow of liquid to said metering valve,
a pressure control valve located between said
diaphragm-actuated valve and said source of
liquid maintaining the water pressure acting on
said diaphragm-actuated valve at a value de-
pendent on a reference pressure, and means for
returning unmetered liguid from said regulator
to said supply tank.

3. A liquid injection system for supplying
metered liquid to the discharge nozzle of an
internal combustion engine, comprising a ligquid
supply tank, a pressure pump connected thereto,
a liquid flow control regulator having a metering
valve controlling the flow of liquid to said dis-
charge nozzle, a diaphragm-actuated valve in
said regulator controlling the flow of liquid to
said metering valve, means in said regulator
controlled by the operation of said engine for
operating said diaphragm-actuated valve to dis~
charge measured amounts of liquid through said
metering valve, a derichment valve and a regu-
lator reset mechanism associated with said en-
gine, means responsive to the pressure differ-
ential actuating said diaphragm-actuated valve
for operating said derichment valve and said
regulator reset mechanism, and means for cir-
culating liquid from said regulator through said
derichment valve and said regulator reset mech-
anism.

4, A liguid injection system for supplying
metered liquid to the discharge nozzle of an in-
ternal combustion engine, comprising a liquid
supply tank, a pressure pump connected thereto,
a liquid flow control regulator having a metering
valve controlling the flow of liquid to said dis-
charge nozzle, a diaphragm-actuated valve in
said regulator controlling the flow of liquid to
said metering valve, means in said regulator
controlled by the operation of said engine for
operating said diaphragm-actuated valve to dis-
charge measured amounts of liquid through said
metering valve, a derichment valve and a regu-
lator reset mechanism associated with said en-
gine, means responsive to the pressure differen-
tial actuating said diaphragm-actuated valve for
operating said derichment valve and said regu-
lator reset mechanism, means for circulating
liquid from said regulator through said derich-
ment valve and said regulator reset mechanism,
and means for by-passing unmetered liquid from
said regulator to said supply tank.

5. A variable liquid flow confrol regulator for
injecting liquid into the discharge nozzle of an
internal combustion engine, comprising a liquid
inlet chamber, an outlet chamber for conneec-
tion to said discharge nozzle, a liquid return
chamber for discharging unmetered liquid from
said regulator, a pressure controlling valve be-
tween said inlet chamber and said return cham-
ber, a pressure chamber in said regulator con-
trolled by the operation of said engine, means
separating said return chamber and said pres-
sure chamber and actuating said pressure con-
trol valve for controlling the flow of unmetered
liquid to said return chamber, and a check valve
between said inlet and outlet chambers and
controlling the flow of ligquid therebetween.

§. A variable liquid flow control regulator-for
injecting liquid into the discharge nozzle of an

internal combustion engine, comprising a liquid

inlet chamber, an outlet chamber for connection
to said discharge nozzle, a liquid return chamber
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fér ditcharging unmetered liquid from said reg-
vlator, a pressure-controlling valve between said
inlet chamber and szid return chamber, a fuel
chamber for connection to: the  fuel  pressure
system of said engine, means separating said
return chamber and said fuel chamber and ac-
tuating said pressure control valve for control-
ling the flow of unmetered liquid to said return
chamber, a check valve between said inlet and
cutlet  chambers and controlling the fiow of
liquid therebetween, and means controlling. the
pressure’ differential in  said inlet and outlet
chambers for actuating said valve.

7. A variable liquid flow control regulator for
injecting liguid into the discharge nozzle of an
internal combustion engine, comprising a liguid
inlet chamber, an outlét chamber for connection
to said discharge nozzle; a flexible diaphragm
separating said inlet and outlet chambers, a liquid
return chamber for discharging unmetered liquid
from- said regulator, a pressure controliing valve
between said- inlet chamber and said return
chamber, a pressure chamber in said: regulator
controlled by the operation: of said engine;, a
flexible diaphragm separating said return cham-
ber and said pressure chamber and actuating said
pressure control valve for controlling the flow-of
unmetered liquid to said return chamber, and .a
check valve carried by said first-mentioned. fiex-
ible- diaphragm between said inlet and outlet
chambers and controlling the flow of liquid from
said inlet chamber to said outlet chamber.

8. A variable water flow -control regulator for
injeeting water into thie discharge nozzle of an
internal combustion engine; comprising a .water
inlet chamber, an ouflet chamber for.connection
to said discharge nozzle, a flexible diaphragm
separating said-inlet and-outiet chambers, a water
return chamber for discharging unmetered water
from said regulator, a pressure controlling.valve
between said  inlet chamber and said return
chamber, a fuel chamber for connection to. the
fuel pressure system: of said. engine; a- flexible
diaphragm separating said return chamber and
said fuel chamber and actuating: said pressure
control valve for controlling the flow of. un-
metered water to said . return chamber, and: a
check valve carried by said first-mentioned flex-
ible diaphragm between said  inlet and outlet

chambers and controlling the flow-of water from !

said inlet chamber to said outlet chamber:

9. A’variable water flow control regulator for
injecting water into: the discharge nozzlé of an
internal combustion engine, comprising. a water

inlet chamber, an outlet chamber-for connection 3i:

to said discharge nozzle, a flexible diaphragm
separating said inlet and outlet: chambers, a
water return chamber for discharging unmetered
water from said regulator, a pressure controlling
valve between said inlet chamber-and said return
chamber, a fuel chamber for connection to: the
fuel pressure system of said engine, a flexible
diaphragm separating said return chamber and
said fuel chamber and actuating said pressure
control valve for controlling the flow of un-
metered water to said return chamber, a check
valve carried by said: first-mentioned flexible dia-
phragm between said inlet and -outlet :chambers
and controlling the flow of water from said inlet
chamber to said outlet chamber, and means: con-
trolling the pressure differential in said inlet and
outlet chambers for actuating said diaphragms..
10.- A variable water-flow control regulator for
injecting water into the discharge nozzle of an
internal combustion engine, comprising. g water
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inlet 'chamber, an outlet chamber for connection
to. said: discharge nozzle, a flexible diaphragm
separating said-inlet and outlét chambers, a water
return-chamber for discharging unmetered water
from:said regulator, a pressure controlling valve
between said . inlet' chamber and said return
chamber; a fuel chamber for connection to the
fuel pressure system of said engine, a flexible
diaphragm separating said return: chamber-and
said fuel chamber and actuating said pressure
control valve for controlling' the flow of un-
metered water to said return chamber, a check
valve carried by said first-mentioned flexible dia-
phragm between said.inlet and outlet chambers
and controlling the ‘flow of water from said inlet
chamber to said.outiet chamber; means including
a:valve in said regulator for controlling the flow
of: o0il therethrough, and means controlled by the
pressure differentisl in said inlet and outlet
chambers for actuating said oil control valve.

11. A variable:liquid flow control regulator for
injecting liquid into: the discharge nozzle of an
internal combustion engine, comprising: a ligquid
inlet chamber, means in said chamber for by-
passing unmetered liguid to a return passage; a
liquid outlet chamber for connection to said dis-
charge:-nozzle, a metering chamber and metering
means: therein for. connecting ' said metering
chamber to said outlet chamber, a pressure cham-
ber: connected to-said reburn passage, a check
valve between said .pressure chamber: and. said
metering chamber operable by the pressure differ-
ential therein, a regulating. valve between said
pressure chamber and: said inlet chamber, and
means.for actuating said regulating valve to.con-
neet said:inlet chamber to said pressure chamber
and: thence through' said:check. valve and said
metering chamber o said ligquid cutlet chamber.

12. A-variable liquid flow control regulator for
injecting liquid into. the discharge nozzle of an
internal combustion. engine, comprising a liquid
inlet  chamber, a pressure controlling valve in
said chamber - for: by-passing unmetered liquid
to. a. return passage, a liguid. outlet chamber for
connection to. said. discharge nozzle, 2 metering
chamber and. a. metering valve therein for con-
necting: said. metering: chamber to said outlet
chamber; a.pressure chamber connected to said
return passage, 2 check valve between said pres<
sure chamber and said metering chamber; a flex-
ible diaphragm supporting said check valve-and
having -one- side thereof open to said pressure
chamber:-and the other side thereof open to said
outlet.chamber so-as to he: operable by the pres-
sure differential therebetween, a -regulating valve
between said pressure chamber and said. inlet
chamber;. and means for actuating said regulating
valve torconnect said inlet chamber to said pres-
sure :chamber and thence through said check
valve :and said metering chamber to said liquid
outlet chamber.

13.- A-variable liquid flow control regulator for
injecting liquid into: the:discharge nozzle of an
internal -combustion  engine; comprising -a:liguid
inlet- chamber; a' pressure controlling valve in
said chamber for by-passing unmetered liquid
to a return-passage; a liquid outlet charaber for
connection: to: said: discharge nozzle, a  metering
chamber and: a; metering valve therein for con=
necting said metering: chamber to said cutlet
chamber, a.pressure chamber connected to said
return passage; a.check valve between said pres-
sure:chamber:and said: metering chamber, a flex~
ible:diaphragm. supporting said: check:valve and
having: one: side: thereof: open to.-said: pressure
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chamber and the other side thereof open to said
outlet chamber so as to be operable by the pres-
sure differential therebetween, a regulating valve
between said pressure chamber and said inlet
chamber, a plurality of flexible diaphragms sup-
porting said regulating valve and forming a plu-
rality of chambers connected to said outlet cham-
ber to maintain them at the same pressure as said
outlet chamber, and means for controlling the
pressure acting on certain of said diaphragm

chambers to actuate said regulating valve and’

thereby connect said inlet chamber to said pres-
sure chamber and thence through said check
valve and said metering chamber to said liquid
cutlet chamber,

14. A variable water flow control regulator for
injecting water into the discharge nozzle of an
internal combustion engine, comprising a water
inlet chamber, a pressure controlling valve in
said chamber for by-passing unmetered water to
a return passage, a water outlet chamber for
connection to said discharge nozzle, a metering
chamber and o combination fixed and variable
orificed metering valve therein for connecting
sald metering chamber to said outlet chamber, a
pressure chamber connected to said return pas-
sage, a check valve between said pressure cham-
ber and said metering chamber, a flexible dia-
phragm supporting said check valve and hav-

ing one side thereof open to said pressure cham- °

ber and the other side thereof open to said out-
let chamber =0 as to be operable by the pressurs
differential therebetween, a regulating valve be-
tween said pressure chamber and said water in-

let chamber, a plurality of flexible diaphragms :

supporting said regulating valve and forming a
plurality of chambers connected to said outlet
chamber to maintain them at the same pressure
as said outlet chamber, and means for controlling
the pressure acting on certain of said diaphragm
chambers to actuate sald regulating valve and
thereby connect said inlet chamber to said pres-
sure chamber and thence through said check
valve and said metering chamber to said water
cutlet chamber,

15. A variable water flow control regulator for
injecting water into the discharge nozzle of an
internal comkustion engine, comprising a water
inlet chamber, a pressure controlling valve in
said chamber for by-passing unmetered water to
a return passage, a water outlet chamber for con-
nection teo said discharge nozzle, a metering
chamber and combination fixed and variable
orificed metering valve therein for connecting
said metering chamber to said outlet chamber, a
pressure chamber connected to said return pas-
sage, o check valve befween said pressure cham-
ber and said metering chamber, a flexible dia-
phragm supporting said check valve and having
one side thereof open to said pressure chamber
and the other side thereof open te said outlet
chamber so as to be operable by the pressure dif-
ferential therecbetween, a regulating valve be-
tween said pressure chamber and said water in-
let chamber, a plurality of flexible diaphragms
supporting said regulating valve and forming a
plurality of chambers connected to said outlet
chamber to maintain them at the same pressure
as said outlet chamber, and means including a
solenoid valve for controlling the flow of engine
fuel under pressure to cerfain of said diaphragm
chambers to actuate said regulating valve and
thereby connect said inlet chamber to said pres-
sure chamber and thence through said check
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valve and said metering chamber to said water
outlet chamber.

16. A variable water flow control regulator for
injecting water into the discharge nozzle of an
internal combustion engine, comprising a water
inlet chamber, a pressure controlling valve in
said chamber for by-passing unmetered water
to a return passage, a water outlet chamber for
connection to said discharge nozzle, a metering
chamber and a combination fixed and variable
orificed metering valve therein for connecting
said metering chamber to said outlet chamber, a
pressure chamber connected to said return pas-
sage, a check valve between said pressure cham-
ber and said metering chamber, a flexible dia-
phragm supporting said check valve and having
onhe side thereof open to said pressure chamber
and the other side thereof open to said outlet
chamber so as to be operable by the pressure
differential therebetween, a regulating valve be-
tween said pressure chamber and said water inlet
chamber, a plurality of flexible diaphragms sup-
porting said regulating valve and forming a plu-
rality of chambers connected to said outlet cham-
ber to maintain thetn at the same pressure as said
outlet chamber, means including a solenoid valve
for controlling the flow of engine fuel under pres-
sure to certain of said diaphragm chambers to
actuate said regulating valve and thereby con-
nect said inlet chamber to said pressure cham-
ber and thence through said check valve and
said metering chamber to said water outlet cham-
ber, an electrical switch in said regulator, and
means including a flexible diaphragm subject
to variations in pressure in said metering cham-
ber for operating said electrical switch.

17. An anti-detonant supply regulator for in-
ternal combustion engines, including a combina-
tion, s pressure metering orifice to meter the flow
of anti-detonant to the engine, a fuel derich-
ment control means, and means responsive to the
pressure differential across the aforesaid orifice
for instantaneously operating said fuel derich-
menis means upon the attainment of a predeter-

5 mined differential pressure.

18. An anti-detonant supply regulator for an
internal combustion engine, comprising in com-
bination, control means for causing derichment
of a fuel mixture, means for controlling the sup~
ply of anti-detonant to the engine, said last men-
tioned means including a metering orifice, angd
means for controlling said derichment control
means in accordance with the pressure differen-
tial across said metering orifice.

19. An anti-detonant regulator for internal
combustion engines, including in combination,
means for admitting anti-detonant supply to the
engine in accordance with an air flow condition
thereto, and further automatic means for pro-
gressively varying the supply of anti-detonant
relatively to the air supply as said air flow in-
creases, said first named means including a
pressure control valve and a diaphragm-actuated
valve, said pressure control valve maintaining the
anti-detonant pressure acting on said dia-
phragm-~actuated valve at a value dependent on
an gir flow condition.

20. A variable liguid fiow control regulator for
injecting liguid into the discharge nozzle of an
internal combustion engine, comprising a liquid
inlet chamber, means in said chamber for bleed-
ing air, liquid vapor, or liguid to a return passage,
a pressure chamber connected to a return pas-
sage, a pressure controlling valve between said
inlet chamber and said pressure chamber for
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maintaining: a -desired- pressure- in: the: pressure
chamber, a liquid outlet chamber for-connection
to-a discharge nozzle; a metering chamber and
metering- means- for connecting - said- metering
chamber to said cutlet chamber, a check valve
separating said pressure chamber and said ine-
tering chamber; a flexible diaphragm supgorting
zaid check valve and-having one side-therecf open
to said pressure chamber and the other side
thereof. cpen to said ocutlet chamber so as to-be
operable by a pressure differential therebetween,
means ogerable to predetermmine the pressure dif-
ferential at which said check valve will open, and
means including a flexible diaphragm subject to
a-pressure: differential for controlling a derich-
ment valve.

21. A variable liquid flow contrel regulator for
injecting liquid into the discharge nozzle of an
internal combustion engine, comprising a liquid
inlet chamber, means in said chamber for bleed=
ing air, liguid vapor, or liguid to a return passage,
as pressure chamber connected to a return pas-
sage, & pressure controlling valve between said
inlet chamber and said pressure chamber for
maintaining a desired pressure in the pressure
chamber, a liquid outlet chamber for connection
to a- discharse nozzle, a metering chamber and
metering means for connecting said metering
chamber to said outlet chamber, a check valve
separating said pressure chamber and said me-
tering chamber, a flexible diaphragm supporting
said check valve and having one side-thereof open
to--said pressure chamber and the other side
thereof open to said outlet chamber so as to be
operable by-a pressure differential thersbetween,
means operable to predefermine the pressure dif-
ferentisl at which said check valve will cpen, and
means-including a flexible diaphragm subject to
a pressure differential for controlling a manifold
pressure regulator.

22. A variable liguid flow regulstor comprising
a liguid inlet chamber, a pressure chamber, a
pressure conirclling valve between said inlet
chamber and said pressure chamber for main-
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taining a.desired pressure-in-the pressure-cham-
ber, a liquid-outiet chamber, a metering chamber.
and metering means:for connecting said meter-
ing-chamber o said cutlet chamber, a check valve
separating said pressure chamber and said me-
tering chamber, and a-flexible diaphragm. sup~
porting - said. check valve- and having one side
thereof open to said pressure chamber and the
other side thereof open to said cutlet chamber so
as to.be operable by a pressure differential there~
between.

23.- A variable liguid flow:-regulator comprising;
= liguid inlet chamber, a pressure  chamber;
means for mzintaining a desired pressure-in the
pressure chamber, a liguid outlet chamber, a- me-=
tering chamber and metering means for connect-
ing said- metering chamber to said outlet cham-
ber, a. check valve separating said. pressure cham=
ber and said: metering chiamber, and means sup-
porting said check valve cperable by a predeter-
mined pressure differential,

24. A liquid. injection: system for supplying
metered liquid to the. discharge nogzle. of an in-
ternal combustion engine, comprising & liguid
supply . tank; a pressure pump connected there-
to, a liquid flow control regulator connected. to
said pumyp having a metering valve controlling

he. flow-of liguid to said discharge nozzle, a dia-
phragm-actuated valve in said regulator control-
ling the fiow of liguid to.said metering valve, a
derichment valve-associated with said engine;
means,. responsive. to the pressure differential ac-
tuating said diaphragm-actuated valve for. op~
erating said derichment valve.
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