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UNITED STATES 

2,681,048 

PATENT OFFICE 
2,681,048 

WAERABLE WATER-AR REGULATOR, 

Samuel S. Fox, West Hartford, Conn., assignor to 
United Aircraft Corporation, East Hartford, 
Conn., a corporation of Delaware 
Application June 21, 1949, Serial No. 100,355 

(C. 123-25) 24 Claims. 

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, 1946. 
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 

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 automatic 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 
fioW 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. lot 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 Rig. 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 O. With a feed line to a 
preSSure pump 2 which may have a relief valve 
3 Connected in parallel thereto. 
The Water is pumped through a heat exchanger 

f4 where it may be heated to prevent freezing 
by hot oil coming from the engine or going to 
the engine, the oil being supplied from the tank 3. 
The water from heat exchanger is passes 

through line 6 into the variable water regulator 
, the construction of which is shown in detail 

in Fig. 2 and will be described later. In Fig. i. 
the regulator 7 is shown as having three outlet 
lines numbered 8, 9 and 2, respectively. Of 
these, line 8 is the return conduit leading to 
Water tank 0 for the purpose of bypassing back 
to the tank to 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 inechanism 
2. 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 60 which 
conveys metered fuel from carburetor 24 to dis 
charge nozzle 28. 
The derichment valve 23 and the Supercharger 

regulator reset mechanism 2 may be of any suit 
able type and may be actuated either electrically, 
hydraulically or pneumatically. The derichment 
valve shown herein for purposes of illustratioll 
is a known device which may be similar to that 
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 as that shown in Fig. 5 of Patent. No. 
2,553,145. In the instant case the valve 23 and 
the reset mechanism 2 are assumed to be ac 
tuated hydraulically With Water. 
The construction of the variable. Water-air 

regulator i is shown in detail in Fig. 2. By 
referring to Fig. 2 it will be seen that Water from 
the heat exchanger passes through line 6 into 
the regulator 7, entering through passage 30, 
passing through chamber 31, and through preS 
sure controlling valve 32 to by-pass chamber 33 
which is connected by line 8 to the Water tank 
A (Fig. 1). Walve 32 acts as a by-pass Or relief 
valve to maintain the pressure in chamber 3i 
equal to the pressure 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 3i, 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. Chan 
ber 3 is separated from chamber 38 by a dia 
phiagiin 33 which may be of the rubber-cloth type 
or a ninetai "oil can' Spring, the chamber 38 being 
connected to the line or conduit 2) leading to 
the engine discharge nozzle. 
A combination check valve, variable metering 

Grifice, and imaximum flow fixed Orifice 40 is 
not inted 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 29 to the discharge nozzle. The 
preSSLre 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 AC on its seat 43 until the dif 
ferential between chambers 3 and 38 reaches a 
predetermined value, at which time the force 
exerted on the valve a SSembly 6) by diaphragm 
39 Will cause the valve to lift off the seat 43 
thereby admitting water to chamber 44 at a 
preSSure equal to chamber 3. 
When valve 46 is Sealed on its seat 43 the pres 

Sure in chamber 4 is equal to the pressure in 
chainber 38. The resultant pressure increase in 
chamber 44 when the valve. 40 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 40 from 
chamber 44 to chamber 49 and thence through 
the fixed ninetering 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 45 which is sealed from 
chamber 46 by diaphragm 47. The pressure in 
chamber 6 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 47 to move 
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4. 
against the stem of valve 48 thereby opening 
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 9 to the 
derichment valve 23 and power control reset 
mechanism 22 of Fig. 1. When vaiye 3 is closed, 
the pressure in chamber 53 is vented to the hy 
draulic tank or drain pressure through pipe 54; 
and when valve AS is open, the pressure in chann 
ber 53, because of the restriction 55 in the pas 
Sage to pipe 56, increases to main hydraulic feed 
pressure. This pressure change is the actuating 
preSSu'e Change in the derichinent waive 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 (i. e., in 
chamber 3) which is maintained at all tinnes 
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 automati 
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 airfow 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 generally. 

described as being actuated hydraulically. The 
Connections shown in Fig. illustrate hydraulic 
actuation by water. The System shown in Fig. 1 
may be modified, as illustrated in Fig. it, to in 
clude an oil pump 56 to provide hydraulic actua 
tion by oil. 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 53 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 Fig. 3 the regulator 57 is shown as having 
five inlet and outlet lines, 6, 8, 9, 23 and 35, 
Corresponding with the similar lines in Fig. 1. 
In Fig. 3, furthermore, liquid is conveyed by line 
26 containing restrictions 22 to the return con 
duit 8 leading to the water tank. i to provide 
circulation of heated water through ine i S, 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 diaphragins 6; and 
62 cooperate with the diaphragm 3 to 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 94 (which at all times is equal to 
metered fuel pressure because of the intercon 
nection of lines 2 and 60) is admitted by pas 
Sages 93 and 93A to the chambers between dia 
phragms 3 and 62 and above diaphragm 6 f. 
Unmetered fuel pressure is admitted through line 
35 to the chamber between diaphragms S2 and 
6?. For a more complete explanation of the 
mode of operation of valve 32 by diaphragms 37, 
8 and 62, reference is made to Fox and Palmer 
Patent No. 2,399,480, issued April 30, 1946. 

In Fig. 4, furthermore, the fixed and variable 
metering orifices S3 and 64 are separated from 
the check valve and diaphragm. 39. A three-way 
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Solenoid valve 65 actuated by Solenoid 66 is pro 
vided to change the pressure on the side of check 
valve diaphragm 39 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 to lift the solenoid 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 94. 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 66 and ob 
taining automatic operation. 

Figs. 5 and 6 illustrate a modification of the 
invention, including a variable water-air regul 
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 B under pressure through the 
strainer into chamber 2. Air, water vapor and 
some water are returned to the Supply tank 
through bleed 73 and vent passage 4 connected to 
line 8. Blower throat suction is transmitted 
through internal passages 75A, 75 to chamber 6. 
The pressure regulating valve f attempts to 
maintain pressure in chamber 83 equal to pres 
sure in chamber 6 and consequently the valve 

remains closed or nearly closed. When the 
solenoid 8 is energized by manual Switch 8A, 
passage 75 is closed and passage 80 is opened by 
valve 79 and unnettered fuel pressure is trans 
mitted through internal passages 35 and 89 to 
chamber 6. 
valve 7 to make pressure in chamber 83 equal to 
unmetered fuel pressure in chamber 6. Any air 
or water vapor, and some water, aire returned 
from chamber 83 through bleed 64 and paSSage 
74 to line 8 (Fig. 5) and thence to the Supply 
tank C. The pressures in chambers 86, 87 and 
88 are at all times all equal to the metered fuel 
pressure since they are all interconnected by pas 
sages 89, 99 and 92, and vented through passage 
93 to chamber 94 which leads directly through 
line 23 (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 25 which is equal to metered fuel pressure 
create a pressure differential acroSS diaphragm 
97 equal to the carburetor fuel metering differen 
tial. This pressure differential between chambers 
83 and 86 produces a force which at a predeter 
mined value overcomes the force of the Spring 98 
which is holding the check valve 99 closed. The 
check valve 99 opens and allows water to flow into 
chamber . The metering orifice O2 restricts 
the flow from chamber 100 to chamber 94 caus 
ing the pressure in chamber 100 to increase to 
a pressure equal to that in chaimber 83. As the 

The diaphragm 82 then positions 
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pressure in chamber 00 increases to be equal to 
the pressure in chamber 83, the effective area of 
diaphragm 97 increases, opening check valve 99 
further thus producing a 'snap action' of valve 
99. Since the water metering differential, which 
is at all times equal to the carburetor fuel meter 
ing differential, is imposed across the metering 
Orifice 02 the water Will flow through the Orifice 
in predetermined proportions to fuel flow and 
thus also to maSS airflow fron chamber 100 to 
chamber 94 and then to the engine discharge noz 
zle 28 through line 20 (Fig. 5). 
The pressure in chamber 4 is equal to the 

pressure in chamber 0 as these chambers are 
connected by passage 05. Hence the water me 
tering differential is also imposed across dia 
phragm 06, which opens valve fe7 when the 
predetermined force of Spring f8 is overcome. 
When valve (7 opens, it allows water inlet pres 
Sure from chamber 72 and passage 09 to pass 
through passage 0 and conduit S (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 00 and 87, acting 
on diaphragm 2, opens the enrichment valve 

3 against the force of spring 4. Water is 
then also metered by the enrichment valve 3 
to chamber 94 and to the discharge nozzle 28 of 
the engine. Orifice 5 starts to meter the Water 
When the flow through the enrichment valve 3 
is Sufficient for the orifice 5 to restrict the fioW. 
The contour of the valve 3 and the rate of the 
spring 4 determined the rate of change of flow 
With changes in water metering differential be 
tween chambers ()) and 94 which also equals the 
preSSure differential between chambers 0 and 
87 and which is at all times equal to the carbu 
retor fuel metering differential. When the un 
metered fuel pressure in chamber 6 decreases, 
the unnettered Water pressure, in chamber 83 
decreases, causing the pressure differential across 
diaphragm 9 to decrease. At a predetermined 
value of this pressure differential, check waive 99 
closes, shutting off the flow of water through the 
check Valve 99 and hence through the metering 
orifice 2 and the enrichment valve 3. The 
flow of water can also be stopped by de-ener 
gizing Solenoid 8 allowing valve 79 to close the 
unmetered fuel passage 30 to chamber 6 and 
opening the blower throat suction passage 5 to 
chamber 76. This creates a pressure differential 
across diaphragm 82 in the direction to close pres 
Sure regulating valve 7, decreasing the pressure 
in chamber 83 causing check valve 99 to close 
Shutting off flow of Water as described above. 
The decrease in pressure in chamber 9 caused 
by the closing of check valve 99 allows enrich 
ment valve 3 to close. As the pressure in cham 
ber foe becomes equal to the pressure in chamber 
94 the pressure in chamber G4 becomes equal 
to the pressure in chamber S8. Hence spring 08 
closes valve to and the water is allowed to bleed 
Out of passage 0 through bleed is relieving the 
preSSure on the derichment valve 23 on carbu 
retor 24 and on the reset mechanism 2 on the 
manifold pressure regulator, returning them both 
to normal. - 

Through the action of the three-way solenoid 
valve 79, 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 99. If the solenoid 8 is en 
ergized at a point below which the check valve 
99 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 inentioned above and closes the 
check valve 99, provided that the Solenoid 8 has 
not been de-energized. If the Solenoid 8 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 including 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 if and enters the 
regulator 9 at chamber 28. All Water not flow 
ing to the engine through the preSSure i'egulat 
ing valve 22 and check valve 26 returns through 
the pressure controlling valve 26 into the Water 
return duct 8 to the Supply tank. The pressure 
in channber 2 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 3. The 
pressure in chamber 30 is at all times equal to 
the pressure, in chamber 83, inasmuch as the two 
chambers are connected by passage 32. In the 
“water off’ position of the Solenoid 33, when the 
Soleiloid is not energized, the preSSure in chann 
ber 83 is equal to the pressure in chamber 93, b8 
cause the pressures in chambers 33, 33 and 43 
are equal to the pressure in chamber 34, or the 
discharge nozzle pressure. The chambers 35 
and 40 are connected to chamber Sá oy the pas 
sage 93 and the pressure in chamb3r $8 is made 
equal to the pressure in chambers 36 and 4t 
by the Solenoid valve A2 closing off passage 35 
winich is connected to the uninetered fuel pres 
sure from the carburetor and opening paSSage 4 
to chamber 38. 
When the solenoid 36 is energized by manual 

switch 36A, Fig. 7, passage ié is closed off from 
chamber f4 and passage 33 is opened by valve 
A2 and unmetered fuel pressie is trainSnitted 

to chamber 38. The fuel metering pressure dif 
ferential is then imposed acroSS diaphragm 43 
which creates a force on the stem of the pressure 
regulating waive 22 tending to open the waive. 
As valve 22 opens, the pressure in chamber 33 
is increased, which in turn increases the pressure 
in chamber 30 tending to close the pressure con 
trolling valve 26 which action increases the pres 
sure in chamber 26 until the pressure controlling 
and pressure regulating valve Systein reaches a 
stabilized condition. This stabilized condition 
occurs when the pressure in chamber 33 is, Suff 
ciently greater than the discharge preSSure in 
chamber 4 to produce a force on the stem of 
valve i22 which is equal and opposite to the force 
produced by the carburetor fuel pressure differen 
tial between chambers 38 and 38. The areas of 
diaphragm 33 and 53 are equal to the area of 
waive 22 and are Srialiser then the ai'ea of di:i- 
phragm 46 to the extent that the pressure dif 
ferential existing between chambers 83 and 33 
will be greater than the pressure differential 
existing between chambers i38 and 36 by a CCIn 
stant predetermined ratio. The pressure built up 
in this manner in chainber. 3. Will create a pres 
sure differential across diaphragm 52 since the 
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8 
pressure in chamber 293 on the opposite side of 
diaphragm S2 is maintained at all times equal 
to the engine discharge nozzle pressure in cham 
ber 94 by connecting passage 92. This pressure 
differential between chambers 83 and 298, Sepa 
rated by diaphragm 52, produces a force which 
will overpower the force of the spring 54, tend 
ing to hold the check valve 28 in the closed posi 
tion, thereby opening the check valve 24 and per 
mitting water to flow into chamber i. 
As the pressure in chaniber 8 increases to 

be equal to the pressure in chamber 83, the effec 
tive area of diaphragin 52 increases, opening 
check Valve 2á further, thus producing a “Sinap 
action' of valve 23. The force exerted by Spring 
5i upon check valve 2 can be variad by ad 

justing screw 55. The combination fixed and 
variable metering orifice 56 comprising a valve 
34' With an opening 63 presents a, "estriction 
to the fow of water fron chaniber 6 to chann 
is 33, thereby causing the pressure in chainber 
a 32 to increase to a pressure equal to that in 
chainaber 33 whe; check Waive 23 is opened. 
Hence, the water nettering differential which is 
a , a tinnes a constant ratio of the fiel metering 
differential is imposed across the retering Orifice 
$56 and water will flow through the Orifice in 
predetermined proportions from chainber 8 to 
Canbei 9A and thence to the engine discharge 
iOZZle. 
The pressure increase in chamber 2, from a 

pressure equal &O that maintained in chambel' 
94 by the engine discharge nozzle to a pressure 
equal to the Uininetered water pressure estab 
lished in chamber 33, is transiriitted through 
passage 33 to chamber i38. Chamber 38 is 
separated from chamber 63 by a diaghragn 
$4. The pressure in chamber 32 is inaintained 

equal at aii tines &O the preSSai'e in chaniber 
34 since it is connected thereto by passage 56. 
Hence, the Water retering differential will be 
iingised across diaphragan 83 which will nove 
the diaphragm against the electrical SWitch ac 
tuating pin 38, thereby cic Sing the contacts 
in the electrical switch . This closing of the 
electrical Switch contacts wili permit electricai 
Current to activate Solenoids; if 2 and thereby 
operating, respectively, the derichment waive 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 manifold preSSure froil 
a normal power value to 8, e322 ergency powel" 
value. A manual switch A is provided to 
opan the circuit whenever necessary. 
When the solenoid 34 is de-energized and 

solenoid valve 2 inoves to ciOSe Of passage 
35, the reverse sequency of pressure changes 
within the various chambers will occult causing 
the pressure in chamber 83 to decrease until it 
is again equal to the pressure in chainher 38 
which will close the check valve 25 Shutting 
off the fow of Water through netering Orifice 
56 and causing the pressure in chamber ) 

to decrease to a value equal to that in Chamber 
94. This decrease in pressure in chainbei 35 
will consequently equalize the pressure in cihan 
bers 6 and 52 permitting the contact points 
in the electrical switch it to Open. i.he Oper 
ing of the contacts in the electrical switch is 
will therefore; open the electrical coinection to 
the derichnent valve superchaigel' or tubo 
regulator reset . Inechanism. Solenoids returning 

aid 

the fuel mixture strength and the nainifold: pres 
Sure-to-normal power values. 
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The Same Wariable water-air regulator System 
shown in Fig. 8 could be operated without the 
solenoid valve 42 by blanking 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 8 and the diaphragm $4, and by 
plugging passage 66. In this case, passage 58 
would be connected directly by pressure transfer 
lines to the derichment valve and supercharger 
regulator reset mechanism. 
As a variation, chambers 36 and 38 in Fig. 

8 could be subjected to the compensated air pres 
Sure metering differential as obtained from the 
carburetor air Wenturi 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 2nd 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 (63 in Fig. 4 and Fig. 8, 2 in Fig. 
6, and the annular area between the cylindrical 
exterior wall of valve 4 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 6A, in Fig. 6 by 
variable orifice 3, and in Fig. 2 by further 
opening of valve 4 so that the tapered meter 
ing portion of the valve is gradually moved past 
the edge of the cylindrical wall of chamber 89). 
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 (S in Fig. 6, the maximum opening of 
orifice 6A in Fig. 4 and Fig. 8, and the Orifice 
in valve 40 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 Wari 
ous modifications and adaptations within the 
Scope of the appended claims. 

I claim: 
1. A liquid injection Systern for supplying 

metered liquid to an internal combustion en 
gine, comprising a Source of liquid, a liquid flow 
Control regulator connected to said source hav 
ing a metering valve controlling the flow of liquid 
to Said engine, a diaphragm-actuated valve in 
Said regulator controlling the fiow 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 dependent on a reference pres 
Sure, and ineans for returning unmetered liquid 
fron said regulator to said source. 

2. A liquid 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 there 
to, a liquid fiow control regulator connected to 
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10 
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 liquid 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 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 regul 
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 inechanism, and means for cir 
culating liquid from said regulator through said 
derichment valve and Said regulator reset mech 
anisin. 

4. A liquid 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 regul 
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 regul 
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 control regulator for 
injecting liquid into the discharge nozzle of an 
internal combustion engine, comprising a liquid 
inlet chamber, an outlet chamber for connec 
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 liquid therebetween. 

6. 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 chanber for connection 
to said discharge nozzle, a liquid return chamber 
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for discharging unmetered liquid from Said reg 
ulator, a pressure controlling valve between Said 
inlet chamber and said return chamber, a fuel 
chainbei for connection to the fuel preSSUre 
system of said engine, means separating Said 
return charnoer and Said fuel chambe' and a C 
tuating said pressure control valve for control 
ling the fiow of unmetered liquid to Said retul'n 
chamber, a check valve between said inlet and 
outlet chanibers and controlling the fow 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 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 flexible diaphragm 
separating said inlet and outlet chambers, a liquid 
return chainber for discharging unnettered liquid 
from said regulator, a pressure controlling 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 charn 
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 wave carried by said first-mentioned flex 
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 
injecting water into the discharge nozzle of an 
internal combustion engine, comprising a . Water 
inlet chamber, an outlet chamber for connection 
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 
diaphragn) separating Said return channber 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 nozzle of an 
internal coinbustion engine, comprising. a, Water 
inlet channer, an outlet chamber" for connection 
to said discharge nozzle, a flexible diaphragm 
Separating Said inlet and outlet chainbers, a 
water return chamber for discharging unmetered 
water from said regulator, a pressure controlling 
Waye 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. a water 
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inlet chamber, an outlet chamber for connection 
to said discharge nozzle, a flexible diaphragm 
separating said inlet and outlet channbers, 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, means including 
a valve in said regulator for controlling the flow 
of oil therethrough, and means controlled by the 
pressure differential in said inlet, and outlet 
chambers for actuating Said oil control valve. 

11. A variable liduid flow control regulator for 
injecting liquid into the discharge nozzle of an 
internal combustion, engine, comprising a liquid 
inlet chamber, means in Said chamber for by 
passing unmetered liquid to a return paSSage, a 
liquid outlet chamber for connection to said dis 
charges nozzle, a naetering chamber and metering 
means therein for connecting Said metering 
chamber to Said outlet chamber, a pressure chann 
ber connected to said return 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 
nect, said inlet charibe' to Said pressure Chanoer 
and thence through said: check.; waive and Said 
metering chamber to said liquid outlet chamber. 

12. A variable liquid flow control regulator for 
injecting liquid into the discharge nozzle of an 
internal cornbustion engine, comprising a liquid 
inlet, chamber, a pressure controlling Wave in 
said chamber for by-passing uninetered liquid 
to a return passage, a liquid outlet chainber for 
connection to said discharge nozzle, a 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, 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 
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, and means for actuating Said regulating 
valve to connect said inlet chamber to said pres 
Sure chamber and thence through said check 
valve and said metering chamber to said liquid 
outlet chanber. 

13. 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 liquid outlet chamber 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 
Stre: 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 chanbers connected to Said outlet chan 
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 
outlet 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 changer for by-passing unnettered Water to 
a return passage, a water outlet chamber for 
connection to Said discharge nozzle, a metering 
chamber and 2, combination fixed and wariable 
orificed metering valve therein for connecting 
said retering 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 hay 
jing one Side thereof open to said pressure cham 
ber and the other side thereof open to said out 
let chamber so as to be operable by the pressure 
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 Iaintain then 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 chanber to said Water 
outlet chamber. 

15. A variable Water flow control regulator for 
iniecting Water into the discharge nozzle of an 
internal Conibustion 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 charnher for coin 
nection to said discharge nozzle, a metering 
chanbei and cobination fixed and variable 
orifice metering valve therein for connecting 
said metering chamber to said outlet chamber, a 
pressure chaineer connected to said return pas 
Sage, a check valve between said pressure chain 
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 to said outlet 
chamber So as to be operable by the pressure dif 
ferential therebetween, a regulating valve be 
tween said pressure chanber and said Water in 
let chamber, a plurality of flexible diaphragms 
Supporting Said iregulating valve and forming a 
plurality of chanbers 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 certain of said diaphragm 
chainbers 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 
internai Combustion engine, comprising a water 
inlet chaniber, a pressure controlling Wave 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 raetering 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 inetering 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 to said outlet 
chanaber 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 Wave and forming a plu 
rality of chambers connected to said outlet cham 
her to maintain their at the same pressure as said 
outlet chamber, means including a solenoid valve 
for Controlling the flow of engine fuel under pres 
Sire to certain of Said diaphragm chambers to 
actuate Said regulating valve and thereby con 
Inect Said inlet chamber to Said pressure cham 
her aid thence through said check wave and 
Said metering chaniber to Said water outlet cham 
ber, an electrical Switch in said regulator, and 
ineans including a flexible diaphragm subject 
to Variations in preSSure in said metering cham 
ei for Operating Said electrica, Switch. 
17. An anti-detonant Supply regulator for in 

terial combustion engines, including a combina 
tio, 3, pressure etering 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 
ment means upon the attainment of a predeter 
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, and 
means for Controlling Said derichment contro 
means in accordance With the pressure differen 
tial acroSS Said metering orifice. 

19. An anti-detonat regulator for internai 
Cornbustion 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 
preSSuire control Valve and a diaphragm-actuated 
Valve, said pressure control valve maintaining the 
anti-detonant pressure acting on said dia 
phragin-actuated Valve at a value dependent on 
an air fiOW condition. 

20. A Variable liquid flow control regulator for 
injecting liquid into the discharge nozzle of an 
internal combustion engine, comprising a liquid 
inlet channber, means in said chamber for bleed 
ing air, liquid Vapor, or liquid to a return passage, 
a pressure chamber connected to a return pas 
Sage, a preSSuire controlling valve between said 
inlet chamber and Said pressure chamber for 
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maintaining: a desired pressure, in the pressure 
chanaber, a liquid outlet chamber for connection 
to a discharge nozzle; a metering chamber and 
metering means for connecting said metering 
chainber to said outlet ghamber, a check valve 
Separating Said preSSure chamber and said me 
tering chanaber, 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 therebetween, 
means operable to predeterraine 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. 
2. A variable liquid flow control regulator for 

injecting liquid into the discharge nozzle of an 
internal combustion engine, coil prising a liquid 
inlet chamber, means in Said chamber for bleed 
ing air, liquid vapor, or liquid to a return passage, 
a pressure chamber connected to a return pas 
Sage, a, pressure controlling valve between said 
inlet, chambar and said pressie chamber for 
maintaining a desired pressure in the pressure 
chamber, a liquid outlet chanbei for connection 
to a discharge nozzle, a, inetering chanber and 
nettering means for connecting said metering 
chaliber to said outlet chamber, a, check valve 
Separating Said preSSure changer and said ne 
tering chamber, a flexible diaphragm supporting 
Said check waive and having One side thereof open 
to said pressure chainber and the other side 
thereof open to said outlet chamber So as to be 
operable by a pressure differential therebetween, 
means operable to predetel'nine the pressure dif 
ferential at which said check valve will Open, and 
nears including a fisXible diaphragm Subject to 
a pressure differential for conti'olling a manifold 
pressure regulator. 

22. A variable liquid fioW regulator comprising 
a liquid inlet charnber, a preSSure chamber, a 
pressure controlling 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 outlet chamber, a metering chamber. 
and metering means for connecting said meter 
ing chamber to said outlet 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 outlet chamber so 
as to be operable by a pressure differential there 
between. 

23. A variable liquid flow regulator comprising, 
a liquid inlet chamber, a pressure chamber, 
means for a2 intaining a desired pressure-in the 
pressure chamber, a liquid outlet chamber, a me 
tering clan her and metering means for connect 
ing Said metering chamber to said outlet chana 
bel', a check valve separating said pressure cham 
ber and Said metering chamber, and means sup 
porting said check valve operable by a predeter 
mined pressure differential. 

24. A liquid injection System for supplying 
metered liquid to the discharge nozzle of an in 
ternal combustion engine, comprising. a liquid 
Supply taink, a pieSSure pump connected there 
to, a liquid flow control regulator connected to 
Said pump having a metering valve controlling 
the flow of liquid to Said discharge nozzle, a dia 
phragm-actuat2d valve in said regulator control 
ling the fiow of liquid to said iraetering 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 waive. 
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