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To all whom it may concern: 
Beit known that I, ERL. W. BEALs, a citi 

Zen of the United States, residing in Arling 
ton Heights, in the county of Middlesex 
and State of Massachusetts, have invented 
an Improvement in Internal - Combustion 
Engines, of which the following description, 
in connection with the accompanying draw 
ings, is a specification, like letters on the 
drawings representing like parts. 
The present invention relates to an in 

ternal combustion engine, and is embodied 
in improved means for injecting a liquid, 
preferably water, into the combustion cham 
ber at the time of the explosion, for the pur 
pose of absorbing and utilizing the excess 
heat, which is commonly carried off and 
Wasted. The invention can be embodied in 
a complete appliance adapted to be incor 
porated in existing engines, or it may be 
made as an integral part of an engine prop 
erly designed for the purpose. 

In accordance with the invention, the ap 
paratus consists of an injecting device op 
erated by the force of the exploding gases 
themselves, and so arranged as to introduce 
into the cylinder, each time an explosion 
takes place, a certain amount of water prop 
erly proportioned to the amount of fuel 
which is being burned. 
An important feature of the invention 

consists in automatically regulating the 
amount of liquid introduced at each cycle 
so that the invention is practically adapted 
for use with variable speed engines such as 
those used in automobile work. - 
In accordance with the invention, there 

is a reservoir capable of containing the 
maximum amount of liquid needed for each 
explosion, and this reservoir is continually 
filled to its capacity. To expel the Water 
from the reservoir a plunger is provided 
with a piston or abutment adapted to be 
directly acted upon by the force of the ex 
ploding gases and moved to an extent suffi 
cient to expel all the liquid in the reservoir. 
In order, however, to control the amount of 
water expelled, the device is provided with 
a secondary plunger also acted upon by the 
exploding gases and arranged to operate a 
variable controlling device whereby a por 
tion of the Water in the reservoir is allowed 
to escape without being forced into the en 

gine cylinder, in case the charge is lighter 
than the maximum. 
The amount of liquid thus allowed to es cape is delicately regulated by the supple 

mental controlling device so that the amount 
used at each explosion is exactly the amount 
required. The automatic controlling device 
is further provided with means for initial 
regulation and is so arranged that this regu 
lation can be made while the engine is run 
Inling. 

It is an important feature of the inven 
tion that the regulation, as well as the in 
jecting action itself, is brought about by 
the pressure of the burning charge, so that 
the actions are simultaneous. 

Figure 1 is a longitudinal section of an 
appliance embodying the invention shown 
as attachable to a cylinder of any existing 
internal combustion engine; Fig. 2 is an 
elevation of the upper portion of Fig. 1 
looking toward the left; Fig. 3 is a detail 
showing an air chamber connected to the 
liquid inlet shown in Fig. 1; Figs. 4 and 
5 are details to be hereinafter referred to. 

Referring to Fig. 1, the appliance em 
bodying the invention consists of a cylin 
drical shell I having at one side an opening 
2 in which is coupled the inlet passage 3 
for the liquid. At the end of the casing 
there is an extension 4 which is adapted to 
be fastened in an opening in the engine cyl 
inder So that the explosive gases pass 
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through said extension and act on the op 
erative parts which are contained in the 
casing 1. m 
The part of the device which is acted upon directly by the exploding gases is a piston or 

plunger 5 located in the lower part of the cas 
ing 1, the Said piston being hollow as shown 
at 6 and provided with piston rings 7 near 
the lower end to prevent the exploding gases 
from entering the casing 1. The hollow part 
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6 surrounds a stationary downward exten 
sion 8 which is connected with a transverse 
partition 9 near the upper part of the casing 
1 there being a cup leather packing 10 at 
the end of this partition so that the space 
between the end of the projection and the 
end of the piston 5 constitutes a liquid tight 
reservoir. The liquid entering the appli 
ance through the inlet 3, controlled as will 
be hereinafter described, flows through a 
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into the chambers 20 and 6 although no 
55 on account of the check valve. 

2 

passage 12 in the projection 8 thus keeping 
the reservoir 6 full of liquid at all times. 
The main piston 5 is closed at the end except 
for a comparatively Small opening in com 
munication with an outlet 13, which extends 
toward the engine cylinder; a passage in the 
piston which leads to said outlet being sur 
rounded by a valve seat 14 upon which a 
valve 15 is normally pressed by means of a 
spring 16, the strength of which is sufficient 
to maintain said valve seated against any 
pressure less than that of the burning gases. 
The said valve 15 is mounted in a spider 17 
a section of which is shown in detail, Fig. 4, 
the said valve being packed in an internal 
bore in said spider 17 which also constitutes 
a casing for the spring 16. This spider is 
closed at the top and is stationary with re 
lation to the plunger 5, being screw-thread 
ed in the open end thereof. In spite of the 
packing of this valve, there is possibility 
that liquid may get into the interior of the 
spider and interfere with the Working of the 
valve so that as a matter of precaution. I 
have provided the Said valve with a by-pass 18 
and a light check valve 19 which will permit 
the escape of any water within the spider 
without interfering in any way with the nor 
mal operation. So far as relates to the piston 
5 the operation of the explosion is to force the 
said piston upward in the casing 1, so that 
the water in the reservoir 6 will be dis 
charged by the stationary plunger 8 through 
the valve 14 into the engine cylinder. - , 

In order, however, to control the amount 
of liquid actually injected into the cylinder, 
I have provided means whereby a regulable 
amount of the liquid contained in the reser 
voir 6 may be provided with a separate ave 
nue of escape so that only part thereof, is 
forced into the engine cylinder. 

For this purpose, I have provided the ap 
pliance above the partition 9 with a chamber 
20 in direct communication with the pas 
Sage 12, the capacity of said chamber being 
regulable and the said chamber being of 
Sufficient capacity to contain the maximum 
amount of water which can be contained in 
the reservoir 6. This chamber is provided 
with a piston 21 through which there is a 
passage 22 controlled by a check valve 23 to 
permit Water from the intake 3 to flow freely 

water can flow back beyond the chamber 20 
With the 

parts in the position shown, the piston 21 
is at the bottom of the chamber 20; and so 
long as it is allowed to remain there, the 

60 
full stroke of the piston 5 will discharge the 
entire contents of the reservoir 6 into the en 
gine cylinder. If, however, the piston 21 is 
left free to be raised in response to the ex 
ploding pressure acting through the Water 
trapped in the chamber 6, it is obvious that 
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the Water in the said chamber 6 will flow 
back into the additional space thus pro 
vided; and since the preponderating pres 
sure is on the piston 21, the latter will yield 
instead of the valve 15, so that no water Will 
pass into the engine cylinder until the pis 
ton 21 is positively arrested. 
The area of the piston 21 is much greater 

than that of the valve 15, and while the said 
piston is provided with a spring 35, the pur 
pose of which will be hereinafter described, 
this spring is much weaker than the spring 
16 which tends to close the valve 15. 
therefore, the movement of the piston 21 
were not positively controlled as to its ex 
tent, the said piston would travel the full 
extent of movement permitted at each ex 
plosion of the fuel in the engine cylinder; 
and the valve 15 would remain permanently 
closed. In this case the Water would merely 
pass back and forth between the chambers 6 
and 20, and none would be injected into the 
engine cylinder at all. 
The movement of the piston 21 which is 

due to the displacement of the Water below 
it, as described, is, however, controlled as to 
its extent by the pressure of the exploding 
gases; and the arrangement is such that the 
amount of water allowed to escape from the 
chamber 6 into the chamber 20 is directly 
proportional to the strength of the explo 
sion. This operation is provided for by 
means of a movable stop which is under the 
direct influence of the gas pressure, and the 
position of said stop determines the position 
where the piston is arrested, and therefore 
determines the capacity of the chamber 20, 

it have shown the stop which controls the 
extent of movement of the piston 21 as con 
sisting of a wedge 22' which is longitudi 
nally movable between a stationary abut 
ment 23 at the end of the casing 1 and a 
movable abutment 24 which is connected by 
means of a bolt 25 with the piston 21. The 
abutments 23 and 24 are provided with in 
clined surfaces at opposite sides of the 
Wedge 22; and the bolt 25 is so arranged, 
as shown, that there is a slight lost motion 
connection between the abutment 24 and 
the piston 21 so that the wedge 22 is always 
free to move without binding when there is 
no pressure exerted on the piston. 21. The 
longitudinal movement of the wedge. 22' is 
controlled directly by the force of the ex 
plosion, said wedge being shown as con 
nected with a rocker arm 26 pivoted at 27 
and provided with gear teeth 28 in mesh 
with a rack 29 connected with a plunger 
30 the end of which enters a cylindrical 
chamber 31 and constitutes a small piston 
which receives the force of the correspond 
ing gases through a passage 32 from the ex 
tension 4. When, therefore, an explosion 
takes place, the plunger 30 will be moved 
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a certain extent which is directly propor 
tional to the force of the explosion and will 
correspondingly move the wedge 22, thus 
controlling the extent of movement per 
mitted the piston 21. - 
The movement of the plunger caused by 

the pressure of the gases, is opposed by the 
Spring 32, the strength of which is properly 
proportioned to the pressure area of the 
plunger 30, and the initial position of the 
Wedge 22 can be controlled by an adjust 
ment nut 33 having a knurled portion 34 
whereby the entire plunger 30 can be moved 
up and down with relation to the casing 1, 
Without changing the tension of the spring 
32 which is accurately and permanently 
fixed. In the position shown it is assumed 
that an explosion of maximum pressure has 
just taken place forcing the plunger to its 
upward limit so that the wedge 22' is in 
Such a position as to prevent any movement 
of the piston 21. -. 
The valve 15 is also shown as open and 

it is assumed that the piston 5 is about to 
move upward. In this case it is obvious 
that the entire contents of the reservoir 6 
will be forcibly ejected into the engine cyl 
inder. - - 

If we assume however, the opposite ex 
treme, that is an explosion so light that it 
will not unseat the valve 15 or move the 
plunger 30, the wedge 22' will be with 
drawn to a position corresponding to the 
dotted line position of the arm 26 and the 
piston 21 will be free to move upward its 
entire extent so that the water in the reser 
voir 6 will flow back into the chamber 20, 
none being injected into the engine cylinder 
at all. In this case, the water lying be 
tween the piston 21 and the upper part of 
the casing will be forced back into the inlet 
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pipe the said inlet pipe being provided with 
a controlling valve the construction of 
which will be hereinafter described. In 
order to insure the prompt return of the 
piston 21 to its normal position, I have 
provided said piston with a spring 35 which 
tends to hold the piston at the bottom of 
the chamber. This spring as previously 
stated, is much lighter than the spring 
which holds the valve 15 seated, so that 
when a light charge is in the engine cylin 
der, the action, so far as relates to the in 
jection of liquid into the engine cylinder 
is nil. ... W 

The valve which controls the Water inlet 
is so arranged as to permit the water, under 8 - 0 

ploding charge for forcing liquid into the whatever pressure is used to maintain the 
Supply, to flow freely into the casing 1 
when unopposed by any other pressure, 
provision being made, however, to allow the 
water to flow back under the influence of 
the exploding gases when the conditions are 
such that only a portion of the water in 

the reservoir 6 is to be admitted to the en 
gine cylinder. The inlet valve, which is a 
light check valve 36, is located at the inner 
end of a cup 87, having outlet openings 38 
at the closed end for the escape of the 
Water, the said cup having wings or exten 

isions 89 which are threaded so that the cup 
can be screwed into the end of a tube 40 
which forms part of the inlet pipe. The 
Cup 3 constitutes a guide for the valve 36 
and also for the light spring 40 by which 
said valve is kept seated. The valve seat 
is located at the end of a secondary valve 
41 which is in the form of a cylindrical 
Spider fitting in the tube 40 and having a 
bore 42 through which the water passes to 
the valve 36 and thence to the casing 1. 
At its inner end, the said valve 41 co 

Operates With a seat 43 at the end of the 
tube 40, and is normally held closed by 
means of a stiff spring 44 of predetermined 
strength which bears at its inner end against 
a stationary abutment 45 which is screwed 
into the tube 40 and has openings 46through 
Which the liquid can pass. 
In the operation of the device, the water 

flows freely into the chamber 6 at all times 
when there is no opposing pressure from 
the engine cylinder, so that the said cham 
ber 6 is continually filled to its entire ca 
pacity. When, however, the wedge 22 is in 
Such a position as to admit of the movement 
of the piston 21 under the excess pressure 
of the explosion, the said pressure will be 
transmitted through the mass of water 
trapped above the piston 21 to the end of 
a Spider which constitutes the secondary 
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valve, thus unseating the same and allow 
ing the water to flow back through the 
spaces between the wings which surround 
the tube 44. . . 
This allows the excess water to flow back 

05 

into the inlet; but the parts are restored to 
their normal position by the spring 44 just 
as soon as the excess pressure is relieved by 
the gases. 

In order to prevent water hammer due 
to the sudden shock of excess pressure and 
the forcing of the water back against the 

0. 

normal pressure, the inlet pipe is provided 
beyond the valve with an air dome or cham 
ber 46 of sufficient size to cushion the shock 
effectually. . . . . . . . . . . 

What I claim is:- 

5 

1. In an internal combustion engine, the 
combination with the explosion chamber; of 
means operated by the pressure of the ex 

said explosion chamber while the charge is 
burning; and a separate device also oper 
ated by the pressure of the exploding charge 
for regulating the amount of liquid forced 
into the cylinder. - 

2. The combination with the engine cylin 
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der; of a chamber adapted to contain liquid; 
a plunger operated by pressure in the engine 
cylinder, said plunger being adapted to ex 
pel the entire contents of said chamber; a 
pressure controlled valve governing an out 
let from said chamber leading to the engine 
cylinder; a supplemental chamber in free 
communication with said chamber for 
liquid; and means for automatically regulat 
ing the size of said supplemental chamber. 

3. In an internal combustion engine, the 
combination with the engine cylinder; of 
means actuated by the pressure of the burn 
ing charge for injecting liquid into said 
cylinder while the gases are burning; and 
means also actuated by Said pressure and Op 
erating independently of the first mentioned 
means for automatically regulating the 
amount of liquid injected. 

4. In an internal combustion engine, the 
combination with the engine cylinder; of a 
plunger actuated directly by the pressure of 
the burning gases in Said cylinder; a cham 
ber for liquid; means for keeping said 
chamber continually supplied with liquid, 
the liquid being expelled from said cham 
ber into the engine cylinder; a secondary 
plunger also acted on by the pressure of the 
burning gases; and a device operated by 
said secondary plunger for determining the 
proportional amount of liquid expelled from 
said chamber into the engine cylinder. 

5. A device for injecting liquid into the 
combustion chamber of an engine compris 
ing a chamber for liquid; means for supply 
ing said chamber with liquid; a plunger 
adapted by its movement to expel the liquid 
from said chamber; a Supplemental cham 
ber in free communication with the chamber 
first named; means for varying the capacity 
of said chamber; and a secondary plungei 
directly operating said varying means; both 
of Said plungers being directly acted on by 
the pressure in the engine cylinder. - 

6. In an internal combustion engine, the 
combination with the engine cylinder; of : 
main chamber adapted to contain liquid; a 
supplemental chamber in open communica 
tion with the main chamber; a movable pis 
ton constituting one wall of Said supple 
mental chamber; a movable element adapted 
by its own movement to variably control the 
movement of said piston and thereby vary 
the capacity of the supplemental chamber; 
a main plunger adapted to expel the liquid 
from the main chamber; and a supplemental 
plunger connected with said movable ele 
ment, both of said plunger's being directly 
subjected to the pressures in the engine 
cylinder. - 

7. In an internal combustion engine, the 
combination with the explosion chamber, of 
means operated solely by the pressure of 
the exploding charge for forcing water into 
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said chamber, and means actuated by the 
pressure and moving independently of the 
first mentioned means for automatically 
regulating the amount of water introduced 
at each explosion. 

8. In combination with the cylinder of 
an internal combustion engine, means op 
erated solely by the pressure due to com 
bustion for forcing water into said cylinder, 
and means independent of the movement of 
the first mentioned means dependent upon 
said pressure for determining the amount of 
Water introduced. 

9. In combination with a cylinder of an 
internal combustion engine, means compris 
ing a plunger subjected to pressure within 
the cylinder for forcing a liquid into the 
cylinder, and means responsive to the pres 
sure within the cylinder and arranged to 
operate in advance of Said plunger for con 
trolling the extent of the liquid forcing 
movement of said plunger. 

10. In combination with a cylinder of an 
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internal combustion engine, an agent mov 
able in response to pressure within said cyl 
inder for forcing liquid into the engine cyl 
inder, and means responsive to pressure 
within said cylinder and arranged to operate 
in advance of said agent for controlling the 
operation of said agent. 

11. In combination with a cylinder of an 
internal combustion engine, means respon 
sive to the explosion pressure within said 
cylinder for forcing liquid into said cylin 
der, and means responsive to the pressure 
within said cylinder and adapted to oper 
ate in advance of Said liquid forcing means 
for controlling the operation of said means. 

12. In combination with a cylinder of an 
internal combustion engine, means respon 
sive to the explosion pressure within said 
cylinder for forcing liquid into the cylin 
der, and quick acting means responsive to 
pressure within said cylinder and operating 
in advance of said liquid forcing means for 
controlling the operation of the liquid forc 
ing means and thereby regulating the amount 
of liquid delivered to the cylinder in re 
sponse to variations in the explosion pres 
Sure. - 

13. In combination with a cylinder of an 
internal combustion engine, means for forc 
ing liquid into the engine cylinders during 
the explosion period comprising a plunger 
subjected to the pressure within the cylin 
der and movable in response to an explosion 
pressure, and a valve carried by the plunger 
and opened by liquid pressure accasioned by 
a movement of the plunger, and means for 
regulating the amount of liquid delivered, 
comprising means movable in response to : 
variations in liquid pressure occasioned by 
a pressure responsive movement of said plun 
ger, and a stop movable to different posi 
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tions and actuated by pressure within the and quick acting means responsive to pres 
cylinder for regulating the delivery of sure within the cylinder and arranged to op-10 
liquid to the cylinders. - erate in advance of said sluggishly operating 

14. In combination with a cylinder of an means for controlling the amount of liquid 
5 internal combustion engine, sluggishly op- forced into said cylinder. 

erating means responsive to the explosion. In testimony whereof, I have signed my 
pressure within the engine cylinder for forc- name to this specification. - 
ing liquid under pressure into said cylinder, ERL. W. BEALS. 


