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UNITED STATES PATENT OFFICE. 
TULES AFRED BABN, OF VERSAILLES, FRANCE. 

EXPLOSION CYCLE AND MOTOR OF ATMOSPHERIC TYPE. 

1,005,680. 

To all whom it may concern: 
Be it known that I, JULES ALFRED BABIN, 

a citizen of the Republic of France, and resi 
dent of Versailles, France, have invented a 
new and useful Explosion Cycle and Motor 
of the Atmospheric Type, which invention is 
fully set forth in the following specification. 
This invention relates to an internal com 

bustion engine of the free expansion type 
which is arranged to work according to the 
cycle of operations hereinafter described, 
and has for its object to improve the effi 
ciency of the cycle and the engine which op 
erates thereunder. 
The engine, according to this invention, is 

provided with a large tank containing com 
pressed air, the pressure of which is main 
tained in accordance with the power re 
Quired, said air being used for producing a 
so-called artificial atmosphere, as hereinafter 
described. 
The pressure of the air is always equal to 

the pressure of the explosive mixture, a 
pump for compressing said mixture being 
provided and the piston thereof connected 
with the piston of the engine, the cylinders 
of the pump and the engine having approxi 
mately the same volume and the weight of 
the charges of mixture, which are com 
pressed by the pump being made to increase 
with the pressure in the tank. 

Since the engine of the present invention 
operates according to an improved cycle of 
operations, the invention will first be de 
Scribed with reference to the diagrammatic 
views, Figures 1 and 2, and will then be de 
Scribed as practically applied to one embodi 
ment of the invention, shown in Fig. 3 in 
diagrammatic form. 
In said drawings: Figs. 1 and 2 are dia 

grammatic representations of the forms of 
the cycle brought about by my invention. 
and Fig. 3 is a diagrammatic elevation of 
One form of motor which operates according 
to my invention. 

Referring to said drawings, and particu 
larly to Fig. 1, the operations forming the 
cycle above referred to are as follows: I. In 
troduction of the mixture into the explosion 
chamber (line A-B), at the pressure of the 
tank (line X-Y) by the slow movement of 
the pistons. II. Stoppage of the pistons, 
explosion at a constant volume (line B-C). 
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III. Adiabatic expansion of the gases 
(curve C-D-E), free and very rapid 
movement of the pistons, discharge of the 
compressed air filling the front end of the 
cylinder into the tank wherein the pressure 
of air is slightly raised in consequence. IV. 
Simultaneously with the three preceding 
stages there is sucked into the pump a full 
volume of pure air or fresh mixture (line 
J-F), at a pressure equal to or higher than 
that of the atmosphere (line X-Y). W. 
Cooling at a constant volume of the burned 
expanded gases inclosed in the cylinder (line 
E–G); this operation takes place at the 
end E of the stroke outward, and VI. Par 
tial expansion of the compressed air of the 
tank (the pressure of which has been raised 
during the stroke outward by the discharge 
of the compressed air from the cylinder) 
producing simultaneously: (a) the return 
stroke of the pistons; (b) an amount of ex 
terior work (the resistance of which may 
force the pistons to run with relatively slow 
and Uniform speed); (c) in the engine cyl 
inder (1) isothermal compression of the cold 
residue up to the pressure of the natural 
atmosphere (curve G-H); (2) the expul 
sion of the same into the atmosphere at the 
pressure of the latter (line H-J); (d) in 
the pump, expulsion at atmospheric pressure 
of part of the mixture first drawn in (line 
F -H), isothermal compression of the mix 
ture retained (curve H-E), and discharge 
of the compressed mixture at the pressure 
of the tank, into that tank or into an inter 
mediate container (line B-A). 
The aforesaid operations and Fig. 1 

relate to a motor working under reduced 
pressure and power. When the engine is 
required to develop the greatest possible 
power, Fig. 2 is to be referred to, the opera 
tions I, II, III and IW are the same, but 
the operations V and VI are replaced by 
operations V, and VI, which are equivalent 
from a thermodyamic point of view, and 
run as follows: W. Sudden fall of the re 
sidual pressure of the burned gases to atmos 
pheric pressure by opening the cylinder to 
the atmosphere (line E-G); this operation 
takes place at the end E of the stroke out 
Ward. W. Partial expansion of the com 
pressed air in the tank producing simulta 
neously: (a) the return stroke of the pis 
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tons; (b) an amount of exterior work; () 
concerning the engine cylinder, the explil 
sion of the residual burned gases into the 
atmosphere at the pressure of the latter 
(line G-J); (d) concerning the pun)p, (1) 
isothermal compression of the air or mix 
ture (curve G-H-B), (2) and discharge 
of the compressed fresh gases, at the pres 
sure of the tank, into that tank or into an 
intermediate container (line B-A). 
More generally speaking, when the engine 

works under a pressure in the tank which 
is sufficiently high, the residual pressure of 
the burned gases at E, (see Figs. 1 and 2), 
is also high. In such cases, the cooling 
at a constant volume of the burned gases, 
according to operation W, can in practice 
be partially replaced by the discharge of 
those gases into the atmosphere forming 
operation W. 
One form of motor according to this in 

vention is shown in Fig. 3, and consists of 
a working cylinder and of a pump cylinder 
having very nearly the same volume, and 
arranged in tandem fashion. The explosion 
cylinder a is at one end in open communi 
cation through the orifices with the tank 
of a capacity four to five times greater than 
the cylinder and containing air at the Work 
ing pressure. The fresh mixture enters be 
hind the piston b through the slide valve a. 
The combustion gases escape into the atmos 
phere through the orifice gy and the slide 
valve 2. The pump d has, in the motor de 
scribed, a cross-sectional area slightly 
Smaller than that of the cylinder ( and 
draws in the mixture through the valve d', 
throughout the whole of the first stroke. 
The piston e of the pump is connected to 
the engine piston lb by means of a rod (: 
passing through the covers with stuffing 
boxes a and d8. The rod G transmits the 
driving effort to the fly-wheel i during the 
driving stroke from left to right by means 
of the link f, balance beam g and pawl h. 
Any other mechanical combination could be 
utilized. The compressed mixture is con 
tained in the coil S communicating at one 
end with the discharge of the pump by 
means of the pipe t as well as with the 
inlet valve a by means of the pipe t', and on 
the other hand is in open communication 
with the tank r by means of the pipe t°. 
The contents of the coil are thus always at 
the pressure of the tank and its capacity 
is slightly larger than the volume of one 
compressed charge. 
The whole apparatus Works as follows: 

Assuming that the engine is to Work in ac 
cordance with the cycle designed Fig. 2, 
firstly the tank has to be filled with air at 
a pressure predetermined by experience and 
corresponding to the maximum power of 
the engine. Then, let us suppose that the 
pistone is in contact with its cover, the 
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piston b in contact with its corresponding 
cover, the coil filled with a charge of mix 
ture, and the valves all closed. If the slide 
valve a is opened, the mixture is admitted 
behind the piston b which is thus exposed 
to an equal pressure on both its faces b' 
and l'. But as the useful surface of b is 
reduced by the whole cross-sectional area of 
the rod c, the whole mechanism () ( e is 
pushed without much speed toward the left. 
When the whole charge has passed into the 
cylinder, a suitable mechanism on the rod 
c closes the slide valve a, the movement of 
the piston ceases, and a suitable contact is 
made by the slide-valve, or in some other 
manner, and a spark at 9 produced. The 
explosion drives the pistons forward vio 
lently and forces into the tank - the com 
pressed air filling the cylinder a through 
the orifices 2, at the same time drawing, 
by means of the pump fresh mixture 
through the valve d'. If, owing to an ex 
cessive charge the piston lb should have a 
tendency to move so far as to cover the 
orifice the air imprisoned behind the cover 
a will cushion the piston. 
At the end of the stroke of the piston, the 

orifice of is uncovered and allows a portion 
of the combustion gases to escape so that 
the pressure in the cylinder at the side l' 
sinks to atmospheric pressure. The coin 
pressed air of the tank pushes back the 
whole movable mechanism toward the right, 
acting by means of the pawl h on the fly 
wheel i and compresses the mixture at the 
right hand side of e. As the pistone has in 
the motor described a smaller section than 
the piston b the pressure on the latter ex 
ceeds that acting on the former, so that the 
pistone, compressing the mixture, raises the 
Valve d' and the said mixture passes into the 
coil S. 
The difference of the cross-sectional areas 

of b and e must be just sufficient to enable the 
friction of the system to be overcome. In 
these conditions, a moderate braking will be 
sufficient to slacken the speed of the pistons 
and to disengage them from the fly-wheel so 
that they are led gently to the very end of 
the stroke and stopped suddenly simply by 
opening the slide valve (e. Thus the forcing 
back of the whole of the mixture into the 
coil, and of the combustion gases into the 
atmosphere is effected without shock. The 
said braking can be effected by throttling 
the passage 2 for the combustion gases or 
the orifice of the valve d'. It is also possible 
(this is the construction shown in the draw 
ing) to make the orifice of valve d' at a small 
distance from the cover; when the piston 
covers it, the gases arrive at the valve only 
through a conduit d of adjustable cross 
section. The pistons could also be slackened 
and stopped by advancing the admission 
period. The admission and the ignition be-l 
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ing absolutely controlled by the slide valve 
a, it is only necessary, in order to give the 
explosion chamber the volume necessitated 
by the nature and the density of the charge, 
to shift the point of closing of the said slide 
valve, for instance by means of a trip gear 
operated by the pistons at variable points of 
their stroke. 

It has been seen hereover that, toward the 
end of the outward stroke, part of the 
burned gases escaped to the atmosphere 
through the orifice y. But the piston b, 
when going backward, soon covers again the 
said orifice ty, then the discharge of burned 
gases is continued through the slide-valve 2 
which is opened by means of a cam operated 
by the pistons. It is also possible to realize 
supplementary external work by means of 
the partial vacuum which water issuing 
through the orifice it, (when uncovered by 
the piston b), produces in the cylinder by 
sudden cooling of the residual burned 
gases; for that purpose, the slide-valve 2 
should only be opened toward the end of 
the return stroke, that is to say, when the 
cold residue has been raised again, by com 
pression in the closed cylinder, to the pres 
sure of the atmosphere. The orifice ), 
which is not absolutely essential since its 
function could be performed by the slide 
valve 2, should be provided with closing 
means or with a stop-valve when the work 
ing pressure is only moderately high. 
Any diffusion of gases from the coil into 

the tank r is avoided by terminating the 
charge introduced into the cylinder a, with 
a Small quantity of pure air, in contact in 
the coil with the last portion of the mixture. 
An auxiliary air pump (not shown in the 
drawing), discharges directly into the gen 
eral tank, and in so doing, replaces the air 
thus borrowed from that tank, and compen 
Sates for the general leakages. The afore 
Said method of introducing air forms a pro 
tection against back-firing. The coil could 
be replaced by any equivalent device. 
The air and the gas could be compressed 

in separate pumps, and the gas alone stored 
in the coil, the air being sent to the tank r. 
The air and gas are, in this case, mixed to 
gether in suitable proportions on their way 
to the explosion chamber, or in the chamber 
itself, through any suitable pipes and valves. 
As an example, the two pumps may be 
placed side by side, their piston rods being 
connected to the cross-head f, and the sum 
of their sections being equal to the section 
of the mixture-pump d. It is also possible 
to compress in the pump d pure air and to 
supply it to the tank r. In that case, the 
compressed air, when conveyed from the 
tank r to the explosion chamber as the valve 
a is open, is caused to divide into two por 
tions following two distinct paths by means 
of any suitable device. The first portion, 
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say one half, is led by a pipe directly to the 
valve ae. The second portion of the com 
pressed air is made to cross a suitable car 
bureting device. This device may be a car 
bureter in which a liquid and volatile hydro 
carbon Supplied by a pump or otherwise is 
vaporized at a low temperature. It may 
also be a lean-gas producer, containing red 
hot anthracite or other fuel through which 
the compressed air, together with a proper 
quantity of steam, is made to pass, according 
to the Well-known process for producing 
lean gas. The gas so formed under the pres 
Sure of the tank then mixes with the com 
pressed air coming direct from the tank r, 
before or when entering the explosion cham 
ber. If, referring to Fig. 3, the carbureting 
apparatus should, for instance, take the 
place of pipe t', and the coil s could be 
Suppressed, or, if retained, specially applied 
to giving to the charges of air the constant 
temperature which is required for regular 
Working of the engine, as will be explained 
hereunder. For this last said application, a 
coil might also be inserted between the car 
bureting apparatus in t, and the valve a. 
The fuel might also be introduced into the 
compressed air by any other suitable means 
or device and at any other suitable period. 
In Whatever manner and at whatever period 
the explosive mixture is prepared, the cycle 
hereover described is in no means altered. 
No Supplementary devices, such as safety 

Valves or auxiliary pumps, need be provided 
to insure a constant Working pressure in the 
tank; for the engine is, in that respect, self 
regulating, as long as the charges of mix 
ture introduced in the explosion chamber 
(and supposed to be of constant composi 
tion in gas and air), are quite uniform in 
Weight; which can be practically obtained 
if the three following conditions are full 
filled: the volume of the explosion chamber 
is maintained constant, the temperature of 
the mixture and of the walls cf the explo 
sion chamber are kept constant. 
Supposing the engine operates in the con 

ditions above set forth, the charges of mix 
ture introduced in the motor cylinder will 
be perfectly uniform in weight and conse 
quently in power, the strokes of the pistons 
will all be exactly of the same length, and the 
weight of the charges of air or mixture 
drawn in and compressed by the pump will 
be uniform. So, if the pressure in the tank 
happens accidentally to be too low, part of 
the output of the pump will not find space 
in the explosion chamber and will gather at 
each stroke in the tank, progressively rais 
ing the pressure in that tank. Finally, the 
volume of the tank being practically limited, 
the proper Working pressure will soon be 
reached again. If, on the contrary, the en 
gine is caused to work with a pressure in the 
tank which is excessive, considering the out 
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put given at the same time to the pump, the 
weight of mixture entering the explosion 
chamber will exceed that delivered by the 
pump. So, at each stroke, a fraction of the 
compressed air previously stored in the tank 
will find room in the explosion chamber, 
and the pressure will soon fall to its 
proper amount in said tank. The volume of 
the explosion chamber will evidently remain 
constant as long as the valve a is made to 
close at the very same point of the beginning 
out stroke of the pistons, considering that 
the pistons stop suddenly and that the 
charge is fired, as soon as this valve a gets 
closed. 
The constant temperature of the mixture 

and of the walls of the explosion chamber, 
which is the next necessary condition for a 
steady running of the engine, may be ill 
sured preferably by water-jackets surround 
ing the pump, receive's, pipes and cylin 
der, and by injections of Water into the 
pump, and into the cylinder. As shown in 
the drawing, the Water injected into the 
cylinder at at can be that, introduced by suc 
tion at d' with the air or mixture in the 
pump, forced out with the compressed gases, 
and then collected and cooled in the re 
ceiver n at the pressure of the tank; which 
arrangement does away with the necessity 
for a separate pump. The pressure in the 
tank, as well as the volume of the explosion 
chamber, have to be determined by experi 
ence, in order to obtain full strokes of the 
pistons, and must evidently vary with the 
nature and richness of the mixture. The 
volume of said chamber must also be adapt 
ed with the constant temperature given to 
its walls and to the mixture. It will seem 
preferable to use very rich mixtures, with a 
relatively low temperature at the moment 
of firing, in order to obtain high explosive 
pressures and very long expansions. 
As has been said, the preceding descrip 

tion relates to the engine, when working in 
accordance with the cycle Fig. 2; in which 
case, the pump draws in and complesses 
full charges of mixture, the pressure of the 
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air in the tank is maximum, and the engine 
develops at each stroke the greatest possible 
power. Let us now assume that the engine 
has not to develop its fill power. Firstly, 
the pressure of the air in the tank must be 
diminished. Secondly, the output of the 
pump must be reduced in a proportion which 
experience will show: Reduced charges from 
the pump may be obtained, preferably by 
keeping the Sucking-valve d' open during 
a more or less long portion of the begin 
ning of the return stroke; so that a fraction 
of the charge of air or mixture first drawn 
in is expelled in the atmosphere, or in 
a special receiver of tubular form (not 
shown), where it shall be taken again at 
the next stroke. Thirdly, the volume of the 
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explosion chamber will have to be fitted 
anew, also by experience, and generally 
made larger as the pressure in the tank is 
chosen lower, (for, the mechanical and 
thermic efficiency diminish with the work 
the engine has to provide); this will be 
obtained very simply by making the slide 
?alve a shut later if the volume of the ex 
plosion chamber has to be made larger. 
For the construction of diagram Fig. 1, 

which relates to the working under reduced 
pressure and power, the charges compressed 
by the pump have been supposed one half 
its volume, and consequently the pressure in 
the tank must be about one half the pres 
sure of Working under full power as de 
signed by diagram Fig. 2. However dif 
ferent the diagrams Figs. 1 and 2 may ap 
pear at first sight, in fact they illustrate 
Only one same cycle and one invention: 
Firstly, the two diagrams offer the same area. 
of indicated positive work BCDEGHB, 
and consequently the theoretical efficiency of 
the engine remains the same, whatever be 
the pressure X-Y in the tank. Next, re 
ferring to diagram Fig. 1, we see that the 
curve GHB corresponds, for its first por 
tion GH, to the isothermal compression of 
the cooled burned gases, in the motor cylin 
der, from below, up to, atmospheric pres 
sure X'-Y; and, for its second portion 
HB, corresponds to the isothermal compres 
sion of the fresh mixture, in the pump, 
fron atmospheric pressure, up to the pres 
sure in the tank: These two succeeding op 
erations may be considered as one same op 
ei'ation, the pump and cylinder having the 
Saline volume as a principle. 

Referring now to Fig. 2, we find in the 
diagram the same curve GHB, but it corre 
sponds in all its extent only to the compres 

the motor cylinder. For, the sudden cooling 
of those burned gases in the close cylinder, 
at the end of the outward stroke, should, if 
it was effected, only lower their pressure 
down to that of the atmosphere, their vol 
line being, at ambient temperature and pres 
sure, equal to the volume of said cylinder. 
Consequently, the total negative indicated 
work is exactly the same in diagram 1 and 
in diagram 2. Finally, from a thermody 
namic point of view, as well as in practice, 
the two diagrams are identical, only differ 
ing by the position of the atmospheric line 
X, Y, and the engine effectively works, 
in all cases, and with any pressure in the 
tank up to one maximum, according to one 
same cycle. Moreover, the charges drawn 
in by the pump might, if desired, (see here 
over, description of the cycle, operation IV), 
be extracted from a receiver where the air or 

f mixture should have been previously stored 
at a pressure higher than that of the atmos 
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phere. By so doing, the power of the engine 
might be increased, and the total cycle would 
in no means be modified. Lastly, let us re 
mark that the cycle described, and designed 
in diagrams 1 and 2, is exactly the cycle of 
the toothed-rack atmospheric engine of Otto 
and Langen, merely improved by the substi 
tution of an artificial atmosphere under high 
pressure, to the natural atmosphere; which 
substitution leads to higher mean pressures 
of expansion, to more power from an engine 
having a cylinder of a given volume, and 
finally, to a very high thermic efficiency. 

For starting the engine, it is preferable 
to fill the air tank at the desired pressure 
and to inject a charge of mixture, or the 
fuel alone, at the point p, or the mixture 
may be drawn into the pump d by injecting 
compressed air into the cylinder C. by means 
of the slide valve a kept open during one 
full out stroke, or by any other means. 
When the engine works at full speed un 

der a relatively low pressure in the tank r, 
if more power is needed to overcome greater 
external resistance, the pressure in the tank 
must be raised. This may be effected (in 
case the pump d only draws in pure air), by 
increasing the output of the pump, or even 
by making that pump d work at full admis 
sion as long as the proper pressure in the 
tank is not reached. For the same purpose, 
an auxiliary pump or a high pressure reserve 
air tank filled beforehand may also be uti 
lized. 

For governing the engine, that is to say, 
to keep its revolutions constant whatever be 
the external resistance, the number of explo 
sions may be lowered in a given time. This 
may be effected by throttling or momenta 
rily stopping either the discharge of the 
pump, or the admission to the cylinder or 
the exhaust, also by cutting out the ignition. 
These operations may take place together or 
separately, and be controlled by hand or by 
means of a governor. The speed may also 
be lowered by lowering the pressure in the 
tank and at the same time reducing the out 
put of the pump or the richness of the mix 
ture, or by reducing both. 
The constructional form shown in Fig. 3 

may be modified at will, namely, the pres 
sure of the tank r could be exercised no 
longer on the piston b’, but on the piston e 
of the pump. Also, the reciprocating move 
ment of the pistons, instead of being con 
verted into rotary motion may be applied 
directly for pumping liquids, or compress 
ing gases, etc. For the abovesaid applica 
tions the piston of the pump will be rigidly 
connected to the driving piston, the fluid 
will be sucked into the pump cylinder dur 
ing the explosion stroke, and compressed 
during the return stroke; by so doing, the 
speed of the pistons during the return stroke 
will be no longer uniform, as when con 
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trolled by a fly-wheel, but the cycle of op 
erations in the cylinder as heretofore de 
scribed, will in no way be altered. 

Having thus fully described my inven 
tion, what I claim and desire to secure by 
Letters Patent of the United States, is: 

1. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder also 
having a piston, said pistons being coupled 
together, an air-tank containing air under 
pressure, and having an open communica 
tion with said explosion cylinder in front of 
the piston therein, a charge coil, means 
openly connecting said coil and said air 
tank, a conduit connecting said pump cylin 
der and said coil, a valve connection between 
said coil and said explosion cylinder behind 
said piston therein, and a valved outlet from 
said explosion cylinder. 

2. An internal combustion engine, compris 
ing in combination, an explosion cylinder 
having a piston, a pump cylinder having a 
piston, said pistons being coupled together, 
an air-tank containing air under pressure, 
a charge container adapted to be maintained 
at constant temperature, an open connection 
between said container and said air-tank, 
an intermittently opened connection between 
said container and said pump cylinder, and 
a correspondingly intermittently opened 
connection between said container and said 
explosion cylinder. 

3. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder having 
a piston, said pistons being coupled to 
gether, an air-tank containing air under 
pressure, a charge container adapted to be 
maintained at constant temperature, an open 
connection between said container and said 
air-tank, an intermittently opened connec 
tion between said container and said pump 
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cylinder, a correspondingly intermittently 
opened connection between said container 
and said explosion cylinder, and a slide 
valve in said last-named connection and ac 
tuated by the piston of said explosion cylin 
der to create said intermittent opening, the 
opening of Said slide-valve causing the ex 
plosion charge to move Said piston for 
Wardly to form an explosion chamber. 

4. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder also 
having a piston, said pistons being coupled 
together, an air-tank containing air under 
pressure, and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a charge coil, means 
openly connecting said coil and Said air 
tank, a conduit connecting said pump cylin 
der and said coil, a valve connection between 
said coil and said explosion cylinder behind 
said piston therein, a valved outlet from said 

O 

15 

20 

125 

130 



IO 

5 

20 

25 

der having a piston, a pump cylinder also 
30 

35 

40 

45 

50 

55 

60 

6 

explosion cylinder, and means for throttling 
said conduit between said pump and said 
coil and said outlet during the whole or 
portion of the period of discharge to 1'educe 
the speed of said pistons before the period 
of opening said valved connection between 
said coil and said explosion cylinder. 

5. An internal combustion engine, con 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder also 
having a piston, said pistons being coupled 
together, an air-tank containing air under 
pressure, and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a charge coil, means 
openly connecting said coil and said air 
tank, a conduit connecting said pump cyl 
inder and said coil, a valve connection be 
tween said coil and said explosion cylinder 
behind said piston therein, a valved outlet 
from said explosion cylinder, and a water 
cooling reservoir connected between said 
pump cylinder and said explosion cylinder, 
whereby water may be injected into the lat 
ter after each explosion. 

6. An internal combustion engine, com 
prising in combination, an explosion cylin 
having a piston, said pistons being coupled 
together, an air-tank containing air under 
pressure, and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a charge coil, means 
openly connecting said coil and said air 
tank, a conduit connecting said pump cyl 
inder and said coil, a valve connection be 
tween said coil and said explosion cylinder 
behind said piston therein, a valved outlet 
from said explosion cylinder, and means 
for reducing the pressure in said air-tank, 
whereby the air acting in front of said ex 
plosion-cylinder piston will vary the com 
pressing power of said pump. 

7. An internal combustion engine, com 
prising in combination, an explosion cylin 
der, a pump cylinder mounted on the axis 
of said explosion cylinder, pistons in said 
cylinders, a common piston rod connecting 
said pistons, an air-tank containing air 
under pressure, and having an open commu 
nication with said explosion cylinder in 
front of the piston therein, a charge coil, 
means openly connecting said coil and said 
air-tank, a conduit connecting said pump 
cylinder and said coil, a valve connection 
between said coil and said explosion cylin 
der behind said piston therein, and a valved 
outlet from said explosion cylinder. 

8. An internal combustion engine, colm 
prising in combination, an explosion cylin 
dei having a piston, a pump cylinder having 
a volume slightly smaller than that of said 
explosion cylinder, said pump cylinder also 
having a piston, said pistons on the same 
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axis being coupled together, an air-tank 
containing air under pressure and having 
an open communication with said explosion 
cylinder in front of the piston therein, a 
suction-valve in said pump cylinder behind 
said piston therein, a conduit connecting 
said air-tank and said pump cylinder be 
hind said piston therein, a valve connection 
between said conduit and said pump cylin 
der, a conduit connecting said air-tank and 
said explosion cylinder, an intermittently 
opened connection between last-named con 
duit and said explosion cylinder behind said 
piston therein, and a valved outlet from said 
explosion cylinder. 

9. An internal combustion engine, compris 
ing in combination, an explosion cylinder 
having a piston, a pump cylinder also hav 
ing a piston, said pistons being coupled to 
gether, an air-tank containing air under 
pressure and having an open communication 
with said explosion cylinder in front of the 
piston therein, a gas receiver or producer, a 
conduit connecting said pump cylinder be 

65 

70 

75 

80 

85 

hind said piston therein with the atmos 
phere and with said gas receiver or pro 
ducer, a suction-valve between said conduit 
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and said pump cylinder, a charge coil, 
means openly connecting said coil and said 
air-tank, a conduit connecting said pump 
cylinder and said coil, a valve connection 
between said coil and said explosion cylin 
der behind said piston therein, and a valved 
outlet from said explosion cylinder. 

95 

10. An internal combustion engine, com 
prising in combination, an explosion cylin 
der, a pump cylinder mounted on the axis of 
said explosion cylinder, pistons in said cyl 
inders, a common piston-rod connecting said 

100 

pistons, an air-tank containing air under 
pressure and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a suction-valve in Said 
pump cylinder behind said piston therein, 
a conduit connecting said air-tank and said 
pump cylinder behind said piston therein, 
an intermittently opened connection be 
tween said air-tank and said conduit, a car 
bureting device, means openly connecting 
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said air-tank and said carbureting device, 
a valve connection between said carbureting 
device and said explosion cylinder behind 
said piston therein, and a valved outlet from 
said explosion cylinder. 

11. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder having 
a piston, said pistons being coupled to 
gether, an air-tank containing air under 
pressure and having an open communication 
with said explosion cylinder in front of the 
piston therein, a suction-valve in said pump 
cylinder, a conduit between said pump cyl 
inder and said air-tank, an intermittently 
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opened connection between said pump cylin 
der and said conduit, a charge container 
adapted to be maintained at constant tem 
perature, an open connection between said 
container and said air-tank, an intermit 
tently opened connection between said con 
tainer and said explosion cylinder. 

12. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder hav 
ing a piston, said pistons being coupled 
together, an air-tank containing air under 
pressure and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a charge container 
adapted to be maintained at constant 
temperature, an open connection between 
Said container and said air-tank, an inter 
mittently opened connection between said 
container and said explosion cylinder, and 
a valve in Said connection and actuated by 
the piston of said explosion cylinder to 
create said intermittent opening, the open 
ing of Said valve causing the explosion 
charge to move said piston forwardly to 
form an explosion chamber of any desired 
volume. 

13. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder hav 
ing a volume slightly smaller than that of 
Said explosion cylinder, and having also a 
piston, said pistons being coupled together 
an air-tank containing air under pressure, 
and having an open communication with 
Said explosion cylinder in front of the pis 
ton therein, a suction-valve in said pump 
cylinder behind said piston therein, a con 
duit connecting said pump cylinder behind 
the piston therein and said air-tank, a 
charge container adapted to be maintained 
at constant temperature, an open connec 
tion between said container and said air 
tank, a valve connection between said con 
tainer and said explosion cylinder behind 
said piston therein, a valved outlet from 
said explosion cylinder, and means for in 
creasing or reducing the output of the 
pump, whereby the pressure in said tank 

will be modified and will vary the power of 
Said engine. 

14. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder also 
having a piston, Said pistons being coupled 
together, an air-tank containing air under 
pressure, and having an open communica 
tion. With said explosion cylinder in front 
of the piston therein, a charge container 
adapted to be maintained at constant tem 
perature, an open connection between said 
container and said air-tank, a valve con 
nection between said container and said ex 
plosion cylinder behind said piston therein, 
a valved outlet from said explosion cylin 
der, and a water-cooling reservoir, the top 
of which is intermittently connected with 
said pump cylinder and is in open com 
munication with said air-tank, and the 
bottom of which is connected with said ex 
plosion cylinder, whereby water may be in 
jected into the latter after each explosion. 

15. An internal combustion engine, com 
prising in combination, an explosion cylin 
der having a piston, a pump cylinder also 
having a piston, said pistons being coupled 
together, an aii'-tank containing air under 
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pressure and having an open communica 
tion with said explosion cylinder in front 
of the piston therein, a conduit connecting 
said pump cylinder and said air-tank, a 
valve connection between said conduit and 
said pump cylinder behind said piston 
therein, a valved outlet from said explosion 
cylinder, and means for throttling said con 
duit and said outlet during the whole or 
portion of the period of discharge of the 
pump, in order to reduce the speed of said 
pistons toward the end of their return 
stroke. 

In testimony whereof I have signed this 
specification in the presence of two sub 
scribing witnesses. 

JULES ALFRED BABIN. 
Witnesses: 

EMILE LEDRET, 
H. C. Cox.E. 

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents. 
Washington, D. C.’ 
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