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To all whom it may concerr:
Be it known that I, LUCIEN GENTY, engi-
neer, a citizen of the French Republie, resid-
_ ingat Marseilles, Bouches-du-Rhone, France,

5 (and having my post-office address 61 Rue St..
Jacques, in said city,) have invented certain

new and useful Improvements in Internal-
Combustion Engines, of which the following
is a specification.

10 My invention has for its object to provide
an internal-combustion engine working in a
new cycle which is arranged so as to utilize
in a manner as perfect as possible the heat
units generated by the combustion of the

15 gases. 1 obviate those losses which are inci-
dental tointernal-combustion enginesas hith-
erto construeted, the said losses being due to
the high pressure which the gases still pos-
sess'at the end of the stroke and to the waste

. 20 of the heat units carried away by the hot ex-
haust-gases and to the heat absorbed by the
water circulating in the cylinder-jacket and
constituting the greater part of the heat units
developed by the combustion of the gases.

25 The amount of heat remaining in the ex-
haust - gases depends upon the expansion
which follows the explosion. Itis well known
that when the fluid working in the engine has
Been heated by the combustion of the gases

30 the conversion into work of the heat units

' evolved by the combustion is the more com-
plete the further the expansion is carried and
that this expansion causes a considerable low-
ering of the temperature of the working fluid.

35 This lowering of the temperature is directly
proportional to the ratio of the final volume
of the gases to their initial volume. At-
tempts have been made to increase this ratio
of the final volume to the initial volume by

40 compressing the gases- to a high degree be-
fore explosion and allowing them to after-
ward expand down to the atmospheric pres-
sure; but sueh high compression necessitates
a very strong enginé and tight pistons capa-

45 ble of withstanding these high pressures,
which of course increases the cost of the en-
gine and causes it to work under unfavorable
conditions. . \

Now the objeet of this invention is to in-

5o crease as much as possible the ratio of the

final volume to the initial volame without
exceeding the limits of pressure that are at
present reached in internal-combustion en-
gines. I start from a pressure which is the
same as that of an ordinary internal-combus- 55

‘tion engine and cause the working fluid to

expand down to below atmospheric pressure.

For example, let it be supposed that in an.
internal - combustion engine it is desired to
realize the ratio of one hundred to one be-
tween the final volume and initial volume.
If this wereto be obtained in the manner
heretofore practiced—say by expanding the

6o

' gas only until it has reached the atmospherice

pressure—it would be necessary to have a 65
very large cylinder in which the expansion
could be carried far enough or to increase
the compression so that the initial pressure
would be at least one hundred atmospheres.
According to this present invention it will 70
suffice in order to obtain thisratio of onehun- -
dred to one to start from a pressure of twenty
atmospheres and to expand until the pres-
sure at the end of the expansion period is
equal to one-fifth of -an atmosphere, a pres- 75
sure usually met with in the condensers of -
steam -engines. I keep thus within normal
limits as regards preéssure, while causing a -
considerable lowering of the temperature of = .
the gases during their expansion—that is to. 8o
say, I realize a considerable transformation
into work of the heat units contained in the.
gases. Increased expansion decreases alsothe
residual or non-utilized pressure which the
gases possess ab the end of the power-stroke 83
of the usual internal-combustion engines.
Attempts have already been made in this di-
rection by lengthening the cylinder, so as to- .
prolong the expansion of the gases, or by
causing the gases to do further work in a com-
pound cylinder arranged tandemwise with
the first eylinder; but this expansion does
not. lower the pressure of the gases below
that of the atmosphere. An appreeiable ad-.

90

ditional amount of work may be obtained in 93
this manner; but generally speaking it does

not justify the increased cost of the engine,
and the gases exhausted from the second cyl-
inder are still at a high temperature, so that-

a considerable number of heat units are lost. roo
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The volume of these exhaust-gases is much
greater than that which they would have if
they were first brought back to the ordinary
temperature and the water-vapor contained
in them which arises from the combustion of
gases had also first been condensed.

In an engine according to my invention I
realize the benefit of the difference between
the work required to expel the hot gases
charged with vapor and the work which they
require to be expelled after they have been
cooled and deprived of the water-vaporwhich
they contain. :

In internal-combustion engines as hitherto
constructed in order to preserve the proper
condition of the working parts and effect a
proper lubrication and prevent the deterio-
ration of the Iubricant it is necessary that
the cylinder-walls should be subjected to a
powerful cooling, so as to prevent an abnor-
mal rise of the temperature of the said walls,
This result is obtained by causing cold water
to circulate through a jacket around the cyl-
inders, the explosion-chamber, and the ex-
haust-valves.

In an engine according to my present.in-
vention the heat units abstracted from the
walls and lost in the ordinary engines can be
utilized in the working of my engine and fur-
nish a surplus of work, while at the same
time they insure preservation of the working
parts and a thorough clearing of the eylin-
ders at the end of the stroke, it being my ob-
ject to prevent all the losses that have hith-
erto been accepted as a necessary evil of
the constitution of ordinary gas-engines and
to convert into work the greatest possible
amount of the heat units produced by the
combustion of the gases. .

To sum up,in the internal-combustion en-
gines as at present built the cycle of the
working fluid is not elosed, but is allowed to
be completed in the atmosphere without any
advaniage being taken of the work resulting
from this completion, this work being asim-
portant as if nof more important than the
work actually obtained. In myimprovedin:
ternal-combustion engine the cycleis entirely
closed, for the working fluid is brought back
to the atmospheric-pressure and surrounding
temperature, while its final state differs from
its original one only through the change in
its chemical composition, which change has
been caused by the combustion of the work-
ing fluid.

In order that my invention and the manner
in which it can be performed may be well un-
dorstood, I will describe it, reference being
made to the annexed drawings, in which—

Figure 1 is a vertical section through the
line W W' of Fig. 2. Fig. 2 is a horizontal
section through the axis of the cylinders.
Fig. 3 is a cross-section through the line X
Y Zof Fig.2. Fig.4isalongitudinal section
of the larger cylinder. Fig. 5 is a plan view

of the admission-valve gear. TFig. 6 is a plan
view of the general valve-gear arrangement.

887,152

Fig. 7 represents the working diagram of the
engine.

My improved internal-combustion engine
comprises two cylinders ¢ and b, in which
pistons c and d work on the Otto ¢ycle. The
strokes of these pistons take place simul-
taneously in the same direction; but the cy-
cle in one of these cylinders is two phases be-
hind thatof the other. The two pistons ¢ and
d are connected with the crank-shaft and also
tandemwise by rods e and f to the piston g of
a large cylinder %, the internal capacity of
which is much larger—for instance, five
times—than that of the cylinders a and 0.
In thislargecylinder i the gasesburned in the
cylinders ¢ and b complete their expansion
instead of being allowed to exhaust into the
atmosphere. The crank-shaft ¢, connected
with the pistons c and d by means of links, (not
shown in Fig. 2,) revolves in three plumber-
blocks, the end ones 7 and % of which are of

the usual construction, while the interme-

diate, [, is hollow and incloses a worm-wheel
m, which actuates the valve-gear. This said
worm-wheel m drives a horizontal shaft #,
whieh in its turn drives a second horizontal
shaft o, parallel to the crank-shaft 7, and on
which are mounted all the cams actuating the
valve-gear. Three valves r s ¢ (shown in the
left-hand part of Fig. 8) are provided for the
smaller cylinder b. r is a gas-inlet valve, s
avalve for the introduction of the mixture of
air and gas into the eylinder, and f an air-
inlet valve. A similar set of valves ' s’ ¢/
(shown on the right-hand side of Fig. 3) is
provided for the smaller cylinder a. The
three valves of each set are operated simul-
taneously from the cams 22 22" on the shafto

‘by aid of the gearing, of which Fig. 5 is a plan

view, the said gearing being formed of verti-
cal rods 15 15, bearing at their lower ends on
the cams and having their upper ends at-
tached to the arms 16 16’ of sleeves x z’, oscil-
lating on. stationary shafts 18 18/, which
sleeves are provided with threelever-arms 17
17',arranged just above the valves r s+ s' ¢,
respectively. The shaft n also actuates the
governor p, which is carried by the plumber-
block /, Figs. 1 and 2, the said governor con-
trolling the gas-inlet valves r ¢/, so that the
latter are thrown out of gear as soon as the
speed of the engine exceeds a certain limit.
For this purpose the rod ¢, connected to the
governor, is attached at one end 1o the bell-
crank lever 19, Fig. 5, the other arm 19’ of
which has fixed to it a transverse rod 20, suit-
ably guided. At each end of thesaid rod 20
are fixed stops 21 21’, the position of which is
such that they are normally interposed be-
tween the rods of the gas-inlet valves » ¢/, re-
spectively, and their corresponding gearing-
levers 17 17", 'When the speed of the engine
exceeds a certain limit, the rod g has been
drawn in the direction of the arrow and the
rod 20 shifted aside to a sufficient extent to
remove two stops 21 21’ from beneath the
arms or levers 17 17', so that the latter are
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without action on the rods of the valves r 7.
The air-inlet valve 7 does not exist in theor-
dinary gas-engines, which only work down to
the atmospheric pressure. As my improved
gas-motor works down to a fraction of an at-
mosphere, it is necessary to so arrange the
air-valve ¢ that air does not enter the eylin-
der when the pressure therein is below that
of the atmosphere, and for this purpose the
spring which maintains the said valve ap-
plied on its seat should be of a convenient
strength. A cock w is provided for regulat-
ing the quantity of gas admitted into the eyl-
inder.

v and w are two valves which connect the
cylinders b with the cylinder A, one of these
valves w preventing the gases expanding in
the eylinder h and coming from the cylinder
a from entering the e¢ylinder b when the pres-
sure in this latter ¢ylinder is less than that
then existing in the cylinder a.

The exhaust-valves v, w, v, and w' are
worked, respectively, from the cams 22 22,
keyed on the shaft o by means of the two-
armed levers ¢ %', oscillating on the shaft z;
as shown in Fig. 6, 23 23’ on the same figure
being the cams which operate, respectively,
the levers 15 15', acting on the set of valves
rstr st (Ilustrated in Fig. 5.)

I provide a condenser 1, fitted with a rotat-
ing cock 2, establishing communication be-
tween the right-hand side of the piston g and
Another rotating cock 3 es-

tablishes a communication between the left-
hand side of the said piston g and the con-
denser. : o
4 is a delivery-valve through which the pis-
ton g causes exhaust into an external pipe 5
of the cooled gases which have accomplished
their cycle. Ialsoprovidea pump 6 for with-
drawing from the condenser the water accu-
mulating therein resulting both from the con-
*densation of the moisture contained in the
burned gases and from the water injected
and atomized by a nozzle 7, opening into
the condenser.
is operated from the shaft n by means of
gear-wheels 2425, eccentric 26, fitted on the
wheel 25, and connecting-rod 27, attached to
the said. piston. 28 is the suection-valve,
through which the water contained at the bot-
tom of the condenser is caused to pass to-
ward the body of the pump 6. 29 is a back-
pressure valve, through which the same wa-
ter is forced toward the pipe 30, leading to
the nozzle 7 aforesaid.

Above the small eylinders o and b is ar-

ranged a vessel & which communicates with
the ecooling-water in the jacket surrounding
the cylinders. A suitable device maintains
the free surface of the cooling-water at the
level of the axis 9 of the said vessel, the cen-
tral part of which is traversed by the said
axis or shaft 9. - Thig latter carries a series
of sheet-iron disks 10. These disks and the
shaft carrying them are rotated slowly by any

suitable gearing connected to the valve-gear

The piston of the pump 6

3

driving-shaft. Tubes 11 11’ connect the up-
per part of the boiling vessel 8 to the boxes
containing the admission-valves s s’ for the
gaseous mixture. A valve 12, loaded by a
weight 13, prevents the steam produced in
the vessel 8 from entering the boxes of the
valve s until the weight 13 is raised by the
valve-gear. A similar arrangementis pro-
vided for the valve s'.

The engine operates asfollows: Asthe pis-

70

75

ton d in the small eylinder b is beginning its -

forward stroke the cam 23 has raised the stem -

15, which has caused the arms 16 and 17 to
oseillate, so that the three gas and air valves
7 s t are opened and a mixture of air and gas
is drawn into the cylinder b, the said mixture
being regulated beforehand by means of the
aforesaid cock. When the piston of the cyl-
inder b reaches the end of its forward stroke,
said cam 23 releases the stem 15, the three
valves 7 s ¢ close, and the piston d, effecting
its return stroke, compresses the mixtare to
a pressure which depends upon the ratio of
the volume of the eylinder to that of the
clearance-space provided at the end of the
cylinder. - As the piston reaches the end of
its return stroke an igniter, such as a heated
tube or an electric spark, ignites the mixture,
the pressure rising suddenly in the clearance-
space until it reaches its maximum and the
piston making its second forward stroke, the
gases expanding until the pressure has been
reduced to, say, three atmospheres, as in
most of the present gas-engines.
stant the cam 22, operating the double-armed

8¢

85

go

100

At thisin-"

lever y, catuses the exhaust-valves vwto open,

which connect the small eylinder b with the
large cylinder 2. The piston g, moving to-

105"

gether with the piston of the cylinder bin the -

third return stroke, is acted upon by the fluid
which was contained in the small eylinderbd,
and the final volume of -this fluid . is: repre-
sented by the total volume of the larger cyl-
inder, which I have supposed to be equal to
five times that of the smaller cylinder. A lit-
tle before the end of the stroke under con-
sideration the communication between the
small and large cylinders is cut off through
the closing of the valves v w, the stems of
which are released by the double-armed le-
ver . -The gases then go.on expanding un-
til the end of the stroke in the cylinder A is
reached. When the piston g starts on its
forward return stroke, the rotating cock 2,
turned on by the eccentric 32, rod 33, and le-
ver 34, establishes a communication between
the cylinder  and the condenser. The pis-
ton ‘g on this return stroke causes all the
fluid contained in the cylinder i to exhaust
into the condenser. While this stroke is be-

ing performed the cock 3 is opened by the
eccentric 32', rod 33', and lever 34’ to allow
the fluid confined in the condenser o be
drawn into the left-hand side of the piston
in the large cylinder, so that the volume in-
troduced on the right-hand side of the piston
g is exactly compensated for by the volume

1io
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drawn in at the left-hand side-of the piston
in the cylinder, so that the vacuum main-
tained in the condenser remains unaltered.
When the piston g is about to resume its
backward stroke, it receives on its right-hand
face the exhaust-gases from the g¢ylinder a,
which both work alike; but one, as already
stated, is two phases behind the other. Duar-
ing this time the gases drawn from the con-
denser at the left-hand side of the piston of
the large cylinder are first compressed and
when they reach the atmospheric pressure
are expelled through the exhaust-valve 4 and
pipe 5. Aninjection of finely-sprayed water
led to the eylinder ) through nozzles 31, pass-
ing through the cover of the said large eylin-
der and which may be branched on the pipe
30, prevents the fluid from getting heated
during this compression. This water is ex-
pelled at the same time as the gases through
the exhaust valve and pipe.

The acecompanying diagram Fig. 7 illus-
trates the various phases of the operation, O
V and O P being two coordinate axes on
which the volumes and pressures are respec-
tively marked. A B represents the suction-
stroke of thecylinderd,drawingin the mixture
of gas and air. B Cisthe stroke of compres-
sion of this mixture into the clearance-space
provided at the end of one small cylinder b.
C D is the rise of pressure resulting from the
explosion of the mixture. D Eshows the ex-
pansion-stroke of the burned gases,and EF A
is the curve which an indicator mounted on
the said cylinder would give for the return
stroke of the piston. This line is turned up-
ward at F, because from the point I the com-
munication with the cylinder-% has been cut
off and the gases remaining in the small ¢yl-
inder are compressed into the space O U, so
as to reach a pressure nearly equal to that of
the atmosphere. X H represents the expan-
sion-curve of the gases in the large cylinder.
H I is the curve corresponding to the fore-
ing of the gases into the condenser. From
the point I the communication with the con-
denser is cut off and the gases remaining in
the right-hand side of the eylinder 2 are com-
pressed in the clearance-space, so as to attain
at the point B a pressure nearly equal to that
of the atmosphere. B E is the rise of pres-

. sure which takes place suddenly at the time

55

60

65

the communication is opened between the
cylinder a, wherein the expansion period is
just completed, and the cylinder %, which is
now starting again its new cycle, with the
gases exhausted from the eylindera. JKis
the curve corresponding to the suction of the
gases of the condenser by the left-hand side
of the piston g. K L is the compression-
curve of thése gases when the said piston ef-
fects its back stroke. At L the pressure at-

tained by this compression is supposed to be
equal to the atmospheric pressure, and L. M
corresponds to the expulsion of the burned
gases through the valve 4 and represents a
volume which is very nearly equal to the vol-

687,152

ume V' U of the small eylindera. Theslight
difference between these volumes is due tothe
fact that the products of combustion have
undergone a reduction of volume in conse-
quence of the formation of ecarbon dioxid and
aqueous vapor that has condensed. M J is
the cuirve of the expansion which takes place
while the piston g effects its rear stroke and
the communication with the condenser has
not yet been opened. This expansion has for
its purpose to create a partial vacuum be-
fore the communication with the condenser
is opened. The difference between the area
of diagram E H I B for the right-hand face
of the piston ¢ and that of diagram J K L'M
for the left-hand face of the said piston rep-
resents the work gained by the expansion and
condensation. Despite this gain the heat ab-
sorbed by the cylinder-walls would still re-
main lost. :

I will now explain how the steam from a
vessel 8 acts in restoring the heat which
would otherwise be lost in the eylinder-walls
and converting this heat into useful work.
The horizontal line representing the atmos-
pherie pressure is reached at about the mid-
dle of the stroke of the piston ¢g. (This is
due to the ratio of volumes which ‘I have
adopted for the various cylinders.) At the
same instant the pressure in the cylinder b is
also equal to the atmospheric pressure. From
this point the pressure of the gases falls be-
low that of the atmosphere. The action of
the valve-gear then takes off the weight 13.
The vacuum created in the eylinders band
causes a powerful evaporation in the vessel 8,
and the steam formed flows into the pipe 11,
lifts the valve 12 therein, and depresses the
spring of the valve s, through which it en-
ters the small cylinder b. The air-valve ¢
prevents air at atmospheric pressure from en-
tering into the eylinder b, while the pressure
in this cylinder isless than that of the atmnos-
phere.

To avoid the evaporation in the vessel 8
giving rise to tumultuounsebullition owing to
the rapid formation of steam caused by the
vacuum in the cylinders, disks 10 are.em-
ployed, they constantly dipping into the wa-
ter that fills only half of the vessel, and they
present while rotating a large and constantly-
renewed evaporating-surface without any tu-
multuous ebullition of the water. The steam
comes in contact with the walls of the cylin-
der b, which it scavenges, and becomes there-
by superheated. It goes then through the
valve-chambers of the valves v w, the large
cylinder, and is further superheated by util-
izing the heat deposited on the surface of these
working parts. It will be seen that I thus
recover for the purpose of boiling the water
in the vessel all the heat units that have
passed through the walls of the small eylin-
der, and I also colleet in the superheated
steam the heat of the internal walls of the
working parts with which the hot gases have
come into contact. The action of steam
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has the result that the diagram of the large
cylinder instead of following the curve E
N H rises above it and follows {he nearly
horizontal line N R, which is slightly Dbe-
low the atmospheric pressure, but consider-
ably above the portion N H of the aforesaid
curve EN H. The area N R H represents the
gain obtained by the action of steam. This
gain is not counteracted by any correspond-
ing part of the diagram of expulsion of the
burned products from the left-hand side of
the piston g of the large eylinder. Asa mat-
ter of fact, this supplement of useful work is
entirely furnished by steam which will disap-
pear through condensation in the condenser.
It will be understood that if the temperature
of the water in the said vessel rose above 100°
centigrade the line N R would rise above the
atmospheric pressure. The normal working
temperature of the vessel will be, of course,
regulated according to the quantity of heat
supplied to the cooling-water by the walls.
This diagram shows that I effect the complete
utilization of the heat units furnished by the
combustion, including those given by the hot
gases to the internal walls of the working
parts of the engine and that I realize the re-
turn of the fluid to its original state. There
is a small deviation due to the slight differ-
ence between the temperature of the con-
denser and that of the surroundings; but this
deviation can be reduced as much as desired.
It should be also noted that the contraction
due to the formation of carbon dioxid and
the disappearance of the oxygen, which has
burned the hydrogen of the combustible gas
and has been converted into condensed water,
cause the volume L. M to be expelled to be
smaller than the volume V' U of the fluid in-
troduced into the small cylinder b. From
thig it results that the work required in ex-
pelling the gases is reduced, whieh is advan-
tageous for the efficiency and compensates
for the imperfection due to the lowering of
temperature caused by the condenser.
Having now particularly described and as-

5

certained the nature of my invention and in
what manner the same may be performed, I
declare that what I claim is—

1. In an internal-combustion engine work-
ing according to the four-stroke cycle, the
combination with two high-pressure cylin-
ders ¢ b having small diameters, of a low-
pressure cylinder s having a larger diameter,
a piston ¢ in the said cylinder, communica-
tions between the high- pressure cylinders
and the low-pressure cylinder in which the
burned gases are expanded under the atmos-
pheric pressure, a condenser 1 in which the
expanded gases at one side of the piston are
forced for the purpose of being cooled, a valve
2 for controlling the passage of the gases to
the condenser, another valve 3 controlling the
passage of the condensed gas to the other side
of the piston in the low-pressure eylinder and
an exhaust-valve 4 and exhaust-pipe 5 lead-
ing these gases into the atmosphere, substan-
tially as described and illustrated in the ac-
companying drawings.

2. In an internal-combustion engine work-
ing according to the four-stroke cycle, the
combination with two high-pressure cylin-
ders a b having small diameters, of a low-
pressure cylinder s having a larger diameter,
in which the burned gases are expanded on
one of the sides of a piston g in the said low-
pressure cylinder, of a vessel 9 in which the
cooling-water of the cylinder-jacket is vapo-
rized rotating disks in the said vessels, a pipe
fitted with valves 12 for leading the generated
steam through the high-pressure cylinders
and afterward to the low-pressure cylinder
for the purpose of blowing aft all the burned
gases, substantially as deseribed and illus-
trated in the accompanying drawings.

In testimony whereof I have hereunto set
my hand in presence of two subscribing wit-

nesses. .
LUCIEN GENTY.
Witnesses:
ALEXANDRE ALTAIRS,
Lovuis RoMAN,
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