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To all whom it may conocern: o
- Be it known that I, Pamwir.K. STeRN, 8 { tained in t
citizen of the United States, residing at .
the eity of New York, in the county of New
York and State of New -York, have invented -

certain new and useful Improvements in

- Thermodynamic Motors, of which the fol-
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15

- 20
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lowing is a specification.
My 1

the power medium is used dually, being em-
ployed both as a conveyer of the energy

and as a fuel for supplying the energy for op- :

erating the engine, in a manner whereby
when 1t is employed to perform the mechani-

)

‘Inyention in thermodynamic motors |
relates to a new class of heat engines wherein

erty 1t possesses when confined, due to its |

sensible heat, it is also used to further per-

a thermodynamic motor embodying both
that class of heat engines knowh as expan-
sive engines and that class commerciall
known as explosive engines, and inasmuc
as that the fuel employed in explosive en-

~ gines utilizes the heat of chemical combina-

30
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tion to perform the mechanical work of the

engine, and the so-called expansive engines,

usually steam or vapor engines, perform
their mechanical work by the sensible heat
contained in the vapor, I prefer to dis-
tinguish the two classes of engines by the

usual commercial method of expression.
‘terming the steam or vapor engine an ex-

pansive engine, and the ordinary commer-
cial gas engine an explosive engine,although
both types of engine are operated by the

expansive property of the power medium.

I mean by power medium either a carrier of
energy

ergy for opcrating the engine, in: which
case the power medium gives uj

- its expansive property transforms the sensi-

50

or » producer of energy in the form of some

~combustible = volatile "liquid which when
~heated by its chemical combination ‘with

‘another ingredient becomes a power me-
dium, in which case the said vapor is trans-
formed in 4 power medium by virtue of the

“in the form of vapor, which, when
sufficiently heated furnishesthe necessary en- |

.  up its energy
to the piston of the engine and by virtue:-of

— -

‘erating liqui

ropet’ty of the heated gases con-
e chemical combination.
With this method of interpretation, my

.éxpansive

invention relates then, to a new class of
| heat engines or thermodynamic motors,
| wherein the power medium is used both ex-
| pansively and explosively. |

As my ‘invention relates to the trans-
formation of the kinetic energy of a power
medium by both the direet and the indirect
methods of utilizing the potential energy of

the fuel to this end, I have preferred to

designate the combination of these two

i methods when employed in the operation
_ 1 _ me { of a motive power apparatus,
cal work of the engine by the expansive prop- |

' a ﬂlQI'IHOd}'j'
namic motor. o

In heat engines of the explosive type
: _ er- { which have come to my notice, the refrig-
form the mechanical work by the expansion | eration necessary in cansequence of the ex-
due to the heat of chemical combination by |
- combustion. o | .

- My invention has, therefore, reference to |

| cessive heat developed by the combustion

| of the explosive mixture within the cylin-

der, was accomplished by the unse of some
heat-absorbing medium, such as water con-
talned in a receptacle surrounding the eylin-

secured to the cylinder, between which air
was disposed so as to perform the function

55
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{ der, or by a series of radiating disks or rings

80

of .the“heat carrier; while in some cases 1f
“has 'bﬁéﬁf;gﬁggested to use a volatile refrig-

whereby the excessive cylin-
der heat may be employed to produce me-
chanical refrigeration, and the water that

would have been lisegléin lieu of the refrig-

erating liquid for eobling the cylinder, is
used for taking up-the heat of the refriger-

ating liquid. In any of these methods,

however, the heat carried off by the water-

85

Jjacket or radiating surfaces dissipates and

wastes about forty per cent. of the heat

available ‘for -performing - the ‘mechanical

work of the engine,
. In thermodynamic

transfc)rma_tipn of the

96

<econd order, i. e., where heat is communi-

cated to g power. medium such as water or
“other volatile liguids and the heat of the

~vapor taken up by the motor in the per-

hv the development of mechanical work by

100

'y sive p ‘ form: s1- | formance of mechanical work, there is a con- .
ble heat of the vapor into mechanieal work, | siderable leakage as it were, or more prope
‘erly stated, a dissipation of a larpe percent-
age of the heat-units which is not made
~vailable in the process of evavoration and

105

the expansion of a liquid into a vapor, there

is but a fraction of the heat of. the fuel con:



e

sumed in the vapor generator transformed
Into mechanical work of the engine.
As a counter distinction between the in-

~ direct process or that just mentioned and
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the direct process, or that whereinh the com-
bustion of the fuel develops by the expan-
sive force of the ch'emica.f) combination of
the gases within the cylinder of the motor,
a motive power which impels the piston
against the resistance of it load, I shall des-
ignate the motor operated by the indirect
process an expansion engine and the process
which the heated power medium undergoes
the expansive process while the direct proc-
ess of transforming the heat into mechanical
motion, I shall term an explosive process
and the engine developing work’ through
such a process will be referred to herein-
after as an explosive engine. It is well
known in the art that the dissipation of
heat in developing mechanical work by the
expansive process of a power medium is
much more excessive than when the mechani-
cal work is developed by the explosive proc-
ess of the combustibles. :

It is the object of my invention to so con-
struct a thermodynamic motor as to com-
bine these two methods of transforming

heat into mechanical work, so that the heat
of the explosive type of heat engine, which

15 not all available in practice, may in part

be applied so as to perform mechanical work

by the expansive process, and by this method
of blending the two distinct processes of

transforming heat into mechanical work in
the operation of one machine, the vapor gen- |

erator for the expansive engine and the

cooling-jacket for the explosive engine are
~ combined, and these two distinctive methods,

which have heretofore been separate and in-

- dependent adjuncts to the development of

45

carried out my

motive power, are so combined in one ther-
mod

provide for the one, by the other, what either
1s lacking. The manner in which I have
invention to this end is to

- construct a thermodynamic motor dually,

60

“whereby

_ the expansion portion takes up
energy from the explosion portion, and the
explosive portion takes up energy from the
expansion portion, in thermodynamic trans-
formation, and in a manner so as to inter-

- change what would be when considered in-

- Bb

60

il5)

dependently the respective heat losses of
each section from one portion to another so

78 to be turned into useful work at the

crank-shaft of the thermodynamic motor.

I have given preference to the use of a |

vapor of an inflammable liquid rather than

to the evaporation of water for the power

medium, for the reason that when it is used
expansively to develop work by the sensible
heat which it contains when heated by the
heat due to combustion in the exg_losive >Or-
tion, it may be used as an ingredient of the

L

ynamic motor by my invention, as to

|
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explosive mixture in the cylinder of the ex-
plosive portion. This might be accom-
plished by employing water and evaporat-
Ing 1t into steam, and then using the steam
in a superheated state as an ingredient of
the explosive mixture, but as steam would
not be as volatile as some of the forms of
hydrocarbon, and therefore would not relieve
the explosive cylinder sufficiently of its ex-
cessive heat, as well as not being capable, in
itsel€, of furnishing fuel for the explosive
mixture, I have given preference to a Lydro-

~carbon liquid fuel for operating my iw-

proved heat engine. After the vapor has
given up its energy to the working piston
and 1s then exhausted, a considerable
amount of heat is carried off by the exhaust,
which, being at a lower pressure than that
which can be utilized in the transformation
of heat-into mechanical work, is thrown out
Into the atmosphere or into a condenser and
dissipated, just as the surplus heat generated
by the combustion of the explosive mixture
In the cylinder of an explosive cngine is
carried off by the water-jacket or 1*11§in,ting
surfaces depending from thic cylinder of the
engine. -

In constructing a thermodynamic motor

according to my invention, the exhaust from
the expansive portion is taken into the cylin-
der of the explosive portion and the heat
contained in the exhaust vapor is utilized in
increasing the activity of chemicul combina-
tion of the gases employed in the explosive
process, and, reciprocally, the surplus heat
which 1s developed in the cylinder of the
explosive portion 1is transmitted to the
liquid, thence to the cylinder of the expan-

‘sive portion. Thus by this interchange, the

heat whch would otherwise have been wasted
1s employed usefully. I consider this fea-
ture a distinct advance in the application
of thermodynamics to motive power devel-
opment, and of considerable advantage to
the art to which my invention pertains.
Another object of my invention is to pro-
vide 2 means of more completely clearing
the cylinder of the explosive portion of the
products of combustion than has been at-
tained in the older forms of gas engines and
those in vogue at the present time and pre-
vious to my invention. . -
~Another object of my invention is to pro-
vide a means for increasing the efficiency of

“the explosive portion by increasing the com-

70

75

80

85

90

86

104

106

110

116

120

ression of the mixture prior to ignition. -

his feature of my invention I accomplish
by the provision of a mixture weak in at-
mospheric air and raising its temperature
by compression until it may be as readily

ignited as mixtures rich in atmospheric air

at a lower compression. -

- The different fe%tures of my invention
are fully illustrated’in the drawings and
described clearly in'the subject matter of the

126

180
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specification, and finally more plahrticularly_
pointed out in the claims. |

. In the drawings in which I have illus-
trated the different- features of my inven-

tion, I have preferred to describe a vertical
or upright form of thermodynamic motor

. combining the expansive and explosive

10

15

AV,

30
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~methods of operation, by means of a single-
acting single-cylinder expansive type of heat

engine, and what is known as a two-cycle
explosive gas engine, constructed according
to my invention in the aforesaid manner is
shown in the drawings, of which—

Figure 1 1s a vertical sectional view taken
on the line X X of Fig. 2. In this view I
have so disposed the parts as to show the
entire construction of the motor and all of
its details, though in practice the position of
the different valves shown may be consider-
ably varied for the sake of convenience.

Fig. 2 15 a top plan view of my improved

thermodynamic motor, looking down upon
the cylinder heads and vapor chests.” Fig.
3 1s a horizontal sectional view taken on the
line 3 3 of Fig. 1, so as to show the vapor
chest of the expansive portion, the top por-
tions of the vapor chest, and the other work-
ing parts which are inclosed in the upper
part of the motor. Fig. 4 is a transverse
sectional view taken from Fig. 1 on the
line 4 4, so as to show the passage ways and
ports more clearly; those which I have
shown 1n Fig. 1, where they are not taken in

section, by dotted lines, are illustrated in |
Fig. 5 1s a transverse section |

this figure.
taken on the line 5 5 of Fig. 1, showing the
tempering flues of the explosive portion, the
vapor jacket of the expansive portion, and
the exhaust connections of both the expan-
sive and explosive portions.
transverse section taken. on the line 6 6 of
Fig. 1, to more clearly illustrate the exhaust
drum. Fig. 7 represents a cross-section of

~ the vapor-chest and a portion of the small

45

expansive cylinder and vapor-jacket. Fig.

- 8 1s a side elevation of my improved ther-

00

80

modynamic motor, looking at the end of the
crank-shaft so as to show the angle of cen-
ters of the connecting-rods and the different
working parts of the motor from that. point

of view. Fig. 9 is a front elevation of the

motor, showing a section of the air and
vapor mixer and scavengering valve, and

the pipe-connections and valves
from that point of view.

~ The explosive side of the motor is that to |
the right of the line.9 9 in Fig. 1, the ex-

pansive side being to the left of this line.

In order to designate similar parts I em-

ploy similar characters of reference through-

- out the several views. -

65

The cylinder A is cast integral with an

enlarged or trunked extension A’ so as to
I have shown in-

form a second cylinder.

Fig. 6 15 a.

of the motor

a

cylinder A and the cylinder B of about one

to nine. That is to say, the small cylinder
A has a cross-section of about one-ninth of
the cross-section of the explosive cylinder B,
that 1s, one-third of the diameter. The ob-
ject 1n this diminution in the size of the ex-
pansive section is to obtain the greatest econ-
omy commensurate with the efficiency of the
expansive and explosive combination at that
vapor pressure which it is considered most
practical to employ “for operating the motor
and burning up the exhaust of the expansive
cylinder in the explosive cylinder.
pressure must be the result of the proper ad-
justment of the conditions which depend
upon (1) the physical properties of the lig-
uid to‘be evaporated, (2) the rate at which
the small piston will be turning the heat of
the vapor, which is received from the prod-
ucts of combustion of the explosive portion
through the cooling-jacket, into mechanical
work, (3) the quantity of inflammable va-
por rejected after expansion to be used in
the explosive cylinder, (4) the practical
limit of expansion for the vapor, and (5
the limit to which the vapor can be heated in
the cooling-jacket so as not to have too high

-2 temperature for the explosive cylinder.
‘The vapor capacity of the expansive cylin-

der 1s determined, then, by these considera-
tions, which establishes a proportion between
the two cylinders in their respective capaci-
ties of about one to nine, as already stated.
Within the cylinder A a piston « of the
plunger type is employed to operate the con-
necting-rod 1 in the usual manner for sin-

gle-acting engines, so as to drive the crank-
shaft C b

piston ¢ has an enlarged or trunked end «’,

y the crank C’. The plunger or

which, when working in the cylinder A’, is
arranged so as to form, together with the
cylinder A’ and check valve 2, an exhaust-

pump for scavengering the residual of the

products of combustion left in the cylinder
B after exhaustion. . The check-valve 2 is
employed to open the outlet for the air con-
talned in the cylinder A’ when the piston &’
1s descending, and which closes when the pis-
ton a” 1s ascending. Another check-valve 27,
shown_in Figs. 5 and 9, is secured to the ex-
haust outlet 9”’ of the exhaust-drum 9’, and
1s connected up with the check valve 10’” by
a pipe 93, so as to relieve the compression of
the atmosphere or gas within the clearance
space between the top of the piston " and
the adjacent end.of the cylinder A which
take= place when the piston a” is ascending.

It will be ‘well here to state prior to a gen-
eral understanding of the details of the mo-
tor, that the construction is such as to pro-

- vide for the two cycle explosive portion of

This
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the moter, a means for preventing the escape

of fuel from its crank chamber into the ex-
haust as 1s customary with the usual type of

the drawings a proportion between the small | two cycle motors of this character when the 130 .
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“stroke.

fuel is being transferred from the crank
chamber to the combustion chamber during
a downward movement of the piston. Pro-
vision 1s also made against the forcing of
the fuel from the combustion chamber out of
the exhaust at the initial of the compression

~In order to accomplish the effectual reser-
vation of the fuel to the confines of the com-
bustion chamber, I have arranged control-

- ling valves which operate in a manner to ef-

fect a reduction of the pressure of the gases
in the combustion chamber whereby the
same shall be léss than atmospheric pressure

 when the piston B’ is in any of the positions

to eflect a register .of the port 9 with the
port 8" or 10 either on_an inward compres-
sion or an outward working stroke, and to
this end I have arranged the said valves in
manner whereby they will be opened during
the operation of the motor against an ad-
justable and variable resistance and which
resistance is adjusted to balance the required
pressure for the combustion chamber. The

> expedients preventing the escape of the fuel

in this manner and their funection will be
more particularly referred to in the follow-
ing description relative thereto.

%‘he vapor-chest D having the usual pis-
ton-valveli)’, admission ports 3, main vapor-

~ space 4 and 4", inlet ports 5, exhaust-space

- 40

4p

50

- and' the lead of the slide-valve.

bb

]

6 and exhaust port 6, is employed to con-
trol the expansive vapor which impels the
piston ¢’ downward in its working stroke.

The piston-valve D’ is moved by the ordi-

‘nary well-known valve-gear controlled by

shaft-governor, which regulates the lap and
lead of the valve by the speed of the crank-
shaft. Thisvalve-gear also serves to operate
the tappet-rod P, which carries the various
tappets, which will be explained hereinafter,
for operating the fuel control and air valves
and ignition phi% of the explosive engine.
The tappet-rod P is rigidly connected by a
bracket or arm P’ to the stem of the valve
D’. In the character of governor referred

‘to the eccentric on the crank-shaft which
drives the valve-rod, is shifted by a weight,

upon variations taking place in the speeg of
the crank-shaft so as to alter both the lap
As. these
overnors are so well-known in the art, I
ave considered it unnecessary to show any
special construction in the drawings, and
consequently have omitted the details from
the different views. s

. The cylinder A is surrounded by a jacket

- A? which serves the purpose of both a dry-

- 80

—

85

vapor drum for furnishing vapor to-the
cylinder A through the vapor-chest D and
valve D’, and also a means to prevent the
loss of the sensible heat of the working
vapor by condensation. In order to separate
the dry vapor from that in which condensa-
tion is liable to take place, I cast or other-

075,851

wise form the longitudinai ribs A8 and A

with the cylinder (see Iigs. 5 and 7), so as

to run from the head end downward almost

the full length of the jacket, thus dividing
it into two sections a® and a* after the man-
ner of a steam separator. S

E is a three-way cock adapted to register
with the vapor-space 4 by a port 7, and with
the neck d of the piston-valve D’ by a port
7', The cock being in the position shown
in Ifig. 1, the vapor is about to enter from
the vapor-space 4 through the ports 7 and
7’ into the small cylinder A by the port 5
around the neck 4 of the valve ID’. When
the cock K is turned in a direction so as to
register with the ports 7’, and 8, communi-
cation will be established with the cylinder
B by the pipe F. The object of this three-
way cock is to admit of the turning on of the
vapor to either one of the cylinders A or B
at will, so that in starting up the engine,
valgor mal}: be turned on so as to enter that
cylinder having its piston, connecting-rod
and crank off from the line of dead center.
The exhaust port 6’ and the exhaust space 6
are connected by a lateral extension of the
port 6, that is to say, the said port follows
the contour of the valve D’, as shown more
clearly in Fig. 8. The exhaust space 6 has
communication by means of a pipe V' with
a vapor check-valve V
7 and 9) located on the cylinder-head G
and from the delivery of the check-valve
the exhaust vapor passes through an indexed
hand-controlled valve V’’, thence through
an elbow, to a.mixer V’’’, where it is mixed

(shown 1n Figs. 2,

70

75

80

85

90
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100

with atmospheric air, the mixture then be-

Ing carried by a pipe U through a check-
valve V* (shown in Figs. 6, 8 and 9) into the

crank-box chamber N N? of the crank-box

N’ N so as to erable the explosive mixture to
enter underneath the piston B’ of the ex-
plosive portion—A port 9 cored or otherwise
formed in the piston B’ so as to register
with-the exhaust port 8’ of the exhaust-drum
9" and the scavenger port 10, is-brought into
communication with these ports alternately
when the piston B’ has about completed its
outward stroke. The exhaust-drum 9’ is
cored or otherwise formed in the body of
the cylinder B and has an exhaust outlet 9’7,
shown in Fig. 5. The port 6’/ formed in the
piston B’ is adapted to admit the explosive
mixture from the crank-box chamber N N?
to the upper end of the cylinder B by way of
port 8”7¢, connecting-pipe v’, back-pressure
check-valve 2 (shown in Fig. 5§) and per-
forated plate J when the port 6’/ of the pis-
ton B shall register with the port 6’’/, The
port 6”7 1s to one side of the port 8 or 10,

so that when the piston B’ is in motion, the

106

110

116

120,

126

port 6’ will not register with any of the -

ports excent 6””, which i1s indicated b¥v the
break in the continuity of the port 6’’’ in

I Fig. 1. The relative positions of these ports

JR¢
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18 more cjﬁar}y shown m Figs, § and 6. By | of the Tsfcilfiimé of air at the intake, E employ

this arrangement of the port 6" with re-

spect to the ports 8" and 10, the fuel under

compression m the crank-box chambér N2 N |

by the downward movement of the piston
B’ will find its escape only through the
pert 677", , -
Fhe mixer V'’ is more clearly illustrated

in Figs. 2 and 9, and the disposition ‘of the

10

1:5

- mg its inward streke, and 1s inducting the

20

~ operate together to return the valve »”* to |

25

30

puppet air intake valve 2’/ and its- return
springs & and-s8" as the piston B’ is making
its inward or compression stroke 1s also
shown in these figures. To adjust the ten-
sion' of these sprinigs so as te enable the valve
»’’ to operate with more or less suction by
the action of the piston B’ when it is mak-

charge through the valve »? into the erank

nut n threaded upon the stem »’ of the
puppet Intake valve v’’. The two compres-

ston springs s and ¢° are arranged so as to

its seat. Interposed between the two springs
g and ¢" 1s & prvoted lever f pierced so as to
admit the passage of the valve-stem =’
through 1t. The arrangement of this lever
1s- such that upon moving it 11 a direction

the lighter spring s” will take wp the thrust
for seatimig thé valve »”/. During a long
stroke of the tappet-rod P such as would be

~ imparted to it by the action of the governor

36

40

45

o0

during a dimmution in the rotational speed

of the engine, the tappet #, which is secured

pet-rod P will
f as the valve D’

with -a set sérew to the tap
impinge agalnst the lever

travels backward or to the right of its posi-

tion- shown 1n Fig. 1; and by virtue of the
tappev 7 and lever f compressing the stiffer
spiral spring s, and leaving only the weaker
spring 8" to seat the intake valve »”’, the in-
take of fthe atmospheric alr into the valve
will be admitted more freely than when the
valve' D’ is decreasing its stroke whereby the
shorter path of action is given to the tappet-
rod: That 1s to say, when the lap of the

valve D’ has been d:'ecrea$ed. The extent to

which the stiffer spring-s is compressed by
the lever f, therefore depends upon the lap
and lead of the valve D’. As the point of

~ cut-off of the vapor to the small cylinder A

50

60

1s also effected by the valve travel, the

quantity of vapor exhausted into the ex-
haust space 6 and into the mixer is varied

aecording to the load, that is, according to

the speed of the crank-shaft; consequently

. the respective volumes of air and vapor
mixed 15 kept constantly at approximately
the same ratio, though the total quantity

~ of air'and vapor, (that is, the éxplosive mix-

65

ture,) faken into the crank-box chamber

N N2 and delivered into the cylinder B be- |

hind the piston B’ in a manner as alre.dy
stated, is varied. For the main adjustments

head G. . __
- adapted to cover the head ends 6f the cyhn-

the cylinder hen %
‘with the atmosphere by a passage-way 15,

#n fridesed hand-controlled valve V* con-
néeted to thé intake ﬁﬁés,- i§ clearly shown
in Pigs. ¥ arid 9. The indexéd hard-con-

trolled exhaust vapor valve V'’ and the m-
dexed hand-controlled air valve V are shown
" with their stems in a lorizontal position In
' the drawings for convenience of 1llustration.

In practice, however, I prefer to place these

‘valves so that their stems will stand in a
position so as to avoid the displacement of
'the adjustment of the valves in consequence

of vibration during the operation of the en-

gine. The tempering flues, 11, which are in
“this example eight in number, are formed 1

the casting of the cylinder B and disposed
circumferentially about the same, as shown

‘in Fig. 5, and register with an annular
box chamber N N2, I arrange a milled head |

groove or channel 11/, cast in the cylinder-
The cylinder - head G, which 1s

ders A and B and comtains those parts-of the
moter located above the line 4 4 of Fig. 1
is @ casting carrying the vapor-chest and al

-of the mechanigm which is shown above this
lime. The manner of securing the head G to
the cylinders is more clearly shown in fop
plan view Fig. 2 and also in Figs. 8 and 4.

so as to comrpress the spring s, the tension of |

Commumicating with the annular gfoove
11” are the ventilating passeiges 12, which

communicaté also with thé smoke-flue 13
and' three-way cock H." A burner or heater
{ H” suck as i3 used in ordinary gasolene or

oas stoves, is disposed about the exterior of
the eylinder B and is so arranged as to have
its jets register with the tempering flues 11,
as shown in Fig. 1. Fhe disposition of the

tempering - flues 11 and the heater H' 15

such as to transmit heat to the jackét I so as

to heat whatever liquid may be contamed
therein. When the three-way '(r:o'ck- H has

its valve A turned into a position so that the

| port M’ registers with the smoke flue 13,

burned: gases will pass up through the tem-
pering flues 11 into the annular groove 117,
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ventilating' passages 12, smoke-flue 13, port

H’ of the valve % of the three-way cock H
and into the atmosphere. -

Formed in the cylinder-head G 1s fhe. |
scavengering air-showering device, which

consists of a plate J' having a multiplicity
of small perforations 14, as shown In sec-
tion in Fig. 1 and in top plan view in Fig.
4, These perforations are so grouped as to

spread the air which is taken 1n through

them as to form one continuous air piston
when the air is taken in through the cylin-

der B, which will be explained hereinafter;

the disposition of these perforations will be
in' the meariwhile more clearly understood
by reference to Figs. 1 and 4. Communi-

s

. A e r
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catinig with the siiall perforations 14 is an

apnuler &iF passage J7, which is formeéd in
. This is conrecteéd

180
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scavengering intake check-valve 16. air sup- |

ply pipe 17 and three-way cock H, the ar-
rangement -being such that when the three-
way cock H has its valve A turned into that

5 position shown in Kig. 1, the ingress to the
cyhinder B will be from the sumrrounding at-
mosphere into the port H’ of the three-way
cock H, pipe 17 ‘scavenger intake check-
valve 16, passage-way 15, annular air pas-

10 sage J’, and perforated outlets 14.

- The scavengering intake check-valve 16
has a tubular frame-work which is slotted
or cut away so as to admit of the introduc-

~ tlon of the arm f’’ of the bell-crank lever
15 " f”’, which also forms a gulde-way for the
cross-head 5°”’, The check of the valve 16
1s held on its seat by the adjustable compres-
sion springs 4" and 3’/ acting on the valve-
stem & by a fixed collar on the stem 3 and
20 against the underneath side of the adjust-

‘able sliding cross-head 3’/ which takes the
-upward thrust of the springs and is adjusted
by a nut threaded to tEe stem 0 as shown in

Iigs, 1 and 9, the arrangement being such |

25 that upon turning the nut in one direction,
‘the cross-head 4" is forced down so as to
create a comparatively greater pressure,
thereby preventing the valve from opening
~under a light pressure, and upon turning

30 the nut in the opposite direction, the com.

pression on the springs will be released so

as to allow the valve to open more easily.

The valve-stem ? is passed through a per- |

foration in the arm f”” of the aforesaid bell-
- 35 crank lever, so that the arm f’” shall be in-
terposed between the two springs, the upper
“stitfer spring b’ and the weaker lower Spring
0"y and the other arm f” is arranged so as
to stand in an approximately vertical posi-

40 tion, whereby it is adapted to contact with
the tappet T secured to the tappet-rod P
when the latter is removed by the valve-gear
toward the left of %hat position shown in

_ Figs. I"and 9, so as to relieve the stiffness
4% of the action of the springs &’ and '’
This variation in the stiffness of the valve
by the action of the springs is due to elimi-

nating, for the time being, the compression |’

- of the stiffer spring 3’ and allowing the
%0 lighter spring 5 alone to keep the valve
seated, after the manner as explained pre-
viously inconnection with the operation of
the air intake valve »”, whereby the atmos-
pheric pressure of the air contained in the-
combustion chamber B resulting from the
scavengering of the products of combustion
therefrom by the suction of the piston o’
may be varied accordihg to the variation in
tension of the springs " and 3’ of the valve
16 m accordance with the action of the tap-
pet-bar P. It .is necessary however, that
sufficient tension should at all times be given
to the valve 16 irrespective of the required
o5 throttling effect for the motor to maintain
%% the air pressure in the combustion chamber

§5
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B prior to the transfer of the fuel from ‘its
crank chamber to an extent considerably
below that of the atmosphere, |

When the engine is in operation so that
the slide-valve 1)’ has considerable la , that
s say, when the speed of the crank-shaft

18 reduced below the normal working speed,

the action of the governor will be to in-
crease the stroke of the valve D’ by shifting
the eccentric on the crank-shaft farther from

the - center uﬁon which it rotates, and the.

tanet T will by contact with the arm f
relieve the spring compression from the
valve 16 so as to allow this valve to admit
the incoming air under a lesser pressure so
that the air taken into the cylinder B will
be at a higher pressure, that is, more clearly

-approaching atmospheric pressure, than

when more pressure is required to operate
the valve. The effect of this is to fill the
cylinder B with a volume of air more nearly
at atmospheric pressure than when the valve
D’ is making a shorter stroke.

It will be observed then that the effect of
the governor is not only to regulute the
qnantity of vapor used in operating the ex-
pansive portion of the motor, which quan-
tity, after being rejected from the cylinder
A ‘passes out of the exhaust, after which it
1s further employed as the fuel for operating
the explosive portion, but the quantity of air
which is finally mixed with the fuel and
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taken into the cylinder and compressed by

the inward compression stroke of the pis-
ton B is also controlled by the gOVernor,
and though the motor may be working on
variable loads, the relative proportion of
hydrocarbon to air in the explosive mix-
ture may be maintained on a}l loads, but
the quantity of explosive mixture used in
operating the explosive portion is varied.
Therefore the governor controls both the
expansive and explosive portions of the mo-
tor in practically the same manner. That is
to say, the mean effective pressure of both
the expansive and the explosive portions of
the motor is varied by the lap and lead of
the slide-valve D’, without deteriorating
the calorific value of the explosive combina.-
tion by changing the proportion of the in-
gredients of the explosive portion, which

would be the effect 1f the quantity of fuel

alone was varied. It will also be noticed
that the time of ignition is varied by the
action of the governor as well, and the ad-
Justment of the tappet #' (see Fig. 2) by
1ts sot screw, and tlllje tappet-rod P must be
such . as to give a later Yenition on light

loads and an earlier‘ignition on heavy loads,

in order to maintain a constant speed and at

the same time operate the motor economi-

cally, -To ascertain the manner in which
the different valves should be properly ad-
Justed so as to produce a proper fuel con-
sumption for the motor, commensurate with
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the work that the. engme 1S performmg, the | na htha burner is turned on and 1gmt0d

different adjustmerits for the springs on the

intake valves, the vapor exhaust valves and
the throttle-valve M, must be manipulated

by trial until the best results are obtained, in
a manner which will readily suggest 1tself
to anyone who 1s familiar with the operat-
ing of gas and steam engines.

The coohng jacket I adaptLd to surround
the cylinder walls, has communication with

- the head-jacket I’ which 1s disposed about

15

20

25

the cyhnder head, as shown in - Fig. 1 1n sec-

~tion, by means of a passage-way 18 formed

In the castings. Within the head-jacket I’
1s a float O adapted to control the amount
of liquid fed to the jackets I and I’ by way
of the cock K and feed-pump L. A port
9 formed 1n the walls of the vapor chest D,
shown 1n Figs. 3, 4 and 7, establishes com-
munication between the ]acket I” of the cyl-
inder-head and the section «* of the vapor-
jacket A® surrounding the cylinder A. The
vapor-space 4 of the vapor- “chest D has com-
munication with the section a of the vapor-
jacket A through a port 20. Ifach of the
ports 19 and 20 has a vertical and a hori-

zontal limb. The communicating passages

which I have just described are shown in

- section 1n Figs. 3 and 7 and in plan in Fig.

30

- 39

I box chambers N N’2 and N’ N2,

40

‘sections by a partition N2,

4. The port 90 has a throttle-valve M (see
Fig.(3) for controlling the supply -of vapor

‘to the vapor-space 4 of the vapor-chest D.

The crank-box N N’ is divided into two

has means at the crank-shaft f01 insuring
a gas-tight connection between the. crank-
as shown
in Fig. 1, The cranks C” and Cs rotating
in the crank- box N N’ are adapted to take
up oil which 1s located- in the bottom of
the crank-box, on the splash principle, in
the usual manner for lubricating the crank-
pins of small engmisq.' The lubrication 1s
also carried up into the ‘pistons in this way
and- the-lubrication thus afforded has_been
proven to be all that is necessary for both

pistons and cross-heads for small-sized en-.

gines of the double-cylinder, single-acting

- -plunnex type in use at the pr esent time.

o0
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To start the motor running, assuming
that the space in the cylinder B above the
piston B’ 1s filled with atmospheric air, the

valve A of the three-wav cock H must be
turned mto a position as to establish com-.
munication with the tempering flues 11 for

the burner H”"; this will bring the port '
farther to the left than when in the- position
shown in Fig. 1. The liquid fuel for oper-
ating the engine is introduced through an

“inlet 21- -provided with a plug. The fuel I

prefer to use for this purpose is commercial
naphtha having a specific gravity of about

1(396 comtaining about 72% of carbon. 18%

Of hydmﬂep and 109% of oxygen. This is
commonly known as 'stove gasolene. The

The artltlon N2’

ernor.

and after a sufficient amount of heat has
been imparted to the naphtha in the jacket

I. throvgh the tempering ﬂﬁes 11, the ?na h-
" tha will have become vaporlzed so that
when it has a pressure of about 80 eor 90
Ibs. per square inch, as indicated by a pres-
siure gage connected up to the vapor-chest
D' but not shown in the drawings, sufli-.

cient pressure will be found in the vapor
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to start the engine up expansively upon
manipulating the three-way cock K so as to -

cause the vapor to act on the piston a, or
on the piston B’ through the pipe F, accord-
ing to which one of the cranks C’ or C? is
off of the line of dead center. In erder to
eliminate the volume of the pipe I which

.would create excessive clearance for the cyl-

inder B, a check-valve %, shown in Fig. 8,

pt introduced in the pipe I at a point where

it enters the cylinder so as to admit of the

increase of the vapor from the pipe F 1nto

the cylinder. After the meotor has been
turned over sufficiently by the expansive
property of the vapor the naphtha burner
H’” may be turned off and also the three-
way cock K, whereupon the throttle-valve M
18 turned on so as to admit vapm mto the

| vapor-space 4 of the vapor-chest D, which
| will enable the engine to be o erated by the
small expansive cylinder A having its va-

the travel of
piston-valve D" accordmg to the speed

por admitted and cut off by
the
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of the crank-shaft C, as in an ordinary sin- *

gle-acting steam engine with a shaft gov-
As the small piston ¢ 18 moving
downward the piston valve D’ will be mov-
ing to the left in Fig. 1, so as to admit
vapor from the vapor space 4 via the port
3 to the neck d of the valve D’, and after the
vapor 1s-cut off by a reverse movement of
the piston-valve D', and the port 5 and ex-
haust-port 6" have been opened o as to reg-
ister with the neck d of the valve D’ the
exhaust vapor will escape via the neck d
of the valve D’ through port 5 into exhaust

vapor space 6, and the exhaust vapor check-

valve V thmu{rh pipe-connections and the
exhaust vapor hand-controlled valve V”’
and pipe connections into the mixer V',
and after being mixed with the atmospheric
air taken in through the air intake valve, as
indicated by the arrow in Fig.

2, and admlt—' |
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ted by the hand controlled air 1ntaLe valve

V3 into the mixer V’”’, the exhaust vapor,

together with the atmos heric air; will be
carried down through the pipe U and the

120

check-valve V* into the crank-box chamber

N N? so as to fill .the entire space on the
crank-side of the piston B’ and crank—box
chamber N N2 at: Whatever pressure the air
intake puppet valve »”/ will admit of, ac-

125 .

cording to the tension of its springs and va-

riations of the same by the action of the
tappet ¢ and the lever 7 in the stroke of the
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15 exhaust vapor from the expansive portion,

20

- alr contained in the
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ber N Nz

0 ber N Nz,

crank - box chamber N N2 however, when

tion and is sufliciently
pressure when the piston B’ is at the limit

tappet-rod P, which in ény' event must be

less than atmospheric pressure.

At the time the exhaust is just commenc-
Ing to take place the small cylinder A, the
piston @ will be at the bottom of its outward
stroke, and the piston B’ will be at the
top or at the end of its inward stroke,
by which time its upward displacement
within the cylinder B shall have reduced
the pressure in the crank-box chamber
N N2 sufficiently to take in a quantity
of air through the intake puppet valve o'’
from the surrounding atmosphere into the
crank-box chamber N N2 together with the

as already explained; and as the piston B3’
1s descending it will compress the mixture
which was drawn into the crank-box cham-
1The mixture of vapor and air
contained within the crank-box chamber N N2
at this time is incomplete, the quantity of
mixture being less by
the amount of air by volume which the pis-
ton B” displaces during its stroke than the
quantity of air necessary for the best pro-
portions of air and vapor, for an explosive
mixture thereby obviating to a great extent
the liability of back firing from the com-
bustion chamber B into the crank-box cham-
The mixture contained in the

insufficiently mixed as stated with atmos-
pheric air, is mixed with suflicient of the
latter to render the same slowly combus-
tible but unexplosive. The remaining quan-
tity of air requisite to form the explosive
mixture, is contained in that space with-
in the cylinder B above the piston B’, which
has been left over by the scavengering opera-
below atmospheric

- of its outward or working stroke to admit of

45

the cha?%le from the crank-box chamber
N N? without having the total pressure in
the combustion chamber B after the mixture

- therein is complete, greater than that of the

60
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‘atmosphere.

-

explained, the pressure of the completed

mixture within the combustion chamber B

should be less than that of the atmosphere
by the amount which the piston B’ displaces
when the same is moving upwardly and the
port 9 has moved to a position to overrun the
port 8 after which time compression of the
mixture in the combustion chamber B may
commence.” Conversely upon the downward

- movement of the piston B’ the incomplete

. 85

chamber B to the requ

mixture withheld in the erank-box chamber

N N2 should be sufficiently lower in pressure |' 8", thereby creating an atmospheric shower

than that of the atmosphere to effect a bal-
ance 1n the pressure of the combustion cham-
ber B after the transfer of the fuel from the
former which will bring the pressure in the
ired degree. At the

time when the piston B’ is descending the

n fact, as will be hercinafter

Ii

-

- contained within the cylinder B and

975,681

small piston « is forcing the exhaust all the

while into the“exhaust space ¢ and thence
through the check-valve \ , through the mix-

Ing devices before mentioned and pipe U

and check-valve V¢ into the crank - box
chamber N N2, and by the time the piston B’
has arrived at the position shown 1n Fig. 1,
or at the end of its stroke, the port 6”7 will
register with the port 6”, allowing the in-
complete mixture which has been partly
formed in the crank-box chamber N N2 to
escape by 1ts own pressure resulting from
the compression given to it by the piston B’,
into the upper part of the cy}inder B,
through the connecting-pipe +* and back-
pressure check-valve v, and perforated plate
7. The effect of the passage of the mixture
through the small perforations 14 in the
plate J 1s to induce a more thorough mixing
of the incoming charge with the air con-
tained in the cylinder B, which together
with the incoming charge, completes the ex-
plosive mixture prior {o compression and
1gnition.

When the piston B’ has reached the up-

per limit of its inward or compression

stroke, indicated by a dotted line extending
across the cylinder 13, (Ifig. 1), the explo-

sive mixture will be ignited by the clectrical

ignition plug O actuated by the tappet ¢’

seccured to the tappet-rod I’, as aforesaid:

and the piston B’ will malke its first outward
working stroke by the expansion of the com-
bustible gases contained in the eylinder B.
When the piston BB’ has almost ‘completed
its outward working-stroke so that its port
9 will register with the exhaust-port 8,
the gases resulting from combustion will ex-
haust through the port Y, exhaust-port 8’
exhaust drum 9’, exhaust outlet 9”7 (shown
in Figs. 5 and 9) into the atmosphere. In
the meanwhile the piston ¢’ has Eeen mak-
Ing its inward stroke and creating a partial
vacuum In the cylinder A’. Upon a fur-
ther outward movement of the piston B’ so
that the piston-port Y will register with the
scavenger port 10, and the trunked exten-
sion or piston ¢’ is moving farther in its
inward stroke, and when the scavengerino
piston-port 8" will also register with the
nort 10, atmospherie air will be drawn into
the "exhausting . scavengering cylinder A’,
through the valve 4 of the three-way cock
H and through the air-pipe 17, check-valve
16, air passages 15, air space J’, perfora-
tions 14, piston-port 9,.scavengering port
10, scavengering check-valve 10”, (shown in
Ifigs. G'and 9), and scavengering-piston-port

in the cylinder B of a sufficient quantity of
air to displace the residual of the exhaust
supply
that volume lacking in the scavengering
cylinder A’ by transferring the residual of
the exhaust from the cylinder B into the
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: however, the

‘the atmospheric pressure

975851

scavengering tylinder A’. When the “pis- |

ton B” has moved downwardly in its work-
Ing stroke so that the piston port ¢ megis-
ters with the port 8/, the pressure of the
products of combustion -in the cylinder B
will, after they have made their escape by

means -of the exhaust drum 9’ to the atmos-
phere, be at atmospheric pressure, but when

the pisten has moved farther in the same
direction so that the port 9 registers with
the port 10, the exhaust port 8 will have
been cut off and the pressure contained with-
in the cylinder B will now be slightly less
than atmospheric pressure. At this instant,
scavengering piston .o’ pumps
the products of combustion from the cylin-
der B into the cylinder A’, and draws after
1t the charge of scaven ering air through
the intake valve 16 as a

will have been considerably reduced below

that of atmospheric pressure depending how- -
ever on the degree of vacuum in the cylin- -

~der A’, and the resistance of the check-valve
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16. In practice I have made the displace-

ment -of the piston &’ somewhat in excess
of that of the piston B’, so as to allow for
varying displacements of air drawn into
the cylinder B by the varying tension -of the
scavengering intake check-valve 16. The

‘result attained by this means of scavenger-
of the

ing the cylinder B of the residual
exhaust and carrying it into the exhaust or

clearing out of the smoke and
the previous combustion left a
haust has taken place, leaving the cylinder

grod;ucts of

B with a clean supply of atmospheric air
1ts new incoming charge

with which to mix
of air and vapor and at the same time facili-
ties are afforded by the piston @’ for varying
the quantity of residual air contained within

the cylinder B after scavengering whereby

the total mixture of air and mixed fuel to
the crank case and entering the cylinder B
prior to compression may be varied, admit-
ting of variations in the compression of the
mixture prior to ignition, which when de-
sired may be of high value when employ-

ing a mixture containing less air and more

fuel and by virtue of the corresponding
temperature, due to the excessive compres-
ston it may be ignited as readily as a mix-
ture containing a
a lower compression.

I consider these features of my invention

~ of considerable importance .and of consider-

60
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able advantage in efficiency in explosive en-
gines and both of these features I consider
of a distinct advantage in internal .combus-
tion motors. 0 .
Upon-the downward movement of the pis-
ton o, the scavengered gases in the cylinder

A’ will be forced on to the top of the piston

¢’ through the check-valve 2, and upon the

- EL— . SN " -

oresald, whereupon |
of the cylinder B

er -the ex--

greater quantity of air at

-

upward movement -of the piston o/, the seav- -

engered gases in the scavengering cylinder
A’ will be forced out through 'tghe check-
valve 2° (see ®'igs. 5 and 9)
haust outlet 9’7 and into the atmosphere,
thus providing for the cylinder B a second
or residual exhaust. + .

1t. will be neticed by stadying the move-
ment of the piston B’ and the piston &’ that
after the exvlosive mixture has been taken
into the cylinder B on the top of the piston

B’, and the piston B’ is moving upward

and about to make its'inward or compres-
sion stroke that some of the explosive mix-
ture would be wushed out through the pis-
ton-port 9 and.scavenger-port 10, pisten
scavengering-port 8"’ and into the exhaust
or scavengering cylinder A’.

interrupting the contmuity of the port 10,
which valve is shewn in Figs. 6 and 9. The
office of this check-valve 1s to prevent the

escape of the explosive mixture froin the

cylinder B into the scavengering cylinder
A’ when the quantity of explosive mixture
in the cylinder B, is above its intake pres-
sure, when slightly compressed by the piston
B’ when making that portion of its inward

stroke, to bring the piston-port 9 into regis-
port 10. The seat-- 93

ter with the scavengering
ng of the check-valve 10” therefore depends

upon the degree of compression contained in

_ , 3 | the scavengering cvlinder A’ as compared
scavengering cylinder A’ is an effectual

with the compression of the explosive mix-

‘ture contained in the cylinder B. That is to
during the upward stroke of the piston

B’

and the downward stroke of the piston
a’, the compression of the medium or gases
contained in the scavengering eylinder A
must be 1n excess of the pressure of the .ex-

plosive mixture contained in the cylinder B,
so that the check-valve 10" will be seated by
-the excess of the pressure of the burnt gases

contained in the seavengering cylinder A’
In order to:create this excessive amount .of
pressure in the cylinder A’ at the fime of

the registration of-the communicating ports
from the cylinder B to the cylinder A’, as
already stated, the check-valve 2 must-be ad-

justed by the tension spring shown in ‘the
drawings, which can be dene by screwing up

mte the ex-

This is pre-
vented by scavengering port check-valve 16
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the nut on the end of the check so as:to put -

more or less coempression upon the spring.

Access to the -check-valve maw be had
through the hand-hele covered by the plate
2 shown 1n Figs. 8 and 9, which, in order to
make gas:tight; is arranged to epen :omt-
wardly from the crank-box chamber N’ -N
with .suitable bolts and nuts and :a .gasket.
A similar hand-hole Q’, is arranged in.the

) .

wardly. ‘The object of veversing the man-

ner of closing these hand-holes is to.piovide

for a better sealing-off of the .gases or at-
mospheric air from, oxn the one hand, enter-

120

126
| crank-bex ¢hamber ‘N N2 but opening in-

|I .
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1ing the crank-box chamber N’ N2, and on |

the other hand, for preventing the escape of

- the charge for the cylinder I3 under pres-
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1s under the influence of the engine.

scavengered gases held under
the cylinder A’ after the port 8’" has passed

si};tr% 2contalned in the crank-box chamber

It 1s desirable in order to obviate undue
work imposed upon the engine during the
creating of the vacuuin in the cylinder A’ to
arrange a compensating pfressure device
which will remove a portion of the load on
the upper side of the piston &' during the

exhausting period of the same, and to this

end I have preferred to provide for the
transfer of the scavengering exhaust by com-
pressing the contents of the cylinder A’
sufliciently to lift the check-valve 2. This,
however, depends upon, the pressure on the
other side of the 'Plston a’ which I control
by check-valve 10" the adjustment of -whifh
1o
this end I have arranged to release the
ressure 1n

downwardly beyond port 10. This gives a
little vacuum above the piston.a” with which

-to force the check-valve 2 open. It must be

remembered -that the port 10 is controlled
by a check-valve 10° which prevents any

‘back pressure from cylinder A’ against cyl-

inder B and permits only of transmission
of the contents of cylinder B into cylinder
A’. Therefore when the piston B’ has
moved to a position so that the piston port
9 registers with the port 10 on an outward
or working stroke, and the piston A’ is
pumping or scavengering the contents of
cyhinder B’, and upon further movement of

the piston B’ to the end of its stroke, there
would be considerable compression in the

clearance space above the piston a’ which
would have to overcome the seating pressure
due to gravitation of the check-valve 10”’.
During this period the tappet T’ of the
tappet-lever I”” 1s operated by the engine

5 as 1llustrated in Fig. 9 (in which figure the

crank centers are as 1llustrated in Fig. 1)
permitting the free escape of the gases under

 compression above the piston ¢’ through the

50

pipe 92, exhaust pipe 9* into the atmosphere.

pon a further inward stroke of the piston
B” and a downward stroke of the piston
port 8”7 will register with the port 10 and

- the port 9 will again register with this port.

55

It must be remembered however, that since
the pressure of the charge in the cylinder B

15 less than atmospheric pressure, no trans-

- will be imposed upon the check-valve 10" |

80

65

trary

fer of the gases or fuel will result from cyl-
inder B to cylinder A’ since no pressure

interruﬁting the passage 10, but on the con-
e piston @’ will be making a com-
pression stroke on the scavengered gases
contained in cylinder A" which pressure will
depend upon the strength of the spring of
the valve 2 which wil] assist in holding the

275,601

check-valve 10’ closed. And after the port

8’/ has passed downwardly beyond the jmrt.

10, the check-valve 10" may be released by
the tappet T’ since it i1s desired to create a
partial vacuum above the piston ¢” in order
to permit of the comparatively unresisted
rush of the gases from the cylinder A’
through the check-valve 2 to the other side
or head of the piston &’ and for this rcason
the check valve 10" must be closed. After
1t has been closed by gravitation, it will re-
main closed by the atmospheric pressure
until the gases in cylinder A’ shall have
passed the check-valve 2 and have centered
the cylinder A’ on the other side or head of
the piston a’. This will be when the piston
@’ 1s-at the terminus of its outward stroke
excepting, however, for the slight excess of
pressure in the cylinder A’ due to the re-
sistance which the spring offers to the open-
ing of the check-valve 2. On the next up-
ward stroke of the piston «’, and the next
downward stroke of the piston I3/, a partial
vacuum will be formed in the c linHer A’
as aforesald and compression and expulsion
of the gases on the opposite side of the
piston @’ will result; and in order to re-
lieve the piston a’ of undue work, in ex-
pelling the scavengering gases through the
check valve 10°* to the atmosphere as afore-
said the tappet T will again open the valve
10" and the same will remain open until
the piston @’ again returns and passes the
port 10. The amount of back ({)ressm‘e 1m-
Eosed upon the piston a’, exerted principally

etween the head of the piston o’ and the
head .of the cylinder A’, may be varied by
permitting a more free escape of the scaven-
gered gases through the check-valve 10" by
adjusting the stroke of the tappet T by
shifting 1t.on the tappet lever T", that is to
say the escape of the gases under compres-
sion between the head of the cylinder A’
and the piston ¢’ may be controlled by vary-
ing the stroke of the valve 10" (throttling
the same to a greater or lesser extent).

The adjustments of the valve in the con-
trol of the working pressure of the com-
bustible mixture, prior to_ignition as just
described, provides for a two cycle engine
of the character under consideration, that
s an explosive internal combustion motor,
a means for preventing the escape of the
fuel during the period when the engine is

exhausting the escape of which has been a

fault in two cycle motors hitherto and pre-
vious to my invention. This function, how-
ever, in the operation of the engine, I am
enabled only to carry out when the working

ressures of the combustible ingredients are

elow that of the atmosphere at the time
when the fuel is taken into the cylinder and
prior to compression of the same prelim-
inary to the ignition thereof. This condi-

| tion is.usually referred to as throttling, and
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in combustion motors of the four cYcle type,

it has been the custom to throttle the mix-.

ture on light loads which during inhalation
leaves the pressure of the combustible in-
oredients in the cylinder less than that of
the surrounding atmosphere prior to com-

pression. It would therefore appear that

10

15

under continued throttling conditions, my
two cycle combustion motor just desecribed
would for the same speed and power-output

“be excessive 1n size and consequently cum-

bersome. This, however, 1s not the case
since the clearance space above the piston
head in cylinder B, indicated by the dotted
line, 1s quite small which enables the final
compression of the mixture to be pushed to
as high a degree as possible which in prac-

- tice I prefer to make 120 pounds, thus in-
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creasing very materially the initial piston
pressure and In consequence of the corre-

- sponding increased expansion of the gases,
~after 1gnition, the mean effective pressure:
upon the piston B’ may be made even as
great or greater than were the inducted

charge 1n the cylinder B taken in at atmos-
pheric pressure or in other words were the
column taken 1nto the cylinder B at the m-
it1al stroke of the piston B’ equal to the
capacity of the cylinder B at atmospheric
pressure. S | |

It is not usually possible to reach a high
range In adiabatlc compression since spon-

taneous ignition frequently ocenrs due to an

overheated cylinder or piston, the temper-
ature of which 1s difficult to maintain at a

censtant value. By my improved method of

evaporating the liquid fuel from the exte-
rior- of the cylinder walls, a much better

cooling effect may be ob‘ained than by the

heating of water to the boiling point as has

been customary in jacketed motors or those |
~to which my invention relates. Further-

more 1n consequence of the facilities to vary
the mixture for the cylinder B by the
amouht of air delivered to i1t by the scav-
engering piston "¢’ and the air taken in
through the crank case by the valve V7', 1
am enabled to reach a higher degree of com-

pression in the cylinder B without preigni-

tion resulting than in internal. combustion

engines in vogue, and hitherto and previous

to my invention, thus by providing a com-
pression of 120 pounds per square inch, 1t
will be necessary to adjust the tension on the
spring 2, and the check valve 27, and the 1n-

take air valve V’’, and the tension spring 6,
so as to admit less atmospheric air to the |
cvlinder B by the scavengering piston a’..

The regulation and adjustment of the air
intake V”/ will proportion the quality of the

mixture admitted to the crank case N2 and

N via the valve V* prior to a further in-
crease of air preceding compression. Again

by the evaporation of a volatile liquid{ a

075,661 o S B |

may be effected than by radiation at a cor-
responding temperature; thus the control of
the cylinder temperature may be more
closelv guarded than by the methads of cool-
ing hitherto and previous to my invention
of which T am aware, thereby enabling me
to compress the combustible charge in the
cylinder B, prior to ignition, to a higher
degree than by the usual water-cooled type
of internal combustion motor; thus main-

taining a large power-output for a given

fuel consumption and crank shaft speed of

the motor than would otherwise be possible.
The check valve 10’/ is operated by a tappet
T’ which is operated in turn by a connect-

ing-lever T’/, and pump piston-rod L/, as
more clearly illustrated in Kigs. 5 and 9.
The check-valve 10’ is connected up, as

shown in Fig. 9, with the outlet 9"/, a small

partion of which is shown in section at the
top of the scavengering cylinder A" in Fig.

70
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1, and which is also shown in the sectional

view of the valve 10’/ in Fig. 9 in the inte-

rior of its chamber, in a manner so that the

exit of the gases contained above the/piston
a’ will be under the check into the dome of
the valve, thence by an outlet-pipe (shown
broken away in Fig. 9 for convenience of
illustration) into the outlet of the exhaust
valve 2’. The stroke given to the lever T7

| by the pump piston-rod 1 is such as to

‘synchronize with the downward movement

of-the piston «’, and the adjustment of. the

00

tappet T’ on the connecting-lever T’ must

be in a manner which will give the lifting

100

lever of the check-valve 10’7 that amount

of stroke which will lift the valve off of 1ts
seat, equal to the travel of the piston &’

l downward from the position which 1t -occu-

pies as shown in Fig. 1, until the port 8"

closed the scavengering port 10, after which
time the tappet T’ will no longer contact

10’*, whereupon the check-valve 10" will
close by gravity and will remain closed until
a sufficient fall in the pressure of the gases
‘which have been transferred from the cvl-
inder A’ through the check-valve 2’ to the
top of the piston «” has taken place. =

It will be observed in Fig. 1, that the

in the piston shall have just passed and

105

| with the lifting-lever of the check-valve

110

115

clearance between the top part of the piston . |

o’ and the adjacent end of the cylinder A
is quite small, and that upon a small amount
of displacement of the piston ¢’ in a down-

sure of the gases confained within this space
will result. In consequence, the gases un-
der pressure on the underneath side of the
piston ¢’ and in the cylinder A" will now

operate the check-valve 2 with compara- -
tively little resistance, and the displacement .

of the volume of gases contained in the cyl-
‘inder A’ will be effective, notwithstanding

oreater transfer of heat units per second | the increased tension of the spring seating of

ward direction, a great reduction in the pres-

120

125
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the ch'_eck—valve 2; and 'ﬁpon the upward

‘movement of the scavengering piston «’, the

gases contained in the clearance space be-

- fore mentioned or that space on top of the

10

15

20

piston «’, will be ejected through the check-
valve, 10" and the outlet of the exhaust
valve 2’ into the atmosphere. By this ar-

‘rangement, I am enabled to keep the scaven-

gering port check-valve 10" seated by set-
ting up a counteracting pressure in the cyl-

inder A’ through the instrumentality of

the check-valve 10”” and its connecting-gear,
tor a small part of the stroke of the piston
a’, and then suddenly releasing this pressure
during the remainder of its stroke. To ad-
just the time of the release of this excessive
pressure 1n the scavengering cylinder A’, T

have employed an arrangement for the tap-
pet T on the lever T//, so that the check-

valve 10" may be opened for a longer or

~ shorter period of time during the stroke of

25

the scavengering piston a’. As the piston
B” is moving farther in its compression
stroke so as to bring its port 9 into register
with exhaust port 8’, there would be a fur-
ther tendency of the piston B’ to force the
explosive mixture out of the exhaust-port 8’
and into the atmosphere, but to prevent this,
I have introduced the exhaust check valve 27,

30 \which is adjusted for a back-pressure equal
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of the

to the maximum back-pressure develope

| by
the compression: of the

explosive mixture

‘when the piston is displacing that amount of

volume~between the position of the port 9’
In the piston shown in Fig. 1, and that po-
sition which the port 9’ occupies when regis-
tering with the exhaust port 8”. That is to
say, during this fraction of its compression
stroke I accomplish this by weighting the
valve 2’ to the maximum ‘amount of back
pressure, and maintaining the adjustment
at that weight, the valve closing by gravity.
It will be further noticed by 1inspecting Fig,
1, that the joint capacity of the scavenger-
ing cylinder A’ and crank box chamber N’
N# will be less than that of the crank-box

chamber N N2, though the diameter of the |

scavengering piston a’ is greater than that

area of the upper side of the scavengerin

- piston A, or that side of the said piston use

for forcing out the residual of the products

* of combustion into the atmosphere should

55

-~ underneath side of the

60

~ber N

6o

be equal to the area of the piston B’, and
the suction created in the cylinder A’ and

crank-box chamber N’ N2 by the action of

the scavengering piston o’ should be greater
than the compression in the space below the
| piston B’ in the
crank-box chamber N N2 In other words,
the negative pressure of the crank-box cham-

N2 should be greater at its maximum
than the positive pressure in the crank-box
chamber N N2 at its maximum.

When it is desired to fill the eylinder B

¢’ in the cylinder A’; and in' makin;

piston B’ as hereinafter stated. The-|

ing

075,851

with its charge having a pressure balancing
that of the atmosphere or below that of the
atmosphere prior to compression, the change

of the explosive mixture being made up of -

alr which is the residual of the atmospheric
shower or scavengering charge as well as

70

the air and vapor taken into the crank-box

chamber N N2 at the intake, and afterward
fed by compression by the downward stroke
of the piston B’ into the cylinder B from
the crank -box chamber N N2, the volume
contained in the cylinder B and the volume
taken into the cylinder B from the crank-
box chamber N N2 would both be below at-
mospheric Fressure. This diminution in the
pressure of the respective volumes in the
cylinder B and the crank-box chamber N
N? 1s due to the resistance of the scavenger-
ing check-valve 16 and the intake valve v’
to the incoming columns being greater than
that necessary to balance atmospheric pres-

sure. In adjusting the motor so as to oper-

ate by an explosive mixture in the cylinder
B at or about atmospheric pressure, as afore-

‘sald, considerable tension will be required
‘upon the check-valve 16 and the valve

springs must be so adjusted that the residual
of the atmospheric-shower left in the ¢ylin-
der B will be considerably below atmos-
pheric pressure in order that the cylinder B
will be in a condition to receive the addi-
tional incoming charge from the crank-box
chamber N N2, which, in consequence of be-
ing under pressure will be up to or above

‘atmospheric pressure. It is therefore obvi-

ous that in order to perfectly displace the
residual of the products of combustion af-
ter exhaust, by the. piston ¢’ when the pres-
sure of the residual of the a,tmosi)heric
shower in the cylinder B is less than that of
the-atmosphere, as aforesaid, the difference
dur to- this contraction in the quantity of
the air contained in the cylinder B must be
made up by the displacement of the piston
. up
this difference by the displacement of the
piston ¢’ in the cylinder zf’, the amount of
compression of the gases in the crank-boz
chamber N N2 by the downward movement
of the piston B’ must be considered. It is
therefore obvious that the exhaustion of the
scavengering cylinder A’ must. have a
greater negative value than the compres-
sion in the crank-box chamber N N2 by the
piston B’. I have therefore preferred to
not only increase the area of, the scavenger-

quantity of air employed in the scavenger-
Ing process, but also have contracted the
capacity of the crank-box chamber N N2 so
that the pressure due to the exhaustion shall
be high. The object of having a compara-
tively low pressure in the cylinder B when
the engine is working at its normal load

| and before compression, is to prevent the

piston @’ so as to provide for a surplus
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escape of the exhausted pases when there is | air having to work against the resistance of
 still o sufficienit quantity of heat contained | the said springs. The effect will be to ef-
in the gases to perform useful work. fectually exhaust the vapor from the ex-

. Many of the explosive engines employed | haust-space 6 after the manner of & vacuiim.

6 at the present time utilize the ‘expansive | pump so as to leave the exhaust pressife in 70 -
property of their combustible mixture by | the vapor cylinder A at that time below at-
adjusting their intake valves so-as to have | mospheric pressure, after which the exhaust
the volume of explosive mixture in the cyl- | vapor check-valve will be closed down
inder considerably below atmospheric pres- | against its exhaust by the increased pres-

10 sure when the piston is at the limit of its | sure of the atmosphere and the inrush of air 75
outward stroke prior to compression, so that | through the air intake check-valve »”" so0
the compression may be carried up to almost | that when the piston ¢ is returning and
as great a pressure as the initial piston pres- | making its upward stroke, the exhaust is
sure when ignition takes place,. and have | merely that against a,tmoslpheric pressure

15 considerable room left in the cylinder while | plus the weight of the small check-valve V, go
impelling the piston forward in its work--| and the slight compression due to the down-
‘ing stroke for a long expansion of the gases | ward movement of the piston B-when at
‘when performing the mechanical WOI{?K of | about three-quarters of its stroke. By this
the engine. It is this thermodynamic con- | time, the piston-valve D’ will have closed _

20 sideration-which I have reference to in de- | the exhaust port so as to cut off the exhaust 85
scribing the relative capacities of the cylin- | and prevent any further back-pressure from |
der A’ and crank-box chamber N’ N2 and | the compression due to the downward move-
the underneath side of the piston B’ and | ment of the piston B’. Of ‘course this de-
crank-box chamber N 'N? commensurate with | pends upon the lap and lead ‘of the shide-

25 obtaining a complete scavengering effect of | valve D" in its travel, which is varied in ac- go
the cylinder B, together with a good margin | cordance with the speed of the shaft-gov- =~
for expansion of the combustible mixture in { ernor during the variations in the speed of
the eylinder B after ignition. ‘| the motor. . _ L

By the manner of adjustment whereby I | When employing the commercial naphtha

30 am enabled to vary automatically the vol- | for operating my thermodynamic motor, the 95

“ume of air and exp{osive mixture taken into | quantity of vapor necessary for the fuel for
the cylinder B, I am enabled to operate my | the explosive portion may be varied at will
motor on fluctuating loads and mean loads | by varying the pressure contained in the
with a high degree of economy from a ther- | jacket 1. In the event of the naphtha vapor

35 nlodynannc ;.'S'tandpoint-'; and on 'overlgads__:_ bEing 111 ‘@XCess 'Of th‘clt I'qu'liTEd 'for-'the ex- 100

- when the motor is operating beyond its nor- | plosive cylinder to constitute the best pro- -
mal rated capacity the means for varying | portion for the explosive mixture, the in-
the supply of fuel taken into the cylinder B | 1tial pressure may be increased in the jacket
15 such that the volume of gas contained | I, and the valve D’ adjusted so as to-cut off
40 within the cylinder B may be considerably | earlier in its stroke, or the vapor may be 105
in excess of that of the atmosphere before | throttled by the throttle-valve M; and in
compression. In fact; it may be all of that | the event of a deficiency occurring in the
in excess of what the piston B’ displaces | quantity of the naphtha vapqr rejected by
when 1t 1s making its downward stroke with | the cylinder A for proper combustion in the =~

45> all of the tension taken off of the intake | cylmder B, the reverse manner of adjust- 110
valve, as before explained, so as to admit of | ment may be resorted to. -

- the air being taken into the erank-box cham- |  In order to reduce the pressure of the va-
ber N N? at very nearly atmospheric pres- | por in the jacket I, I reduce the temperature
sure prior to the downward displacement of | of the naphtha either by pumping cold air =~

5C the piston B’. During the operation of the | directly illzom the atmosphere into the cyl- 1156

- engine and at the time when the valve D’ | inder B by the exhausting action of the
shall have moved into a position for release | scavengering piston_«’ in ‘the scavengering
so as to open the exhaust-port, and the pis- | cylinder A’, or indirectly through the tem-

~ ton o’ 1s at the end of its inward stroke, | pering flues 11 or by both. I accomplish

55 the piston B’ will be at its upper or com- | this by turning the valve % of the cock H 120
pression stroke, at which time the suction | into a position so as.to. turn off the supply -

- created in the crank-box chamber N N2 by | of air which, as previously stated, was drawn"

- the upward displacement of the piston B’ | through the cock - H, supply-pipe 17 and
will be such as to first draw in the exhausted | check-valve 16; and by turning the valve 4

60 gases from the exhaust-space 6 of the ex- | into a position so that the port A" will reg- 125
pansive section through the vapor -exhaust | ister with the smoke-flue 13, communication '
check-valve V prior to the intake of air | of the pipe 17 with the smoke-flue 18 will
from the atmosphere through the. air intake | be.established by the cock H, and the Sup-

 ‘check-valve " by reason of the tension of | ply of air to the eylinder B will be taken in

656 the springss and s” seating the said valve;the | through the tempering flues 11, smoke-flue 130
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When the motor is in operation the cold air

~which is continuously drawn in through the

tempering flues will take up the excessive
heat of the naphtha contained in the jacket

X150 as to reduce the working pressure of the

vapor. Of course this heat 1s also taken into

“the interior of the eylinder and is added to

the explosive mixture, and in case of the
heat being still excessive so as to produce
too great a pressure, the cock H can be
manipulated so as to allow some cold air to
enter through the check-valve 16 as well as
heated 'air through the tempering flues ‘11.
The amount of air taken in through the in-
tale scavengering check-valve 16 as already
stated, 1s varied by the variations in the
compression of 1its spiral compression
springs. -

In large engines of this class',‘*' when 1t is |

not practical to lubricate the interior of the

cylinder in the manner before stated, I em-
ploy independent lubricating devices in the
ordinary way for lubricating the cylinders |
of gas engines. In order to permit of the re-

. moval of the liquid in the jacket I, I employ

30
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‘a drain-cock R having a passage-way (shown

In dotted lines in Fig. 1) in the casting of

the cylinder B at the lower end. A similar
cock R” (shown in Fig. 1) is employed for.

the vapor jacket A.

In making use of the term “explosive en-
gine ” throughout this specification, I mean
those engines in which the fuel is burned
behind the piston within the working cyl-
inder, and therefore the term has reference

to a variety of engines of the slow combus-
tion type 1 which the fuel is fed in more or

less gradually and consumed behind the

working piston; and, as 1 do not wish to
confine my invention to either rapid or slow
combustion engines, I wish to make myself
explicit in this respect, that in using the
term * explosive engine” I mean those en-
nes known in the trade as thé internal com-
ustion type as well as those commonly
known as the explosive type, as the principle
of my invention may be employed with
either the slow or rapid combustion types of
engine without departing in the least from
1ts spirit. | .
. Although I have described my invention
1n thermodynamic motors using an expansive
portion of about 11.12 per cent. of the cyl-
Inder capacity of the explosive portion, I do
not desire to limit myself to tEese propor-
tions in reducing my invention to practice.
I have considered, however, that a part of
the forty per cent. of heat wasted orcﬁnarily
In explosive engines could be best used in a
simple manner by carrying out proportions
of about those specified. 6bviously y using
a greater quantity of the volatile liquid than
that which could be used as fuel for the ex-

13, air supply pipe 17 and check-valve 16. 1

H
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plosivé portion, a greater portion of the
forty per cent. could be utilized, and the ex-
f)ansive portion could therefore be made
arger, but an additional cooling agent would

have to be employed to reduce the tempera--

ture of a greater part of the vapor after the
same has Eeen rejected by the expansive por-
tion. As the quantity of naphtha contained
In the expansive vapor would have to be re-
duced so as to meet the requirements de-
manded for the best chemical conditions for
operating the explosive portion, this would
mean that the vapor would have to be put
through a pump and condenser and brought
back to 4 liquid state, and réturned by the
pump to the jacket I to be used .over again,
which would introduce objectionable fea-
tures in the operation of the-engine from a
commercial stand-point; and in consequence
I have confined myself in the description to
what I considered the most simple method of
operating a thermodynamic motor on the
expansive and explosive principle, by ei-
ploying only one liquid for the fuel, the
power medium and the refrigerator for the
explosive portion.

. % have throughout this specification occa-
sionally referred to my improved motor as
being divided into two portions, terming one
of these the explosive portion and the other
the expansive portion. I mean to infer by
this that a portion of the motor is operated

directly by the explosive power of the com-_

bustible ingredients, and another portion of
the motor 1s operated indirectly by the heat
thereof and through the expansion of a
medium which takes up the heat through
the heated parts of the motor with which the
same 1§ in contact during the conflagration
or combustion of the fuel. I therefore desire
to Interpret the explosive portion of the en-
gine as that portion lying to the right of the
dotted line 9 as indicated in Fig. 1, and the
expansive portion as that portion lying to
the left of the said dotted line.

I will hereinafter occasionally refer to the
expansive portion thus interpreted as that of
a thermodynamic transformer in which the
heat 1s transformed into work by the indi-
rect process, since the significance is similar
In this sense to the application of heat in the
vaporization of water in order to operate a
steam engine, and to the explosive portion
thus interpreted as a thermodynamic trans-
former wherein the heat is transformed into
mechanical ‘work by direct transformation:
or I may, in this connection, in further pur-
suit of deﬁning the function of these two
portions and in order to differentiate them
when referring to the motor as a whole, con-
sider the same as a thermodynamic motor
possessing a dual function to wit:—one in
which heat is transformed into work by both

the primary and secondary thermodynamic
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~ of through the transfer of heat from the
. combustion chamber, a connection between
the said receptacle and the expansion cham-

55

gine connected to said sup
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‘process. By the 'primaf_ryh thermedynamic
process I mean the direct application of heat

into mechanical work as is exemplified-in the
explosive portion of my improved motor
wherein the expansion of the gases resulting

from combustion- acts directly as upon the

thermodynamic translating instrumentali-
ties, that 1s the piston B’ and the crank and

- connecting rod co-acting therewith; and by

the secondary thermodynamic process T

mean the indirect application of heat into |

mechanical work as is exemplified in the ex-

pansive portion of my improved motor

wherein the expansive power medium as pre-
viously referred to derives its energy in ex-
panding behind the thermodynamic translat-
Ing element, as for example the piston « in
the driving of the connecting rod I -and
crank ¢’ in the performance of mechanical
work. | , . |

I shall occasionally refer to the transfer of
heat into mechanical motion or work-as that
of a thermodynamic transformation, and
shall refer in general to the piston and cyl-
inder or the pistons and cylinders and their
cranks and connecting rod as thermodynamic
transforming elements..

I am aware that previous to my invention
expansive and explosive engines have been
so-combined that the expansive engine was
employed as a starting device for the ex-
plosive engine. I am also aware that steam

engines and gas engines, so-called, have been

combined so as to work upon the same crank-

shaft. T do not claim these features as my
invention. | I
I do claim however, and desire to secure

by Letters Patent of the United States :—

1. The combination of an explosive engine,
a liquid fuel supply exposed to the heat of
the cylinder of said engine, an expansion en-

by the vapor developed from said fuel, and

connections leading the exhaust of the ex-

pansion engine to'the:charge inlet of the.ex-

plosive engine. ' A
2. In a thermodynamic motor, a combus-

tion and expansion chamber, a liquid fuel

receptacle, a combustible -liquid -power me-
dium in contact with the combustion cham-

ber carried by the said receptacle adapted to
operate the motor by the vaporization there-

ber, means for controlling the admission and

cut-off of the vapor in the expenditure of -

- the energy thereof within the said expansion

~ chamber in the performance of mechanical

60

- .of mechanical work. .

work and for controlling the exhaust there-

. of, together with means for conflagrating’a
- .quantity of the spent vapor within the com-

bustion chamber in the further performance

ply to be driven

1o

|- 8. In a heat engine, the combination of an

explosion cylinder having a fuel supply re-
ceptacle in contact therewith, the fuel there-

for adapted to be heated by a surplus of the
cylinder heat of the explosion cylinder, an’

expansion cylinder, pistons within each of

‘the cylinders, the piston within the expan-

sion cylinder being operated by the fuel

65

70

heated by the surplus heat of the explosion
cylinder, a connection between the two eyl-

inders for permitting the transfer of the said
heated fuel, and a valve and valve-gear for
controlling the exhaust of the expansion cyl.
inder into the explosion cylinder. '

4. In'a heat engine, the combination of an

explosive engine and a fuel supply receptacle
therefor, the same being adapted to contain
a quantiby of fuel and subject the same to the

70

80

heat of the cylinder, and an expansion cylin-

der adapted to receive said heated fuel and
wherein the same is adapted to expand in the

further operation of the motor, the explo-

sive cylinder having a greater piston area
than the expansion cylinder, a connection be-

85

tween the exhaust of the expansion cylinder -

and the charge inlet of the explosive cylin-

der, for permitting the escape of the ex-

90

haust of the expansion chamber to the charge -

inlet of the explosive cylindenr.

5. In a heat engine, the combination of an
explosive engine having a fuel supply recep-
tacle carried by its eylinder and adapted to

subject the same to the action of the heat

thereof, and an expansion cylinder co-aet-

ing with the explosive engine and operated
100
‘nection between the exhaust of the expan-
sion cylinder and the charge inlet of the -
explosive cylinder, a fuel mixing device in-

by the expansion of the heated fuel, 2 con-

95

terposed therein having controlling valves

operated by the engine for mixing and con-
trolling the fuel supply of the explosive en-
gine. - - N

6. In an explosive engine, the combina-

105

tion of a vapor generator heated by a sur- -

plus of the c¢ylinder heat of the said engine,

of an auxiliary expansive heat -engine de-

riving -its energy from the sensible heat of
the vapor of the said vapor generator, and

110

of an independent heating device for the

vapor generator consis‘ing of a burner and
heating flues said heating flues having a by-

pass regulator and suitable pipe connection.
therefor for controlling the heating effect

of the flues. | o

7. In an explosive engine having a vapor
generator heated by a surplus of the cylin-
der--heat of the explosive engine, and an
auxiliary expansive heat engine deriving its
energy from. the sensible heat of the vapor
of the said vapor generator, the combina-
tion of an independent heatér for the said
vapor generator having bot-air flues there-

| for, and of a valve and cold air pipe for the

—
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vapor generator and said flues said valve

being adapted to supply cold air to the hot

air flues while in one position, and regulat-
ing the draft for said heater through the
said Lot air flues while in another position.

8. A thermodynamic motor having a com-
bustion c¢hamber and a piston within the
sald chamber, a vapor generator for the
combustion chamber, a second chamber hav-
ng a piston said second chamber communi-
cating with the vapor generator, and a lig-
uid within the generator vaporized by the
transmission of heat through the walls. of
the combustion chamber, and devices for
Iiberating and conveying-the heated vapor
to the second chamber and for transforin-
mg the spent vapor from the said chamber,
and for communicating the same to the
charge inlet of the combustion chamber.

Y. An explosive engine having a vapor
generator deriving its heat from -the cyﬁn-
der-of the explosive engine by transmission
through the eylinder walls, and an auxiliary
expansive engine deriving its energy from
the sensible heat of the vapor of the said
vapor generator, and an auxiliary heat gen-
erator {ogether with a tenmpering device for
regulating the heat of the vapor contained
1n the said generator.

10.(In an explosive engine, the combina-
tion with the cooling-jacket, of a tempera-
ture regulator connected therewith to mod-
erate the refrigerating effect of the heat ab-
sorbing medinm contained in the cooling-
jacket by the operation of the engine, of ad-
ditienal means for moderating the refriger-

ating effect of the heat absorbing medium

40
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contained tn the cooling-jacket independent
of the operation of the engine, and of a con-
troller for the temperature regulator.

11. In an internal combustion engine
wherein the productsiof combustion exhaust
through-a port uncovered by the piston of
the said engine when making its forward
stroke, and wherein the fuel for operating

the said engine is taken info the cylinder

after the exhaust has taken place, the com-

bmation with the exhaust port of a valve

controlled by the operation of the engine
adapted to prevent the escape of ihe fuel at
the initial of the return stroke of the piston.

12. In an internal combustion engine

~wherein the products of combustion are per-

mitted to escape from the cylinder of the
sald engine toward the terminus of the out-
ward stroke of the piston, and wherein the
residual of the products of combustion is
cleared from the eylinder by a scavengering
charge admitted to the cylinder aft.r the

piston has moved farther in its stroke, and.

wherein, upon a further movement of the
piston, fuel for the engine is taken iito the
cylinder, the combination with the entrance

PR
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passages to the cylinder, of means governed |
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by the engine adapted to withhold the work-
ing charge of the said engine at a pressure
below that of the atmosphere, and to pre-
vent the escape of the same from the cyl-
inder of the said engine at the initial of the
compression stroke of the piston.

13. In an internal combustion engine,
wherein the scavengering charge is taken
into the cylinder of the engine for eliminat-
ing the products of combustion in the cyl-
inder, the combination with the intake valve,
of an automatic pressure controlling device
governed by the operation of the engine,
adapted to control the pressure of the resid-
ual of the scavengering charge accordinﬁ
to variations in the Speea of the engine, sai
residual of the scavengering charge co-act-
ing with the fuel charge in forming the com-
bustible mixture for the engine.

14. In an internal combustion engine
wherein the scavengering charge is taken
into the cylinder of the engine for eliminat-
Ing the products of combustion in the cyl-
inder, the combination with the intake valve
of an automatic pressure controlling device
governed by the operation of the engine
adapted to control the pressure of the resid-
ual of the scavengering charge and with-
hold the same at-a pressure below that of
the atmosphere, and in accordance with the
variations in the speed of the engine, said
residual of the scavengering charge form-
ing a portion of the explosive mixture for
the engine.

15. In an i1nternal combustion engine,
wherein the working charge and the prod-
ucts of combustion are controlled by the

‘working piston in the uncovering of cylinder

parts therefor, a pneumatic scavengering de-
vice co-acting with the operating parts of
the said engine for clearing the cylinder of
the said engine of the products of combus-
tion and means co-acting with the exhaust
whereby the same is adapted to clear out
the products of combustion of the exhaust
after the release thereof has taken place and

~prior to the admission of the explosive mix-

ture for operating the engine, and of con-
trolling means for withholding the samne at

~a pressure below that of the atmosphere.
16. An internal combustion engine of

the two-cycle type provided with a pneu-
matic scavengering device for clearing the
cylinder of the said engine of the residual
of the products of combustion after the ex-
haust has taken place, and means for ad-

| mitting the explosive mixtyire into the cyl-

incer after the said residual of the products
of combustion has been cleaved, and of con-
trolling means for withholding the same at
1 pressurc below that of the atmosphere.
17. An internal combustion engine pro-

vided with a pneumatic scavengering device
for

scavengering the cylinder so as-to clear
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it of the products. of combustion after it has

| transformedelts heat of chemical combustmn
- into mechanical work, said engine having

‘w‘ '

means for admitting the scavengering charge
to the cylinder between the time of charging

of the cylinder with the combustible mixture

for operating the engine and the time of the
‘escape of the exhaust from the cylinder of L

" the said engine, and controllmg means :Eor

withholding the same at a pr essure below 16

that of the atmosphere.

. In testimony whereof L have signed my
name to this specification in the presence of
two subscribing witnesses.

PHILIP K. STERN.

Wltnesses: _
- CHas. WAHLERB,
-~ ABramaM J. SpIro.
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