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To all whom 1t may concern:
Be it known that I, ErLrLis J. WooLF, of

Minneapolis, Minnesota, a citizen of the

United States, residing at Minneapolis, in the
county of Hennepin and State of Minnesota,
have invented certain new and useful Im-
provements in Kxplosive Compound lin-
cines; and [ do hereby declare the following
to be a full, clear, and exact description of
the invention, such as will enable others
skilled in the art to which it appertains to
make and use the same.

My invention has for its especial object to
provide an improved explosive compound
engine of the kind or class wherein the elastic
flutd becomes available for coineident ex-
pansion of the common volume thereof in
the cooperating cylinders, all rendered effect-
1ve on tllm Cranks,

To this end, my invention consists of the
novel features of construction hereinafter
described and pointed out in the claims.

The invention is illustrated in the accom-
panving drawings, wherein like notations
refer to like parts throughout the several
views. It must be understood, however,
that the said drawings are for illustration
only, as the structure may take manifold
forms and nevertheless embody and utilize
the imvention,

Referring to said drawings;—Figures 1, 2,
1, 5, 6 and 7 are views partly in section but
chiefly in dingram, illustrating different po-
sitions of the parts for tracing the cycle of
actions, - Fig. 3 is n view in vertieal section

throughout the entire engine, in the plane of

the crank shaft, serving to illustrate the
structure ana showing the position of the

moving parts as they would appear when the

compounding of the guses begins, this being
position 3 with respect to the several posi-
tions iHustrated i the dingrams.

A base casting 1, low pressure cvhinder
casting 2 and high pressure eyvlinder casting
3 are rigidly secured together with suitably
packed joints, Said castings 1 and 2 are of
sich  construction that, when joined to-

afford a spuce, surrounding the eranlke shaft,
which serves as the compression or charging
chamber 5 properly packed at the jomnts be-
tween the eastings and the crank shaft to
prevent the escape of the explosive mixture,

I'he crank shaft 4 has o suitable fly wheel 6. | with a series of openings affording a prelimi-

nll— ="

The high pressure cylinder casting 3 is of the
proper form to afford a water jacket 7 sur-
rounding the explosion section of the high
pressure cylinder. The high pressure cyhn-
der wall is extended 1nto the low pressure
casting 2, thereby dividing the same into
outer and inner ditferential spuces both open-
ing to the charging chamber 5 at their inner

- or crank shaft ends.

In the high pressure cylinder, i1s mounted
the high pressure piston 8 connected by a
rod 9 with the central crank 10 of the crank
shaft 4. The outer or annular space sur-
rounding the part of the high pressure cylin-
der casting 3, which projects into the low
pressure cylinder casting 2, affords the low
pressure cylinder space, and in the same 1s
mounted the low pressure piston 11 of cor-
responding annular form. The low pressure
piston 11 is connected by rods 12 to cranks
13 located respectively on opposite sides of
the crank 10. The high pressure piston 8 18
connected to travel In 11<}vunce of the codp-
erating low pressure piston 11, As shown,
the high pressure piston crank 10 13 located
105 degrees in advance of the low pressure
piston cranks 13.  The crank shaft compres-
sion or charging chamber 5 18 provided with
a suitable intake valve 14, for admitting the
explosive mixture into said chamber.  The
high pressure piston 8 is of trunk form and
opens at its mner end into the charging
('{mmhvr 5: and in its head, there is mounted
a spring seated charging valve 15 controlhing
the pussage of the charge from the chamber
5 into the explosion section of the high pres-
stire eyhinder.

The explosion section of the high pressure
cylinder 1s provided with switable means for
exploding t‘]w charge. The 1gniter may, of
course, be of any suitable kind. 1 prefer to

have the sparking plug 16 thereof centrally

located in the head of the explosion eviinder,
as shown in Fig. 3 of the deawing,  The pait
of the high pressure eyhinder easting 3 which
projects into the low pressure cviinder cast-
ing 2 is provided with a series of alined open-
ings 17 separated by bridge walls, which open-
ings afford the low pressure admission port
properly located for control by the high pres-
sure piston 8. The said part of the high pres-
sure eylinder casting 3 projecting into the low
pressure ¢ylinder easting 2 18 also provided
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nary exhaust Erort 18 properly located for | additional packing rings 36 for the low pres-

control by the low pressure piston 11, to af-
ford a preliminary exhaust from the high
pressure cylinder, at the time when the
charge is being admitted to the explosion
section thereof under the compressing action
of the low pressure piston. }i"lle high pres-
sure piston 8 is of the proper construction to
afforg a port 19 encircling the trunk portion
of the piston and always in communication
with an exhaust pipe 20; and which port 19 1s
adapted to coéperate with said preliminary
exhaust port 18 to afford said preliminary
exhaust from the high pressure cylinder
through the low pressure cylinder and to co-
operate with the said low pressure adnussion
or cylinder connecting port 17 to afford the
final exhaust from the low pressure cylinder.

The casting 3 is of suitable construection to
afford therein a pump cylinder 21 in which
is mounted a pump plunger 22 normally held
in its outermost position by a spring 23. The
pump cylinder 21 is in communication with
the explosion chamber of the high pressure
cylinder through a small port 24 tapping the
pump cylinder, at a point above the head
of the pump plunger 22, thereby rendering
the explosion pressure availlable to actuate
the plunger against the spring 23. The
pump cylinder 21 is provided with suitable
intake check valve 25 and outlet check valve
26, the latter being connected by pipe 27, or
otfxerwise, to the water jacket 7.

The water overflow or outlet pipe 28 is lo-
cated inside the water jacket and is open to
receive the water from its highest level in the
jacket space and communicates; at its lower
end, with an annular port 29, afforded be-
tween the castings 2 me 3 by the form there-
of, and which port 29, as shown, is partly In
the horizontal plane and partly in the verti-
cal plane between the said castings and opens,
at its inner end, into the low pressure cyhn-
der, directly at the point where the port 17
connects the two cylinders. The overflow
pipe 28, at its delivery end, is fitted with a
throttle valve 30. The throttle valve 30 1s
adjustably held by a cap 31 which 1s recessed
to afford an air chamber 32 opening into the
water jacket space above the water level.

The high pressure cylinder i1s shown as
tapﬁ}etl, near its upper end, by a valve con-
trolled admission pipe 33, through which
compressed air may be rendered available
for starting the explosive engine or through
which air or steam, under pressure, might be
admitted, under the proper control, for op-

‘erating the engine by air or steam instead of

using the same as an explosive engine. The
high pressure cylinder casting 3 is shown as
fitted with an ordinary relief valve 34. The
acking rings
applied in the ordinary way. The low pres-
sure piston 11 has its outer packing ring 35
also applied in the ordinary way; but the

| diagram Fig, 2.

sure piston 11 are seated in the mntervening
cylinder wall or downward extension of the
high pressure cylinder casting, which dis-
position of these packing rings 36 enables
them to be of the ordinary snap ring type.
The lubrication is effected In any suitﬂ,{)le

way. '
gpemtitm. All the parts of the illustrated
engine have now been specified. The ofperzx—
tion will now be traced, with a view of ren-
dering more distinet the new actions whieh
result from the invention herein disclosed.
.ot it be assumed that an explosive mixture
has been admitted, compressed and 1gnited,
in the explosion section of the high pressure
cvlinder, and that the high pressure piston 1s
about to begin its working stroke. Then,
all the parts will be in the position illustrated
in the diagram Fig. 1; from an inspection of
which it will be seen that the low pressure
admission or cylinder connecting port 17
will now be in communication with the ex-
haust port 19 of the high pressure piston,
with the final exhaust in progress from the
low pressure cylinder, the low pressure pis-
ton 11 being 105 degrees of its cranks’ travel
behind the crank of the high pressure piston;
and this relationship will continue, with the
final exhaust still in progress, until the piston
cranks have traveled 75 degrees, whereupon
all the parts will be in the position shown in
. In this position, shown in
diagram 2, the high pressure piston has cut
off the connecting port 17, thus closing the
low pressure cylinder to compression therein.
This compression in the low pressure cylin-
der then continues for 30 degrees more of the
cranks’ travel, which will bring the parts into
the position shown in Fig. 3, or the-point, at
which the low pressure piston 11 has com-
pleted its compression stroke and the high
pressure piston 8 is about to uncover the low
pressure admission or cylinder connecting
port 17, thereby permitting the guses to be-
rin to operate expansively on both pistons,
his coincident expansion of the common
volume of the gases in both cylinders will
then continue for 75 degrees of the cranks’
travel from the position shown in g, 3,
thereby bringing the parts into the position
shown in the diagram Fig. 4, at which tune
the high pressure piston has completed its
working stroke tmtt 13 about to begin its re-
turn stroke. The expansion will then con-
tinue 1n the low pressure cyhinder tor 30 de-
rrees more of the cranks’ travel, thereby
ringing the parts into the position shown
in the diagram Fig. 5, at which instant the
low pressure piston is about to uncover the
preliminary exhaust port 18, for cooperation
with the exhaust port 19 in the high pressure
iston 8 to afford a preliminary exhaust
om the high pressure cylinder. During

| this time, that the parts are moving from the
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position shown. in Fig. 4 to the position
shown in Fig. 5, only the differential area
hetween the two is- effective on the crank
shaft, but owing to the way in which the two
5 pistons are connected up, as hitherto noted,
and the effect of the angularities of their
connecting rods, the high pressure piston
will, during this interval, be moving at sub-
stantially its lowest rate of speed, and the
\o low pressure piston at substantially its high-
est rate of speed; so that the 30 degrees of
the cranks’ travel, during which time the
differential area only of the pistons is effect-
ive, is only about 5% of the high pressure
15 piston’s return stroke.

The preliminary exhaust which begins
when the parts are in the position shown in
Fig. 5, continues for substantially 45 de-
grees of the cranks' travel, or until the parts

2o are brought into the position shown in dia-
gram Fig. 6; and, during the same time, the
charging valve 15 is opened and a now charge
forced into the explosion section of the high
pressure cylinder, under the compressing

2 netion of the low pressure piston on the mix-
ture within the crank shaft compression or

chuﬂng chamber 5. When the parts have
reached the position shown in the diagram
Fig. 6, the connecting port 17 will be cut off,

2o from the low pressure cylinder, by the high
pressure piston 8, thus closing the high pres-
sure cylinder to compression therein; and,
during the next 30 degrees travel of the
cranks, the low pressure piston 11 completes

35 its working stroke and the high pressure pis-
ton comes into position where it is about to
open the connecting iort 17 to the piston
port 19, for effecting the final exhaust, or in
other words the parts will be in the position

+0 shown in diagram Fig. 7. During the next
75 de of the cranks’ travel from the posi-
tion shown in Fig. 7, the final exhaust from
the low gressure cylinder and the compres-
sion in the high pressure cylinder continues,

15 until the parts reach the original or starting
position shown in diagram No. 1.

The explosive mixture is drawn through
the intake valve 14 into the charging cham-
ber 5, during the return or upward strokes

50 of the two pistons. In view of the way 1n
which the two pistons are connected up to
their respective cranks, and the relative
areas of the two pistons, this suction action
on the chamber 5 will have been completed

s and the compression therein be about to
begin when the parts have reached the posi-
tion shown in Fig. 3 of the drawipg. In the
further downward movement ui}~ the two
pistons, under the effect of the expanding

G0 ZNSes thereon, the two pistons coOperate to

(:omgroas the mixture in the charging cham-

ber 5 until the parts come into the position
shown in Fig. 4; and then, the compression

in the charging chamber 5 will continue,
5 under the action of the low pressure piston

| 11, after the high ?ressure piston begins 1ts
(

return stroke, and so continue until the
parts come into the position shown in Fig.

5. When the parts reach the position shown

in Fig. 5, the preliminary exhaust port 18 g
begins to open, as hitherto noted, and re-
mains open until the parts come into the
position shown in Fig. 6, and during this in-
terval, while the parts move from the posi-
tion shown in Fig. 5 to that shown i kig. 6, 75
the continued downward movement of the
low pressure piston 11 forces the charge
through the charging valve 15 into the ex-
plosion section of the high pressure cylinder;
and, as this occurs at the time when the dis- gg
placement within the low lpwssuw cyhnder
equals 1ts cmn?rossiml on the mixture in the
charging chamber 5, it Is possible to foree the
charge into the explosion eylinder at a com-
paratively low pressure. It follows that a gj
maximum charge can be secured in the ex-
plosion chamber with slight base compres-
sion losses.

Having regard now to the injection of
water into the partially expanded gases, let g9
it be assumed that the pump cvlinder, the
water jacket and all the water circulating
connections are leaded with a charge of
water. Then let it further be assumed that
the parts are in the position shown in Fig. 1, g5
or in other words, that an explosion has just
taken place. Then under the efiect of said
explosion, the ‘pump plunger 22 is forceid
downward, against its retracting spring 23,
thereby forcing the water from the pump ;00
evlinder into the water jacket 7, where 1t
absorbs the heat units radiated from the
exi)lusiun cylinder and, under the same im-
pulse from the pump, a portion of the upper
strata or highest temperature water wi[l be 105
forced into the air chamber 32, and another
portion thereof into the overflow pipe 28 and
past the throttle valve 30 and through the
water port 29 into the low pressure cyhnder
and through the eylinder connecting port 17. 110
Then, under the eflect of the compressed air
in the air chamber 32, the high temperature
water will continue to be forced through the
overflow pipe 28, past the throttle 30 and
through the port 29, into the connecting port 115
17, after the parts have reached the position
shown in Fig. 3 of the drawings, or, in other
words, after the high pressure piston un-
covers the connecting port 17 um& the com-
pounding action beg ns. The pressure stored 120
in the air within the air chamber 32 was
of course forced up to substantinlly that of
the explosion pressure, under the action of
the pump plunger; and, henee, it will be
sufficient to continue the injection of the 126
water into the gases against the back pres-
sure therefrom. The pump, the air cham-
ber and the throttle opening are so propor-
tioned as to insure the injection of water into
the gases, on their passage from the high to 130
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the low pressure cylinder, throughout the
whole time that the connecting port 17 is un-
covered durin‘g the working stroke of both
pistons. It follows that the heat -units
radiated from the explosion cylinder into the
water jacket will be reconverted into work
and rendered effective on both pistons; or
otherwise stated, the hot water which is in-
jected into the gases, on their passage from
the high to the low pressure cylinder, 1s
there converted into steam, the eﬂ;st.ic force
of which is added to the force of the other
gases. It will be seen that a portion of the
water is injected into the low pressure cylin-
der and connecting  port, ha}oru the high
pressure piston uncovers the said connecting
port; or otherwise stated, in the interval
while the parts are moving from the position
shown in Fig. 1 into the position shown in
Fig. 3, or during the time that the low pres-
sure piston is making its return or exhaust-
ing stroke. Hence it follows that the water
which enters during this interval will spread
all over the low pressure C{Iinder walls and

piston and all over the high pressure piston |

the ex-
thereby
be brought against the inside surface of the
high pressure cylinder wall, thus becoming
effective to take up the heat units therefrom
and cool all of these parts. The water thus
thrown by the reciprocating action of the
high pressure piston on the inside surface of
the explosion cylinder wall will be largely
carried back by the packing rings, but some
thereof will nd{mre to the walls and come in
contact with the intense heat within the ex-
plosion eylinder as it is uncovered by the
movement of the high pressure piston during

or that portion thereof hffor(lini:l

its explosion stroke, and the first water com-

ing into contact with something like 3000
degrees of heat will either be decomposed,
or be converted into highly superheated
steam, and thereby be rendered more effect-
ive in its expansive action on the piston, and
thercafter there will be continuously gen-
erated a layer of steam vapor interposed be-
tween the centrally inclosed intense heat and
the said evlinder wall, thus preventing ex-
cessive radintion therethrough. |

It will be recalled that when the parts are
in the position shown in Fig. 7 of the dia-
grams, the high pressure piston s aboutto
uncover the connecting port to the final ex-
haust pipe, and that the larger low pressure
iston is about to begin its return or ex-
{musting stroke, It is therefore evident
that a condenser might be connected directly
to this exhaust pipe, without valves or other
mechanism, and llm operative to make its
artinl vacuum effective throughout the
arger portion of the low pressure piston’s re-
turn or exhausting stroke, thus converting
the heat units heﬁaw atimospheric pressure

and temperature into work. .
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|  What I claimn is:

1. A compound explosive engine having
its high pressure piston connected to travel
in advance of the codperating low {)rcssure
piston, and a charging chamber subject to
compressing action of both of said pistons
for forcing a charge into the explosion cylin-
der, substantially as described.

2. A compound explosive engine having
its high pressure piston connected to trave
in advance of the codperating low lpressum
jyiston, a connecting port controlled by the
lligh pressure piston to admit the gas from
the high to the low pressure cylinder and to
effect the final exhaust from the latter, a port
controlled by the low pressure piston to eh’ect
a preliminary exhaust from the high [])1'055111'0
wvlinder, and a charging chamber subject to
the direct action of said low pressure piston
for forcing a charge into saud high pressure
cylinder coincident with the preliminary ex-
haust therefrom. -

3. A compound explosive engine having
its pistons connected to a common crank
shngt in a common charging chamber, with
| its high pressure piston connected to travel
| in advance of the codperating low pressure
iston, and means for admitting the charge
l P rom said charging chamber to the high pres-
sure or explosion cylinder under the com-
pressing action thereon of both of said pis-
| tons, substantially as described.
| 4. A compound explosive engine having
its pistons connected to a common crank
ahafliz in a common charging chamber, with
its high pressure piston connected to travel
in advance of the cooperating low pressure
viston, means affording a preliminary ex-
Imust from the high pressure explosion cylin-
der, and means for admitting the charge from
the charging chamber to the explosion cyhn-
der under the compressing action thereon
of the low pressure piston coincident with
said preliminary exhaust, substantially as
described.
| 5. A compound explosive engine having
its high pressure piston connected to travel
in advance of the codperating low pressure
piston, a low pressure admission port con-
trolled by the high pressure-piston, a pre-
liminary exhaust port controlled by the low
l)mssum piston, and an exhaust port in the
igh pressure piston, which, under the move-
ment of said piston, cooperates alternately
with said preliminary exhaust port and with
said low pressure admission port to effect o
preliminary and a final exhaust, substantially
as described. ‘

6. A compound explosive engine having
its pistons connected to a common crank
5 shuljt in & common charging chamber, with
its high pressure piston connected to travel
in advance of the codperating low pressure
piston, a low pressure admission port con-
trolled by the high pressure piston, a pre-
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11 ort controlled by the low | pressure from said charging chamber coin- 10
i;?;lsggg Sﬁ:gﬁ,stag exhauflt pO{t inythe higl; gidexzp ﬁ'v’ltgls S(?;?.lb I};geeltllmmary exhaust, sub-
.. iston which, under the movement } stantially . . | )
g’rye:zlilcll‘e lgs?;fm, co0 erates alternately with | ~ In testimony whex:_e()f I aftix my signature
5 said preliminary exhaust port and with said | in presence of two w lt’E?S[Sj}Sé I WOOLE
low pressure admission port to effect a pre- - ; . i
liminary and the final exhaust, and a valve |  Vitnesses: | _ .
controlled charging port for admitting the | Jas. F. WILLIAMSON,

charge to the explosion chamber under the F. D. MERCHANT.
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