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To all whom it may concern: .

Be it known that I, THomas Henry CoLE,
a subject of the King of Great Britain, resid-
ing at 54 Margate road, Southsea, in the
county of Hants, England, insurance agent,
have mvented certain new and useful Im-
proverients in Apparatus for Generating and
Storing Products of Combustion Under Pres-
sure, of which the following is a specification.

This invention relates to the generation of
the combustion of a gas or vapor
within a confined space, and it, has for its ob-
ject to provide means whereby the greatest
practicable elasticity or flexibility may be
obtained in the application of the power
generated.in an internal combustion motor.

According to this invention, the gaseous
products of combustion from such a moter
(which may for convenience be termed the

primary motor), are rendered available for |

utilization as motive fluid in an engine of any
kind (which may be termed the secondary
motor) adapted to be worked by an elastic
fluid under pressure; the primary motor serv-
ing exclusively as a pressure pump, whereby
the gaseous products of combustion formed
within it are forced into an intermediate re-
ceiver or reservoir, whence they are with-
drawn as
ary motor in the same manner as steam is
drawn from a hoiler to supply an ordinary
steam engine.

ment as a whole may be said to combine the

characteristic advantages of both an explo-.

sion engine, and a steam engire and boiler,
while avoiding the principal defects of each.

The primary motor is adapted to work on
a four-phase cycle, each of its pistons being
arranged to so operate during the exhaust
stroke as to expel the entire volume of the
products of combustion (or as much thereof
as practicable) from the cylinder. Under
normal working conditions the exhaust gases,
thus expelled, are stored in the reservoir un-
der pressure, means being provided however
for relieving the piston of this back pressure

* S0 long as the speed of the primary motor at

- pens to fall, below a certain

50

starting remains, and also whenevér it hap-
limit.

~ This device may be combined with or sup-
plemenied by means for preventing the pres-
sure within the reservoir from exceeding the
maximum against ‘which

is adapted to deliver the products of combus-
tion, so that the motor shall not be liable to
become choked by back pressure.

.The invention will be described with refer-
ence to the accompanying drawings which
.illustrate ‘in an elementary form an arrange-
ment comprising a primary motor havin
two cylinders each adapted to work on a four.

motive fluid to supply the second- |

Consequenily the arrange-.

the primary motor

phase cycle.

In the drawings Figure 1 is a side elevation
of the primary motor partly in section on the
common plane of the axes of the two cylin-

‘ders, and Fig. 2 is a section on line 2—2 of
Fig. 1. Tig. 3 jllustrates & modification of
part of the arrangement shown in Fig. 2, and
Fig. 4 is a section on line 4—4 of Fig, 3. A

n each of the figures portions are omitted
or broken away in order the better to show
the construction.

Each eylinder 1 of the primary motor has a
single-acting piston 2 fitted to work within it
and coupled by a connecting rod 3 to the
crank 4 on a crank shaft 5, the cylinders be-

| ing (in the arrangement illustrated) set with
their axes intersecting one another perpendic-
ularly at the -axis of the crank shaft, and

-their pistons and piston rods being coupled

to.the same crank.

It will be obvious that whereas at the ter-
mination of the compression stroke there
must remain behind the piston (as in any
ordinary internal combustion engine) suffi-
cient clearance to accommodate the coms-
pressed charge; on the other hand at the ter-
mination. of the exhaust stroke there should
be as little clearance left behind the piston
as 1possible, since otherwise the complete ex-
pulsion of the products of combustion against
the pressure existing in the reservoir could
not be effected. In order to meet this re-
quirement, each piston may have a stroke of
varying length, the piston on the compression
stroke stopping short of the rear end of the
cylinder so as to leave the necessary space for
the compressed explosive charge, and on the
exhaust stroke being brought as near as is
practicable to the cylinder cover. In the ar
rangement illustrated, the periodic variation

responding variation in the effective throw of

the crank, the construction being as follows.
Upon the crank pin 4 a pair of eccentrics

4 4P are mounted to turn side by side as one,

in the length of the stroke is effected by a cor--
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{he two connecting rods 3 working not di-
rectly upon the crank, but each upon the cor-
responding eccentric 4 or 4°, whose throw
corresponds to the required difference be-
tween the lengths of the eompression and ex-
haust strokes of the piston. In the construc-
tion shown, one of the connecting rods 3 is
understood to be forked, the corresponding
eccentric 4° being duplicated at opposite sides
of the other eccentric 4* as indicated in Fig. 2,
wherein both connecting rods are omitted for
the sake of clearness. Meaiis are. provided

“for communicating to the eccentrics a move-

ment of rotation about the crank pin 4 at
such a speed that the eccentricity of each will
be directed from and toward the rear end of
the corresponding cylinder at the moments
when the piston in that cylinder arrives at
the end of its compression and exhaust
strokes respectively. ~ For this purpose the
eccentrics have attached to or integral with
them a spur wheel 6 which gears with a pin-
ion 7 (of one-half the diameter of the wheel 6)
fast on a stationary spindle 8 extending axi-
ally through the crank shaft at ore side of the
erank, this portion 5* of the shaft being made
tubular, and the spindle 8 being conveniently
prevented from rotating by means of a span-
ner 9 fast on the outer end of the spindle and
having its end anchored as at 10 to the frame
11 of the motor. ‘

In Fig. 1 the right-hand piston 2 (which is
in section) is shown as having reached the end
of its exhaust stroke, at which moment the
clearance behind the piston is virtually nil,
while the dotted line x—a indicates the posi-
tion attained by the rear end of the piston at
the termination of the compression stroke,
at which moment the corresponding ecce:-
tric 4® will of course be at the opposite ex-

~tremity of its throw although the crank 4 will
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again be in the position shown. :

The valve through which the combustible
charge is admitted to each cylinder may be of
any convenient type adapted to be worked
cither automatically by the difference of pres-
sure on its opposite sides, or mechanicallgr by
means of tappet or other gear actuated from
the crank shaft. In the arrangement illus-
trated the fuel inlet valve 12 1s shown as
adapted to work automatically and normally
hel(Fclosed by a spring 13..

“The reservoir into which the products of
combustion are forced during the exhaust
stroke of each piston is indicated at 14. - Ow-
ing to the pressure necessarily maintained in
this reservoir during the ordinary working of
the secondary motor, the communication be-
tween each cylinder and the reservoir is con-
trolled by a valve or valves adapted to com-
bine the functions of a non-retura valve with
those of the positively operated exhaust
valve of an internal combustion engine of the
usual type. In the arrangement i%ustrated,
the control is effected by means of a pair of
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lift valves 15, 16 opening in opposite diree-

tions. These valves close the same passage

17 leading from the exhaust port of the cylin--

der to the reservoir, the inner valve 15 open-
ing inward (. e. toward the cylinder) under

70

the action of cam or tappet gear in opposition -
to spring pressure and the pressure of the.

gases withjn the cylinder, while the outer
valve 16 opens cutward, also in oppositioa to
spring pressure, but automatically under the
pressure of the gases during their expulsion.

75

In the arrangement illustrated, the outer.

valve 16 has a stem 18 fitted to work as a
sleeve upon the stem 19 of the inner valve 15,
the stem 19 passing through a stuffing box 20
on the outer end of the stem 18, which works
through a guide 21 and stuffing box 22 car-

8¢

ried by the eylinder cover23. The spindle 19

is prolonged some distance beyond the stuff-
ing box 20 between which and a head 24 on

85

the spindle 19, a spring 25 is interposed, this -

.spring being constantly under compression.
he outer end of the spindle 19 is pressed -

upon at the proper moment by a lever 26 ful-
crumed at 27 and actuated through a tappet
rod 28 by means of a cam 29 fast on a shaft
30, the latter being rotated from the crank
shaft 5 by means of gear wheels 31, 32 at such
speed as to cause the valye 15 to be held open
during approximately the whole of the ex-
haust stroke of the piston.
ing held open during the exhaust stroke, the
valve 16, which during usually the greater
part of the exhaust stroke will be held closed
by the pressure within the reservoir, will open
(against the stress of the spring 25) under the
pressure within the cylinder when this latter
pressure begins to exceed that in the reser-
voir, and so will permit the escape of the
products of combustion from the cylinder.
A% other times each of the valves 15 and 16
will shield one another from pressure (acting
from within the cylinder and reservoir re-

spectively) tending to open them, and each’

will simultaneously on the other hand be
held closed by the pressure from which it
shields the other.

The ignition may be effected by means of

an electric sparking device under the con-.

trol of a commutator mounted as at 33 on the
cam shaft 30. :

From the reservoir 14 a pipe 34 leads to the
secondary motor, which is indicated dia-
grammatically at 35 and which may be an
engine of any type best suited.for the work
required to be done.
pipe 34 should be protected as at 36 by a
screen of gauze or equivalent material adapt-
ed to arrest the solid impurities carried over
into the reservoir 14 by the exhaust gases
from the primary motor. i

In an arrangement such as that illustrated,
wherein the primary motor is shown as ex-

The valve 15 be-.

The entrance to the:
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sure in the latter must be relieved when the
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'speed of the primary motor falls below a cer-

* tain limit, and should in fact be nil when the
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primary motor is at rest, so that this motor
may start free from any load save that due
to its own internal friction. The means
whereby these conditions are secured in the
construction shown, consist of a governor-ace
tuated valve 37 controlling a connection.38
from the reservoir 14 to the exhaust silencer
39 through which the products of combus-
tion may be discharged to the atmosphere
when not delivered to the secondary motor.
The valve 37 closes outward and (so long as
the primary motor is at rest or runs at a
speed which is below a predetermined mini-
mum limit) is held open by the pressure of a
spring 40 acting through a lever 41 upon the
end of the stem 42 of the valve. Upon
the primary motor attaining a speed above
the minimum limit, a pair of centrifugally
acting weighted levers 43 pivoted to the fly-
wheel 44 which is fast on the crank shaft 5,
move so as to cause a collar 45 upon said
shaft to slide thereon and in turn impart

movement to one arm 46 of a lever which is.

fulerumed as at 47 to a fixed point, the other
arm 48 of this lever operating the lever 41 in
opposition to the spring 40 so as to permit
the valve 37 to close. In consequence of
this arrangement, the exhaust from the pri-
mary motor will be discharged directly to
the silencer 39 (or atmosphere) at starting,
and until the motor has attained the prede-
termined speed, after which the valve 37 will
close and the pressure within the reservoir 14
will rise to the degree required, this pressure
being again relieved if at any time the speed
of the primary motor should fall below the
predetermined minimum limit, which may
obviously be varied by adjusting the speed
limit at which the governor-controlled valve
is permitted to come into operation.

In order to prevent the pressure within the
reservoir becoming at any time so high as to
choke the exhaust of the primary motor, a
second. means of escape for the gases within

-the reservoir may be provided, this device

being adjustable so as to open a communica-
tion from the reservoir to the silencer (or at-
mosphere) upon any predetermined maxi-
mum limit of pressure being exceeded. In
the arrangement illustrated, the second es-
cape valve 49 (which controls a passage 50
leading from' the reservoir to the pipe 38
which connects the valve 37 with the silencer

39) opens outward in opposition to a spring
51 interposed between a shoulder 52 on the

guide 53 (through which the stem 54 of the
valve 49 works) and a collar 55 fitted to slide
upon said guide, the collar 55 having at-
tached to it (through the medium of a stir-
rup 56) a boss 57, through a screw-threaded
hole in which a screwed spindle 58 is adjusted
(by means for example of a hand wheel 59)
so as to bear with any required pressure

8

against the end of the valve spindle 54.
Upon the pressure within the reservoir 14
rising beyond the predetermined maximum
limit to which the spring 51 has been adjust-
ed by rotating the gar;niwheel 59 and screw
sKindle 58, the valve 49 will be forced open,
the thrust which it exerts through its spindle
54 being transmitted by the screw 58 and
stirrup 56 to the sliding collar 55 and thence
through the spring 51 to the shoulder 52.

It will be obvious that the movement of
the spindle 54 or collar 55 might be utilized
to control the supply of fuel to the primary
motor, the mechanism -being designed so
that the supply of fuel would be diminished
upon-the pressure within the reservoir ex-
ceeding a predetermined limit. A conven-
ient arrangement for this purpose would con-
sist in the substitution of a piston valve for
the ordinary lift valve shown at 49, the pis-
ton valve having a relatively long travel be-
fore opening communication between the
reservoir 14 and passage 50, and this travel
being utilized to transmit the necessary
movement to the mechanism controlling the
fuel supply to the primary motor. An ex-
ample of such an arrangement is illustrated
n Higs. 3 and 4, wherein 49* is a piston valve
which replaces the lift valve 49 shown in

fig. 2. The valve 49* when moved cutward

by pressure from within the reservoir 14,
eventually uncovers a series of lateral ports
49" connecting the interior of the valve
chamber 50* with an annular passage 50°
surrounding said chamber and communicat-
ing with the branch pipe 50 which leads to
the exhaust pipe 38 as before. The move-
ments of the spindle 54 of the valve 49* are
transmitted to a duplex lever 61 mounted to
rock about a fulerum 62, the lever engaging
a pair of trunnions 63 on the cap 54* through
the medium of which the regulating serew 48
bears upon the end of the spindle 54. The
lever 61 is jointed at 64 to one end of a rod 65
whose other end is jointed to a lever 66 Tul-
crumed at 67 and connected by any conven-
lent means to the spindle of the throttle
valve which controls the fuel supply to the
primary motor; the arrangement bemg such
that any movement of the piston valve 492
in the divection of opening will tend to cause
the throttle valve to close, and vice versa, as
hereafter more fully explained.

The rod 65 is screw-threaded and carries-a
nut (and lock-nut) 69 whereby the move-
ment of the rod, and therefore the stroke of
the levers 61 and 66, mayv he adjustably
limited, as desired, by the nut encountering
a stationary stop 70. In order to avoid the
breakage which might otherwise result from
the obstruction offered to the movement of
the lever 61 (and therefore of the valve 493)
mm consequence of such limitation of the
stroke of the rod 65 when the valve 492 opens
to a greater extent than is permitted by the
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nut 69, the fulerum 62 is carried by a block
71 whicl is fitted to slide on a rod 72 extend-
ing alongside of the valve spindle 54, the rod
72 being pivoted as at 73 to a fixed point so
as to be capable of angular movement in the
plane of the valve spindle. The block 71 is
normally (4. e. so long as the valve 49* re-
mains closed) held against a shoulder 74 by a
srrin'g 75 which, when the nut 69 encounters
the stop 70, yields so as to permit of the lever
61 thereafter turning about the pivot 64 as
a fulerum, the rod 72 meanwhile moving
(about its pivotal support 73) toward the
valve spindle 54.

On the pressure within the reservoir 14
falling below the predetermined limit, the
valve 49* is closed by the spring 51, as in the
_case of the arrangement previously described
jwith reference to the lift valve 49, Fig. 2. "At
the same time the slide block 71 Gf pre-
viously displaced as described) is restore(Il)by
the spring 75 to normal position, and the le-
ver 61 also returns to its normal position,
which may be determined by a collar 76 on
the rod 65 encountering that side of the stop
70 which is opposite to the nut 69.

The arrangement is such that so long as
the piston valve 49* remains closed the
throttle valve stands fully open, whereas be-
fore the valve 49® has reached its extreme
open position, the throttle valve will have
closed completely. Hence any excessive
rise of pressure within the reservoir 14 will at
once result in stoppage of the fuel supply to
the primary motor, so that any needless
waste of energy will be obviated. By suit-
ably adjusting the nut 69 upon the rod 65,
the actual extent to which the throttle valve
closes may be limited as desired. For ex-
‘ample, by initially setting the nut 69 close
against the stop 70, the throttle valve will be
prevented from closing at all, whereas by set-
ting the nut toward the opposite end of the
rod 65, the throttle valve will be allowed to
close with a relatively short movement of
the piston valve 492, :

A pressure gage may be provided in con-
nection with tﬁe reservoir 14 as indicated for
example at 60, Fig. 1, and the reservoir may
also be furnished with a safety valve if de-
siree.

Claims. .

1. Apparatus for generating and storing
products of combustion under pressure, con-
sisting essentially in the combination with an
internal combustion motor adapted to work
on a four-phase cycle and provided with
means for causing the expulsion of practically
the entire gaseous products of combustion at
each exhaust stroke, of a reservoir for receiv-
ing the products of combustion so expelled,
adapted to supply said products as motive
fluid to an engine, and provided with outlet
valves whereof the one is controlled by a
governor actuated by the internal combus-

854,466

tion motor so as to be adapted to relieve the
working piston of said motor o back pres-
sure so long as the speed of the motor is be-
low a predetermined lim't, while the other
outlet valve is adapted to relieve the pressure
within the reservoir when said pressure ex-
ceeds the maximum pressure against which
the nternal combustion motor is capable of
delivering the products of combustion.

2. In apparatus for generating and storing
products of combustion under pressure, the
combination of an internal combustion motor
adapted to work on a four-phase cycle and
provided with means for imparting to the
working piston a stroke of varying amplitude

70
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whereby on the compression stroke a_com-' -

bustion space is left in the working cylinder
and on the exhaust stroke practicaﬁy the en-
tire gaseous products of combustion are ex-
pelled from the cylinder; a reservoir for re-
ceiving the products of combustion so ex-
pelled, adapted to supply said products as
motive fluid to an engine, and provided with
waste outlet valves whereof the one is con-
trolled by a governor actuated by the inter-
nal combustion motor and adapted to relieve
the working piston of said motor of back
pressure so long as the speed of the motor is
below a predetermined limit, while the other
outlet valve is adapted to relieve the pressure
within the reservoir when said pressure ex-
ceeds the maximum pressure against which
the internal combustion motor is capable of
delivering the products of combustion; and
means for controlling the communication be-
tween the internal combustion motor and the
reservoir, consisting of two lift valves situ-
ated in the rear end of the working cylinder
of the motor and adapted to close toward one
another under spring pressure, that valve
which is next the reservoir being adapted to
open under the pressure within the motor
cylinder while that valve which is next the
motor cylinder is carried by a spindle slidable
longitudinally through the spindle of the
other valve and is provided with means for
causing it to open against the pressure within
the motor eylinder, substantially as specified.

3. In apparatus for generating and storing
products of combustion under pressure, the
combination of an internal combustion motor
.adapted to work on a four-phase cycle and
provided with means for causing the expul-
sion of practically the entire gaseous prod-
ucts of combustion at each exhaust stroke;
a reservoir for receiving the produets of com-
bustion so expelled adapted to supply said
products as motive fluid to an engime, and
provided with waste outlet valves whereof
the one is controlled by a governor actuated
by the internal combustion motor and adapt-
“ed to relieve the working piston of said motor
of back pressure so long as the speed of the
motor is below a predetermined limit, while
the other outlet valve is adjustably loaded
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by a yielding pressure and is adapted to re- ! for controlling the supply of fuel to the in-

lieve the pressure within the reservoir when ternal combustion motor, substantially as

sald pressure exceeds the maximum pressure : specified,

against which the internal combustion motor
5 s capable of delivering the produets of con- | Witnesses:

bustion; and means, operated by the open- Arraur Tucker,

g movement of the last mentioned valve, Freperick Crank.

THOMAS HENRY (OLE.




