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4 Claims;
, : a 1
My invention relates to
particularly, thotigh not exclusively, to the com=
pressing of air for. sustaining combustion “of; Tuel
under superatmospheric. pressire. - The "invern=
tion consists.in. certain.new.and usefiil improve=

ments in meéthod and’ in_apparatus, and. echief

among. Iny. -objects .are the. obtainment of 'ins
creased .eflicibney. and. economy, in the.compres:
sion: of-\ gas:. ‘and. increased. conservation and
utilization. of. the energy prodiiced’ by. thé coms=
bustion of fuel... o o
The. invention will bé. understood “upon, refer-
ence- to.accompanying .diawiiigs, in which:
Figure-I.is.a. diagrammatic ‘viéw. of an. ekem-
plary reciprocating .engine, .ini .which .and in.the

(CL 158—1)

the compressing of gas; *

B
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15

operation. of which. the. objects. of . the. ihvention -

may.-be-realized, the:view. showing.:the .engire
partly in side elevation.and. partly.in. vertical
section; L A F

Figures-II,. IIT and. IV..are views..comparablé

with - Figure I, severally- Ailtustrating . successive. !

stages- in.the-reciprocation of.the.piston.of .the
engine;. N

- Figure V-is-a-timing: diagram:.of-the: valves. of
the-engine;

Figure VI is-a diagrammatic view, with cer-

tain ‘parts -shown in: vertieal, section,. of .steam-
generating -apparatus-in.which my. improvements
in- pressure- combustion: -are--incorporated. and
utilized;

Figure- VII'is a-diagrammatic-view.-in perspec- - -

tive: of: :a:valve- meehanism -of :the--compressor
engine;-and - ) :

Figure. VIII shows: three cross .sectional views
of:a-valve-operating-cam of.the valve mechanism,

the -views  being. taken.respectively. on. planes -

normal to the axis of the cam shaft, as indicated
by-the lihes ¢; b and c in Figure VII..
In:general it.is to be understood.that.hitherto
it has been proposed .to-introdiice chiarges. of gas
(or vapor) ab super-atmospheric pressure. to. the
cylinders of a.reciprocatinig engine, and, by thé
éxpansion -of such. charges in the.cylinders, to
drive the. pistons .of. the.engine and. maintain
them: in reciprocation.. Alternately. with respect
to the. cycleés, of the.pistons;. during . which..the
charges.of gas.are introduced to -the engine.cyl-
inders .and - expanded,’ charges.of “air. (or other
gas ta-be compressed). are introduced to the:cyl-
inders and compressed by the so-driven.pistons.

Thus it. is that. the-same cylinders and pistons of -

the engine are utilized:both .as..air-compressing
instrumentalities and. as the. operating. motor
therefor.. .

. -It.will be understood.that.diring .the.compres-

20

25

30

35

40

45.

50

56

ston-of the-successive air ‘charges; heat isigener-
ated“and yielded to-the-walls-of the -engine: as
evidenced- by the usual- practice “of- providinig
water jackets’ upon the'cylinders- of--high-pres-
sure-air-compressors,- {o--prevent them from:-be-
coming-red-lot-and’ failing " Conversely: in-the
expansion-of -the sticcessivé-charges of power-gas
heat-is-consumed:~ Of-course, in-the usyal: i~
ternal combustion enginie; the -temperatures:ide-
veloped by the exploding fuel'charges are so high
that' the ‘heat-loss due-to-the expanision of-the
burning-charges-is -not-adequate to- keep-the en-
gine'-walls *suﬁibiently-coql -without- the-aid” of'a
waterjacket, -or-coolingair- circulated over-the
externa] walls of‘thie engine:

The practice-of my-invention involves-the-use
of"charges:of ‘power gas or-vapor-at a relatively
low-temperature; ‘whereby: the expanded-charges
are effective-to -absorb- heat-imparted-to-the ez
gine walls -during . the -compression -of “the air
charges—Hheat whichis“otherwise dissipated and
lost:, Iiv accordanée with the invention, T ‘estab-
lish~and ‘maintain" substantially a thermal bal-
ance between - the “héat “which-is yielded to the
engine'walls by the compression of the air clrarges
and thiérheat whicly is ‘absorbed from-such- walls
by. thie expansion of thé charges of power gas.

The heat'yiglded to tte piston body and cylinder
walls "during .the compression of each charge of
air, is-taken.up by the next-ensuing charge: of
power gas. ixl course of ¢xpansion. Thus; the heat
of “compression .of ‘the ‘air is transterred t5 the
bower .gas, whereby. theé. available and effective
energy. of such ‘gas i§ substantially increased; the
usual” water-jacket. of 'the engine is. ‘dispensed
with, and the heat otherwisé lost'is.utilized.” By
virtue of this'mode of operation, I hot only effect
savings in the. cost of equipment, .but .I. more -
nearly ‘approach the ideal conditions of thiermal
gﬂiéi’éhcyf;achie'vm‘g, as the phiysicist would say;
a close approximatior. of an:adiabatic cycle. . L

Refeiring t6 the..accompanying’, drawings a
reciprocating enging is.indicated by the reference
humeral .. For. simplicity in descriptiom and.il-
lustration, the_engine 5:i5 shown to be a single-
cylinder. éngirie, and "its valves. are diggram-
matically. indicated, with the . valve ‘springs and
the 'valve-operating gear ‘omitted,” but with” the
understanding that the .valves and their springs
and operating gear,-as hereinafter sef f orth, will
be so. particularly designed as’ to admit_of the
operation presently 't be described. The gas
(or vapor), whiéh under superatmospheric pres-
sure. drives the.engine, enters.thé cylinder. 11 by
way..of “an inlet pipe . 19 leading ffom.a .source
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of supply, presently to be more fully considered.
In Figure I the piston (2 of the engine is shown
on dead center, at the upper end of its range of
reciprocation; the exhaust port 16 is closed, and
the inlet valve i4 for the power gas Is in open
position. Under the pressure of the power gas
admitted to the cylinder the piston is driven
downward, and the crank-shaft 15 rotated in
clockwise direction, as the arrow indicates, When
the piston has moved downward through a cer-
tain interval (an interval represented in terms of

10

crankshaft rotation by the angle @, Figure V),

the inlet valve 14 is closed, and the charge of gas
in the cylinder expands, driving the piston
through the remainder of its downward stroke,
and imparting rotational momentum to the fly-

wheel (not shown) and other rotating parts of

the engine. As the descending piston passes from
the position in which it is shown in Figure II to
that in which it is shown in Figure III, the ex-
haust port (6 opens, and the spent gas is ex-
hausted. The exhaust port of the engine consists
in a circumferential opening {6 in the wall of the
cylinder, and such opening I6 stands in imme-
diate communication with an exhaust chest 17
connected to an exhaust duct 170, If desired,
suction-producing instrumentalities, such as an
exhaust-pump (not.shown), may be organized
with the exhaust duct. o o
The air to be compressed in the cylinder is
introduced through a duct 18, and is subject to
the control of an air inlet valve 13. Advan-
tageously, the air is supercharged, that is, it is
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fed at superatmospheric pressure into the en- .

gine, the means to such end consisting in this
case of a cycloidal pump (80, geared in mani-
fest way to the rotating .shaft of the engine.
Upon the opening of the exhaust port 18 by the
downwardly moving piston 12, the  air inlet
valve 13 opens (cf. Figure III). The air streams
into the cylinder and sweeps the spent power
gas therefrom, and fills the cylinder with a
charge of air. The piston [2 (under the in-
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fluence of the energy stored in the rotating parts

of the engine) moves upward, and the air valve
13 and exhaust port {6 close (Figure IV), and
the charge of air is compressed. Preferably, the
air valve closes after the exhaust port closes,
whereby a substantial supercharging of air is
obtained. The compressed air is fed from the
engine to a receiver, or other point of disposal,
by means of a discharge duct 6. Communica-
tion between the duect 6 and cylinder Hi is sub-
ject to a check valve {8 that is normally held in
closed position, save under the conditions now
to be described. When the rising pressure of
the air being compressed by the upwardly mov-
ing piston i2 reaches and slightly exceeds the
pressure prevailing in the duct.®6, the check-
valve 19 is forced open, and the compressed air
is discharged. As the piston reaches the upper
end of its stroke (Figure I), the inlet valve 14
again opens, and a charge of power gas is agaln
fed from pipe 10 into the cylinder. Such is the
operation of the engine in one complete recipro-
cation of the piston. Of course, in service the
operation is répeated, and continues without in-
terruption. ) o

" The heat of compression yielded to, and con-
served in, the cylinder walls by each air charge
is, through the expansion of the next-succeed-
ing charge of power gas, removed from the cyl-
inder walls, with the good effects already de-
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scribed. 'The engine is enclosed in a heat-in-

sulating jacket 50, Figure I, such jacket providing

in this case the means for inhibiting the loss of
heat from the engine, to the end that the ther-
mal cycle described may be established and
maintained. .

It will be manifest to persons skilled in the
art that many modifications and variations of
the method and apparatus described may be
utilized, without departing from the essence of

the invention.” For example, the air-compress-

ing éngine has been illustrated and described as
a two-cycle engine: Manifestly a four-cycle
engine of generally known sort may he adapted
to serve. —

1t will be understood that the invention will

prove valuable in many and widely varied fields
of industry. The power gas employed may be
steam, or the products of combustion of appar-
atus in which fuel is burned under superatmos-
pheric pressure, or any other suitable gaseous
or vaporous medium under superatmospheric
pressure. 'The invention is not limited to. the
particular source from which the power gas is
obtained. . Again, air is not the only gas which
may be compressed in the engine. Indeed, it is
contemplated that the invention may be ap-
plied in the generation and compression of car-
pon dioxide in the manufacture of Dry Ice; and
various other uses will be found in various fields
of industry. However, as mentioned in the fore-
part of this specification, my method is particu-
larly adapted for the combustion of fuel under
superatmospheric pressure, and in. such field I
shall deseribe an elaboration of the invention.
" Referring to Figure VI, I show a heat ex-
changer, in this ‘case a steam generator, which
is fired under superatmospheric pressure. The
generator includes a boiler f, a combustion
chamber or fire-box 2, and a fiue outlet 3. Fuel
and compressed air are introduced to the fire-
box through an injector 4, and combustion
under superatmospheric pressures up to ten
atmospheres or more is sustained in the fire-box.
Terein fuel oil provides the fuel, and a jet of
such fuel, together with compressed air de-
livered by a pipe §, is projected into the fire-
box against an incandescent wall or baffle 2a
of refractory material. - The hot body of the
baffle 2a insures the eracking of the hydro-
carbons in the fuel, and consequently the com-
plete combustion of the fuel.

It ‘will be understood that at high pressures
the quantity of heat contained at given tem-
perature in a unit volume of gases greatly ex-
céeds the heat contained in the same volume
of gases at the same temperature, but at sub-
stantially normal atmospheric pressure, and be~
cause of such greater heat content per unit
volume of gas, plus the fact that heat transfer
from the flames and hot gases under the higher
pressure is more rapid than under the normal
lower pressure, the required heat-transfer sur-
face of a boiler of a given output rating may
be much smaller in area than is otherwise pos-
sible. Accordingly, a pressure-combustion boiler
may be minimized ‘in size for a given boiler
rating.” In the light of these circumstances, I
have conceived an improved pressure-combus-
tion ‘boiler, and have provided a particularly ef-
fective organization of such boiler with the
CoOmpressor. ‘ '

Asillustrated in Figure VI the boiler | is double
walled throughout its eylindrical sides and dome-
shaped top, forming between the two walls a
container for a body la of liquid of high vaporiz-
ing point, such as mercury, or a low-melting-
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point:metal, or other:suitable material. ~In.such
‘body: the. boiler tubes 20 :are submerged: - The
water,..or other-liquid -of relatively: low ‘boiling
point, to'be:converted into steam isinjected. . The
boiler :tubes 20 in‘'this:case :comprise .a helical
coil of steel .tubing, having-a. feed-water.inlet
20b:at the lower-end.of the:coil:and a steam-outlet
20q at-the upper end, as illustrated.. 'The heat
generated by combustion within the fire-box 2:is
transferred to the:bath of mercury.and the boiler
tubing submerged therein. The water-introduced
to-the boiler-tubing is.converted to steam, which
is:delivered through outlet'20a. An: advantage.of
this use of mercury, or the like, is that all:of the
surface of -the’ boiler tubing: 20 is-heated uni-
formly, whereby: the stendency-for-hot spots-to
‘develop -is 'minimized.. The: problem :of - boiler
water treatient - (0 eliminate the ‘formation:of
boiler scale:on: the: inner surface of ‘the stubing)
is- simplified, if not ‘eliminated, since :any: pre-
cipitates-forming-in the ‘boiler:tubing: are carried
out of the tubing by the high: pressure.steam.: .

The-boiling -peint of:mercury is:approximately
675°.F.,-and-at this-temperature saturated steam
has .2 pressure ‘of -about 2600 ‘pounds:per:square
inch, a pressure too-high for usual:industrial ap-
plications. . However, the boiler:is -operated:as-a
‘flash’” “boiler, in- which: the . quantity. ofz water
supplieg:to.the boiler tubing is'regulated to'main-
tain.the steam pressure at any desired. practical
‘pressure,:say e pressure up-to 1200 pounds. - This
saturated steam at 1200 pounds pressure has-a
temperature ‘of ‘only 567°.F., while the tempera-
ture of the mercury may; and: ordinarily:will: be,

‘substantially - higher; with  the: effect-that the .

steam generated- at-1200 pounds ‘pressuredin the
boiler will be. superheated. ’ S

‘In- order: to. promote wuniform. temperature
{hroughout ‘the ‘body: :of mercury, as:well as: to
.- expedite heat transfer thereto:from the hot flames
-and:gases ' within: the pressure-combustion-cham-=-
‘ber-or fire-box:2, T provide banks of Vertical:tubes
“lerthat interconneet-the top and bottom portions
‘of .the confined body of mercury,: The:banks:of
tubes extend into-the. fire<box; as shown.. The
banks of tubes are provided ‘throughout:the-eir-
cumference -of the fire-box, and: promote maxi-
mum'heat absorption:by the:amercury. . The'flames
and ‘hot ‘products: of “combustion -or. gases -re-

‘boungd-from: the incandescent. bafile2a: against ‘5o

‘whichuthe fuel jet . plays, -and sweep upward in
‘spreading-stream over and-between the tubes as
indicated by the dotted arrows:. . A thermally
-induced: circulation of the mercury is thus main-
tained. - As.the upwardly flowing gasesreach the
‘top:of the fire-box-they flow:to the outlet:3; sweep-
ing against -the inner:of two ‘walls of ‘the boiler
body. - : : :
The body of mercury fa does not fill the space
between ‘the two walls -of the beiler body, but
‘has-its level-at such plane 1B -that -a space for

mercury vapor is-provided at the top of the fire~

box, it being noted that mercury vapor is gener-
ated in the operation of the boiler, and is sealed
or confined in this-space. As ‘will presently ap-

“pear, the pressure of this mercury vapor is utilized

“in effecting a control of certain phases-of the op-~
eration of “the apparatus. o

"The compressed-air for sustaining combustion
inthe fire-box 2 is, as has been said; delivered
‘to the injector ‘4 by means of fhe compressed air
line 6 extending from-the engine 5.- The fuel oil
is'delivered to-the injector through-a pipe 1 lead-
ing from a supply tank-8." A branch line 9 extends
“from the compressed air line to'the fuel tank, so
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‘gine.

6

that & pressure_equal to the pressure-of:the air
in:line’6;is'maintained-above the body:-of liquid
fueliifi:the ‘tark.. . In mostcases; a fuel ‘pump: 10
will be arranged in the fuel:supply:line, to-insure
the delivery of fuel at a properly:métered: rate:.

“The:waste products.of combustion in thessteam
generator:provide ‘the power ‘gas:for the engine
9, it being understood: that:such-wasté products
are: under. the: same: pressure: (ten ‘atmospheres
pressure ‘in’ this..case)..as 'is ‘maintained: in the
fire-box.. Ang it will further-be understood that,
although-such: waste gases or products. of‘com-~
bustion -have yielded great - quantities: of: their
‘heat to:the mercury-inthe boiler; they are never-
‘theless-at . a”superatmospheric “temperature; in
this case a-temperature substantially in excess:of
675°-F." The inlet-duct ‘10 of the engine‘is con-
nected to-the-outlet 3 of the steam- generator. -

Desirably the apparatus will be-so designed and
the parts so proportioned-and operated that-all
-of ‘the products of combustion: generated-in the
fire-box will ‘be utilized in driving the- air<com-
pressing engine. If, however, the products-.of com-
‘bustion‘should in-some cases exceed theé require-
ments of the engine; a safety valve 2¢ will“open
and ‘relieve-the -excess’ pressure. - The- effect-'of
this safety valve will also serve in conjunction
‘with" the - valve -mechanism - described below to
govern or-limit the maximum speed of the' en-
. In starting the operation of the apparatus; the
air-compressing’ engine ‘may be driven by ‘com-
pressed air delivered from any suitable source to
‘the- pipe 10 Alternatively, an electric starting
motor, such as the motor normally used'in start-
ing-anautomobile engine; maybe used:: In order
that the starting motor need not be run until the
boiler is brought up to-operating temperature, 1
provide-a-branch pipe 100 that leads from the
fire-box to & valve-chest 161 included in the duct
10. ‘When the apparatus is being set in opera-
tion the ‘duct 10 above the valve-chest is-closed,
and-the hot products of combustion' are passed
Immediately from fire-box ' (before they ' have
vielded heat to the heat-exchange elements of
the boiler) to the chest' 101 ‘and thence ‘to the
air-compressing engine 5, whereby- the engine is
adapted more quickly ‘to “be brought up to the
point for operation by-the waste-gases -of the
‘boiler.  As the fire-box and hoiler approach nor-
‘mal ‘operating temperatures; “the -duct 10 above
‘the: valve-chest -is gradually opened-and the
‘branch 100 gradually closed. The apparatus is
thus set in normal- operation. T

Means may be provided for accomplishing “all
of this automatically. In exemplary way, I pro-
vide in the valve-chest 101 a diaphragm or
bellows ‘device ‘{92, which' is adapted to expand
and contract and to shift a stem (04 according
as the temperature within the chest {01 rises
and falls. The stem 104 is-articulated to the
‘upper end of ‘a lever 105, and such lever carries
a valve-block ‘103 that is adapted to control the
flow of the waste gases from duets 19-and {09.

When the apparatus is being brought up-to nor-

mal-operation, the temperature in: duct 9 is‘low,
‘and, under such circumstances; the valve mech-
anism within the chest (04 operates to' throw
‘the-valve from iltustrated position, in which duct
100 is closed and the line 10 between the outlet
3 and the engine is open, into a position in which
such line-is closed at the chest and the duct 100

s open. The hot waste ‘gases or products of

combustion are ‘then led immediately from “the

‘fire~box' 2 ' to ‘the- valve “chest, “whence “they “are
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‘delivered . to.the engine: 5 _:As the temperatures
and bressures within the system approach oper=
ating values, the valve 193 is gradually. returned
to normal position, closing the branch mu and
opening the line (0.

If .any :of ~the: heat Agenerated by the com--

pression of the air charges in the engine is not
taken up by. the engine body, it is Tetained by the
air fed to the.fire-box, giving the effect of pre-
heating the air for combustion.: It will be seen
that the power gas (products of combustion)
which drives the engine must. contain more heat
or pressure energy than that which is needed for
the compression of the air, to compensate for the
unavoidable. friction, etc., losses. encountered in
the operation of the engine. The inlet tempera-
ture and pressure of the products of combustion
or power gas willin the main control the pressure
to which the air charges may be compressed, and
the compression temperature in the engine w111
approach the-temperature of such power gas,
there being-a temperature dlfferentlal due to
said losses in the engine.

If, in the normal operation of the system the
pressure of the waste gases of the steam gen-
erator should suddenly fall below effective value
(due-to a sudden and extraordinary withdrawal
of steam from the boﬂer) the temperature of the
gases -flowing through chest 101 falls and the
mechanism in the chest operates to shift the
valve 103, thereby short-circuifing hot gases from
the fire-box-to the engine 5, and accelerating
engme operation. However, in order to mamtam
the apparatus in the state of operatmn in-which
the heat ylelded to the engine walls during the
compression . of . the air charges substant1ally
equals the heat absorbed from such Walls during
the expansmn of -the charges of power gas, -an-
other device (and in many:cases such device .is
self sufficient) ‘is provided for the automatlc
regulation of the quant1ty of gas in'the power gas
charges relatively to the quantity of air in. the
air charges In this case such effect is:gained by
holding the air charges substantially umform,
while automatically increasing or decreasmg the
individual power gas charges..

Refore deseribing suech. device in detau atten—
tlon will be directed to the. valve-t1m1ng diagram
of Figure V. ‘The sequent1a1 operatlon of the
valves 13, 14, {6 and 19 of the engine are respec-
tively denoted by the ares ¢,.a, b and d. Whﬂe
I have indicated that. the air inlet valve i3 opens
at the same instant as the exhaust port 18 -opens,
it is to be noted that the air inlet valve may open
either immediately before ‘or immediately after
the exhaust port opens. And it will be under-
stood that the difference between the angles b
and ¢ in the valve diagram of Fig. V. indicates the
interval of lag between the closing of the exhaust
port and the. closing-of the air inlet valve, in
which mterval the supercharging of air into the
cylinder is effected The power gas valve 14 and
the' air valve 13 may be severally. operated by
means of rocker-arms cooperating with cams-on
a cam shaft geared in known manner to be driven
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from the rotating crank-shaft of the engine, and

by elaboratxon of known valve mechanism of this
general type, or the like, the timing of the power
gas inlet valve relatively to that of the air inlet

valve may .be -automatically modlﬁed for the

purpose mentloned

Turning to Figure VII the cam shaft 30 of the
valve mechanism is indicated. The shaft is jour-
naled for rotation in bearings 31, and is equlpped
with a gear 32 that meshes with the conventional

75

balance within the engine, -

8

cam-shaft drive. (not:..shown). of .the engine.
The valve-operating rocker arm 33 is arranged to
swing ‘on its pivot.34; and to.open and close the:
power gds-valvé [4,-under the: effect-of a tension
spring 35 -and.a cam 36:éngaging, as:the shaft
ratates, -the. roller-equipped - distal ‘end of ‘the
rocker arm. . Tt will be understood that a similar
rocker:arm, devme is arranged to.open and close
the 'air valve 13, only the gas-valve-operating
cam 37 being shown. ‘The-cam shaft is journaled
not only for rotation in the bearings 31, but for
axial movement as well,-a feathered or splined
sliding union bemg prov1ded between the shaft
and gear 32.

-Both of the cams 36 and 317 are elongate, ex-
tending axially of the shaft, so that the valve-
operating rockers of -hoth valves 13 .and [4 may
remain in valve-operating engagement with the
cams as the cam shaft is axially shifted, as it is,
by means of a lever 38, pivoted intermediate its
ends to a stationary post 39, and engaged on one
side of the pivot between two collars 40 fixed to
the rotary shaft, and on opposite side of the pivot

by a_tension spring 4f and the plungers. of two

metallic bellows 42:and 43.. The interior of the
bellows - 42 commumcates through tube 44 with
the mercury vapor chest 2t the top of the steam
generator, while the bellows 43 is 51m11ar1y con-
nected by a tube 45 to the interior of the com-
bustion chamber or fire-box 2. Normally, the
ageregate thrust of the plungers of the two bel-
lows, produced by the cumulative effect of the
pressures prevailing in the mercury vapor chest

and the fire-box, is equal and opposite to the ef-

fect of .spring tension upon the lever 38, where-
by the shaft rotdtes.in an. intermediate position
in its range of axial movement. When this con-
dition obtains, the power gas charges bear a con-
stant relation to the air charges, such a relation
as produces and maintains the described thermal
On the other hand,
when the conditions of operation of the steam
generator change, .due to variations in the de-
mand for steam and for change in firing rate, or
any other reason, the physical condition (pres-
sure -and/or temperature) of the waste gases
vary, and the aggregate effect of the pressures

.acting upon the bellows 42 and 43 is increased or

decreased, as the case may be; the lever 38 swings
in one direction or the other and corresponding-
ly shifts the cam shaft axially:. Whereas the
cam 37 that operates the air valve is:of uniform

-throw .throughout-its extent, the throw. of: the
.cam: 36 ds varied longitudinally of the shaft, from

a maximum throw at its right-hand, Figure VII,

.to a zero -or substantially zero throw at its left-

hand end; cf. the cross sections ¢, b .and ¢ in
Figure VIII. While there is this variation in the
throw of the cam 236, it is to be noted that the
point p at which the cam initiates the opening
of the power gas valve 14 bears a constant rela-
tion to the axis of the shaft throughout the ex-

tent of the cam From the foregoing it will be

seen that the duratlon of opening of the air- valve,
and the quantxty of air in the successive air
charges admitted to the engme, remain constant
throughout the range of shift of the cam shaft,

while the duration of opening of the power gas
valve is varied, with consequent variation in the
quantity of gas in the power gas charges intro-
duced to the engine. When the heat or intrinsic

‘energy in combustion gases drops below a normal

value, the fact is reflected in a drop in pressure
in either or both of the bellows 42 and 43, with
the eﬁect that the spnng swmgs the lever 38 and
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shifts the shaft 30 in right-to-left direction and
increases the effective throw of the cam 36 which
in turn is effective to increase the duration of
opening of the power gas valve (4. The quan-
tity of power gas admitted to the engine in each
charge is increased to maintain the thermal
balance. Conversely, when the heat of the prod-
ucts of combustion rises above normal value, the
pressures effective in the bellows predominate
over the tension of spring 4f, and the lever
swings and shifts the shaft in left-to-right di-
rection, reducing the effective throw of the cam
36 and reducing the quantity of gas in the en-
gine-driving charges, to maintain the thermal
balance.

Such is the construction and mode of opera-
tion of a pressure-combustion apparatus of my
invention. And it will be perceived that if the
bower gas or vapor for operating the compressor
engine 5 be some other medium than the prod-
ucts of a pressure combustion system, a regula~
tion of the power gas or vapor may, in the light
of this disclosure, be provided by the engineer.

It remains to be noted that where it is desirable
to operate the steam generator described at tem-
peratures lower than those required to produce
mercury vapor al substantial superatmospheric
pressure in the chest at the top of the fire~-bhox 2,
a fluid lighter than, and having a lower vapor-
izing point than, mercury may be provided on top
of the body le of mercury in the boiler unit.
Such a known liquid as Dowtherme, or certain
petroleum distillates of higher boiling point than
water, may be mentioned in exemplary way. It
will also be understood that the conventional
water tube boiler may be used in the place of the
steam generator disclosed herein, and may be
arranged to be fired by pressure combustion, such
for example as the boiler shown in Letters Patent
No. 2,227,666 granted January 7, 1941, to one
W. G. Noack, and the connection 44 for the bel-
lows 42 of my apparatus may be made at 3 point
exposed to the steam pressure in such boiler.

The rocker-arm valve mechanism described
in the foregoing specification is illustrative of
the several known equivalent valve mechanisms
that the engineer may adapt to the operation of
the air and power gas valves of the engine in
the manner and for the purpose indicated. These
and other modifications are within the spirit of
the invention defined. in the appended claims.

In Figures I and VI, I show the engine 5 to
be covered with an insulating jacket 80, and it
will be manifest that the steam generator | and
the entire system of ducts and tubes 6, 10, 44, 45,
100 and 101 may be incased with insulation.

The application for this patent comprised a'

continuation-in-part of an application, Serial
No. 393,996, filed by me May 17, 1941, and now
abandoned.

I claim as my invention:

1. In an expansible-chamber heat engine and
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gas compressor including a cylinder and a piston
reciprocable therein, a connection to s source of
bower gas, a valve controlling admission of gas
from said source to said cylinder, an exhaust port
for relieving expanded power gas from said cyl-
inder, a connection to a source of another gas to
be compressed, a’ valve controlling admission of
said other gas to said cylinder, a connection to
said eylinder ‘for delivering said other gas to a
point of use when compressed, means periodically
opening said first-mentioned valve and means re-
spensive to the increase or decrease in pressure
of the power gas for adjusting the valve-opening
means to conversely decrease or increase the
time during which the valve is held open.

2. In an expansible~-chamber heat engine in-
cluding a cylinder and g piston reciprocable
therein, a combustion chamber and a valve con-
trolling the admission of fiuid from the chamber
to the cylinder, the combination therewitn of a
mechanism for periodically opening said valve
for a variable length of time, means for adjust-
ing said mechanism to vary the length of time
the valve is held open and means responsive to
the increase or decrease in pressure in said cham-
ber for shifting’ said adjusting means to con-
versely decrease or increase - the time of said
periodic opening.

3. The combination defined by claim 2 charac-
terized by said chamber having a boiler asso-
ciated therewith, and said shifting means in-
cluding means responsive to the increase or de-
crease in pressure in said boiler.

4. The combination defined by claim 2 charac-
terized by said’ mechanism including a sliding
shaft having an elongated tapered cam thereon
to effect said variation.

BEN LOVE.
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