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To all whom it may concern:

~ UNITED STATES PATENT OFFICE.

' CHARLES CLARENCE POOLE, OF EVANSTON, [LLINOIS.

'No. 836,945,

o Speéiﬁca,t'ion of Letters Patent.

. INTERNAL-COMBUSTION TURBINE-MOTOR.

"Be it known that I, CrEARLES CLARENCE

PoOLE, a citizen of the United States, resid-
ing at Evanston, in the county of Cook and .
. State of Illinois, have invented certain new
~ and useful Improvements in Internal-Com-
bustion Turbine-Motors; and I do hereby-
‘declare that the following is a full, clear, and
‘exact description. thereof, reference being -
had to the accompanying drawings, and to

the letters, of referenee marked. thereon,

which form a part of this specification. .

This invention relates to an internal-com-

_busiion turbine motor or engine embracing a

15

 explosion or combustion within a confined
space or inclosure of an admixture of inflam-

20

" the impact against the blades or buckets of |

rotative member or rotor provided with an-

nularly-arranged blades or buckets -and
which is given rotative motion through the

mable gas or hydrocarbon vapor and air and

- jets of-the rgs_ulﬁgg pmdudts of combustion,

- for giving motion to .
~ ‘impact engine expanding gaseous ‘products

30

-same conditions that prevail in the operation

 heretofore largely
45
~ into the power-cy

55

explosive charge takes
the piston 1s

which are directed against said blades or

buckets through a discharge-orifice leading
from the inclosure in which the gaseous mix-
ture is exploded. S

The object of my invention is to employ
the rotor of a turbine or

of combustion generated by the explosion of

“an explosive admixture when under com-

pression and acting under substantially the

of. 8 Teciprocating explosive-engine wheremn

‘the expanding gases resulting from the com-

bustion of the explosive admixture act 1n a

~ ¢ylinder against a moving piston therein.
- It has been found that the best results
~ an economical use of the fuel are obtained
40 1
" only when the explosive admixture is ignited
- or exploded when under a considerable de- |

and

in the use of reciprocating explosive-engines

oree of compression. In such engines as
and successfully used
charges of the explosive mixture are drawn
linder. by the backward or
outward stroke of the piston therein, such
charges are compressed within.the cy

piston in the cylinder, and the ignition of the

rying out my invention it 18 ‘my purpose to

~ignite or explode a gaseous explosive mix-

o]

7linder:
in the subsequent inward movement of the

place at times when
near the inward limit of its |
. movement and the charges are under a high

- or considerable degree of pressure. In car-

-
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‘ture in an internal-combustion turbine-en-

admixture is ignited or exploded in such’re-
ciprocating explosive-engine—that is to say,

when the explosive charge is confined under

2 high or considerable degree of pressure in

‘gine under the same conditions that such

6o

an inclosed space or chamber—and to dis-.. -

‘charge the expanding gases and products of
combustion arising from the explosion ifrom

said inclosed space or chamber through a dis-

charge opening or nozzle leading directly
from said chamber or space against the
blades or buckets of the rotative wheel or
member of the engine. o

To the end stated, an internal-combustion

7o

turbine-engine embodying my invention em-
braces in its general features a rotative wheel

or rotor provided with blades or buckets, a
compress:}bn—cylinder provided with a dis-
charge opening or nozzle through which gas-

eous products resulting from combustion of

735

the compressed explosive admixture may be
discharged directly against the”blades. or

buckets of said rotor,and areciprocating pis-
‘ton actuated by the rotor for compressing
‘such explosive mixture in the cylinder.

" As shown in the drawings, Figure 1 1s a

view in front elevation of an engine embody- -
Fig. 2 is a side view

ing my invention. |
thereof. Fig. 3 is a sectional view taken on

80

line 3 3 of Fig. 4. Fig. 4 is a sectional view

taken on line 4 4 of ¥1g. 3.

As shown in said drawings, A indicates the

rotative mémber or rotor of the engine, which
consists of a disk or wheel mounted on a shaft

A’ and provided with-an annularly-arranged

‘passag

I

series of blades or buckets @ a. The said
blades or buckets are shown as made of
curved form or provided with concave work-
ing faces, as common in turbine-motors.

~ The non-rotative part or stator of the en-
oine embraces a plurality of cylinders B, each
provided with a reciprocating piston C and
in which charges of mixed air and gas or va-
por are compressed and ignited, as in the
power-cylinder of an explosive reciprocating
engine.
‘which the charges are compressed, are lo-

| cated adjacent to the blades @ a of the rotor

go

95

1C.C

The inner ends of said cylinders, 1n

105

and are provided with valved outlet ports or

es b b for the exit from the mner ends

r L}

of the cvlinders of the expanding gases and |

proﬂ?cts=~ of combustion resulting from the

ignition of thé compressed charges. Said

I1IO

outlet-ports communicate with discharge

‘passages or nozzles b’ b’

C -'

, in which the prod- -




‘ucts of combustion expand, the initial pres- |

sure 1s converted into vs vva, and by which.

- the products of combustion moving at a

high veloeity are -directed upon .or against
the said blades a a of the rotor. Provision is

~ made for supplying charges of explosive mix-

"I0

20

20
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‘in the -accompanying -drawings the buckets
@ @ extend laterally from one side of the pe-

ture to the cylinders, which charges are

-drawn 1nto the cylinders in the retractive |

movement ot the pistons therein, together
with means for igniting the compressed
charges afterthe pistons have been-advanced
to compress the same, and the.parts-aresoar-

‘ranged that a charge enters the -¢ylinder -at

each retractive stroke of a-pisten, the charge

1s compressed in the subsequent:-adwvance:

stroke of the piston, the charge is igmnited
whtle the piston isin its advanced pesition,
and the expanding gases -and products.of
combustion pass from the inner -end of the
cylinder through the valved .exit-ports and

- discharge-nozzles, the valve controlling the

sald -extt-ports being closed in the retractive -
and advance strokes of the piston while the -
charge is being introduced and compressed
and opened at the time of ignition to permit
the discharge of the expanding gases’gener-
ated by the éxplosion or combustion -of the.
compressed admixture.

Inthe arrangement of the parts illustrated

ripheral portion of the disk A and are at-
tached to-a ring A? arranged parallel with
the disk. In conmection with the buckets
thus disposed four cylinders B B are em-
ployed, which are arranged parallel with the.
shaft A’, with theirclosed ends within and ad-

‘Jacent vo the path of the blades ¢ a. In this

arrangement of the cylinders the exit-pas-
sages b b and nozzles b’ b’ open laterally from

- the closed ends of the cylinders .at the sides
* thereof adjacent to said blades and are ar-

45

50

55

D D,
-centrically with the line of the inner margins
of the blades.a @ and through which: the noz-

ranged 1n a plane parallel with the disk A.
Sald nozzles b’ b’ are formed in nozzle-blecks
provided with outer faces.curved con-

zles.open. Said mozzle-blocks are preferably
made 1ntegral with the side walls.of the cylin-
ders. The cylinders are rigidly held in:
proper position with relatioen to each other
and to the blades of the rotor by segmental
connecting members D', extending between
and joining nozzle-blocks D, and like connect-
ing-plates D? which extend between and join
the mner parts of the side walls of the cylin-

- ders, which latter and the connecting mem-

6o
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‘space between the cy

~bers D’ and D? together constitute, in effect,

the non-rotative member or stator of the en-
gme. The stator as a whole is attached to
a:horizontal base I, being joined thereto by .a
supporting-standard E’. T

A central bearing-sleeve F for the rotor-
shaftt A’ is -c@nvenie,ntlly supported within the

1 L)
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tons C C a construction is shown in the draw-
1ngs, asfollows: To said pistons.are.attached
piston-rods C’ C’, to the outer ends of which
are secured cross-heads C? C?, which slide in
guides B’ B, attached to and projecting from
the cylinders. _ ArT]
bhearmg  pin- or stud- ¢, which extends in-.

-chine.

| -charge-nozzles.

inders by radial arms ,

F’ B’, extending from the said bearing-sleeve

to the rmg formed by the cylinders and the

frame members D?2. B |
Far giving reciprocating motion to the pis-

Fach -crossthead -carries a

75 .

wardly -or toward the central axis-of thema-

On the-rotor<shaft A’ ‘is-meunted :a

rotatrve cam-cylinder:G; provided in its.cy-

lindric -outer--surfaece ‘with a cam-greove .g,

-which 1s-engaged by the several studs.c con

the icross-heads ‘C* C*. The cam-groove -g.

has -obhque or inchned parts adapted: to

move - thre -cross-heads. ‘backwardky .and for-
wardly a distenee equalto the stroke.of the.
pistons-at -each -complete -revohition -of -saxd-
cam-cyhinder. 'The -said: cam-groove-has a -

so

pendicular-to thecentral axis-of ithe cam-~cyl-

inder .and which serves to ‘hold the pistens
for a.semewhat prolenged period .of time at

90

the forward limit:of itheir.compressingstroke.

In the rotation-ofthe .cam-cyhnder thecam-

L Ty

vanced position by the straight part ¢’ .of the

cam-groove until the gases resulting from the -

ignition of the compressed charges have .ex-

groove serves.to .advance and-retract the =
| pistons successively m:the several eykmders,
-each piston being -advanced to.compressithe
| -explostve charge -and retammed in its ad-

98 -

100 .

hausted.from the cylinder through the .dis-

For contrelling the

be closed 1 the backward.or ~ch&rgi§ng~_.~stmlqe
and forward or compressing stroke af the

_ exit-ports b-b.of each
cyhmnder 1 -sueh manner that said perts-will
105 -

piston and will be opened to eflect the.dis- -

charge of the expanding gaseous products of

combustion while the pisten is held in ats ad- -

., - ) : e : L. -
vanced position I: have shown m- the draw-

110

ings a valve and -valve - actuating device, as

folows: -~

K 1s a valve -ring; which is seated: and

adapted to turn or. oscillate in .an anoular .-

seat or-groove formed inthe inner end.of the
cyhinder adjaecent.to the cylinder-head. Said -

'S

valve-ring 1s provided with ports k %, corre-

-spending in location with the ports .b.b .and

adapted to register with the same. The
valve-ring is secured to a disk K’, which

| rests against and turns.upon the inner face of

the cylinder-head. The said disk is pro-
vided with a rigidly-attached central shaft
K?, which extends.outwardly through a cen-
tral bearing-aperture in-the cylinder-head.

Attached to the said shaft K* outside of the
cylinder-head is a .erank-arm I, having at its

120

125

outer end:a pin [, which engages. a.cam-

aroove M, formed in the inner face. of the
digk A of therotor. Said cam-groove is pro- 1.



10

! gaged with the part m’ of said cam-groove

- 20
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cated at different radial distances.from the

center of the rotor and which are joined by |.
oblique or outwardly-deflected parts m* m?,

Fig. 3. The circumferential part m’ ex-
tends through an arc corresponding gener-
ally with the length of the straight port ¢’
of the cam-groove g. When the pin / of the
crank-arm L, is engaged with the part m of
the. cam-groove M, the valve-ring is held in
position to close the ports b b, the impertforate
parts of said valve-ring then covering or clos-
ing said ports, and when the said pin 1s-en-

the valve-ring is held in position with the
parts m m thereof 1n register with the ports

b b, and. the latter,are open. The deflected

parts m* and m® of the ¢am-groove M are so
located that the valve will be moved or shift-

ed to its open position at such time with re-
‘lation to the termination of the .compressing

stroke of the piston and the time- of ignition

of the compressed charge that the ignition of

the explosive mixture will take place while
the valve 1s still closed and the charge 1s held
under maximum compression,while the g'&ﬂse\-

~ ous products of combustion will be allowed

to escape from the cylinder as expansion

- takes place as the result of the explosion or

.. '3-0

35

combustion of the admixture. In other

words, the valve will be opened 1n such man-

- ner as to secure conditions ‘approxmmating
‘those which obtain in the explosion of the
~charge 1n a reciprocating-piston gas-engine

wherein ignition of the explosive mxture

takes place about the time of maximum | be | _ !
. : | sists of sparking plugs O, inserted through

compreéssion or when the piston is fully ad-
vanced and the crank is on its dead -cen-

- ter, and any considerable expansion of the

40
" erank
far that the piston has acquired consider- |

S

- 50

burning gases does not take &P‘lace until the

as moved -past the dead -center so

able rapidity of movement in its outward

‘stroke, while the -expanding gases continue

to"act on the piston through the greater part

' in which the burning gases are confined as

- the piston. moves outwardly under the pres-

sure of the expanding gases, has been found

. to ({)roduce economical results in operation,
an

6o

1

_ like conditions of ignition under maxi- |
-~ mum compression. and retarded expansion
‘may be obtained in the engine described by

so turning or moving the valvé which con-

~trols the outlet-ports b b as to produce cor-.
. respondingly favorable results. - Moreover,
- 'it is' manifest that the oblique parts m* and

m? of the cam—groovema,y be so located and
shaped and: the

Wl

 vided with eoncentric parts m and m/, lo- |

the pressure of the gases durin

'ther_ebjf so timed or varied in _speedh that the

escape of the expanding gases will be acceler-
ated or retarded according to the rapidity of
the expansion thereof and in such manner as
to-equalize so far as is possible or practicable

76
their exit

through the outlet-ports, with the result of

obtaining substantially or practically
form initial pressure at the outlet-port and

consequent _substantially constant velocity
- in the jetsfrom the discharge-nozzles during:

the time the gases are being discharged
against the blades of the rotor. o

~ For supplying a sui
and gas or hydrocarbon vapor to the engine-
cylinders any suitable or well-known means

‘may be employed. The drawing shows car-

bureters N N of common construction as ap-
lied to each cylinder, with check-valves N’
’ interposed between the carbureters and
the cylinders, the check-valve casings being

connected with the cylinders by inlet-pipes
7 1. Sald inlet-pipes are shown as inserted
through the side walls .of the cylinders near

the heads thereof, the valve-rings K K being
cut away opposite the same to permit free
ingress of the carbureted air in all positions
of the wvalve-rings. The sald carbureters

'OﬁBIf&te in, the same manner as those gener-.
a

y used. in explosive-engines; the air being
drawn through the same into the cylinders

| in the outward stroke of the pistons and be-

through. the carbureters.

. Any suitable form of 1gniting jcfltzr:vfice ma,y

table a,dmij:turé of air

- uni- -

75

8o

Qo
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ing charged with. carbon-vapor in its passage

I00O

be used. -That shown in the drawinegs con-

the side walls of each cylinder near the head

thereof, the valve-ring K being cut away -

of its outward -stroke. In 'such explosive |
reciprocating engines ' the ignition of the
charge when fully compressed and confined
- between the cylinder and head and -piston,
associated with a retarded expansion of the |
-+ gaseous products resulting from combustion,.
~ due to the gradual enlargement of the space -

‘opposite the inner ends of the plugs.

_ Any
common form of switeh device operated by
the rotor may be employed to effect the
sparking . or ignition at ‘the

thought necessary to illustrate the same. -

proper time.
| Such. devices are well known, and 1t 1s not .
" II1IO
~ An . exhaust-chamber to receive the ex-
‘haust from the blades of the rotor is pro-

10§

vided by means of a housing P, which sur-

rounds the ouier face and periphery of the ™
rotor A, the same being attached to the base
E and provided at the margin of 1ts outer cy-
Jlindric part, which surrounds the buckets a,

| with an inwardly-extending ring p, arranged

| guides B’ on the eylinder B.

adjacent to the ring A* and overlapping the

same.  The housing P is shown as provided
with a central bearing-hub O/, forming.an

outer end bearing for the shaft A’,’and with

an exhaust delivery-pipe P?. A bearing is
provided for the end of the shaft A" exterior
to the cam G, consisting of a bearing hub or
sleeve Q, which is supported by radial arms

Q’ from the outer ends. of the cross-head

An important advantage ari

movements of the. valve | employment of the general features. of the

iz2¢

e arising from the

130

115
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construction deseribed is tha

products of combustion proc ﬁced.by'the 1g-

nition of the-explosive admixture within the

cylinders pass directly from the. spaces in
which they are compressed and ignited to
the discharge passages or nozzles, by which
they are directed against the blades or buck-

~ ets of the rotor, with the result that there

10

20

~ engine. Generally it is desirable that as

2‘5

30

-35

occurs substantially no.cooling of the ex-
panding gases, and consequently no contrac-
tion or diminution in-volume of such gases,
which are therefore discharged against the
blades o1 buckeis with a velocity due to the

full pressure in the cylinder resulting from -

the expansion of the gases in the combustion

thereof. | | -_
While I have shown the engine as provided

with four compression-cylinders, yet one

cylinder or any greater number of cylinders
may be employed, according to the size of

the rotative member or rotor, and other con-
ditions which may exist in anv parcicular

many -compression-cylinders shall be used as
1S necessary to secure -continuous .action of

the jets from the discharge-nozzle upon the

blades or buckets of the rotor. For.example,
if- the . circumference of the ring of bladesor
buckets 1 proportion to the size of a. cyhn-

der (or quantity of explosive admixture.

compressed therein at any one stroke-of the
piston) 1s such that the expanding gases pro-
duced 1 one explosion will act upon the
blades or buckets during one-fourth of a rota-
tion of the said rotor, then it is'desirable that
four equally-spaced cylinders should be em-

ployed, so that as soon as the expanding

- gases are fully exhausted from one cylinder

40

55

explosion will take place in the next succeed-

mg cylinder, and a continuous action of the

jets on the rotor will-thus take place.

1t 1s,moreover, to beunderstood that means
different from the devices shown may be em-
ployed' for communicating motion from the

 rotor to the pistons {for controlling the exit-

ports of the cylinders, for squlying the ex-
plosive admixture to. the cyh

invention may. be carried out in practice.
Mareover, the general organizaiion of the
machine may be variously modified in prac-
tice with respect to the location of the cylin-
ders -re]ative{)y to the rotor, 1in other features

. of construction and arrangement, the con-
- structionillustrated being only one convenient
way in which the operative parts of the engine

6o

X

may be arranged or designed.inpractice. Cer-

tain of the details of construction illustrated

and described, howevef, in themselves em-

brace features of novelty and are herein
- claimed as part of my invention. _
65 In the motor shown in the accompanying | resulting from the explosion into vis viva, a

- k ’ ‘

the expanding |

I buekets of the rotor.

nders, and for.
1gmiting the explosive .charges, the several .
devices for these purposes being illustrated .
in the accompanying drawings merely for the
purpose of disclosing one form in which my

836,845

drawings the smallest . or most restricted
parts of each discharge - passage constitute
the discharge-aperture for the escape from
sald chamber or c¢ylinder of the expanding
products of confbustion- and are made of the

-area required for the delivery of the expand-

ing gases from the cylinder in such volume
as required for eflicient action of the motor.
The receiving ends of the said passages be-

tween said resiricted ports and the delivery-

apertures are made.as short as praeticable
and aregradually contracted from the cylinder

70

75

to the said apertures, so as o lessen so far as

possible frictional resistance in the escape of
the expanding gasesfrom the cylinder through
sald discharge-apertures. - The flaring por-
tions of sald passages exterior to the re-

ssricted poris or.discharge-apertures serve to
confine the expanding.jets in their passage

from the discharge-orifices to the blades or

of the discharge passages or nozzles are not
essential to.the operation of the motor, but

are desirably employed to increase.the speed -

of the jets passing therethrough and coen-
centrate said jets upon the blades or buckets

89'

85

Such flaring portions

9'ci

according to the well-known theory of oper-

ation of the correspondingly-flaring nozzles.

of the De Laval,and other turbines.
In a device embodying iny invention, tkere-

- fore, th.e delivery or exit orifice, through which

the products of combustion are discharged
from tlie comprassion chamber or cylinder, is
located 1n the wall of tiie said chamber or cyl-

inder and.adjacent to tLe valve by which said

95

10O

delivery or exit orifice is’ controlled. It fol-

lows thiat said delivery or exit orifice affords

substantially an immediate or .direct dis-

charge of the gaseous products of combustion
from the compression-chamber in which the
charge 1s compressed and ignited, with the re-
sult. that the gaseous products of combustion

‘make tkeir exit from said chamber to the

space of less pressure exterior to.the chamber
substantially under the initial pressure due to
the combustion or.explosion and without any
substantial reduction in temperature, and
that the initial pressure is converted.into vis
vwwa at the sald exit-orifice without any sub-
stantial loss of energy through frictional re-

‘tardation or diminution of volume by cooling.

I claim as my invention — _
- 1. An internal-combustion impact-motor
embracing a rotor and means operated by the

rotor for compressing and exploding charges

of a gaseous explasive mixture embracing a
chamber in whica the charges are compressed
by decreasing the internal capacity of said.

ckamber, said chamber being provided with

a discharge-passage having a restricted por-
tion located substantially at the receiving

‘end of said passage and through ‘which the

105
110

IIS

120

products .of combustion pass directly from
the chamber to convert the.initial pressure

130'.



 of the charge and opened to permit the pas-

- which the gaseous

20

viva at the delivery end of said passage, and

25

‘therefrom to the blades
rotor, having a restricted portion adjacent to

836,945

valve for 0011131‘0111112 said discha,rge-passa_ge,

which valve is closed during the compression

sage of the products of combustion from said

orifice; and means for igniting the charge.
‘wkile under compression.

2. An internal—corhbusti’oh impact-motor

embracing a rotor, and means operated by |
the rotor for compressing and exploding

charges of a gaseous-explosive mixture, em-
bracing a chamber in which the charges are
compressed by -decreasing the internal ea-
pacity of the chamber, said chainber being
provided with a discharge-passage extending

its receiving end, and a flaring ‘portion 1n
products of combustion
expand after their passage through sdid re-
stricted portion to convert the initial pres-
sure resulting from the -explosion into s

s valve af the receiving end of sald passage,

which valve is closéd during the compression

of the charge and opened to permit the dis-

~charge of the products of combustion.

30

35

3. An internal-combustion impact-motor
embracing arotor, a compression-cylinder,a

reciprocating piston in said cylinder actuated

by the rotor, said cylinder being provided 1n
its wall with a discharge-passage having at

its receiving end a restricted portion through

which the products of combustion pass di-
rectly from the cy

pressure resulting from the explosion into ves
viva, a valve for controlling said discharge-
passage, which valve 1s closed in the com-

‘bustion from the cylinder, means for su
inp charges of

or buckets of the |

‘ed portion through -which the j
‘combustion pass directly from the cylinder to -

linder to convert the initial |
- Witnesses: - :

pression of the
the discharge of the gaseous products of com-
the explosive gaseous &

ture to the eylinder during the backward

| stroke of the piston therein, and means for
igniting the charges when compressed.

4.  An internal-combustion impact-motor
embracing a rotor, a

O

lv-
dmix..

compression and explo-

charge and opened tﬁ permit

20

45

sion cylinder provided with a reciprocating -
piston, the backward stroke of which effects

the charging of the cylinder and the advance
stroke of which effects the:compression of the
explosive charge and means actuated by the

rotor for giving reciprocating motion to the
piston adapted to retain the dpiston in its ad-

vance position during the ischarge of the
products TOI
said cylinder beingprovided with a discharge-
passage having at its receiving end a restrict-

convert the initial pressure. resulting {rom
the explosion into s vive, and a valve for

of combustion from the cylinder,

products of

50
55

60

controlling said discharge-passage which 1s

closed during the backward and forward-
‘strokes of the piston and is opened to permit
- 65 .

the discharge of the products of combustion.
after the compression of the explosive charge.

In testimony that I claim the foregomg as

my invention 'affix mysignature, In presence

of two witnesses, this 15th day of February,

A.D.1905. -
CHARLES CLARENCE POOLK.

Tavyror E. BROWN, :
- (ERTRUDE DRYCE.
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