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INTERNAL-COMBUSTION GAS-TURBINE ENGINE.

. .Specification of Letters Patent. .- Patented Aug. 15, 1911.

Application filed August 4, 1910, Serial No. 575,406, 'Renewed July 1, 1911. Serial No. 636,508,

To all whom it may concern:

Be it known that I, Epwix ATWELL, a.

citizen of the United States, and a resident

of Baltimore, in the State of Maryland,
have invented a new-and Improved Inter-
nal- Combustion Gas-Turbine Engine, of.
which the following is a full, clear, and ex-.

act description.

Among the. principal objects which the

present invention has in view .are: to pro-

vide an engine of the character specified’

wherein the explosive mixture is primarily
compressed and while so compressed is ex-
ploded; to provide an explosion chamber
wherein is exploded the compressed charge
of explosive mixture while establishing
communication between the said explosion
chamber and the turbine rotor; to provide a
reciprocating mechanism’ for compressing
and firing the explosive mixture as distin-
guished from the turbine or rotor mecha-
nism; to provide a compression chamber
wherein the gases are maintaineéd at a low
temperature; to provide an engine of the
character set forth employing in mutual op-
erative relation a reciprocating explosion
chamber and a turbine shaft driving rotor;
and to provide an engine of the character set
forth, the construction and arrangement of
which is simple, economical and durable.

One embodiment of the present invention
is disclosed in the structure illustrated in
the accompanying drawings, in which like
chavacters of reference denote correspond-
ing parts in all the views, and in which— -

_Figure 1 is a longitudinal section of a
machine constructed and arranged in ac-
cordance with the present invention, the
section being taken on the line 1—1 in Fig.
3, the engine being shown in position subse-
quent to the explosion; Fig. 2 is.a similar
view, showing the engine in position at the
moment of explosion; and Fig. 3 is a veérti-
cal cross section taken on the line 3—3 in
Fig. 1. . : ‘

Ay illustrated in the accompanying draw-

ings, the engine is provided with a casing 8,

from which i$ extended an exhaust outlet 9.
The outlet 9 is formed in proportions suffi-
ciently ample to prevent any backing pres-
sure on the blades of the rotor 10. The cas-
ing 8 is formed in any suitable shape, hav-
ing a chambered extension 11 provided to

Teceive the hub. of the rotor 10, and to sup- o
port a driving shaft 12 where the same

passes through a stuffing box 13. 'The stuff-
ing box 13 is closed by a gland 14 of usual
‘construction. The casing 8§ is preferably

cast a3 a single unit to form the chambers .,

for the blade extensions.of the rotor 10 and

the hub of the said rotor. The chambers.are

closed by a face plate 13, which is bolted or
otherwise ‘suitably secured to the casing 8.
The face plate 15 is'provided with

the extension 11 provided .to-receive the
shaft 12. The circular opening in the, face
plate 15 1s surrounded by an annular bolt-

ing flange 16. The bolting flange 16 is pro- .

vided to receive a cylinder 17 to be held
rigidly thereby. The cylinder 17 is pro-
vided with a series of passages 18 disposed
in line with and registered with the blades
19 of the rotor 10. . L

The passages 18 are formed by ecurved
vanes 20. The vanes 20, as shown in Fig. 3
of the drawings, are pitehed in a direction
set angularly to the Llades 19 and in the di;
rection of the rotary path of the rotor:10,as
indicated by the arrow in said Fig. 3. It
will be understood that the vanes 20 are in;
tegrally formed with and constitute a part
of the cylinder 17. The vanes 20 are pro-
vided with open passages 21 to form cous
necting passages between the water jackets
29, 99 of the eylinder 17." The water jackets
99, 92 are provided for cooling the cylinder
17 and parts connected therewith as in the
usual explosive engine construction. An mn:
let pipe 28 and an outlet pipe 24 ave con-
nected to the said jackets in the manner
usual in such constructions. By means of
the arrangement described the water  is
freely civculated and the temperature of the
cylinders and parts connected therewith is

‘maintained in working condition,

Slidably mounted in the cylinder 17 is: a
piston rod 25. At the end of the said rod 25
is mounted a piston head 26, and rigidly
mounted on the rod 25 is a second piston
head 27. Both piston heads ave rigidly con-
nected to the piston rod and sepa sated Trom
each other a ‘distance designed to form the
explosive chamber for the engine. “Each of
the pistons is provided with a guide wall
upon 'which are suitably mounted packing
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. The water spaces 80 and 31 are provided for

20

devices of any approved form or type. Ex-
tended through the piston 27 is a passage 28
provided for the delivery of the explosive
mixture into the space between the heads 26
and 27 or the explosive chamber of the pres-
ent ‘engine,
closed by a spring seated valve 29. The
valve 29 is of the usual type, the stem of the
said valve being guided within the said pas-
sage 28, and having a seating spring eoiled

. thereon in position to normally seat the

valve 29. The valve 29 lifts into the space

‘between the heads 96 and, 87.

'The piston heads 26 and 27 are provided
with ecirculating water spaces 30 and 31.

the circulation of water which is introduced
through the piston
structed as shown in Wig. 1 of the drawings,
of outer and inner tubes, one of which is

connected with a flexible inlet pipe 32 and

* ..the other with a flexible delivery pipe 33.
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‘stood that water is

Passages 34, 34 connect the inner and outer
tubes with the water spaces 30 and 31. . By
means of this arrangement it will be under-
forced into and deliv-
ered from the water spaces 80 and 31 during
the operation of the ‘ ]
taining the temperature of the pistons at a
workable degree. . .

It will be seen that by means of the
water cooling system for the eylinder 17
and the system for maintaining circulation
in the
and parts operating therein are maintained
at working temperature.

In the operation of the present. engine,
thé piston rod 25 and the heads 26 and 27
connected  therewith are reciprocated. in
timed. relation with the driving shaft 12,
within the cylinder 17. The extent of the
reciprocation is indicated in Fig. 1 of the
drawings. The extreme position of the pis-
ton heads 26 and 27
delivery stroke of the piston rod. is shown
in full lines in said Fig. 1, while the posi-
tion of -the pistons at the extreme of the
inner- or charging stroke of the said piston
rod and piston heads is indicated by dotted
lines in the said figure at the outer end
of .the said eylinder 17. The ‘eylinder 17
is connected with the carbureter o1 supply

~of explosive mixture by means of a supply

pipe 35, which delivers into a valve con.
trolled nipple 36. The passage formed by
the nipple 36 through the head of the cyl-
inder 17 is closed by mieans of a valve 87
of the usual type and construction. “The
valve 37 is spring seatéd, a spring 38 being
employed to normally seat the said valve to
close the passage through the nipple 36,
By the operation of the valves 29 and 37,
when the piston 97 is carried away from
the head of the cylinder 17 toward the

The passage 28 is normally .

‘between the piston 27

rod 235, which is ‘con--

engine, thereby main -

piston heads 26 and 27, the cylinder.

at the -outward or

1,000,882

rotor 10, the valve 29 is closed and the
valve 37 is drawn upon by the rarefication
within the chamber of the ¢ylinder 17, 'This
rarvefication causes' a suction to dravt the
explosive mixture into the upper portion
of the eylinder 17. Attention is called to
Fig. 1 wherein is shown the relative dimen:-
sions of the chamber in the cylinder 17
and the head of th
said cylinder, and the explosion chamber
formed, between the pistons 26 and 27.
When the pistons 26 and 27 are moved. from
the position shown in full lines in Fig. 1
to the positioni shown in dotted fines in said

figure, the compression of the gas. in the

chamber of the

cylinder 17 between the
head thereof and

the piston 27 opens the

valve 29 and closes the valve 3700 Tt will

be noticed that when the face of the piston
26 passes the ends of the vanes 20 all exit
from the space between the pistons 26 and
27 is closed, and the further continuance
of.the travel of the pistens 26 and 27 to the
position of the said pistons shown in dotted
lines, operates to transfer the quantity of
gas drawn into the chamber of the cylinder

17 to the space between the pistons 26 and
["27. This operation results.in imparting ‘to

the explosive mixture between' the said pis-
tons the.desired compression. . '
Formed in the walls of the 17

cylinder

is a passage 39; in the outer end of which

is movnted 4 spark plug 40. The passage
39.opens into the cylinder 17 at near the
edge .of the passages 18 formed between
the vanes 20. " In the travel of the pistons
26 and 27, the space Between the said pis-
tons is alined with the passage 39 immedi-
ately prior to the fice of the piston 26 pass-
ing the end of the said passages 18, B

this arrangement is accommodated the tim-
ing of the sparking device with which the

engine is provided. The sparking: mecha-
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nism eonnected with this engineis of any

asual and approved type. Under preferred
conditions the ignition spark is caused to
operate at the short inferval between the
passage of the face of the piston 26 into
alinement with the
ner the full effeet of the ¢xplosion of the
explosive mixture between the. pistons is

vanes 20.  In this man-

110
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obtained and transferred expansibly “out-

ward through the passages 18, 18 between
the vanes 20,20. When the rapidly expand-
ing .gases ‘are thus delivered
through the passages 18,718, they are de-

laterally-

120

flected in conformity with the curvature of

the vanes 20, 20, which ecauses the gases to

unpinge upon the blades 19,19 of the rotor

10." The blades 19, 19 are arranged and dis-
posed substantially as shown. in the draw-

125

ings, delivering outward into an -annular

passage 41 which is connected with the out-

let or exhaust 9, as seen in Fig. 8 of the
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drawings.

‘imparted to the shaft 12.

- ot SRR
The impingement of,:t

B oiE .

. . ;‘p‘. 3T ,,_v:;;‘(»“ ERF N
thus controlled and directed, imparts to. the

rotor 10 a rotary motion, which is in turn
The rotor 10 is
provided with a body extension.42 having

_ formed thereon a boss 43 arranged to receive

the driving shaft 12, and to be rigidly and

permanently mounted thereon. “The driving

shaft 12 is provided with a suitable driving
pulley, or, other driving. device as dictated
by the use to which the.engine is placed.
The piston -rod. 25 is reciprocated from
and in timed relation to. the driving shaft
12. For this purpose the piston rod 25
is rigidly connected to a cross head 44. The

outer ends of the .cross head 44 are secured

by nuts 45, 45 to guide rods 46, 46. The
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guide rods 46, 46 are mounted. in. sleeves | -

47, 47 formed in the ends of bracket arms

48 and 49, the latter being extended from

and preferably cast with the casing 8. The

guide rods 46, 46 are operatively connected |

with eccentric. driving disks 50,.50 by means
of collars 51, 51 and pitmen 52,.52. The
pitmen 52, 52 are pivotally mounted on
pivet blocks 53, 53 adjustably and fixedly
mounted upon the rods 46, 46. R

The eccentric disks 50, 50 are each fixedly
mounted on a short shaft 54, 54. The shafts
54; 54 are suitably mounted in’ elongated
bearing boxes, 55, 55, and are each provided

at the inner end with equal bevel gears”

56, 56. The bevel wheels 56, 56 are each
meshed with a bevel gear 57 rigidly mount-
ed upon. the driving shaft 12. The ratio of
the diameters between the bevel gear 57 and
the bevel gears 56, 56 controls the time re-

. lation of the rotation of the shafts 54, 54

. 40

45

.50

55

60

“and disks 50, 50 connected therewith, with

the. rotation of the driving shaft 12. The
reciprocations of the piston rod.25 and pis-
tons mounted thereon are synchronized with
the rotation of the shafts 54, therefore the
reciprocations of the pistons 26 and 27 may
be adjusted in timed relation with the rota-

“tion of .the driving shaft 12. It is obvious

that by the introduction of a plurality of
varying sized bevel gears mounted rigidly
on-the shaft 12 and meshed with loose clutch
controlled: gears mounted on the shafts 54,
the speed of the shaft 12 could be varied
without requiring invention furthér than
here pointed out. ’

. The bearings 55, 55 for the shafts 54, 54

and a bearing 58 are formedin aloop bracket
59, which-is provided with bolting pads
60, 60 to be rigidly secured upon- the exten-
sion' 11 of the casing 8, substantially as
shown in the drawings. - ' L

‘While I have herein shown the engine as
constructed for single unit work, it will be
understood that two. rotors. 10, cylinders 17
and operating mechanisms connected there-

with, could be mounted upon the shaft 12

\ ia‘n"d:at' both: en

ther the'rapid succession of outward

ds thereof, in: which instance

e

\ T hEgns RER bl
ng pulley, or other driving device

with which the shaft 12 is provided, woul d
be located between the two engines. ' It hags

‘the dri

been .considered unnecessary

this duplication of the ‘construction. in the
drawings. ' ‘ ’ ‘

to illustrate.
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. From the ekpioé;ion chamber betweenthe .
heads. 26,.and 27, all dead air o burned: fuel

is drawn by the:suction naturally produced
by the rapid rotation. of the vanes 19. Ius-
explo-

75

sions produces an equal number of inward ..

impulses of the surrounding air which eir-
culation of: air it is found is sufficien, to
maintain the temperature of the:rotor at
working height. : '

80

Tt will be understood that wh’ile' I have i

herein shown the flexible pipes 82 and 33,

as supplying the.water cooling system I.do
not wish to,be understood as limiting my-
self to such construction. ' o
. Lam well aware that more
plug may be used on an’engine of this type.
Having thus described my invention, what
T claim as new and. desire to secure by Let:
ters Patent is:— ‘ ' :

“1. An internal combustion gas tirbine en-

gine, comprising a rotor having a plirality

of rz lially disposed open-ended spiral pas-

sages; a driving shaft fixedly “connectod

4 with ‘said rotor; an elongated cylinder. ex-" .
tended within said rotor in line with said ., -

driving shaft, and having a series of .open-
ended radially disposed passages arianged in
line with the passages of said rotor; a pis-
ton rod slidably mounted on said cylindex:

85

than one spark ..

90

95

100

a plurality of piston heads fixedly niounted -, .

on said rod in separated relation; a.valve
controlled inlet: for said ¢ylinder; a:valve
controlled passage in open communication

between the space between said piston heads

105

and the receiving end. of said .cylinder; .,

means for,igniting the explosive: material
in said space between said piston heads:in
timed relation with the movement of said
piston rod; and a translating Taechanism

110

connecting said driving shaft and piston. .

rod for reciprocating the said piston rod:in
timed rvelation with ithe rotation of ‘said
driving shatt. AR AR
- 2. Aninternal combustion gas turbine en-

of radially disposed open-ended spiral pas-
sages; a driving shaft fixedly connected with
said rotor; an elongated cylinder extended
within said rotor in line with said driving

115

gine, comprising a rotor having a plurality -

120

shaft, and having a series of open-ended ..,

radially disposed passages arranged in line
with the passages of said rotor; a piston rod

slidably mounted on said cylinder; a plu-

rality of piston heads fixedly mounted on

said rod in separated relation; a valve con--

trolled inlet for said cylinder; a valve con-

115
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trolled passage in open communication be-
tween the. space between said piston heads
and the receiving end of said cylinder; an
ignition system embodying a spark plug; a
passage opening from said cylinder in com-

‘munication with said spark plug, said pas-
adjacent to |

sage opening.into said eylinder
the said radially disposed passages therein;

-a counter-shaft having mounted on the end

thereof a cranking device; means for Gpera-
tively engaging said cranking deviee and
said driving shaft to operate in unison; and
a pitman connecting said
said counter-shaft and said piston rod for
reciprocating the said piston rod: .

8. An internal combustion gas turbine en-

gine, comprising a rotor having a plurality

of radially disposed open-ended spiral pas-
sages; a driving shaft fixedly connected with
sald rotor; an elongated cylinder extended
within said rotor in line with said driving
shaft, and having a series of open-ended

- radially disposed passages arranged in line

130

.35

40

with the passages of said rotor; a-piston rod

5. slidably mounted on said cylinder; a plu--
-rality of piston heads, fixedly mounted on

sald rod in separated relation; a’valve con-
trolled inlet for said cylinder; a valve con-

trolled passage in open communication be--
tween the space between said piston heads

and the receiving end of said cylinder; an
1gnition system embodying a spark plug; a

- passage opening from said cylinder 1n com-
munication with said spark plug, said pas-

sage opening into said cylinder adjacent to
the said radially disposed passages therein;
a plurality of counter-shafts mounted in the
frame of the said engine, said counter-shafts
having mounted ‘at the outer ends.thereof
driving eccentrics and at the inner ends
thereof equal driven gears; a driving gear

~ fixedly mounted on said driving shaft and

45

held 1n engaged relation with said driven
gears; and a plarality of pitmen connected
with said driving eéccentrics and said piston

" rod for reciprocating said rod in timed re-

- lation with the rotation of said

50

shaft. i .
4. An ‘internal combustion gas turbine
engine, comprising a rotor having a plu-

rality of radially disposed open-ended spiral’

- passages; a driving shaft fixedly connected

with said rotor; an elongated cylinder ex-

- tended within said rotor.in line with said

driving shaft, and having a series of open-
ended radially disposed passages arranged

.- in the same plane with the spiral passages

60

of said rotor; a- piston rod slidably mounted
on said cylinder; a plurality of piston-heads
fixedly mounted on said rod in separated re-
lation to form in conjunction with said
cylinder an explosion chamber bétween said
piston heads; a valve controlled inlet for

said cylinder; a valve céntrolled passage in.

cranking device on-

driving shaft.

- tudinally dispose

“driving

1,000,882

open communication between the space be-
tween said piston
end of said cylinder; an ignition system em-
bodylng' a spark plug; a passage opening
from said cylinder in communication with
said spark plug, said passage opening into

said cylinder adjacent to the said radially:

disposed- passages therein; a plurality. of
counter-shafts mounted in the frame of said
engine, said counter-shafts having mounted
at the outer ends thereof driving eccentrics
and at the inner ends thereof equal driven
gears; a driving gear fixedly mounted on
said driving shaft and held in engaged re-
lation with said driven gears; a plurality

{-of guide rqds slidably mounted in the frame

of “said " engine and cormected with said
piston rod; and a plurality of pitmen oper-
atively connected with said driving eccen-
trics .and adjustably connected with . said

guide rods for reciprocating the said rods'

and said-piston rod connected . therewith in
timed relation with

5. An internal combustion gas turbine en:
gine, comprising 2 rotor having a plurality

65

heads and the receiving -

70

75

80

85

‘the rotation of said =

90,

of radially disposed open-ended spiral pas- -

sages; a driving shaft fixedly conneeted with

sald rotor; an elongated cylinder extended

within said rotor in line with’ said driving
shaft, and having a series of open-ended
radially disposed apassages formed by longi-

partitions connecting the

95

end sections of said cylinder,-said end sec- -

tions and said partitions being hollow:and
connected to form a circulating water jacket
for said cylinder

spaces in said heads introducing and draw-

and partitions; a plurality
of piston heads disposed in spaced relation
each to the other, each of said heads having -
a hollow construction to form a water circu.
lating cooling system; a piston rod fixedly
‘connected 'with said piston heads and hav-
ing passages communicating with the water

100

105

ing from said spaces water for cooling said .

heads and rod; and a water circulating sys:

tem separately . connected with the passage

in said rod for ejecting and drawing off the

water employed for cooling said piston

_heads:

6. An internal combustion 'gas tiirbine-_'e’.m-_
gine, comprising a rotor having a plurality

-of radially disposed open-ended -spiral. pas- -
sages; a driving shaft fixedly connected with

sald rotor; an elongated cylinder extended

in line with said driving shaft and provided

with a valve controlled fuel-intake port; a

| plurality of pistons spaced apart, said

pistons being slidably mounted in said cyl-

inder; a partition having a plurality of .
radially disposed delivery passages adapted A

to aline with the passages in said rotor;

110

115
120

125"

means operatively connected with said driv- .

‘ing shaft for reciprocating the said pistons '
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into and out of alinement with said rotor;
means for transferring fuel from said cylin-
der to the space between said pistons; and
means operatively timed with the movement
of said pistons for igniting said fuel be-
tween said pistons.coincident with the pas-
sage of said pistons in alinement with the
spiral passages in said rotor.

]

In testimony whereof I have signed this
specification in the presence of two subscrib-
ing witnesses. :
EDWIN ATWELL

Witnesses:
Heryax N. ENGELBRECHT,

V. A. THoMPSON.



