J. E. FRIEND.

ROTARY GAS ENGINE,
APPLIUATION FILED AUG. 5, 1907,

913,635. , | Patented Feb. 23, 1909.

8 SHEETS—SHELRT 1.

67
72T 62
v O
B == v
FIL L. 40 | (
77 - ’ 70
-
o 44 | 56
g
5 4 l [
| ( 23 4 ‘Q { %bg‘*-- 76 4
_ \ , T:ax\x\. _____~:__ . J H:‘ f
177 s o : '“"g—- 5
| /. L | @ ' +87- 1.
- (RS 2 |
_ 32 U o5 - | =} 0
A 58 1| 97l e |1 LY. o :’/ﬂ .
LB - m_[ _/7J/5 =€
/{50—— _. v [T ﬁ — ®
709 N 25 24 , L p
' AN 29 A 27 Y= sl ' R J
12 T : 1,1 2
37 y 5 A
YZI R 1
= W
6/
o /nvenitor.
m'?}?&é’&?&d‘: 6230?’?'& _E'cim::&?'d F?‘Z:C??Zrd

3, ; g ﬁ ;’;7?‘ 2 * | ' | .

Azlorneys.



I. E. FRIEND.

ROTARY GAS ENGINE,
APPLICATION FILED AUG. 5, 1907.

913,635, Patented Feb. 23, 1909.

6 BHEETS—BHEET 2,

\\{ ,
"o
) .:?:;F!]ca::

7 7
FI7r72. 1A
- )
’ 96 \\—49
- / T7 5
Z s SANA e
‘4/5 | xx" ' n N //e?
/ N
5/____% / xﬁ\ \T
/i ;fﬁ @ 2 i \ //7
% |/ A\
/
I%‘/Pi‘jﬁ_ | '50 "a:
L rl"-'Jr l(,‘ W~ T ( /é& :: ~— =
‘\\ﬂ % 2 ;'F
\ 7 128 A5
‘ o ot “
q | 59 |05
56—
/4 .
j
| _ /nvenlor:
Hrinesses: Georg‘c Fdward Friend .

(Dt il it

Z‘z?orneys



J. E. FRIEND.

ROTARY GAS ENGINE.
~ APPLIQATION FILED ATUG. 5, 1807,

913,635, | Patented Feb. 23, 1909.

6 SBHEETS—RHEET 3,

67
LA 5‘0
59%
::~: i j /i |
Ry WA
70 1-F -
‘56 \ N9

mventor:
FLEnesses: _ 6’3&7‘3”5 Ldward Frrernd

U177l @i L

| ' ’ dﬁarmeys




J. B, FRIEND,

ROTARY GAS ENGINE,
APPLIOATION FILED ATG, 5, 1907,

913,635. _ Patented Feb. 23, 1909.

6 SHELTS—BHEET 4,

/A
o0 \
A
ol g
1 i —
_ | - ”q =
50 —~ 79 it I /
% /3 =1
o]
85 11
S/ 4 158
©}
FIEFO.
. | £ 15 0. i lventor: |
- HiZrnesses. | G’emge Ldward Frrend

O ¥ Gttt plgrmnt

L - Atlorneys.



J. . FRIEND.

ROTARY GAS ENGINE.
APPLICATION FILED ATG, b, 1807.

918,635, Patented Feb. 23, 1909.

6 BHEETS—SHEET 5,

iyl

@ l F T3
= 7\“ =
= P
L ' (94
O 7T
720 W74
236 N
o o5 ez 35
(B LIRLE o g3
0 8 A 01 84
] . A
17 .? 79 RR
N }- ‘\// ﬁmei‘.ﬁ/
2 A IIIIIIIII.IIIIIIII/ 75 ﬁ
/
T77 IIMI, /ﬂIIIIIIIIJ

7
777 / 7

61

/novertor

///335236536.9 5 “6'@07:97'6' Ldward Friend
Z ifta y ;; | " _

Altorne 7.




J, B, FRIEND,

ROTARY GAS ENGINE.
APPLICATION FILED AUG, 6, 1907.

918,635, Patented Feb. 23, 1909.

6 BHEETS—RHEET g,

32 272 P 55

26
7,
=L S
o— e vrm e el b :::._.... S I ?5
N\
22 25 2y 22
e/
o C 40 £/
IR ED 4 54 42|38 30 38 )43 37
292 =\ R ) SN O A 72
?5' I L 50 o ~ = ‘
357
FUE 79
LULG 2/
) ‘ nvventor
Stlnesses. beorge Edward Friend

gty g 7 sy

A2torre /.S,



~ UNITED STATES PATENT OFFICE.

JOHN EDWARD FRIEND, OF WELLINGTON, NEW ZEALAND.

"

ROTARY GAS-ENGINE.

- No. 913,835.

Specification of Letters Patent. |
Application filed August 5, 1907, Serial No. 387,032,

Patented Feb. 23, 1908.

T—

To all whom it may concern: |
Be it known ti:at I, Joun EpwArD FrienD,
a subject of His Majesty the King of Great

- Britain and Ireland, residing at 71 Lambton

i

Quay, Wellington, in the Colony of New Zea-
land, Liave invented a certain new and useful

- Improved Rotary Gas-Engine, of which the

10

Tollowing 1s a specification.

- The invention provides an engine having a

revolving piston operated by an exploded
mixture of gas and air.

According hereto a piston fixed upon the
})enpher}r of a disk revolves within an annu-

Mar chamber. - The explosive charge is ad-
15

mitted to the annular chamber between the
piston and a cylindrical abutment provided

- with a groove or cavity which synchronizes

20

1n rotation with the piston and allows it to

ass. . The charge 1s then exploded and tie
orce thereof causes the piston to make a ro-

‘tation when the used gas is exhausted and a

new charge taken in. The explosive charge

18 grepared by compressing gas and air in an
. m . .

25

ependent receiver. |
~ Referring to the drawings:—Figure 1 is a
side elevation partly in section, Fig. 2 an end

elevation, Fig. 3 a side elevation of a re-

~ celver, Fig. 4anend elevation looking from the

30

-direction of the arrow Fig. 1. |
Kig. 6 a central cross section on line A—A

Fig. 5 a plan,

Fig. 1. Fig. 7 a sectional elevation of a

~gas valve Fig. 8 a H)lan Fig. 9 a sectional ele-

- vation of an air va

35

ve I'1g. 10.a sectional ele-
vation of an air and gas valve, Fig. 11 a sec-
tional plan, Fig. 12 a front elevation of the
valve ciiest, Fig. 13 a sectional plan exiiaust

~ chest Fig. 14 a sectional elevation of the re-
- celver valves, Fig. 15 1s a sectional elevation,
- Kig. 16 a longitudinal section of the contact

40

45

50

bars, Fig. 17 a r.art end elevation of a circular

wall, Fig. 18 a sectional plan on line B—B,

Fig. 17 Fig. 19 a sectional elevation, and Fig.
20 a longitudinal sectional elevation of a pis-
ton on ine C—C, Fig. 19, Fig. 21 a sectional

elevation of a pump, and Fig. 22 is an eleva-
tion of a three way cock. .
The circular casing 1 has an'integral end 2

and has its other end closed by a cover 3 se-
~cured to the casing by .
Bearings 6 and 7 integral with the end 2 and
- cover 3 respectively are provided with

~ bushes 8 and 9 through which a main shaft

10 'passes. Bearings 11 and 12 supp
. - upon brackets 13 and 14 integral with the
‘end 2'and cover 3 respectively are adjustable

55

.

studs 4 and nuts 5. | Integral wit

orted

and laterally by set screws 17 and 18. The
shaft 1s thus capable of adjustment to be
truly axial within the casing 1. '

In the drawing I have illustrated a pair of
engines mounted side by side as this con-

60

struction provides a high effective form of

the mmvention. The main shaft 10 has a
crank 19 and is used for both engines, as the
engines are similar I will describe one of

them and use the same figures to indicate the -

corresponding parts of the other. Corre-
sponding eircular walls 20 and 21 respec-
tively integral with the end 2 of the casing
ahd cover 3 project towards each other. A

disk 24 having a boss 25 is secured upon the

main shaft 10 and fits accurately between the
rims of the walls 20 and 21 a gas tight joint
being made between these parts by the pack-
Ing rings 22 and 23 in recesses in the rims of
the walls and pressed upon the faces.of the
disk by springs 26. A piston 28, fitting the
annular chamber 27 provided between the

69

70

70

peripheries of the circular walls 20 and 21

and the casing 1 has a head 282 integral with

the disk 24, and a cover plate 29 secured to

the head by bolts 30 and nuts 31 retains in
position the ‘‘L’’ shaped packing bars 32 and
33 which have a rectangular cross section and

‘when arranged In pairs {it the rectangular

cross section of the annular chamber. The
meeting ends of the bars 32 and 33 may be

chamfered as shown by full lines at 34 and 35
‘1n Fig. 20 or the said ends may be formed to

meet as shown by dotted lines at 36 and 37
1in the same figure. These packing bars are
operated by springs 38 whereby they are
made to bear against the top and bottom of

‘the annular chamber and by énd springs 39

whereby they are made to bear against the
end 2 and the cover 3 of the casing. The up-

80

&5

90

095

per part 32 of each packing bar is provided -

with slotted holes 40 and 41 which fit loosely
over pis 42 and 43 respectively screwed into
the piston head 28 see Figs. 19 and 20. This
arrangement permits limited movement of

the packing bars, which are thus prevented

trom moving outward to such an extent as to

catch the edges of a cylindrical chamber 44
the casing 1. A cy]_i.ndricai

100

106

abutment 45 provided with a groove or cavity
46 fits within the chamber 44 and is mounted

upon a spindle 47 having bearings 48 and 49

.secured to the end 2 and cover 3 respectively.

The abutment is continuously rotated by

1

110

09 @ _means of a toothed wheel 50 secured upon !:Iie |
B Yertlcllly by means of set screws 15 and 16.] shaft. 47 and meshing with & corresponding ..



10

15

20

- tooth wheel 51 ﬁxed upon the sha,ft 10.

exXp

>

The
revolution of the piston is thus made to syn-
chronize with the rotation of the groove 46
whereby the piston is allowed to pass the
abutment. Contact. bars 52 and 53 dove-

‘tailed - 1nto the walls 20 and 21 are operated

by springs 54 and 55 which tend to project the
barsabovethe periphery of the circular walls.
These batsproduce a gas tight joint between
the abutment 45 and the circular walls.
The casing and the chamber 44 are cooled
by admlttmg water through a }flpe 56 and

circulating 1t through a channel 57 formed |
around the ‘said casing and chamber and |
“discharging it through pipe 58.

A pump mounted on standards 59 com-
prising a cylinder 59¢ fitted with a piston 60
reclf)rocated by the crank 19 compresses an

recelver 61.
at one end of the l:/ylmdner from a gas supply

main 62 through the valve 63 (see Figs. 1, 4
~and 7) Workmg upon .a seat 64 the valve be-

- ing automatically closed by a spring 65 loca-

20

ted upon the stem 66.

~drawn 1nto the pump through an air valve

30

39

67, see Fig. 9, similar to the valve 63 but
havmg a nut 68 upon its stem 69 whereby the

it of said valve may be regulated as desmed

Gas and air are drawn into the opposite end of

the pump through a gas valve 70 correspond-,
ing with valve 63 and an air valve 71 corre-

sponding with the air valve 67. - The mixture
of alr and gas 1s delivered irom one end of the
pump to the pipe

- 61 through a valve 72, (see FKigs. 1, 2 and 10)

- Workmg upon a seat 73 and retumed by a

40

spring 74 upon its stem 75. From - the
opposite end of the pump the mixture 1s
delivered to the plﬁ)e 76 through a valve 77
corresponding 1in all respects to the valve 72.
A charge of the explosive mixture between

the abutment 45 and the piston 28 when the

45

piston is 1n either of the positions indicated
in dotted lines Kig. 6, the receiver having s
valve 78 shown in detail in Fig. 14.

~valve 1s hollow and cylindrical and slides
~ within a casing 79 opening and closing ports

50

59

60

80 therein through which the exploswe mix-
ture passes by means of pipe 81, to the valve
The valve .78 has a stem 83 pro-

chest 82.
jecting through a cover 84 a spring 85 upon

said stem tending to maintain the v&lve in -

its closed posﬂzlon and a nut 86 screwing
upon the stem regulates the compression of

~ the spring.
- A cam 87 upon the main shaft 10 vibrates

at each revolution a lever 88 pivoted at 89 |

and bearing at its opposite end upon the nut*

86 whelehy the valve 78 'is opened for pas-
sage of gas to the valve chest 82 through the |
cock 90. The valve chest is fitted upon the
end of the casing and contains two non-re-
turn valves 91 and 92. The valve 91 closes

I

osive mixture of gas and air within the
The gas is drawn into the pump :
 arrow the full lines showing the piston pass-
ing

Alr 1s smlulta,neously ;
| space between the abutment and the piston,

e 76 leading to the receiver

This |

| battery

;913,635-

105 leading to the annular chamker, the
valve havmg o stem 94 working through the

neck 95 a nut 96 upon the stem compresses

a spring 97 located upon the neck and tend-

Ing to close the valve. The valve 92 is of

precisely similar construction closes the
opening 98 communicating with port 106

70

leading to the annular. chamber upon the

opposrte side of the abutment to port 105,
the valve has a stem 99 passing through the

75

necL 100, and the nut 101 thereon compress— -

ing spring 102. |
he cock 90 has a portway 103 passing
half way through the plug 104 and then

. branching at rlght angles the plug may there-

80

fore be turned to direct the explosive mixture -

to either the valve 91 or 92 according to

required direction of revolution of the piston.

As shown in Fig. 6 in dotted lines the piston
is arranged to revolve in the direction of the

the abutment. When the piston is

85

des1red to rev olve in the o%pocslte direction

the cock 90 is turned and the explosive
charge admitted through the valve 92 to the

90

the piston being then upon the opposite side

of the abutment to that shown in dotted

lines in Fig. 6. The ports 105 and 106 are
crossed by bars 107 which prevent the piston_
packing bars from catching in the ports.
The ignition of the -éxplosive charge is
effected by an electric spark from a battery
108.
breaker consisting of a drum 109 of 110]:1—
conducting material across the periphery oi

Upon the main shaft 10 is a contact. .
100

which extends a strip of copper 110. 'The
wiper 111 rests upon, the drum and is in elec- .

terminal of the
108, .a second wiper 112 rests upon

trical. connection with a

F £
.
()

the drum and is in electrical connection

through wire 117 with sparking plugs 113

45, and through wire 118 with sparkmo’
plugs 115 and 116 upon the second engine
and similarly arranged in regard to the abut-
ment thereof. The wire 119 continues the

| and 114 one upon each side of the abutment -

110

circuit to the battery so that at each revolu-

tion of the shatt sparks are generated at the

plugs within the annular chambers. Ex-
haust ports 120 and 12J upon opposite sides
of the abutment and opposite to the open-
ings 93 and 98 are one or other of them ac-
cording to the direction in which the piston
is revolvi ing opened to an exhaust pipe 122

through the cock 123 in. the exhaust chest

124 (see Figs 5 and 13) which has a port-
| way 125 w 1ch permlts this to be done.
After - the explosive charge has been

ignited between the abutment and the piston

a small quantity of water in fine spray is in-
]ected through a narrow slot 126 extending
across the annular chamber, commumcatmg
with a passage 127 in the casing through

11&

120

an o penmn' 93 communicating with a port | Wthh water is forced at each revolution of 130
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| thé_"ma;in__ Shaft by a pump'128 said pum
~having a plunger 129 and being connecte

- plunger being operated
cam 130 upon the main shaft, and returned
by a:spiral spring 131 threaded upon the
lunger and bearing against the collar 132.

10

with the passage 127
' contact with a

A similar slot 133 is provided upon the
opposite side of the abutment, communi-

cating with a passage 134 which is connected |
- by.apipe 136 with the three way cock 137

upon ‘the pipe 135 whereby water may be

- to the other accordine to the

cut off from one of the passages and admitted
which the engine is running,
- What I do claim and desire to secure by
Letters Patent of the United States is:—

1. In a.rotary gastengine & casing, a shaft

- co-axial with the casing, a cam upon the

20

shaft a receiver, a valve upon the receiver

- operable by the cam, a valve chest having |

- an-opening ‘in the casing, a pipe connecting

‘the receiver and valve chest and 8 Non-

__Teturn valve covering the said opening into

~co-axial with
" shaft, a receiver, a valve
- operable by the cam, a va
‘openings into. the casing, non-return valves
.. covering the said openings, a pipe connecting

30

the valve chest having a right angled portway
. formmg ‘communication

-as specified. ~ . T
.. 8. Inarotary gas engine a casing, a shaft
_co-axial with the casing, a  cam upon the
- shaft, a receiver, a valve upon the Teceiver
operable by the cam, a valve chest having-

40

- covering the said openings
‘the receiver and valve chest and a cock in
_the valve chest having a right angled port- |
45 way forming communication between the
Eipea.nd one or other of the valves, an ex-

25 the casing -substantially as specified..”
-2, 'Ina rotary-gas engine a casing,a shaft |

4

the casing, a cam upon - the

ve chest having

the receiver and valve chest and a cock in

etween the pipe

and one or other of the Valves substantially

openings into the casing, non-return valves

* haust chest upon the ‘casing opposite: the
valve chest and having exhaist openings

. Into the casing, a cock in the

50

-the said exhaust
‘specified. _ , -
"+ 4. In arotary gas engine,.a casing, a shaft

| 55

co-axial with
~ shaft, a pump

the casing, a crank upon the
ump operable by the shaft, valves
for admitting gas to the pump, other valves

for '-'admjtti’ng.gir to the pump, other valves

bﬁ a pipe 135, the
y

direction in | _

| ‘| in an annular chamber within the casing, an
abutment having a cavity and rotafable .
‘across the annular chamber, means for ad-
‘mitting an explosive mixture of gas and air
to the chamber between the piston and the

ulpon the receiver

a°'pipe connecting

Nt cock exhaust chest’
having a right angled portway communicat-
- Ing with the atmosphere and one or other of
openings substantially as |

& piston upon the disk and revoluble in the

| for 'em'i's'si_(in of the contents of the pump %:

receiver, pipes ,cohnectinﬁ

_ the pump and re-
celver, & spring operate

valve on the re-

celver a cam upon the shaft and adapted to

operate the said valve, a valve chest having

openings-into the casing non-return valves
covering the said openings a pipe connecting
| the receiver and valve chest and a cock in the

60

65

valve chest having a right angled portway

forming communication between the pipe

and one or other of the non-return valves,

substantially as set forth.

5. In a rotary gas engine a casing, a shaft

co-axial with-the ¢éasing, a piston revoluble

abutment, means for igniting ‘the mixture

70

75

a cam upon the shaft & pump having a spring

operated plunger.operable by the cam and g
pipe leading from the pump to a slot across
e parallel to the ‘abut- -
| ment substantially as specified. © ..

the annular chamber.

6. A rotary engine comprising a casing,
circular walls projecting towards each other
within the casing, a main shaft co-axial with
the circular walls, a disk upon the main shaft,

annular chamber formed by the circular

walls and. the casing, an abufmeént having &

cavity and . rotatable ‘across—the annular

J .

chamber a spindle upon which the abut-

80

85

90

ment is secured toothed wheels one each

{ upon the main shaft and spindle respectively
and gearing together & cam upon the shaft
a receiver a valve upoiu the receiver operable
by the cam, a valve chest having openings

mto the casing non-return valves covering
the sald openings, a pipe connecting the re- -
|-celver and valve chest, a cock in the valve
R

chest having a right angled portway forming

-communication between the pipe and one or
other of the valves, an exhaust “chest upon
the casing opposite the valve chest and hav-

ing exhaust openings into the casing, a cock
in the exhaust chest having a right angled
portway  communicating with the atmos-
phere and one or other. of the said exhaust
openings, substantially as specified. © -

_In testimony whereof I have signed my

| name to this'specification in the presence of

_ . JOHN EDWARD FRIEND.
Witnesses: - ~ -
-HENRIE HaMPTON RAYWARD.
KRNEST SMITH BALDWIN.

two witnesses.
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