M. WHITE.
ROTARY ENGINE.
APPLIQATION FILED AUG, 8, 1907,

917,390, . -  Patented Apr. 6, 1908.

6 SHEETS—SHEET 1.

Withesses: | ~ Inventor,

Attorneys



M. WHITE.

- ROTARY ENGINE,
APPLIUATION FILED ATUG. 9, 1907,

Patented Apr. 6, 1909.

917,390. ' ' - _
| p SHEET3—SHEET 2.
77— ~
~1G.2. 7K
| (_f" 7 ¥ 56
74 66
- z9{N | N
60”! ) L e —
60= -~ i i
60~ | I b a 79
/=1 e
06— N 7 \ it
- = L
/ @ __4 . = J =
/fj' - ¥ 7 by
/| N ‘ _
— ,_ ' = =/

il ——
——r——

%,

I \ A /ﬁ 7
m,% 0

M S e — e e aml . e sy

e —.
- — R —y - e
«h

/ . :
iy A _
e

N v i

9 IZ 4
, ;i &7 - Al
X 20 Fic 4.
WNE: N 76
] | LE]ﬂ oA /
| [l =iy = : FJO
A Z I min=
- ji .
T ST
.Ir LA_/I o 'I ! I ‘__._
_ = O =l
Withesses: I_nventor,

T Bakes

e Mavwors White,
M | | By A

%s



M. WHITE.

~ ROTARY ENGINE. |
" APPLICUATION HL:.D- AUG. 9, 1807,

917,390, Patented Apr. 6, 1909

6 SHEETS—SHEET 3.

Fia-3.

THE NORRIS PETERS CO., WASHINGTON, D, €.



M. WHITE,

ROTARY ENCGINE.
APPLICATION FILED ATG. 9, 1907.

917,390. _ - Patented Apr. 6, 1909

6 SEEETS—SHELT 4.

il 7 Fe7

Withesses: , | | Inventor,
E 2 : ¢
(W /% 73&_/6'0&'0& Attorneys

THE NORRIS PETERS CO., WASHINSTON, D. C.



M. WHITE.

- ROTARY ENGINE.
APPLICATION FILED AUG. 9, 1907.

917,390, _. Patented Apr. 6, 1909,

5 SEEETS—SHEET .

) J'*;'JW\N*QL_-]]l][nln"'
_m%—'_;—-—.._

. . = -
#&W -i""‘- ‘::‘_" e S =
* ﬁ q‘; I‘-II_-'"'--‘__-‘.-

+ 5

Fic O.

Maywon While:
: Inventor,

¢

Attorneys

THE NORRIS PETERS CO,, WASHINGTON, D. L.



24

30

ot
-

-t
ot b

| Eb g UlE”'

UNITED s1AL ES P

F’“i P kil N
ATENT OFFICHK.

MARVEN WHITE, OF WHEATLEY, ONTARIO,

ROTARY BN

CANADA.

GIMNE.

TEETL TEL O EE AW LSS LN T L

Specification of Lietiers Patent.

Patented April 8, 18006.
Serial No. 387,759,

No. 817,390.
Application filed August 9, 1907,
To all whom ¥ may CONCErTL

Be it

w 4]
- W, {4

lﬁam n that l., MARVEN WHITE,
subject of the ing of Great Britein, residing
at “; ileﬁtleﬂr? cuuim*' of Bssex , 1 the Prov-
ince of Unt .9;110 Canada, have invented cer-
tain new and useiul hnpmvembmh 11 notuv
and I do hereby declare that the
10]101@*1110 is a full, clear, and exact deserip-
i1on of the mvention, such as will enable oth-
ers skilled in the art to Which it appertains to
nnlw anl use the same
The present u‘r‘*mf"’rmlem 13 an mvention
in compound, (7*@11111111{:”@ drive rotary sbemn
engines of the sliding butment type, where-
m steany is adn uhm _a rst to o high power
COMPLRssion (‘h amber, then led from the high
power chambper to 2 1 v chamber,
and alter spending its energy in the low
nower chamboer, Gmull}“ exhausted from the
SRS ine to the outside alr.
The prineipal aim of this immuiﬂon 15 1o
construet engine of the above general
tvpe, wherein a singie rotary niston s pro-
vided with surfaces on its oppos 1te siaes so
formiod o as to present approx umately Concen-
trically disposed steam mmmuer Ch i
W hich tl wough the contour of 1ts own surface
itn cobperation 'wm} , 5 Jdlhb abutment 18 di-
vided mto an re‘x:“a ust and 2 wmium cham-
ber, tiie cha 1111.;@19 on one side of the 1);51;011
alter nating with those on the opposite side
thereor 1n ,sur'h manner as to present the high
POWCT (Jhwmmw -U¢C{ﬁ}?91’=f for admission
of Hive steam from the s cp cst, to present
s high pimffzm ¢ exh AUST e ha nmu on one side
oi the piston, in position to exhaust into a
i OW Pressure working’ cha ,_1'1}'){,1 o1 the oPPOo-
to side of the pision, and to present a hw
ple-m-hw Working Ch..,l;lb“l on the same side
a5 the last nemed low pressure working
{'31’1&111@ v in position for ex hsust to the out-
side a1r; the whole e ngine working automat-
1% ﬂ;ﬂ}
m]‘m Valves are SO
u] as to admit,

% 5
DOY "‘J"’EJ.

N3

"i. yit

‘{;_J‘*thl(n.ﬂ{l alld  ar-
¢ xhaust, transter and re-
ax h 31 Jle sLe;wf:, L0 de [rmu the chambers
a5 ¢ Lf} ¢ @eNersily statec comm 1ously and
1+ the DPASSALES (“;i the stesm being

SUCCESSIV LY,
so rapid as to exist practically simultane-
(“‘th"

That one skilie '[ 1'31 the art to which this
v e..li"fon relates n 13
derstand 1ts {301%@1 OTL &N
tion, rererence siwo L1L;. hﬁ bad 1
1:).L.,ﬁ"*'w e {11"&1?11108 wherein one gen
of the engine is iHustrated.
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!‘ hf}ttom ot the steam chest.

2 and 3 bebween their respe chive

Figure 1 1s a diagrammatic view, showing
the path of steam from its successive admis-
sion. to the high pressure chambers, its trans-
fer from them successively to the iow pres-
sure chambers, and its exhaust {rom the low

| pressure chan’*belb successively to the out-

A
side ai iig. 2 18 a ver tical cross Se.(;umnal

VIEW, t‘llTG”’l centrﬂlly through *b CcngIne as a
whole. Fig. 3 is a plan view of the interior
face of the re mov&ble cviinder head, showing
111 section the arrang erient of steamm ports 1
the v ELh‘ Fig. 4 is a plan view ol the 36
eral elements of the sliding valve. Fig. 4’ is (S
a side view of the same assemblw
2 plan ﬂew of the v .;Lhre—pwl, nlate in the
Hig. 6 1s a plan
view of the reverse side of the same. *‘*16 7
is a front view of the engine as a whole, look-
ing toward the 1@1110?&1)1@ cylmdi r head and
ShOV?“l"“ the relative pﬂsumns {md connec-
tions of the several suj -plw; and exhaust port: ts

on one side of the piston head. 1i1g. 818 a
plan view of one face of the piston shov VlIl_%

the preferred formn of driving surfaces of the
steam chambers and thelr Telative disposi-

aﬂm - and, fig. 9 1s a side elevation of the pis-
ton 28 a separate element.
Referring to the drawings in detail: e
piston )rimdm 1 (,{";:111*11&,{?5 s the two heads 2
and 3, the head 3 being removable and the
head 2 ¢ .[1113?1110 prefﬁmb]y inteorally formed
therewith, the cymldﬂl wall 4. The two
heads and w aﬂ constitute between them,
oener ﬁ,lly spk& king, a cylinder. Ifach ol the
heads 2 dud 3 mui S 110110&” m'flmduml
bang 10/ uupm 1dine from the center of the m-
ner face thereof toward the center of the cy‘
mder mmm, and C-angf—mwn“y toward each
other, in such relative position as to present
betw en thent a circular space in which the
web 11 of the piston 6 travels as the piston
rotates with its shatt 15,

The interior surfaces of

the eyhnder heads
mnﬂs 167

and the eylinder wall 4, are similar m all re-

spects, and thereiore a de seription of one ol

tham will be sufficient. The ‘head 3 is DIro-
vided on. 1t inner face with an annular raised
surface, ancular in cross section, and pre-
senting a umula,r apex 3’, which 1s concen-
tric with the center of the piston shaft, and
two oppositely inclined faces 7 and 8 which
codperate with faces on the plSt‘)]ﬁl 6 to form
therewith steam chambers, the faces 8 codp-

erating with piston surfaces to form high

i power compression and exhaust chambers,

El;;_;. 518 ¥
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- point 16 of the surface 10 is diametrically

09

CUAIer:

face 8.

- et |

and the faces 7 coOperating with piston sur- |

faces to form low power compression and ex-
haust chambers, all as will hereinafter ap-
pear. | ' o
The piston, designated as a whole by the

}i) 6, comprises a block, provided on its
opposite faces with two concentrically dis-
posed and reversely directed helicoidal sur-
faces 9 and 10. These surfaces 9 and 10 are
separated from each other throughout their
extent by the circular groove 12.

The groove 12 1s disposed concentrically
with relation to the piston shaft 15’ and
when the piston is in operative position, is
coincldent with the apex 3’ of the annular
surface on the cylinder head 3.

The apex 3’ of the surface on the head 3 is
grooved as at 13, and a spring-pressed pack-
ing ring 14 forms, fitting into the groove 13
under spring pressure, a steam tight joint
between the two annular chambers on either

side of the apex and lying between the piston |

face and the cylinder head. These two
chambers are further each divided into two
more chambers; one an exhaust and the
other a working or drive chamber. This
division into exhaust and working chambers
1s made by a high point 15 on the helicoidal

“surface 9, which travels in continuous though

light contact with the face 7 and a similar
high point 16 on the surface 10 traveling in
light though continuous contact with the
To present steam tight joints be-
tween 15 and 9, and 16 and 10, respectively,
suttable packing pads 17 and 18 are attached
to the poimnts 15 and 16 respectively. A
sliding abutment 19 is seated in a groove 19’
in the head 3. This abutment 19 1s, prefer-
ably, semicircular in form and so mounted as
to osciilate about the apex 3’ as a center.
As the high point 15 reaches the abutment
19, the abutment 1s swung about the apex 3’
at right angles thereto until the portion of
one side of the apex 3’ is forced below the
surface 7. While the abutment is being
forced below the face 7, it is likewise being
forced above the face 8, as will he readily
understood.

The pitch of the two surfaces 9 and 10 is
so proportioned, and the surfaces themselves
are so placed, that as the high point 15 of
the surface 9 reaches abutment 19 the high

opposite, and consequently the extreme low
point ot the surface 10 1s over the abutment
19, and 11 contact therewith.

The surfaces 9 and 10 are so constructed

- a8 to travel in continuous sliding contact

60

with the abutment 19 and (at points 15 and

16) with faces 7 and 8 respectively., It is
clear from the above that the surfaces 15
and 16, together with the surfaces ¢ and 10

- and sitding abutment 19, form four separate

65

steam chambers. These four chambers are

low pressure chamber starts. _
reverse the engine at any moment, it 1s only

917,390

two low power chambers, two of which ex-

haust and two drive as the piston revolves.
On opposite sides of the abutment 19 are
disposed two steam ports 20, 20" and 21, 217,

Port 20 1s adapted to receive live steam at
As the

high pressure, as will later appear.
steam from port 20 acts upon a portion of
the surface 10 between the abutment 19 and

70

the point 16, the piston is revolved, as indi-

cated by the arrows fig. 1.

As the portion 7

of the said surface lying between the opposite

side of the abutment and the point 16 ap-

proaches the abutment, steam previously

admitted thereto exhausts through the poft
20, through the passage 20’" and through the
port 20 into the passage 53 of the valve-
port - plate 50, through port 54 therein,

through port 31 in the disk 32 of the slide

valve 30, thence through the port 33 in the
disk 34, thence through the port 35 in the

through port 39 in the disk 34, thence
through port 40 i disk 32, thence through
port 55 in port-plate 50, through passage 56

disk 36, along diagonal passage 37 therein to
the port 38 therein, through said port, thence -

80

60

therein into port 60"/, thence through pas-

sage 60" and thence through port 60 into

the low pressure chamber on the opposite

side of the piston. At the end of the suc-
ceeding revolution, the steam admitted
through port 60’ exhausts through port 60.
Krom port 60 the steam passes through pas-

D
et A

sages similar to those connecting the ex-

haust port 20”7 with passage 53. It then
passes along the passage 57 in port-plate 50,
through port 58 therein, through port 41 in
disk 32, through port 59 in port-plate 50 and
thence to the outside alr by way of exhaust
passage 69. | o R

Packing rings 81, 82, 83 and 84 are placed
petween the piston surface and the c¢ylinder

- wall 4 and between the piston surface and
tags 10 to preserve absolutely steam tight
joints and prevent any leakage of steam.

The remaining high power and low power

chambers recelve steam through the slide

valve 30 and the ports and passages therein
1n a similar manner to that above described.
The high pressure chaniber on the side of the

piston opposite to the one deseribed beging
to receive steam at the same moment its
- counterpart begins to-exhaust, the transfer

of 1ts steam to the low pressure chamber on

100
105
110

115

the opposite face of the piston beginning at

the same time that the exhaust of the first

necessary to slide the valve 30 to cover the
ports 62 and 63 by which steam was delivered

to the port 20 and 1ts counter port and to 1
open up vorts 54 and 55’, whereby steam will
be admitted to the reverse high power cham-

L

bers, as will be evident.

adapted to constitute two high power and | inder 1 and is provided with an inlet 71 for

In order to.

120

35
-J.- mral !-_.Ir

A steam chest 70 is mounted upon the ¢yl- -
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admission of steam thereto and a second '’

opening 72 through Whmh a sultable han-

dle 30" may be projected for operating the
valve 30.

The valve-port-plate 50 may or may not
be ngidly connected to the steam chest. 1t
1s essential, however, that this plate and its
ports and passages bear a (luﬁn-te e un-
changeable reiation to the delivery and ex-
haust ports of the several chambers of the
engine, and to that end 1t should be secur ely
attached either to the cyviinder 1 or to the
steam chest.

As shown, the preferred form of shide
valve 1s one COlllpllSIHQ a plurality of disks,

each disk being provided with a plul ality of
ports, and two of said disks each having
therein a dizgonai passage adapted to trans-
fer steam 110111 2, 111011 pressure chamber on
one side of the ]Jlston to a low pressure cham-
ber on the opposite side Lhuﬂof However,
if desired, the VJ]VB may be made from a sin-

eole 133&1:;(3*'qu of metal, and the passages and

ports bored therelin.

It 1s obvious that by using one set of
chambers for inlet and driving the other set
could be used for suction, and the engine
thereby comtitu*i;ed a pump with very satis-
factory resuits.

The motive fluid selected for purposes of
iliustration 1s steam. Clearly, any other

agent exerting its energy throug! hl expansion

1s equally apph able, and the invention is

meant to cover an implovement of the ¢har-

actei deseribed and adapted to use any one
il such power ﬂents

M any changes in the construction and ar- |

rangement of parts may be made without in
any way departing from the scope and ex-
tent of the niresent invention.

Having thus £ ully described my invention,
what I claim as new, and desire to secure by'
Letters Patent, is:—

1. In a compound rotary engine, a cylin-
der comprising removably conmected hea ds,

each pr ovided with oppositely inclined con-

centrically dispesed annular surfaces on its
interior face, the in clinu’tion of one surface
being tov-ard the center of the ylinder and
the ineclination of the other surface being
directed avay from the center of the eylinder,
the two surfaces meeting and forming an
A ‘ULL"' APex or ridge, a pls‘mn mounted o
rotate betvieen said heads and provided «ith
surfaces Lmap ted to coOperate with the sur-
faces on me cylinder heads, and an annular
apex or ridee adapted 0 travel in close con-
tact with the ridge on the cylinder heads,
the cvlmdfﬂ head surfaces and piston sur-
faces forming betieen them a nluimlw of
steam chambers, and means for admitting
steam to and exhau%mm it from said cham-
bers.

2. In a compound rotary engine, a cylin-

each provided with oppositely inclined con-

entrically disposed annular surfaces on its
inteyior fa,w, .Lh@ inclination of one surface
being tovard the center of the cylinder and
the inclination of the other surface being
directed away from the center of the cylin-
der, the tvo surf&ces meeting and forming
an annular apex or ridge, a piston mount ed

i to rotate bet ~een said heads and proxrlded

“ith surlaces adapted to codperate = 1th the
Smiaces on the cylinder heads, and an an-
nular apex or ridge adapted to travel in close
contact vith the lldﬂe on the cylinder heads,
the cylinder head surfaces and piston sur-
faces forming betveen them a plumh‘tv of
steam ch&mb@rs and 1 means for admitting
steam to and exhausune it from qmd cham-
bers successively.

3. In a compound rotary engine, a cylin-
der comprising removably connected heads,
each D ovided yith oppositely melined con-

eﬂtnmﬂy disposed annular surfaces on its
mterior face, the inclination of one surface

-~}
o

&4

85

being tovard the center of the eylinder and -

the inclination of the other surface being
directed avay from the center of the cvlm-—

der, the two surfaces meeting and forming
an annular apex or ridge, a niston moum-
ed to rotate between said heads and DO~
vided with a plurality of surfaces on its op-
posite sides adapted to codperate with the

surfaces on the cyLm er heads, and an an-

nular apex or ridge adapted to travel in close

(*outact v 1th the 11d0e on the cﬂmde heads,
the .ijllildii‘l head surfaces and piston suir-
faces forming betveen them a *)hu“*ahn,v of
steam chambels} a shiding abutment in such
cylinder and oper ated by the surfaces of the
piston head and adapted to divide said

chambers on the apnosﬂ:e sudes of the piston

head each into working and exhaust cham-
bers, and means for ad mitting steam, to and
exh&ustnw it from said chambers.

4. In a mmnou’ld rotary engine, a cylin-
der, con *emnmﬂv disposed ancl oppﬂsmel}
mdmed annular surfaces on the interior face
oi each of the cy! linder heads, the inclination
of one suriace being toward the center of the
cylinder and the iclination of the otlmx SHARS
face being directed away from the center of
the ﬂylm(w]" the two surfaces meeting and
forming an annular apex or 1idge, a piston

| mounted to rotate in said cylinder and DIO-

vided on 1ts opposite sides with concen-
trically d:{fsr'esul oppositely 111ﬂ]119d SUr-

| faces, and an annular apex orv ridge which
travels in contact with the APeN OF 11{13 011
the adjacent C}Tlmdﬂl head surfaces, the sur-

faces on one side of the piston head co-
operating with the surfaces cn the adjacent
cyhinder head to form a plurality of steam
chambers divided mto %lleu; oNe Series con-
stituting high power chambers and another
low poier clmmbels, an abutment operated

der comprising removably connected heads, | by said piston and adapted to divide said

90

95

100

|
-
ik 1

1224



chambers each into working and exhaust

chambers, and means for admitting steam to

10

19

20

25

40

and exhausting steam from said chambers

successively.

5. In a compound rotary engine, a cylin-
der provided on the interior face of its re-
spective eylinder heads with concentrically
disposed oppositely inchined annular sur-

faces, the inclination of cne surface being |

toward the center of the cylinder and the 1n-
clination of the other surface being directed
avway from the center of the cylinder, the

two surfaces meeting and forming an an-
nular apex or ridge, a piston mounted to

rotate in said cylinder and provided on its
opposite sides with concentrically disposed

and oppositely inclined surraces meeting to

form an annular apex or ridge, which travels
in. contact with the apex or ridge on the
cylinder head, the piston surfaces being so
adapted that one of them on each side of the
piston head codperates with one of the sur-
faces on the adjacent cylinder head to form

therewith a plurality of low power chambers,
and the other of said surfaces on the same |

side of the piston head codperates with the
remaining surface on the adjacent cylinder
head to form therewith a plurality of high

power chambers, the high power and low

power chambers alternating, with one an-
other, an abutment operated by said piston

“and adapted to divide each of said chambers
into a vorking and an exhaust chamber, and

means for admitting steam to and exhaust-

ing steam from the high power and low

power chambers successively.
6. In a compound rotary engine, a cylin-

“der provided on the interior face of its re-

spective heads with concentrically disposed

and oppositely inclined annular surfaces, the

inclination of one surface being toward the

~center of the cylinder and the inclination of

45

50

the other surface being directed away irom

the center of the cylinder, the two surfaces
meeting and forming an annular apex or
ridee, o piston mounted to rotate i said
cylinder and provided on its epposite sides
v.ith concentrically disposed and opposttely
inclined surfaces meeting to form an annular
ridege adapted to travel in contact with the
ridge on the adjacent head, the surfaces on

each face of the piston being adapted to form

09

60

65

codperatively v ith the surfaces on the adja-

cent cylinder head a plurality of concen-
trically disposed steam chambers, the steam
chambers on each side of the piston being

divided into series of high and low powvrer
chambers, the high power chambers and low
power chambers on one side of the piston
alternating one with the other, and the high
powrer and low power chambers on the oppo-
site sides of the piston alternating respec-
tively with similar high and low power cham-
bers on the opposite sides ot the piston, an
abutment operated by the piston and

1
|
|
)

!

o 917,390

adapted to divide each of said chambers into
a working and an exhaust chamber, means
for admitting steam to the high power cham-

bers, means for transferring steam Irom a

high power chamber on one side of the piston

to a low power chamber on the opposite side
of the piston, and means for simultaneously
exhausting steam from the low power cham-

ber on the first side of the piston.
7. in a compound rotary engine, a cylin-

der heads with concentrically disposed op-
positely inclined annular surfaces, the in-

clination of one surface being toward the cen-

ter of the cylinder, and the inclination of the

other surface being directed away from the

center of the cylinder, the two surfaces
meeting and forming an annular apex or
ridge, a piston mounted torotate insaid cyiin-
der and provided on its opposite sides with
concentrically and coéperatively disposed
surfaces meeting to form a ridge adapted to

70)

75
der provided on the interior faces of its ¢ylin-

S0

travel in contact with the ridge on the ad-.

L

jacent cylinder head, the surfaces on the pis-
ton head being adapted to form with the sur-
faces on the adjacent cylinder head a plu-
rality of concentrically disposed steam
chambers, the chambers being divided into

00

hioh and low power series, the high power

and low power chambers alternating one

to oscillate in the cylinder wall and adapted
to be so oscillated by the surfaces on the pis-
ton head as said piston rotates and to divide
each series of high and low power chambers
respectively into receiving and exhaust

chambers, and means for admitting steam

to said steam chambers and for exhausting
1t thereirom. .

. In a compound rotary engine, a cylin-
der comprising removably connected heads,
each having on the inner face thereof con-
centrically disposed and oppositely inclined

face being toward the center of the cylinder,
and the inclination of the other surface being
directed away from the center of the cylinder,
the two surfaces meeting in an annular apex
or ridge, a piston mounted to rotate between
said cvlinder heads and in contact with said

100

105

annular surfaces, the inclination of one sur-
110

115

annular apex and provided with surfaces
adapted to codperate with the surfaces on

the cylinder heads and to form therebe-

tween & plurality of steam chambers, the sur-
faces on the piston head being disposed alter-
nately on opposite sides of the aforesald apex

or ridge, and means for admitting steam to

and exhausting it from sald chambers.

9. In a compound rotary engine, a cyln-
der comprising removably connected heads,
each having on the inner face thereof con-
centrically disposed and oppositely mnclined
annular surfaces, the inclination of one sur-
face being toward the center of the cylinder
and the inclination of the other surface be-

......

120

125

1306

95
with another, a sliding abutment mounted

P\
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ing directed away from the center of the
cylinder, the two surfaces meeting 1n an an-
nular apex or ridge, a piston mounted to ro-
tate between said cylinder heads and 1 con-
tact with said annular apex or ridge and
provided with concentrically disposed oppo-
sitely inclined annular surfaces, adapted. to
cooperate with the surfaces of the eylmder
heads to form therebetween a plurality of
steam chambers, the surfaces on the piston
heads being disposed alternately on oppo-

site sides of the aforesaid apex or ridge, and

means for admitting steam to and exhaust-
ing steam from said cylinder.

10. In a compound rotary engine, a cylin-
der comprising removably connected heads,
each having on the inner face thereof con-
centrically disposed and oppositely mclined
annular surfaces, the inclination of one sur-

20 face being toward the center of the cylinder

and the inclination of the other surface being
directed away from the center of the cylin-

der, the two surfaces meeting in an annular
apex or ridge, a piston mounted to rotate
between said cylinder heads and 1 contact
with said apex and provided with concen-
trically disposed oppositely inclined annular
surfaces adapted to codperate with the sur-
faces of the cylinder heads to form therebe-
tween a plurality of steam chambers, the 1n-
ner set of surfaces on the piston nead being
arranged alternately with relation to the
outer set thereon, said annular surfaces be-
ing disposed alternately on opposite sides of
the aforesaid apex or ridge, and means for
admitting steam to and exhausting steam
from said cylinder.

In witness whereof 1 have hereunto set
my hand in the presence of two witnesses.

MARVEN WHITHE.

Witnesses:
ArTHUR LA MARSH,
BurToN VRAKER.
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