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Do all whony it mey concern: -

Be it known that 1, Lewss HArLLoor W ASH,
acitizenofthe United States, residing at Brook-
lyn, in the gounty of Kings and State of New
York, bave invented new and nseful Improve-
ments in Gas-Bagines, of which the following
i3 @ gpecification,

My invention is directed to the improve-
pent of thas class of gas-engines in which the
‘combustible mixture is introduced into the
power-cylinder while the waste gases are ¢s-
eaping, whereby the former acig to drive the
of my inven'
tion are {0 prevent the incoming charge from
becoming mixed with the eseaping wasts pro-
duets, te promote the cfliciciey of the lighter-
valve, and to reduee the friction of the valve.
operasing eonneetions, aid other features par-

_tienlarly pointed ous in the speeidfication snd

elaims. :

n gas-engines in which the waste 2865 are
expelled fvom the eombussion-chamber by the
inflowing tharge the valve-ports ars of neces.
sity very small as compared with the ares of
the eombustion-chamber, and henee the charge
issnes from said ports with 5 high veloeity in
Jet-currents which entor the combustion-ehan-
ber and cirenlate avound it, 80 18 to mix with
the charge of waste gasen thervein contmined.
16 bus been attempted to aveid ihis by mak.
ing the passage lending from ¢} ivs to fho

Ltoa val
combustion-chamber of a curvedséetion grad-
ually enlarging fiom the valve to the eylinder,
under thé supposition that the gases will ex.
paad and il the enlarging pas: 228 in a ani-
form flowing volume. I hive found by ex-
periment thas the desired result eannos be oby-
tained by this means, sines the gases once hav-
ing a high veloeity imparted to them will cig-
cuiate-around the walls of the-combustion-
chamber, nizing with $he wasts gases to an
injurfous extent.  Ae a means of preventing
the fases of the new charge from Howing di-
rectiy to and ous of the exhauss and from

mingling with and being dilnted by the spent

gasés inthe power-eylinder, the latter has been
provided with a series of transverse deflector-
plaies arranged to present a step-like form of
surfaces aeross the eylinder back ward inte the
chauael or passage through which -the gaseouns
mizture passes io the power-eyiinder, the saidl

| inlet-passage being ab right angles to the said
plates, so that as the mixture rushes apward

throngh.the passage it will strike successively
the edgesof the various trahsverse plates, and
first one portion and then another of the mix-

55

ture will be deflected and thrown. ocubward

across the area of the eylinder, reducing the
speed with whieh the charge will be thrown
inward toward the exhaust and creating eqd-

. dies and counter-currents under the supposi--

tion that such eddies ténd 6o retain the charge
in the vear of ‘the cylinder and pravent any

portion theresf from being projected through .

thespent gasestotheexhaust, . This, however,
is not the fact. The essential feature of - this
planis the arrangement of the serics of de-
{leetor-plates so that each will projecs into the
inlet-port in parallel relation to each other, so
that a portion of each plate of the series will
firsbact to throw the gases outward from the
cylinder ab right angles to the inlet and: then
direct them in eddies and counter-currents
into the cylinder through the spaces between
said deflectors. The necessary effect of the
eddies and counter-currents produced by said
piates is 40 mix up the fresh charge wich the

-foul gases of the preceding charge and to de-
feat the very object which I have in view in

employing a perforated partition. s
My improvement provides for retarding and

65
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szpanding the flow of the gaseous currents

within the combustion chamber by interrups-
ing its continnous flow and directing the gases
in parallel currentsof nuiform veloeity through
e power-cylinder by means of ons or more

partiticu - plates having . perforations snd
‘placed eitber ab the end of and within said pas-

sage or in'said cylinder,-and thus carry the
volume of the waste gases before them with-

8s
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out eddy-currents, said plateg extending en.

sirely acrosssaid passageor cylinder. 1In this
way the perferated partition-plates will redi-
rect the flow from currents moving in civealar
and eddying paths to currents moving in di-
rect parallel lines within the power-cylinder

improvement.
In like manner these perforated plates recsive
the flame from the gas-inlet port in its corved
path and diffuse it from the combustion- cham-

ber in nniform paraliel lines-into the powes-

95

withont eddies and counter-currents, which
“would defeat the object of my

100
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cylinder, and thus render the combustion com-
pléte and obtain, its full explosive force. In
this particular the employment of the perfo-
rated plates with the iguitor-valve gives im-
portant advantages. Theseand other features
of my invention for carrying out the objects
of my improvements I will now proceed to de-

_ibe in - connection -with the drawings, in
which— L, ' )

‘Figure 1 répresents a vertical section of my
improved - gas - engine. Fig. 2 represents a
similar section taken centrally through' the
power eylinder at right angles to Fig. 1. Fig.
3 shows the under side of the perforated par-
tition of the combustion chamber by which
the cnrrents entering the latter are retarded,
expanded, and directed from curved paths in

parallel lines into the cylinder. Fig.4shows.

‘the power-cylinder ip:-vertical section as used
with an ‘enlarging passage for the inflow, in
which the arrows illustrate the moving jet-
eurrents of the eharge so as to mix with the
‘escaping waste gases when -my improvement
‘is'not used. Figs. 5 and 6 show power cards
or diagrams takén from the engine operating
under the.conditions in which the charge is
mixed and is not mixed with the escaping
waste gases, as will be hereinafter explained.
Fig. 7 shows the valve-operating mechanism.

30 Fig. 8 shows the valve-case in section. - Figs.

9 and 10'show the valve and case in sectional
views, the valve being in different positions:
Fig. 11 is a cross-section of .the valve and its

_case on the line # of Fig. 9. ' Fig. 12 shows

35

the valve in seection, and Fig. 13 a cross-sec-

‘tion thereof through the ignition.chamber and

supply-passages; and Fig. 14 represents the
valve-case in elevation, showing the ignition

“and escapé ports.

40
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" The engine shown is of the vertical type,and

the power-cylinder A issurroynded by a eool-
ing-jacket, W. The combustion-chamber C is
formed in. a separate hood, D, which opensinto
the power-cylinder and communicates at one
side of the latter with the supply-valve port.
The forward end of the power-cylinder opens
into a casing, E, of the frame, which forms a

" compression supply-chamber, F, for the en-

50
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gine of which the piston is the compressor.
"~ The term *‘ power-chamber’’ may be prop-
erly used to apply not only to the eylinder A,
but also to the horn-shaped passage C C', since
‘the combustion and expansion of the gases oc-
eur in all of them. ’ :

An exhaust-passage, G, is formed by -the

jacket around the cylinder and opens into the
chamber of the latter by a_series of ports, 2,
at about the middle of the length of the cylin-

‘der, and the jacket has one.or more outles-.

ports, 3, for the escape of the gases, as seen in
Fig. 2.

The power -
mounted in the engine-cacing E, so that its
erank H' and the piston:conwu ~figns 1 of the
latter are inclosed and operate wibhin thesup-
ply compression-chamber, v

transmitting crank-shaft H is

386,210 .

The fly-wheel J is secnred.upon the.crank-
shaft outside of the casing, and the supply-
valve-operating eccentric K is seenred upon
said shaft within a chamber, L, of the casing,
within which the valve-connecting rod M also
operates, so that the piston and valve-operat-
ing parts are inclosed to prevent the splashing
of the lnbricant.

The combustion-chamber js contracted and
has somewhat the form of a enrved horn, the

smaller end, ¢V, ommunicating with.the sup-.

ply-port a of a vii ve D, which forms both the
supply and the igniiion valve, while the large
end of said combustion-chamber opens into
the power-cylinder, so that the supply enters
centrally the combustion-chamber in a return-

Jo

ing direction to the inflow, and the flame for -

the ignition of the charge follows in the same
direction from the same valve, which-is ar-
ranged at the side of the eylinder.

The compression-chamber F communicates
by a passage, b, with a pipe, P, which opens
into the valve-chamber port ¢, and such com-
munication is eontrolled by a governor-valve,

Q, fitted into said passage b, soas to open and,

‘to close the port &' of the passageb, to increase

or to diminish the flow of the charge under the

action of the governor. This valve Q serves
to permit the flow of a certain quantity of the
combustible mixture to form the charge and
to retain the surplus mixture within the com-
pression-chamber, and such functioi -is con-
trolled by the governor. ’ C

- The valve seen in. Fig. 12 is of eylindrical

form, and has inlet-ports d d, which open into
a central passage, ¢, a central port, g,"which

communicates with the external lighter, 3, &
central escape-port, 7, which communicates

with a case port in the operation of the valve,
a supply-port, s, and-an ignition-port, r,which
open tangentially into the circular’ ignmition:
chamber f,assbown in Fig. 13. Thevalve-case
ghown in ‘Fig. 8 has a 'supply-port, ¢; which
communicates through the pipe P with the
compression chamber F of the eugine, 4 port,
a; communicating with the power-cylinder, an
ignition-port, g,0pening to theexternal lighter,

90
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an escape-port, m, which communicates with -

the outer air through the passages #, Fig. 11,
and an escape-port, p, through the case-wall.
" The device for operating the valve is best
seen in Fig. 7; and it consists of 2 cam, K, se-
cured to the erank shaft H, a roller, 4, carried
by an Z rocker-arm, 6, pivoted to the engine-
trame by the pin 7, and by the pin 9 to the
valve-rod M, which latter is connected to the
lower end of the valve D by the pin 10. A

spring, 11, is secured at.either end to the rod.

M and to the engine-{rame, so that it will con-
stantly tend to hold the valve-conneetions
down upon the cam and to move the valve
downward while its upstroke is effected by
the eam. ‘ '

I have shown in Fig. 4 Dy arrows the man-
ner in whieh the charge enters and cireulates
in contact with the combustion - chamber

115
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386,210

walls, so as to mix to a large extent with the
outflowing waste gases, while in Figs. 1 and

2 I have shown means for preventing snch
mixing, which consists of one or more perfo-

5 rated plates, N, placed across the path of the
entering eharge, so as to retard the volume of
the charge and cause it to spread out over the
snrface of the plate and to flow through all the
holes,and thus have parallel lines of.direction

1o imparted fo it s it leaves the diffusing and re-
tarding plate or plates. I prefer to place one
of these perforated plates at the junction of
the power-eylinder with the combustion-chan.
ber, and another, N’, in the valve-conuecting

15 passage (¥ of the combustion-chamber. T pre-
fer to make the perforations 12 flaring in the
direction of the How, the better to diffuse the
flow within the cylinder and to give it free
passage throngh the holes. The action of these

20 non-mixing plates is as follows: The charge,
entering through the valve with a high ve-
loeity, tends to cling to the concave surfaces of
the chamber or passage, as shown by the ar-
rows in Fig. 1, and meeting the perforated

25 partition N’ the volume isslightly retarded in
its motion, spreading out over the entire sur-

face of the plate, the eddics are broken up, and’

the volume passes throngh the holes, the flar-
ing form of which causes the currents to unite

30 in a larger volume with a more uniform flow.
“Meeting the second partition-plate N the vol-
nme or carrents again spread over its perfo-
ratedsurface, breaking up the eddies and pass-
jng through- the holes 12 into the eylinder,

35 wherein the currents unite ina flowing streamn
or volume in parallel lines and drive oub the
waste gasesbelore them without 1iixing there-

with. It will be understood that the receiv-

ing-surfaces of these partitic-plates are pref:
1o erably unbroken—that is, ihey are tlat—and
that the size of the perforations must be such

as to permit the free passage of the gases and
the flame through them from the eombustion-
chamber into the eylinder; and while [ pre-
45 fer to make the partition of a plate so that its
perforations and solid surface parts will be of
about equal area, so as to give the retarding
and expanding action of the gases flowing npon
therh, yet partitions of wire-netting or other

50 suitable material may be used. “As the sup-
ply-valve forms also the ignitor-valve and the
expanding supply-passage forms also the igni-
tor-flame passage, the Hameis caused toexpand
~and be diffesed in its curved path'by contact
53 with the perforated partition - plates and to
euter the eharge in the power-cylinder in par-
allel lines, produeing complete combustion,

. amd obtaining the tull force and effect of such
explosion by giving a nniform and instanta-

6o neousignition tothe volumeof gases within the
power-cylinder.  These three things, there-
fore—viz., the valve D, the supply-passage
having the form of a carved horn, and the per-
forated partition-plates—co-operate to pro-

65 duce improved results insnpplying and igoit- -

ing the charge.

It will beobserved that theuse of a plurality
of perforated partitions in the power-chamber
" A Cdivides such chamber into a serics of sepa-
rate chambers, The object which I have in
view and the purposes effected by sueh di-
vision may bé bLricfly - described as follows:
The gas entering the chamber €' is arrested or
checked by the first partition, and the eddies
expend themselves in cirenlating around said
chamber, and are thus neutralized or composed
so that the gas is prepared to flow through said

partition inirect lines, not by the action or

return of the jet-current, but by the difference
of pressure present in the ehambers ¢ and C,
The gas in the chamber C' is caused to flow
through the partition N’ solely by the differ-
‘ences of pressure in said chambers, and it
therefore passes said partition in an easy
and even flow; because the differénce of press-
ures is not very great. The same is true of
the passages of said gases through the cham-
ber C, so that the gas enters the chamber A
not-only in direct lines, but in an easy and
even flow, free from jets and eddies, and upon
the prineiple of statics as distinguished from
the prineiple of dynamies or impact.

The advantageous results of this iniprove-
ment are best seen by referring to the press-
nre-cards shown in Figs. 5 and 6, in which Fig.
5 shows a card taken from an engine in which
the inflowing charge is caused to mix with the
éscaping produets of combustion, as seen in
Fig. 4, -while Fig. 6 shows a eard taken from
the same engine having one non-mixing per-
forated plate. (Seenin Figs.land 2.) A com-

parison of these pressure-diagrams will show-

that there is a gain in power of nearly twenty
per cent. by the use of a.retarding-partition.
By employing both the partitions shown in
Tig. 1 I have ascertained by experiment that
there is a gain of power of ncarly fifty per
cent. I have shown the passage conveying
the charge to the power-cylinder as being in
the form of a curved horpo;-but it is not nec-
‘essary to so form it when the retarding-par-
tition is used, as the latter acts to control the
flow without regard to the shape of the con-
necting-passages; but the form shown is pre-
ferred. - ’ .

To facilitate the starting of the engine T pro-
vide a reservoir, ', which communicates with
the combustion-chamber throngh a passage
controlled by a valve, f/. I prefer to place
this reservoir at the top ef theinowing-charge
passage, and connect it with the latter by a
.pipe, In which the valve f' is placed. When
the engine is being started, the ly-wheel is
turned by hand, which caunses the charge to
be drawn into the compression chamber F,

wherein the charge is compressed by the back-

stroke of the piston.

Since it is desired to operate the engine with

a high degree of compression, it wonld require
a cousiderable force to move the piston back
in starting; and to relieve this pressure in

starting the cock f” ig opened,so that sowe of
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the gas will flow from the inlet-passage C'into
the chamber &, and'thergby lessen the degree
of the pressure daring the back-stroke of the
engise; but assoon as the engine’is in opera-
tion the cock f'
engine compresses its
tent. N :
I provide all the convenient parts of the
engine-frame, and partiealarly its base, with
water jackets, and connecting the chamber of
the latter with the cooling-jacket of the power-
cylinder in sueli manner that the water will
cirenlate from one to the other. 7
W?is a space for the cooling medium of the
power-cylinder, and W’ ‘W’ are the spaces of .
the frame, also filled with water.. These spaces

charge to a greater ex-

- ecommunicate by the wall-passage X, so that

the water can flow from one to the other either

" by the natural flow or by any con venient means
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of providing a free circulation. The water
will absorb the heat from the power-cylinder
and give it up to the engine-frame, 80 that the
latter will. radiate it away. and _thus the en-
tire engine will be kept at a comparatively
uniform and eool temperature. o )
The piston is of the trunk form and may
have any snitable pitman-connection with the
erank-shaft. . . : , ‘
The compression-chamber F is preferably |
supplied with a combnstible mixture by a mix--
ing-valve, R. placed externally thereto, adapt-
ed to automarically regulate the relative pro-
portional snpply of gas and air to the péwer-
cylinder. sothat the charge of combustihle mix-
ture- shall be of uniform quality:and density.
The fly-wheel of the engine has the goverm’w
device for goveruing the operation of ‘the en-

-gine.

The engiiie on its npward stroke drawsina
combnstible mixturethrough the mixing-valve
R into the compression-chamber F, wherein
it is compressed by the downstroke of the pis-
ton until the latter arrives at the.position
shown in-Figs. 1 and 2, in which the valve D.
has opened the ports d a, so- that the charge
enters the eombustion-chamber through the
ports ¢ e d-a, as shown by arrows, driving
belore it the waste gases thropgh the exhaust-
ports G. ~ The piston now compresses the’
charge by the apward stroke, during which,
time the valve is in the position of Fig. 9,and"
the port ¢ is in commupieation with the ex-
ternal lighter-jet, o, at which time some of the
charge passes through the passage s, Fig. 13,

- into the ignition-chamber f with a tangential

whirl, and is ignited by the jet y. - In thisop-
eration some of the gases flow back through

{he hole & and pass out throngh the case- |-
. passages m and n

This back passage for
the gases i: of importance in assisting the
flame in passing thrpugh the port g, as it re-
duees the outward eurrent th rough said port,
and hence the flame is more easily transmit- |

‘ted {rom the external lighter to the chamber
65 J. Asthepiston

begins its next forward stroke,
the valve moves into the position of Fig. 10,

is closed, and thereafter the .}

'short period of time.

- piston in

-chamber proper,

‘charge-sapplying

386,210

bringing the port » into communication with

the case-port g, so that the flame from the
chamber f is transmitted through the port »
to the charge. N .

1. do not confine mysgif to the precise de-

25

vices aud combinations of devices herein de- -

scribed, since any devices or combinations of
devices having the functions substantially of

those deseribed may be employed without de-

parting from the spirit of seope ‘of my inven-
tion. . ' : : o ‘

It will be obsarved thab thé fresh gases en-

tering the combustion cylinder or chamber.

drive before ther and out of the exhaust-ports
the foul gases remaining in the chamber after
combustion has taken place.
the fact that the entrance and exhaust ports
are substantiallyat opposite endsof said cham-
ber and are both open simultaneously for a
“In engines of this type

This is due to

85 .

the exhaonst-ports are usually opened by the -

what may be termed its ¢ forward”’
stroke, and I find it convenient to employ this,
term to designaie the type of engine illus-
trated and deseribed.: ‘

Q0

The co'mbnstion_chambén of & ga‘sie‘ngiue, :

supplemented with an external-valved commu-
nicating-chamber placed between the charge-

sapplying port and the combustion;chamber-

95

for relieving the pressure in'saidd chamber in’

starting the engine, combined svith. a piston
‘compressing.the charge upou its back-stroke,
is not elaimed herein, as 8uch matter is: maide
the subjectof.a divisional application filed of
date June 22, 1888, nnder Serial No. 27 7,875..

I claimi— - B e .

1.- In a gas-engine, a’ power:chanrber. A C,
having ports at'oppasite ends.of said ehamber,
beth open at the same time, combined with a
perforated plate extending entirely acrosssaid
for the purpose of breaking.
up eddies’in the inflowing charge and causing

_the charge to flow through the power-chamber
substan-
tially as anid for the purpose set forth.

. 2.”The ‘combination, in.a_ gas-engine, of-a"
and a power-cylinder having ports .
adapted to be uncovered by the piston on-its’

in udiform volume withont eddies,

piston

forward stroke; with a charge-supplying pas-
gageand combustion-chamber havingacurved-

‘horn shape provided with a perforated parti-

tion placed across the junction of said passage,
with the ¢ylinder and one or more similar par-
titions placed “across the: supply-passage be-
tween the said junetion - partition and. the
port, substantially.as de-
seribed, for the purpose specified. i )

3.-In a gas-engine, a power-chamber, A C,
having portsat opposite ends of gaid chamber,
both open at the same time,
perforated plate extending entirely across said

_chamber, the perforations in said plate flar

ing in thedirection of the inflow of the charge,
for the purpose of breaking up eddies in the
inflowing charge and causing the charge to
flotw through the power-chamber in uniform

105
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120
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combined with a
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volume without eddies, substantially as_and
for the purpose set forth,

- 4. Inagas-engine, a compression-reservoir,
a power-chamber, A C, having ports at its op-
posite ends, both open at the same time, a duct
-provided with a positively-moving valve for
controlling the communication between said
compression - reservoir and power - chamber,
combined with a perforated plate extending
entirely across said power-chamber, for the

- purpose of breaking up eddies in the inflow-

15

20
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ing charge and causing the charge to flow
through the power-chamher without eddies,
substantially as deseribed - )

' 6. The combination with the piston and
power-cylinder of a gas-engine, of-one or more
perforated plates placed in the charge supply-
ing passage of the combustion:chamber, and a
reservoir, d', ‘having-valved commuuication
with said combustion-chamber, operaiing sub-
-stantially as desoribed. ,

~ 6. The combination, in a gas-engine, of the
Dower-cylinder, a piston operating as a-charge-
supplying: compression-pump on its forward
stroke, a reservoir for the  combustible mix-
ture, and a valve controlling the admission of
the charge to the combustion-chamber, with a
reservoir communicating with the combustion-

chamber through a valve-controlled passage |

for relieving. the.pressure in said chamber in
starting the engine, substantially as deseri bed,
for the purpose specified.

- 7. The combination, in a gas-engine, of the

piston and & power-cylinder having exhaust-

ports adapted to be uncovered by thie piston
on its extreme forward stroke, with a crank-

- shaft and piston-connections, a cam secured

40

45

to said shaft, a valve and valve-rod_connection

operated in one.diréction by said cam, and a

Spring holding the valve-connection against
said cam, substantially as described.

- 8. The combination, with the piston and its
crank-shaft connections of a gas-engine, of the

cam K, the roller 4, the rocker-arm 6, the valve-

rod M, the spring 11, and a reciprocating

~ plunger-valve for admitting the charge and

50

igniting the same, substantially as described.
"~ 9. The eombination, in 2 gas-engine, of the
power-cylinder and the piston, with a reeip-
rocating plunger-valve for admitting and ig-
niting the.charge, having the ports d, g, hy, 7,
and s, with a valve-case having ‘corresponding

' co-operating ports, substantially as described,

55

for the purpose specified.
10. In a gas-engine, an ignition - chamber

" having a tangential supply, combined with an
- ignition-passage and an independent eseape-

6o

passage, substantially as and for the purpose

set forth. R
11. In a gas-engine, a power-chamber, A C,

‘combined with & plurality of perforated. parti-

tions arranged across said chamber at inter-
vals to divide the same into a series of separate
chambers, substantially as and for the purpose
set forth. ’

12. The combination, with a valve and a
valve-case, both having ports for supplying
the,charge and for igniting the same, and an

-external lighter-jet, with a supply-passage and

combustion - chamber having a curved-horn
shape, one or more perforated partition-plates
placed thereig, a piston, and apower-cylinder
having ports adapted to be uncovered by the
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-piston on its forward stroke, substantially as'
1 and for the purpose deseribed.
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13. The combination, with a gas-engine hav-. -

inga fixed lighter-jet, of a lighter-jet chamber
of circular form, having a tangential gas-sup-

ply-port, a central end lighter-port, and a cen-

‘tralend. back port to discharge the waste gases

from said chamber. .~

-14. Thecombination, with a gas-engine hav-
ing a permanent lighter-jet, of a slide-valve
having a circular lighter-chamber, having a
gas-supply port entering said. chamber tan-
gentially, a eentral end ignition-port of less

“area than the said chamber, and a back end

diseharge-port of less area than the said igni-
tion-port, for the purpose stated.

15. Im a gas-engine, the combination of an
ignition-chamber, a device for causing a jetof
combustible gas .to whirl about within said
chamber, a lighter-port, and a back passage
opened before the ignition - passage to dis-
charge the waste gases from such chamber,

' Substantially as deseribed. p

16. In a gas-engine, the combination of an
ignition-chamber, a device for causing a jet of
combustible. gas to whirl about within said
chamber, a lighter-port;, and a back passage to
discharge the waste gases from said chamber,
substantially as described. '

17. In a gas-engine, a lighting Gevice, an

-ignitiop-chamber, and a device for causing a
Jeb of combustible gas to whirl about within

said echamber, combined with a passage com-
municating with said lighter and an -escape-.

'passage? substantially as described. '

18. In a gas-engine, a lighter device, an
ignition-passage, and & device for cansing a

b0

8:
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jet of combustible gas.to pass through said .

passage with a spiral or whirling current, pro-
ducing therein a reverse central current, along
which the flame is transmitted, combined with

‘| ‘an escape-port, substantially as set. forth. . -

In testimony whereof I have héreunto set my
hand in the presence of two subseribing wit-

nesses. .
LEWIS HALLOCK NASH.
Witnesses: S
H. 'W. BRINCKERHOFF,
- WILLIAM C, WESTERVELT
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