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METHOD OF OPERATING GAS-ENGINES.
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To all whony it may conceriv:

Be it known that I, LEWIS HALLOCK NASH,
a citizen ofthe United States,residingat Brook-
lyn, in the county of Kings and State of New
Y 011\., have invented new and useful Improve-
ments in Method of Operating Gas-LEngines,
of which the following is a specifiction.

I have improved the method of operating
the gas-engine; and my invention embraces a
method in which the engine is operated with
a combustible mixtuare of uniform proportions,
a method of operation in which such a coms-
bustible mixture is suppliecd to the engine a3
fast as it may be used, a method of operation
in which the premature ignition of the charge
is prevented, a method of operation in which
the flame fromthe power-cylinderis prevented
from being communicated back to the supply-
reservoir, and a method of operation in which
the leakage from back-pressure is prevented
from fouling the supply for the engine; and
for carrying into eifect these several opera-
tions [ have shown a type of engine of the
upright form; but the particular structure and
combnnnou% therein shown and found are not
claimed herein, as such matter 18 made the
subject of a separate and distinet application
for a patent filed by me of cven date herewith,
under Serial No, 215,419.

Referring to the dr awing
resents a gas-engine 1n ver tical section.

s, Figure 1 rep-
Fig.

12 shows A CroSS- “section of piston on the line,

0o o of Tig. 1. Tig. 2represents a vertical sec-
tion of the engine, taken at right angles to the
line of Sectlon of Kig. 1. I‘Iﬂ 2 Itﬁple%ents
in vertical scetion the mi}:ing-valve, and Ifig.
o shows a cross-section thereof on the line #°
of Fig. 2% Iig. 3 represents a longitudinal
eentml section of the ease of the snpply -valve,

showing the ports and the passages laherem

Fig. 4 1s a lonnltudnml central section of the
valve and its case,showing thevalve in the posi-
tion to admit the charge. Fig.bshowsaview
like Fig. 4, showing she alve in the position
to wmte the clnrne Fig. 6 showsalongitudi-
nal seeblon taLen ab rwht angles o the SEC-
tion-line of Fig. 5, showmn the valve in the
position it oecupies when the flame 18 commu-
nicated from the external lighter to the igni-
I'ig. 7 shows a ¢eross. Sectmn of

‘shaft outside of the casing,

| Fig. 5; and Fig. § shows a similar section

talkken on the line ¥ y of Fig. 6; and Fig. 9isa
detail face view of the valve-case,showing the
form of the inlet supply-opening shown in
cross section in Fig, 7. The valve i1s shown
in IFigs, 10, 11, and 12 1n longitudinal and in
cross sections, Fig. 11 being taken through
the ignition-chamber and Fig. 12 being taken
through one of the valve-ports. Ifig. 13 shows
the supplyv-valve-operating obligue eccentrice
in side view, and Fig. 14 shows the same in
face view. Figs. 1D, 16, and 17 show views of
the fly-wheel governor device, I'ig. 16 being 4,
detail sectional view of the whecel-hub, and
Fig. 17 shows the weight-connecting link.
The engine shown is of the vertical type,
and the power-cylinder A is surrounded by a
cooling-jacket, B. The combustion or power
chamber C is formed partly in a separate
hood, D, and communicatesat oneside with the
supply-valve port. The forward end of the
power or combustion cylinder opens into a
casing, B, of the frame, which forms a com-

pression supply-chamber, I¥, for the engine,

of which the piston 1s the compressor. An
exhaust-passage, (3, 18 formed by the jacket
around the cvlinder and opens into the echam-
ber of the latter by a series of ports, 2, at
about the middle of the length of the eylinder,
and the jacket has one or more outlet-ports,
3, for the escape of the gases.  'The power-
tlmlsmlbtnm crank-shaft H is mounted in the
engine-casing I, so that its crank H" and the
piston-connections I of the latter are inelosed
and operate within the supply compression-
chamber.

The fly-wheel J is secured upon the crank-
and the supply-
valve-operating eccentric K 1s secured upon
said shaft within a closed chamber, I, of the
casing, within which the valve- conneeting rod
M also operates, sothat the piston and valve
operating parts are inclosed to prevent the
splashing of the lubricant.

The combustion-chamber G is contracted
and has somewhat the form of a bugle, the
smaller end, ¢/, communicating with the sup-
ply-port a of a valve, N, which forms both the
supply and the ignition valve, while the larger
end of said combustion-chamber is formed by

the valve and its case, taken on the line # x of | the power-cylinder, so that the supply enters
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the case and surrounds the valve.
supply-port a theignition-port 9 is formed, so-
as to communicate the flame from an external
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centrally the combustion-chamber from the | leak the waste oases cannot be forced back

small end to the larger end, expanding in its
flow, while the flame for the ignition of the

—-.charge follows in the same direction from the
same valve, which is arranged at the side of
- the cylinder. This valvealso has provision for
- preventing the leakage from the poweror com-

bustion cylinder from fouling the succeeding
charge,
municates by a passage, b, with a pipe, P,
which opens into- the valve-chamber port e,
Fig. 1, and sueh communication is controlled
by a governor-valve, Q, fitted into said pas-

sage b, so as to open and-to close the port o/, of

the passage b to increase or to diminish the
flow of the charge under the action of the gov-
ernor.
of a certain quantity of the combustible mix-
ture to form the charge and to retain the sur-
plus mixture within the compression-chamber,
and such function is preferably controlled by

a governor automatically, in a way that I

will presently describe. It may, however, be
controlled by means not .automatic, such as
an ordinary serew-cock.

The supply-valve case R has a cylindrical

longitudinal valve-chamber, R’, within which
is fitted thecylindrical valve N, within the in-
terior body of which is formed the ignition-
chamber d, having a tangential ignition-port,

4,atangentialsupply-port, 5,and a central ioni-

tion-port, 6, opeuning at right angles to the
tangential ports.. The ignition-chamber d is
of circular form, and its central ignition-port,
6, has a bushing to give the required size to
sach port. A lateral port, 7, opens at theside

of the valve and communicates with a central

longitudinal passage, 8, which opens at the
lower end of the valve. The supply passage
P’ is formed at one end of the valve-case and
opens 1into the valve-chamber port ¢, while
the engine supply-port ¢ opens at the side of
Below the

~ lighter-jet, 10, to the ignition-chamber d in

39

60

the operation of the valve.

opens into the valve-chamber at two points,
12, which forms an escape for the gases from
the ignition-chamber while the iguition-port
4 for the combustion-chamber is opening:

~ The supply-port ¢ has its inlet - opening
formed with a lower enlarged part, «?, Fig. 9
in such manner as to form an angular wall pro-
jeection, 13, within the said port, into which
enlarged part the ignition-port 4 of ihe valve

opens at the point when the valve is turning

in its seab to ignite the charge and passes the
edee of said projection.
However tight the supply-valve of a gas-

engine 1s made to work, its joint forming ¢on-
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tact will wear so as to permit leaking from

back-pressure and foul the charge so as to se-

riously interfere with the operation of the en-
gine. 1 providea perfectremedy for this diffi-
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The compression-chamber F com-

This valve N serves to permit the flow

An inclosed pas-
‘sage, 11, is formed in the wall of the case and

y'.

into thesupply. SuchprovisionI haveshown
in a plug-valve; but it may be used in any form

of valve—as, for instance, that shown and de-:
scribed in my patent dated February 17,1885,

No. 312,494,  This provision consists in pro-

viding the valve-case with a separate valve-
controlled port, ¢, opening into the fuel-sup- -
ply passage P’, and a separate valve-controlled

7-0 -

port, a, communicating with the combustion-

chamber, and between these ports there is an

escape-port, 15, which separates the joint-form-

1ng bearings of the two case-ports and is open
to the outer air, as in Fig. 6. Such case-ports
are shown as surrounding the valve and the

faces, one controlling each of the said ports,

- and a division-space, 16, Fig. 10, is formed be-
tween these bearing-faces,into which the lealk-

age from the separated valve-bearing faces

may escape, and thus avoid all possible chance _gc' '

Intermediate escape-port, 15, open to the air o
through the valve-case and also inclosing the
valve. The valve has two separated bearing-

for being forced into the supply-passage, be- ~
cause in such position of the valve both the

supply-ports are closed by the valve, and any

gases that leak by the bearing-surfaces will.
95

pass into and away through the escape-port.

~In the construction shown one of the bear- ~
Ing-face sections N’ of the valve has a central -

passage which opensinto the division-space 16,

whereby to make communication between the

‘two ports when the valve is admitting the

charge to the power-cylinder. I this provis-

lon it is immaterial whether the escape-pas-

ICC

sage 15 be formed in valve case or in the valve,

SO long as it separates the joint-forming sur- -
faces of the two supply-ports. when they are

[0S

closed. The upper end of the valve-chamber

]S ClOSGd by a4 plﬂg_ ) I']_"h{_),l CELSG* “?ﬂll pﬂSSage 11 I

IS not necessary in a quickly-moving valve.

‘Thesupply-valve isoperated from the crank-

shaft by an eccentric, K, of peculiar construc-

tion, as I shall now describe.

of the shaft, and having a circumferential V-

shaped groove to receive a bearing-ring, S, to

b

which 1s pivoted the valve-connecting rod M,

| which has a universal-joint connection, T, with

sald valve. 1t is this peculiar éccentric eon-

nection that gives a combined reciprocating
and turning or twisting movement, which will

| IC- 110
_ - Upon theshafy
1s secured a hub, X, having an eceentric disk-
bearing turned wich its axis oblique to the axis -

115
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be hereinafter described, in the operation of

the engine.

place of the obligue eccentrie.

Referring to the function of the valve to

prevent back-pressure from the combustion or

In an engine where the valve-
- connection can be madeattheend of the erank-

shaft a crank-pin set obliquely may take the

125

power chamber fouling the charge, the con-

‘siruction by which this is effected serves also
‘the important function of preventing the lame
from the combustion-chamber from being com-

municated baek to the supply.

I30 .

In my experiments I used a lifting cheek- :

culty, so that however badly the valve may | ifalv_e, in .the_--supply'- pi];ie',' iw’hich _comm'un_i-.- ':
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cated directly with the combustion-chamber, | tionless bearing, that the erank-pin should be

so that the back-pressure of the gases in the
combustion-chamber would act to close said
valve. I found that such valve could not be
relied upon, however perfect its seating, as
the valve would wear out of perfect joint, and
that it was also liable to collect foreign mat-
ter—suchasdirtand fiakes of burnt oil—which
wouid prevent its tight closing, and this caused
leakage, fouling the supply, as well as allow-
ing the flame to pass under the valve and ig-
nite the mixtare in the supply-reservoir. 1
found that a sudden explosion of the charge
in the combustion-chamber would often trans-
mit the flame under the bearing-face of the
lift- valve, however perfect its seating, and
that this result would take place from the re-
bound of the valve, caused by the sudden im-
pact from the explosion. 1 provide against
this serious difficulty of a check-valve by the
use of a positively-moving (preferably a slid-
ing) valve for controlling the admission of the
charge, which cean have no such rebound and
no uncertain action, and by the provision of
an escape-passage for the flame should it leak
by the bearing-surfaces of the valve, because,
now, supposing the flame to run along the

joint-forming faces of the valve from the eyl-

inder-port «a, the flame would enter the escape
passage or port 15 and pass out to the air. It
could not pass beyond this escape-port into
the supply-passage P’, because the port ¢ is
closed by a portion, N, of the valve, and be-
caunse the pressuyre carrying the flame would
end 1n the escape-port, which separates the
two supply-ports. 1 alsofound that when the
pressure in the combustion-chamber had been
reduced by reason of the opening of the ex-
haust-ports below the pressure in the supply-
passage the gases from the latter would rush
into the combustion-chamber and become pre-
maturelyignited, and the flame would be trans-
mitted under the valve back into the reser-
voir. My improvement overcomes this very
serious defect by a positively-moving valve,
and which cannot be opened by the varying
pressures of the gas, but which 1s controlled
solelv by the connecting mechanism and is
ouly opened at the proper time. Any posi-
tively-moving valve having substantially the
funetions I nave pointed out will be the equiv-
alent and may be used instead of a sliding or
plunger valve.

The piston U is of the trunk form and may
have any suitable pitman-connection with the
crank-shatt.  The counection shown is pre-
ferred, because 1ts construction i1s such as to
provide for taking up lost motion from one
end of the connecting-rod,and to provide afric-
tionless bearing for the piston and an oiled
bearing for the crank, in whieh the bearing-
seats are made self-adjusting; but as these
matters form the subject of a separate appli-
cation for a patent by me a more speeific de-
scription is deemed unnecessary herein. Itis
important, however, that the operating-con-
nection with the piston should be by a frie-

facilitated,

lubricated, and that the valve and its connec-
tions should be oiled by automatic means, so
as to require no attention and to reduce the
friction of the connections, so that the engine
will work with a perfectly easy movement.
In Figs. 1and 2 of the drawings I have shown
the frictionless bearing of the connecting-rod
with the piston, which consists of an inner
bearing block, 25, on the upper end of the
abutment-rod L and an ouater bearing-block,
26, and a knife-edge bearing-piece, 27, secured
to the piston between the bearing-blocks 26
and 27, the latter of which is secnred within
openings 1n two tie-rods, 28 and 29, the lower
ends of which are secured to the crank-pin
bearing-boxes.

The knife-edge picce 27 of the piston has its

under bearing upon the lower block, 25, made

convex, and 1t8 upper kuife-edge bears in a
V-shaped groove in the upper bloek, 26, these
two beartng-blocks being retained in position
by the tie-rods. The pushing strains are re-
sisted by the abutment-rod I, and the pulling
strains upon the abutment-rod are resisted by
the two tie-rods, which are formed with en-
larged open ends, 8o as to receive the bearing-
boxes of the crank-pin and the knife - edge
bearing device for the piston. As the con-
necting-rod I swings back and forth, the upper
block, 26, will rock upon the knife-edge bear-
1ng - piece 27 awnd the lower bearing - block
will roil upon 1its convex surface, and hence
there will be no sliding movements of these

parts and no friction or wear, so that they will

require no otl; but the piston, the valve, their
operating-connections, and the crank-shaft are
otfed by the operation of the engine, and in
this particular the operation of the engine is
the frictionless bearing, which re-
quires no oiling, co-operating to facilitate the
operation with the parts which are made self-
otling.

Thecompression-chamber Fissupplied with
a combustible mixture by a mixing - valve
placed externally thereto, adapted to auto-
matically regulate the relative proportional
supply of gasand air to the power-cylinder, so
that the charge of combustible mixtnre shall
be of untform quality and density. This mix-
ing device forms an attachment for the com-
pression-pump of the engine, as seen in Fig.
2, the connection with the compression-pump
belng made at 18, so that the pump draws its
charge through the mixing device, which con-
nects with the gas-supply pipe at 19 and has
a perpetual open air-inlet at 20. The case ¢
of the device is formed with an interior cham-

ber, 7, and two valve-ports, ¢ and &, of un-

equal area, with which a conical valve of cor-
responding separate valve-seats, i and j, oper-
ates vertically by 1ts weight to control the ow
of gas through the smaller valve-seat, 7, and to
control theflow of air through the larger valve-
seat, ¢. In the construction shown the echam-

ber f is formed between the valve-seats and
the larger of the latter is directly above the
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has a horizontal partition-plate, &, which forms
the bottom of the chamber f and has a cen-
tral opening, f#,, which opens in the small up-
ward-flaring valve-seat and into said chamber

and cmnmumcatcs with the gas-supply pas- |
The chamber

sage 19 in said pmtlblen p]ate
18 supplled with air through a series of open-
ings, /', in the bottom pldte k,which are made

of deﬁmte size 1n relation to the gas supply

valve-seat epening The upper valve-seat, 4,
flares upward and 1s formed in the top of the
chamber f, and the valve has conical seats cor-

responding with the seat-openings, forming a
lifting-valve guided by a fixed central pin,upon
‘which the valve is fitted. The valve chamber
18 inclosed by a cover which has the guide-pin

for the valve. The supplyof gasto l;he'ch:ml-
ber is c¢ontrolled and regulated by a screw-
plug, {, Fig. 2°, fitted in a screw-threaded hori-
zontal opening in the case, so that the inner

- end of said screw-plag crosses the central open-

e

30

35

40

~ the gas and air passages A f’ with the said.
Now the relative quantity of gas and

45

‘punip.

passage b f.

ing, h, below the lower valve-seat and is set to

open and to close said openings more or less,

the adjustment of said plug being made from

the outer side of the case, as seen in Fig. 2°,
The supply of air to the chamber fis con-

trolled and regulated by a serew-cup, m, which

serews into the lower open end of the case, 80

as to close more or less the openings in the,
bottom plate of said chamber f, the inner end

of said cup for this pmpose hemu formed
with aninward- IJI‘OJU'BH]U‘IIHI m’ WIdeen()lw'h
to close said openings /" wheun Llw ciuapisdriven
up against the said bottom plate.
erablon of the mixer the force of thesuetion of
the pamp in drawing its supply through the
device lifts the vslve, SO as to open communi-
cationofthe compression-pump with the cham:-
ber f, which thereby opens communication of

air that will be drawn into the ehamberf will
depend upon the relative size of the supply-
To inerease the supply of gas,

. the screw-plug I is drawn oub to increase the

- area of the supply-opening h, and the screw-

- 60

ings f”.

and air.

cup m is driven in to lessen the supply-open-
To increase the air-supply over the
gas-supply, the reverseof these adjustments is

made, aud these adjustments may be made

separately to regulate the supply of the gas or
of the air.

pressure of the gas in the pipe 19, so that
whenever the device is in aciion the force of

‘the suction will be considerable, and the slight

variations in the pressure of the gas-supply
usua,l in service-pipes of cities will therefore
have little effect, as eewpared with the suction
of the pump, in eontrellmﬂ the flow of the gas
It is therefore pmctleally necessary
only to consider the gas as having approxi-

mately the same pressure as the air, and the
conditions are obtained whereby the two cur-

rents aredrawn from separate supply-passages | Screw and nut w',

'2131011 of the engine,

head.

In the op-

t0 resist its moblou. |

The double seated valve is made
‘of sufficient weight to grmtly overcome the

‘sSmaller, the valve being centrel with both. ]| havmo substantla,lly equal pressures 1nto a -
The case ¢ is prefer e.bly of circular form and eha,mber in eommunication with the com-
Under these conditions the flow of- 70 |
each constituent will be proportional to the -
When the
suction of the pump stops, the double-seated
‘valve closes by its weight, cutting off both gas
and air until the next action of the pump.
As the size f the openings & f in the bottom
of the chamber controls the proportional flow
of the constituents,; the form of the valve-seats
should be such as to lift quickly and com-

‘pletely open the full capacity of the inlet-open-

pressor.

capacity of the supply-passages.

ings. I may, however, use any form of fuel-

The 1nner end of the chamber

80

:11111{11”10* device that w111 supply a mixture in

definite proportions of gas and air, and I may
‘use an Independent compressor, if desired, to
supply the combustible mixture to the engine.

The fly-wheel of the engine has, preferably,
the governor device for governing the opera-
In this governing device
the fly-wheel 11 s a radial pin, 7, secured in the
rim of the 'w;».rheel.I and, P‘([el]dlrlﬂ‘ within the
fnm terminates in an eolarged bea,nnu* end,
«’, upon which a weight, p, is fitted, havmga,i_
chamber, ¢, longer than the bearing of the pin-
This eonstruetmn gives the weight
two cylindrieal bearings-—one upon the pm”
» and the other upon 1ts enlarged end n'—so -
as to make a free sliding joint for the weight
thereon. |
which forms the larger cylindrical beaung;

in the weight, is closul by a plug which has
a central hole 'to receive the end of a link,
ffr which is connected to the weight by a pin,

90

LOC

- The weight-chamber forms an air-cush-

_1011 and for this pmpese 18 divided by the .
.;hesd of the bearing- -pin into two chambers,
each of which forms an air-cushion upon the |
fixed head as the weight moves in and out
These two cushion-cham-
bers communicate throngh the joint of the di-
viding-head, which is ﬁbted sutﬁelently loose
for that purpose so that the air will slowly -
leak through said joint from one chamber to

105

110

the other and allow of a ‘perfectly easy motion -

“of the weight when it moves slowly, but will

offer considerable resistance to a rapid motion.

Upon the hab of the wheel is fitted a (reely-
‘moving ring, {, Fig. 16, having a ureumfelen-_

5

tial groove, t', mto whleh ﬁts a pin, v, Fig. 1,
on the lower eud of a lever, o/, pwoted to the -

engine-frame at «* and - ha,vmu' a free connec-
‘tion with the plug valve Q. The ring has an

120

interior prcgecbmg feather, 77, which’ stands |

oblique to its axis and fits mto a groove, 7', of -

link. To retain the lower end

the connecting-

of the link in poswlen itis fitted into a groove-

beermg, v, formed in the side of the hub, as

seen in Flg 16, and bhereby cnides the. link in
its movements with the welghb

spring,

opposite to the weight for the purpose of bal-

| aneing the centrlfugal force of the weight, and

the tension of the spring is regulated by a
As the speed of the fly-

A spiral
W, connects the free end of the link.» -

‘with bhe wheel-rim at a point dlamem‘leal]y

125
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wheel increases, the weight p will be moved

outward with its link », so that the groove +”
of the latter will movethe ring ¢ by its feather-
connection outward, and thereby operate the
lever «/, so as to throw the plug-valve Q in-
ward to close, according to the extent of its
movement, the supply-port o’ to control the
supply to the valve. As the speed of the
wheel decreases, the opposite action takes

place, and the supply to the eylinder is in--

creased, and thereby increases the power of the
engine. DBy this construction the governor
device consists of only one weight and a single
balancing-spring, and this simple retarding
device is sufficient to prevent all vibrations
of a single unbalanced weight without impair-
ing the sensitiveness of the governor.
- I have made provision for lubricating the
bearings of the working parts of the engine,
which provision I will now describe. The
compression-chamber of the engine is sup-
plied with a suitable quantity of oil, from
which a portion is forced out and again suecked
into 1t by the action of the compressor. A
conduit, z, leads from the bottom of the com-
pression-chamber to the bearing-surfaces to
be lubricated. This conduit may consist of a
tube or of wall-passages, or of both, as shown.
suarrounding the piston is a groove, v, formed
in the Inner wall of the eylinder, which com-
municates by a wall-passage, z, Fig. 1, with
the chamber of the supply-valve, and into
these the conduit opens. The drippings from
the piston return to the compression-chamber
I throngh the open end of the latter, while
the drippings from the valve-moving parts
fall into the closure I. of the engine-frame,
along the valve-connecting rod M, its eccen-
ric, and the bearings of the shaft and collect
in the bottom of said elosure. The wall which
divides this closure from the compression-
chamber has a passage, 21, Fig. 1, containing
a check-valve, 22, which, while retaining the
oil-supply in the compression-chamber, allows
that which collects in the bottom of the clos-
ure to be returned by suetion into the com-
pression-chamber. Asthe compression-cham-
ber contains the elastic gaseous fluid, the al-
ternate pressure and suection in the chamber
caused by the action of the piston causes the
oil to flow from said chamber and then to be
drawn into it again in a cireuit to and from
the bearing-surfaces fo be oiled. In this ac-
tion the elastic flnid is first subjected to press-
ure and then to suction, the first to cause the
o1l to be forced out through a series of pas-
sages connecting the bearing-surfaces, and the
second to cause the elastic fluid to have a suck-
1ng action upon the drip from the outflow to
return 1t to the source of supply through a
passage controlled by a valve opened by the
force of the suction and closed by its weight.
It isobvious that the lubricating-cirecuit may
be effected by an independent plunger work-

ing in a separate closure containing air, in-

stead of the compression-pump of the engine;

as the pump, because such provision forms a
part of the engine.

For regulating the quantity of the flow of
the oil throngh the conduit a econtrolling-cock,
23,18 provided insaid econduit,asseen in Fig. 2.

In the operation of the engine the piston, -

being on its upward stroke, draws into the
compression-chamber through the mixing de-
vice a uniform combustible mixture, in which
the relative proportion of the gas and air is
automatically and uniformly determined. The
return-stroke ot the piston compresses the
mixtare in the said chamber until the crank
has nearly reached its lowest point and the
exhaust-ports 2 are opened. While the ports
2 are still open, the supply-valve opens to ad-
mit the charge into the combustion-chamber,
as shown in Fig. 4, driving out the waste pro-
ducts from the cylinder through the exhaust-
ports. The valve now closes thesupply-ports
«¢ and ¢, and the piston, returning, compresses
the charge and begins its next forward stroke,
when the charge 1s ignited, the valve being in
the position shown in Figs. 5, 7, and 9, driv-
1ng the piston forward. Af this point in the
operation of the engine 1t is of the greatestim-
portance to prevent the leakage caused by
back - pressure from fouling the succeeding
charge; and referring to I'ig. 5 1t will be seen

- that the leakage from the eylinder-port «,

passing the joint-forming valve-faces, will flow
1into the escape passage or ports 15, and thenee
to the open air through the escape-passage in
the case, so that 1n no condition 1in the move-
ments of the valve can the waste gascs {low
back 1nto the supply-port. 'T'he provision by
which this important result is effected serves
also to prevent the flame from being commu-
nicated to the supply-chamber, becanse now,
supposing theflametorunalong the joint-form-
ing faces of the valve from the cylinder-port,
the flame would enter the escape passage or
port and pass out to the air. It could not pass
beyond the escape-port into the supply-pas-
sage, because the latter is closed by the portion
N’ of the valve, and because the pressure car-
rying the flame would end in the escape-port,
which separates the two supply-ports. The

piston, continuing forward until it reaches the

position shown in Iigs, 1 and 2, begins to
open the exhaust-ports, and the waste gases
escape through the exhaust-ports 2, the sup-
ply-valve at this time being closed, and re-
mains closed until the pressurein thecylinder
has been reduced to that of the atmosphere
and until an 1interval of time has elapsed to
allow the old charge to cool. This is impor-
tant to prevent the premature 1gnition of the
incoming charge from the hot gases which re-
main in the cylinder, because when the press-
ure 1n the cylinder is reduced by the escape of
some of the hot gases the remaining gases do
not long retain heat sufficient to endanger a
prematuare ignition of the incoming charge.
The supply-valve thénopensand admits a new
charge,whichdrivesthe remaining waste gases

but 1 prefer to use the compression-chamber | out, and the engine continues its operation,
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*as stated. Tt will beseen that the valve on its | portion-of the stroke of t:he'pisten;  If inthis
operationthe governor entirely closed the sup-
ply-passage at any stroke of the compressor,

S

10

I5

20

forward movement operates its ports4, 6, and

7, and then turns on its axis and returns, so

that in its returning movement its ports are

not again opened until on its next forward
8troke, and itis this twisting and reciprocat-

Ing movement which permits asingle plunger-
valve to perform its several functions on its

forward stroke without repeating them onthe

return-stroke. | | . .
The quantity of the combustible for each
charge is countrolled automatically or other-
wise by the governor, which opens and closes
the passage b, connecting the compression-
chamber with the supply-valve.
passage 1S nearly closed by the valve Q, only
a small quantity of combustible mixture can
flow into the combustiou-chamber from the
compression - chamber, so that some of the

mixture will remain under pressure in the

‘Supply-chamber and expand again as the pis-

- tonmoves upward.
‘wixing-valve will remain closed during apor- |
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~able side plates. .
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- up the space made vacant _by the remaining | the foul gases remaining in the chamber after

under a high or a lower power.
eration the compression-pump co-operates
with the governor in drawing exactly the

phere.

Under this expansion the

tion of the piston’s movement, and upon com-
pleting its upward movement only a quantity

of combustible mixture will be drawn in

through the mixing-valve equal to that which

1flowed out of said chamber to make the charge
1n the eylinder. In this way a combustible

mixture of uniform and constant proportions
is supplied to the power-eylindeér for all con-
ditions in the operation of the engine, and
therefore the operation of igniting the charge
and the efficiency of the expanding gases will
be the same whether the engine is running
In this op-

quantity of the combustible mixture into the
compression-chamber fo make good the quan-
tity taken out for each charge. .

- In cases where the engine is exposed to the
collection of dirtand grit it may not be deemed

the chamber I, to the compression-chamber
F, and in such case the valved passage 21 and
22 between the two chambers will not be used
and the chamber F will be supplied with oil
as may be required, it being important to keep
the oil free from grit.

_Access to the chamber L is had by remov-

As in my improved method of operating a
gas-engine the compression - pump and the
storage-reservoir are in free communication
with each other, therefore when the power-
cylinder has received only a small portion of
the charge from the reservoir the balance of
the gases therein will be retained and will ex-
pand back into the compression-chamber dur-
1ng a portion of the stroke of its piston,thus
partially filling the compression-chamber from
the gases in the reservoir until the pressure
therein is reduced below that of the atmos-
A fter this the piston begins to suck in
a new charge throungh the mixing-valve to fill

When this

-386,209

then the whole of the charge would be re-

70

tained 'in the compression-chamber and no -

new charge would enter through the mixing-

valve at the next stroke of the compressor.
On the contrary, the retained gases would

simply expand and beagain compressed until
some of them were allowed to enter the power-
eylinder, after which a new supply just suffi-

cient to supply consumption would be drawn
in by the next stroke of the compressor.

It is evident that if a check-valve were
placed between the compression-pump and the
storage-reservoir the above-stated operation
would be impossible, because such an interme-

diate valve would prevent the return of the
charge from the reservoirinto the compressor,

75 .

80

and the compressor would only act to force all -

the charge taken in at each stroke into the res-

ervoir,whether the charge in the latter has, =
.90

been used or not. This operation of my en-

gine is 1mportant and advantageous in pre-

venting the accumulation of the ckarge in the

reservoir and avoiding the necessity of pro-
viding against an excessive pressure of the

charge and providing an automatic means for

regulating the supply. Referring now to ex-

hausting the waste gas from the power-cylin-

der, it will be understood that when the pis-
ton first opens the upper edge of the exhaust-

ports the charge will rush out of the ports so

quickly as to produce a shock and cause the
- pressure t0 be reduced to that of the atmos-
phere, and frequently produces a suction in

the cylinder. Now,when a check-valve is used

‘to admit the charge, the fresh combustible

mixture will instantly rush into the cylinder
while the waste gases are still hot, and they

100

105 |

will beignited prematurely; but when the gases
are prevented by my positive-moving valve

the exhaust is passed and the remaining gases
are somewhat cooled the new charge may then

; | ' from entering at this time until the shock of 'ftia_ _
advisable to return the oil which collects in | .

be admitted without danger of being prema-

but it corresponds to a considerable movement
of the crank and is effective in securing the de-
sired result. . - | |

From what has been said it is obvious that :
‘the upper and lower parts of the compression-

chamber If perform the functions of a -com-

pression-chamber and also of a compression-
‘reservoir, and since they are constantiv in free -

comminunication with each other they may
also be properly treated as a single chamber.

I donot confine myself to the precise devices

or combination of devices herein described,

since devices or combination of devices hav-.

Ing the funections substantially of those de-
scribed may be employed without departing
from the spirit or scope of my invention.

Tt will be observed that the fresh gases en-
tering the combustion ecylinder or chamber

turely ignited. The differencein timeissmall,
s
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combustion has taken place. This is due to
the fact that the entrance and exhaust ports
are substantially at opposite endsof'said cham-
ber and are both open simultaneously for a
short period of time. In engines of this type
the exhaugt ports are usually opened by the
piston in what may be termed its *‘forward’’
stroke, and I find it convenient to employ
this term to designate the type of engine illus-
trated and deseribed. |

In conclusion I desire to explain that by the
use of the term ‘‘a dunet or passage of constant
capacity’’ andsimilar and related expressions
in. this specification I intend to designate a
passage which does not confain a device for
governing or controlling the quantity of gas
which will flow through it, when open, in a
giveninterval of time, butone which, although
it may only be opened intermittently, yet
while open permits the same quantity of gas
to low through during a given interval of time.

I am aware that it has been proposed to ad-
mit a small volume of fresh air into the pas-
sage through which the ¢charge must flow from
the reservoir to the power-cylinder in such
manuoer that the fresh-air eharge shall travel
ahead of the gas charged to prevent the pas-
sage of flame backward tothe said gas-charge
and to keep the passage free of spent gases.
This manner of avoiding the back I)’I.SS‘.':LDG of
the flame and the dllutmn of the fresh charge
18 not efficient or satisfactory. The fresh air
becomes mingled with the fresh charge,injuri-
ously diluting 1t, not only in the entrance-pas-
sage to the power-cylinder, but also in the
power-cylinder itself, and the operation of the
engine for this and for other reasonsis not im-
proved by theadoption of this expedient. On
the other hand, it will be observed that I avoid
the difficulties above referred to by execlud-
ing all fresh gases (air as well as the combusti-
ble mixture) from the power-cylinder until
atter the shock of the exhaust is over and un-
til the intense heat of the waste gases is re-
duced.

I have shown and deseribed herein various
matters relating to separate and distinet oper-
ating parts of a gas-engine, for whieh I have
filed separate and distinet applications for
patents ander Serial Nos. 215,417 for fuel-mix-
ing device, 215,422 for ignitor, 215,421 for
fly-wheel governor, and 215,418 for connect-
ing-rods, and I make no claim herein to such
specific structures and devices inso far as they
do not relate to their functions in carrying out
the method which 1 have deseribed of operat-
Ing a gas-engine.

The invention embraced in the lubricating
device | have described, and have herein lim-
ited my claim in connection with a gas-engine,
whereby the lubrication of its working parts
18 rendered continuous under the action of
the piston of the engine; but the invention,
broadly considered as a device for effecting
the lubrication of the working parts of en-
gines or motors of whatever character, is made
the subject of a separate and distinct appli-

cation for a patent filed by me December 6
1887, under Serial No. 257,123, and such broad
clalms are nob ‘18“581[(’(1 hemm

I claim—

1. The method substantially herein deseribed
of operating a gas-engine, which consists 1n
admittine a combustible mixture to a com-
pressor, compressing it into a reservoir hav-
ing free comimunication with the compression-
chamber, admitting some of the compressed
charge to the power-chamber in quantities
controlled by a valve, and regulating the sup-
ply to said compression-chamber solely by
means of the back expansion of the gases con-
tained therein.

2. The method substantially herein deseribed
of operating a gas-engine, which consisis 1n
compressing a combustible mixture, exhaust-
ing the waste gases abt one end of the combus-
tion-chamber, delaying the admission o1 fresh
oases to the cylinder until a period of time
after the shock of the exhaust is over and un-
til the intense heat of the waste gases 1s re-
duced, and admitting the fresh charge at the
other end of the eylinder to drive out the re-
maining gases.

3. The method substantially herein described
of operating a gas-engine, which consists in
drawing a combustible mixture in successive
charges of uniform density into a compression-
chamber during the back-stroke of the piston,
compressing the mixture in said chamber dur-
ing the forward stroke of the piston, control-
ling the flow from said compression-chamber
to the supply-valve by a governor, admitting
the charges to the combustion-chamber during
a compound movement of the plunger-valve,
compressing the charge during the back-stroke
of the piston, and iguniting the charge duaring
a twistineg movement of the valve.

4. The method sabstantially herein described
of operating a gas-engine, which consists in

drawing infto a compression-chamber succes-

sive charges of a combustible mixture by the
back -stroke of the piston, compressing the
charge in said chamber by the forward stroke
of the piston,admitting the chargeinthe power-
cylinder, closing communication between the
combustion-chamber and the supply-chamber,
closing their connecting-passages, opening be-
tween said chambers an escape- passage for the
leakage, and igniting the charge upon the next
forward stroke of the engine.

b, Themethodsubstantially herein desceribed
of operating a gas-engine, which consists of
admitting to the compression-chamber of said
engine, by means of an admission-valve con-
trolled solely by the back expansion of gascon-
tained in said chamber, a quantity of mixture
of uniform density ab each stroke of the piston
equal to’'the quantity consumed 1n the engine
by the preceding stroke of the piston.

6. The method substantially herein described
of operating a gas-engine, which consists in
compressing a combustible mixture within a
compression-chamber at each stroke of the
compressor, drawing from sald compression-
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_ chamber a quantity of mixtare ab each stroke | form dengity at each stroke of the piston equal

" of the piston proportioned to the power de- | to the quantity consumed in the engine by the
~veloped, and regulating the supply to said | preceding stroke of the piston.
chamber solely by means of the back expan- In testimony whereof T have hereuntoset my 15
5 slon of said surplus mixture. hand in the presence of two subseribing wit-
7. 'I‘hemethodeubstanbmllyherem deserlbed nesses. | |
of operating a gas-engine, which consists of | _' | ' |
admitting-to thegeomplessmn chamber of said | LEWIS HALLQOK NASH.
engine, by means of an admission-valve con- | Witnesses:
10 trolled by the back expansion of gas contained A. E. H. JOHNSO\* |

1n said chamber, a quantity of mixture of 1tni- BESSIE B. JOHNSON.
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