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Be itknown that I, LEWIS HALLOOI{ N ASH,

a citizen of the Unlted States, residing ,a,t_ I

Brooklyn, in the county of Kings and State
of New York, have invented new and useful

Improvements in Gas-Engines, of which the

following is a specification.

- My invention relates to 111:1pr0vements 111 en-
gines operated upon the prineiple of receiving
a mixture of air and combustible within its
cylinder through a portion of its stroke, and

produce a slow combustion of the gases within

“the cylinder, in contradistinction to an explo-
sion, and to introduce compressed air and gas
into the eylinder in sepdrate streams and in.

such volume as to cause the charge to burn
withont smoke to avoid the deposit of carbon

~1n the eylinder.

In another application for a patent I have

'desenbed among other things, a gas-engine
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system comprehendmg as co-operating mem-

bers an engine adapted to work with a supply
of compressed air and gas,.an independently-
operating air-compressor,
motor for starting the engine and supplying

it with compressed air when running, and

means for converting the fuel into a decarbon-

~ 1zed gas under sufficient pressure to be sup-

‘plied direct to the engine, and capable of buru-

 ing with a non-luminous and smokeless flame,
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yet readily ignited, and burning without leav-

ing a deposn The preparation of the fuel to
produce this result is effected in a converter
of suitable construction,
introduced 1n g heated condltlou with steam,
and the gas produced therefrom is mixed with

a. sufficient quantity of compressed air to ab--

sorb the oll-vapor products and to serve as a

vehicle to carry the combustible mixture from

~ the conv erter into the power-cylinder, . and to

45

‘combine with the carbon- to effect complete

combustion.  Insuchpreparation the gas may

~.be produced from a solid or liquid fuel, the de-
 carbonization Dbeing effected by, a chemical
~union of the steem_aud the hydroearbon in a
highly-heated condition, the steam taking up
most of the carbon of the fuel and producing
a mixture containing earbonie oxide, carbonic |
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serving both as a

wherein the fuel is

¢ylinder-chamber.

acid, hydrogen, and some of the lower hvdlo
carbon gases and vapors of the oil.
In gas-engines as now used a residunm of -

carbonaceous matter is left in the ecylinder

after explosion {rom each charge, and 1etams‘
1ts high temperature, 1ende1mg it liable, by a |
spark, to ignite the mcommg charge prema-

igniting it therein, driving the pleton by ex-

pansive force.
The object of my present 1mprovement is to |.

turely. -
In preparing the gas as descubefi all the

constituents of the fuel which will not evap-
orate or reduce are left-in the converter, and
the gas will leave it under pressure in condi-
tion to ignite readily and to burn within the
cylinder in contact with the air tobe expanded.
I do not,as hitherto,introduce.-a charge ot ex-
plosive mlxture and air within the power-cyl-

inder and ignite the same; but, on the con-

trary, I introduce a char ge of pure air under
compression, and at the same time a sufficient

quantity of 'fu 1, which has been previously

prepared, as stated, so as to burn readily, 1s
introduced with it, so as to be surrounded by
the air.” The heat from this fuel expands the
surrounding air, thus developing the force of
the engine. By this means the heat of the
eombuetien of the fuel is given up to the air
and not-to the engine-walls. DBy this method
a small quantity of fuel may be made to do
efficient work, since it can be coustantly and
completely burned and its heat given directly

to the air to be expanded, thus giving the ad-

vantage of avoiding the sudden explosion of a
perieeb admixture of air and combustible and

the subsequent sudden loss of, heat from the

highly-heated products of combustion.

The accompanying drawings 1illustrate an
engine constructed for effecting the admission
of fuel and air in separate streams of such vol-

ume that the gas and air will not intermingle,

but produce a slow combustion, in which—
IFigure 1 represents a lonmtudmfll section ;
Fig. 2, a cross-section in which the gaseous
fael is shown as a separate streain surronnded
by air, and Fig. 3 shows a method of effecting

the 1gmt10n of the char ge.

The cylinder is conetrueted with 1)01t<; A A,

| f01 the admission of air into each end of lta

chamber, and with separate and distinct ports
B B, for the admission of the oas into the
ports A A at or near their opening into the
The ports B B terminate
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SRR ;.‘é,?ln tubes G (J whlch exteml mto the perts A | & solid stream of tuel and both then flowin =

SEREEE 1 together, filling the cyhnder so that at the S
i 5d1reet1_ola_ of t,he ﬂow (s)f. t_he ;EL_II' _and_ together t moment of 1gnition there is & line of fuel ex- yo. '

... enter the cylinder and circulate: around, so
o8 that at the moment of ignition the stream of}
- fuael will be coiled within the body of air, and

. when such ignition takes place the heat from |

“to the surronnding air, expandmg 1t.:

tending all through the volume of air, and the o

combustion of this line of fuel gives 1ts heat o

MThusa
small charge of fael will give heat enough to

.. . these lines:of fuel will be given out to the sur- | -
. rounding air. The ports for the admission of | it is practicable to use them, and hence it will =~
.+ ro-alrunder compression are of greater area than | not be necessary toraise the temperature high
1. i thosedor the admission of the fuel, the termi- | enough to compensate for the &bbtrﬁ(}tlﬂll of i
. nal tubes of which latter project 'within the | the heat by the walls of the engine.,  The ad- -~

increase the pressure of t.he gases as high as 75

.. . ports for the air, so ‘as to:deliver the stream | vantages of effecting a slow combusmon 1n the ¥
... of fuel within a body of flowing air at a point | power-cylinder, as distinguished from :e-ﬁx%pl?c-? SRS
5 Just before the two streams enter the chamber | sion, are that in the latter method, at the in- |
R of the ¢ylinder, whereby the stream of gaseous | s&:t&ut of ignition, the temperature pmduced Is it

RS . fuel is the better caused to maintain its char- | very high, and it falls almost instantly through
Eriiriiiiiiiiiii ;acter as a sepamte Sbl&t& mthm a: vo]ume of; the: .;EhébSOTéptiOD? by the engine-walls, so that é::tl-: 83
1 | most the whole of this heat at the highest tem- 1
5 “the productlon of hec‘ut_dlr@ectly Wlthm the b;ody: perature is lost; but by my method of pre-- 7
. of air, the gas being distributed through the | paring and: burmnﬁ the' gases, since they do -
i oo amr-charge, ready to be ignited at the proper | mot contain sufﬁmem:'fur'to burn instantly,no-
oo oo time, This method of first preparing the gases: | such high temperatureis attained, but the heat g0
o o and then admitting them: without admixing. ideveloped by‘ the‘ (jalllbustion of the fu;el i.s ra-p~ R
‘Wwith the charge (;}f air can be: applied toany | SRREERREY
 form of engine using gaseous fuel. Any suite sdrwmg the piston S0 that when the LOH]bllS EERRREEES
o able constraction and. amangement of valves | tion of the fuel has been completed the piston ]
- may be provided for separately admitting the | will have already made a portion of its stroke, 95

it i . combustible fuel and the. compressed air, as | and the heat absorbed by the work done by = ]
o 30 stated. .As shown, the valves for these ports | the piston in moving the distance between the 1 |
0 ococierooinooo o arveln four sections, carried and operated by | time when the cﬂmfbustimilé begins and is com- 1o
oo thesamesstem, Hyand the ports for the gaseous | pleted has been expended in doing work in @
i foel are shown as being outside of the ports | the engine, instead of (as would: ha,ve been 1ou
oot i for the alr; so that the tubes O Cstand at an | the case if the combustion had been instanta-: 0
... 2c angle to direct the fuel into the cyhuder WIthé - neous) increasing the Initial temperature of
SEREREEESS t]JL flow of air leaving the ports A.: .| the gases. 'I'he amount of time required for = ..
. Drepresents the pipe e@mmumuatmﬂ mthf the combustion may be regulated to some ex-
the air-compressor. I I are the valves 'fo‘r the | tent by the amount of air supplied to the fuel ics

alr-ports. I I are the pipes communicating
with the gas producer and converter, and G G
arethe valves for the fuel-ports, the said valves

being arranged within the same valve-chest, I.-

The ignition of the charge is effected by the
electric spark and suchignition is made at the
point at W]JIC]J the gaseous fuel issues from the
tube. Any smtftble means may be employed
for conducting the electric carrent to produce
the spark, or any other approved method may
be adopted for lighting the charge. A con-
venient and eﬂ’eetwe way 1s shown in Fig. 3,
in which C represents the tube of the gas port
1n end and partial section views, and in which
« 18 the conducting-wire leading to the battery,

and connected to Lhe tube by a non-conduct-

1ng support, b, so as to extend partly over the
end of said tube and ¢ 18 the spark-receiving
point attached to the tube, so that the qparL
must cross the issuing btr{,am of gas at the
proper moment.

The preliminary prepfuatlon of the fael be-

fore entering the engine is an essential feature

in the plan of admicting the gas and the com-
pressed air into the power-cylinder in separate
streams to complete the charge. In complet-
ing the charge the pure air flows in a solid
stream into and through the port A, and at a

pointoutsideofthecylinder-chambersurrounds |

plosion of the charge.

-a sadden explosion of the eharge.

entering the engine. A large amount of air
will produee a quicker combustion, and the
duration of the combustion may be determined
by an indicator-card taken from the working-
cylinder.

It will be understood that the slow combus-
tion 1s effected by the combustible mixture
containing an excess of gaseous fuel over air,
and hence cannot burn until it ean obtain this
necessary air from the surrounding charge of
air separately introduced into the cylinder—
that 1s to say, I coneentrate the fuel, first
with a small admixtare of air to support com-
plete combustion, which can only takeplace by
the fuel matter coming in contaet with a suf- 120 7
ficient quantity of the air in the cylinder, so
that there can be no sudden combustion or ex-
After the air which is
admixed with the tuel is burned the combus-
tien can only proceed as fast as it can come
in contact with the surrounding air, and this-
short interval of time is sufficient to prevent

110
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While I prefer to admit the fuel into the air-
passage through a tube or nozzle, as shown,
yet 1n carrying out my invention it is only
necessary to allow the fuel to flow quickly in a
large stream into the air-streani, so that both
streams may flow along togethm

T 30
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It 1s obxrious that I may ' use ordinary illumi-
natmg gas-by admixing & sufficient quantity

of air with it to cause it to burn without
- smoke.

This admixture of air with the gas
may be effected either in a passage of the en-
gine or in the pipe supplying fuel to the en-
gine,

wixture may be known. by the flame.

cylmder with the sepamte strea,m of air under

- The mmultaneous admission of air and gas

in a number of small streams into the work-

15

ing-eylinder of a gas-engine in regular strata

or layers, so as 1:0 prevent explosmm when

 the gas is ignited, is described.in English

20

Patent No. 107 of 1861, in which a distribut-

ing-valve provided with a number of small
tubes is employed to effect the admission of
the gas in separate streams, while between

‘each tube there is an opening for the sim._.ul-

taneous admission of air in separate streams

- into the cylinder, so that the air and gas enter

T 23
30
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and lie in the ecylinder in regular strata of
small streams. In the invention described in

this English patentthe gas enters the cylinder
in & number of small ‘streams, and side by

side. The air must also enter the eylinder in a
number of small streams, the effect of this
multiplication of small streams, producing an
admixture of the gas and air determined by the
numberof such separate streams, and therefore
must fail to effect the object of my invention.
Moreover, such multiple of streams of air and
oas effect a too intimate mixture, tending to

produce instantaneous combustion, and there-

_.40
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fore wonld fail to efiect the object of my inven-

tion, in which the charge of gas is admitted
10 & separate single volume from the charge

of pure air, and in the slow combustion which

would result therefrom only those portions of

the gas in contact with the air wonld burn

completelg but by the addition of a small por-
tion of air as a part of the volume of the gas-

eous fuel the production of smoke will be pre-

vented. - In my invention the gas and air are

‘admitted into the cylinder 1n separate single
~volumes to complete a charge, in which the

gas enters the volume of air so gently as to be

'enveloped by and to flow gently with it, not

mixing or fermmg eddies in the eylinder. In

“an engine running two hundred revolutious

per mmute the mixing of the two compara-
tively large volumes of air and gas could not

occur in the instant during which the charge
is being admitted. Moreover, the larger the

1rc:lt:n:ne of the streams of air and gas the less
liable will they be to admix, as the flow will
be greater. These separate air and gas vol-
umes can be admitted either through separate

ports in the same valve or by separate valves

I claim—:

IIIIIIII

.........
Ty
.......

T prefer the latter, so that by placinga
test-burner upon the pipe the quality of the
The

mixture of air and gas passes into the power-

1. That 1mpr0vement in the method of op- |
. erating a gas-engine which consists in adwmit-

ting into the cylinder a single stream of air

o

under compression in large volume, and si-
multaneously therewith admlttmg a2 single
stream of gas in large volume directly within

‘the flowing volume of air, so that the latter

L
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will surround and carry the volume of gas with

-itintothe cylinderin a single enveloped strata,
‘substantially as desm ibed, for the purpose

specified.

2. That 1mpr0vement in the method of op-
erating a gas-engine whick consists in admit-
ting into the cvhndel a2 single stream of air
under compression in lalﬂe volume, and si-

multaneously therewith admlj;tmg in a single
stream of large volume the gaseous fuel mixed
‘with a quantity of air less than that required

to effect the complete combustion of the fuel-

charge, enveloped and carried by the air
charged as a distinet volume, substantially as

deseribed, for the purpose specified.
3. The power-cylinder of a gas-engine, con-

structed with separate ports for the sepamte |

admission therein of air under compression
and gaseous fuel, the issuing-orifice of each
gas-port terminating within each air-port, so

as to be surrounded by a flowing volume of

air, in combination with suitable valves for

controlling the admission of the air and gas

volumes, Sllet&I]tIﬂl]Y as deqcubed for the

“purpose specified.

4. The combination, in a gas-engine, of the
power-cylinder,- construeted mth the ports A
A, for the admission therein of air under com-

75
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pression, and with ports B b, for the admis-

sion of gaseous fuel, each in single volumes,

the latter ports being separate and distinet,
and having terminal tubes € C, pm]eetmn
within the air-ports at or near the enfrance of
the latter into said cylinder, with a valve or
valves, substantially as described, for the pur-

| pose specified.
5. The ecombination, In & gas-engme, of the
| power-c:,linder,; having separate ports for the
| admlsmon therem of air and gaseous. fuel 1n

of sald gas-ports arran fred to plqlect W1thm |

the air- ports at or near their entrance into the
cylinder,thelighting-wires conunected with the
1ssumg-or1ﬁces of s.ml terminal tubes, and a

snitable valve or valves, substantially as.de-

seribed, for the purpose specified.
- 0. In combination, In a gas- engine, the

100
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power-cyhnder having the air-ports A A, the

gas-ports B B, the latter baving the termuml
tnbes C C, tlle lighting-wires connected with
said termlnal tube% at their outlet-orifices, a
valve orvalves,and the piston,all constructed

forth.
In testimony whewof T have hcreunto set

my hand in the presence of. two qubscrlbmg
w1tneqqe<=

LEWIS H ALLObh \TASH

Witnesses: -

A. Ii. H. JOHNSON,_ '
J. W. HAMILTON JOHNSON,

and adapted for opemtlon snbstantm]lv as set
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