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To all whom it nvaiy coneeriv:
Be it known that I, Erxst KORTING, a sub-
ject of the Emperor of Germany, residing at

" Hanover, in the Kingdom of Prussia and lim-

pire of Germany, have invented certain new

and useful Improvements in (as-Mixing De-

vices for (Gas- Engines, fully described and
represented in the following specification and
the accompanying drawings, forming a part
of the same.

This invention relates to means for supply-
ing gas-engines with an explosive gaseous
mixture of a constant thermic efficiency with
the use of power-gases of varying calorihic
values.

The power-gas usually used for operating
gas-engines is the manufactured or producer”

oas, which has a comparatively low calorific
value. Itisoftendesirable, however, to make
use of a gas of comparatively high calorific
value, such as natural gas, which has a value
of about nine hundred heat units per cubic
toot. The value of ordinary producer-gas 1s
about one hundred and fitty heat units per
cubic foot. Such gases of high calorific value
when mixed with a combustion-supporting
oas, such as air, to form an explosive mix-
ture produce a mixture of such character that.
the danger of preignition is so increased as to
necessitate the engine being constructed and
proportioned to operate with a lower com-
pression than is desirable and than is provided
for when power-gas of alower calorific value s
used. Suchhigh calorific value gases also re-

quire a different proportion of air for form- |

ing the explosive mixture, and this necessi-
tates a difference in the construction of the
devices for supplying the explosive mixture
to the engine-cylinder. Especially is this so
in the case of engines such as the two-cycle

engine described in my United States Patent

No. 746.342, dated December 8, 1903, in which
ghe power-gas and air are supplied by sepa-
rate pumps. |

The object of my present invention is .to
enable natural gases or other power-gases of
high calorific value to be used without danger
of preignition, while permitting the engine
to be operated with the same high compres-

i

i
|

“duce a mixture having the calor:

same feeding means. for supplying the ex-
plosive mixture to the engine-cylinder as is
used for power-gas of low calorific value. 1o

“this end I employ an engine constructed for

using a gas of low calorific value and provide

55

means for mixing with the combustible or

power gas a neutral gas in proportion to pro-

1e value of
the oas for which the engine is constructed.
The proportionate amount of air required to
he mixed with such mixture of reduced cal-
orific value will be the same-as the amount

“which would be required to be mixed with a

oas originally of the same low calorific value,
and the same means may thus be employed
tor supplying such gas and air to the engine-
cylinder as would be employed for supplying
any power-gas of the same calorific value and
air to the engine-cylinder. As the amount

of oas to be supplied to the engine-cylinder

varies according to the load on the engine,

means are provided tor supplying varylng
volumes of the high calorific value power-gas
and the neutral ¢as 1n constant proportions,

and to provide for the use of power-gases of
varying calorific values provision is made va-
rying the proportions in which the neutral
ous is mixed with the power-gas to form the
oas of reduced calorific value. Any suitable
neutral gas which has the property of dilut-
ine the power-gas and diminishing 1ts-prop-
erty of self-ignition may be employed. Pret-
erably, however, 1 make use of the exhaust-

gases from the engine-cylinder for this pur-

pose. o
By my invention I am enabled to operate
the same engine with power-gases of widely-
varving calorific values—as, for example,natu-
ral gas or poor producer-gas. |
A full understanding of the invention can
best be given by a detailed description of pre-

ferred constructions embodying the same, and .
such a deseription will now be given in con-
nection with the accompanying drawings, in

which-— | -

Figure 1 is a sectional view of a construe-
tion for supplying the explosive mixture to
an engine of that class in which the mixture

is drawn into the engine-cylinder or combus-

tion-chamber by the action of the engine-pis-
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~therewith to be adjusted toward or from t

ton as in the ordinary fom-cvcle oas-engine.

Fie. 2 1san elevation of the construction c;hmx 3
1n _lilg. 1.
tion, illustrating the application of the inven-

In my said United States Patent No. 746.349.

Referring tothe drawings, and first to Figs.
1 and 2, these figures show a mixing appara-
tus consisting of a casing 10, havinge Tnlet- -PAS-
saves 11and 12 (;01‘1L1{)110d and nommlh*cloaul

ed to be connected with the gas- qupplm Al

the neutral gas and is adapted to be connected
to the neutral-gassupply. Thes
14 are prefer &ljly self-acting check-valves,

which may be of any suitable form, the form

shown being well adapted for the purpose.
and satd valves open to chambers 15 and 16,
which communicate with each other and
a passage 17, leading, preferably, from the
chamber 15. The communication between the
chambers 15 and 16 is preferably through a

partition provided with a number of open-

Ings, as shown at 18, so that the two gases
will be thoroughly mixed as they pass through
the passage 17. The combustion-supporting
gas, as alr, 1s admitted through an inlet-pas-
sage 20.  The passage 20 and the gas-passage
17arecontrolled and normally closed by means
of valves 21 and 22, these valves 21 and 22
opening to chambers 23 and 24, which are 1n
communication with each other and with an
outlet-passage 25, from which the explosive

gaseous mixture 1sdrawn into the combustion-

chamber of the engine. The valves 21 and 22
are preferably self-acting check - valves and
may be of the same construction as valves 13
and 14, and the communication between the
chambers 23 and 24 is preferably through a
pertorated partition 26, similar to the partition
18.  The valves of ecach pair 18 14 and 21 22,
respectively, are preferably held yieldingly
i their normally closed position by means of
springs 30 and 31, respectively, as shown in
Fig. 2, and means are provided whereby the
-almS of each pair are constrained to move

together in such manner that one valve of each
palr cannot move without the other and the

amount of opening movement of one valve
each pair will always bear a certain relation to
the amount of opening movement of-the other
valve of each pair. Anysuitable means may
be provided for securing this result. As
shown, the shaft-of the valve 13 is provided
witl v an arm 32, which 1s connected by a link
35 with an arm 34 on the shaft of the valve
14, and hlmllfuly he shaft of the valve 21

carries an arm 35, which is connected by a
link 36 with an arm 37 on the shaft of the

valve 22. The arm 32 is formed so as to per-
mit the point of connection of the link 33
he
ratio of the

valve - shatt for changing the

amount of movement of the valves 13
~and similarly the arm 35 is formed so as to
I1g. 3 1s a plan view, partly in sec- |
- therewith of the link 86 toward or from the
tion to a two-cyele engine such as desceribed

~ted lines 1n Kig.
“neutral gas will ])L drawn past the valves 13
by valves 13 and 14. One of said inlet-pas-
sages, as 11, 1s for the power-gas and is adapt-
~drawn from the passage 17-past the valve 21
the other of said inlet-passages, as 12, is for |
- form the explosive gaseous mixture, wi
alves 13 and

of |

146,342.
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3 and 14,

provide for adjusting the point of connection

valve - shaft for changing the ratio of the

~amount of movement ot the valves 21 and 22.

In operation the suction of the engine will
cause the valves to open, as indicated by dot-
1, and the power-gasand the

and 14, respectively, and the mixture of re-
duced calorific value thus formed will -be

to mix with the air drawn past the valve 22 to
hich
passes through the passage 25 to the combus-
t1on- dmmbel of theengine. Thevalve-open-
ings arc of such relative size and the valves

-~ of each pair are constrained to movetogether
- with sueh ratio of movement that the volume
with |

of neutral gas passing the valve 14 will bear
the proper proportion to the volume of power-
oas passing the valve 13 to form a mixture of
the desired calorific value and that the vol-
ume of alr passing the valve 22 will bear the
proper proportion to the volume of gas pass-
ing the valve 21 to form the desired explo-
sive mixture. The power-gas, the neutral
oas, and the air will thus be supplied 1n con-
stant proportions, though the volume ot the
mixture drawn through the passage 25 is va-
ricd as required to meet the running condi-
ttons of the engine, the apparatus thus sup-
plying the several gases in constant propor-
tions for varying volumes.

When power-gases of different calorific
values are used,
exhaust-gas which is mixed with the power-
oas must be varied to produce a mixture of
the desired calorific value. With the con-
struction shown this result isreadily obtained
by shifting the point of connection of the
link 33 mtl_ the arm 32, thereby changing the

ratlo of the opening movements ot the

13 and 14. It will be seen that the appara-
tus 1s thus self-adjusting for varying loads or
speeds of the engine and may be acdjusted at
will for using power-gases of varying calo-
rific values or for changing the composition of
the mixture supplied to the engine, asdesired.

Hig. 3 shows the application of the inven-
tion to a two-cyele engine such as shown and
described 1in my United States Patent No.
In such engine the alr and gas are
supplied to the working cylinder @ of the en-
gine by separate air and oas pumps, the air

pipes o and ¢ and the gas being suj }plled
DYy a4 gas-pump m thIOUUh pipes » and 9,

the pipes o and P leftdmu to the adml%smn-
alve ¢ at one end of the working cylinder
and the pipes o and » leading to the admis-
sion-valve ¢ at the other end of the working
cylinder. Asexplained in 1y said patent, the
ratio of the piston area of the air and gas

the proportionate amount of
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pumps 1s equal, or nearly so, to that of the
qu‘mtities of air and gas to b{“ s;upphet:
engine-cylinder, and the gas-pump
Vlded with means whereby the piston does not
commence to compress the gas in the pump-
cyvlinder until it has made a portion of 1ts
stroke and until after the piston of the air-
pump has commenced to compress the air n
its cylinder. Such arrangement is for the

purpose of causing the air-pump to first force

air alone into the engine-cylinder and then to
cause both pumps to act together to force air
and gas into the engine-cylinder in propor-
tions corresponding to their piston areas.
One way described in said patent of securing
such delayed compression of the gas in the
oas-pump is by throttling the gas-inlet to the
pump. The quantity of the gaseous mixture
delivered to the working cylinder may be va-

ried without varying the proportions of air and

oas in the mixture by throttling the gas-iniet
to a greater or less deﬁ'ree For this purpose
the gas-inlet 1s shown as 'provided with a
throttle-valve 7, and this throttle-valve may
be connected to the engine-governor, so that
the quantity of mixture supplwd to the work-

ing cylinder will be automatically controlled,

%ccmdmg to the load on the engine. For fur-

ther description of this engine 1 refer to the.

specification and drawings of my said United
1t 1s evident that
as the air and gas pumps of this construc-
tion supply the air and gas to the engine ad-
mission-valve in fixed proportions the relative

size of such pumps must be varied, according

to the calorific value of the power-gas sup-
plied to the gas-pump, since a power-gas of

high calorific value requires a greater propor-
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tion of air to form the proper explosne mix-
ture than does a gas of  lower calorific value.
Bv my invention I am enabled to use the same
air and oas supply pumps when opemtmo
with power-gases of different caloritic values
by providing the engine with pumps ot the
proper size for a gas of low calorific value
and providing means. for mixing with the

power-gas as 1t 1s supplied to the gas-pump

a neutral gas, such means being constructed
to supply the two gases 1n constant propor-
tion for varying volumes as required by the
pump. The means shown in ¥ig. 8 for mix-
ing neutral oas with the power-gas is simi-
lar to the means shown in Figs. 1 and 2 for
mixine such gases and will be understood
from the deseription alvready given of the con-
struction shown 1n Figs. 1 and 2. In op-
eration the suction of the gas-pump 2 will
cause the valves 13 and 14 to open and the
power-gas and the neutral gas will pass the
valves in proper proportions to form a mix-
ture of the desired calorific value. Such gas
of reduced calorific value will be forced by
the gas-pump through the pipes p and ',
and such gas and air from the air-pump 2 will
be mixed in certain proportions to form the

to the |
1S DI'o- |

explosive mixture. The valves 13 and 14 be-
inn constrained to move together and accord-

ing to a certain ratio of movement, the power-

oas and the neutral gas will be supplied to the
gas-pump always in constant proportions,
though the volume of the mixture passed
through the pump is varied by the position of
the throttle-valve » to meet the requirements
of the engine. The power-gas, the neutral

oas, and the air will thus with this construc-
tion also as supplied to the engine be mixed
in constant proportions for V%LI"VIHO‘ volumes.
As the amount of gas passing either of the
valves 18, 14, 21, and 22 for any given open-
ing of the mlve depends on the pressure at
which the oas is supplied to the valve, each
valve should be proportioned and a,cbusted
with réoard to the pressure at which the gas
is supplied thereto, and the pressure at which

the gas is supplied to the valve should be uni-.

1‘01m or for any variation in pressure of the
oas supphed to one of the valves of each pair
there should be a corresponding variation of
the gas supplied to the other valve of such
pair. Anysuitable pressure-regulating means
may be provided for regulating the pressure at
which the gas is supplied to the several valves.
The valves of each pair are conveniently con-

structed to operate with gas supplied at the
95

same pressure. In Kig. 3 there is shown a

preferred formof a pressure-regulating means

which is also a pressure-equalizing means, the
valves 13 and 14 being constructed to operate
with gas supplied at the same pressure.
the construction shown the gas-inlets 11 and
12 are connected to opposite ends of an equal-
izing-chamber 40, which is divided into two
compartments by a piston 41, one ot said com-
partments having an inlet 42 for the power-
oas and the other of said compartments hav-
ing an inlet 43 for the exhaust-gas. Lhe pis-
ton 41 is fitted to move easily in the chamber
40 and is carried by a rod 44, arranged to

move in guides 45 at either end of the cham--

ber-casing. The piston-rod 44 1s arranged to
actuate two valves which control the openings
of the inlets 42 and 43 to the chamber 40.

- Such valves are preferably cone-valves, car-

ried by the piston-rod, as shown, and adapted
to codperate with valve-openings 46 and 47,
respectively, and are placed on the piston-rod,
so that when the piston 1s 1n its central posi-

tion both valve-openings will be partly open.

Suitable stops, as 48, are preferably provided
to prevent the total
opening. In operation, as will be readily un-
derstood, any difference in pressure on the two
sides of the piston 41 will cause the piston to
move so as to move the valves to decrease the
admission of gas to the end of the equalizing-

‘chamber at which the pressure was greater

and to increase the admission of gas to the
other end of the equalizing-chamber.
It will be understood thatan equalizing de-

| vice, such as shown in Fig. 3, may bé pro-

3

In

closing of either valve-
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vided for the valves 13 and 14 and also for the
alves 21 and 22, if desired, of the apparatus
of Iigs. 1 and 2. -

1t will be understood that the invention 1s

not to be limited to the exact constructions |

and arrangements of parts as shown in the
drawings for the purpose of illustrating the
invention and to which the foregoing descrip-
tion has been largely confined, but that the
invention includes changes andl modiﬁmtio_ls
thereof within the claims. |

What is claimed 15—

1. The combination of means for mixing a
neutral gas with a combustible gas in certain
proportions to obtain a combustible gas of de-

sired calorific value, and means for mixing a |

tible

combustion-supporting gas with such combus-
tible gas of reduced calorific value 1 propor-
tions to form an explosive mixture, substan-
tially as described. |

2. The combination of means for sapplying
a combustible gas and a neutral gas in certain
proportions to form a combustible gas of de-
sired calorific value and for maimmtaining the
proportions of the gases constant for varying
volumes supplied, and means for mixine a
combustion-supporting gas with such conmbus-
tible gas of reduced calorific value in propor-
tions to form an explosive gaseous mixture,
substantially as described.

3. Thecombination of means for supplying
a combustible gas and a neutral gas in certain
proportions to form a combustible gas of de-
sired calorific value, means for varying the
proportions in whmh such gases are supplied,
and means for mixing a combustion- ~suppor t-
Ing eas with such combustible oas of reducerd
catorific value to form an explosive gascous
mixture, substantially as described.

4. The combination of means for supplyine
a combustible gas and a neutral gas in certain
proportions to form a combustible oas of de-
sired calorific value and for maintaining the
proportions of such gases constant for
1ng volumes su ,.J],)hu.l,,. means for varying the
proportions i wnich such gases are supplied,
and means for mixing a combustion-support-
ing gas with such combustible gas of reduced
caloritic value to form an explosive gascous
mixture, substantially as desceribed.

5. The combination with means for mixing
a combustible gas and a combustion-suppori-
1ng eas in proporeions to form an explosive
mixtuare; of means for supplying the combus-
tible gas to sald mixing means comprising a
passage tor acombustil o oas of high calorilic
value, and a passage for a neutral gas, and
means for controlling the passage of said gases
through said passages to cause them to pass
In certain proportionsand for m&i11t¢111*1'i11gsaid
proportions constant for varying volumes sup-
plied, substantially as deseribed.

6. The combination with means for mixing
a combustible gas and a combustion-support-
Ing as 1n proportions to form an explosive

768,

ary-

80

mixture; of means for supplying the combus-
tible gas to sald mixing means comprising a
passage fora combustible gas of high calorific
value, and a vassage for a neutral gas, means
for controlling the passage of said gases
througeh said passages to cause them to pass
1n certain proportions and for maintaining
said proportions constant for varyinge volumes
supplied, and means for adjusting said con-
trolline means for varying the proportions in

which said eases pass through said passages,

substantially as deseribed.

7. The combination with means for mixing
a combustible gas and a combustion-support-
ng gas in proportions to form an explosive
mixture; of means for supplying the combus-
oas to sald mixing means comprising a
passage tor a combustible gas of high calo-
rific value, and a passage for a neutral gas,
sald passages leading to a common outlet
through which the combustible gas 1s supplied
to sald mixing means, check-valves 1n said
passages, and means for constraining sald
check-valves to move together with a certain
ratio of movement, substantially as describecd.

3. The combination with means for mixing

a combustible gas and a combustion-support-

1ng gas in proportions to form an explosive
mixture; of means for supplying the combus-
tible eas to satd mixing means comprising a
passage for a combustible gas of higl calo-
rific value, and a passage for a neutral gas,
sald passages leading to a common outlet

throueh which the<ombustible gas is sapplied

to said mixing means, cheek-valves in said
= 3

passages, means tor constraming sald check-

valves to move together with a certain ratio

- of movement, and means forchanging the ratio
of movement of sald checlk- ml\eb., Subst.m—-'

tially as described.

9. The combination with means for mixing
2 combustible gas and a combustion-support-
Ing vas 1n proporsions to form an explosive
mixture:; of means for supplyving the combus-
tible pas to sald mixing means comprising a
passage for o combustible gas of high calo-
vilic value, and a passage for a neutral gas,
sald passaves leading to a common outlet
throueh which the combustible gas 1s supplied
to sald mixine means, check-valves in said
passages, means for constraining sald check-
valves to move together with a certain ratio
of moveinent, and pressure-regulating means
for controlling the pressure at which said
oases are supplied to satd passages, substan-
tially as described.

10. The combination of means for mixing a
combustible gas and a combustion-supporting

- o4s 1n proportions to form an explosive mix-
- ture; of means for supplying the combustible

oas to sald mixing means comprising a passage
for a combustible gas of high ealorific value,
and a passage for a neutral gas, said passages

leading to a common outlet thr ough w hlch the

combustible gas 1s supplied to sald mixing

70

30

Q0O

95

igele

105

I11C

IIS

125

130




{1

768,807 | B

means, check-valves in sald passages, means
for constraining said check-valves to move to-
cether with a certain ratio of movement, and
pressure - equalizing means for causing the
combustible gas of high calorific value and
the neutral gas to be supplied to said passages

at equal pressures, substantially as described. |

In testimony whereof I have hereunto set
my hand in the presence of two subseribing

witnesses. S |
- ERNST KORTING.
Witnesses: . - |
T. ¥. KEHOE,
A. L. KexT.
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