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The invention relates to methods and devices
for regulating or controlling the ratio of mix-
ture of two or more gases and consists in es-
sence in making the pressures of the gases 1o
be mixed automatically dependent on each other
Or on a comparison pressure.

In practice it often occurs that the ratio of
mixture has to be regulated in such a manner
that the ratio of mixture remsains constant or
is adjusted according to certain requirements. Up
to now the ratlo of mixture of gases was regu-
lated always by modifying or adjusting the out-
let cross section. It is well-known, however, that
the volume of a gas flowing through an aperture
depends on the cross section of the aperture as
weil as on the pressure gradient. Therefore, if
the pressures of the gases change hefore the
point of mixture, a regulation by adjusting the
cross section becomes unreliable and even often
unserviceable. This drawback is overcome by
the invention by way of meking the pressures of
the gases before mixing dependent on each other
so that the pressure gradient of the gases is in-
volved In this method or used therefor, respec-
tively.

The Invention is especially suitable in connec-
tion with the operation of internal combustion
englnes working with a mixture of gases as for
instance blast furnace gas, waste gas, lighting gas
etc. with air, and particularly for internal com-
bustion engines with & gas generator. For, with
internal combustion engines it is of great Im-
portance for maintaining a high output that the
required ratio of mixture of gas and air is main-
talned exactly. Especially with engines supplied
from gas generators the regulation accordance to
the inventicn 1s of great importance hecause; in
view of the varying resistance to flow through the
generator, gas purifier ete., the pressure of the
generator gas varies considerably before the mix-
ing chambper. these variations being dangerous to
the werking of the motcr or impairing the output
of the motor.

If, for instance, during prolonged working or
with an inferior fuel the gas purifler {s choked
up whereby the resistance to flow s increased, the
motor sucks in too much gmir in proportion to
the gas whereby under certain conditions the
mixture can become even inexplosive. Especially
for internal combustion engines, therefore, the
invention may be used to regulate the ratio of
gas and air in accordance with the requirements
so that & good output of the motor is warranted
under all conditions of use.

According to the invention the regulation can
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be effected in such a manner that the pressures
of the gases to be mixed will be balanced auto-
matically agailnst each other and the ratio of
mizture determined by the cross section of the
outflow, this cross section in case of need being
adjustable. The pressures of the gases to be
mixed may be regulated automatically in a direct
manner s¢ that the ratio of volumes of the gases
flowing towards the mixing point will be deter-
mined by the ratio of the pressure gradients feed-
ing the gases. 'Therefore, the pressure of a gas
can be used for regulating the pressure of the
other gases to be mixed whereby all pressures
can be kept constant or the ratlo between the gas
pressures adjusted as desired.

If the volumes of the gases to be mixed are
equal, the pressures of these gases can be regu-
lated in such a manner that the same are equal
or balanced, whereby the gases flow through aper-
tures having equal cross sections. If, however,
the volumeg of the gases to be mixed are unegual,
this proportion can be taken into account by the
size of the outflow openings or by adjusting ratlo
of pressures or by both methods. In any case,
however, according to the invention the pressure
of the gases before mlxing must be involved in
the regulation. According to the invention, the
ratlg of mixture may also be varied in sccordance
with the requirements for instance by varying the
ratio of the pressures of the gases to be mixed
or the ratio of the pressure gradients feeding the
gases in a predetermined manner. This may
be effected by balancing the pressures of the gases
to be mixed in such g manner that the ratlo of
mixture for instence in case of differing gas con-
sumption or different helghts of pressure will be
changed by the influence of an additional power
which takes part in the resulting balance con-
ditions. Such a method of regulation corre-
sponds to the requirement that with internal
comnbustion engines the mixture should contain
more gas with less number of revolutions and
with the running light. Likewise, If the quality
of the generator gas grows worse with decreas-
ing gas consumption this circurmnstance 15 taken
into conslderation,

The variation of the volume of the mixture in
accordance with the differing quantity of mix-
ture required can be effected according to the
fnvention in such & manner that only the pres-
sure of one of the gases is varied by throttling
arbitrarily while the pressure of the other gases
is adjusted asutomatically in dependency of the
pressure which 1s varied arbitrarily,

In adjusting the ratlo of mixture also changes
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in the composition of one or more gases of the
mixture ean be taken into account in such a man-
ner that one of the gases becoming worse, the
volume of this gas will be increased automati-
cally if compared with the volume of the other
gases to be mixed. Such a change ean take place
by a variation of the temperature or quality
(caloriflc power) of the gas. Therefore, accord-
ing to the invention the ratio of mixture ¢an be
varled automatically in accordance with the
changes occurring with one or more of the gases
to be mixed.

Especially in the use of generator gas for in-
ternal combustion engines the drawback occurs
that the calorific power of the generation gas
varies considerably with the load or the gas con-
sumption, respectively, This drawback has the
effect that the motor recelves a mixture varying
under different loads even iIf the same ratio of
mixture Is maintained. If the calorific power of
the generator gas decreases too much, under cer-
taln circumstances the mixture becomes so bad
that the working of the motor, will be in danger.
On the other hand the gas cannot be fully uti-
lized with the consumption of gas corresponding
to best calorific power iIf the ratio of mixture of
air and gas 1s adjusted corresponding to an aver-
age value of the gas quality. In any event the
degree of efficiency of the plant decreases,

The Invention also serves the purpose to avold
this drawback, by taking into account that the
temperature of the gas leaving the generator Is
a8 measure for calorific power of the gas. The
less the temperature of the outflowing gas, the
higher 15 the calorific power because the rate of
efficlency of the generator Is higher in this case,
The higher the temperature of the gas, however,
the less is the calorific power because the higher
gas temperature involves a higher content of car-
bon dioxide and a smaller content of hydrogen.
Therefore, according to the invention the ratio of
mixture of generator gas and alr i adjusted in
correspendence with the quality of the generator
gas by & device operating In dependency of the
temperature of the gas leaving the generator in
such a manner that with an increase of the tem-
perature effected hy a decrease of the calorific
power the volume of the gas is Increased and/or
the volume of the alr Is decreased, and vice versa.

Therefore, the invention permits of keeping the
heat capacity constant, the requirement of vary-
ing the heat capacity of the mixture with differ-
ent loads or number of revolutions, respectively,
of the motor belng taken into account. There-
fore, the Invention iIs of great advantage espe-
clally with internal combustion engines supplied
with gas from gas generators.

A device for earrying out the method according
to the invention In essence comprises an appa-
ratus having pressure-sensitive means for in-
stance diaphragms, pistons or the like, the pres-
sures of the gases to be mixed or the comparison
pressure acting upon such means, these means
being connected with the mechanisms controlling
the gas supply, the regulating pressure acting on
one side of these diaphragms or the like and the
pressure to be regulated acting on the other side.
If more than two gases are mixed, the pressure
of each gas will be balanced against the pressure
of the arbitrarily regulated gas by means of a
separate diaphragm. The supply of the gases
may take place directly through the regulating
device.

According to the invention the adjustment of
the ratio of mixture in accordance with the tem-
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perature or the quality of the gas can be effected
for instance by the action of a temperature-
sensitive device on a spring or the like acting
upon the pressure-sensitive device (diaphragm
or the like) or by way of g variation or throttling,
respectively, of the outflow cross section or
sections.

In the drawings different forms of execution
of a device aceording to the invention are shown
In a diagrammatic manner. Figs. 1 and 4 show
different devices for the regulation of the ratio
of mixture of two gases whilst Figs. 2 and 3 show
devices for regulating the ratlo of mixture for
three and five gases, respectively. Figs. 5 and 6
illustrate two forms of execution relating to a
plant comprising a gas motor and a gas generator.
Figs. T relates to an embodiment of the invention
in which the ratio of mixture is regulated in
dependency of the temperature or the calorific
power, respectively, of a gas.

Fig. 1 shows an embodiment of the invention
for the reguiation of the ratlo of mixture formed
by two gases, for instance air and fuel gas. One
of the two gases, for instance air lows in through
the pipe § in the direction of the arrow into the
chamber 9 which is connected with the chamber
g8 by a valve 8. From this chamher 3 the air
flows through the pipe 10 Into the mixing cham-
ber |i. The chamber 3 is separated from the
chamber 2 by a diaphragm | which serves for
regulating the pressures. The fuel gas enters into
the chamber 2 through the pipe 4 and flows
through the pipe 1 into the mixing chamber |1
from which the mixture of gas and air flows to
the motor eylinder through the pipe 12.

By the valve 8 controlled by the diaphragm |
the same pressure Is maintained in the two pipes
T and 10 leading into the mixing chamber, and
the chambers 2 and 3. The regulation takes
place in the following manner: If the air pres-
sure in the chamber 3 is higher than the gas
pressure in the chamber 2, the diaphragm 1
moves to the left and closes the valve 8 so that
the air pressure in the chamber 3 decreases until
the diaphragm I shifts the valve 8 In such a posi-
tion that the pressures in the chamber 2 and 3
become equal. Advantageously, a cataract 13 is
arranged in order to damp the movement of the
valve 8, the damping being dependent on the
tiechtness of the sealing of the damping piston
13 on the cross section of an opening (not shown
in the drawing).

Fig. 2 shows an embodiment of a device for
regulating & mixture of three gases e. g. & mix-
ture of air with two different gases for instance
generator gas and lighting gas, The alr enters
the chamber 9 through a pipe 5 and flows through
the valve 8 into the chamber 3 which Is separated
from the chamber 2 by dlaphraem 1. From
chamber 3 the alr flows into the mixing chamber
t1 through the pipe 10. The generator gas enters
the chamber 2 through the plpe 4 and flows
through the pipe 1 Into the mixing chamber 11,
The lighting gas enters the chamber 15 through
the pipe i4 and flows into the chamber 11 through
the valve 16, the chamber belng separated from
the chamber 2 by the diaphragm i8. The light-
ing gas flows through the plpe 19 into the mixing
chamber i1, The operation of this device is the
same as with a device shown in Fig. 1 with the
difference that the device shown In Fig. 2 is
double acting and the pressure of the generator
gas In the chamber 2 controls not only the air
pressure in chamber 3 but also the lighting gas
pressure in chamber 7, the valve 9 regulating
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the pressure In chamber 11 under the influence
of dlaphragm I8 In such a way that this pressure
is equal to the pressure in chamber 2. There-
fore, In the chambers 2, 3 and |1 the pressure is
the same,

The walls of chamber 2 may consist of seversl
diaphragms so that a mixture composed of any
desired number of gas components ¢an be regu-
lated.

Fig. 3 shows an embodiment of the invention
for the regulation of a mixture of five gases. For
instance, the regulating gas may be generator
#as and the regulated gases may be air, lishting
gas, blast furnace gas and water gas (hydrogen).

Regulation takes place by the pressure in the
chamber 2. The regulating gas flows into the
chamber 2 through the pipe 4 and from this
chamber through the plpe 7 into the mixing
chamber #l. The regulated gases flow throush
the pipes 235, 26, 27 and 18, respectively, and the
valves 33, 34, 35 and 36, respectively, into the
chambers 21, 22, 23 and 24, respectivaly. The
valves are controlled by the dlaphragms 28, 30,
31 and 32, respectively, in the same manner as
deseribed with regard to Iig. 1 so that the pres-
sure in all the chambers 2, 21, 22, 23 and 24, te-
spectively, will be equal. Therefore, the gases
flow through the pipes T, 40, 41, 42 and 43, respec-
tively, under equal pressure into the mixing
chamber I,

In order to enable guick regulation with small
movements of the diaphragms the regulating
pressute can be regulated itself. Pig. 4 shows an
embodiment of such a device. According to this
embodiment two valves 8 and 20 are connected
with the diaphragm | in such a manner that these
valves are operated by the diaphragm in opposite
directions. Therefore, also the gas flowing in
through the pipe 4 first enters the chamber 34
from which it flows regulated by a valve 20 into
the chamber 2 and then through the pipe 1 into
the mixing chamber (1. In this manner the preg-
sures in the chambers 2 and 3 are balanced much
more rapidly because when the diaphragm moves
to the righi, valve 8 opens and valve 20 closes
while in the opposite direction to the left valve
8 closes and valve 20 is opened at the same time.
This opposite movement lasts until the pressures
are balanced.

The pressurc-sensitlve means for effecting the :

regulation are shown in the drawing as dia-
phragms. However, also, other means as for in-
stance pistons or the like may be used.

In the embodiments shown in the drawing the
regulation effects equality of the pressures. If
equsl volumes of gases are to be mixed, the cross
sections of the openings leading to the mixing
chamber are equal. Il unequal gas volumes are
to be mixed, this can he effected by choosing dif-
ferent cross sections of these openings, and the
same could be made adjustable at will. However,
the arranegement could be made also in such a
manner that the pressures of the gases would be
meaintained unequal so that aiready hy the ratio
of the pressures the ratic of mixture would be
determined.

The srrangement could be made also in such
a8 manner that the pressure of one of the gases
will be kept equal to the sum of the pressures
of a plurality, of gases so that the pressure of the
other gas or the other gases will be Increased
automatically if cne ¢r more gases are failing.
This for instance will occur when the availahle
gas volume is temporarily insufficlent and equl-
librium shall be obtained by a gas used auxiliarily.
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This may, for instance, occur with internal cam-
bustion engines fed by generators if at the start
the generation of gas is not sufficlent. In such &
¢ase the Inwvention enables in a simple manner
additional use of a gas for instance fed by gas
battles.

Furthermore, the invention permits variation
of the composition of the mixture in a predeter-
mined manner. For instance, this is necessary
with 2 gas motor In which with smalil loads and
low numbers of revolutions of the motor a mixture
more Tich in gas 15 advantageous if compared
with full loads and high number of revolutions.
This can be obtained by the invention for in-
stance by loading the diaphragm | (Fig. 1) by a
compressicn spring arranged in chamber 3. In
this case the diaphragm | will be in equilibrium
only when the gas pressure in chamber 2 becomes
equal to the sum of the spring pressure and the
air pressure in chamber 3. Therefore, the air
pressiite in chamber 3 always is smaller than the
gas pressure in chamber 2 in accordanee with the
soring pressure, and this of course has the more
effect with smaller loads i. e. with less absolute
pressure, This has the consequence that with
smaller loads Iess air flows into the mixing cham-
kar. The desired variatlon of the composition
¢f the mixture can be obtained by corresponding
spring pressures whereby the suction pipe pres-
sures and the pressures in the mixing chamber
cocurting during running without load and under
full load will be taken into consideration.

Such an embodiment of the invention has spe-
ctal advantages for plants comprising gas gen-
erators and gas motors. Figs. 5 and 6 show dia-
gramn-atically the arrangement of such a ma-
chine unlt.

The motor 80 is connected with the mixing
chamber ¢l by a suction pipe 81, the gas and
the air flowing through the pipes Bl and 50, re-
spectively, to the mixing chamber. The gas is
generated by the generator 58 into which the air
to hz gasifled flows in through the condult B&.
A throtile valve 5T which ¢an be actusted arbi-
trarily is arranged before the gas generator §8.
The quentity of mixture which enters the motor
ahd accordingly also the output and numnber of
revaiutions of the motor are altered by chang-
ing the pasition of the throttle valve 5T by means
of a lever 1@ which may be operated by hend or
by foot, The gas flows from the generstor
through conduit 5l into the mixing ehamber I1.
The air required for producing the mixture flows
through the pipes 36 and 50 and is controlled or
regulated by the throttle valve 49. The conduits
5% and 6§ are combined with one another so as
to constitute a commraon or joint conduit 5. The
thrattie valvye 49 which Is arranged in the condult
b8 and regulates the volwme of air is operated by
the diaphragm | through the lever arrangement
€8, 83 in dependency of {he pressure in the cham-
bers 2 and 3. The chamber 2 is connected with
the conduit 61 through the conduit 48, 52 while
the chamber 3 is in connection with the pipe 30
througn the conduit 33,

This device is operated in the following man-
ner: By varying the position of the throttle valve
8T arranged before the generator the pressure in
the gas generator 58 and in vhe conduit 51 may be
altered. When the thinttle valve is entirely
operied the maximumm volume of air enters the
gas gengralor and the generator gas will be de-
veloped nearly at atmospheric presswie. How-
ever, when the motar is to be adjusted for a
smeller output, the throttle veive 57 la closed
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more or less and the gas flows Into the mixing
chamber at a smaller pressure. Therefore, the
pressure in the conduit 50 will be higher than the
pressure in the conduit 51. As g consequence,
the pressure in the chamber 3 connected with
the air conduit §§ through the conduit 53 will be
higher than the pressure in the chamber 2 con-
nected with the gas conduit 51 through the con-
duit 52, 48, Therefore, the diaphragm | moves
down and holds by means of the lever arrange-
ment 69, 69 the throttle valve 49 closed until the
pressures in chamber 2 and chamber 3 are equal-
ized or balanced. As, however, also the spring
82 is acting on the dlaphragm I, the condition
of equilibrium will only be reached when the gas
pressure in chamber 2 equals the sum of the air
pressure in chamber 3 and the pressure of the
spring 82. This spring 82 will be necessary In
case the composition of the mixture has to be
varied at smaller loads of the motor (with the
throttle valve 67 being more or less closed) In
such a manner that a richer mixture is obtalned.
The force of this spring ought to be the greater
the more the composition of the mixture is re-
quired to differ.

In order to render the working of the motor
sufficlently elastic, it 1s necessary that the num-
ber of revolutions per unit of time of the motor,
which runs with a more or less closed throttle
valve, Is almost discontinuously Increased by
opening the throttle valve. For this purpose the
mixture of gas and air should be richer ln gas
after the opening of the throttle valve 1. e. during
the acceleration of the motor than under normal
conditions. This may be effected by having the
opening of the throttle valve 48 in the air conduit
lageing behind the opening of the throttle valve
57 in the gas conduit 56. This lag of the opening
of the alr throtile valve may be accomplished in
different manners.

In order to effect this lag of the opening of
the throttle valve, in the embodiment shown in
Fig. 5 the air throttle valve 49 Is influenced not
only by the diaphragm I, 1. e. by the pressure
difference between the pressures in the chambers
2 and 3, but also by a second diaphragm 8{ sep-
arating the chamber above the wall 45 In two
parts 68 and 88. The upper chamber 88 is con-
nected with the gas conduit 61 through the con-
dult 52 and has the same pressure as the conduit
6i1. The chambers 68 and 59 are conhected with
one another through a small aperfure 88 con-
stituting g cataract and through the conduits 65
and 63. The cross sectlon of the aperture 66 can
be regulated by means of the screw 64.

Now, If the motor runs at a constant load for
some time, the same pressure will be generated in
the chambers 59 and 60. If however the pres-
sure in the conduit 51 and accordingly also In the
chamber 60 has been Increased rapldly by & quick
opening of the throttle valve §1, & downward
pressure Is exerted upon the diaphragm 6i
agalnst the action of the spring 82 till the pres-
sures In the chamber 88 and 59 are bhalanced,
through the cataract 66. By this downward
pressure the opening of the throttle valve 48 is
lagged. During this period the gas content of
the mixture Increases and the motor works under
a higher load with acceleration. The adjusting
screw B1 serves the purpose to limit the opening
movement of the throttle valve 48.

In the neighbourhood of the running without
load the composition of the mixture is very sensi-
tive with regard to pressure variations and the
relation hetween the composition of the mixture
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and the gas pressure follows a different rule than
with higher loads. In Fig. 6 a device for the
regulation of the running without load is shown.

The device shown in Fig. 6 corresponds in es-
sence to the example shown in Fig. 5 and there-
fore the same reference numerals are used.
However, the admlission of air to the mixing
chamber Il and to the generator §8 takes place
not only by way of the condults 58 and 55 and
the throttle valves 48 and 51, but also through
the conduit T1—T13—18 and an aperture 15, and
through the conduit T1—12—18 and an aperture
14, thus shunting the throttle valves 51 and 48,
respectively. The apertures T4 and 15, respec-
tively, can be adjusted by screws 18 and 11, re-
spectively. In view of the fact that the aper-
tures 74, 15 are comparatively small, only a
little portion of the air will flow through these
apertures when the throttle valves 48, 57 are
opened, the main part flowing through the con-
duit 65 and 56, respectively. If however the
throttle valve 57 is closed, this resulting auto-
matically in closing also the throttie valve 48, the
volumes of alr flowing through the condults 56,
58 will decrease and therefore an Increasing part
of the total air volume flows through the conduit
11 and through the a2djustable apertures 14, 15.
‘When the throttle valve §1 and, therefore, also
the throttle valve 59 1s closed completely, the
quality of the mixture or the ratio of air and gas
1s determined solely by the cross section of the
apertures T4, 15. The cross sectlons of these
apertures can be adjusted by means of the screws
18, 17 in such a manner that only the volume of
alr necessary for no-load running will flow into
the generator and into the mixing chamber re-
spectively, when the throttle valves 48, 57 are
closed. Fig. 7 shows an embodiment of the in-
vention in which variations of the temperature
or of the caloric power are Involved in the regu-
lating process. In this embodiment a device
sensitive to variations in temperature is exposed
to the action of the gas which acts upon the
device regulating the gas pressure.

In the embodiment shown in Fig. 7 the tem-
perature-sensitive device consists for instance of
two parts having different heat expansion, g base
plate 82 and a bar 84. The base plate 82 is con-
nected with the condult through which the gas
flows out of the generator In such a manner that
the base plate takes up the temperature of the
condult. The bar 84 is pivotally mounted at 83
on this base plate, the other end of the bar
being hinged at 88 to a lever 86 which is pivotally
mounted on the base plate 82 at 81. The other
end 88 of this lever 86 is connected to a bar 89
which at 80 acts upon a two armed-lever 82
pivotally mounted at §1. The other end 8% of
the two-armed lever 82 cooperates with a spring
84 bearing upon the valve 8§ which is acted upon
by the diaphragm |. The arrangement is analo-
gous to that shown in Fig. 1. Through the con-
duit 4 the gas flows into the chamber 2 and from
this chamber through the conduit 1 into the
mixing chamber i1, the air flowing through the
valve 6 into the chamber 3 and through the con-
duit 19 into the mixing chamber (1. From the
mixing chamber the mixture flows through the
condult 12 to the motor, The alr pressure in
the chamber 3 is determined by the gas pressure
in the chamber 2 on the right-hand side of the
diaphragm { and by the pressure of the spring
94 on the left-hand side of the diaphragm be-
cause the alr pressure must be equal to the differ-
ence of these two counteracting pressures, If
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the spring pressure increases, the air pressure
lowers whereby the mixture becomes richer in
gas. This, as hes been mentioned already, is
necessary when the caloric power of the gas
decreases 1. e, when the gas leaves the generator
at high temperature,

If for instance the base plate 82 is made of
aluminium and the bar 48 of steel owing to the
greater thermal expanslon of aluminium the end
85 of the bar 84 gets Into the position 85’ when
the temperature raises, The lever 86, the end
88, the bar 88 and the two-armed lever 92, there-
fore, will get Into the position 86'—88'—90'—93’
shown by dot-and-dash lines whereby the spring
will be compressed. The power by which the air
pressure In the chamber 3 has to keep up the
equillbrium decreases because with unvaried gas
pressure and greater spring power the resulting
pressure agalnst which the air pressure must be
balanced decreases so that the alr volume flowlng
to the motor diminishes. If, however, the tem-
perature of the gas decreases, the pressure of
the spring 84 diminishes and, therefore, the alr
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pressure Increases by the unequal deformation
of the base plate 82 and the lever 84. In view
of this change more air flows into the mixing
chamber |1 and this is desirable with regard to
a hetter quality of the gas.

Instead of the base plaie 82 and the lever 84
also another regulating device responsive to tem-
perature varietions may be used as for instance
boxes filled with gas or liquid. If the regulation
is effected by a gas or a liquid, the resilient box
contalning this medium must be exposed to the
temperature of the gas leaving the generaior
and must be connected with a regulating device
in such & manner that a dilatation of the box
compresses the spring 94.

The temperature-responsive device may also
act in any other suitable manner upon the regu-
lation of the mixture. In the embodiment shown
in Fg. 7 the temperature-responsive device varies
the ratio of pressure between alr and fuel gas, but
it could control also for instance the outflow
cross sectlons of air and fuel gas.

EMIL SCHIMANEK,



