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To all whom it may concern.: :

Be it known that I, Garxer W. McKer, a
citizen of the Dominion of Canada, resid-
ing at Rockford, in the county of Winne-
bago and State of Illinois, have invented

certain new and useful Improvements in

Apparatus for Proportionately Mixing Air
and (3as, of which the following is a spec-
ification.

This invention- relates in general to ap- -

paratus for mixing air and gas and pertains
more specifically to apparatus of this char-
acter adapted to deliver air and gas in pre-
determined proportions irrespective of vari-
ations in the air flow induced by a variable
resistance in the air line or by other causes.

In gas fired furnaces and other apparatus
of similar character it is frequently desirable
for purposes of economy and efficiency to
pass the air constituent of the combustible
mixture delivered to the burners, through
a recuperator or other apparatus by which
heat units from the exhaust gas of the fur-
nace are transferred to the inflowing air.
Since the inflowing air passing through the
recuperator is expanded to a greater or less
degree, depending upon the temperature of
the exhaust gases from the furnace, it fol-
lows that the recuperator acts as a variable
resistance to the flow of air through the air
line. '

The primary purpose of my present in-
vention is to provide a proportional mixing
apparatus which will deliver a mixture of
air and gas of proper proportions irrespec-
tive of fluctuations in the pressure of the air
and gas constituents and irrespective of vari-
ations in the resistance imposed upon the
air line beyond the control point.

Another object is the provision of an ap-
paratus of the character indicated which
will be very sensitive to flow variations in

. the air line, one which will be thoroughly
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reliable in operation, and one in which the
volume of mixture may be controlled by the
manipulation of a single valve in the air
line.

Another object is to provide an apparatus
which will be readily capable of adjust-
ment so as to vary the relative proportions
of air and gas delivered in order to produce
a combustible mixture of the requisite pro-
portions. _

My invention further contemplates a novel
method by which the desirable character-

istics above mentioned, and others, may be
secured. ! ) .

Other objects and advantages of my in-
vention should be readily appreciated as the
same becomes better understood by refer-
ence to the following description, when con-
sidered in connection with the accompany-
ing drawing.

On the drawing,—

The single figure is a somewhat diagram-
matic side elevation, partially in section, of
an apparatus constructed in accordance with
my invention. '

Referring to the drawing more in detail,
reference character 5 indicates generally a
fragment of the side wall of a furnace or
other heating apparatus into which the de-
livery nipple 6 of a mixing burner indicated
generally by 7 projects. While this mixing
burner may be of any preferred construc-
tion, it is illustrated as being of the type
wherein the air and gas enter the burner
casing from opposite sides and are de-
livered into the nipple in a series of con-
centric rings or cylinders of different diame-
ters, the rings of air alternating with the
rings of gas as is common in this type of
burner.

Gas is supplied to the burner through a
gas supply pipe 8 in which is interposed a
control device indicated generally by 9 and
commercially known as a zero regulator.
The regulator comprises a balanced valve 11
suspended from an adjustable spring 12 and
connected with a diaphragm 13, the lower
face of which communicates through a port
14 with the delivery chamber 15 of the cas-
ing and the upper face of which is subjected
to air pressure entering through an inter-
mediate pipe 16 and controlled as will be
later explained.

Air is supplied under pressure to the
burner through an air supply pipe 17 in
which is interposed a recuperator 18 or
other apparatus adapted to produce a vari-
able resistance in the air line. Since the
recuperator or other apparatus may be of
any well known or preferred type, the de-
tails of construction thereof are not il-
lustrated herein but the apparatus is dia-
grammatically illustrated only.

The point in the air line to which the gas
control is connected is located forwardly of
the recuperator, that is, between the re-
cuperator and the fan blower or other ap-
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paratus employed for delivering air through
the line under pressure. :
Since the flow of air through the air line
will vary in accordance with variations in
the resistance imposed upon the line by the
recuperator, my present invention contem-
plates the utilization of this variation in
flow to control the delivery of gas to the
burner in accordance with these air flow
-ariations. With this end in view I have in-
terposed in the air line a Venturi tube 19
and have connected a pipe 21 to said tube
near its intake end and a pipe 22 to the
throat of the tube. Since the volume of
air flowing through the tube is a square root
function of the difference in pressures ex-
erted on the pipes 21 and 22 from the tube,
it will be manifest that through these pipe

connections with the tube I obtain a pres--

sure differential which may be utilized for
controlling the gas, '

The pipes 21 and 22 are connected to 'a
diaphragm chamber 23 respectively above
and below a diaphragm.24 disposed therein.
This chamber and diaphragm are part of a
control unit indicated generally by 25, com-

. prising also a second diaphragm chamber
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96 in which a diaphragm 27 is mounted, the
chamber above the  diaphragm being
open to atmosphere through a port 28 and
the chamber below the diaphragm communi-

cating through a port 29 with the delivery.

chamber 31 of a casing to which the air line
17 is connected through a branch 32.- A
balanced valve 33 suspended from an ad-
justable spring 34 and connected with the
diaphragms 24 and 27 regulates the .air
pressure entering the chamber 31. Since the

‘pressures exerted through the pipes 21 and

92 upon the upper and lower faces of the
diaphragm 24 vary in conformity with vari-
ations in air flow through the venturi 19
the valve 33 connected to the diaphragm
by the rod 20 will be correspondingly opened
or closed, thus varying the air pressure in

the chamber 31 in accordance with varia-

tions in the air flow through the main air
line. To insure accurate results an opening
30 from chamber 31 to atmesphere is pro-
vided which causes valve -33 to remain
slightly off its seat. » S v
The air pressure delivered through- the
main control unit is utilized to regulate the
gas controller 9 and pipe 16 is, therefore,
connected with the delivery chamber 31 of
the main controller unit. In order to pre-

clude the delivery of an excessive air pres-
_sure through the pipe 16 a restriction 34 is

interposed in the connection between ‘the
pipe 16 and the chamber 31.. Furthermore,

.in order to variably reduce the pressure

transmitted to the controller 9 so that the

- movements of the valve 11 in ‘the gas line,

(1]

which is under a-much lower pressure than
the air line, will be slight and subject to

_through the venturi.
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delicate control, _I. have interposed.in the
connection between the controller 9 and the

chamber 31 of the main controller an adjust- -

able delivery orifice 35 through which com-
munication between the interior of the pipe
16 and atmosphere is established.. This or-

ifice may be manually regulated to permit.

the escape of any desired proportion of the
air pressure delivered to the connecting pipe

16.  Consequently by regulating this ori- 7
fice any desired fraction of the air pressure

delivered by the main controller may be
utilized to operate the gas controller.
The maximum quantity of air delivered
through the air line 17 may be regulated and
controlled by manipulation of a hand regu-
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lating valve 36 or other preferred means of .

control. The ratio of gas delivered in pro-

-portion to this maximum of air may be reg-.

ulated by the hand valve 37 in the gas line

. 8. When the desired ratio has been estab-

lished by adjustment of the valve 37 this
ratio will be always maintained irrespective
of variations in the air flow by the appara-
tus described. o

My invention operates’ according to the
following principles. The resistance of the
valve 37 and any resistance to gas flow set
up by the burner 7 and the pipe line 8 con-

necting 37 and 7 may be considered as one .

and the same resistance and this composite
resistance can be varied by manipulating the
valve 37. : -

Now the amount of gas flowing from 15
to the furnace varies as the square root of
the difference in pressure between point 15
and the pressure in the furnace. Since the
pressure in the furnace is very low-—sub-
stantially atmospheric pressure—the quan-
tity of gas flowing to the furnace varies as
the square root of the pressure at 15. Like-
wise the flow of air through the venturi will
be a corresponding function of the differ-
ence in pressure between the intake end and
the throat of the venturi. This pressure
difference is transmitted through the pipes

- 21 and 22 to the diaphragm 24 which controls

the valve 33 so that the pressure in the
chamber 31 becomes also a function of the
quantity of air flowing through the ven-
turi. This pressure or such fraction thereof
as may be determined by the adjustable ori-
fice 35 is transmitted to the gas controller
9 with the result that the pressure of the
¢as at the outlet of the controller is likewise
a function of the volume of air flowing
The pressure on the
inlet side of valve 37 varies, therefore, in
accordance with variations in the quantity
of air flowing through the venturi, con-
sequently the quantity of gas delivered past

-this valve will always bear a simple ratio

to the quantity of air delivered and this
ratio may be varied by adjusting the valve

87. The predetermined proportions of air
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and gas in the mixture will, therefore, al-
ways be maintained irrespective of varia-
tions in the quantity of air delivered.
The structural details illustrated and de-
scribed may obviously be varied within con-
siderable limits without departing from the
essence of the invention as defined in the

- following claims.
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I claim: ’ »

1. In an apparatus for proportionately
mixing air and gas, an air supply line,
means for producing a pressure differential
in said air line, an intermediate pipe, means
for varying the fluid pressure in said pipe
in accordance with said differential, a gas
supply line, and. means for varying the flow
of gas in said gas supply line in accordance
with the pressure in said pipe.

2. In an apparatus for proportionately
mixing air and gas, an air supply line,
means for producing a pressure differential
in said air line, an intermediate pipe, ad-
justable means for varying the pressure in
said pipe in accordance with said differ-
ential, a gas supply line, and adjustable
means for varying the flow of gas in said
gas supply line in accordance with the pres-
sure in said pipe.’ '

3. In an apparatus for proportionately
mixing air and gas, an air supply line,
means for producing a pressure differential
in said air line, an intermediate pipe, ad-
justable means for varying the pressure in
said pipe in accordance with said differ-
ential, a gas supply line, adjustable means
for varying the flow of gas in the gas supply
line in ‘accordance with the pressure in said
pipe, and adjustable means for stopping the
flow of gas in said gas supply line when the
pressure differential in the air line decreases
below a predetermined value. o :
-~ 4, Tn ‘an apparatus. for proportionately
mixing air and gas, the combination of an
air supply line, a gas supply line, a control-
ler in said gas supply line, means in said air
supply line for producing a pressure differ-
ential adapted to fluctuate in accordance
with fluctuations with the flow in said line,
a branch line connecting said air supply line
with said gas controller, and means con-
trolled through said pressure differential for
regulating said gas controller through the
intermediary of the air in said branch line.

'5. In an apparatus for proportionately
mixing air and gas, the combination of an
air supply line, a gas supply line, a gas con-
troller in said gas supply line, a connecting
pipe between ¢ »id air supply line and said
controller, and means controlled by the flow
of air in said air supply line for regulating

said gas controller through the intermediary

of the air in said connecting pipe to thereby
regulate the flow of gas in said gas supply

line in accordance with variations of flow
in the air supply line.

6. In an apparatus for proportionately
mixing air and gas, the combination of an
air supply line, a gas supply line, a control-
ler in said gas supply line, a connection be-
tween the air supply line and the controller,

. a regulating valve in said connection, means

in the air supply line for producing a pres-
sure differential in accordance with varia-
tions in the flow through said line, and
means actuated by said pressure differential
for controlling said regulating valve.

7. In an apparatus for proportionately
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mixing air and gas, the combination of an -

air supply line, a gas supply line, a gas flow

“controller in said line, said controller includ-

ing a diaphragm controlled valve, an air
connecting pipe between said air line and

said diaphragm, a regulating valve in said

-air connecting pipe, a Venturi tube in said
air supply line, a diaphragm connected
with said regulating valve, and means for
stablishing communication between opposite
faces of said diaphragm and the intake end
anl()i the throat, respectively, of said Venturi
tube. ! - ’
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‘8. In an apparatus for proportionately

mixing air and gas, the combination of an
air supply line, a gas supply line,-a gas
flow controller in said gas supply line, com-
prising a diaphram controlled valve, a pipe
establishing communication Retween the air
supply line and one face of the diaphragm
of said controller, a regulating valve in said

05

pipe, the diaphragm controlling said valve,

a Venturi tube in the air supply line, a pipe
connecting an end of said tube with one face
of said diaphragm, a pipe connecting the
throat of said tube with the other face of
the diaphragm, and a variable resistance de-
vice interposed in the air supply line at the
delivery side of said Venturi tube. .

9. In an apparatus for proportionately
miXing air and gas, the combination of an
air supply line, a gas supply line, a gas flow
controller comprising a diaphragm con-
trolled valve in the gas supply line, a recu-

100

106

110

erator in the air supply line, a Venturi tube .

in the air supply line ahead of the recupera-
tor, a pipe connecting the air supply line with
said gas controller; a primary controller
comprising a double diaphragm. controlled
valve interposed in said pipe, an adjustable

orifice in the pipe betwéen the said control- -

lers, means for establishing communication
between one end of the venturi and one face
of the diaphragm with the primary control-
ler and means for establishing communica-
tion between the throat of said venturi and
the other face of said diaphragm.

'~ GARNET W. McKEE.
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