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METHOD AND}APPABA’I‘U‘S FOR PROPCRTIONING FLUIDS USED IN COMB'USTION"
. PROCESSES ) . )

Application filed November 5, 1927. Serial No. 231,280,

This invention relates to methods of and
apparatus for proportioning flowing fluids,
and the invention more particularly relates
to improved methods and apparatus for pro-

& portioning fluids used in combustion proc-
esses. : D

"It has heretofore been proposed in com-
bustion control systems to provide for auto-
matically maintaining a predetermined vol-

10 umetric proportionality between the rate of
supply of a combustible fluid or fluid mixture
and the air or other fluid employed to sup-
port and assist in the combustion thereof.
Moreover, in the patent to Wilson, No. 1,437,-

156 626, dated December 5, 1922, it is proposed to

~ vary the proportionality of the gas and air to
maintain a fixed proportionality between the
weights of combustible gas and oxygen.

Combustion control systems of the type

20 just mentioned are sufficiently accurate in
operation in cases where the total heating
value per unit volume of the combustible
fluid remains constant or is maintained con-
stant. However, it is now generally desired
in the operation of coke ovens and the like
to employ a lower grade of fuel gas there-
for,—to permit, sale of as much as possible
of the higher grade coke oven gas. This con-

- dition results in variation in quality of the
30 fuel supplied to the coke ovens, due to the
variable amount of coke oven gas sold for
other purposes; and fuel supplied to the coke
ovens may therefore vary in quality all the
way from producer gas of low heating value
to coke oven gas of relatively high heating
value; or a mixture of such gases may be em-
ployed.

As is well understood in the art, and as evis
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denced by the prior art patents such as Wil-
40 son No. 1,437,626 aforementioned, a definite

amount of air is required for each unit vol-
ume of combustible fluid of a given quality or
total heating value per unit volume to insure
perfect combustion thereof; and assuming
that the quality of such combustible fluid re-
mains constant and that said fluid and the
" combustion air are supplied under like con-
ditions of temperature, pressure and satura-
tion, it is obvious that satisfactory results

5 may be obtained if the proportionality of the

fluid and air is maintained substantially
constant. _ . '
Under conditions herein contemplated,
however, the total heating value per unit vol-
ume of the combustible fluid may vary 85
throughout a wide range, due to the use of
one or another of a plurality of combustible
fluids, or of a mixture of such fluids. For
example, assume that in a combustion control
system the rate of fuel requirement is 60,000,
000 B. t. u. per hour. If coke oven gas hav-
ing a total heating value of 600 B. t. u. per
cubic foot is used, 100,000 cubic feet per hour
must be supplied, whereas the amount of air
required for perfect combustion of such gas
would be about 543,000 cubic feet per hour.
On the other hand if water gas having a total
heating value of 810 B. t. u. per cubic foot
is used, 193,500 cubic feet per hour must be
supplied;,—whereas the amount of air re- 70
guired would be about 450,000 cubic feet per -
our. : :

" Upon comparison of the two examples just
mentioned it will be seen that in order to sat-
isfy the fuel requirement in the second case
the rate of flow of gas was increased 93.5 per
cent (as compared with the first case), where-
as the air requirement for perfect combustion
was decreased 17.8 per cent. 17.3 per cent
represents approximately the maximum
change in air requirement between the high-
est and lowest qualities of artificial fuel gas.
For carbureted water gas of various heating
values up to 600 B. t. u. per cubic foot the air
requirement per B. t. u. approximately fol-
lows the straight line relation of the air re-
quirement per B. t. u. of mixtures of uncar-
bureted water gas and coke oven gas. Pro-
ducer gas with a heating value of 110 B. 1. u. 4,
per cubic foot requires approximately the
same amount of air per B. t. u. as thdt re-
quired for uncarbureted water gas.

Tt will be apparent from the foregoing
that in order to insure perfect combustion of
the combustible fluid it is necessary that the
volumetric rate of flow of air must‘be varied
not only in accordance with variations in the
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‘volumetric rate of flow of such co'mb}ist_ible
fluid, but also in accordance with' variations

i

00



2

. in the quality or total heating/value per unit

volume of the latter.
Accordingly my invention contemplates

' the employment of means comprising a calo-

10

rimeter which cooperates with the other ele-
ments of the combination to superimpose
upon the controlling effects of the latter a
controlling effect which is a function of the
total heating value per unit volume of the
combustible fluid, whereby maximum com-
bustion efficiency or other desired calorific

_ effects of the cémbustion may be insured.
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An object of the invention is to provide
novel methods of proportioning andregulat-
ing the rites of flow of a combustible fluid
-or fluid mixture and air to insure the afore-
mentioned perfect combustion conditions.

Another object is to provide simple and
efficient apparatus for carrying out such
methods, among others. : L

Other objects and advantages of the inven-

tion will be apparent or will be specifically.

pointed out in the course of the following de-
scription. .

The accompanying drawings diagrammati-
cally illustrate certain embodiments of the
invention, by way of example; but it will be
understood that the invention is susceptible
of embodiment in other forms without de-
parting from the spirit and scope thereof as
defined in the appended claims. "

In the drawings, Figure 1 illustrates dia-
grammatically a combustion control system
wherein it may be assumed that the combus-
tible fluid is supplied at a constant volumetric
rate per unit of time, and in which the volu-
metric rates of flow of primary and secondary
air are normally maintained of predeter-
mined constant value, but subject to varia-
tion in accordance with changes in the total
heating value per unit volume of the com-
bustible fluid, and

Kig. 2 illustrates a modified form of the
invention wherein electrical means are pro-
vided for normally maintaining a predeter-
mined proportionality between the volumetric
rates of flow of the combuistible fluid and the
air empldyed to support and assist in com-
bustion thereof.—in combination with calori-
metric means for effecting variation in the
rate of flow of air in accordance with varia-
tions in the total heating value per unit vol-
ume of the combustible fluid, and in accord-
ance with variations in air requirements due

- to changes in composition of the combustible

fluid. : )
As will be pointed out in detail herein-

~after, the volumetric rate of flow of the com-

[t

bustible fluid may also be subject to control in
accordance with the determinations of the
calorimeter to provide for so-called total heat
control,—that is, control of the volumetric
‘rate of flow of the combustible fluid in such

manner that the total number or value of

1,849,335

heat units supplied per unit of time will be
maintained constant.

_ Referring first to Fig. 1,'the numeral 10
designates a conduit through which it may
be assumed that a combustible fluid is caused
to flow, in the direction of the arrow, at a
constant volumetric rate per unit of time.
Any suitable means well known in the art
may be employed for effecting such flow of
the combustible fluid. Numeral 11 desig-

o

(]

nates a conduit through- which the primary .

combustion air is adapted to flow and 12 des-
ignates a conduit through which the second-
ary combustion air is adapted to flow. The
arrows indicate the direction of flow of the
primary and secondary air from any suitable
source or sources. : '

The rates of flow of the primary and sec-
ondary air are normally maintained substan-
tially constant through the medium of ad-
justable valves 13 and 14, respectively. Thus
I provide a pipe 15 which leads from con-
duit 11 at the outlet side of valve 13 to the

" interior of a prover bell 16 or the like.to

subject the latter to the pressure conditions

obtaining within the outlet end of said con-

duit.” Prover bell 16 is provided with a link
or rod 17 pivoted at 18 to one end of a mov-
able contactor 19, which is pivoted at 20 to a
suitable fixed support. Contactor 19 is pro-
vided with a weight 21 which, is adjustable
to normally effect neutral positioning of said
contactor under predetermined pressure con-
ditions within the conduit 11. On opposite

-sides of contactor 19 are stationary contacts

22 and 23 adapted when engaged by said con-

-tactor 19 to control a reversing relay illus-

trated diagrammatically at 24 to selectively
provide reverse circuit connections for a mo-
tor M*,—the latter when energized for oper-
ation in either direction- respectively being
adapted through suitable worm and pinion
gearing 25 to effect movement of valve 13in a
direction and to a degree corresponding with
the direction and duration of operation of
said motor. The power supply lines for the

"motor are indicated at L2, L2

It will be apparent from the foregoing that
the means just described normally acts auto-
matically to insure a predetermined constant
rate of flow of primary combustion air
through conduit 11, depending upon the par-
ticular adjustment of the weight 21. The rate
of flow of secondary combustion air through
conduit 12 is likewise subject to automatic
control in accordance with the direction and
duration of operation of a motor M?;—the
gearing interposed between valve 14 and mo-
tor M2, and the various control elements for
the latter being in all respects similar to those

~aforedescribed, and being designated by like
reference numerals with the exponent “a” -
‘added. Asshown the prover bells 16 and 162

are sealed by bodies of liquid within the con-
tainers 26 and 262, respectively.
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Thus assuming a constant volumetric rate
of flow of the combustible fluid through con-
duit 10, it will be remembered that the means
aforedescribed will likewise tend to main-
tain the volumetric rates of flow of primary

. and secondary air substantially constant and,
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of course, proportional to the rate of flow
of combustible fluid. With the weights 21
and 21* properly adjusted, the aforedescribed
arrangement would result in maximum com-
bustion efficiency of the combustible fluid,—
provided the quality or total heating value
per unit volume of such fluid remained or
were maintained constant. However, as
aforestated it is contemplated that the qual-
ity or total heating value per unit volume of
the combustible fluid will vary throughout a
wide range, depending upon the particular
quality of gas or mixture of gases which is

Eassed through the conduit 10.  Accordingly-

provide means for modifying the control
of the rates of flow of primary and second-
ary air to insure maximum combustion effi-
ciency of the combustible fluid under con-
ditions of variation in quality or total heat-
ing value per unit volume of the latter.

Said means as shown may comprise a cal:
orimeter which is illustrated diagrammati-
cally at 27, said calorimeter preferably be-
ing of the type disclosed in Patent No. 1,625,-
277, granted April 19, 1927, to H. N. Pack-
ard. As described in said patent the cal-
orimeter is provided with means driven by
a suitable motor 28 for effecting withdrawal
of a continuous sample of the combustible
fluid from conduit 10, and supplying said
sample, together with predetermined pro-
portions of combustion air and cooling air
to the burner 29, for combustion of the fluid
sample and combustion air and absorption
by the cooling air of the heat so liberated.
The arrangement is preferably such that the
fluid sample and combustion air and cooling
air are supplied under like conditions of tem-
perature, pressure and saturation; whereby
the indicating and recording element 30 of
the calorimeter is adapted to show the instan-
taneous -quality or total heating value per
unit volume of the fluid flowing through con-
duit 10. The actuating means for the indi-
cating and recording element 30 is fully de-
seribed in the aforementioned Patent No.
1,625,277; and since the same forms no part
of the present invention, further description

‘thereof is deemed unnecessary herein.

As will be apparent, the element 30 - moves
iri a direction and to a degree accurately cor-
responding to variations in the quality or

total heating value per unit volume of the

combustible fluid flowing through conduit 10.

1 therefore attach, either directly or indirect-

ly, to the operating shaft 81 of element 30

" disk or wheel 32,—said disk having a plu-

[¥54

rality of radially arranged sets of perfora-
tions or sockets 33 adapted to receive remov-

'3

able pins or plugs 34, which may therefore be.

arranged in any desired predetermined re-
lation to form a curved or cam surface. One
end of a flexible element 85 is attached to the
hub 36 of disk 32 and the other end of said
element is preferably attached to a coiled
spring 87. The end portion of element 35
adjacent to hub 36 is carried by the pins 34
on disk 32, and said element is further adapt-
ed to ride over and in driving engagement
with a wheel or pulley 88. Spring 37 is at-
tached to the contactor 19 at a point to the
left of the pivot 20 The controlling effect
of the prover bell 16* upon the position of
contactor 19* is thus modified in accordance
with variations in the degree of tension upon

the spring 87; whereas such tension is sub-’

70
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ject to control in accordance with variations

in the quality or total heating value per unit
volume of the fluid flowing in conduit 10,
and such variations have an effect corre-
sponding to the arrangement of the pins 34
on disk 32. - ‘
Fixed to the wheel 38 by means of a shaft
39 and movable therewith is a second wheel
40,—said last mentioned wheel having at-
tached thereto one end of a flexible element
41 which is adapted to be wound around the
periphery of said wheel, the other end of said
element being connected through the medium
of a coiled spring 42 with the end of con-
tactor 19 to the left of pivot 20. Variations
in the quality or total heating value per unit
volume of the combustible fluid' passing
through conduit 10 will therefore cause like
variations in the tension of springs 37 and
49; which in turn will result in proportional
variations in the respective volumetric rates
of flow of the primary and secondary air
through conduits 11 and 12 to provide for

maximum combustion efficiency of the fluid

in conduit 10 when burned.

In the combustion control system illus-
trated in Fig. 2 the numeral 43 designates
a conduit through which a combustible fluid

is adapted to flow, in the direction of the

arrow. Theé numeral 44 designates a conduit
through which the combustion air flows, in
the direction of the arrow. The volumetric
rate of flow of combustion air through con-
duit 44 is subject to control by an adjustable
valve 45, and the means now to be described
are operable automatically to normally main-
tain a predetermined proportionality be-
tween the volumetric rates of flow of the com-

bustible fluid and the combustion air. Said .

means as shown comprises a reversible mo-
tor M® adapted to be supplied with energy
from lines L, L?; the reverse circuit con-
nections for said motor being subject to con-
trol by a relay illustrated diagrammatically
at 46.” Energization of relay 46 for effecting
operation of motor M? in reverse directions
selectively is in turn subject to control by
an oscillating contactor 47 adapted to co-
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shaft 50 for support thereby, said shaft being

4

operate with stationary contacts 48 and 49.
contactor 47 is rigidly attached to a rod or

rotatably supported in suitable bearings, not
shown. : . '

Also fixed to shaft 50 in spaced relation to
each other are a pair of wattmeter coils 51
and 52; coil 51 being biased to move in:a

_clockwise direction under the magnetic in-
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fluence of a pair of wattmeter coils 53 and
54, which are connected in circuit in parallel
with each other and in series with the heat-
ing element 55 of an electric fluid meter of
the type disclosed in the patent to C. C.
Thomas, No. 1,222,492, dated April 10, 1927.
On the other hand, coil 52 is biased in a
counterclockwise direction under the mag-
netic influence of a pair of wattmeter coils
56 and 57, which are connected in circuit in
parallel with each other and in series with .
the heating element 58 of. another electric
fluid meter. The coils 51 and 52 thus act
in opposition to each other in their effect
upon the position of contactor 47, so that in
the event that the torque of one coil pre-
dominates over the other said contactor 47
will be moved in one direction or the other
to engage the stationary contacts 48 and 59
selectively. :

Upon engagement of contactor 47 with one

of said contacts 48 or 49 the relay 46 is ener-

gized to complete circuit for operation of
motor M® in one direction or the other, where-
by the valve 45 is operated to vary the rate
of flow of air or other fluid in conduit 44 in
such manner as to cause equalization of the
torque of coils 51 and 52. "The operation of

~ the aforementioned electric fluid meters per

40

- . the respective elements 55 and 58 is varied .

‘60

€5

se is well understood in the art, and is de-
scribed in detail in Patent No. 1,222,492
aforementioned. Hence the diagrammatic
illustration thereof herein is deemed suffi-
cient. It may be noted, however, that a
variable resistance 59 is connected in series
with the heating element 55, whereas 8 vari-.
able resistance 60 is connected in series with
the heating element 58. The heating ele-
ment 55 and its resistance 59 are connected;
in parallel with heating element 58 and its
resistance 60, to line L, L?; the arrangement
being «preferably such that the value of the
resistances 59 and 60 included in circuit with

to cause variation in the energy input to the

5 respective elements,  whereby a predeter-
- mined contstant temperature rise of the gas,

air or other fluids flowing through the re-
spective conduits 43 and 44 is maintained.
Thus the heating element 55 is provided on
each side thereof with thermometer resist-
ances 61 and 62, said resistances being con-
nected in a well known manner in the Wheat-
stone bridge circuit of the electric meter to
normally insure a predetermined rise in tem-
perature of the air or other fluid flowing in -

-is adapteﬁ
rate of flow of gas or other combustible fluid-

1,849,885

conduit 44 as the result of heating of said

fluid by element 55. In other words, as-

suming that it is intended to provide for a

.ten degree rise in temperature of the fluid

in its passage between thermometer - resist-
ances 61 and 62, such rise will be maintained
only while the rate of energy input to heat-
ing element 55 is maintained constant and

also only while the rate of fluid flow through-

conduit 44 remains constant. - - :
On the other hand, if the rate of fluid flow
were increased for any reason the tempera-
ture rise of the fluid as measured by thermom-
eters 61 and 62 would obviously be decreased,
and such decrease would cause unbalancing
of the Wheatstone bridge to a_corresponding
degree. . The metering mechanism would
thereupon act to adjust the contactor 63 to
decrease the amount of the resistance 59 in-
cluded in circuit with element 55, whereby the
energy input to the latter would be increased

-

8¢

85

sufficiently to provide the predetermined tem- -

perature rise of the fluid. The increased cur-

-rent thus permitted to pass through element

55 and coils 53 and 54 connected in circuit
therewith would vary the torque upon coil 51,
and assuming the torque of coil 52 to remain

constant during the interval, contactor 47

would be caused to move in a clockwise direc-
tion to cause energization of relay 46 with
resultant energization of motor M*in a man-
ner to.cause movement of valve 45 toward

90

95

closed position. In the foregoing manner .

the rate of flow of fluid through conduit

44 is controlled to normally maintain the

sallne of substantially constant predetermined
value. : :
Similarly the electric fluid meter compris-
ing the heating element 58 is provided with
thermometer resistances 64 and 65 which are
arranged -in the' well known Wheatstone
bridge circuit, as described in connection with
thermometer resistances 61 and 62. Thus,
assuming.a given adjustment of the contac-
tor 66 of adjustable resistance 60 to provide
for a predetermined constant input of‘gJ energy
to heating element 58 the Wheatstone bridge
to remdin balanced so long as the

through conduit 43 remains constant. How-
ever, if the rate of flow of combustible fluid

-through said conduit is subject to:variation

through control of known means for provid-
ing a constant rate of flow of heat units per
unit of time through said conduit, it will be
seen that any variation in the volumetric
rate of flow of said fluid will cause unbalanc-
ing of the Wheatstone bridge with conse-
quent adjustment of contactor 66 to vary the
rate of energy input to said heating element
58 whereby the predetermined temperature
rise of the fluid is again provided and the
balance of the Wheatstone bridge restored.

Such variation in the value of the energy in- .

put to heating element 58 causes a like varia-
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tion in the value of the torque upon the watt-
meter coil 52, as will be obvious. '

Thus if the rate of flow of fluid through
conduit 43 has decreased the torque upon the

coil 52 will likewise decrease, and assuming

normal torque conditions upon the coil 51
the latter will predominate to cause move-
ment of contactor 47 in a clockwise direction
to engage contact 49, with consequent ener-
ﬁzation of relay 46 and operation of motor

s in a direction to cause partial closure of
valve 45. On the other hand, if the rate of
flow of fluid in conduit 43 has increased, the
contactor 66 will be automatically adjusted
to increase the energy input to element 58,
whereupon the torque of coil 52 will predomi-
nate over the torque of coil 51 to cause move-
ment of contactor 47 in a counterclockwise
direction into engagement with contact 48,
with consequent energization of relay 46 to
effect operation of motor M® in the reverse
direction to cause opening movement of valve
45, thereby increasing the rate of flow of fluid
in conduit 44.

The system shown in Fig. 2 as thus far

‘described therefore operates in a manner to
‘pormally maintain a predetermined porpor-

tionality between the volumetric rate of flow
of the fluid in conduit 44 with respect to the
volumetric rate of flow of fluid in conduit 43.
As heretofore pointed out, however, it is
found that combustible fluids of different
qualities or total heating values per unit vol-
ume require different proportions of com-
bustion air to provide for maximum combus-
tion efficiency thereof; and I therefore pro-
vide means for superimposing upon the
aforementioned control of the rate of flow of
fluid through conduit 44 a controlling effect
which is a direct function of the quality or
total heating value per unit volume of the
combustible fluid flowing through conduit 43.

Said means as shown may comprise a
calorimeter of the general character illus-
trated and described in connection with Fig.
1—said calorimeter and the parts thereof
having been given reference niumerals corre-
sponding to those of Fig. 1, with. the expo-
nent “a” added. Thus the calorimeter 27 is
adapted to withdraw a continuous sample of

combustible fluid from the conduit 43, said

sample being supplied to the burner 29* along
with predetermined portions of combustion
air and cooling air, preferably under like
conditions of temperature, pressure and sat-
uration. The arm 30° of the indicating and
recording element of the calorimeter is op-
erable automatically in a direction and to
a degree corresponding with variations in
the total heating value per unit volume of
the fluid flowing in conduit 43 as aforede-
scribed. Attached to the operating shaft 31°
of said arm 80* for movement therewith are

& pair of contact elements 67 and 68 adapt-

5

ed for co-operative engagement with the ad-
justable resistances 69 and 70.

As shown the wattmeter coil 52 is con-
nected, in series with resistance 69, across the
terminals of heating element 58 ; whereby the
degree of energization of coil 52 is depend-
ent upon the value of potential across the
terminals of said heating element 58 and also
dependent upon the .position of the contact
element 67 of the resistance 69. - Similarly, the
wattmeter coil 51 is connected in series with
resistance 70, across the terminals of heating
element 55; whereby the degree of energiza-
tion of coil 51 is dependent upon the value
of potential across the terminals of said heat-
ing element 55 and also dependent upon the
position of the contact element 68 of the
resistance 70. ‘I have diagrammatically il-
lustrated a meter G for indicating the total
volumetric flow of combustible fluid through
conduit 43, said meter comprising essentially
a current coil 71 connected in series with the
heating element 58 and a voltage coil 72 con-
nected across the terminals of said heating
element. I have also illustrated a similar
meter A for indicating the total volumetric
flow of fluid through conduit 44, said meter

70
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comprising essentially a current coil 73 con- .-

nected in series with the heating element 55
and a voltage coil 74 connected across the
terminals of said heating element, Said me-
ters G and A as will be understood, are of the
well known wattmeter type, and further de-
scription thereof is deemed unnecessary.
Also it is to be understood that meters G and
A may be omitted if desired. _

As aforeindicated, any variation in the
quality or total heating value per unit volume
of the combustible fluid or fluids flowing in
conduit 43 will effect corresponding movement
of the contact arms 67 and 68 with consequent
variation in the degree of energization of
wattmeter coils 52 and 51, respectively;
whereby the controlling effect of contactor 47
is modified in accordance with such varia-
tions in quality to thereby insure proper pro-
portionality of the volumetric rate of flow of
air or other fluid flowing in conduit 44 with

respect to the volumetric rate of flow of com- -

bustible fiuid in conduit 43, to provide for
maximum combustion efficiency of the latter

~when burned.

T have herein specifically described the
adaptation of my invention to a combustion
control system in which a calorimeter is uti-
lized to insure the desired uniform or maxi-
mum combustion efficiency by regulating the
volumetric rate of flow of combustion alr in
such manner that variations in: the total heat-
ing value per unit volume of the combustible
fluid, velocity of flame propagation, and other
calorific effects incident to changes in the
quality or composition of the combustible
fluid, will not affect the desired combustion
process. Nevertheless, it will be apparent to
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those skilled ifi the art that the function of
the calorimeter herein need not be limited to
the attainment of maximum thermal effi-
ciency. For exampley it may be desirable in
some cases to insure a maximum constant
value of the flame temperature, or a maxi-
mum constant value of heat distribution;
whereas in accordance with my invention it
is possible to so adjust or regulate automati-
cally the volumetric rate of flow of combus-

tion air by means of the calorimeter that the
particular phase of the combustion which is

of greatest importance is maintained of pre-

determined  constant value.

What I claim as new and desire to secure
by Letters Patent is:

1. The method of proportioning fluids used
in combustion processes, which comprises the
step of normally effecting a flow of combusti-
ble fluid and a flow of fluid to support com-
bustion thereof in predetermined volumetric
proportions, and varying the rate of flow of
said last mentioned fluid individually in re-

- sponse to variations in the total heating value

30

36
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"mentioned

per unit volume of said combustible fluid
per se. : '

2. The method of proportioning fluids used
in combustion processes, which comprises ef-
fecting separate flows of fluids one of which

is combustible and the other of which is

adapted to support combustion thereof, nor-

mally maintaining a predetermined propor-
tionality between the volumetric rates of flow -

of said fluids, and varying individually the

“relative rate of flow of said second mentioned

fluid in response to variations in value of a
calorific effect of combustion of said first
mentioned fluid per se to thereby provide for
subst;antiallg7 pg,rfect combustion of said first
uid. »

3. The method of proportioning. flowing
fluids, which comprises effecting a flow of

.combustible fluid, effecting a predetermined
proportional flow of fluid to support combus- ¢

tion thereof, ascertaining the instantaneous
total heating value per unit volume of said
combustible fluid, and varying individually
the rate of flow of said second mentioned fluid
in response to veriations in such total heating
Eal.tée per unit volume of said combustible

uid, .

4. The method of proportioning flowing
fluids, which comprises effecting a flow of
combustible fluid, effecting a predetermined

proportional flow of a fluid to support com-

bustion thereof, utilizing a continuous sam-
ple of said combustible fluid to ascertain the
total heating value per unit volume thereof,
and varying individually the rate of flow of
said second mentioned fluid in respomse to.
variations in such total heating value per unit
volume of said combustible ifuid whereby a

predetermined calorific effect oi{? the combus-

tion iy insured. :
5. In apparatus for proportioning fluids

1,849,338

used in combustion processes, in combination,
means for supplying a fluid for combustion,
weans for supplying another fluid in prede-
termined volumetric prooprtionality to said

first mentioned fluid to support and assist in
.combustion thereof, and means for varying

individually the rate of flow of said second
mentioned fluid in response to variations in a
calorific effect of combustion of said first
mentioned fluid per se. -

6. In apparatus for proportioning fluids-

used in combustion processes, in combination,
eans for effecting separate volumetrically
proportioned flows of fluids, one of said fluids
being combustible and other of said fluids be-
ing adapted to support and assist in combus-
tion thereof, and means operable automati-
cally in response to variations in certain cal-
orific effects of combustion of said first men-
tioned fluid per se to vary individually the
relative rate of flow of said other of said fluids.

7. The method of proportioning fluids used
in combustion processes, which comprises ef-
fecting a flow of combustible fluid, effecting a
volumetrically proportioned flow of air to
support combustion of said fluid; determining
the Instantaneous total heating value per unit
volume of said combustible fluid, and varying
individually the rate of said flow of air in
response to variations in said total heating
value. - : o

8. The method of proportioning fluids
used in combustion processes, which com-
prises effecting separate flows of fluids one
of which is combustible and another of which
is adapted to support combustion thereof,
ascertaining the relative volumetric rates of
flow of said fluids respectively and subject-
ing one of said fluid flows to rate control in
response to variations in the rate of flow of

the other of the same to thereby normally

maintain 'a predetermined volumetric pro-
portionality between said rates of flow, with-
rawing a continuous sample of said combus-

tible fluid and subjecting the same to calori-

metric means to ascertain the instantaneous
total heating value per unit volume thereof,
and additionally varying individually the
rate of flow of said second mentioned fluid
in response to variations in such total heat-
ing value to thereby insure a substantially
perfect volumetric proportionality between
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said flows of fluids for the purpose set forth.

9. In apparatus for proportioning fluids
used in combustion processes, in combination,
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means for effecting a flow of combustible

fluid, means-for effecting -4 volurhetrically
proportioned flow of air to support combus-

“tion of said fluid, means for determining

the instantaneous total heating value per
unit volume of said combustible fluid per se,
and means for varying individually the rate
of said flow of air in response to variations
in said total heating value to provide for
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substantially perfect combustion of said com-
bustible fluid.

10. In apparatus for proportioning flow-
ing fluids used in combustion processes, in
combination, means for regulating the flow
of one fluid, means controlling said means
and tending to render the flow of said fluid
volumetrically proportional to the flow of
another fluid, and means automatically op-

erable in response to variations in a combus- .

tion calorific value of said second-mentioned
fluid to supplementally and individually
vary the rate of flow of said first-mentioned
fluid.

11. In apparatus for proportioning fluids
used in combustion processes, in combination,
means for measuring the relative rates of
flow of a plurality of flowing fluids one of
which is combustible and the other of which
is adapted to support combustion thereof,
means controlled by said means to vary the
rate of flow of said second-mentioned fluid
individually in accordance with variations
in the rate of flow of said first-mentioned
fluid, and means for modifying the control
so effected in response to variations in a com-
bustion calorific value per unit volume of said
first-mentioned fluid per se.

12. In apparatus for proportioning fluids
used in combustion processes, in combination,
means for measuring the relative rates of

flow of a plurality of flowing fluids, means’

controlled by said means to vary the rate of

ow of one of said fluids individuallly in
accordance with variations in the rate of
flow of the other of the same, and means for
modifying the control so effected in response
to variations in the total heating value per

" unit volume of said second-mentioned fluid
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per se.

13. In apparatus for proportioning fluids
used in combustion processes, in combination,
means for measuring the relative rates of

flow of a plurality of flowing fluids, means -

controlled by said means to vary the rate of
flow of one of said fluids in accordance with
variations in the rate of flow of the other of
the same, and means for modifying the con-
trol so effected in response to variations in
the total heating value per unit volume of a
combustible mixture including said second-
mentioned fluid.

14. In apparatus for proportioning fluids
used in combustion processes, in combination,
a plurality of conduits through which fluids
are adapted to flow, one of said fluids being

combustible and another of said fluids being

adapted to support combustion thereof, elec-
trical means for measuring the relative volu-
metric rates of flow of said fluids, means con-
trolled by said means for controlling the volu-
metric rate of flow of one of said fluids to
normally maintain a predetermined volu-
metric proportionality between said rates of
flow, and calorimetric means for determining

the quality or total heating value per unit
volume of said combustible fluid, said sec-
ond-mentioned means being also subject to
control by said calorimetric means to effect
variation in the proportionality of said fluids
in response to variations in said total heating
value. A

In witness’ whereof, I have hereunto sub-
scribed my name.

"EDWIN X. SCHMIDT.
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