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This invention relates to a method of and
~apparatus for controlling the combustion of
fuel in a furnace and more particularly to
a combustion controlling method and ap-
paratus in which the combustion of fuel is
controlled by the composition oi the flue
gases to obtain the most effective ventilation
for the complete combustion of the fuel.

To. obtain perfect combustion of fuel, it
is essential that sufficient air be supplied to
the furnace to completely burn all of the
fuel and prevent any unburned combustible
gases from passing out of the furnace with
the flue gases. However, in order to obtain
the most efficient utilization of the heat of
combustion with the most advantageous
flame temperatures, a large excess of air
over that necessary for complete com-
bustion must be avoided. An excess of air
tends to lower the efficiency of a steam
hoiler because it cools the flame, thereby
intefering with combustion and increases.
the volume of the flue gases, thereby increas-
ing the quantity of heat absorbed in heat-
ing the excess gases and the quantity of heat
carried from the furnace by the exhaust
gases. The heat losses caused by incom-
plete combustion of the fuel are, however,
greater than those due to the use of exces-
sive air, sinee the heat absorbed in heating
the oxcess air from atmospheric temper-
ature to the temperature of the flue gases
is but a fraction of the quantity of heat in-
volved -in the combustion of. an equal
amount of fuel gases. It is, therefore, de-
sirable to so control combustion as to avoid
the occurrence of unconsumed combustible
gases in the combustion products even
though a small amount of free oxygen may
also be present due to air leakage or laci
of uniformity in the distribution of air to
the fire box. '

The presence of unconsumed. combustible
gases in the products of combustion may,
in certain cases, be indirectly detected by a
~determination of the amount of carbon
dioxide in the flue gases and a knowledge
of the empirical relation between the per-
centage of carbon dioxide and the quantity
of unconsumed combustible gases. For in-
stance, in the combustion of a fuel which
is composed almost entirely of carbon, near-

Serial No. 358,017.

ly all of the oxygen of the air combines
with carbon to form carbon dioxide, and the
percentage of carbon dioxide in the flue
gases when perfect combustion is obtained
will accordingly be approximately the same
as the percentage of oxygen in the air. If
the composition of the fuel is changed, or if
fuels having varying proportions of carbon
and hydrogen are used, or if there is an air
leak or an unevenness in the fuel bed or in
the draft, the regulation of the combustion
will accordingly be rendered unreliable.
_The primary object of the present inven-
tion 1s to provide a method of regulating
the combustion of fuel in a furnace in
which the supply of gases for supporting
combustion in the furnace is controlled di-
rectly by the quantity of unconsumed fuel
gases in the products of combustion from
said furnace.

Another object of the invention is to pro-
vide an apparatus for regulating the com-
bustion of fuel in a furnace by which the
supply of gases for supporting combustion
to said furnace is controlled by the quantity
of unconsumed fuel gases in the products
of combustion from said furnace.

Another object of the invention is to pro-
vide a method of controlling combustion by
which the air for burning a liquid fuel may
be directly and accurately controlled to give
2 slubstantially perfect combustion of the
fuel.

A further object of the invention is to

-provide an apparatus in which the supply

of gases for supporting combustion is con-
tinuously under the control of the composi-
tion of the flue gases.

. With these and other objects in view, the
invention consists in the process and appa-
ratus described in the following specifica-
tion and defined in the claims.

The various features of the invention are
illustrated in the accompanying drawings,
in which: ' :

Fig. 1 is an elevation, partly in section,
of a boiler furnace having a combustion
regulator applied thereto, embodying the
preferred form of the invention; and

Fig, 2 is a detailed sectional view of the
combustion controlling mechanism.

In the embodiment of the invention
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shown in the accompanying (h wwings, the
combustion regulator is appiied to an oil or
gas burning steamn boiler of the water tube
type. Adr “for supporting the combustion
of the fuel is forced by means of a fan 10
through an air supply conduit 12 to the fire
box 14 of the boiler. The air from the
conduit 12 flows through a burner 15 to
which a fluid fuel (e1t11e1' oil or gas) is
delivered by a valved pipe 16. From the
fire box 14, the products of combustion pass
back and forth through a bank of water
tubes 17 and leave the boiler furnace
through a flue 18.

In the operation of the furnace 14, a sam-
ple p()ltlo‘l of the flue gases is withdrawn
from the ﬁue 18 and “‘niy"ed, and the anal-
ysis is used for increasing or decreasing the
air supply. The fiue gas to be an: alyzed 13
mixed with air or oxygen in a mlmolo con-
tainer and the mixture is then heated to a
temperature which is approximately the ig-
nition temperature of any  cot mbustibles
which may “be cor ntained In the flue gases.
The temperature of the heated gas mixtiue
is then measured

by means of an electric
resistance thermometer, and the mixture is
passed through a contact or catalytic mate-
vial to insure the c\“nplei combs mtum of
any combustible material which may be pres-
ent in the mixture. If there are uny com-
bustible substances in the flie gases, the tem-
perature of the mixture of Oa es will be
raised in passing through the contact mate
rul by an amount plopo tional to the quan-
tity of combustibles in the gases. The tew-
perature of the gas atter pa ing through
sontact material is measured by a sedond
electric resistance thermometer.

Vo
5

the

The electric

resistance thermometers ave conngcted in par-
allel in a_ battery circuit which includes in

each parallel branch a solenoid p()“tl\)ll“(i to
f} 1
The

create opposing o]ectlomaun L.(' forces.
ance in each bra nch of the cireul
ad Jusied that when the tu 1pémtm‘
registance theimometers arve tuo ,
clectromagnetic forces 01 the two golenolds
will be equal andd opposed.  Aw the tempera-
ture of the gases smronnumn the second
ther 'fe‘s, due to *le' presence of
combustible gases in the sample of flue gas,
the resistance through the (he-'mm weter in-
creases, the cm}nni decreases cmmspond—
ngly, and the electromagnetic forces qnne‘:
ated by the solenoids become unequal. The
resuttant elect: omagnetic force of tie sole-
, therefore, acto on 3 pivoted contact
pointer which is positioned to ﬂltelnatek
L‘Qu@, in alternate positions, an elecivie ciy-
enit for governing a motor which controls
n damper in the pipe 12, The d'u’ﬂpnl and
lriving motor are so arranged that when
: o due to a rise in temperature
'educ re ‘ffif‘e theuﬁom-

n
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to open the damper, while, when the contact
is made in the opposite direction, the motor
will be operated to close the ddmper

To accomplish this, a small portion of the
flue gases passing throuoh the flue 18 1is
withdvawn thr ough a gas sample container
in the form of a shunt pipe 20 connected to
the flue 18 at either end by branch pipes 22
and 24. Air for supporting the combustion
of any combustible material pftsslno throtigh
the shunt pipe' 20 is introduced Lhmu(’h a
pipe 26 leading from the air supply conduit
12 and extending a distance into the pipe 20
in-a direction parallel to the axis of the
pipe. The temperature of the gases in the
Pipes 20 -and 26 is raised to ‘Lpploxmﬂtelv
the ignition temperature by means of an
electric heating coil 28 within the pipe aO
and surrounding the pi pe 26. At the ex
end of the pipe 96 the air supplied from the
p‘pe 26 is mixed with the sample of flue
cases in the pipe 20, and the mixture of gases
passes through a phtmum gauze or other
contact material 30 to insure the complete
union of the oxygen from the pipe 26 wi ‘ch
any combustibles drawn through the pip
20. The mixture of gages then passes from
the pipe 20. through the pipe 24 to the
18. The temper ature of the mixture of gasey
entering through the pl‘)Lb 20 and 26 before
beirig ignited by the contact ganze 30 is
mu‘.\med by means of an electric resistance
thermometer 32 connected through a branch
circuit 34 to a battery or other sour :
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electric current 36. The temperatuve of i 169

gases after passing through the plati

gawze 80 is meastred by means of an cle

thermometer 38 connected to the battery 26

thvough a branch civcuit 40. The electric s
105

cirrent flowing through the resistance ther-
riometers 32 and 38 is caused to excite op
posing solénoids controlling an elecmo;nab—
netic contact pointer.

For this purposé, the cwrrent fros
battery 36 flowing through the branch ci

110

cuit 34 and thermomnieter 82 i conducte
through a wire 42 to a solenoid 44.

the soienoid. 44 the current refurng
battery 36 through a return wive 46.
farly, current -#from the battery 38
through the branch civeuit 49, theimomet
38, and a wire 48 to a sécond solengid
create -an’ electromagnetic force oppose
that of the solenoid 44. I'rom the so
50 the current returns through the re
wire 46 to the battery 36. Tne
of the branch circuits comprpmrr the the
mometer coils 82 and 38 aré so p1‘0’301 for -ﬁ«i
that when the temperatives at the two ther-
mometers are the same, the electromagn i
forces set up by the soleéncids 44 and 50 5
be equal, and the rvesulting component
thiese two forces will be zero. However,
the ‘temperatire at ‘the therm

120
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ometer 38 be-
comes greater than that at the thermometer
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32, the resistance through the thermometer 38

increases and a correspondingly smaller cur-
rent is sent through the solenoid 50 than
passes through the solenoid 44.  As a result,
the electromagnetic force generated by the
solenoid 44 is greater than that generated
by the solenoid 50, and the component of the
forces resulting from this unequal excitation
of the solenoids 44 and 50 acts on a contact
pointer 52 to deflect the pointer to the right.
As the temperature of the thermometer 38
falls to that of the thermometer 32, or is
brought to a temperature slightly lower than
that of the thermometer 32, due to the ab-
sence of any combustible material in the
sample withdrawn from the fiue 18, and to a
slight cooling action due to the introduction
of air through the pipe 26, the resistance in
the circuit comprising the thermometer 38
becomes less than that in the circuit com-
prising the thermometer 32. As a result, a
larger current flows through the solenoid 50
than through the solenoid 44 and the result-
ant electromagnetic force swings the pointer
52 to the left. -

As the pointer 52 is deflected to the vight
or left by the changes in the temperature of
the thermometers 32 and 88, 1t operates =z
controlling mechanism governing a damper-
operating motor to drive the motor in oppo-
gite directions. - In governing the direction
of rotation of the damper and motor, the
pointer 52 alternately makes contact be-
tween a source of electric current and one
or the other of branch circuits governing an
electromagnetic switch, * The = electromag-
netic switch operates in one position of the
pointer 52 to close one branch of a main
electric circuit through one of two oppos-
ing field windings of the damper-operat-
ing motor. As the pointer 52 swings in the
opposite direction, 1t operates the electro-
magnetic switch to close the cireuit through
the other field winding of the motor to drive
the motor in the opposite direction. - In this
manner, as the pointer 52 swings back and
forth, it controls the damper-operating mo-
tor to open or close the damper and thereby
control the volume of air supplied through
the air supply pipe 12.

in operating the electromagnetic switch,
an electric current flows from a battery 54
through a main 56 to the contact pointer 52.

As_ the contact pointer 52 swings to the

right, it engages with.a contact 58 and closes
A cireuit leading from the contact 58 through
2 wire 60 to a solenoid 62 of an electromag-
netic switch 63. From the solenoid 62 the
current returns through a branch wire 64 and
a main return wire 66 to the battery 54. As

_ the solenoid 62 is excited by the current from

the battery 54, it draws upwardly a core 68
and deflects a pivoted lever 70 to which the
core-68'is connected at its lower end. As the
lever 70.is deflected on its pivet 72, it con-

8

tacts with a contact 76 leading from an elec-
tric main 78 and a, contact 80 leading to the
clamper operated motor. Current then flows
from the main 78 through the contact 76,
lever 70 and contact 80 to a branch circuit 82.
From the branch cireuit 82 the current fiows

through a field winding 84 (Fig. 1) and ar-

mature 86 of a motor 88 and returns through
an electric main 90. As the current flows
through the field winding 84 and the arma-
ture 86, the motor 88 rotates a damper 92,

-by means of a worm 94 and a gear cegment

96, in a direction to open the damper. The
rotation of the motor 88 and damper 92 is
continued until air sufficient for complete
combustion is acmitted to the furnace.
When this point is reached the temperature
of the thermometer 38 will fall until the
eleciromagnetic forces of the solenoids 44
and 50 become equal and the pointer 52
comes to a mid-position or is deflected to the
feft.

As the contact pointer 52 is deflected to
the left, due to a drop in the temperature of
the thermometer 38, contact is made between
the contact pointer 52 and a contact 98 con-
nected to the electromagnetic switch 63.
When this contact is made, current from the
battery 54 flows through the wires 56, pointer
52 and contact 98 to a branch circuit 100
leading to a solenoid 102 of the electromag-
netic switch. From the solenoid 102 the cur-
rent returns through a branch cireuit 104 and
the main return wire 66 to the battery 54.
As the solenoid 102 is excited by the current,
it draws upwardly a core 106 connected to
the end of the lever 70 opposite that to which
the core 68 is attached. As the core 106 is
drawn upwardly by the solenoid 102, contact
is made through the lever 70 between a con-
tact 108 connected to the main 78 and a con-
tact 110 leading through a branch circuit 112
to the motor 88. The current from the
branch circuit 112 passes through a feld
winding 114 of the motor 88 which is oppo-
sitely wound from the field winding 84 and
through the armature 86 to the electric main
90. As the current passes through the field
winding 114 and armature 86, it reverses the
field and rotates the motor 88'in the opposite
direction. When the direction of rotation of
the motor 88 is reversed, the, damper 92 is
rotated in the opposite direction to close the
draft through the pipe 12.

The operation of the device is briefly as
tollows: Air for supporting combustion is
forced by the fan 10 fo the furnace 14 at a
rate controlled by the position of the damper
92 in the air supply conduit. The prod-
ucts of combustion resulting from the com-
bustion of fuel in the furnace 14 are with-
drawn through the flue 18. If the quantity
of air supplied through the conduit 12 is in-
sufficient for complete combustion, part of

the fuel supplied to the furnace will not be
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completely burned and the products of com-
bustion passing from the flue 18 will contain
unburned combustible gases. A small rep-
resentative portion of the flue products pass-
ing through the flue 18 is continually by-
passed through the shunt tube 20 in which it
1s mixed with an excess of air supplied from
the pipe 12 through the branch pipe 26.
The by-passed flue gases and the air sup-
plied through the pipe 26 are heated by the
electric heater 28 to the ignition tempera-
ture of the combustibles in the flue gases,
and are burned while passing through the

_contact gauze 30. The rise in temperature

o)

of the gases due to combustion, is determined
by the electric thermometers 32 and 38 whicix
measure the temperatures of the air and flue
gas before and after passing through the
gauze 30. When the products of combus-
tion from the furnace 14 contain combustible
gases, the temperature, and accordingly the
resistance, of the thermometer 38 become
greater than that of the thermometer 32, due
to the burning of the combustibles in the
mixture, and a larger current passes through
the thermometer 32 and the coil 44 than
passes through the thermometer 88 and the
coil 50. The contact pointer 52 is accord-
ingly deflected to the right and closes the cir-
cuit from the battery 54 through the solenoid
62. When the current passes thivough and
energizes the solenoid 62, the lever 70 of the
electromagnetic switch 63 is deflected to con-
nect the electric main 78 through the wire
82 and field windihg 84 of the motor 88.
The motor 88 will thereupon be set in motion
to rotate the worm 94 and the gear 96 and
damper 92 towards open position. The
draft from the air supply conduit 12 will
thereupon be slowly increased and the
amount of combustible gases passing through
the flue 18 will gradaally decrease. When
the draft through the conduit 12 increases
to a point at which the combustible gases
passing through the flue 18 are reduced to a
minimum, the rise in temperature of the
gases upon being mixed with air is reduced
until the resistances throngh the thermom-
eters 32 and 38 and corresponding branch cir-
cuits are substantially equal and the pointer
52 is brought to its middle position. The
electromagnetic switch 63 is accordingly
opened and current ceases to pass to the mo-
tor 88 and rotate the damper 92. The re-
sistance set up in the thermometer 22 serves
as a standard of comparison from which to
measure the heating effect of the burning
flue gas contacted with thermometer 38.

If the supply of air becomes too great.
due to a decrease in the supply of fuel or
from other causes, the temperature of the

flue gnses passing through the shunt pipe

20 will be unchanged upon being mixed
with the air supplied from the pipe 26, or

> may even be slightly cooled due to a small

1,644,123

difference in the temperature of the fine gases
and the air from the pipe 26. Accordingly,
the resistance through the thermometer 32
and its branch circuit will become greater
than the resistance through the thermometer
88 and its corresponding branch electric cir-
cuit, and the contact pointer 52 will be swung
to the left to connect the batteries 54 with
the solenoid 102 of the electromagnetic
gwitch Upon the passage of current
through and the energizing of the solenoid
102, the lever 70 of the electromagnetic
switch 68 is deflected to connect the main 78
with the branch circuit 112 and feld wind-
ing 114 of the motor 88. The direction of
rotation of the motor 88 and worm 94 is
thereby reversed and the damper 92 is ro-
tated towards closed position by the gear 96.
The damper 92 continues to be slowly ro-
tated to decrease the draft through the con-
duit 12 until the free oxygen in the flue 18,
due to the excess of air, iz reduced to a
minimum and the pointer 52 is brought
back to its middle position. In this man-
ner the damper 92 is rotated towards an
open or closed position as the quantity of
combustibles in the flue gases from the fur-
nace 14 increases beyond or falls below a
small limiting quantity.

The analysis of the products of combus-
tion by the above device need not be quanti-
tative, since it is only necessary to determine
whether a sufficient amount of combustible
gnses is present in the products of combus-
tion to move the contact 52 into engagement
with the contact 58 or whether there is a
deficiency of combustible sufficient to cause
the contact 52 to be moved into engagement
with the contact 98. Tf the amount of com-
bustible gas lies within these limits, it will
have no further influence on the regulation
of
he arranged to indicate quantitatively the
amount of combustible gases in the flue prod-
ucts by arranging it to swing past the con-
tacts 58 and 98 after making contact.

The time required for the passage of the
products of combustion from the combustion
chamber 14 to the flue 18 and through the

a9
[2 8

tube 20 is very short, being but a few seconds. '

Any change in the rate or conditions of com-
bustion in the combustion chamber 14 is
therefore indicated substantially instantane-

ously by the analyzing apparatus in the tube -

20, and the motor 88 is instantly set in
motion to gradually but rapidly change the
position of the damper 92 to' correspond to
the changed conditions in the combustion
chamber 14. The position of the damper 92
may vary from closed to fully open position
as the supply of fuel increases from a smali
amount of practically full load. When the

supply. of fuel varies between these limits,

the damper is operated to supply the mini-
mum amount of air to insure complete com-

i35

the device. The pointer 52 may, however,
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bustion of the fuel and remains in this posi-
tion until an increase or decrease in the sup-
ply of fuel requires that the damper be
moved towards a more open or closed posi-
tion.

While the invention has been described in
connection with a boiler fired with fluid
fuel, it may be used with solid fuel and with
other types of furnaces. In many types of
metallurgical furnaces, such as are used for
brass melting for example, it is necessary, in
order to obtain the required temperature,
to use only sufficient air to insure complete
combustion, since an excess of air cools the
flame and lowers the temperature of the
furnace. When the above described regula-
tor is used, the supply of air islimited to that

which is just necessary to insure complete

combustion of the fuel and the highest pos-
sible temperatures may be obtained. In
some classes of metallurgical furnaces, such
as for example annealing furnaces, it is
necessary in order to prevent flaking and
scaling “of the metal under treatment to
maintain a reducing atmosphere and to oper-

~ate with a slight degree of under-ventilation

Kl

n
Prth]

40

60

and without complete combustion, for the
reason that any excess of air in the products
of combustion has a detrimental oxidizing
effect on the work. Accordingly when the
combustion regulator forming the. subject
of the present invention is used in connec-
tion with this latter type of furnace, the
amount of air supplied is kept slightly below

that which would be required to insure com-.

plete combustion of the fuel. The regulat-
ing device is preferably adjusted so as to
maintain a small limited quantity of combus-
tible in the flue gases during operation.

Other means for measuring the rise in
temperature upon mixing the gases, and for
controlling the operation of the damper by
such rise in temperature, may be used in
place of the apparatus specifically described
above, without varying the general principle
of the invention. :

The method and apparatus of this inven-
tion are similar in certain of their broader
aspects to the method and apparatus for
controlling the combustion of fuel in a fur-
nace, disclosed in my co-pending application,
Serial No. 358,016, filed Feb. 12, 1920. The
subject matter common to this application
and application, Serial No. 858,016, is
claimed in the latter application. -

The terms “measure” and “ measuring ”
have been used in the specification and claims
as generic terms to define the essential func-
tion of a temperature measuring device,
namely a thermometer. While the thermom-
eters illustrated diagrammatically in the
accompanying drawings do- not include a
showing of auxiliary recording apparatus
for taking a visible record of the tempera-

- tures measured, it is believed to be clearly

5

apparent that such recording apparatus is
not a necessary part of the apparatus form-
Ing the subject of the present invention.
Accordingly the terms “measure” and
“measuring ” as they are used in the present
case are intended to define only the actual
act of temperature measurement performed
by themometers, and are not used or intended
to define the further step performed by reg-
istering thermometers, namely that of re-
cording the results of said measuring act
in terms of visible conventional readings.

Having described the invention, what is
claimed as new is:

1. A method of regulating the combustion
of fuel in a furnace, comprising continuously
withdrawing a portion of exhaust products
of combustion from said furnace, mixing
said portion with a quantity of air, burning
any combustible gases in said products, and
controlling the supply of combustion sup-
porting gases to said furnace in accordance
with the difference in temperature of said
exhaust products before and after ignition
of any combustible content thereof to main-
tain a minimum of combustible gases in said
exhaust products.

2. A method of controlling the com-
bustion of gases in a furnace, comprising
continuously withdrawing a portion of the
exhaust products of combustion from said
furnace and mixing the same with a quantity
of air, burning combustible gases in' said
products, and continuously controlling the
gases supplied to said furnace for support-
g combustion to increase the proportion of
air supplied as the temperature in said por-
tion rises after burning any combustibles.

3. A method of regulating the combustion
of fuel in a furnace, comprising continuously
withdrawing a portion of the exhaust prod-
ucts 'of combustion and mixing the same with
a quantity of air, burning any combustibles
in said portion with said air, and gradually
varying the volume of combustion support-
ing-gases supplied to said furnace to main-
tain the temperatures of said exhaust gases
before and after burning substantially equal.

4. A method of regulating the combustion
ot fuel gases in a furnace, comprising con-
tinuously testing the products of combustion
from said furnace for unconsumed fuel gases
and automatically varying the proportions
of gases supplied to said furnace to support
combustion to hold to a minimum the quan-
tity of unconsumed fuel gases in said prod-
ucts of combustion.

5. A combustion regulator for furnaces
which comprises means for withdrawing a
sample of products of combustion from a
furnace, means for mixing air with said
sample, means for igniting said sample and
air mixture, means for controlling the sup-
ply of combustion supporting gases to the:
furnace, and means responsive to the differ-
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“ence in temperature of said sample and air

mixture before and after ignition for govern-
ing the operation of said controlling means.

6. A’ combustion régulator for furnaces,
which comprises the combination of means
for withdrawing a portion of the flue gases,

“means for mixing said portion of flue gases

with air or oxygen, means for igniting said
mixture, a set of resistance thermometers
positioned to measure the temperature dit-
ference of said portion of gas and air before
and after ‘ignition, a contact pointer acted

‘on in opposite directions by electric currents

through said thermometers, a ‘motor driven

‘damper’ positioried to control the draft to

said furnace, a motor for driving said
damper, branch electric circuits connected to
rotate said motor in opposite directions, and

" contacts on said circuits arranged to be alter-

20

[
ot

nately conneéted to a source of current by
the movement of said contzet pointer 1n
opposite directions.

which comprises the combination of means

for withdrawing a portion of the flue gases

from said furnace, means for introducing air
into said portion of flue-gases, an electric
heater for said air and portion of filue gases,
means for mixing and igniting said flue gases
and said air, an electric resistance thermom-
eter positioned in said gases before ignition,
a second electric resistance thermometer in

~said gases after ignition, means connecting

40

45
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65

said thermometers in parallel, a contact
‘pointer actuated in opposite directions by

said parallel circuits, and a motor for vary-

ing the supply of combustion supporting
gases to said furnace controlled by the move-
ment of said contact pointer.

8. A combustion regulator for furnaces
_comprising means for mixing a portion of
“the gaseous products of combustion from a

turnace with a gas, means for bringing said
gas mixture to approximately its ignition

‘temperature, means for insuring the reaction

of any combustible with any free oxygen in

“said mixture, means for supplying combus-

tion supporting gas to. the furnace, and
means governed by the rise in temperature
of said gas mixture due to said reaction for
controlling the supply of combustion suap-

‘porting gases to the furnace.

9. A method of regulating the combus-

- "tion in a furnace, comprising testing the ex-

haust combustion products to detect any
combustible material therein, supplying fuel
and air to the furnace, and utilizing the

‘test for continuously controlling the supply

£ air to the furnace in order to maintain a

‘substantially complete combustion of said

gases in the furnace.

10. A’ method of regulating the combus-
tion in a furnace, comprising continuously

testing the exhaust combustion products to

detect any combustible material therein, and

‘combustible in said products, passing
E

; ‘ “the combustible therein, and uti
~7.'A combustion regulator ‘for furnaces’

‘combustion, comprising burning

1,644,123

utilizing the test for continuously control-
ling the supply of gases for supporting com-
bustion to maintain a substantially complete
combustion of fuel in the furnace.

11. A method of regulating the combus-
tion of fuel in a furnace comprising taking
a sample of the exhaust combustion products,
mixing the same with air, passing the mix-
ure through a contact material to burn com-
bustibles therein, and controlling the supply
of combustion supporting gases to said fur-
nace in accordance with the difference of
temperature in said mixture before and after
passing through said contact material.

12. A method of regulating combustion in
a furnace, comprising taking = sample of the
exhaust combustion products, mixing the
same with air, heating the mixture to sub-
stantially the ignition temperature of any
ing the
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‘mixture through a contact material to burn

lzing the
i

‘temperature difference of said mixture be-

fore and after passing it through the con-
tact material for controlling the supply of
combnstion supporting gases to said furnace.

13. That step in the method of controliing
combustion which comprises, mixing air with
oas containing a low concentration of com-
bustibles, burning the mixture and measur-
ing the temperatures of said gas mixture be-

“fore and after burning the same.

14. That step in the method of controlling
] ' y pug contain-
ing a low concentration of combustibles with
a combustion catalyst, and measuring the
temperatures of said gas before and after
burning the same.

15. In a method of controlling combustion,
the analysis of gas containing a low concen-
tration of combustibles, comprising mixing
air with said gas: héating said gas to approx-
imately the ignition temperature of the com-
bustibles, burning the mixture, and measur-
ing the gas temperatures before and after
burning the same.

16. That step in a 'method of controlling
combustion, comprising passing & heated gas
containing a low concentration of combus-
tibles in contact with a fivst electric resist-
ance coil, then burning the gas with a com-
bustion catalyst, passing the burned gas into
contact with a second resistance coil substan-
tially similar to said first coil, end meas
the temperatuires of the gag before and a
combustion by the resistances of said coils.

17. The combination of a gas sample con-
tainer, two resistahce wires mounted in said
container, an electric cirenit for cach wire, a
contact member mounted in said container

(RELHY

“between said wires arranged to burn gas

andd
eur-

passing from one wire to the other,
means for indicating the difference in
reént flow through said wires.

18. The combination of a gas samplé con-
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tainer, two resistance wires mounted in said
container, an electric circuit for each wire,
means to introduce air into gas passing
through said container before the gas reaches
the first of said wires, a contact member
mounted in said containers between said
wires arranged to burn gas passing from one
wire to the other, and means for indicating
the difference in current flow thru said wires.

19. The combination of a gas sample con-
tainer, a combustion catalyst mounted in saic
container in position to force gas passing
through said container to flow through said
catalyst, and separate means mounted in said
container at opposite sides of said catalyst
arranged to measure respectively the tem-
perature of the gas before and after passing
through said catalyst.

20. The combination of a gas sample cen-
tainer, means for causing flow of gas through
the container, a combustion catalyst mounted
in said container in the path of flow of the
gas, means for mixing air with the gas flow-
ing through said container, and separate
means mounted in said container at opposite
sides of said catalyst arranged to measure
respectively the temperature of the gas be-
fore and after passing threugh said catalyst.

21. The combination with a furnace of
means responsive to the presence of combus-
tible constituents in the gaseous products of
combustion leaving the furnace for automati-
cally regulating the ratio between the rate at
which fuel is actually burned in the furnace
and the rate at which air is supplied thereto
for the combustion of the fuel.

22. The combination with a furnace of
means responsive to the presence of combus-
tible constituents in the gaseous products
leaving the furnace for automatically de-
creasing the ratio between the rate at which
fuel is actually burned in the furnace and
the rate at which air is supplied for its com-
bustion on an increase in the relative amount
of said combustible constituents in said
products.

23. Apparatus for regulating combustion
in a furnace comprising means for oxidiz-
ing combustible constituents of the gaseous
products of combustion from the furnace,
and means responsive to the amount of oxi-
dation produced for automatically decreas-
ing the ratio between the rate at which fuel
is actually burned in the furnace and the
rate at which air is supplied for its combus-
tion, as the amount of said oxidation in-
creases.

24. Apparatus for regulating combustion
in a furnace comprising in combination
means tending to maintain the ratio between

7

the rate at which fuel is actually burned in
the furnace and the rate at which air is sup-
plied for its combustion in excess of that at
which complete combustion occurs, and
means automatically responsive to the pres-
ence of combustible constituents in the prod-
ucts of combustion leaving the furnace for
decreasing said ratio as required to keep the
amount of said constituenfs small.

25. The combination with & furnace hav.
ing a combustion chamber, a fuel supplying
means and an air supplying means, of means
for automatically increasing and diminish-
ing the air supplied as the amount of com-
bustible constituents in the products of
combustion leaving the furnace increases
and diminishes.

26. The method of controlling furnace
combustion which includes the steps of pre-
heating flue gas from said furnace and caus-
ing the combustion of an unconsumed ele-
ment of combustion remaining therein, and
utilizing the increased temperature resulting
from the combustion of said flue gas to con-
trol the supply of an element of combustion
to the furnace.

27. A method of controlling furnace com-
bustion which includes the steps of heating
flue gas from said furnace to substantially
its ignition temperature and burning an un-
consumed element of combustion remaining
therein, comparing the heating effect of a
quantity of fue gas so treated with a stand .
ard of comparison, and regulating the sup-
ply of an element of combustion to the fur.
nace in accordance with such comparison.

28. The method of controlling furnace
combustion which includes exposing a tem-
perature responsive means to flue gas, caus-
ing the combustion of an element of com.
bustion remaining in said flue gas, exposing
a second temperature responsive means to
the increased temperature caused by reason
of said combustion, and controlling the sup-
ply of an element of combustion to the fur-
nace in accordance with said temperature
responsive means, substantially as described.

29. Furnace control apparatus including
means for causing combustion of an uncon.
sumed element of combustion remaining in
the flue gas of the furnace, and means actu-
ated In accordance with the comparative
heating effect of a quantity of gas so treated
with a standard of comparison, such means
being effective for controlling a supply of
an element of combustion to the farnace,
substantially as described.

In testimony whereof I affix my signature.

JOHN WILLIAM GRISWOLD.
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