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To all whom it may conceri.:

Be it known that I, Asa Waite KENNEY
Biriixgs, a citizen of the United States of
Amnerica, and a resident of Habana, in the
Province of Habaha and Republic of Cuba,
have invented certain new and useful Im-
provements in Combustion Indicators and
Recorders for Heating Devices, of which
the following is a specification. :

This invention relates to an apparatus
adapted to -be used in connection with the
regulating of the combustion in boilers, fur-
naces, or other heating devices provided

with a fire-box, an exit for the products of

combustion, and a passage for the supply
of air to said fire-box, and consists in pro-

viding a suitable indicator and recorder con-

nected to different parts of the heating de-
vice in such a manner that the differences
of pressure existing in two different parts

" of said heating device relative to another
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part will operate the indicator’ and re-
corder and cause a visual indication to be,
made of the ratio of the said pressure dif-
ferentials and a permanent record made of
the same. :

Ordinarily in the process of fuel combus-
tion no attempt is made to keep track of the
actual condition of the combustion process,
the fireman regulating the fire in the heat-
ing device in accordance with his best judg-
Under such conditions a material
source of loss is caused by the lack of regu-
lation of the amount of alr entering the fur-
nace, for if this is too large, as is usually the
case, fuel is wasted by the unnecessary heat-
ing of a mass of cold air to the temperature
of the chimney. If the amount of air is
insufficient an equally important loss ce-
curs through imperfect combustion with a
consequent liberation of soot and combusti-
ble gases which pass out through the chim-
ney. When attempts have been ‘made to
control these losses it has generally been
made by chemical analysis of the products
of combustion which is very inconvenient,
more or less costly and the results obtained
are not suited to a prompt and continuous
control of the operation of the furnace or
other heating device. N, .

The present invention offers a very sim-
ple anc? effective apparatus for indicating
to the fireman, and making a permanent
record thereof, the ratio of the two pressure
differentials existing between any two parts
of the heating device, such, for mstance, as

the fuel-bed and the flue-passages or other

exit through which the products of combus-

tion pass and a third part of said heating

device, such, for instance, as the passage

}t)hrough which air is supplied to the fire-
oX.

The invention also consists in providing a
casing containing a suitable record-receiv-
ing member and an indicating or marking
member co-acting with the record-receiving
member to indicate to the fireman the ratio
of pressure differentials between any two
parts and a third part of the heating device,
these two parts,. as, for instance, the fuel-
bed, and the flue-passages or other exit, be-
ing connected by means of tubes or pipes to
inclosed chambers contained within said
casing, one wall of each of the inclosed

chambers being movable and connected to ;

the pivoted indicating or marking member,
sand subjected to the pressure in the third
part, as, for instance, the passage through
which the air is supplied. Any change of

pressure in any of these three parts of the

heating device will act upon these movable
walls, such, for instance, as the diaphragms

shown in the drawings, to operate the piv-

oted marking or indicating member. By

such a device the approximate relation of
the rate of combustion of the fuel to the

amount of the gases leaving the furnace

‘may be readily indicated and a permanent

record made thereof from which- the fireman
may secure such information as will assist
him in efficiently controllingthe operation
of said heating device. .~

The invention further consists in certain
novel features of construction and arrange-
ment of parts which will be readily under-
stood by reference to the description of the
drawings and to the claims hereinafter
given. o ~

The drawing shows a section of a boiler

and' a vertical section of an indicator and

recorder connected to said furnace, the en-

tire.drawing being diagrammatical with the.

indicator and. recording devices. greatly en-
larged in proportion to the furnace to more
clearly show their construction. -

In the drawing, 10 represents any well-
known form of boiler beneath one end of
which is a fire-box 11 with flue-passages 12
conducting the gaseous products of combus-
tion to the stack or chimney 30.

While in the drawing, a boiler as a means
of generating steam is shown, it is obvious

ras

30

90

95

100

105

110



10

15

20

25

30

35.

40

45

55

60

that the invention might be applied equally
as well to any other form of heating device
in which a fire-box 11 and flue-passages or
other exit 12 for the products of combustion
are used. ‘

Beneath the grate 13 of the fire-box is a
chamber 14, as, for instance, the usual ash-
pit, which serves as a passage for the supply
of air to the fire-box 11. At some conven-
lent point adjacent to the heating device is
located a casing 15 in which are placed or
formed two inclosed chambers 16 and 17,
one wall 18 of each of which is made mov-
able, as, for instance, in the form of a thin
flexible diaphragm.

The diaphragms or movable walls 18 face
one ancther and centrally disposed between
the same is a pivoted indicating member 19
mounted upon a pivot 20 and provided at
its lower end with two arms 21 diverging
outwardly in opposite directions, the ends
of each of which are connected by a link 22
with the center of one of the diaphragms 18.

The indicating end of the pivoted mem-
ber 19 is provided with a marking device 23
such as'a pen, this marking device 23 coop-
erating during the operation of the indica-
tor with a record-receiving strip or member
24 mounted upon a suitable roller 25 and
when the indicator is in operation this rec-
ord-receiving member 24 is caused to move
at a uniform rate in the path of the mark-
ing member 23 by means of any well-known
form of clock mechanism 26. :

The inclosed chamber 16 is connected by a
suitable pipe 27 to the fire-box 11, the end of
said pipe 27 being situated so that it is not
in the direct path of the currents of gases in
said fire-box 11. In a similar manner the
inclosed chamber 17 is connected by means
of a pipe 28 with the farther part of the
flue-passages, or exit from the heating de-
vice, the end of this pipe 28 being situated
so that it is not in the direct path of the
gases passing through said flue-passages or
exit.

The casing 15 is connected by means of a

ipe 29 with the chamber or air passage 14
Eeneath the fire-box 11, its end being situ-

- ated so as not to be in the direct path of the

currents of air in said chamber or air pas-
sage 14, so that any pressure existing in said
chamber or passage 14 is transmitted to the
interior of the casing 15, at a point interme-
diate the diaphragms 18 thereby causing the
diaphragm 18 of the chamber 16 to be af-
fected by the difference of pressures above
and below the fuel-bed and the diaphragm
18 of.the chamber 17 to be affected by the
difference of pressures between that in the
ash-pit or air passage 14 and the farther
portion of the flue-passages or exit 12.

It is obvious that, in the arrangement de-

- scribed,. the difference of pressure between

<ep

the ash-pit or air passage 14 and the fire-box
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11, which varies with rate of combustion,
other conditions of the fuel-bed remaining
the same, and affects the diaphragm 18 of
the chamber 16, is always less than the dif-
ference of pressure between the ash-pit or
air passage 14 and the farther portion of the
flue-passages or exit 12, which affects the
diaphragm 18 of the chamber 17, by an
amount. which is equal to the difference of
pressure due to friction in the fluid-passages
or exit, the latter varying with the amount
of gases passing through the device.
long as the ratio of these two pressure dif-
ferentials remains the same, even though the
total draft varies, the indicating arm 19 will
be held in one position by the action of the
diaphragms 18, and as the record-receiving
strip 24 is moved beneath the marking de-
vice 23 a straight line will be drawn.
Should, however, the amount of gases pass-
ing through the flue-passages vary in rela-
tion to the rate of combustion of the fuel,
due, for example, to the formation of holes
in the fuel-bed, or to the admission of air
through the firing doors, the difference of
pressure affecting the diaphragm 18 of the
chamber 17 will Increase or decrcase in rela-
tion to the difference of pressure affecting
the diaphragm 18 of the chamber 16 and
will cause the indicating member 19 and its
marking device 23 to be moved about the
pivot 20 into a new position, thus causing a
corresponding variation in the line drawn
on the record-receiving strip 24.

When a uniform quality of fuel is used
with a given thickness in the fuel-bed, the
difference in the pressure -above and belo
the fuel-bed is a measure of the rate of conl-
bustion while the difference of pressure be-
tween the fire-box and the farther portion
of the flue-passage or exit is a measure of
the amount of gases passing. As long as the
air supply is limited to that necessary for
the most efficient combustion the indicating
arm ‘and marking device will remain in the
position corresponding to the best efficiency.
Any departure from these most efficient con-
ditions will be made’evident at once and re-
corded by the indicator and recorder. This
provides a ready means for indicating the
conditions of combustion within a furnace
or other heating device, particularly in re-
lation to the propertionate amount of air
supplied for the combustion of the fuel and
aﬁe)rds a means of informing the fireman,
and of keeping a record, when the air sup-
ply is insufficient, resulting in a loss of etjf)i—
ciency due to the resulting imperfect com-
bustion, or is too great, resulting in a loss
of efficiency due to the ‘useless eating of
this excess amount of air.

While this invention is adapted for use in
connection with furnaces or other heating
devices, it is principally intended for use in
connection “with steam boilers, in order to
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obtain the maximum efficiency in the con-
sumption of the coal or other fuel, and to
enable a permanent record to be kept of the
departure from maximum efficiency.

. Tt is believed that the operation of the in-
vention and its many advantages will be
fully apparent without any further descrip-
tion. '

‘Having thus described - my invention, I
claim: v

1. In a device of the class described, the
combination with a heating device having
a source of air supply thereto; of an indi-
cator communicating with said source of air
supply; and means interposed between said
indicator and two different parts of said
heating. device simultaneously permitting
the transmission of pressures to said indi-
cator whereby the ratio of pressure differ-
entials between said two parts of said heat-
ing device and said source of air supply
may be visually shown. .

9. In a device of the class described, the
combination with a heating device having a
source of air supply thereto; of a recording
device communicafing with said source of

.air supply; and means interposed between
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said recording device and two different parts
of said heating device simultaneously per-

mitting the transmission:of pressure to said |

recording -device whereby the ratio of pres-
sure differentials between said two parts of
said heating device and said source of air
supply may be permanently recorded on
sald recording device.

3. In a device of the class described, the
combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and a source of air supply; of
an indicator; and means interposed between
said indicator and said fire-box, said exit,
and the source of air supply, simultaneously
permitting the transmission of pressure
whereby the ratio of the pressure differ-
entials between the source of air supply and
said fire-box and between the source of air
supply and said exit may be visually shown.

4. In a device of the class described, the
combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and a space beneath the grate
through which air is supplied to said grate;
of an indicator including a movable indi-
cating member and two diaphragms articu-
lated thereto and subjected to the air pres-
sure within the space beneath said grate; and
means interposed between one of said dia-
phragins and said fire-box and between the
other diaphragm and said exit whereby said
diaphragms may be operated respectively by

_ the differences of pressure between said fire-

66

box and air space beneath the grate and be-
tween said exit and air space beneath the
grate. : :

5. In a device of the class described, the

~e
()

combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and an air passage beneath the
grate; of two inclosed chambers, one wall of
each of which is subjected to the pressure in
said air space; a pipe extending from ome
chamber to said fire-box; a second pipe ex-
tending from the other chamber to said exit;
and means cobperating’ with .said inclosed
chambers for visually indicating the ratio of
the pressure differential between said air
space and said fire-box and the pressure dif-
ferential between said air space and said
exit. ' .

6. In a device of the class described, the
combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and a space through which air
is supplied to said fire-box; of two inclosed
chambers, one side of each of which is pro-
vided with a diaphragm subjected to the
pressure in said space; pipes leading from
said chambers to said fire-box and said exit;
and means cooperating with said dia-
phragms for visually indicating the ratio of
the pressure differential between said air
space and said fire-box, and the pressure dif-
ferential between said air ‘space and said
exit. :

7. In a device of the class described, the
combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and a space through which air.
is supplied to said fire-vox; of two inclosed
chambers, one side «f each of which is pro-

'vided . with a diaphragm subjected to the

pressure in said space; pipes leading from

_said chambers respectively to said fire-box

and said exit; and a pivoted member co-
operating with said diaphragms for visually
indicating the ratio of the pressure differ-
entials between the said air space and said
fire-box, and between said air space and
said exit. . :

8. In a device of the class described, the
combination with a heating device provided
with a fire-box, an exit for the products of
combustion, and a space through which air
is supplied to said fire-box; of two inclosed

chambers, one side of each of which is pro--

vided with a diaphragm subjected to the
pressure in said space; pipes leading from
said chambers respectively to said fire-box
and said exit; a pivoted member including
a marking device; and a movable record-
receiving member co-acting therewith
adapted to receive a record of the opera-
tions of said diaphragms.

9. In a device of the class described, the

‘combination with a heating device provided
with a fire-box, an exit for the products of

combustion, and a space through which air
is supplied to said fire-box; of two inclosed
chambers, one side of each of which is pro-
vided with a diaphragm subjected to the
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pressure in said space; pipes leading from
sald chambers respectively to said fire-box
and said exit; a pivoted member including
a_marking device; a link connected to said
pivoted member and to each of said dia-
phragms; and a mlovable record-receiving
member co-acting therewith adapted to re-
ceive a record of the operations of said
diaphragms.

10. In a device of the class described, the
combination with an apparatus in which the

“pressures at different parts thereof are dif-

ferent, of an indicator including movable
members; and means interposed between
said indicator and said different parts of
said apparatus whereby the said different
pressures act in opposition on said movable
members and visually show the ratio of
pressure differentials existing in two por-
tions of said apparatus.

11. In a device of the class described, the
combination with a heating device; of a

movable member carrying a graduated

strip; a pivoted arm one end of which is
adapted to be moved transversely of said
strip; a diaphragm on each side of said
pivoted arm, one of which is actuated by
one pressure differential in said heating de-
vice while the other is actuated by another
pressure differential in said heating device,
and a connecting link between said arm and
each diaphragm whereby the ratio of said
pressure differentials will be indicated by
said pivoted arm. :

12. In a device of the class described, the
combination with a heating device; of a
movable ‘member carrying a graduated
strip; a pivoted arm, one end of which is
provided with a marking device adapted to
be moved transversely of said strip; a dia-
phragm on each side of said pivoted arm,
one of which is actuated by the difference in
pressures existing at two points in one por-
tion .of said heating device, while the other
diaphragm is actuated by the difference in
pressurés existing at one of said points and a
third point in a different portion of said
heating device; and connecting links' be-
tween said arm and said diaphragms where-
by the ratio of said pressure differentials
will be recorded by said marking device
upon said graduated strip.

13. In a device of the class described, the
combination with a heating device; of a
movable member carrying a graduated
strip; two diaphragms; a connecting link
adapted to be moved transversely of said
strip; two diaphragms; a conecting link
between each diaphragm and said arm; a
means for subjecting one face of each dia-
phragm to the pressure of the source of air
supply to said heating device; means for
simultaneously subjecting the opposite face
of one diaphragm to the pressure existing
al a point in one portion of said heating de-
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vice; and means for simultaneously subject-
ing the opposite face of the other dia-
phragm to the pressure existing at a point
in another portion of said heating device
whereby an indication on said graduated
strip will be made by said movable arm of
the ratio of pressure differentials in said
two portions relative to the pressure of the
source of air supply.

14. In a device of the class described, the
combination with a heating device having a
source of air supply; of a movable member
carrying a graduated strip; a pivoted arm
one end of which is adapted to be moved
transversely of said strip; two diaphragms;
a connecting link between each diaphragm
and said arm; a means for subjecting one
face of each diaphragm to the pressure of
the source of air supply to said heating de-
vice; means for simultaneously subjecting
the opposite face of one diaphragm to the
pressure existing in the fire-box of said
heating device; and means for simulta-
neously subjecting the opposite face of the
other diaphragm to the pressure existing in
the flue-passage of said heating device
whereby an indication on said graduated
strip will be made by said movable arm of
the ratio of pressure differentials between
the pressure in said fire-box and flue-passage
and the pressure of the source of air supply.

15. In a device of the class described, the
combination with a heating device; of a mov-
able member carrying a graduated strip; a
pivoted arm one end of which is adapted to
be moved transversely of said strip; three
compartments separated by two diaphragms;
a connecting link between each diaphragm
and said movable arm; a pipe leading fro
the central compartment to the source of afir
supply; a pipe leading from one of the side
compartments to one portion of said heating
device; and a pipe leading from the other
side compartment to another portion of
said heating device, said pipes simulta-
neously admitting the pressures from these
points to said compartments whereby the
diaphragms are subjected to varying pres-
sures and thus cause the movable member to
indicate the ratio of their pressure differen-
tials. '

16. In a device of the class described, the
combination with a heating device having a

‘source of air s1:1pply; of a movable member

carrying a graduated strip; a pivoted arm
one end of which is adapted to be moved
transversely of said strip; three compart-
ments separated by two diaphragms; a con-
necting link between each diaphragm and
said movable arm; a pipe leading from the
central compartment to the source of air

supply; a pipe leading from one of the side

compartments to the fire-box of said heating
device; and a pipe leading from the other
side compartment to the flue-passage of said
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heating device, said pipes simultaneously
admitting the pressures from these points to
said compartments whereby the diaphragms
are subjected to varying pressures and thus
cause the movable member to indicate the
ratio of their pressure differentials.

17. In a device of the class described, the
combination with a heating device; of a
movable member carrying a graduated strip;
a pivoted arm one end of which is adapted
to be moved transversely of said strip; three
compartments separated by two diaphragms;
a connecting link between each diaphragm
and said movable arm; a pipe leading from

5 the central compartment to the ash-pit of

said heating device; a pipe leading from one

S

of the side compartments to the fire-box of
said heating device; and a pipe leading from
the other side compartment to the flue pas-
sage of said heating device, said pipes ad-
mitting the pressures from these points to
said compartments whereby the diaphragms
are subjected to varying pressures and thus
cause the movable member to indicate the
ratio of their pressure differentials.

Signed by me at Habana, Cuba, this eighth
day of March, of the year nineteen hundred
and nine.

ASA WHITE KENNEY BILLINGS.

Witnesses:

Henry P. STARRETT,
AvcustiN ROGERS.
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