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1

My invention pertains to heaters and more
_particularly to internal combustion heaters of the
type commonly used in aircraft and for similar
purposes.

An object of my invention is to provide a new
and improved internal combustion heater which
is quieter and more efficient than the heaters now
in use.

Another object of my invention is to provide an
-internal combustion heater having a muffler and
new and improved means for preventing any part
of the muffler from reaching an excessive tem-
perature,

10

Another object of my invention is to provide a -

heater having new and improved means for pre-
venting the accumulation of combustible mixture
in the muffler. )

Another object of my invention is to provide

“a heater having an improved means for cooling
the exhaust gases.

Another object of my invention is to provide a
heater having new apd improved means for in-
troducing secondary air into the hot products of
combustion.

Another object of my invention is to provide a
heater having a new and improved arrangement
for preheating air utilized for combustion pur-

* poses.

Another object of my invention is to provide a
heater having new and improved heat exchange
means for heating the ventilating air.

Another object of my invention is to provide a
heater having a less expensive and lighter weight
muffler than those heretofore used. ‘

Another object of my invention is to provide a
heater having novel means for introducing sec-

ondary air into the products of combustion and

for preventing products of combustion from en-
tering the ventilating air.

‘Another object of my invention is to provide a
new and improved heater which offers minimum
resistance to gas and air flow therethrough.

Another object of my invention is to provide a
new and improved heater which may be easily
disassembled and re-assembled for inspection, re-
pair, cleaning, or other similar purposes.

Another object of my invention is to provide a
heater having the foregoing advantages and
which is inexpensive to manufacture and capa-
ble of affording long and trouble-free service.

Other objects and advantages will become ap-
parent as the description proceeds.

Inthe drawings:

Fig. 1 is a longitudinal, sectional view through
a preferred embodiment of my invention;
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Fig. 2 is a transverse, sectional view taken on
the line 2—2 of Fig. 1;

Fig. 3 is a partial, transverse, sectional view
taken on the line 3—3 of Fig. 1;

Fig. 4 is an irregular, transverse, sectional view
taken on the line 44 of Fig. 1; '

Fig. 5 is a longitudinal, sectional view through
a modified form of my invention; :

Fig. 6 is & transverse, sectional view taken on
the line 6—6 of Fig. 5;

Fig. 7 is a partial, horizontal section taken on
the line 7Y of Fig. 5;

Fig. 8 is an irregular, generally horizontal, sec-
tional view taken on the line 8—8 of Fig. 6;

Fig. 9 is an end view of the combustion cham-
ber and associated parts and is taken in the plane
of the line 98 of Fig.7; :

Fig. 10 is a longitudinal, sectional view of a
further modification;

Fig. 11 is a longitudinal, sectional view of an-
other modification;

Fig. 12 is a longitudinal, sectional view of an-
other modification;

Fig. 13 is a longitudinal, sectional view of an-
other modification; and :

Fig. 14 is a longitudinal, sectional view of an-
other modification.

That embodiment of my invention which is
shown in Figs. 1 to 5, inclusive, comprises a tubu-
lar casing 28, having an inlet end 22 adapted to
be supplied with air by a ram, blower, or other
suitable means. The outlet end 24 of the casing
may discharge directly into an airplane cabin
or other space to be heated, or may be connected
to a duct system leading to a plurality of outlets
arranged at selected locations in the same or
different spaces. Any suitable or usual means
may be provided for controlling communication
between the ram and the casing 20 and between
this casing and the space or spaces to be heated.

A combustion chamber 26 is located in the cas-
ing 28 adjacent the inlet end 22 and has an end
wall 28 and a cylindrical side wall 30. A pipe 32
is attached to the end wall 28 and extends
through the center of the combustion chamber in
coaxial relationship to the cylindrical wall 30
thereof. The lefthand or inlet end of the pipe
30 is in open communication with the inlet end
22 of the casing 28 so that the combustion cham-~
ber 26 is annular.

A carburetor 34 is shown as being provided for
the purpose of supplying combustible mixture to
the combustion chamber 26. A pipe-38 connects
the carburetor 34 with any suitable source of
fuel and one or more nozzles 38 deliver this fuel -
into the throat of a Venturi tube 40 which forms
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a part of the carburetor 34. The lefthand or
outlet end of the Venturi tube 40 is connected to
one end of an induction pipe 42 which extends
through the casing 20 and an opening 44 in the
wall 30 of the combustion chamber and has a
curved end 46 lying closely adjacent this wall.
This end 46 is exposed to the heat of the com-
bustion chamber and serves to preheat to the
desired extent the combustible mixture being de-
livered to this chamber by way of the induction
tube 42. As best shown in ®ig. 1, this end 46 is
inclined toward the end wall 28 of the combus-
tion chamber whereby the combustible mixture
is caused to whirl about the axis of this cham-
ber adjacent the rear wall thereof and all fuel
is completely consumed within this chamber.

As best shown in Fig. 2, a housing 48 is at-
tached to the cylindrical wall 46 of the com-
bustion chamber and provides a passageway 50
which communicates with the combustion cham-
ber by way of an inlet 52 and an outlet 54. An
igniter plug 56 is located in the passage 50 in
spaced relation to-the walls thereof so that com-
bustible mixture may flow around the plug 56
and be ignited by the electrical coil 58 in the
lower end thereof. In ordinary practice, the ig-
niter plug 56 is automatically disconnected from
its source of current when the heater attains op-
erating temperature and one or more re-igniters
60 (Fig. 1) may be provided to maintain com-
bustion thereafter.

A ring 62 is attached to the cylindrical wall
of the combustion chamber by welding, or in any
other suitable manner, and serves to prevent the
escape of liquid fuel from this chamber. The
righthand end of the cylindrical wall 30 is pro-
vided with a flange 64 which is attached by screws
66, or in any other suitable manner, to support-
ing brackets 68 and also to one end of a heat ex-
changer, indicated generally by reference nu-
meral 10, Similar brackets 72 attach the other
end of the heat exchanger to the casing 20, the
brackets 68 and 72 being secured to the casing
by screws T4, or in any other suitable manner.

The heat exchanger 10 comprises a sheet metal
generally cylindrical shell 16 having its opposite
ends welded or otherwise suitably secured to rings
78 and 80. The shell 16 is corrugated, as best
shown in Fig. 3, and fins 82 have their bases se-
cured in folds of the corrugated shell 16. The
radially outward portions of the fins 82 project
into the ventilating air passage 84 formed be-
tween the casing 20 and the shell 6.

25
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A mufller indicated generally by a reference

character 86 is located in the heat exchanger 10
and has a cylindrical body 88 of sheet metal, or
other suitable material, which cooperates with
the shell 76 of the heat exchanger to form longi-
tudinally extending passages 90 for the hot prod-
ucts of combustion issuing from the combustion
chamber 26. A sheet metal cone 92 connects the
lefthand end of muffler body 86 with pipe 32 and
serves to direct the hot gases issuing from the
combustion chamber into the lefthand ends of
the gas passages 90. As the hot products of com-
bustion traverse these gas passages, heat is given
up to the shell 16 and fins 82, which transmit
this heat to ventilating air flowing through the
ventilating air passage 84. The gases then pass
into an outlet chamber 84 and are discharged to
atmosphere through outlet pipe 96 and fitting 98
and any suitable exhaust pipe attached to the
threaded end (08 of this fitting.

The outlet pipe 96 is attached to a plate 101
which closes the righthand end of the heat ex-

55
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changer T0 and which is attached thereto by
bolts 103, some of which also serve to attach this
heat exchanger to bracket T2, As best shown in
Fig. 1, the outlet pipe 9§ is provided with a boss
or foot 105 which rests against the plate 101 at
a special place provided by omitting one of the
bolts 103. The pressure foot {05 forms an extra
support for the outlet pipe 96 and gives this pipe
and the fitting 88 attached thereto additional
stability.

The muffier 86 has an annular sound absorb-
ing chamber (02, which is illustrated as being in

‘communication with the gas passages 90 through

a single, annular row of openings (04 forming
acoustic couplings between the annular chamber

- 182 and the gas passages. As clearly shown in

Fig. 1, this single annular row of openings 184 is
located adjacent the lefthand end of the muffler
86 and serves to conduct sound into the annular
chamber 102 where it is absorbed by the glass
wool or stainless steel wool 108 located in this
chamber.

The inner wall of the annular muffler chamber
102 is formed by a tube 108 supported in end
walls 110 and 112, The tube 108 is in axial align-
ment with the pipe 32 and is shown as being of
the same size as this pipe. The lefthand end of
the tube 108, however, is spaced from the right-
hand end of the pipe 32, so that air leaving the
righthand end of the pipe 32 must pass through a
conical chamber {14 before entering the tube 108.
This conical chamber {14 is formed by the cone
92 and end wall {12 of the muffler body and serves
to prevent the wool in the lefthand end of the
muffler from being overheated by the hot products
of combustion issuing from the combustion cham-
ber. The air passing from pipe 32 to tube 108
absorbs heat from the walls of this chamber so
that this chamber also serves to increase the pre-
heating of the air entering the tube 108.

Most of the air flowing through the tube 188
enters pipes 118 and 118 leading to the air inlet
of the carburetor 34. When the heater is oper-
ating normally, the air delivered to the carburetor
through these pipes i8 preheated to the desired
temperature, and this preheating materially im-
proves the operation of the heater by alding in
the vaporization of the fuel delivered by the jet
38. A small part of the air flowing through the
tube (08, however, passes through the annular
space 120 formed between the righthand end of
the tube 108 and the lefthand end of pipe 116§
and enters the outlet chambers 94 where it mixes
with, dilutes and cools the products of combus-
tion discharged to atmosphere by ways of pipe 96
and fitting 100. This arrangement for diluting
the exhaust is accomplished with very low pres-
:pre drop and without requiring outside connec-
ions,

The purpose in diluting the exhaust gases is
primarily to prevent explosions when the heater
is being started. In other words, the exhaust
gases are diluted to such an extent that any
mixture of fuel and air entering the exhaust pipe
and discharged therefrom will not explode even
though combustible mixture delivered to the com-
bustion chamber passes therefrom to the exhaust
outlet without being burned in the heater itself.
The introduction of secondary air into the exhaust
chamber 94 also serves to muffle the exhaust end -
of the heater and permits the acoustic couplings
between the interior of the muffier and the gas
passages to be confined to the combustion end of
the heater, as clearly shown in Fig. 1.

I wish to call particular attention to the fact
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that I have provided a simple and efficient ar-
rangement whereby the combustion air is pre-
heated in such a way that it cools the muffler
and serves to prevent overheating of any part of
this muffler by the heat of the eombustion cham-
ber and the hot products issuing therefrom.
These objects, together with the dilution of the
exhaust are accomplished by a simple structure
which may be easily assembled and disassembled
for inspection, cleaning or repair. This struc-
ture also offers minimum resistance to flow of air
and gas therethrough and may be constructed of
light weight but sturdy parts which are capable
of withstanding rough usage and giving long and
trouble-free service.  This heater is highly effi-
cient and has a high heat output for a given size
and weight and so is particularly adapted for
use in airplanés wherein these factors are espe-
cially important, although it is to be understood
that my heater is not limited to such use and
is also adapted for other purposes.
a In Figs. 5 to 9, inclusive, I have shown a modi-

fied form of my invention wherein the heater com-

prises a casing 130 having its inlet end attached

to an air supply pipe 132 leading from a ram,
blower, or other suitable air supply means, A
combustion chamber 134 and heat exchanger 138
- are located in the casing 130 and are supported
therefrom by brackets 138 and 140 attached by
screws, or other suitable means, to the casing,
heat exchanger and combustion chamber. As in
the previous embodiment, the screws {42 which
attach the brackets 138 to the combustion cham-
ber and heat exchanger also serve to secure the
combustion chamber and heat exchanger to each
other. :

A combustion air tube 144 has its lefthand end
secured to the end wall of the combustion cham-
ber and is in open communication with the air
inlet pipe 132. The righthand end of the tube
. 144 is in sealed engagement with the lefthand

end of a pipe 148 which connects with an external
pipe 148 (Fig. 8) leading to a carburetor {50.
A fuel supply pipe (52 connects the carburetor
- 180 with any suitable source of fuel and this fuel
is delivered to a jet 154 located in the restricted
throat of the Venturi tube 156 forming part of
the carburetor 150. A mixture of fuel and air is
formed in the Venturi tube 156 and this mixture
is delivered to the combustion chamber (34 by
‘way of induction tube 58, having an end 160
which extends through the casing 130 and side
wall of the combustion chamber (34,

The mixture delivered to the combustion cham-
ber {34 by the induction tube (88 is ignited by
an electrical igniter 182 located in the bracket
provided by a housing 184 attached to the cylin-
drical wall of the combustion chamber. The com-
bustion chamber is provided with one or more re-
igniters 166 to maintain combustion after the ig-
niter 162 has been cut out by the usual thermo-

- static switch. A ring 168 is welded or otherwise
secured to the cylindrical wall of the combustion
chamber to prevent escape of liquid fuel there-
from.

The heat exchanger (36 may have the same
construction as the heat exchanger of the first
embodiment and has gas passages {70 which
receive the hot gases discharged from the com-
bustion chamber 134.. A mufler $72 is located in
the heat exchanger 136 and has an outer cylin-
drical wall 174 which cooperates with the heat
exchanger to form the gas passages 118. The
forward end of the muffler is tapered, as indi-
cated at (76, and serves to direct the hot products

[}
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of combustion into the lefthand ends of the gas
passages 170, The righthand ends of these gas
passages discharge the cooled gases into an out-
let chamber 178 formed between the end wall
180 of the muffler and a plate 182, which closes
the righthand end of the heat exchanger. These
gases are discharged to atmosphere through out-
let pipe 184 and fitting 186 and any suitable ex-
haust pipe attached to the threaded end of this
fitting.

In this embodiment of my invention, the muf-
fler 172 has an annular chamber (88 formed be-
tween the tube 44 and the outer wall 114, but
in this embodiment of my invention this chamber
is not filled with glass wool or stainless steel wool,
or other sound absorbing material. Instead, the
particular arrangement of the muffler and es-
pecially the flow of air therethrough are relied
upon to absorb sound and prevent rumbling or
other noises in the heater. A single row of
openings 190 provided in the tube 144 connects
the annular chamber 188 of the muffler with the
air passageway through the tube 144 and permits
a small amount of air to flow from the tube 44
into the annular space 188. Annular rows of
openings 192 and 194 connect the annular space

- 188 with the gas passages {710 and a third an-

30
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40

nular row of openings 186 connects the annular
space 188 with a tapered gas passage 198 which
connects the combustion chamber with the inlet
ends of the passages 1710. .
The openings 1980, 182, 194 and 196 are pref-
erably of such size as to form acoustic couplings
which connect the annular space with the air
passage in the tube 144 and also with the gas
passages through the heater. A small amount of
air flows into the annular space 188 through
openings 190 and this air flows slowly through
the lefthand end of the muffler chamber 188 and
out of the openings 192, 194 and 196 to mix
with the hot products of combustion. This air
performs several functions. If cools the left-
hand end of the muffler and prevents this end
from being overheated by the heat of the com-

5 bustion chamber and the hot gases issuing

therefrom. It also absorbs sound entering the

" muffler through the openings 192, 194 and 196 and

55
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eliminates rumbling and other noises. This air
flow, together with the large annular space pro-
vided by. the muffler chamber (88, serves effec-
tively to quiet the heater. This air also func-
tions as secondary air to dilute and slightly re-
duce the temperature of the gases entering the
passages {10 and prevents the lefthand ends of
these passages from being overheated by the in-
flowing gases.. The flow of secondary air through
the muffler shell also prevents combustible gases
from entering the chamber {88 when the heater
is first turned on and before combustion occurs
in the combustion chamber.

All of the foregoing advantages are obtained
with a very small flow of air from the tube 148"
through the muffler and into the gas passages of
the heater. The operation of this heater is ex-
ceedingly efficient and this efficiency is accom-
plished by a structure of minimum weight: since
no sound ' absorbing material need be provided
in the muffler chamber. The elimination of this
sound absorbing material has a further advan-
tage in that such sound absorbing material is
a part of the heater which has the shortest life
and which requires the most frequent attention

.and service.

In Fig. 10, I have shown a form of my inven-
tion which is more nearly the embodiment of
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Figs. 1 to 4, inclusive. In the embodiment of
Pig. 10, the combustion chamber 208 and the
heat exchanger 202 are attached to each other
and to brackets 204 by screws 286, or in any
other suitable manner. The other end of the
heat exchanger 202 is separated by brackets 208
and the brackets 204 and 208 are attached to
the heater casing 210 by screws 2(2. The left-
hand or inlet end of the casing 218 is connected
to an air inlet pipe 214 which may lead from
a ram, blower, or other suitable source of air
supply. The righthand end of the casing 210,
as in the previous embodiments, delivers the hot
air to the space or spaces to be heated.

The heat exchanger 202 may be identical with
the heat exchangers of the previous embodiments
and a muffler 216 is located in this heat ex-
changer to cooperate therewith in the formation/
of the gas passages 218. A tube 228 extends
through the combustion chamber and muffler
and has its lefthand end in open communication
with the air inlet pipe 2i4. The righthand end
of this tube 220 is sealed to the lefthand end
of a pipe 222 which connects with a second pipe
224 leading to the air inlet of the usual carbu-
retor 226. A fuel supply pipe 228 connects the
carburetor with any suitable source of fuel and
an induction tube 230 conducts the combustible
mixture formed in the carburetor to the combus-
tion chamber 200.

The tube 220 forms the inner wall of an an-
nular mufiler chamber 232 which is filled with
stainless steel wool or glass wool or other suit-
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able sound absorbing material. A single annular -

row of openings 234 connects this annular cham-
ber with the gas passages 218 and is clearly shown
in the drawing. This annular row of openings is
located adjacent the lefthand end of the an-
nular muffler chamber.

The outer cylindrical wall 236 of the mufiler has
2 conical extension 238 which serves to direct the
hot products of combustion issuing from the com-
bustion chamber into the lefthand ends of the
gas passages 218. This conical extension 238
forms a tapered annular chamber 249 surround-
ing that portion of the tube 220 which is inter-
mediate the combustion chamber 208 and the
muffler 216. Annular rows of openings 242 and
244 connect opposite ends of the chamber 240
with the interior of the tube 228, An annular
member 246 is located in the tube 228 between
the openings 242 and 244 and serves to restrict
the flow of air through this portion of tube 220
sufficiently to cause some of the air entering the
lefthand end of this tube to pass through open-
ings 242 into annular chamber 248 and thence
through openings 244 back into this tube. This
circulation of air through the chamber 248 cools
the lefthand end of the muffler 2{6 and also aids
in preheating the combustion air delivered to
the carburetor 226. In this form of my inven-
tion, no secondary air is introduced into the
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products of combustion and all air entering the

lefthand end of the tube 228 is delivered to the
carburetor 226.
The embodiment of Fig. 11 is generally similar
. to that of Fig. 10, but shows a somewhat different
arrangement for cooling the lefthand end of the
muffler and for preheating the combustion air.
Also in this embodiment of my invention I have
utilized a different form of muffier which is divided
into a plurality of compartments, each having its
own acoustic coupling means forming a com-
munication between such compartment and the
gas passages,
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The combustion chamber 258 and heat ex-
changer 252 are secured to each other by screws
254, which also connect these parts to brackets
256. The other end of the heat exchanger 252
is supported by similar brackets 258 and the
brackets 256 and 258 are secured to the casing
268 by screws 262. The lefthand end of the casing
260 is connected to an air inlet tube 264 and the
righthand end of the casing discharges heated
air to one or more spaces to be heated. .

A muffler 266 is located in the heat exchanger
252 and has an outer cylindrical wall 268 which
cooperates with the heat exchanger 252 to form
gas passages 210 therethrough. The wall 288
has a tapered lefthand end 212 connected to the
enlarged righthand end 274 of a pipe 218 which
extends through the combustion chamber 258
and whose lefthand end is in open communica-
tion with the air inlet pipe 264. The inner wall
of the annular muffier 266 is formed by a tube
218 in sealing engagement with end walls 2880 and
282 ang intermediate partitions 284, 286, 288 and
290, which cooperate with the end walls and with
each other fo form compartments 282, 284, 296,
298 and 300. A single annular row of openings
302 connects each compartment with the gas pas-
sages 278 whereby sound may enter the several
compartments and be absorbed by the glass wool
or stainless steel wool or other sound absorbing
material located therein.

A sheet metal cup 304 is located in th_ tapered
end 272 of the wall 268. The open.end of this
cup is closed by the end wall 280 of the mufiler
and a single annular row of openings 388 forms
the sole means of communication between pipe
216 and tube 278. All air entering pipe 216 flows
around the base and side walls of cup 304 and
passes through openings 386 into the interior of
this cup and thence into tube 278. In passing
around the outside of cup 384, this air is pre-
heated and serves to protect the lefthand end
of the muffler against the heat of the combustion
chamber 250 and the hot gases issuing therefrom.
This preheated air then flows through tube 218
and pipes 308 and 318 to carburetor 312, where a
combustible mixture is formed which is delivered
to the combustion chamber through induction
tube 314. The usual igniter plug 316 and re-ignit-
er 318 are provided to initiate and maintain com-
bustion of this mixture. A pipe 328 connects
the carburetor with any suitable source of fuel.

In the embodiment of Fig. 11, all air entering
the pipe 216 is preheated and delivered to the
carburetor as combustion air. There is no pro-
vision for introducing secondary air into the
products of combustion formed in the combustion
chamber. The combustion air is preheated to
the desired temperature and this preheating is
s0 accomplished that it serves to protect the
mufller against undue heat from the combustion
chamber and hot products of combustion issuing
therefrom. The muffler in this form of my In-
vention is divided into a plurality of compart-
ments arranged lengthwise of the gas passages
and connected thereto at intervals throughout
their length.

In the embodiment of Fig. 12, the combustion
chamber 350 and heat exchanger 352 are attached
to each other and are suspended from the casing
354 by brackets 356, as in the previous embodi-
ments. The heater shown in this figure is similar
to that shown in Fig. 11, except that a different
type of mufler is used and the air which passes
through the combustion chamber and muffler is

78 not directed to the carburetor but is discharged
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into the outlet end of the casing 384.. The car-
buretor receives its supply of alr from this end of
the casing 354, as will be hereinafter described
in more detall.

A pipe 358 has its lefthand or inlet end attached
~to the end wall 380 of the combustion chamber
and in open communication with the air inlet
pipe 362. The opposite end of the pipe 358 is
enlarged, as indicated at 364, and is attached to
the conical end 388 of the outer cylindrical sheet
metal wall 368 of the muffler 370, which is located
within the heat exchanger 352. The inner wall
of the annular muffler is formed by a tube 372,
which is secured to cylindrical wall 368 by end
walls 374 and 318. The elongated annular muf-
fling chamber formed between the cylindrical wall
388 and tube 372 is preferably filled with stain-
less'steel wool or glass wool, as indicated in the
drawing. A single annular row of openings 318
forms acoustic couplings between the elongated
chamber of the muffler and the gas passages 380
through which the hot products of combustion
pass in flowing from the combustion chamber
350 to outlet chamber 382 from which these
gases are discharged to atmosphere by way of
outlet pipe 384 and fitting 388 and any suitable
exhaust pipe which may be connected thereto.

The tapered end 366 of the cylindrical muffler
wall 368 forms an air chamber 388 interposed be-
tween the combustion chamber 358 and the muf-
fler 370. A sheet metal cup 398 is located in this
chamber and has a single annular row of per-
forations 392 through which air must pass in
flowing from the pipe 358 to the tube 372. This air
flows around the outside of the cup 380 and then
through openings 382 into the interior thereof,
absorbing heat from the pipe 388 and tapered
end 366 and protecting the adjacent end of the
muffler against excessive heat. 'This heated air
then flows through tube 312 and is discharged
into- the righthand or outlet end of the casing
354. .

Most of the air delivered to the heater by the
pipe 362 which connects this heater with a ram,
blower, or other air supply means, passes between
the casing 354 and heat exchanger 352 and ab-
sorbs heat from this heat exchanger. This heat-
ed air is then discharged from the righthand end
of the heat exchanger into the righthand or out-
let end of the casing 354, where it mixes with air
which has passed through the center of the com-
bustion chamber and the center of the muffler
by way of pipes 358, chamber 388, muffler tube
372, and a pipe 394 which forms an extension
thereof and which is welded or otherwise main-
' tained in 'sealing engagement with the closure
plate 396 for the righthand end of the heat ex-
changer. '

The carburetor 398 may be of any conventional

or suitable type and is supplied with fuel through
a fuel supply pipe 400 which connects this car-
buretor with any suitable source of fuel. This
carburetor is supplied with combustion air
through a pipe 402 whose inlet end 404 passes
through the casing 354 and is located inside this
casing adjacent but downstream from the right-
hand end of the heat exchanger. Air entering
this pipe 402 bas passed over the heat exchanger
or through the passageway passing through the
center of the combustion chamber and muffler
and when the heater is in operation, has attained
a temperature which facilitates vaporization of
the fuel mixed therewith in the carburetor 398.
An induction tube 406 extends generally parallel
to and outside of the casing 354 and has an end

10

10
408 which passes through the casing 354 and a
wall of the combustion chamber 350 to deliver a
combustible mixture to this combustion chamber.
This mixture is originally ignited by an elec-
trical igniter 410 and combustion is maintained
by one or more re-igniters 412 after the igniter
410 has been cut out by the usual thermostatic
switch. )

In the heater of Fig. 12, all of the heated air
is ‘used either for ventilation or as combustion
air delivered to the carburetor 398. None of this
heated air is introduced as secondary air into
the products of combustion. The arrangement

. of Fig. 12 is preferable to that of Fig. 11, where
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the amount of ‘air necessary to cool the muffler
is considerably greater than the quantity of com-
bustion air required by the carburetor. The
somewhat simpler muffler of Fig. 12 is satisfactory
for most purposes, but the more complex and ex-
pensive muffler of Fig. 11 can be substituted there-
for, if required. .

The heater shown in Fig. 13 is similar to Fig.
11 in that most of the air passing through the
muffler is directed to the carburetor and used as
combustion air. The heater of Fig. 13 differs from
Fig. 11, however, in that Fig. 13 shows a different
type of muffler and part of the air directed into
the muffler is introduced into the products of
combustion as secondary air to aid in the reduc-
tion of noise.

In Fig. 13, the heater has a combustion cham-
ber 450 attached to one end of a heat exchanger
452 and supported in ‘a casing 454 by means of
brackets 456 and 458. The lefthand or inlet
end of the casing 454 is attached to an air supply
pipe 460 connected with a ram, blower, or other
suitable air supply means. . i

A muffier 462 is located in the heat exchanger

. 452 and comprises a cylindrical wall 464 and end
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walls 468 and 468 forming a single chamber there-
in. The lefthand end of this mufier chamber
is in open communication with the air inlet pipe
460 by way of a pipe 418 which passes through
the center of the combustion chamber 450. The
lefthand end of the pipe 470 is sealed to the end
wall of the combustion chamber and the right-
hand end of this pipe is provided with a flange
472 which is welded or otherwise sealed to the
mufller end wall 466. The cylindrical wall 464 of
the muffler is provided with an annular series of
openings 474 adjacent the end wall 466. These
openings form acoustic. couplings between the
muffler chamber and the gas passages 416 in the
heat exchanger 452. These openings 474 also
permit secondary air to flow into the passages
416 and mix with the products of combustion
passing therethrough to aid in reducing noise.

A sheet metal baffle 476 is located in the muffer
chamber and is attached to the end wall 466 by
rivets 478, or in any other suitable manner. This
baffle 476 causes the air entering the muffler
through pipe 4710 to flow in close contact with the

~end walls of this muffler and to prevent these

walls from becoming overheated. The presence
of the baffle 476 also facilitates flow of air through
the openings 412 into the gas passages 416.
‘Pipes 480 and 482 connect the righthand end
of the muffler chamber with the air inlet of a
carburetor 484 which is supplied with fuel from
any suitable source through a fuel supply pipe
486. An induction tube 488 has its outlet end
490 located in the combustion chamber 450 and
delivers a combustible mixture of fuel and air

 to this chamber. This mixture is initially ignited
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by an electrical igniter 492 and atter this igniter
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is cut out by the usual thermostatic switch, com-
" bustion is maintained by one or more re-igniters

494.

Only a small proportion of the air delivered to
the heater by air supply pipe 480 is required for
combustion purposes, or as secondary air. Most
of this air is heated by passing between the cas-
ing 454 and heat exchanger 482 and is discharged
from the righthand end of the casing 454 into
one or more spaces {0 be heated. The products
of combustion leave the righthand ends of the
gas passages §60 to enter an outlet chamber 498,
from which they flow to atmosphere through out-
let pipe 498 and outlet fitting 588 and any suit-
able exhaust pipe connected thereto.

As clearly shown in this figure, the pipe 488
which conducts heated air to the carburetor inlet
is preferably formed of two sheet metal sections
502 and 504, ‘The section $582 has a pair of di-
ametrically opposed flanges §08 and the section
504 has a pair of diametrically opposed flanges
508, abutting flanges §86 and 3588, being welded
together to form the unitary pipe structure. The
outlet pipe 488 is preferably of the same con-
struction and the pressure foot §10 constitutes
an extension of the inner flanges of two pipe
sections.

In this figure, the combustion air is supplied by
the same air supply pipe which furnishes the ven-
tilating air to be discharged into the cabin or
other space or spaces {0 be heated. In some in-
stallations it may be desirable to provide a sep-
arate source for the combustion air and in this
figure the end wall §12 of the combustion cham-
ber 458 is provided with a ring §14 welded to this

“wall and provided with tapped holes 518§, so that
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walls and finx of this heat exchanger. The cooled
gases flow from the righthand ends of these gas
passages 532 into an outlet chamber §34 and are

- discharged to atmosphere through outlet pipe
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5§36 and fitting 538, and any suitable exhaust pipe
attached to the threaded end of this fitting. In
this heater, all of the air supplied by pipe 530
passes around the combustion chamber §20 and
through the annular passage 548 between the
casing 524 and shell §42 of the heat exchanger.
This air absorbs heat from the heat exchanger
and passes from the righthand end of the heat
exchanger into the outlet end of the casing.

A mufller, indicated generally by reference nu-
meral 544, is located in the heat exchanger $22
and has a cylindrical side wall 548 and end walls
548 and 858 forming a muflling chamber which
communicates with ¢he gas passages §32 through
e single annular row of openings 8§32 located in
the side wall 548 adjacent the end wall 548. This
mufller is exposed to the heat of the combustion
chamber and the hot gases issuing therefrom and
I have provided means for cooling this muffler by
introducing air thereinto. This cooling means
comprises a pipe §84, having an inlet end 856 lo-
cated in the outlet end of the casing 524 and po-
sitioned to recelve heated air discharged from

~ the righthand end of the heat exchanger. This
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a separate air inlet pipe for the combustion air .

may be secured to this end wall in sealed relation
to the pipe 470 extending through the combustion
chamber. Where a separate source of air is pro-
vided for combustion purposes, -this separate
source may be a ram, blower, or any other suit-
able means. Certain of the other figures have
identical means for attachment of a separate air
supply pipe for the combustion air.

The muffler 462 is of simple construction and
design and the muffing chamber requires no
sound absorbing material, such as stainless steel
wool, or glass wool. The sound absorbing quali-
ties of the chamber itself, together with the flow
of air therethrough which increases these sound
absorbing properties, is adequate to provide =
quiet heater where some secondary air is dis-
charged Into the gases flowing through the gas
passages 416. In this particular embodiment of
my invention, the weight and cost of the sound
absorbing material are eliminated and since only
a very small amount of air is introduced into the
products of combustion as secondary air, the
heater is highly efficient and has a high heat out-
put for a given size and weight.

The heater of Fig. 14 has a somewhat different
arrangement for Introducing cooling air into the
mufler. In this heater the combustion chamber
520 and heat exchanger $22 are supported in the
cylindrical casing 524 by brackets 528 and 528.
The lefthand or inlet end of the casing 524 is con-
nected to the usual air supply pipe 530 and the
righthand or outlet end of this casing discharges
directly or indirectly into the space or spaces re-
quiring heat,.

The hot products of combustion flow from the
righthand  end of the combustion chamber 5§28
into the lefthand ends of the gas passages $32 in
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pipe passes through the rear wall 5§88 of the
mufller and is inclined downwardly so that its out-
let end 558 is located closely adjacent to and sub-
stantially opposite the center of the end wall 548.

The ventilating air entering the muffier through
pipe 584 serves to prevent overheating of any
part of the muffler 544 and a small part of this
air passes through openings ¥§52 into gas passages
532 and serves as secondary alr which mixes with
the products of combustion and tends to elimi-
nate nolse therefrom. The end wall 548 is the
part of the muffler which is most likely to become
overheated and the pipe §54 1s 50 positioned and
arranged that it discharges air directly against
this wall to prevent such overheating. Most of
the air entering the muffler through pipe 584 is
utilized as combustion air and passes to the car-
buretor 580 by way of pipes 582 and §64. This
air absorbs additional heat from the walls of the
mufller so that the combustion air reaching the
carburetor is considerably hotter than the venti-
lating air passing from the righthand end of the
heater casing 524 into the airplane cabin or other
space or spaces requiring heat, . v

A fuel supply pipe 586 connects the carburetor
868 with any suitable source of fuel and the mix-
ture of fuel and air formed in this. carburetor
is delivered to the combustion chamber 526
through an induction pipe $68 having an outlet
end 5§70 located in this chamber. The combustible
mixture delivered to the combustion chamber
§28 Is ignited by the usual electrica] igniter §12
and after this igniter is cut out by the usua}l ther--
mostatic switch, a re-igniter BT84 insures con-
tinued combustion of the inflowing fuel and air
mixture. A ring BT§ prevents escape of liquid
fuel from the combustion chamber when the
heater is first started. '

The heater of Fig. 14 is particularly advanta-
geous where it is desirable to have the combus-
tion ajr supplied to the carburetor at a tempera-
ture materially greater than that of the venti-
lating air leaving the heater. This heater also
utilizes a mufier of simple construction which

_requires no sound absorbing material, such as
stainless steel wool or glass wool, and is inex-

the heat exchanger and give up their heat to the 78 pensive and light in weight.
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l:ach of the embodiments herein shown and
described, ‘comprises a simple heater which may
be made of lightweight but strong and rugged
parts and which has a high heat output for a
relatively small, compact and lightweight struc-
ture of high eficlency. In each of these embodi-
ments, special air circulating means is provided
to prevent any part of the muflfler from becom-

14
3. A heater of the class described, comprising
& casing having one end adapted to be connected
to a source of air supply, means forming a com-

. bustion chamber located in saild casing, a heat

5

ing overheated so that the portion of the muffler

which is most exposed to the heat of the combus-
tion chamber and the gases issuing therefrom is
protected against burning out and is afforded a
life equivalent to that of the other parts of the
heater. These advantages are accomplished in
a heater which may be easily disassembled and
reassembled for purposes of inspection, cleaning
and repair and all parts of the heater are so de-
signed that they may be easily manufactured by
conventional methods and equipment.

Because the heaters herein shown and de-
scribed are compact and efficient and have a high
heat output for a given weight, these heaters are
particularly adapted for heating the cabins and
other spaces in an airplane. My novel heaters,
however, are equally capable of use for other
purposes. The particular heat exchanger shown
herein is claimed in my co-pending application,
Serial No. 464,451, filed November 4, 1942, now
Patent No. 2,380,602 of July 31, 1945, and the vari-
ous combustion chambers and other features not
herein claimed are claimed in other co-pending

1

exchanger connected to sald combustion cham-
ber and receiving hot products of combustion
therefrom, a muffler located in said heat ex-
changer, said mufiler including a muffiing cham-
ber and means acoustically coupling said cham-
ber to said heat exchanger and combustion cham..
ber for damping out incipient sound and pressure
waves, means forming an air chamber between

_ sald muffler and combustion chamber, means pro-
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prior applications. Other forms of heat exchang-

ers and combustion chambers could be used in
liet of those herein shown and described and
various other changes could be made without
departing from the scope of my invention. In
fact my invention may be incorporated in nu-
merous other forms and includes all variations
and modifications falling within the scope of the
appended claims. .

I claim:

1. A heater comprising a casing adapted to be
connected with a source of air supply, means
forming a combustion chamber in said casing,
a tubular heat exchanger in said casing con-
nected to said combustion chamber and receiv-
ing products of combustion therefrom, a muffler
located in said heat exchanger, said muffler in-
cluding a mufling chamber and means acousti-
cally coupling said chamber to said heat ex-
changer and combustion chamber for damping
out incipient sound and pressure waves, .and
means for circulating part of the air supplied
to said casing through said muffler to prevent any
part of said muffler from becoming overheated.

" 2. A heater of the class described, compris-
ing a casing having one end adapted to be con-
nected to a ram or other source of air supply,

means forming a combustion chamber located in

said casing, a heat exchanger of tubular confor-
mation having one end attached to said com-
bustion chamber, a sheet metal muffler located
in said heat exchanger and having a wall co-

operating therewith to form gas passages for hot -

products of combustion issuing from said com-
bustion chamber, said mufler including a muf-
fling chamber and means acoustically coupling
said chamber to said heat exchanger and com-
bustion chamber for damping out incipient sound
and pressure waves, means forming an air cham-
ber hetween said muffler and combustion cham-
ber, and means for creating air flow through said
air chamber to protect said muffler against over-
heating. '

35

viding a passage for supplying air to said cham-
ber from said source; and an outlet passage for
said chamber extending through said muffler.

4. A heater of the class described, comprising
a casing having one end adapted to be connected
to a source of air supply, means forming a com-
bustion chamber located in said casing, a heat
exchanger connected to said combustion cham-
ber and adapted to receive hot products of com-
bustion therefrom, a muffler located in said heat
exchanger, said muffier including a muffling cham-
ber and means acoustically coupling said cham-
ber to said heat exchanger and combustion cham-
ber for damping out incipient sound and pres-
sure waves, means forming an air chamber be-~
tween said muffler and combustion chamber, and
a pipe extending through said combustion cham-
ber and connecting said air chamber with said
source of air supply. '

5. A heater of the class described, comprising

. & casing having one end adapted to be connected

to a source of air supply, means forming a com-
bustion chamber located in said casing, a heat

" exchanger connected to said combustion cham-
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ber and adapted to receive hot products of com-
bustion therefrom, a muffler located in said heat
exchanger, said mufler including a muffling cham-
" ber and means acoustically coupling said cham-
ber to said heat exchanger and combustion cham-
ber for damping out incipient sound and pressure

waves, means forming an  air chamber between -

said mufller and combustion chamber, and means
for creating air flow through sald air chamber
to protect said muffler against overheating, said
means comprising g pipe extending through said
‘ combustion chamber and a second pipe extend-
ing through said muffler.

6. A heater comprising a cylindrical casing
having one end adapted to be connected with a
source of air supply and a second end connected
to one or more spaces requiring heat, means
forming a combustion chamber located in said
casing in spaced relation to the walls thereof, a
tubular heat exchanger in said casing, said heat
exchanger having one end connected to said
combustion chamber and receiving hot products
of combustion therefrom, a cylindrical sheet

- metal muffler located in said tubular heat ex-

5

changer and having one end adjacent said com-
bustion chamber, said muffler including a muffling
chamber and means acoustically coupling said

chamber to said heat exchanger and combustion

~ chamber for damping out incipient sound and
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pressure waves, and means for circulating air
adjacent said end of the muffler to prevent said
end from becoming overheated.

7. A heater comprising a cylindrical casing
having one end adapted to be connected with a
source of air supply and a second end connected
to one or more spaces requiring heat, means form-
ing a combustion chamber located in said casing
in spaced relation to the walls thereof, a tubular
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heat exchanger in sald casing, sald heat ex-
changer having one end connected to said com-
bustion chamber and receiving hot products of
combustion therefrom, a cylindrical sheet metal
mufller located in sald tubular heat exchanger
and having one end adjacent said combustion
chamber, means for circulating air adjacent said
end of the muffler to prevent said end from be-
coming overheated, a carburetor for supplying
combustible mixture to said combustion cham-
ber, and means for conducting said circulated
air to said carburetor. .

8. A heater of the class described, comprising
a casing having one end adapted to be connected
to a source of air, means forming a combustion
chamber located in said casing, a heat exchanger
connected to said combustion chamber and lo-
cated in said casing and receiving hot products
of combustion from said combustion chamber,
a muffler located in said heat exchanger, said
muffler including a mufling chamber and means
acoustically coupling said chamber to sald heat
exchanger and combustion chamber for damping
out incipient sound and pressure waves, means
providing a conical air chamber interposed be-
tween said combustion chamber and said muffler,
and means for creating a circulation of alr
through said air chamber to prevent overheating
of said muffler. -

9. A heater of the class described, coniprising :

a casing having one end adapted to be connected
to a source of alr, means forming a combustion
chamber located in said casing, a heat exchanger
located in said casing and connected to said com-
bustion chamber, a muffier located in said heat
exchanger, said muffler including a muffing
chambher and means acoustically coupling said
chamber to said heat exchanger and combustion
chamber for damping out incipient sound and
pressure waves, said muffier and heat exchanger
cooperating to provide passages for hot products

2,483,087

13

40

of combustion issuing from said combustion

chamber, means providing a passageway extend-
ing through said combustion chamber and muffier,
means for supplying air to sald passageway, said
passageway being provided with openings for ad-
mitting air to said muffler, and means provided
by said muffler for discharging said air into said
products of combustion adjacent said combustion
chamber.

10. A heater of the class described, comprising
a casing having an end adapted to be connected
to a source of air supply, means forming a com-
bustion chamber located in said casing, a tubu-
lar heat exchanger located in said casing and
connected to said combustion chamber, a tubular
muffier located in said heat exchanger and coop-
erating therewith to provide passages for hot
gases issuing from said combustion chamber, said

muffler including a muffling chamber and means -

acoustically coupling sald chamber to said heat
exchanger and combustion chamber for damping
out incipient sound and pressure waves, means
for directing air through the interior of said muf-
fler, and means for directing a small portion of
said air through said mufer and into said gas
passage.

11. A heater of the class described, comprising
a casing having one end adapted to be connected
to & source of air supply, means forming a com-
bustion chamber located in said casing, a tubular
heat exchanger having one end connected to said
combustion chamber and receiving products of
combustion therefrom, a pipe extending through
sald combustion chamber and heat exchanger,
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means for supplying air to said pipe, a shell sur-
rounding said pipe and cooperating therewith to
provide s mufiling chamber, said shell cooperat-
ing with said heat exchanger to form a passage
for sald products of combustion, means providing
openings connecting said pipe with said cham-
ber, and means providing openings connecting
sald chamber with said gas passage, said muffler
Including a mufting chamber and means acousti-
cally coupling said chamber to said heat ex-
changer and combustion chamber for damping
out incipient sound and pressure waves, said two
last-named means creating air circulation
through said mufing chamber., -
12. A heater of the class described, comprising
8 casing having one end adapted to be connected
to a source of air supply, means forming a com-
bustion chamber located in said casing, a tubular
heat exchanger having one end connected to
sald combustion chamber and receiving products
of combustion therefrom, a pipe extending
through said combustion chamber and heat ex-
changer, a shell surrounding said pipe and co-
operating therewith to provide a mufiing cham-

5 ber, sald shell cooperating with sald heat ex-

changer to form a passage for said products of
combustion, means providing openings connect-
ing said pipe with said chamber, means provid-
ing openings connecting said chamber with said
gas passage, sald two last-named means creating
air circulation through said muffing chamber, a
carburetor for supplying combustible mixture to
said combustion chamber, and a connection be-
tween said pipe and said carburetor.
. 13. A heater of the class described, comprising
& casing of generally cylindical cross section and
having an end adapted to be connected to a
source of air supply, means forming a combus-
tion chamber located in sald casing, a tubular
heat exchanger having one end connected to said
combustion chamber and receiving hot products
of combustion therefrom, a muffer shell located
in said heat exchanger and cooperating there-
with to form a gas passage for said products of
combustion, said shell having a tapered end ad-
Jacent said combustion chamber, s conduit ex-
tending through said combustion chamber and
muffler shell and cooperating therewith to form
a& mufing chamber, a single row of openings
connecting said conduit with said mufling cham-
ber, and a row of openings in the tapered portion
of sald muffler shell connecting said muflling
chamber with said gas passageway.

14, A heater of the class described, comprising

3 & casing of generally cylindrical cross section and

having an end adapted to be connected to a
source of air supply, means forming a combus-
tion chamber located in sald casing, a tubular
heat exchanger having one end connected to said
combustion chamber and receiving hot products
of combustion therefrom, a mufler shell located
in said heat exchanger and cooperating there-
with to form a gas passage for said products of
combustion, said shell having a tapered end ad-
jacent said combustion chamber, a conduit ex-
tending through said combustion chamber and
muffler shell and cooperating therewith to form
& mufling chamber, a single row of openings con-
necting sald conduit with said muffiing chamber,
a row of openings in the tapered portion of said
muffler shell connecting sald muffing chamber
with said gas passageway, and two rows of open-
ings in the cylindrical portion of said muffer shell
and connecting said muffling chamber with said
84S Dassageway.
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15. A heater of the class described, comprising
a generally cylindrical casing having an end
adapted to be connected to & source of air supply,
means forming & combustion chamber located in
sald casing, a tubular heat exchanger connected
to saild combustion chamber and receiving hot
gases therefrom, means providing a passageway
extending through said combustion chamber and
heat exchanger, means suppiying air to sald pas-
sageway, & muffler shell surrounding said pipe
and cooperating therewith to form a mufiling
chamber, said mufiler shell having a tapered end
adjacent said combustion chamber, and sound
absorbing material Jocated in said mufiiing cham-
ber.

16. A heater of the class described, comprising
a shell having one end adapted for connection
to a source of air supply, means forming a com-
bustion chamber located in said shell and hav-
ing an end wall, & tubular heat exchanger lo-
cated in said shell and connected to said com-
bustion chamber, & mufller located in said heat
exchanger, sald mufier including a mufing
chamber and means acoustically coupling said
chamber to said heat exchanger and combustion
chamber for damping out Incipient sound and
pressure waves, and conduit means supplied with
air from said source and extending through said
muffler, combustion chamber and end wall to
pass cooling air therethrough to prevent over-
heating said muffler.

17. A heater of the class described, comprising
a tubular casing having one end adapted to be
connected to a source of air supply, means form-
ing a2 combustion chamber located in said casing,
a tubular heat exchanger having one end con-
nected to said combustion chamber receiving hot
gases therefrom, a muffler located in said heat
exchanger, sald muffler including a muffling cham-
ber and means acoustically coupling said cham-
ber to said heat exchanger and combustion cham-
ber for damping out incipient sound and pres-
sure waves, & cup interposed between said com-
bustion chamber and muffler, said cup having a
bottom located adjacent said combustion cham-
ber and a top abutting a part of said muffler,
said muffler having an extension surrounding
said cup in spaced relation thereto, said cup hav-
ing perforations therein,
through said combustion chamber and connected
to said extension, means for supplying air to said
pipe, and a second pipe extending through said
muffier and communicating with the interior of
said cup.

18. A heater of the class described, comprising
a tubular casing having one end adapted to be
connected to a source of air supply, means form-
ing a combustion chamber located in said cas-
ing, a tubular heat exchanger connected to said
combustion chamber receiving hot gases there-
from, a mufler located in said heat exchanger, &
cup interposed between said combustion cham-
ber and muffler, said cup having a bottom located
adjacent said combustion chamber and a top
abutting a part of said muffler, said muffier hav-
ing an extension surrounding said cup in spaced
relation thereto, said cup having perforations
therein, a pipe extending through said combus-
tion chamber and connected to said extension,
means for supplying air to said pipe, a second
pipe extending through said muffler and commu-
nicating with the interior of said cup, said muffler
having a muffling chamber, and sound absorbing
material located in sald chamber,

19, A heater of the class described, comprising
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a tubular casing having one end adapted to be
connected to a source of air supply, means form- -
ing a combustion chamber located in said casing,
& tubular heat exchanger connected to said com-
bustion chamber receiving hot gases therefrom,
& muffler located in said heat exchanger, a cup
interposed between saild combustion chamber and
muffler, said cup having a bottom located adja-
cent said combustion chamber and a top abutting
& part of said mufiler, said muffler having an ex-
tension surrounding said cup in spaced relation
thereto, said cup having perforations therein, a
pipe extending through said combustion cham-
ber and connected to said extension, means for
supplying air to said pipe, a second pipe extend-
ing through said muffier and communicating with
the interior of sald cup, sald muffler having a
single mufiling compartment, and a single row of
openings adjacent sald cup and connecting said
mufing chamber with gas passages between said
mufller and said heat exchanger.

20. A heater of the class described, comprising
s tubular casing having one end adapted to be
connected to a source of air supply, means form-
ing a combustion chamber located in said casing,
a tubular heat exchanger connected to said com-
bustion chamber receiving hot gases therefrom,
a muffler located in said heat exchanger, said
muffler including a muffling chamber and means
acoustically coupling said chamber to said heat
exchanger and combustion chamber for damping
out incipient sound and pressure waves, & cup
interposed between said combustion chamber and
muffler, said cup having a bottom located adja-
cent said combustion chamber and a top abutting

. & part of said mufiler, said mufiler having an ex-
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tension surrounding said cup in spaced rela-
tion thereto, said cup having perforations there-
in, a pipe extending through said combustion
chamber and connected to said extension, means
for supplying air to said pipe, and a second pipe
extending through said muffler and communicating
with the interior of said cup, said last-named pipe
discharging into said first-named casing.

21, A heater of the class described, comprising
a tubular casing having one end adapted to be
connected to a source of air supply, means form-

_ ing a combustion chamber located in said casing,

a pipe extending
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& tubular heat exchanger connected to said com-
bustion chamber receiving hot gases therefrom,
& muffler located In sald heat exchanger, a cup
interposed between said combustion chamber and
mufller, said cup having a bottom located adja-
cent sald combustion chamber and a top abut-
ting a part of said muffler, said muffler having an
extension surrounding said cup in spaced rela-
tion thereto, said cup having perforations therein,
a pipe extending through said combustion cham-
ber and connected to said extension, means for
supplying air to sald pipe, a second pipe extend-
ing through said muffler and communicating with
the interior of said cup, said last-named pipe
discharging into said first-named casing, a car-
buretor for supplying combustible mixture to said
combustion chamber, and an inlet pipe for said
carburetor, said inlet pipe communicating with
said casing adjacent the end of said heat ex-
changer remote from said combustion chamber.

22, A heater of the class described, comprising
& tubular casing having one end adapted for con-
nection to a source of air supply, means forming
a combustion chamber located in said casing, a
tubular heat exchanger connected to said com-
bustion chamber, a cylindrical muffler located in
said heat exchanger and cooperating therewith
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to form. a gas passage for hot products of com-
bustion from said combustion chamber, said muf-
fler having a large muflling chamber, means for
introducing air into the end of said mufing
chamber which is closest to said combustion
chamber, means for discharging air from the
other end of said mufling chamber, and acoustic
coupling means for discharging a small amount
of air from the inlet end of said mufiling cham-
ber into said gas passageway and for acoustically
coupling said mufling chamber to said heat ex-
changer and combustion chamber for damping
out incipient sound and pressure waves.

23. A heater of the class described, comprising
a tubular casing having one end adapted for
connection to a source of air supply, means form-
ing a combustion chamber located in said casing,
a tubular heat exchanger connected to said com-
bustion chamber, a cylindrical muffler located in
said heat exchanger and cooperating therewith
to form a gas passage, said muffler having a single
large muffler chamber and means acoustically
coupling said chamber to sald heat exchanger
and combustion chamber for damping out in-
cipient sound and pressure waves, said muffler
having an end adjacent said combustion cham-
ber, said heat exchanger having an end remote
from said combustion chamber, means for con-
ducting air from said remote end of the heat
exchanger to said end of the muffiing chamber,
and means for discharging air from the opposite
end of said muflling chamber.

24. A heater of the class described, comprising
a tubular casing having an inlet end and an out-
let end, means forming a combustion chamber
located in said casing adjacent said inlet end, a
tubular heat exchanger located in said casing in-
termediate the ends thereof and connected to
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said combustion chamber, a muffler located in -

said heat exchanger and cooperating therewith
to form a gas passageway for hot products of
combustion from said combustion chamber, said
muffier having a sound-absorbing chamber and
a sheet metal end located adjacent said combus-
tion chamber, a pipe for conducting air from the
outlet end of said casing to a point adjacent said
muffler end and discharging said air against said
end, and an opening connecting said end of the
muffler with sald gas passageway, said opening
being of such size as to constitute an acoustic
coupling between sald muffling chamber and said
heat exchanger and combustion chamber for
damping out incipient sound and pressure
waves,

25. A heater of the class described, comprising
a casing having an inlet end and an outlet end,
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means forming a combustion chamber located in
sald casing, a heat exchanger located In said
casing and connected to sald combustion cham-
ber, a muffler Jocated in sald heat exchanger and
having an end adjacent said combustion cham-
ber, said muffler providing a single large acoustic
chamber, means for conducting air into said muf-
fling chamber and discharging it against the end
of said mufiier adjacent sald combustion cham-
ber, a carburetor for supplying a combustible
mixture to said combustion chamber, and means
for conducting air from the other end of sald
combustion chamber to said carburetor.

26. A heater of the class described, comprising
acasinghavlnganinletendandanoutletend,
means forming a combustion chamber located in
said casing, a tubular heat exchanger located in
sald casing and connected to said combustion
chamber, a muffler baving a sound-ahsorbing
chamber and one end adjacent said combustion
chamber, and means for cooling said muffler, said
means comprising a pipe for conducting air into
said muffler, said pipe extending lengthwise of
sald muffler and discharging adjacent said end
thereof, openings adjacent said end of the muffler
for connecting the interior thereof with said com.-
bustion chamber, said openings being of such size
as to constitute an acoustic coupling between said
sound-absorbing chamber and said heat ex-
changer and combustion chamber for damping
out incipient sound and pressure waves, and an
air outlet for the other end of sajd mufiler,
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