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My invention relates generally to heating sys 
tens and, more particularly, to an improved in 
ternal combustion heating unit for use in con 
nection with heating systems for airplaries and 

- the like. 
In airplanes, elaborate safety precautions are 

taken to prevent fire. An internal combustion 
heating unit, to be totally safe, must be entirely 
enclosed so that there is no possibility of flame 
escaping from the heater. Previous internal 
combustion heating units will not operate satis 
factorily when they are hermetically sealed and, 
therefore, some form of atmospheric relief must 
be provided. This may take the form of a port 
in the heating unit itself, or an opening in the 

0 

15 
fuel supply line or the exhaust line near the 
heater. 
When previous heaters were hermetically 

sealed, a substantial quantity of the combustible 
mixture would pass into the combustion chamber 
and ignite. The rapid expansion caused by the 
ignition of this relatively large quantity of com 
bustible mixture would cause an abrupt rise in 
pressure within the unit, which would prevent the 
flow of combustible mixture into the combustion 
chamber until the pressure diminished. The 
combustion chamber would then fill with Com 
bustible mixture which would ignite and repeat 
the process, resulting in an oscillating combus 
tion. After the heating unit warmed up, these 
Oscillations would become stabilized at a fre 
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quency Corresponding to the resonance of the 
heating unit, causing phenomenon - known as 
“motor boating.” 
Sure in the interior of the heating unit would 
subject it to severe strains which would ultimately 
cause leaks which would make the heater unsafe 
to operate, both as to fire hazard and the dan 
ger of the escape of toxic gases of combustion into 
the air passing into the passenger compartment 
of the plane. As a result, previous heating units 
must employ a pressure relief opening which is 
usually placed in the combustible mixture intake. 

It is, therefore, an object of my invention to 
provide a combustion chamber and heating unit 
assembly which is silent and stable in operation 
when it is hermetically sealed from the surround 
in air. .… 
Another object is to provide a heating unit 

which is eficient, compact, light in weight and 
easily installed, and which burns a large volume 
of a combustible mixture of fuel and air in a 
Small space, 
A further object is to provide an improved con 

bustion chamber and heat exchanger which op 
erates eficiently at high internal fluid velocities. 

The rapid rise and fall in pres 
35 
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sents a Suggested combustible mixture, supply 
System; . 

Fig. 2 shows a cross-section through the heat 
exchanger of my improved heating unit along 
the line 2-2 of Fig. 1; 

Fig. 3 shows a cross-section through the com 
bustion chamber of my heating unit along the 
line 3-3. Of Fig. 1; 

Fig. 4 shows a cross-section of the combustible 
mixture inlet of my heating system along the 
line (-4 of Fig. 1; 

Fig. 5 is a cross-sectional view of a modified 
form of my invention; 

Fig. 6 is a cross-section through the line 6-6 
of Fig. 5; 

Fig. 7 is a cross-sectional view of another modi.-. 
fled form of my improved heating unit; and 

Fig. 8 is a diagrammatic representation, par 
tially in cross-section and partially as a broken 
away view, of a suggested form for a heater in 
corporating my improved heating unit. 

Referring to Fig. 1, a blower to forces air 
through a conduit 2, past the heat exchanger, 
and a conduit 4 supplies air from the outlet of 
the blower to the inlet of a balanced carburetor 
f6 which mixes fuel with the air to form a con 
bustible mixture which passes through a conduit 
8 to the heater. The Outer walls of the heating . 

unit are formed by a generally cylindrical Con 
bustion chamber, housing 20 and a generally 
cylindrical heat exchanger shell 22. The com 
bustion chamber housing 20 is lined with a 
ceramic lining 38 to form a combustion chamber 
30. 
Combustion mixture is supplied to the heater 

through a combustible mixture inlet tube 24 
which extends a short distance through the closed 
end of the combustion chamber. The tube 24 
has a generally cylindrical central passage 26. 
passing longitudinally through its center and 
closed at the end by a plug 2. Peripheral holes 
28 through the wall of the tube 24 are provided 
immediately adjacent the closed end of the com 
bustion chamber 30. These holes 2 are made 
of as large a total cross-sectional area as is con 
veniently possible. I have found that providing 
eight of these holes and spacing them 32 of an 
inch apart gives a resulting structure which is 

50 

Other objects will appear from the following 
description, reference being had to the accome 
panying drawings, in which: 

g. 1 shows a Vertical cross-section of my im 
proved heating unit, and diagrammatically repre 

sufficiently strong and which has desirable char 
acteristics. The plug 32 and the end of the Pas 
sage 2 are preferably shaped to provide a smooth 
passage for combustible mixture. The walls fare 
gradually outward from the main portion of the 
passage 2 into the combustion chamber so that 
the mixture enters the combustion chamber through holes 28 in a direction substantially per 
pendicular to the axis of the tube 2, and no 
eddles are formed within the tube d. A lange 
34 around the periphery of the tube 2 seats 
against a threaded nipple integrally formed in 
the housing 2 to prevent the tube 24 from ex 
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an explosion in the combustion chamber. The 
holes gradually relieve sudden changes in pres 
sure in the grooves 54 by allowing gases to pass 
to or from the center of the non-resonant cylin 
der . The holes 56 need not be circular in cross 
section as shown but may be formed in any 
other size and shape which tends to damp and 
break up sudden waves of pressure change. For 
instance, they could be replaced by long narrow 
slots, or by holes of irregular cross section. Oscil 
lations and waves of pressure in the center of 
the cylinder 50 are absorbed by the loose packing 
UD therein. 
Inasmuch as the heating unit is non-resonant, 

the operation of the unit is stabilized and oscil 
lating combustion is prevented. Therefore, no 
atmospheric pressure relief need be provided 

3 
and the cylinder 100 is retained in the shell 22 
by three radially extending ribs 104, 120° apart, 
which space the cylinder 100 from the walls of 

, the shell 22 and rest against the end of the ce 

O 

when the heating unit is installed in a long her 
metically sealed conduit. 
The heating unit gives excellent thermal per 

formance. The hot gases of combustion pass 
through the passageways formed by the grooves 

at a high velocity. The effect of this high 
velocity is to scour the surfaces in contact with 
these gases free from surface films of gas mole 
cules having a high resistance to the conductance 
of heat. Inasmuch as each of these passageways 
has a relatively small cross-sectional area, there 
is a relatively large area of contact between the 
hot gases and the walls of the passages. As the 
shell 22 and the cylinder 50 are made of a ma 
terial having a high thermal conductivity, and 
as the ribs 52 are of a relatively large cross 
sectional area, heat is quickly and efficiently con 
ducted from the gases of combustion to the fins 

which convey the heat to the air being heated. 
The nickel plated surfaces of the walls of the 
grooves 4, and the heat exchanger shell 22 resist 
corrosion so that the operation of a heater does 
not cause an insulating film of oxide to form 
thereon. I have found that the combustion 
chamber may be approximately Aoo of the 
size generally recommended for combustion 
chambers of similar capacity burning a similar 
combustible mixture. It is preferable to operate my heating unit 
with its axis in a vertical position, so that any 
liquid fuel which separates from the combustible 
mixture passing into the heater when the heater 
is cold will accumulate adjacent the combustible 
mixture inlet and will enrich the incoming mix 
ture and thus facilitate its ignition. While my 
heating unit will also operate satisfactorily in a 
horizontal position, in this case it may be ad 
visable to provide three igniters spaced 120 de 
grees apart to insure ignition of the combustible 
mixture. 
The embodiment shown in Fig. 5 is a modified 

form of my invention. The construction is much 
the same as that shown in the embodiment shown 
in Fig. 1, and described above, except that an 
apertured ceramic cylinder OO is provided in the 
inlet end of the heat exchanger shell 22, and the 
hot gases flow past this cylinder before entering 
the grooves 54 in the fluted cylinder 50. The 
Ceramic cylinder 36 is provided with small holes 

which afford a restricted communication 
between the outside of the cylinder 00 and the 
inside thereof. These holes 02 may be of ap 
proximately the same diameter and spacing as 
the holes S in the cylinder 50. The end of the 
ceramic cylinder se adjacent the cornbustion 
chamber is closed, and thus serves the same func 
tion as the ceramic plate . Reigniter nipples 

are formed integrally with this closed end, 

20) 

SO 

ramic lining of the combustion chamber 3 
to prevent the cylinder 90 from sliding longi 
tudinally within the shell 22. The diameter of 
the cylinder OO corresponds to the diameter of 
the cylinder 50 and the open end of the ceramic 
cylinder 00 rests against cylinder 50 to hold the 
two cylinders in place and to provide a substan 
tially continuous non-resonant Central chamber 
which is filled with a loose heat and corrosion 
resistant packing 58 of mineral or metal wool. 
Other portions of the apparatus correspond to 
portions of the apparatus described in connec- . 
tion with Fig. 1, and are similarly numbered. 
When the ceramic cylinder 100 is used in the 

sinlet of the heat exchanger casing 22, it is ad 
vantageous to reduce the size of the combustion 
chamber inasmuch as, during combustion, the 
Ceramic cylinder becomes heated to a high tem 
perature and combustion may be completed in 
the space between the walls of the cylinder. 
and the shell 22. A reduction in size of the com 
bustion chamber reduces the magnitude of any 
explosion which may occur therein inasmuch as 
a smaller amount of combustible mixture may 
accumulate before it is ignited. The heat radi 
ated from the ceramic cylinder facilitates com 
bustion of the gases in contact therewith, and 
promotes efficient operation. Ceramic material 
has excellent heat radiating properties and the 
heat which is conducted or radiated from the hot 
gases to the ceramic cylinder is radiated to the 
shell 22 and conducted to the fins which dis 
sipate the heat in the air to be heated. 
The holes 102 in the ceramic cylinder iO act 

similarly to the holes 56 in the cylinder 5 in 
damping abrupt changes in pressure caused by 

45 
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an explosion in the combustion chamber. It is 
understood that these holes in the walls of the 
non-resonant chamber need not be of circular 
cross section, but may take the form of squares, 
slots, or other shaped openings of a size and 
shape which has a damping effect on abrupt 
pressure changes. The ribbed cylinder acts 
to damp explosions in the manner set forth in 
the disclosure in connection with Figs. 1, 2 and 3. 

In the embodiment shown in Fig. 7, a packing 
20 of chips of ceramic material is provided in 
the inlet end of the heat exchanger shell 22. 
These chips are retained in place by apertured 
plate 22 having holes 24 therein to allow the 
products of combustion to pass from the com 
bustion chamber. The ribbed cylinder may be 
retained in place by the packing 2, or may be 
secured by other suitable means. Inasmuch as 
this ceramic packing 20 is heated to a high tem 
perature by the products of combustion, the com 
bustion chamber may be smaller than that used 
in the embodiment shown in Fig. 1 and combus 
tion may continue within the ceramic packing 
20. 
The reigniter nipples may be dispensed with 

inasmuch as, should combustion be extinguished, 
combustible mixture will gather in the interstices 
of this ceramic material and be ignited to ignite 
the combustible mixture in the combustion cham 
ber. The irregular channels for the passage of 
products of combustion provided by the inter 
stices between the fragments of ceramic material 

s 

20 tend to break up, damp and destroy an ab 
rupt rise in pressure caused by an explosion 
within the combustion chamber 30, ?? 

  



4. 
The ribbed cylinder 50 acts in the manner dis 

closed in connection with Figs, 1, 2 and 3 to fa 
*ilitate the transference of heat from the prod 
lucts of combustion and to prevent oscillating 
combustion. Other parts of this embodiment of 
my invention correspond to similar parts shown 
in FigS. 1, 2 and 3 and are similarly numbered, 

Referring to Fig. 8, which illustrates a heater 
incorporating my improved heating unit, a plu 
rality of longitudinal fins to extend radially 
from the shell 22 of the heat exchanger and are 
brazed or welded thereto. A cylindrical casing 
2 encloses the entire heating unit. An elec 

trically operated blower & supplies air under 
pressure to the iniet of the casing 2. A con 
duit 6 connects a point adjacent the outlet of 
the blower 3 with the inlet of a balanced car 
buretor , and a conduit 20 connects the out 
let Cf the balanced carburetor 8 with the inlet 
of the combustion chamber 30. An electrically 
operated igniter $2 is provided to ignite the com. 
bustible mixture within the combustion chamber 
3B. If desired, a thermostatic switch, responsive 
to the temperature of the heating unit, may be 
placed in series with the igniter 62 to discontinue 
the energization of the igniter when the tempera 
ature of the heater rises to near its operating 
value. A conduit 22 connects the outlet of the 
casing 3 with the space to be heated. Other 
portions of the heater correspond to similar por 
tions of the heater shown in Fig. 1 and described 

Cf Ynnection therewith, and are similarly num 
Jeredi, 

in operation, the blower 6 draws air fronn 
tine atrinosphere and compresses it. A Small por 
tio of his air ows through the conduit GS6 to 
the salanced carburetor f3 where it is fixed 
withiuel to form a combustible mixture, and the 
conbustible mixture passes through the conduit 
23 to the cornbustion chamber 3 where it is 

burned. The gases of combustion pass from the 
conclusio chamber through the heat exchanger, 
heating the fins 3, and are discharged through. 
the exhaus? pipe $?º. "The bulk of the air cOŽim 
pressed by the blower passes into the casing di ?, 
past the fins 9 where it is heated, and through 
the conduit, 23 to the space to be heated. 
While a particular construction of the non 

resons it chamber has been disclosed, it is under 
stood that a charaiser may be given non-resonant 
properties by the use of baffles to break up sound 
waves or pressure waves within the chamber, or 
by the use of any materia within the chamber 
Which Willi tendi te gasorb theSe. Waves. It is 
also understood that the provision of restricted 

providing a 
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fuel and air, means for supplying combustible 
mixture to said combustion chamber, a heat ex 
changer receiving the gases of combustion there 
from and having an outlet for discharging said 
gases, a shell of heat conducting material form 
ing the casing for Said heat exchanger, means 

non-resonant, sound-inhibiting 
chamber within said shell and disposed to pro 

2. 

3. 

85 

4 5 

50 

55 
openings of a size and shape which break up 
sound waves or pressure waves passing into or 
out of the chamber will cause the chamber to 
have substantially non-resonant properties when 
used for the purposes of my invention. 
While I have disclosed my invention in connec 

tion with particular embodiments thereof, it will 
be apparent to those skilled in the art that nu 
inerous variations therefrom may be made with 
out departing from the underlying principles of 
my invention, and i therefore Wish to include 
within the followig claims. all such modifica 
tions as may be apparent to those skilled in the 
art, by which substantially the results of my in 
vention can be attained by substantially the same 
of equivalert ineBris. 

caii: 
1. 8th internal cornbustion heating unit, the 

60 
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combination of means providing a combustion . 
Caber for burning a combustible mixture of 75 

vide space for the passage of said gases of com 
bustion between Said chamber and said shell, 
Walls enclosing said chamber, and a plurality of 
restricted passages through said walls affording 
acoustic communication between said space and 
the interior of Said chamber. 

2. In an internal combustion heating unit, the 
combination of means providing a combustion 
chamber for burning a combustible mixture of 
fuei and air, means for supplying combustible 
mixture to said combustion chamber, and a heat 
exchanger receiving the gases of combustion 
therefrom, having an outlet, and comprising a 
metai shell, means providing a non-resonant, 
sound-inhibiting chamber therein shaped gener 
ally to correspond to the outline thereof, and SO 
disposed with relation to said shell as to provide 
space between the walls of said shell and the 
walls of said chainber for the passage of the 
products of combustion from said combustion 
chamber to said outlet, and a plurality of re 
stricted passages affording communication be 
tween said space and the interior of said chan 
ber whereby sound may enter said chamber and 
be absorbed therein. 

3, in an internal combustion heating unit the 
combination of means providing a combustioi). 
chamber for burning a combustible mixture of 
fuel and air, means for supplying said combustible 
Eacture to said combustion chamber, a heat eX 
changer for receiving the gases of combustion from 
said combustion chamber, having an outlet and 
comprising a shell of heat conducting material, 
means providing a sound-inhibiting chamber of 
heat conducting material within said shell and 
shaped to correspond in outline thereto, a plu 
rality of ribs of heat conducting material between 
and engaging said shell and said chamber and 
disposed in the direction of flow of gases through 
said heat exchanger for conducting heat iron 
said chamber and said gases to said Sheil, and 
having spaces between thern for the passage of 
combustible mixture from said combustion charin 
ber to said outlet, and sound-absorbing raterial 
in said chamber, said last-named means having 
openings connecting said spaces with the interior 
of the chamber formed in said means, Said open 
ings forming acoustic couplings between said 
spaces and said material. 

4. In an internal combustion heating unit, the 
combination of means providing a combustion 
chamber for burning a combustible mixture of 
fuel and air, means for supplying combustible 
mixture to said combustion chamber, and & heat 
exchanger for receiving the eases of combustion 
therefrom, having an outlet, and comprising a 
shell of heat conducting material, means provid 
ing a closed sound-inhibiting chamber of heat 
conducting material within said shell, havinC 
walls disposed generally to conform to the out 
line of said shell, and provided with ribs extend 
ing longitudinally along the outside thereof and 
engaging the internal surface of Said shell, said 
ribs having spaces between them providing Pas 
sages for conducting said gases of combustion 
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from said combustion chamber to said outlet, and 
a plurality of restricted openings in the walls of 
said closed chamber affording communication be 
tween said passages and the interior of Said cyl 
inder. 

5. An internal combustion heating unit having 
means providing a combustion chamber for burn 
ing a combustible mixture of fuel and air, means 
for supplying combustible mixture to Said Com 
bustion chamber, a heat exchanger for receiving 
the gases of combustion therefrom, and compris 
ing a metal shell open at one end to receive said 
gases from Said combustion chamber and having 
an outlet for discharging Said gases, means pro 
viding a non-resonant, sound-inhibiting chamber 
having Walls of ceramic material within said shell 
adjacent said open end and so disposed with re 
respect to Said shell as to provide Space for the 
passage of said gases between said walls and Said 
shell, means providing a second non-resonant 
chamber having metal walls disposed generally 
to conform to the outline of said shell located 
Within said shell between said first-mentioned 
chamber and said outlet, a plurality of longitu 
dinally extending ribs engaging said metal walls 
and the inside of said shell and having spaces 
between then to provide passages for the flow of 
said gases between said metal cylinder and said 
metal shell, and a plurality of restricted open 
ings in said walls affording communication be 
tween said passages and the interiors thereof. 

6. An internal combustion heating unit com 
prising means providing a combustion chamber 
for burning a combustible mixture of fuel and 
air therein, means for supplying combustible mix 
ture to Said combustion chamber, a heat ex 
changer receiving the gases of combustion from 
said chamber and comprising a metal shell open 
at one end to receive said gases of combustion 
and having an outlet at the other end, a packing 
of Ceramic fragments filling that part of said shell 
adjacent said open end, means for retaining said 
packing in place, means providing a non-res 
Onant, sound-inhibiting chamber having metal 
Walls within said shell adjacent said outlet, a 
plurality of ribs engaging the outside of said 
metal walls and the inside of said shell and hav 
ing spaces between them to provide passages for 
the flow of products of combustion from said 
packing to said outlet, whereby said ribs conduct 
heat from said metal walls and said products of 
combustion to said shell, and a plurality of re 
stricted openings in said walls affording com 
munication between said passages and the in 
terior of said non-resonant chamber. 

7. In an internal combustion heating unit, the 
combination of means providing a combustion 
chamber burning a combustible mixture of liquid 
fuel and air, a dead end inlet tube extending a 

O 

s 

5 
having an outlet for discharging said gases of 
'combustion. 

8. In an internal combustion heating unit the 
combination of means providing a combustion 
chamber burning a combustible mixture of fuel 
and air therein, means for supplying combustible 
mixture to said combustion chamber, a heat ex 
changer receiving the gases of combustion from 
said chamber and comprising a shell of heat con 
ducting material having an opening to receive 
the gases of combustion from said combustion 
chamber, an outlet for discharging the gases of 
combustion therefrom, means providing a non 
resonant, sound-inhibiting chamber within said 
shell, shaped generally to conform to the outline 
thereof and so disposed with relation to said 

20 
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shell as to provide space between said chamber 
and said shell for the passage of the gases of com 
bustion from said combustion chamber to said 
outlet, metal walls enclosing that portion of said 
non-resonant chamber adjacent said outlet, a plu 
rality of ribs affixed to the outside of said walls 
and disposed in the general direction of flow of 
gases of combustion from said chamber to said 
outlet, said ribs engaging the inner surface of 
said shell to space said walls from said shell and 
to provide passages to said gases of COmbustion 
between said ribs, walls of a ceramic material en 
closing that portion of said chamber adjacent 
said combustion chamber and spaced from the 
walls of said shell to provide for the passage of 
gases of combustion between said walls and said 
shell, and a plurality of restricted openings in said 
walls affording communication between the in 
terior of said non-resonant chamber and said 
paSSageS. 

9. An internal combustion heating unit com 
prising means providing a combustion chamber 
for burning a mixture of fuel and air therein, 
means for Supplying combustible mixture to said 
combustion chamber, a heat exchanger receiving 
the products of combustion from said combustion 
chamber and having an outlet, said heat ex 
changer comprising a shell of heat conducting 
material, means providing a non-resonant, sound 
inhibiting chamher within said shell, walls of heat 

50 

conducting material enclosing that portion of said 
non-resonant chamber adjacent said outlet and 
shaped generally to conform to the outline of said 
shell, longitudinally, extending ribs on the outer 
surface of said walls, said ribs being disposed. 
in the direction of flow of gases of combustion 
through said heat exchanger and engaging the 
inner Surface of said shell to form passages be 
tween said ribs for the flow of said gases of com 
bustion, Walls of ceramic material enclosing that 
portion of said chamber adjacent said combus 
tion chamber and spaced from said shell to pro 
vide for the passage of gases of combustion be 

short distance into said chamber for supplying 60 tween said walls and said shell, a plurality of re 
combustible mixture thereto, a central passage 
through said tube for conducting combustible 
mixture at a velocity above the rate of flame 
Propagation thereof, and holes of greater total 
cross-sectional area than said passage, around 
the periphery of that portion of said tube ex 
tending into said chamber to conduct said mix 
ture from said passage into said chamber, where 
by said mixture, enters said chamber in a direc 
tion substantially perpendicular to the axis of said 
tube, and a heat exchanger, having an inlet for 
receiving the gases of combustion from said com 
bustion chamber, having a non-resonant cham 
ber therein in communication with the gases of 

stricted openings in the walls of said non-resonant 
chamber affording communication between the 
interior of said chamber and said passage, and a 
loose packing of a heat and corrosion resistant 
material substantially filling said non-resonant 
chantber. · : 

10. An internal combustion unit comprising 
means providing a combustion chamber for burn 
ing a mixture of fuel and air therein, means for 

0 supplying combustible mixture to said combus 
tion chamber, a heat exchanger adjacent said 
combustion chamber and receiving the gases of 
Combustion therefrom, an outlet for discharging 
said gases of combustion from said heat ex 

combustion from said combustion chamber, and changer, said heat exchanger cooperating with 



6 
said combustion chamber and Outlet to form a 
continuous passage for gases, said heat exchanger 
comprising a shell of heat conducting material 
and having means providing a non-resonant, 
sound-inhibiting chamber therein adjacent said 
outlet, said last-named means providing a plu 
rality of small openings connecting said sound 
inhibiting chamber with said passage, a packing 
of fragments of Ceramic material substantially 
filling that portion of Said heat exchanger adja 
cent said combustion chamber, and means for re 
taining said fragments in place. 

10 

11. An internal combustion heating unit com- h 
prising means providing a combustion chamber 
for burning a combustible mixture of fuel and 
air therein, means for supplying said mixture to 
Said combustion chamber, a heat exchanger ad 
jacent said combustion chamber for receiving the 
gases of combustion therefrom, and an outlet for 
discharging said gases of combustion from said 
heat exchanger, said heat exchanger comprising 
a shell of heat conducting material, a non-res 
onant chamber within said shell and shaped gen 
erally to conform to the outline of said shell, walls 
of heat resistant material enclosing said non 
resonant chamber and so disposed with respect 
to said shell as to provide space for the passage 
of Said gases of combustion between said walls 
and said shell, a plurality of restricted openings 
through said walls affording communication be 
tween the inside and outside thereof, and a plu 
rality of nipples of ceramic material, each having 
a Small Open cavity, affixed to that portion of 
Said walls adjacent said combustion chamber. 

12. A heater comprising a hermetically sealed 
casing, an inlet conduit for conveying a combus 
tible mixture of fuel and air thereto, a discharge 
conduit for conveying the products of combustion 
therefrom, means for maintaining a substantial 
preSSure difference between said inlet and outlet 
conduits to cause rapid flow through said casing, 
a combustion chamber at the inlet end of said 
casing, electrical means to ignite the fuel mix 
ture in said combustion chamber, an enclosure in said casing forming a compartment occupying 
the major portion of the space within said cas 
ing and providing longitudinally extending pas 
SageWays between it and the inner wall of said 
casing, said enclosure having a plurality of spaced 
apertures connecting said passageways with said 
compartment, and an inert air vibration damping 
material substantially filling said compartment. 

13. The combination set forth in claim 12 in 
which said enclosure is made of copper plated 
with nickel. 

14. The combination set forth in claim 12 in 
which said damping material is stainless steel 
WOO. 

15. The combination set forth in claim 12 in 
which said enclosure is formed in part by a hol 
low ceramic cup-shaped element with its closed 
end forming one wall of said combustion chamber 
and in part by a ribbed hollow metal cylinder, 
the ribs of which form said passageways and are 
in good heat conducting contact with said casing. 

16. The combination set forth in claim 12 in 
which said casing is surrounded by heat conduct 
ing longitudinally extending fins enclosed in a 
housing, and in which the means for maintaining 
the Substantial pressure difference between the 
inlet and 'outlet conduits causes flow of air to be 
heated through the space between said casing and 
said housing. 

17. A heating unit for burning a combustible 
mixture of fuel and air, comprising means pro 

20 
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viding a combustion chamber, means for Sup 
plying combustible mixture to said combustion 
chamber, a heat exchanger having an outlet and 
receiving the products of combustion from said 
combustion chamber, said heat exchanger and 
combustion chamber forning a passage for con 
ducting combustion gases to said outlet, means 
providing a non-resonant, sound-inhibiting 
chamber in said passage, said last-named cham 
ber being formed by an elongated tubular mem 
ber having a plurality of relatively small holes 
formed therein and widely spaced from each 
other, said holes opening into said passage and . 
forming acoustic couplings between said passage 
and the interior of said last-named chamber, and 
means for removing the products of combustion 
from Said heat exchanger. 

18. In a heating unit generating heat by the 
burning of a combustion mixture of fuel and air 
therein, the combination of means providing a 
combustion chamber for burning said combustible 
mixture, a heat exchanger receiving the products 
of combustion therefrom and having an exhaust 
Outlet, Said combustion. Chamber and heat ex 
changer forming a sealed path leading to said 
exhaust outlet, means providing a sound-inhibit 
ing chamber in said path and a plurality of re 
stricted communications between said path and 
the interior of said chamber, and means defining 
longitudinally extending passageways conducting 
the products of combustion from said combustion 
chamber, through said heat exchanger, to said 
Outlet, said means being in heat conductive re 
lationship with the walls of said heat exchanger. 

19. In a heating unit generating heat by the 
burning of a combustible mixture of fuel and air 
therein, the combination of means providing a 
combustion chamber for burning said combustible 
mixture, a carburetor having an air inlet and 
connected to said combustion chamber for sup 
plying a combustible mixture thereto, a heat ex 
changer receiving the products of combustion 
from Said combustion chamber and having an ex 
haust Outlet, said combustion chamber and heat 
exchanger forming a path leading to said exhaust 
outlet and conducting products of combustion 
thereto, said inlet and outlet being adapted for 
exposure to different pressures to produce flow 
through said combustion chamber and heat ex 
changer, and means providing a sound-inhibiting 
chamber in said path, said last-named means 
having a plurality of restricted communications 
between said path and the interior of said sound 
inhibiting chamber and forming acoustic cou 
plings therebetween. . 

20. In an internal combustion heating unit, the 
combination of means providing a combustion 
chamber burning a combustible mixtures of fuel 
and air, an inlet tube connected to said chamber 
for supplying combustible mixture thereto, a heat 
exchanger receiving the products of combustion 
from said combustion chamber and having an ex 
haust outlet, said combustion chamber and heat 
exchanger forming a path leading to said exhaust 
outlet and conducting products of combustion 
thereto, means providing a sound-inhibiting 
chamber in said path, said last-named means af 
fording a plurality of restricted openings between 
said path and the interior of said sound-inhibit. 
ing chamber, and sound-absorbing material in 
said sound-inhibiting chamber for absorbing 
Sound entering said last-named chamber through 
Said restricted openings. 
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