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UNITED STATES PATENT of FICE 
2,451,760 

AIRCRAFT HEATER WITH COMBUSTION 
A R CONTROL 

Henry J. De N. McCollum, Chicago, 11. Thelma 
McCollum, executrix of said Henry J. De N. Me 
Collum, deceased, assignor, to Stewart-Warner 

-Corporation, Chicago, Ill., a corporation of 
Virginia 
Application August 2, 1943, serial No. 496,975 

This invention relates to heaters and particu 
larly to heaters of the internal combustion type. 
An object of the invention is to provide an 

improved internal combustion heater for air 
craft, which may be operated while the aircraft 
is on the ground as well as when it is in flight. 
A further object of the invention is to simplify 

the construction of an internal combustion heat 
ing system without decreasing the operational 
advantages thereof. 
A further object of the invention is to provide 

improved means for circulating ventilating air 
through the heater and for supplying combus 
tion air to be mixed with fuel to form a combus 
tible substance. 
A further object of the invention is to provide 

improved means for preventing contamination of 
the ventilating air by the admixture therewith 
of products of combustion. 
Other objects and advantages will be apparent 

from the following, description. Reference is had 
in the description to the accompanying drawings, 
in which: 

Eigs. 1d, and 1b are complementary sectional 
views, which, taken together, show the compo 
nent parts of an internal combustion heater to 
gether with means for supplying air thereto for 
ventilating and combustion purposes; 

Kig. 2 is a view taken on the line 2-2 of Fig. 1a; 
Fig. 3 is an enlarged central vertical sectional 

view, showing in detail the valve arrangement of 
Fig. 1d which controls, communication between 
air supplied for ventilating purposes and air 
supplied for combustion purposes to the heater; 

Fig. 4 is a section taken on the line 4-4 of Fig. 
3, showing particularly the construction of the 
valve guide; 

Fig. 5 is an enlarged section taken on the line 
6-5 of Fig. 1a, showing particularly the ar 
rangement of the combustion chamber of the 
heater; and Fig. 6 is a fragmentary plan view, showing the 
conduits leading from the valve of Fig. 3 to a 
carburetor, and thence to the combustion cham 
ber of Fig. 5. 

In heating Systems of the general type with 
which this invention is concerned, the transfer 
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of heat from the heater to the space to be heated 
is accomplished by convection, the air which 
transfers the heat being generally referred to as 
ventilating air, 

Furthermore, air is also supplied to the heater 
for the purpose of providing a combustible mix 
ture. The air is mixed with a fuel by means of 

50 

2 
a carburetor, and the resulting mixture is con 
veyed to a combustion chamber to be burned. 

It is apparent that the heating System may 
be made less complicated and less expensive by 
using a single means for supplying both the 
ventilating and the combustion air. However, 
this arrangement has the disadvantage that the 
ventilating air is not sealed from the combustion 
air, and, hence, the products of combustion, in 
cluding gases which may have an unpleasant odor 
and may in some instances have a toxic effect, 
may enter the space to be heated when the heater 
is not Operating. This defect has heretofore 
made it desirable to separate completely the 
ventilating air and combustion air flow through 
Out the heating system and to provide separate 
air circulating means in order to prevent unde 
sirable communication between the combustion 
chamber and the space to be heated. 

. The present invention provides a heating sys 
tem having unitary air circulating means for 
supplying both the ventilating and the combus 
tion air in which the above mentioned possi 
bility of contaminating the ventilating air is 
eliminated. 
The heater itself may be of any desired con 

struction. By way of example, a heater is illus 
trated in Fig, la, having an outer cylindrical 
shell 2, provided with an inlet fitting 4 and an 
Outlet fitting 6. The ventilating air which flows 
through the heater to be heated therein and con 
ducted to the space to be heated, as for example, 
the cabin of an airplane, flows through a gener 
ally annular passage formed between the shell 2 
and a finned heat exchanger 8 having a gener 
ally tubular shape. Heat is transferred by means 
of the heat exchanger 8 and the fins thereof 
to the ventilating air from hot gases flowing in 
side the heat exchanger. 
These gases are the products of combustion 

resulting from ignition of a combustible mixture 
in the combustion chamber 20, which is shown 
both in Fig. 1a and in Fig. 5. The ventilating 
air is, in general, sealed from the products of 
combustion flowing inside the heat exchanger. 
To accomplish this, the heat exchanger may be 
welded at one end to a supporting ring 22 which 
is supported by brackets 24 extending from shell 
2 and which is secured to the annular flange 26 
of a generally cylindrical casing 28, which forms 
the combustion chamber. The other end of the 
heat exchanger may be welded to a similar sup 
porting ring 30, which is supported by brackets 
2 and the open end of which is closed by a 
plate 34. 
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Referring to the provision of means for supply 

ing ventilating air and air for combustion pur 
poses to the heater, a particularly satisfactory and 
economical arrangement is an air ram, provided 
the structure on which the heater is mounted is 
moving. An air ram may conveniently be used 
in heating systems for aircraft or the like, since 
the dynamic pressure of the air stream causes 
satisfactory flow of air through the heater. Al 
though not shown, it is contemplated that an air 
ram may be used as the means for causing the 
air flow through the heating system, provided the 
heater is used for aircraft or the like, and during 
flight of the aircraft. Ordinarily, two such rams 
might be used, one for supplying ventilating air 
and the other for supplying air for combustion 
purposes, the ventilating air being sealed from the 
combustion air throughout the heating System. 
Although such sealing has certain advantages, 

it requires that, if the heating system of the air 
plane is to be operated while the plane is on the 
ground and stationary, two motor operated 
blowers or the like must be provided for circulat 
ing ventilating and combustion air. Such an ar 
rangement is both expensive and complicated. 
At the same time, it is very desirable that the 

heater be capable of operation when the plane is 
stationary, since it can then be used to defrost the 
windshield and to bring the cabin of the plane 
to the desired temperature before the fight begins, 

Therefore, in the arrangement illustrated, I 
have provided unitary means for supplying both 
ventiating and combustion air While the aircraft 
is on the ground and means associated therewith 
to eliminate the difficulties and disadvantages 
which Would normally be present were the com 
munication between the ventilating air and the 
combustion air unrestrictedly permitted. The 
invention is not to be limited to any particular 
form of unitary air supply means, and the blower 
as illustrated is to be considered as merely one 
acceptable embodiment of this means. The 
means provided for supplying air to the heater 
while the aircraft is stationary may also be used 
during flight. It may be desired, however, in some 
cases to utilize an air ram for this purpose dur 
ing fight. In that case, a single air ran would 
probably be preferable, since the provision of two 
such rams would have no particular advantage, 
the complete separation of the ventilating and 
combustion circulating systems having been sacri 
ficed for the reasons explained. 
The unitary means for Supplying air may be of 

any preferred type. By way of example, I have 
illustrated in Fig. 1b a centrifugal type blower 36, 
having blades 38 mounted on a rotor driven by 
an electric motor &&. Air is supplied directly from 
the outlet 42 of the blower to the inlet 4 of the 
heater shell 2, whence it may flow between the 
shell and the heat exchanger and through the 
outlet 6 and suitable conduits to the space to 
be heated. 
Means are provided for diverting a portion of 

the air to the combustion chamber, and means 
are also provided for controlling such diversion 
of air in order to prevent undesired communica 
tion between the ventilating and combustion air. 
The latter means comprises a valve member 48 
which is adapted to seat at 45 at one end of a 
longitudinal passage 6 extending through the 
center of the heater. In the valve construction 
shown, which is most clearly illustrated in Figs. 
3 and 4, the valve is urged to close by a spring 
43 acting through a collar 47 against a protec 
tion 49 on the valve stem 5. The stem 5 is 

O 

5 

20 

25 

30 

35 

40 

50 

55 

65 

70 

5 

9,461,700 
4. 

guided by a sleeve 53 formed integral with the 
spoke-like arms 55 which extend radially inwardly 
from the cylindrical valve-seat providing member 
48, the arms 55 also serving as a fixed support for 
One end of spring 43. 
The passage 46, which constitutes a part of 

the means for diverting air to the combustion 
chamber, is defined by the cylindrical valve-seat 
providing member 48, a tubular member 50 ex 
tending therefrom, a bell-mouthed fitting 52, a 
tubular member 54, and a tubular cross-section 
elbow fitting 56 which connects, as seen in Fig. 6, 
to a reversely extending pipe 58 outside the heater 
shell. Air flowing through the pipe 58 flows 
through the throat 60 of a carburetor, indicated 
generally at 62. The carburetor may be of the 
ordinary float bowl type connected to a supply 
of liquid fuel by a conduit 64. The fuel and air 
are mixed at the throat of the carburetor to pro 
wide a combustible mixture which is conducted to 
the combustion chamber 20 by means of an induc 
tion tube 66. As shown in Fig. 1a, the flow of 
fuel in supply conduit 6 may be controlled by 
a solenoid valve, indicated generally at 63, the 
solenoid having one terminal grounded and the 
other connected by means of an electrical con 
ductor 65 to a source of electrical energy. 
The particular form of the induction tube and 

the particular arrangement of the combustion 
chamber form no part of the invention, but it 
may be briefly noted that the upwardly curved 
end 38 of the induction tube enters tie combus 
tion chamber in such a Way as to give a generally 
tangential motion to the issuing combustible mix 
ture which then follows around the wall of the 
chamber. Ignition of the combustible mixture is 
accomplished by an igniter 70, which may be of 
the electrical resistance type, located in the pocket 
2 at one side of the combustion chamber. Elec 

tricity is supplied to the igniter by means of a 
conductor 4. A reigniter 78 may be provided to 
store sufficient heat energy that it can ignite the 
combustible mixture if, after the heater has been 
burning for an appreciable time, said mixture 
should, for some extraneous reason, cease burning. 
As pointed out before, the products of com 

bustion foW from the combustion chamber along 
the inside of the heat exchanger 8, and subse 
quently escape from the heater through the out 
le; 8. The outlet for the products of combus 
tion is preferably so arranged that there is an 
aspirating effect thereon, with the result that the 
pressure of the products of combustion flowing 
through the heater and also of the air in passage 
66 is somewhat lower than the pressure of the 
ventilating air, thus preventing the products of 
combustion from escaping into the ventilating 
air stream, should any leak develop, as by per 
foration of the heat exchanger wall by a bullet. 

It is important that valve 44 be so controlled 
as to prevent the products of combustion from 
backing up into the ventilating air. The valve 
46 is therefore controlled so as to be open only 
when the heater is operating, and a unidirec 
tional flow of air and hot gases is being main 
tained throughout the heating system. To this 
end I provide control means for the valve oper 
able according to the will of the airplane opera 
tor, and preferably tied in with the control of 
the heater in such a way that the opening and 
closing of the valve are automatically controlled 
by the starting and stopping of the heater. By 
way of example, I have illustrated compact and 
efficient means for centrolling the valve 44, said 
means constituting an electromagnetic control 



5 ...--- 
for the valve. The control includes an electro 
magnet comprising a magnetizable core 80 and 
winding 32, and a magnetic plate 84 secured to 
the head of the valve 44, as by rivets 88. One 
terminal of coil 82 is grounded and the other 
terminal of the coil is connected by a conductor 
92 to a source of electrical energy. The core 80 
may be formed integral with a member 96 which 
is secured to an axial flange 98 of the valve seat 
providing member 48. As shown in Fig. 2, the 
axial flange 93 is provided with slots 00 to per 
mit the entry of air into passage 46, provided 
valve $4 is open. 

The electromagnetic valve 80-84 is preferably 
operated concurrently with the solenoid valve 
63, and the conductor 92 is therefore shown as 
connected to conductor 65, thus placing the elec 
tromagnetic valve 80-85 and the solenoid valve 
63 in paralle. A battery 6.2 may constitute the 
source of electrical energy and a manually op 
erable switch G3 is provided to control opera 
tion of the heater. It is preferred that a thermo 
static overheat switch, indicated generally at 806, 
be provided to automatically cut of conductor 
65 from the source of electrical energy whenever ; 
the temperature of the ventilating air leaving 
the heater reaches a predetermined level. 

The manually operable switch 04 also controls 
the connection between battery 2 and a co 
ductor 68, which supplies electrical energy to 
the notor 3 of the blower, and the connection 
between the battery and an electrical conductor 

which supplies electrical energy to the ig 
initer 76). , is referred that a hermostatic 
switch 2 be provided to automatically discon 
sect, conductor from the battery whenever 
the temperature of the ventiating air has 
reached a certain predeter clined level. 
Whenever it is desired to operate the heater, 

the operator closes switch (38. This causes the 
following events to occur substantially simulta 
neously, he riotor 35 begins to operate the 
blower, the igniter 7 begins to heat, the solenoid 
on valve 63 is energized to open the valve and 
permit, fiow of fuel through conduit 64, and the 
electromagnetic waive 33-34 is energized to if 
the wave if froin its seat. Air supplied hy7 the 
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biower, therefore, not only provides ventilating 
air for he heating System, but also provides air 
which is Yixed with the fuel by aneans of car 
buretor 33 to be transmitted to the combustion 
chasaber 2 and ignited therein. When either 
the ther, Costatic switch G6 or the Yanually op 
erable switch 854 is opened, electromagnetic 
valve 88-83 is deenergized, perinitting spring 35 
to close the valve 33 and cut of communication 
between the ventilating and combustion air. At 
the same time, he solenoid wave 63 is closed 
to cut off communication between the fuel supply 
and the carburetor. The blower motor will con 
tinue to operate as long as switch 4 is closed. 
The igniter Will cool as Soon as Switch 2 is 
opened by the increased heat of the ventilating 
air. it will be appreciated that, as a general 
rule, the switch 2 will be arranged to open at 
much lower temperature than switch 06, inas 
much as switch 2 is desired to open as soon 
as the combustible mixture is burning normally, 
whereas switch des is designed to open in case 
the heater reaches a condition of overheat, and 
must be stopped as a safety Eneasure. 
The heating system disclosed has several ad 

'antages. One of these is the prevention of com 
munication between the combustion air and the 
ventilating air except when the heater is oper 
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atting, making it impossible for the burning gases 
in the heater to back up into the ventilating air 
when the heater is shut off. Another of the ad 
vantages is that an added safety feature is pro 
vided. This safety feature results from the clos 
ing of valve 44 whenever overheating causes 
switch 06 to open. Closing valve 44 stops com 
bustion in the heater immediately, even though 
a certain amount of gasoline or other fuel re 
mains in the float bow of the carburetor. 
Although I have described, for purposes of illus 

tration, a specific embodiment of my invention, 
it will be apparent to those skilled in the art that 
numerous modifications of the invention may be 
developed without departing from the underlying 
principles thereof. It is therefore my intention 
to COver by means Of the appended claims all 
modifications and variations which come within 
the scope of said claims. 

claim: 
... in an airplane heater of the internal con 

bustion type having a combustion chamber and a 
heat exchanger, the combination of unitary 
blower means for supplying ventilating air to the 
heat exchanger and additionally to supply com 
bustion air to the combustion chamber, a valve 
normally preventing flow of the combustion air, 
and remote control means to open said valve to 
permit said unitary blower means simultaneously 
to supply ventilating and combustion air, said 
last named means including a thermostat re 
Sponsive to the temperature of the heater and 
operative to cause closure of the valve independ 
ently of the continued operation of said blower 
reas. 

2. In a heater of the internal combustion type, 
the combination of an elongated tubular shell, 
a combustion chamber in the front end portion 
of said shell in spaced relation to the Wall of the 
shell and having an opening at its forward end 
for the entrance of combustion air, a heat ex 
changer through which the hot combustion gases 
pass backwardly from the combustion chamber, 
means for causing a stream of air to flow back 
Wardly through the shell and the heat exchanger 
and be heated, a forwardly opening waive for 
closing the opening at the forward end of the 
combustion chamber, a spring normally holding 
said valve in its closed position so as to prevent 
the entrance of combustion air into said com 
bustion chamber, means comprising a manually 
movable member adapted by movement into one 
position to start, said air flow producing means 
into Operation and to open said valve for admit 
ting combustion air into said combustion cham 
ber. and means controlled by the temperature in 
Said shell adapted at a predetermined tempera 
ture to cause said valve to close while said air 
flow producing means continues to operate. 

3. In a heater of the internal combustion type 
having a combustion chamber and a heat ex 
changer for transferring heat from the products 
of Combustion to ventilating air, an air blower, 
an electric motor connected to the blower to drive 
the latter, means forming a passageway for the 
flow of air from the blower to the combustion 
chamber, means forming a duct for the flow of 
air from the blower to the heat exchanger, a 
valve in said passageway to control the flow of 
air therethrough, yielding means to hold said 
valve in closed position, a source of electrical 
energy, electrically operated means to open said 
valve, a thermostatic switch, a manually operated 
Switch, a first circuit including said source, said 
Switches, and said valve opening means, said 
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thermostatic switch operating to open said first - 
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