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5 Claims. (C1.126-116) 
1. 

This invention relates to internal combustion 
heaters and it is concerned with providing a 
simple, rugged, and compact structure adapted 
for use in various situations. One object of the invention is to provide a 
new and improved heater having an igniting de 
vice arranged for continuous operation whenever 
the heater is working and including means to 
render the ignition reliable at all times and espe 
cially at high altitudes when the heater is em 
ployed in aircraft. 
Another object of the invention is to provide a 

new and improved heater of relatively simple con 
struction and of the rapid cycling type in which 
a single thermostat controls the operation by 
controlling the fuel Supply. 
A further object of the invention is to provide 

a new and improved heater in which a single 
motor serves to operate a pump for supplying fuel 
and a make and break device for the continuously 
operating igniter mechanism. 
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Other objects and advantages of the invention 
will appear from the following description taken 
in connection with the drawings, in which: 

Fig. 1 is a longitudinal Sectional view of a 
heater embodying this invention showing the 
fuel pump motor, the ignition coil and the make 
and break device therefor together With a circuit 
diagram of the electrical control; 

Fig. 2 is a rear elevation of the motor as com 
pared with Fig. 1, showing the fuel pump asso 
ciated therewith w 

Fig. 3 is an end elevation of the notor and 
pump taken as indicated at line 3-3 on Fig. 2; 

Fig. 4 is a vertical sectional view taken as in 
dicated at line 4-4 on Fig. 2; 

Fig. 5 is a detail section of the pump mecha 
nism taken substantially as indicated at line 5-5. 
of Figs. 3 and 4; 

Fig. 6 is an elevation partly in Section as indir 
cated at line 6-6 on Fig. 4; 

Fig. 7 is a detail section taken as indicated at 
line 7-7 on Fig. 5. 
The drawing illustrates a type of internal Com 

bustion heater adapted to burn gasoline or simi 
lar liquid fuel mixed with air and to transfer its 
heat to a stream of ventilating air by means of 
a heat exchanger. For simplicity of operation 
and also for reliability, this heater is provided 
with electrical igniting means which remains in 
operation continuously whenever the heater is in 
service; and the fuel is supplied by means of a 
motor driven pump working at constant pressure 
and thus supplying fuel which is available to the 
burncr at a substantially definite rate whenever 
the burner operates. A heater of this type may 
therefore be thermostatically controlled in ac 
cordance with the temperature of the heated air 
at thc outlet so that the burner will stop working 
whenever the temperature of this air attains a 
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satisfactory maximum and will be placed in Oper 
ation again as soon as the temperature drops to 
a predetermined minimum. The maximum and 
minimum limits may be within a fairly close 
range, resulting in frequent operation or cycling 
of the heater. This result is secured by permit 
ting the fuel pump to run continuously but ar 
ranging a thermostat to control a Solenoid Oper 
ated valve in the fuel line, so that when the 
maximum temperature is attained the fuel is 
held in the feed pipe and instantly available 
when the temperature drops to the minimum 
limit. It is found that when a high tension spark 
is employed for igniting fuel under these condi 
tions it is not always effective instantly upon 
closing of the electric circuit; apparently the 
electrodes themselves must become heated by 
the spark to assist in igniting the fuel and this 
may require 10 or 15 seconds. Therefore, it is 
found preferable to operate the spark continu 
ously even when the fuel valve is closed and the 
burner is not working; this insures instant igni 
tion of the fuel when it is turned on again by 
the thermostat. It also has been found that the 
Ordinary buzzer type of interrupter does not in 
sure a reliable spark, especially at high altitudes, 
and the present device therefore includes a can 
driven make and break mechanism which will 
produce an effective reliable spark under a wide 
range of conditions. Since the fuel pump is to 
be operated continuously and the spark mecha 
nism is to be kept working even when the burner 
itself is idle, it is found convenient and desirable 
to operate the fuel pump and the make and break 
device by means of the same motor. 
As shown in the drawings, the heater itself 

includes an Outer cylindrical shell or housing 0, 
having an inlet 2 for ventilating air and an out 
let 4 through which the heated air is discharged 
either into a room or into suitable conduits by 
which it is carried to the space or spaces to be 
heated. Spaced within the shell ?o there is 
mounted a smaller shell or plenum 6 having an 
inlet 8 for the portion of the air which is to be 
employed for combustion and within the plenum 
6 there is secured a conical combustion cham 

ber 20 having perforations 22 in its Wall through 
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which the combustion air is admitted. At the 
smaller end of the conical member 20 there is 
a threaded sleeve 24 in which the fuel nozzle 26 is 
secured. The mixture of fuel and air thus pro 
vided in the combustion chamber 20 is ignited by 
means of a spark plug 28 having a single elec 
trode 30 disposed within one of the holes 22 in 
the conical wall 20 so that the spark jumps from 
the electrode to the edge of the hole and is carried 
into the combustion chamber in a U-shape be 
cause of the force of the air current flowing into 
the combustion chamber through the hole in 
which the electrode 30 is located. As a result, 
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the ignition takes place in a Zone somewhat re 
moved from the electrode 30 which tends to re 
duce fouling of the electrode by carbon deposit. 
The heat exchanger illustrated in Fig. 1 is of 

the spiral type more fully shown and described 
in the copending application of William C. Par 

5 

rish, Ser. No. 490,162 filed June 9, 1943, now 
Patent No. 2,432,929, granted December 16, 1947, 
in which the products of combustion issuing from 
the conical chamber 20 flow into a cylindrical 
space 32 which is closed by a wall 34 at the 

O 

end opposite the combustion chamber 20 but 
which connects laterally with a spirally formed 
chamber having spaced convolutions seen at 36 
and 38 in Fig. 1. These convolutions are formed 
by the spaced spiral walls of an air space 40 
extending longitudinally of the heater so that 
the ventilating air entering at 2 flows longitudi 
nally through the spiral air space to the outlet 

and absorbs heat from the walls of the cylinder 
32 and its connected spiral portions 36 and 38. 
The products of combustion leave the outermost 
portion of the spiral through an exhaust pas 
sage 82. 
The liquid fuel is supplied to the nozzle 26 

by means of a diaphragm pump 4 which is 
shown in some detail in Fig. 5. A supply pipe 
46 leads to the inlet valve chamber 48 of the 
pump so that downward movement of the dia 
phragm 50 draws fuel into the pump chamber 
52 above the diaphragm and upward movement 
of the diaphragm expels liquid through the out 
let valve chamber 56 and feed pipe 56, the latter 
being connected to an elbow fitting 58 mounted 
in the housing 6 of the heater and connected in 
side the housing with a pipe 6 leading to the 
nozzle 26. The pump diaphragm 5 is actuated 
by rotary cam $2 which may be of eccentric 
form and which engages a rocker arm 64 pivoted 
at 6 in the lower half 68 of the pump casing. 
The diaphragm 5 is normally urged upwardly 
by a coil spring seated on a shoulder #2 and 
within the casing 68, and the diaphragm is pro 
vided with a stem if by which it is actuated 
downwardly. The stem. & has a one way drive 
connection to the rocker arm 64 in the form 
of a member 6 carried on the pivot 66 and en 
gaged by a lug 78 extending from the rocker 
arm 68. As one end of the arm 64 is moved 
upwardly by the cam 62 the opposite end carrying 
the lug 8 swings the member 6 positively in 
downward direction, and the member 6, being 
engaged with the stems, as shown in Fig., pulls 
the stem and diaphragm 50 downward in op 
position to the spring . A light spring 80 
tends to maintain the rocker arm 64 in contact 
with the cam 62, and return movement of the 
diaphragm in upward direction, which is its 
pumping stroke, is effected by the spring 70. 
The nozzle 26 is thus supplied with fuel at a 
pre-determined pressure which depends upon 
the strength of the Spring 0. But if the feed 
pipe 56 is closed, preventing the discharge of 
fuel from the pump and blocking movement of 
the diaphragm 50, the rocker arm 6 will con 
tinue to be operated by the motor driven can 
62 while the arm 6 will remain stationary as 
long as the diaphragm is blocked at the lower 
limit of its range of movement. The pipe 79 is 
an atmosphere vent leading overboard. 
The cam 62 is pinned to a shaft 82 as shown 

in Fig. 4 and this shaft carries a worm gear 84 
meshing With a Worm 86 on the shaft 88 of the 
electric motor 90. A source of electrical energy 
indicated as a battery at 92 on Fig. 1 has one 
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4. 
terminal grounded and has its opposite terminal 
connected through a SWitch. 94 with a feed Wire 
96 extending to one contact member 98 of a 
thermostat indicated generally by the numeral 
8. The thermostat is located in the air outlet 
f4 of the heater so as to be responsive to the 
temperature of the air delivered by the heater 
and its cooperating contact a C2 is connected by 
a wire 63 to a solenoid-operated valve 6. The 
feed wire 96 has a branch 96 connected to one 
terminal of the motor 99 and the other termi 
nal of the notor is grounded so that the motor 
circuit is completed whenever the switch 94 is 
closed and the motor 90 runs continuously and 
independently of the thernostat. The Solenoid 
valve 6 may be constructed so that it is nor 
nally held open as by means of a spring and 
closed when its solenoid is energized. Then 
when the burner is operating, the temperature 
of the air issuing at 4 will rise to a point at 
which the contacts 98 and 92 of the thermo 
stat are engaged, energizing the solenoid to close 
the valve 6 and cutting off the fuel supply to 
the burner nozzle 26. Then when the air issui 
ing at is has cooled sufficiently to separate the 
contacts 98 and $32, the circuit through solenoid 
36 will be opened, permitting the valve to open 

and feed fuel to the burner nozzle 26. Since the 
motor Continues to operate the can 62 and the 
rocker arm 86, and the feed pipe 56 is kept filled 
with fuel even while the valve 6 is closed, 
the opening of the valve causes the burner to 
resume operation instantly. 
AS already mentioned, the reliable operation 

of the heater, particularly in high altitudes, re 
quires a fat and long spark at the electrode 3 
and to insure a spark of this quality it is pref 
erable to employ a mechanically actuated make 
and break mechanism. As shown in Figs. 1 and 
6, this consists of a lever 8 pivoted at ( in a 
casing 2 which encloses also a cam 43 car 
ried on the end of the shaft 82. A follower 6 
on the lever 8 engages the cam 4 and a 
contact element 8 at the opposite end of the 
lever cooperates with a fixed contact 2 car 
ried by a conductor arm 22 from Which a lead 
wire 24 extends to one terminal 26 of the 
primary winding of the Spark coil denoted gen 
erally at 28; the other termina 2 is con 
nected by a wire 29 to the battery or other 
current source at 92. A spring 30 maintains 
engagement of the follower 6 with the can 
4 so that as the shaft 82 rotates the contacts 
8 and 2 are alternately engaged and sepa 

rated, producing the desired surges of current 
in the secondary winding of the spark coil 28. 
One terminal 32 of the secondary winding is 
grounded and the other terminal is connected by 
a wire 34 to the electrode 30 of the spark plug 
28. Whenever the switch. 9 is closed it serves 
not only to energize the motor 90 and start the 
fuel pump 44 in operation, but it also closes 
the circuit through the primary winding of the 
spark coil 28 except as it may be opened by the 
make and break lever f08, and since the opera 
tion of the motor 90 causes continuous rotation 
of the cam f4 the lever 08 is actuated to close 
the primary circuit of the spark coil at frequent 
intervals, producing an effective and reliabie 
Spark at the electrode 30. If the scenoid wave 
06 is open the fuel will flow to the burner 

nozzle 26 and be ignited, raising the tempera 
ture of the ventilating air flowing through the 
heater until it is sufficient to actuate the thermo 
stat 00 and close the fuel valve O5. This may 
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occur at ten or fifteen second intervals under 
some conditions Or at much longer intervals 
where only a moderate supply of heat is re 
quired. Preferably as shown in the drawings a 
condenser 40 is connected across the contacts 
fe and 20 to suppress arcing and increase the 
heat of the spark at the spark plug 28. But 
for all conditions this arrangement provides a 
relatively simple mechanism which is compara 
tively inexpensive to manufacture and which 
should require a minimum of servicing to keep 
it in Operative Condition, 
While there is shown and described herein 

certain structure illustrating the invention, it is 
to be understood that the invention is not iim 
ited thereto or thereby but may assume numerous 
other forms and includes all modifications, varin 
ations and equivalents coming within the scope 
of the following claims, 

I claim: 
1. In combination with a liquid fuel burner, 

a pump connected to supply fuel thereto, spring 
means actuating the pump in its pumping stroke, 
a cam for actuating the pump in its return 
stroke, igniting means for the burner including 
a spark coll and a nake and break device, a cam 
for actuating said make and break device, a 
shaft journalled for rotation with both cams 
Secured to said shaft, a continuously operating 
motor and speed reducing gearing connecting 
said motor to drive said shaft, means including 
a heat exchanger for directing a flow of ventilat 
ing air in heat exchange relation to hot gases 
from said burner, a fuel valve interposed between 
said pump and the burner, and temperature re 
sponsive means subject to the temperature of 
the air discharged from the heat exchanger and 
Operative to control the opening and closing of 
said valve. 

2. In combination with a liquid fuel burner, 
a pump connected to supply fuel thereto and in 

... cluding a reciprocating member, spring means 
to actuate said member in its pumping stroke and 
a can to actuate said member in its return stroke, 
igniting means including a spark coil and a cam 
actuated make and break device therefor, a con 
tinuously operating motor connected to drive 
the pump actuating cam and the cam of the 
make and break device, means including a heat 
exchanger for directing a flow of ventilating air 
in heat exchange relation to hot gases from said 
burner, a scenoid valve interposed in the conn 
nection between the pump and the burner, a 
source of electrical energy and connections there 
from to the motor, the igniting means and the 
solenoid valve, and a thermostatic switch device 
actuating said valve independently of the motor 
and igniting means and responsive to changes 
in the temperature of the air discharged from 
the heat exchanger. 

3. In combination with a liquid fuel burner, 
means including a pump connected to supply 
liquid fuel thereto, spring means arranged to 
actuate the pump in its pumping stroke, a can 
arranged to actuate the pump in its return 
stroke, a continuously operating motor connected 
to drive said cam, a fuel valve interposed in the 

5 

() 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

connection between the pump and the burner, 
igniting means for the burner operative whenr 
ever said fuel valve is opened, means including 
a heat exchanger for directing a flow of ven 
tilating air in heat exchange relation to hot 
gases from said burner, and means responsive 
to the temperature of the air discharged from 
the heat exchanger and Operative to close said 

70 
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fuel valve at a predetermined temperature and 
to reopen said valve at a predetermined lower 
temperature, thereby causing the burner to op 
erate intermittently. 

4. In combination with a liquid fuel burner, 
means including a pump connected to supply 
liquid fuel thereto, driving means to actuate the 
pump including yielding means operative to 
Cause the pumping stroke and a continuously 
actuated cam which effects the return stroke, 
a fuel valve interposed in the connection be 
tween the pump and the burner and adapted 
when closed to block the flow of liquid fuel from 
the pump to the burner while the cam continues 
to be actuated, continuously operative igniting 
means for the burner, means including a heat 
exchanger for directing a flow of ventilating 
air in heat, exchange relation to hot gases from 
said burner, and means responsive to the tem 
perature of the air discharged from the heat 
exchanger and operative to close said fuel valve 
at a predetermined temperature and to reopen 
said valve at a predetermined lower temperature, 
thereby causing the burner to operate intermit 
tently. w 

5. In combination with a liquid fuel burner, 
means including a pump connected to supply 
liquid fuel thereto and including a reciprocating 
member, driving means to actuate the pump 
comprising spring means operative to move said 
reciprocating member in pumping direction, a 
Continuously running motor with a one way drive 
device actuated thereby and operative to move 
said reciprocating member in the opposite direc 
tion and to stress said spring means, an igniter 
for the burner and means operated by said motor 
for energizing said igniter continuously, a fuel 
valve interposed in the connection between the 
pump and the burner and adapted when closed 
to block the flow of liquid fuel from the pump 
to the burner while said motor continues to ac 
tuate the one way drive device, means including 
a heat exchanger for directing a flow of ventilat 
ing air in heat exchange relation to hot gases 
from said burner, and means responsive to the 
temperature of the air discharged from said heat 
exchanger and operative to close said fuel valve 
at a predetermined temperature and to reopen 
said valve at a predetermined lower temperature, 
the continuous operation of said motor serving 
to condition the pump and igniter to insure 
prompt resumption of operation of the burner 
whenever said fuel valve is opened. 

CORDON J. FARBANKS. 
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