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HEATER 
Harry B. Holthouse, Chicago, Ill., assignor to 
Galvin Manufacturing Corporation, Chicago, 
Ill., a corporation of Illinois 

Application February 26, 1941, Serial No.380,717 
(C. 158-28) 6 Claimas. 

This invention relates generally to heater sys 
tens of internal combustion type and in particu 
lar to a unit heater of internal combustion type 
for an automobile. This application is a con 
tinuation in part of application Serial No. 355,484, 
filed September 5, 1940, now Patent No. 2,286,854 
issued June 16, 1942. 

It is an object of this invention to provide an 
improved heater system of internal combustion 
type. 
Another object of this invention is to provide 

an improved unit heater of internal combustion 
type for an automobile which operates entirely 
independently of the usual automobile engine. 
A further object of this invention is to provide 

a heater which is simple and rugged in construc 
tion, relatively inexpensive in cost, efficient in op 
eration, and which is completely electrical and 
capable of being operated on the power from a 
usual car battery. 
A feature of this invention is found in the 

provision of a heater of internal combustion type 
for an automobile in which the temperature in 
the passenger compartment is controlled by vary 
ing directly the potential heat output of the 
heater. 
A further feature of this invention is found in 

the provision of a heater of internal combustion 
type having a control system which operates to 
uniformly condition all portions of the combus 
tible fuel at all times of heater operation. 
Another feature of this invention is found in 

the provision of a heater of internal combustion 
type having a fuel conditioning unit with an 
electrically operated heating element, in which 
the operation of the heating element in main 
taining the conditioning unit substantially con 
stant at a predetermined operating temperature 

A still further feature of this invention is 
found in the provision of a combustion chamber 
having heat radiating fins with cavities formed 
therein adapted to collect any excess raw fuel 
which might be present in the combustion cham 
ber. 

Further objects, features and advantages of 
this invention will become apparent from the 
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is controlled by an improved combination mag 
netic and thermostatic switch unit. 
A further feature is found in the provision of 

a heater of internal combustion type having a 
control system, in which the circuit for the fuel 
Supply means is rendered inoperative until the 
heater is conditioned to burn such fuel, and in 
which the air supply means is automatically con 
tinued in operation for a predetermined time. 
interval after effective combustion has been 
stopped to exhaust from the heater any combus 
tible fuel which might be left therein. 
Yet another feature of this invention is found 

in the provision of a heater of internal combus 
tion type having an active pilot flame which aids 
in initiating the burning of the combustible mix 
ture in the combustion chamber. 

40 

45 

50 

following description when taken in connection 
with the accompanying drawings in which: 

Fig. 1 is a developed view of the improved 
heater of this invention taken along the line 
- in Fig. 2; 
Fig. 2 is a true end view of the heater shown 

partly in section and taken along the line 2-2 
in Fig. 1; 

Fig. 3 is a true sectional view of the combus 
tion chamber as seen along the line 3-3 in Fig. 1; 

Fig. 4 is a view in perspective of a partition 
member used in the assembly of the combustion 
chamber shown in Fig. 3; 

Fig. 5 is a diagrammatic illustration of a con 
trol circuit for the heater of Fig. 1; 

Figs. 6 and 7 illustrate diagrammatically other 
control circuits adapted for use with the heater 
of Fig. 1; 

Fig. 8 is a schematic illustration showing the 
arrangement of the heater of Fig. 1 and the con 
trol circuit of Fig. 5 relative to the passenger 
compartment of an automobile. 

Fig. 9 is a view partly in Sectio taken along 
the line 9-9 in Fig. 10; 

Fig. 10 is a longitudinal sectional view of the 
fuel conditioning unit shown in the heater of 
Fig. 1; and 

Fig. 11 is a fragmentary sectional view as seen 
along the line - in Fig. 9. 
The improved heater of this invention is of 

unit type and is shown as applied to the heatin r 
of a passenger compartment for an automobil 
The heater is completely enclosed in housing 
means and is illustrated as being mounted below 
the floor of the passenger compartment. In 
cluded within the housing is a recirculating air 
passage arranged directly about a combustion 
chamber and in communication with the passen 
ger compartment in at least two places to provide 
for a complete circulation of air through the au 
tomobile and heater. Also enclosed within the 
housing are a unit for conditioning the fuel prior 
to its combustion, means for circulating air 
through the above mentioned passage, a fan for 
supplying air to the conditioning unit, a pump 
for supplying fuel to the conditioning unit, and 
an operating motor which is common to both the 
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air supply and air circulating fans and to the fuel 
pump. The fuel conditioning unit is provided 
with an electrical heating and igniting element, 
and it is contemplated that this element and the 
common operating motor receive their electrical 
energy entirely from the usual car battery. Be 
cause of this limitation in the electrical power 
available to operate the heater, the motor and 
the air fans are of relatively small size so that 
the Velocity of the air from the air supply fan is 
insufficient to accomplish any appreciable atom 
ization of the fuel. Likewise, the fuel pump 
which may be of Solenoid type, develops a limited 
operating pressure so that fuel discharged there 
from is in substantially droplet form. In pre 
paring the fuel for burning, therefore, the fuel 
conditioning unit vaporizes the fuel for mixing 

0. 
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with the air, means being provided to retain 
the mixture in a vaporous form until it is burned. 
By virtue of the fact that the fuel pump and air 
Supply fan, are operated by a common motor the 
invention contemplates a control of the tempera 
ture in the passenger compartment by a direct 
control of the Speed of the operating notor, this 
change in Speed varying directly the air and fuel 
Supplied to the heater and hence the potential 
heat output of the heater. 
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With reference to Figs. and 2, of the draw 
ings, the heater is shown as being completely en 
closed by a housing member G which is divided 
substantially over its entire longitudinal length 
by a frame member (, into a combustion com 
partment 2 and a mechanical compartment 3. 
Arranged within the mechanical compartment 3 
are a motor él, a fuel pump. 6, and a fue me 
tering device 7 arranged in a suel line 2G con 
necting the pump with a fue nozzle 26, to be 
explained later. The fuel pump 6 is illustrated 
as being of Solenoid type and is controlled in its 
Operation by a breaker assembly indicated at 3 
and Operated fron the shaft 9 of the motor (3. 
Compartment, 93 is in communication with a fan 
cihamber 22 for Sana air circulating fara 23 Which is 
operated by the motor 4 and is nounted on the 
shaft 9 thereof. The fan 23 functions to circu 
late air through passages 24 formed about the 
Combustion charnber 25 and to discharge such 
circulated air through as outle; 26 which may be 
Suitably connected with the passenger compart 
ment 38 of an automobile (Fig. 9). Air for the 
fana 23 is supplied through an nie; 29 formed in 
the end 8 of the housing member 8 and open 
ing into the mechanical compartment i 3. This 
inlet is also suitably connected with the passenger 
compartinent 23 so ?inat the recirculated air from 
the passenger compartment, is first drawn 
through the eigh of the compartment, 3 prior 
to being heated by its travel through the pas 
Sages 26. All of the operating devices in the 
compartment 3 are thus continuously cooled by 
the recirculated air from the passenger compart 
nent during the orna operation of the heater. 
it is to be understood, of course, that the inlet 2g 
may be open to the atmosphere so as to provide 
for the p&SSage into the car compartment of 
heated fresh or outside air, or a mixture of fresh 
and recircuated air. 
The motor ( is also common to an air supply 

fan 83 which is mounted on the motor shafts 
adjacent the fan 23 but separated therefrom by a 
Sealing or partition plate 34. As is clearly indi 
cated in Fig. 1, the plate 34 in conjunction with a 
Substantially cup-shaped end-cover member 36 
for the combustion chamber 25 serves to com 
pletely seal the fan 23 and the passages 24 from 
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2,884,886 
the air supply fan 33. The fan 33 operates to 
draw fresh air, through inlet 3 formed in the 
end 38 of the housing O, and to deliver this 
air into an air supply chamber 39 arranged at 
the left end of the combustion chamber 25 as 
viewed in Fig. 1. The air from this chamber 39 
is mixed with the fuel from the fuel nozzle 2 
mounted on a fuel conditioning unit. 4, which is 
located in the chamber 39 at the inlet 42 of the 
combustion chamber, and which will be later 
fully described. 
The combustion chamber 26 (Figs. 1, 2, 3, and 

4) is of Substantially cylindrical shape and in 
cludes a body member 43 of unit construction 
formed from a single piece of flat sheet steel or 
suitable like material. The member 43 is press 
shaped to form a series of alternate peripheral 
sections 34 and radially extending fin elements 
46. A fin element 66 is thus arranged between 
adjacent peripheral sections (33. Also as is clearly 
apparent from Fig. 3, each fin 46 is bent double 
So that its outer end 6 is closed while its inner 
end 68 is slightly open. The side portions of each 
fin at the inner end 68 are brought close to 
gether so that the cavity or pocket 39 formed in 
the fin is in communication with the combustion 
passage 5 in the combustion chamber through 
8, restricted or narrow opening. By virtue of this 
construction of each fin element {36, relatively 
Marrow a Kially extending cavities (9 are pro 
Wided over the complete length of the combustion 
chamber and on the inside thereof, to serve e. 
function which will be hereinafter fully ex 
plained. 

Positioned within the body member 33 is a 
partition member 6f comprised of a pair of y. 
shaped members 53 and 53. The members 53 and 
54 are constructed with flat apex portions 55 and 
66, respectively, adapted for nating back-to-backs. 
engagement, With the leg portions of each men 
ber 63 and 5 extending in opposite directions, 
Thus as is clearly indicated in Figs. 3 and . On 
attaching the members 53 and 53 together, as by 
Spot Welding of the apek portions i 5S and 53, 
there is formed a, pertition nember 3 of su 
sta Entially cross shape. In arranging the men 
ber 5. Within the tubular body member 33, the 
Opposite leg portions SE and 53 of the members 
53 and 58, respectively, are positioned within ? 
pair of dia.Inetrically opposed fins (36, whiie the 
leg portions 5a, and 58, are correspondingly pe. 
sitioned in another pair of cppositely positioned 
ins 36, the latter pair of ins baing angularly 
displaced approximately ninety degrees from the 
first pair of fins. As shown in Sig. the ieg 
portions 5 and Sla of the nembar 53, and the 
leg portion 58a of the member 50 each have a 
e di Section thereof removedi. On cosing of the 
Opan ends of the tubular raember 33 by cove: 
plates 36 and 66 (Fig. i.), therefore, to complete 
the assembly of the combustion chainber 25, a 
continuous passage 56 approximately four tinnes 
longer than the axial length of the combustion 
chamber is formed within the combustion charin 
ber. As is also shown in Fig. one end of the 
Spassage 58 is at the combustion chamber inlet 

Aà 
cylindrical shell or sleeve 68 is positioned about 
the fin ends 47 to form the air passages 20 which 
have been previously mentioned. Heat from the 
fins (36 may thus be radiated into the air passages 
29 to heat the air passing therethrough. 
The inlet 62 of the combustion chamber 25 

(Fig. 1) is of somewhat smaller diameter than 
75 the combustion passage 50 and is provided with 
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an inwardly extending flange portion 62 for sup 
porting the fuel conditioning unit 4 f. As shown 
in detail in Figs. 9, 10, and 11 the unit 
includes a substantially cylindrically shaped 
housing 63 of tubular construction having One 
end closed by a slanted wall portion 64 while its 
opposite end is open. The housing 63 is com 
prised of an air and fuel mixing chamber 56 lo 
cated at the closed end 64, and an equalizing 
chamber 6 arranged adjacent thereto. The wall 
portion 64 is located substantially opposite the 
inlet 69 to the chamber 66. Inlet 69 is formed 
with a suitable mounting portion for the fuel 
nozzle 2 which is connected at 72 with the fuel 
line 20 from the fuel pump 8. Supply air for 
combustion is admitted into the chamber 66 from 
the air supply chamber 39 through apertures 4 
arranged about the inlet 68 and apertures 5 
formed in the fuel nozzle 2. 
The equalizing chamber 67 is separated at one 

end from the mixing chamber 66 by a partition 
plate 76 which is positioned transversely of the 
housing 63 near the sloped end wall 64. The par 
tition member 6 is formed over its upper portion 
with a plurality of apertures 77 (only one of which 
is shown), communication between the chambers 
66 and 67 being only through these apertures. 
The slope of the end wall 64 is away from the 
member 76 so that a trough or pocket 78 is formed 
at the bottom of the unit 4 between the plate 
76 and the sloped wall 64 for a purpose to be later 
explained. The other end of the equalizing 
chamber 6 is separated from the combustion 
passage 50 by a heat insulating plate 9 posi 
tioned over the open end of the housing 63 but 
inwardly from such end so as to leave an annular 
rim or flange 82 projecting outwardly beyond the 
plate 79, as is clearly shown in Figs. 10 and 11. 
The insulating plate 79 is formed with a plurality 
of apertures 83 which are arranged in substan 
tially a complete circle near its peripheral edge, 
communication between the chamber 67 and the 
combustion passage 5 being accomplished 
through these apertures. 
As was previously mentioned, the air and fuel 

supplied to the conditioning unit 4 are at low 
pressures which are insufficient to properly 
atomize the fuel for mixing With the air. In One 
commercial embodiment of the heater the notor 

is rated at 3400 R. P. M. with 5.6 amperes. At 
this motor speed the fan 33 has a maximum out 
put of about 5 cubic feet per minute with a veloc 
ity pressure of approximately is inch of water. 
The corresponding output of the fan 23 with this 
Size motor is about 65 cubic feet per minute, 
with the discharge of the pump f 6 being about 
5 cubic centimeters per minute. It is thus ap 
parent, that the quantities of air and fuel sup 
plied by and the operating pressures of the fan 
33 and pump 6 are very low due to the limita 
tion in the size of the motor as determined 
by the electrical power available from the usual 
car battery. In order, therefore, to thoroughly 
mix the fuel and air under these operating con 
ditions, it is contemplated that the fuel and air 
be heated in the mixing chamber 66 to a tem 
perature which is sufficient to vaporize the fuel, 
with mixing resulting from such vaporization. 

This heating of the air and fuel is obtained by 
a heating and igniting unit 84, including a tube 
having a steel body portion 85 and a copper ex 
tension 86 of reduced Section. A resistance coil 
87 extends axially through the tube portion 85 
but spaced therefrom. One end 80 of the coil 
87 is connected with a locking and terminal screw 

3. 
88 which is positioned within the tube portion 
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6.but insulated therefrom by insulators 88a and 
88b. The opposite end 80a of the coil is grounded 
to the tube portion 85 near the free end thereof. 
Coil 8 is relatively stiff so that the support at 
its ends is sufficient to maintain the coil in a 
Spaced relation with respect to the inside of the 
tube body portion 85. However, further support 
is provided by a mica strip 90 or the like which 
is positioned within the coil. The mica strip 90 
is of flat shape and is formed with serrated sides, 
the coil being wound about the mica by a thread 
ing engagement of the coil with the serrations. 
The heating unit 84 extends axially of the hous 
ing 63 and across the chambers 66 and 67 and is 
Supported in the end wall 64 and partition mem 
bers 76 and 79, with the end 86 of the unit 
projecting outwardly from the wall 64. 

It is contemplated that the heating unit 84 
function also as an igniting means for the con 
ditioned fuel. This ignition of the fuel occurs 
near the coil end 80a and as a result of the heat 
projected outwardly from the tube portion 85 at 
Such end, the degree of ignition heat being deter 
mined essentially by the length of the coil 87 and 
being contemplated in the present invention to 
be about 1800 degrees Fahrenheit. The tempera 
ture in the mixing and equalizing chambers 66 
and 67, respectively, however, is at all times less 
than that which would effect an ignition or burn 
ing of the fuel within such chambers and is con 
templated to be about 300 degrees Fahrenheit. 
By virtue of this large temperature difference and 
a fine mesh screen 83a covering apertures 83, any 
burning of the fuel or flash back within the cham 
bers 66 and 67 is positively eliminated. 

Operation of the fuel conditioning unit 4 
at a temperature which is adapted to properly 
vaporize the fuel Supplied to the mixing chamber 
66 is accomplished by means of a combination 
magnetic and thermostatic switch unit which is 
mounted on the heating and igniting unit 86 at 
its reduced end 86 (Fig. 10). The combination 
magnetic and thernostatic Switch unit is of a 
preassembled construction and includes a copper 
supporting or base member 93 of tubular shape 
having an annularly extending fiange 94 at one 
end thereof. Stacked in succession axially of the 
copper tube 93 and against the annular shoulder 
96 are an aligning element 95, a bi-metal or 
thermostatic element 96, a copper washer 97, an 
insulator or mica washer 98, a conductor unit 39 
for the heating and igniting unit 84, a magnetii: 
or induction coil 00 mounted on but insiated 
from a spacer or core member 8, a mica, washer 
62, an iron washer 03, a conductor arm 4, 
a mica washer 65, a second coil unit (06 having 
a Spacing member OT, a conductor unit or switch 
arm 08 for the pump f6, a steel washer 09, a 
mica washer 0, and another steel washer f. 
All of the above defined parts mounted on the 
copper sleeve 93 are retained in their assembled 
position by peening the end 2 of the tube 93 
against the outside steel washer í í 1. That por 
tion of the Switch assembly included between the 
nica, Washers 98 and O is insulated from the 
copper tube 93 by an insulating sleeve 3 which 
may be formed of mica or the like. 
Assembly of the magnetic and thermostatic 

Switch unit with the fuel conditioning unit 4 
is accomplished by slipping the copper tube 93 
Over the reduced section 86 of the heating and 
igniting unit 84, the aligning member 95 being 
of a form to engage an annular recess 2A formed 
in the fuel nozzle 2. This engagement of the 
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member 95 with the nozzle 2 serves both to 
align the magnetic and thermostatic switch unit 
in a position relative to the other parts of the 
conditioning unit and also to maintain the fuel 
nozzle 2 in a supported position in the inlet 69. 
The switch unit is held in place on the tube end 
86 by locking means 88c threaded on the screw 
member 88. 
The battery switch arm 04 is of substantially 

straight form and is provided with contact points 
4 and 5 on opposite sides thereof, contact 5 

being engageable with a contactor 8 on the 
switch arm 99 for the heating and igniting unit, 
and the contact point 4 being engageable with 
a contact provided on the switch arm 6 for 
the pump 6. As shown in Fig. 10 contacts 5 
and 6 are normally closed while contacts & 
and are normally open. Although the Sup 
porting portions of the arms 99 and 98 are axi 
ally spaced a relatively large distance from the 
switch arm 09, because of the coil windings (6 
and ! 06 positioned therebetween, the upper por 
tions of the arms 99 and 68 are inclined in 
wardly toward the arm 4 so that all of the 
contacts 8- are relatively close together. 
Arm 04 is formed at the top thereof with an 
extension 8 which is engageable with the upper 
end of the bi-metal element 96, and specifically 
with an insulator portion 9 thereon. The bi 
metal arm 96, by virtue of its direct support on 
the end 86 of the heating and igniting unit 86 is 
immediately responsive to the heat conditions of 
the heating unit and is adapted to move toward 
the right, as viewed in Fig. 10, as the coil 8, be 
comes heated. On heating of the element 87, 
therefore, the conductor arm 6 is noved toward 
the right and out of contact with the arm 99 and 
toward the arm G8 as will be later fully ex 
plained. 

Energization of the heating and igniting unit 
38 is accomplished by its connection with a suit 
able electrical source such as a car battery 26 
(Fig. 5) the circuit from the battery including a 
conductor 22, a double throw main switch 32, 
conductors 23 and 23, switch arms G4 and 99, 
conductor 25, coil windings 3 86 and (36, con 
ductor f23, and coil 3, the circuit being con 
pleted to ground. Conductors 23 and 26 and the 
switch arm 883 are also common to the circuit 
for the fuel pump 5. This circuit from the 
switch arm 33 is completed through switch arm 
68, conductor 27, fue pump 3, conductor 23, 
breaker assembly 8, conductor 29 and Switch 
?22 to ground, The conductor 23 from the main 
switch 32 is also common to the circuit, for the 
motor f3, the motor circuit including further 
conductor 38, the arnature and field for the 
motor , conductor 3, conductor 32 and a 
variable resistance 33. The motor circuit, also 
includes a time delay switch 34 which is shunted 
about the Switch 22 and includes an induction 
coil 35 connected in Series between conductors 
3 and 32. This time delay unit will be later ex 

plained. 
In operating the heater the main control switch 

22 is initially closed to in turn close the circuit, 
for the motor i? and also the circuit for the 
heating and igniting unit 86 through the connec 
tions just described. This closing of the circuit 
for the heater element 82 energizes the induction 
windings 00 and 6 to magnetize the arms 99, 
i6? and 8. These arms, therefore, are con 
structed so as to be efficiently magnetized without 
impairing their conducting capacity. Because of 
this fact the battery switch arm (4 includes a 
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silicon steel portion f36 and a copper portion 
37; the silicon steel portion 38 being readily 
magnetized, and the copper portion serving to 
carry the current from the battery 20 to the 
switch arm 99. The switch arm 99 is similarly 
provided with a silicon steel portion 38 and a 
copper portion 39 and includes further a sta 
tionary magnetic carrier 4 composed of iron. 
This carrier increases the magnetic flux transfer 
from the coil 00 to the pole face 49 formed over 
a part of the silicon steel element 38. The Switch 
arm 08 includes a silicon steel portion 38' and 

A copper current 
carrying element for the switch arm 08 is not 
required since the current necessary to operate 
the pump f6 is relatively small compared to that 
needed for the coil 8. 

In the construction of the conductor arms 99 
and 68, the steel portions 38 and 38' are formed 
with pole faces 40 and 60', respectively, which 
are positioned opposite corresponding pole faces 
63 and 43' formed on the flux transfer elements 
4 and 8. In practice it is contemplated that 

the air gap between each pair of corresponding 
pole faces be about .005 to .020 inch. Since each 
magnetic carrier 4 and 43' functions to lower 
the reluctance of the magnetic path from a cor 
responding coil 60 and 6, respectively, to a 
pole face 60 and 40' respectively, the magnetic 
flux at such latter pole faces is greatly increased, 
by virtue of the flux transfer between the pole 
faces 80 and 83, and 40' and 43’. 
AS is clearly shown in Fig. 10 the coil cores ( ) 

and 6 are insulated at their adjacent ends by 
the mica, washers (2 and 95, respectively, from 
the battery arm 04, but are in magnetic con 
nection at their outer ends with the arms 9 and 

6, respectively. Thus on energization of the 
coils 60 and G6 the pole faces 46 and 49' are 
magnetically charged with like polarity, while the 
portion 4 ea of the arm (4 between such pole 
faces is charged with an unlike polarity. On 
closing of the main Switch 22, therefore, the 
arms 99 and 88 are magnetically attracted to the 
arrin 64 whereby to close the contacts (3 and 

and to magnetically lock the normally closed 
contacts 5 and G. Closing of the nain switch 
622, therefore, effects a substantially simultane 
ous operation of the fans 23 and 33, fue pump ÉS 
and heating and igniting unit 83. If on closing 
of the main switch 22 the circuit for the unit 3.3, 
for Some reason, does not become energized the 
Windings (803 and ( Ö6 are rendered inoperative to 
magnetically charge the switch arms 99, 364 and 
863 So that contact, 8 is not attracted toward 
the contact 3. The circuit for the fue pump 
f? thus remains open through the normally open 
position of the contact points 66 and so long 
as the coil 8, is not capable of being energized. 

Closing of the motor circuit provides for the 
closing of the time delay unit 33 by virtue of the 
energization of the winding 835 as will now! be 
Xplained (Fig. 5). The time delay or therino. 

Static and magnetic unit 33 is connected in the 
notor circuit by conductors (36 and 3 which 
are connected to conductors 2 and 23, respec 
tively. The winding 35, previously mentioned, 
is Wound on an iron core 43 which is mounted on 
One portion of a substantially C-shaped magnetic 
yoke 49. Suitably mounted SO as to extend over 
the gap 50 in the C-shaped yoke 89 is a bi-metal 
conductor armature 6. The armature 6 is 
connected at one end 52 to the yoke, but is 
insulated therefrom, the end 52 being connected 
also with conductor 46. The opposite end of the 
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armature has a contact 58 engageable with an 
insulated contact 54 mounted on the yoke 49 
and connected with conductor 47. On energiza 
tion of the winding 35, therefore, the yoke 49 is 
magnetically charged so that a high magnetic 
flux occurs at the gap 50 of the yoke. This 
magnetic flux is of sufficient intensity to attract 
the bi-metal armature 5 inwardly toward the 
yoke an amount Sufficient to close the contacts 
53 and 54, thereby also closing the motor circuit 
about the main switch 22. It is thus seen that 
the shunt circuit is closed substantially concur 
rently with the closing of the switch 22. How 
ever, when the Switch 22 is closed it acts to short 
circuit the shunt circuit. Although the motor 
circuit, therefore, is closed both through the 
Switch 22 and about such switch, but very little 
current flows through the shunt circuit during 
the normal Operation of the heater. From the 
above description it is seen that when the heater 
is started by closing the main Switch 22, the cir 
cuits for the heating and igniting unit 84, fuel 
pump 6, and motor 8, and for the Switch unit 
f34 in the motor circuit are all closed at substan 
tially the same time. 
On starting of the fan 33 and pump 6, respec 

tively, air and fuel is supplied to the chamber 66 
(Fig. 10), the nozzle 2 and air ports á being 
arranged to direct such air and fuel toward that 
portion of the unit 84 within the chamber 66 and 
the inclined end wall portion 66. The partition 
member 6 and the housing 63 for the fuel con 
ditioning unit és are provided in a suitable heat 
conducting material Such as copper so that the 
heat from the heating and igniting unit 84 is 
readily transferred to all portions of the condi 
tioning unit, the variation of the temperature 
within the chambers and their surrounding Walls 
relative to the heating unit 84 being about 10 
degrees Fahrenheit. Thus since the wall 64 is at 
substantially the same temperature as the heat 
ing unit 84, the fuel in the mixing chamber 56 is 
heated by its contact with both the unit 84 and 
the wall 64 to facilitate its mixing with the air. 
The resultant air and fuel mixture passes through 
the apertures in the partition plate 76 into the 
equalizing chamber 67 and thence through the 
perforations 83 in the insulated plate 79 into the 
end portion 82 where it is ignited by the heat at 
the end 80a of the heating unit 84. As the heat 
ing unit 84 continues in operation its temperature . 
increases to in turn increase the temperature in 
the chambers 66 and 67. 
As was previously mentioned, the difference in 

the temperatures of the chambers 66 and 67 and 
the heating unit 84 is only about 10 degrees 
Fahrenheit, so that the temperature of the unit 84 
is essentially the same as the temperature in the 
mixing chamber 66, which latter temperature is 
controlling in the conditioning of the fuel for 
burning. However, for convenience and clarity, 
only the temperature of the heating unit 84 will 
be referred to in the following description with 
respect to the action of the thermo-magnetic 
control switch. With the heating of the unit 84 
to a temperature of about 200 degrees Fahrenheit, 
the fuel contacting that portion of the heating 
unit in the chamber 66 and the end wall 64 is 
substantially immediately vaporized by the heat 
in these parts, the angular slope or inclination of 
the wall 64 deflecting the fuel against the parti 
tion wall 76 to further vaporize any remaining 
fuel particles. This vaporization of the fuel is 
accelerated somewhat by breaking up the fuel 
stream in the nozzle 2. This is accomplished by 
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the air from the supply chamber 39 passing into 
the nozzle through the apertures 75, this air en 
tering the chamber 66 with the fuel. Any raw or 
free fuel particles which are not immediately 
vaporized are collected at the bottom of the 
chamber 66 in the fuel trough or cavity 78. Be 
Cause of the heated condition of the partition 
wall 6 and end wall 64, the raw fuel thus col 
lected is additionally heated and is further ex 
posed to the warm supply air circulating within 
the chamber 66 to facilitate its passage into the 
chamber 6 in a vaporous form. Any passage of 
raw fuel particles into the equalizing chamber 6 
is thus substantially eliminated. The equalizing 
chamber functions to equalize the velocity flow 
and pressure of the mixture so that the mixture 
entering the portion 82 of the fuel conditioning 
unit 4 has substantially uniform characteristics 
and is free of any isolated rich or lean portions. 
During this period of operation the bi-metal 

element 96 moves slowly toward the right, as 
viewed in Fig. 10, moving the contact 5 away 
from the contact 6 and moving the closed con 
tacts 4 and toward the right. When the 
temperature of the unit 84 reaches a value of 
about 200 degrees Fahrenheit, which represents 
a minimum operating temperature at which the 
fuel is advantageously mixed with the air, con 
tacts 5 and 6 are opened by the action of the 
bi-metal element 96, the contacts 4 and 7 
continuing closed. Since the magnetic windings 
f00 and O6 continue to be energized only so lon 
as the circuit for the heating unit 88 is closed. 
it is apparent that opening of the contacts 5 
and 6 by the bi-metal arm 96 is against the 
magnetic attraction between the COInductor arms 
99 and 94. By virtue of this action of the arms 
99 and 04 an abrupt and clean break is ac 
complished between the contacts. 5 and 6, 
with the contact 5 being Suficiently removed 
from the contact 6 when the break occurs to 
prevent any fluttering action between these con 
tacts. Undesirable arcing between the contacts 
is thus entirely eliminated whereby to prevent the 
occurrence of any spark adjacent the mixing 
chamber and to prolong the Service life of the 
contacts. Also the circuit for the heating unit 
84 is thus positively controlled between very defi 
nite temperature limits. Since the arm 04 on 
opening of the circuit for the heating unit has 
been rinoved to the right by the action of the bi 
metal element 96, it is in a position to maintain 
closed the contacts 4 and 7. Thus with the 
circuit for the coil 8 open the contacts 4 and 

are held closed by the pressing action of 
the bi-metal element 96 and not by any magnetic 
attraction between the arms 4 and 08. The 
fans 23 and 33 and pump 6 thus continue in 
operation after the circuit for the coil 87 is opened 
by the thermal element 96. 
The operation of the heater with the circuit 

of the heating unit 84 deemergized continues until 
the temperature of the heating unit 84 falls be 
low about 200 degrees Fahrenheit. When this 
temperature drop occurs the bi-metal element 
96 is cooled and moved toward the left, as viewed 
in Fig. 10, an amount sufficient to permit a clos 
ing of the contacts 5 and 6 without opening 
of the contacts 4 and f, these contacts be 
ing immediately magnetically locked by virtue of 
the energization of the windings OO and 06. 
On closing of these contacts, the circuit for the 
heating unit 84 is closed, the fuel pump 6 and 
air fans 22 and 33 continuing in operation, the 
contacts f4 and 7 in the fuel pump circuit 
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35, therefore, the switch unit 34 may be adapted 
to delay the opening of the motor circuit for any 
desired period of time, a time of two minutes 
being used in the above-noted commercial em 
bodiment. - 

The continued operation of the motor 4, after 
the fuel pump 6 and heating unit 84 have been 
deenergized, operates the fan 33 SO as to exhaust 
any combustible mixture which might be in the 
combustion chamber on opening of the main con 
trol switch 22. Since the mixture which remains 
in the combustion chamber is usually burned at a 
slow rate by the residual heat in the chamber, 
burning proceeds with an odor which is very dis 
agreeable. A continued operation of the fan 33, 
therefore, entirely eliminates any after-burn 
ing of residual mixture portions and further 
eliminates any possibility of a later explosion in 
the heater on subsequent starting thereof. It is 
seen, therefore, that the armature. 5 of the 
combination magnetic and thermostatic unit 3 
is magnetically locked in a closed position on 
closing of the motor circuit by the switch 22 
and that it remains magnetically locked until 
moved to its open position in response to the 
heat produced by a current flow therein. Because 
of this construction the action of the armature 
in stopping the motor A is very positive, since 
the contacts 53 and 54 are immediately widely 
separated when the armature is opened. This 
positive action is assured further by an insulat 
ing stop 58 mounted at one side of the yoke gap 
50. The stop 58 prevents the armature 5 

from moving to its closed position except when 
it is so moved by the magnetic pull at the gap 
50. Heating of the armature thus functions 

only to open the armature, its closing being ac 
complished entirely by the magnetic attraction 
at the gap 50. 
From the above description and consideration 

of Figs. 1 and 5, it is clearly apparent that the 
rate of operation of the fans 23 and 33 and fuel 
pump 16 depends on the speed of the motor í 4. 
In the operation of these parts, it has been found 
that when the Speed of the motor is decreased 
the rate at which air is discharged or displaced . 
by the fans 23 and 33 decreases proportionately 
faster than the rate at which fuel is discharged 
from the pump 6. In other words, the fuel 
to air ratio as provided by the pump 6 and fan 
33, increases directly with a decrease in the moto' 
speed so that the richness of the mixture in the 
heater increases as the motor Speed is reduced. 
Since the rate at which air and fuel is supplied 

to the combustion chamber varies directly the 
potential heat output of the heater, manual 
means are provided to control the motor speed to 
in turn control the temperature in the space being 
heated, which in this instance, is the car compart 
ment 28 (Fig. 8). As was previously mentioned, 
the circuit for the notor A includes a resistance 
33. By moving a grounded control arm 62. 
across the resistance 33 the speed of the motor 
14 may be varied in an obvious manner, the motor 
Speeds being designated at the resistance 33 as 
high, medium and low. The switch unit 34, main 
switch 22 and motor rheostat control 33-- 62 
are included within a single housing 63 as shown 
in Fig. 8, which is supported on the dash 64 of 
the automobile. A control knob 65 mounted on 
the outside of the housing 63 may be arranged to 
concurrently control the operation of both the 
switch 22 and the rheostat arm f 62. Thus When 
the unit is first started the arm 62 is moved to a 

7 
position of maximum or high motor speed with 
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20 

the desired reduction in the speed of the motor for 
starting purposes being accomplished entirely by 
the resistance R in the conductor 23. On the 
cutting out of the heating unit 84 by the action of 
the thermo-magnet control switch (Fig. 10) the 
motor f4 operates at its maximum speed to in turn 
Supply a maximum amount of air and fuel to the 
heater. The heater thus operates with a maxi 
imum potential heat output. As the temperature 
in the car compartment 28 increases the control 
knob f65 is actuated to move the arm 62 to the 
medium or low speed motor position to in turn 
decrease the amount of air and fuel supplied to 
the combustion chamber and the available heat 
from the heater. This reduction occurs concur 
rently with a reduction in the amount of air being 
circulated through the passages 24 by the fan. 23. 
Thus not only is the temperature of the heated air 
reduced, but its quantity is also reduced so that a 
double control of the temperature is obtained by 
the Single control of the motor f4. 
From a consideration of Fig. 8 it is seen that the 

control circuit of Fig. 5 requires three lead wires 
from the housing 63 to the heater, namely, con 
ductors 29, 23, and 3 . A modified form of this 
circuit is shown in Fig. 7 in which but two leads 
are needed to completely connect the heater with 
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the Switch mechanism in the housing 63. Since 
the two circuits are similar in many respects, 
similar numerals of reference shall be used to 
designate similar parts. The circuit for the motor 
4 from the battery f2 includes a conductor 66, 

switch 22, conductor .68, resistance control arm 
f62, conductor .69 and a ground conductor. 70. 
The circuit for the coil 8 of the heating unit from 
the battery 20 includes conductor 66, switch 
22, conductor Ti, control arms 04 and 99, coii 
windings 00 and 06, conductor T2 and ground 
conductor 73. The circuit for the fuel pump 6 
is common with that of the coil 87 up to the con 
trol arm 04, the circuit from the control arm 04 
comprising the control arm 08, conductor 67, 
breaker assembly 8 and ground conductor 74. 
On closing of the main switch 22, therefore, the 
motor 4, pump 6, and heating coil 87 are simul 
taneously energized, the switch arms 99, G4 and 
08 operating at all times in the manner above 

fully described in connection with Figs. 5 and 10. 
As illustrated in Fig. 7 the circuit for the motor 

f4 includes a time delay unit 75 which is shunted 
about the switch 22 by conductors 76 and 77, 
the conductors 77 and 76 being in series con 
nection with the time delay unit 75 and with the 
motor resistance 33. The time delay unit in 
cludes a bi-metal conductor arm í 78 connected at 
one end to an insulator block 79 and having a 
contact 8 and a pole face f82 in spaced relation 
near its opposite end. A mating conductor arm 
83 is also secured at one end to the insulator 
block 79 and is provided at its opposite end with 
a contact 8 f' and pole face 182’. Each pole face 
82 and 82' is comprised of a permanent magnet 
which may be composed of Alnico or other like 
material. The relative spacing between the con 
tacts 8 and 8' is such that contact is made 
therebetween without any contact being made bel 
tween the polefaces 82 and 82. 
In the operation of the control circuit of Fig. 7 

it is contemplated that the control knob 65 be 
provided with a radially extending portion 8. 
With rotation of the control knob 65 in a clock Wise direction, as viewed in Fig. 7, the projection 
8 engages the bi-metal conductor 78 and moves 
the pole faces (82 and 82 into magnetically at 
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closes the contacts 8 and 8' thereby closing 
the shunt circuit, the circuit being retained closed 
by the magnets 82 and 82" regardless of later 
movement of the projection 84 out of engage 
ment with arm 78 during the normal rotation of 
the knob 65 to control the heat output of the 
heater. 
The shunt circuit is thus closed concurrently 

with the closing of the circuits for the heating 
coil 87, fuel pump 6 and motor 4 by the switch 
g22, the control knob 66 functioning also to 
operate the switch 22. The switch 22, how 
ever, serves to short-circuit the time delay unit 
T 3 so that but little current flows therethrough 
during normal heater operation. On opening 
of the main switch 22 by the control knob 66, 
the projection 84 is moved to a position out of 
engagement with the contact armi 8, the con 
tacts 8 and 8' remaining closed by virtue of 
the magnetic attraction between the pole faces 
82 and '82". 
operation after deemergization of the pump 8 
and the heating coil (37. However, since opening 
of the switch 22 increases the current flow 
through the time delay unit 3 and hence 
through conductor arrin 8, the arm becotes 
heated. This heating of the bimetal arm 3 
continues until it is sufficiently file:ed to Cver 
cover the magnetic attraction between the pole 
faces 32 and 82', at which time the contacts 
G 3 and 8 ' are opened, thus opening the cir 
cuit for the motor 3. In some instances the 
bidi-metal arn 78 may be somewhat agging - i Yn 
its movement to open the contacts G 38 and 33. 
This possible action of the arm G, G is entirely 
eliminated by the arrangement adjacent there 
to of a heater coil H, which is connected in Sea 
ries with the arns 3 and 83. 
By virtue of the calibrated resistance R in 

the conductor 36 the circuit of Kig. 7 also func 
tions to provide for an automatic cholking effect 
in the heater on energization of the heating coil 
87. it is to be understood also that the motor 

(3 is common in the operation of the fuel purap 
6 and of the air fans 23 and 33 so that the neat 

output of the heater is varied directly by move 
ment of the knob 65 to its various heat control 
positions indicated as high, low and medium. 
A further modified form of control circuit 

adapted for use with the heater of this inven 
tion is illustrated in Fig. 6. This control circuit 
is substantially similar in all respects to the con 
trol circuit in Fig. 7 except for the Substitution 
of a pump relay unit 86 for the winding 6 of 
the thermo-magnetic switch unit. The pump 
relay unit 3 includes a magnetic yoke 3. 
which is magnetically charged by an induction 
winding 888 connected in series in the conductor 

. The yoke member 8 is of substantially 
C-shape, a conductor armature 89 being con 
nected at one end of the yoke in a manner to 
extend over the gap formed therein, a contact 
9 at the free end of the armature being adapt 

ed for engagement with a contact 92 connected 
by conductor 93 to conductor 6 of the fuel 
pump circuit. The circuit through the pump 
relay unit 86 is completed by connection of the 
conductor 7 directly with the yoke member 
8 as at 95. 
On closing of the main Switch 22, therefore, 

the motor 4, the heating coil 8 and the fuel 
pump 6 are simultaneously energized, the ener 
gization of the coil circuit providing for the mag 
netic closing of the armature 89 and a Conse 

The motor & thus continues in 
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tractable positions. This magnetic attraction quent closing of the contacts 9 &nd 92 to 
close the fuel pump circuit. Thus om initiation 
of heater operation, the fuel pump circuit is 
closed through the pump relay 36 and while 
the switch arms 104 and 68' are still in an 
open position. However, when the thermal elle 
ment 98 is sufficiently heated to move the arms 
a 64 and 08' into contact, the circuit for the 
pump 6 is completed through these two Switch 
arms so that later deemergization of the coil 
87 on the opening of the arms 08 and 99 in re 
sponse to movement of the thermal element 96 
does not affect the operation of the fuel pump 
6. The fuel pump 8, therefore, remains in 

operation at all times during normal heater op 
eration; 
On opening of the main switch 22, the heat 

ing coil 87 and the pump 8 are immediately 
shut down, but the motor 4 continues in oper 
ation for a predetermined time by virtue of the 
time delay unit 73 fully described above. The 
pump relay unit 886, therefore, operates only to 
eliminate any time delay in the starting of the 
pump at the time the heater is started, and is 
entirely short-circuited as soon as the switch 
arms 64 and 03' make contact. It is con 
templated that the coil é83 besuch that the load 
of the coil 8 is necessary to sufficiently energize 
the yoke 8 for magnetically closing the arm&- 
ture 888. 
The invention thus provides a li heter of 

internal combustion type whose Control is el 
tirely electrical and which can be operafied fr'Oiºn 
a small source of electrical energy such as the 
usual car bettery. Control of tie heater is ac 
complished entirely by a compact uni, located 
on the automobile dashboard, while the heater 
as a unit may be mounted in a plurality of po 
sitions about the vehicle passenges coil part 
ment. All of the heater parts &re completely 
enclosed within a single housing neans and con 
nections for the operation of the heater 8.3'e re 
quired only to a source of fuel and electrical slip 
ply. The unit is compact and rugged in con 
struction, inexpensive to manufacture so as to 
be commercially available at low) cost, and 
adapted for operation on any automobile re 
gardless of the type of such automobile. This 
is due to the fact that the heater Operates en 
tirely independently of the automobile engine, 
and does not depend for its operation on any 
predetermined suction or force pressure provided 
by Such engine. The relative temperature values 
used in the above description are representative 
of one type of fuel, and of course will vary for 
different kinds of fuel. Although the invention 
has been described and illustrated specifically 
With reference to an automobile, it is to be un 
derstood that it may also be used in the heating 
of trailers, small workshops, and the like. It is 
also apparent that the heater parts may be rela 
tively changed in size to increase the heat out 
put of the heater so that it can be utilized for 
domestic heating purposes. 

It is to be understood also that only preferred 
embodiments of the invention have been illus 
trated and described herein, and that altera 
tions and changes therein may be made which 
are within the full intended scope of this inven 
tion, as defined by the appended claims. 

claim: 
1. Ir a heater of internal combustion type hav 

ing a combustion chamber with an inlet, a fuel 
conditioning unit located at said inlet and having 
an air and fuel mixing chamber and an equaliz 
ing chanber therein, with said latter chambar 
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being arranged between the inlet of said combus 
tion chamber and said mixing chamber, perfo 
rated partition members at each end of Said 
equalizing chamber, a combination heating and 
igniting unit supported in Said partition members 
and having a heating portion in said mixing and 
equalizing chambers and an igniting portion near 
the inlet of said combustion chamber, said heat 
ing unit being adapted to cause the fuel in Said 
mixing chamber to be heated to a vaporizing 
temperature for mixing with Said air so that Sub 
stantially all of the mixture is in a vaporous form 
when it passes into said equalizing chamber, 
whereby the heat in said equalizing chamber re 
tains said mixture in its vaporous form, and 
means for carrying a portion of the mixture from 
Said equalizing chamber to the igniting portion 
of said combination unit, whereby the mixture 
from Said latter means is ignited by said igniting 
portion to initiate burning of the remainder of 
the mixture passing from said equalizing chamber 
into said combustion chamber. 

2. In a heater of internal combustion type, a 
tubular combustion chamber having the inner 
surface thereof formed with longitudinally ex 
tending angularly spaced cavities with openings 
in Communication with Said combustion cham 
ber, each of said cavities having the longitudi 
nally extending sides thereof converging together 
to form a slit-like opening, and means for sup 
plying a Substantially completely vaporous mix 
ture of air and fuel to said combustion chamber 
for burning adjacent Said cavities, whereby any 
fuel particles in Said combustion chamber will 
collect in said cavities and be vaporized by the 
heat therein. 

3. In internal combustion heating apparatus 
provided with a combustion chamber, a fuel con 
ditioning and ignition unit including a tubular 
member, means including a perforated partition 
wall for dividing the space within said member 
into a fuel and air mixing chamber and an 
equalizing chamber through which the mixture 
of fuel and air is transmitted from said mixing 
chamber into said combustion chamber axially 
of said tubular member, an ignition element dis 
posed adjacent the outlet end of said equalizing 
chamber, and a member, partially housing said 
ignition element and having an opening in the 
wall thereof through which a portion of the fuel 
and air mixture traversing said equalizing cham 
ber is directed into engagement with said ignition 
element for ignition. 

4. In internal combustion heating apparatus 
provided with a combustion chamber, a fuel con 
ditioning and ignition unit including a tubular 
member, means including a perforated partition 
wall for dividing the space within said member 
into a fuel and air mixing chamber and an 
equalizing chamber through which the mixture 

9 
of fuel and air is transmitted from said mixing 
chamber into said combustion chamber axially 
of said tubular member, an ignition element dis 
posed adjacent the outlet end of said equalizing 
chamber, and a second tubular member sur 
rounding said element and having an end which 
opens into said combustion chamber, said mix 
ture being adapted to surround said second tubu 
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lar member and to flow into said combustion 
chamber axially thereof, said second tubular 
member having One opening in the wall thereof 
through which a portion of the mixture travers 
ing said equalizing chamber is directed into en 
gagement with said ignition element and having 
a second opening in the wall thereof at a point 
outside of said equalizing chamber through which 
a portion of the mixture entering Said combustion 
chamber is directed into engagement with Said 
ignition element. 

5. In internal combustion heating apparatus, 
means defining a tubular combustion chamber 
having the inner surface thereof formed with 
longitudinally extending angularly spaced cavi 
ties with openings in communication with said 
combustion chamber, each of Said cavities hav 
ing the longitudinally extending sides thereof 
converging together to form a slit-like opening, 
means for supplying a substantially completely 
vaporous mixture of air and fuel to said combus 
tion chamber for burning adjacent said cavities, 
whereby any fuel particles in said combustion 
chamber will collect in Said cavities and be va 
porized by the heat therein, and a partition struc 
ture for dividing said chamber into a plurality of 
passages and including walls each having an edge 
portion held between the converged edge portions 
of the sides of One of Said cavities. 

6. In internal combustion heating apparatus, 
means defining a tubular combustion chamber 
having the inner surface thereof formed with 
longitudinally extending angularly spaced cavi 
ties with openings in communication. With said 
combustion chamber, each of said cavities hav 
ing the longitudinally extending sides thereof 

45 converging together to form a slit-like opening, 
means for supplying a substantially completely 
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vaporous mixture of air and fuel to said com 
bustion chamber for burning adjacent said cav 
ities, whereby any fuel particles in said combus 
tion chamber will collect in said cavities and be 
vaporized by the heat therein, and a partition 
structure dividing said chamber into a plurality 
of fluid.cqnnected passages and including a plu 
rality of V-shaped members joined at their 
apexes centrally of said chamber and provided 
with walls each having an edge portion held be 
tween the converged edge portions of the sides of 
one of said cavities. 
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