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This invention relates to fuel combustion and 
as one of its objects aims to provide novel appa~ 
ratus with which the combustion of a ?uid fuel, 
and particularly a liquid fuel, can be carried out 
in a more eflicient and satisfactory manner than 
has ‘been possible heretofore. 
Another object of this invention is to provide 

an improved combustion and heating apparatus, 
wherein a thermoelectric generator is supplied 
with heat by the operation of a fuel burner and 
its electrical output drives air impelling means 
which operates to supply combustion air to the 
burner in a manner to accomplish an automatic 
control function. 
Another object of the present invention-is to 
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provide a novel fuel burning apparatus involv- ‘ 
ing the use of a thermoelectric generator which 
is supplied with heat by the operation of the 
burner and whose electric output drives an air 
impelling device which is operated so that air 
delivered thereby will be supplied to the burner 
as combustion air and the volume of the air thus 
supplied will be varied automatically by the action 
of the thermoelectric generator so as to suit the 
requirements of the burner. 
A further object of the invention is to provide 

va novel apparatus of this character, in which the 
burner is hollow and the thermoelectrically op 
erated air impelling means causes a flow of air 
through the burner in a direction toward the 
thermopile of the generator. 
Another object of the invention is to provide 

a novel apparatus of the character referred to, 
in which the burner is a liquid fuel burner em 
bodying a fuel pot and the thermoelectrically : 
operated air supply means causes a ?ow of air 
across the pot and toward the thermopile of the 
generator. ‘ 

Another object of this invention is to provide 
a novel fuel burning and air heating apparatus 1 
involving the use of a thermoelectric generator 
whose electrical output drives air impelling means 
which Operates to supply combustion air to the 
burner as well as to cause a flow of air to be 
heated, through the apparatus, and in which the - 
supply of fuel to the burner is continually modu 
lated by temperature responsive means such that 
the operation of the apparatus can be controlled 
automatically in response to a single variable 
function. - 

Still another object of the present invention is 
to provide an improved'fuel burning unit for de 
livering a burning fuel and air mixture into the 
combustion chamber of a heating apparatus and 
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in which a~hollow burner communicates with the 55 

, 2 
combustion chamber through a hollow thermo 
pile and an air impellingmeans operated by elec-‘ 
tric current from the thermopile causes a flow of 
air through the'burner in a direction toward the 
thermopile and combustion chamber. 
The invention can be further brie?y summar-l 

ized as consisting in certain novel combinations 
and arrangements of parts hereinafter described 
and particularly set out in the appended claims. 
In the accompanying sheets of drawings 
Fig. l isa vertical section, somewhatidiagram 

matic in character, showing one form of the im 
proved combustion apparatus of this invention; 
and . 

Fig. 2 is a vertical sectional view similar to Fig. 
l but showing a form of the invention in which 
the air impelling means supplies air to both the 
fuel burner and the heating apparatus. 

Fig. l of the drawings shows an embodiment of 
the invention in which a combustion unit 50 is 
being used for supplying heat to the combustion 
chamber 56 of a conventional hot air furnace 52. 
The furnace is shown in this instance as having 
an outer housing 53 disposed around the combus— 
tion chamber or airheater 5|. so as to provide a 
passage 51% therebetween for an upward ?ow of the 
air to be heated. The housing 53 of the furnace 
may be connected with the rooms or spaces to be 
heated, as by means of the hot air conduits 55 
which communicate with the rooms through suit 
able registers 55. The combustion chamber if 
has an inlet opening 5'! thereinto and is provided 
with suitable internal baf?es 58 and a smoke pipe 
or flue connection 59. The housing 53 has inlet 
openings or louvres 53a adjacent the bottom 
thereof for an inflow of the air to be heated and 
the air which is supplied to the burner 2! by the 
impelling device 26. 
The burner unit 50 includes an elongated outer 

housing 20 and a hollow burner 2| disposed in the 
housing and spaced from the wall thereof so as 
to provide an annular air Space or passage 22 
therebetween. The housing and burner are con 
nected with and supported by a plate or frame 
member 23 which forms. a transverse inner or 
upper end wall for both the housing and the 
burner. The frame member 23 is provided with 
an‘ opening 24 which forms an outlet opening 
for the hollow burner 2| and is disposed in sub 
stantial alignment with the inlet opening 57 of 
the combustion chamber 5| of the hot air fur 
nace 52. The outer or lower end of the housing 
20 is provided with one or more air inlet open 
ings 25 which communicate with. the air passage 
22. 
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The unit ill also includes, as an important part 
thereof; an electric air impelling device 24 which 
supplies combustion air to the burner 2| in the 
manner hereinafter explained. In this instance 
the air impelling device comprises an electric 
motor 21 and a fan or blower 28 driven thereby. 
The motor is here shown as being mounted on the 
lower end wall of the housing 20 with its shaft 
extending into the housing substantially coaxially 
thereof. The fan 28 is mounted on the motor 
shaft so as to be located in the lower end portion 
of the housing 20 just inwardly of the air inlet 
openings 25. 
The burner 2| comprises a hollow burner mem 

ber or body 2“ which is here shown as being 
tubular or cylindrical in shape. The side wall of 
the hollow burner is provided with. numerous 
openings or perforations 30 for a flow of com 
bustion air from the space 22 into and through 
the burner toward the outlet opening 24. At its 
lower end the hollow burner is closed by a trans 
verse end or bottom wall 2|b which, in this in 
stance, is shown as being imperforate. when the 
combustion unit 5|! is adapted for use in an up 
right position as here shown, a fuel pct 60 is 
formed by the closed lower end 2ib of the hollow 
burner member 2!“, 
The fuel to be burned in the unit 50 is prefer 

ably a liquid fuel, although gaseous fuel could 
be burned if desired. A supply of the liquid fuel 
is contained in a suitable tank or reservoir 32 
and is fed therefrom to a float chamber 33 hav» 
ing a suitable inlet. The inlet is controlled by a 
valve which is actuated by a ?oat, so that a de 
sired fuel level will be maintained in the ?oat 
chamber. The ?oat chamber 33 is connected 
with the pct 60 of the burner 26 by conduits 3i 
and 62 having therebetween. a valve St for con 
trolling the rate at which fuel is to be fed from 
the float chamber to the pot. The float cham 

V This combustion unit can be mounted on the bot 
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her 33 is located at an elevation relative to the , 
pot 3i such that it will maintain a safe fuel‘ 
level in the pot in the event that the control 
valve 6! remains open. 
Another important part of the combustion unit 

50 consists in the thermoelectric generator or 
thermopile 48 which utilizes heat from the burn 
er 2i and generates electric current for the op 
eration of the air impelling device ‘Bil. In the 
embodiment of the invention illustrated in Fig. 1 i 
the thermopile is v located between the outlet 
opening 24 of the burner 25 and the inlet open 
ing 51 of the combustion chamber SL The ther 
mopile 40 may comprise a tubular member 4| 
formed of refractory and electrically insulating 
material and a plurality of thermocouple ele 
ments, or groups of elements, 42 supported by the 
tubular member and extending through the wall 
thereof. The thermocouple elements 42 are con 
structed of suitable metals of a dissimilar char 
acter so as to provide groups of hot and cold ther 
mocouple junctions 43 and 44. The hot junctions 
43 are spaced along and around the inside of the 
tubular member 4| and the cold junctions 44 are 
spaced along and around the outside of this 
member. The thermocouple junctions are electri 
cally connected in series, and the electric motor 
21 of the air impelling device 26 is connected with 
the terminals of the thermopile by the pair of con 
ductors 45. 
The combustion unit 50, as above described, can 

be in the form of a self-contained unit or assem 
bly, in which the thermopile 40 is supported by 
the frame member 23 and is held thereagainst by 
the retaining plate 46 and the clamping bolts 41. 
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tom wall of the combustion chamber II, as by 
means of the extensions 41' of the bolts 41, so that 
the air impelling device 26, the hollow burner 2| 
and the thermopile 44 are in substantial coaxial 
alignment with the inlet opening 51 of the com 
bustion chamber. ' 
In the operation of the above described com 

bustion unit 50, some of the liquid fuel is allowed 
to collect in the pct 60 and is ignited to cause an 
initial heating of the pot and the adjacent burner 
structure. After this initial heating, the fuel be 
ing supplied to the burner unit flows or drips onto 
the bottom of the heated pot from the conduit 62 
and becomes vaporized and mixed with air which 
enters through ‘the the openings 30. The fuel and 
air mixture burns with a. sustained ?ame, and 
the flame and combustion gases are delivered 
from the burner through the outlet opening 24 
and through the thermopile 40 into the combus~ 
tion chamber 5|. 
The ?ame and gases passing through the ther 

mopile 40 heat the inner junctions 43 while the 
outer junctions 44 are cooled by the surrounding 
?ow of air in the passage 54. This temperature 
differential causes electric current to be generated 
in the thermocouple junctions and to be supplied 
to the electric motor 21 of the air impelling device 
26. The rotation of the fan 23 by the electric 
motor 21 causes an in?ow of air through the open 
ings 25 into the air space or passage 22. The only 
outlet from the passage 22 is provided by the per 
forations 30 of the burner 2| and hence the air be 
ing moved by the fan 28 ?ows through these per 
forations into and through the burner in a direc 
tion toward the outlet opening 24 and the thermo 
pile 48. The air thus ?owing through the burner 
also flows over or across the pot 6E! and becomes 
thoroughly mixed with the fuel vapors issuing 
from the pot. 
In the fuel burning apparatus provided by this 

invention an important automatic control func 
tion is obtained by reason of the use of 
the thermoelectric generator at for operating 
the air impelling device 26. This thermoelectric 
generator cooperates with the burner in such a 
manner that it tends to maintain the burner at its 
most efficient operating condition in which the 
correct amount of combustion air is supplied and 
in which the fuel and air mixture is ef?ciently 
burned. In explanation of this automatic control 
function it is pointed out that if the combustion 
air being supplied by the impelling device 26 is 
in excess of that needed for the amount of fuel 
being fed to the burner, the excess air will cause 
a decrease in the temperature to which the inner 
junctions 43 of the thermopile are heated and 
this will cause a corresponding decrease in the 
electrical output of the thermoelectric generator. 
The decreased output of the thermoelectric gen 
erator will cause a decrease in the speed at which 
the fan 28 is driven by the motor 21 and the sup 
ply of air to the burner will be thereby decreased 
until it is the correct amount for the amount of 
fuel being fed, whereupon a stable and efficient 
operating condition will ‘be maintained. 
-If. the amount of air being supplied by the im 

pelling device 26 is too small for the amount of 
fuel being fed, the fuel will be burned with a 
relatively shorter ?ame, and therefore. in more 
direct contact with the inner junctions 43 of 
the thermopile. This will result in an increase 
in the electrical output of the thermoelectric 
generator and a corresponding increase in the 
speed of the fan 28 and the volume of air be 
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ing supplied to the burner. Because of this au 
tomatic control function of the thermoelectric 
generator the volume of air being supplied to the 
burner will be automatically varied as changes 
occur in the operation and heat output of the 
burner and the thermoelectric generator will at 
all times tend to maintain a stable operating 
condition in which the correct amount of air is 
being supplied for an efficient combustion of the 
fuel. - 

As shown in Fig. 1 the control valve 6i of the 
fuel supply line 52 leading to the pot 60 is an 
automatic valve actuated by means of an ex 
pansible and contractable bellows 63 which is 
connected with a temperature responsive bulb 

ed in the room or space being heated by the’ 
furnace 52 so that the setting of the valve 6i 
will be automatically controlled in relation to 
a desired operating condition for the combustion 
unit. Thus the variation in the extent of open 
ing of the valve bl in response to changes in 
the temperature of the room being heated con 
tinually modulates the supply of fuel to the 
burner. 
In the modi?ed form of the invention illus 

trated in Fig. 2, the drawings show a combustion 
unit 92 which is generally similar to the com 
bustion unit 50 of Fig. 1 and is located in an 
upright relation for serving a heating apparatus 
which, in this instance, is a warm air furnace 
lit. The furnace 93 is similar to the warm air 
furnace 52 of Fig. 1 with the exception that it 
is provided adjacent the bottom thereof with a 
transverse wall~ or partition 96 which has an 
opening 95 located beneath the combustion unit 
92. The air inlet openings or louvres 95 of the 
furnace housing 53 are located below the par 
tition 9!; so that the air which enters the fur 
nace through these louvres is required to pass 
upwardly through the opening 95 in order to 
reach the combustion unit 92 and the air 
heater 5%. 
In the combustion unit 92 the lower end of the 

housing member 2b is open and is disposed in 
adjacent, substantially coaxial, relation to the 
opening 95 of the partition 86. An electric air 
impelling device 98 is located beneath the open 
end of the housing member 20 and operates to 
supply combustion air to the burner 25 and to 
also supply air to be heated to the air heater 5!. 
The impelling device 95 comprises an electric 
motor Q5, which is connected in circuit with the 
thermopile 50 so as to be driven therefrom, and 
a propeller fan mil connected with the motor 
shaft and located in the opening 95 of the par 
tition 9d. The fan we is of a size or capacity, 
such that when its motor 99 is driven from the 
thermopile lib, a portion of the air stream de 
livered thereby will ?ow into the housing Bil and 
will be supplied to the burner 28 as combustion 
air, and another portion of the air being de 
livered will flow upwardly in the furnace housing 
53 in surrounding relation to the air heater 50 
so as to be heated by the latter before passing 
upwardly through the ducts 55. 

Since the air impelling device 98 is driven by 
electric current from the thermopile dd, it will 
be seen that the speed of this device will be 
automatically varied in accordance with changes 
occurring in the operating condition of the 
burner 2! in the manner previously explained 
above and, as a result thereof, the volume of 
combustion air being supplied to the burner and 
the volume of air being supplied to the air heater 

Gil by the tubing 85. The bulb 66 can be locat-ag 
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6 
58 will be automatically maintained at values ap 
propriate for the operating condition of the 
burner and the rate at which the fuel is being 
supplied thereto. 

In the form of the invention disclosed in Fig. 
1, it should be noted that the housing 20 serves 
as a con?ning and directing means for the air 
delivered by the thermoelectrically operated air 
impelling means 26, such that substantially all 
of the air delivered by this impelling means will 
be supplied to the burner 2i as combustion air. 
Moreover, since the impelling means 25 is located 
on the side of the burner opposite from the out 
let opening 24, the air thus supplied will be made 
to move through the burner in a direction toward 
the outlet opening and thermopile. This direc 
tion of movement for the air will also cause the 
flame and combustion gases to be directed or car 
ried into the combustion chamber of the appa 
ratus being heated. In Fig. 2 the housing 20 of 
the combustion unit 92 serves to con?ne and di 
rect only a portion of the air delivered by the 
impelling means 98 since, as explained above, the 
impelling means also acts'to impart movement 
to the air which is to be heated. 
In the two forms of the invention herein dis 

closed natural draft is used in initially starting 
up the burner, and although the natural draft 
effect provides for only a small flow of combus 
tion air it is sufficient for the burning of enough 
fuel to cause the thermopile to start producing 
electric current.- Once the thermopile starts de 
livering electric current and the electrically 
driven air impelling means starts to function, the 
increased supply of combustion air and the re 
sulting increasein the output of electric current 
are cumulative in effect and in a very short time 
interval the thermopile will reach its rated out 
put for a given rate of fuel supply and the air im 
pelling means will then be driven at a speed to 
deliver a full ?ow of combustion air to the burner 
for the given fuel supply rate. When the air im 
pelling means has reached its maximum speed for 
the given fuel supply rate, the volume of com 
bustion air then being supplied by natural draft 
will be such a small factor in relation to the 
forced draft action of the air impelling means, 
that it can be ignored. In the case of the form 
of the invention shown in Fig. 2, the air impelling 
means also delivers air to be heated in streams 
whose volumes will be substantially in proportion 
to the given fuel supply rate. 
From the foregoing description and the accom- , 

panying drawings it will now be readily under 
stood that this invention provides an improved 
construction for a fuel burning unit in which 
the air impelling means for supplying combus 
tion air to the burner is operated by electric cur 
rent generated thermoelectrically, and hence, the 
unit is not dependent upon an available external 
source of electric current but can be used in 
rural areas or other remote places where there is 
no such available external source of electric cur 
rent. Moreover, it will be seen that the use of 
the thermopile'for operating the air impelling 
means provides for an automatic control func 
tion which tends to maintain a stable and eiii 
cient operating condition for the unit and in 
which the supply of fuel to the burner is con 
tinually modulated by temperature responsive 
means such that the operation of the apparatus 
can be controlled automatically in response to 
a single variable function. 
Although the improved fuel burning appa 

ratus of the present invention has been illus 
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trated and described herein in considerable de 
tail, it should be understood that the invention 
is not to be regarded as correspondingly limited 
but includes all changes and modifications com 
ing within the scope of the appended claims. 
Having thus described my invention, I claim: 
1. In heating apparatus of the character de 

scribed, a housing having therein a hollow heat 
ing member and an air passage extending in 
heat-exchange relation to said member and in 
cluding an inlet for the air to be heated and an 
outlet for delivering the heated air into a space 
to be heated and whose temperature is to be con 
trolled, a fuel burner having an inlet for com 
bustion air and being operable to deliver a burn 
ing fuel and air mixture, a hollow thermopile 
forming a conduit between said burner and said 
hollow heating member for directing the burning 
fuel and air mixture into the latter and having 
thermocouple junctions adapted to be heated by 
said burning mixture for‘ the generation of elec 
tricity, means for supplying fuel to said burner, 
an air impeller operable to supply combustion 
air to said burner, a variable speed electric motor 
electrically connected with said thermopile to be 
energized therefrom‘ and mechanically con 
nected with said impeller for driving the same 
such that combustion air is supplied to said 
burner at a rate corresponding substantially 
with the electric power delivered by said ther 
mopile and substantially with an optimum com 
bustion condition of operation for the burner, 
and temperature responsive control means effec 
tive on the fuel supply means and operable to 
continually modulate the supply of fuel to'said 
burner in response to temperature variations 
occurring in said space. 

2. In heating apparatus of the character de 
scribed. a housing having therein a hollow heat 
ing heating member and an air passage extend 
ing in heat-exchange relation to said member 
and including an inlet for the air to be heated 
and an outlet for delivering the heated air into 
a space to be heated and whose temperature is to 
be controlled. a fuel burner having an inlet for 
combustion air and being operable to deliver a 
burning fuel and air mixture, a hollow ther 
mopile forming a conduit between said burner 
and said hollow heating member for directing 
the burning fuel and air mixture into the latter 
and having thermocouple junctions adapted to“ 
be heated by said burning mixture for the gen 
eration of electricity, means for supplying fuel 
to said burner, air impelling means having one 
portion operable to supply combustion air to said 
burner and another portion operable to cause a 
flow of air through said passage to said space, 
variable speed electric motor means electrically 
connected with said thermopile to be energized 
therefrom and mechanically connected with said 
impelling means for driving the same such that 
combustion air is supplied to said burner at a 
rate corresponding substantially with the elec 
tric power delivered by said thermopile and sub 
stantially with an optimum combustion condition 
of operation for the burner, and temperature re 
sponsive control means effective on the fuel sup 
ply means and operable to continually modulate 
the supply of fuel to said burner in response to 
temperature variations occurring in said space. 

i 3. In heating apparatus of the character de 
scribed, a housing having therein a hollow heat 
ing member and an air passage extending in 
heat-exchange relation to said member and in 
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8 
cluding an inlet for the air to be heated and an 
outlet for delivering the heated air into a space 
to be heated and whose temperature is to be con 
trolled, a fuel burner operable to deliver a burn 
ing fuel and air mixture and comprising a pair 
of inner and outer hollow burner members hav 
ing a combustion air space therebetween, said 
outer burner member having an inlet for com 
bustion air and said inner burner member hav 
ing numerous openings for admitting combus 
tion air thereinto from said combustion air space, 
a hollow thermopile forming a conduit between 
said burner and said hollow heating member for 
directing the burning fuel and air mixture into 
the latter and having thermocouple junctions 
adapted to be heated by said burning mixture 
for the generation of electricity, means for sup 
plying fuel to said inner burner member, an air 
impeller located adjacent the air inlet of said 
outer burner member and operable to supply 
combustion air to said combustion air space for 
delivery into said inner burner member through 
said openings, a variable speed electric motor 
electrically connected with said thermopile to be 
energized therefrom and mechanically connected 
with said impeller for driving the same such that 
combustion air is supplied to said burner at a rate 
corresponding substantially with the electric 
power delivered by said thermopile and substan 
tially with an optimum combustion condition of 
operation for the burner, and temperature re 
sponsive control means effective on the fuel sup 
ply means and operable to continually modulate 
the supply of fuel to said burner in response to 
temperature variations occurringin said space 
to be heated. ‘ 

4. In heating apparatus of the character de 
scribed, a housing having therein a hollow heat 
ing member and an air passage extending in heat 
exchange relation to said member and includ 
ing an inlet for the air to be heated and an out 
'let for delivering the heated air into a space to be 
heated and whose temperature is to be controlled, 
a fuel burner operable to deliver a burning fuel 
and air mixture and comprising a pair of inner 
and outer hollow burner members having a com 
bustion air space therebetween, said outer burner 
member having an inlet for combustion air and 
.said inner burner member having numerous 
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openings for admitting combustion air thereinto 
from said combustion air space, a hollow ther 
mopile forming a conduit between said burner 
and said hollow heating member for directing 
the burning fuel and air mixture into the latter 
and having thermocouple junctions adapted to 
be heated by said burning mixture for the genera 
tion of electricity, means for supplying fuel to 
said inner burner member, an air impeller hav 
ing one portion operable to supply combustion 
air to said combustion air space for delivery into 
said inner burner member through said open 
ings and another portion operable to cause a 
flow of air around said burner and thermopile 
and through said passage to said space to be 
heated, a variable speed electric motor electrical 
ly connected with said thermopile to be energized 
therefrom and mechanically connected with said 
impeller for driving the same such that combus 
tion air is suppiled to said burner at a rate corre 
sponding substantially with the electric power 
delivered by said thermopile and substantially 
with an optimum combustion condition of oper 
ation for the burner, and temperature responsive 
control means e?ective on the fuel supply means 
and operable to continually modulate the supply 
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of‘v fuel to said burner in response to tempera 
ture variations occurring in said space to be 
heated. 

5. In heating apparatus of the character de~ 
scribed, a housing having therein a hollow heat 
ing member and an air passage extending in 
heat-exchange relation. to said member and in 
cluding an inlet for the air to be heated and an 
outlet for delivering the heated air into a space 
to be heated and whose temperature is to be con 
trolled, a fuel burner operable to deliver a burn 
ing fuel and air mixture and comprising a pair 
of inner and outer hollow burner members having 
a combustion air space‘therebetween, said outer 
burner member havingan inlet for combustion 
air and said inner burner member having 
numerous openings for admitting combustion 
air thereinto from said combustion air space and 
said inner burner member also including a pot 
means adapted to contain a quantity of liquid 
fuel, a hollow thermopile forming a conduit be 
tween said burner and said hollow heating mem 
ber for directing the burning fuel and air mixture 
into the latter and having thermocouple junc 
tions adapted to be heated by said burning mix 
ture for the generation of electricity, a fuel 
conduit for supplying liquid fuel to the pot means 
of said inner burner member, a valve in said fuel 
conduit, an air impeller located adjacent the air 
inlet of said outer burner member and operable 
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to supply combustion air to said. combustion air 
space for delivery into said-inner burner member 
through said openings, a variable speed electric 
motor electrically connected with said thermo 
pile to be energized therefrom and mechanically 
cdnnected with said impeller for driving the same 
such that combustion air is supplied to said 
burner at a rate corresponding substantially with 
the electric power delivered by said thermopile 
and substantially with an optimum combustion 
condition of operation for the burner, and tem 
perature responsive control means effective on 
said valve to continually vary the extent of open 
ing thereof inresponse to temperature variations 
occurring in said space to be heated. 
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