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HEATER

Howard J. Findley, Shaker Heights, Ohio, assign-
or to Eaton Manufacturing Company, Cleve-
land, Ohio, a corporation of Ohio

Appllca.tion October 8, 1942, Serial No. 461,350
(CL 126—110)

18 Claims.

This invention relates to heating apparatus,
and more particularly. to an improved form of
space heater of the kind embodying a thermo-
electric generator.

An object of this invention is to provide an
improved heater of this kind embodying a fuel
burning means and a tank adapted to contain
fuel under pressure, and wherein novel means is
employed for controlling the pressure in the tank
and the feeding of fuel to the burner in a manner
to obtain a safe and efficient operation of the
heater.

Another object of the invention is to provide an
improved heater of the character referred to in
which a controlled flow or circulation of heated
air is used to heat the fuel tank for generating
pressure therein.

A further object of my invention is to provide
an improved heater of this character in which a
fuel vaporizer located between the burner and
tank embodies a float-actuated valve for con-
trolling the fuel. ]

Yet another object of my invention is to pro-
vide an improved heating apparatus of this char-
acter in which an adjustable pressure-reducing
means located between the fuel tank and the
vaporizer serves as a means for controlling or
determining the rate of heat output of the appa-
ratus.

It is also an object of my invention to provide
improved heating apparatus of the kind referred
to in which novel means is employed for prelim-
inarily heating the burner.

My invention also aims to provide improved
heating apparatus of this kind in which a blower
operated by current from the thermoelectric gen-
erator delivers a stream of heated air from the
apparatus and circulates heated air in contact
with the fuel tank for generating pressure there-
in. -
The invention may be further briefly sum-
marized as consisting in certain novel combina-
tions and arrangements of parts hereinafter de~
scribed. and particularly set out in the appended
claims. ‘

A thermoelectric generator having a thermo-
pile embodying a construction of the type herein
disclosed but not claimed, is claimed per se in
copending application Serial No. 481,450, filed
April 1, 1943.

In the accompanying sheets of drawings:

Fig. 1 is a side elevation showing my improved
heater with portions thereof broken away;

Fig. 2 is an end view of the heater;
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Fig. 3 is a transverse sectional view taken
through the heater on line 3—3 of Fig. 1;

Fig. 4 is a partial transverse sectional view
taken on line 4—4 of Fig. 1;

Fig. 5 is a transverse sectional view taken on
line 5—5 and showing the motor-starting device;

Fig. 6 is’ an end view, with portions broken
away, showing the vaporizer and burner in de-
tached relation;

Fig. 7 is a detail view taken on line 7—1 of
Fig. 6 and showing the float chamber and wick
holder;

Fig. 8 is a sectional view taken through the
pressure-regulating means;

Fig. 9 is a detail view on g larger scale and in
section showing means for diverting and control-
ling the air which heats the fuel tank;

Fig. 10 is a detail view on & larger scale and in
section showing means for relieving excess pres-
sure in the fuel tank; and

Fig. 11 is a sectional view showing another
device for relieving excess pressure in the fuel
tank.

As shown in the drawings, my improved heater
comprises in general a casing 12, a fuel tank (3, a
thermoelectric generator (4, and an air-flow
creating means 15 adapted to be operated by
electricity produced by the thermoelectric gen-
erator.

The casing 12 may be formed of sheet metal
and may comprise & cylindrical section {2a,
which houses the thermoelectric generator (4
and the air-flow creating means {5, and a de-
pending substantially rectangular section (2b
which is connected with the cylindrical section
and forms a base upon which the heater may
rest. This rectangular section houses the fuel
tank {3 which is adapted to contain fuel under
pressure, preferably a liquid hydrocarbon fuel
such as gasoline. The housing section i2q is pro-
vided at one end with a detachable cover {2¢
having louvred openings {2d through which the
heated air is discharged and at its other end has
spaced openings {2e which admit the air to be
heated and may be formed by shearing the metal
of the casing and deflecting the portions [2f
thereof inwardly. At the top of the casing 12 I
may provide & suitable handle {6 by which the
heater may be conveniently carried.

The thermoelectric generator {4 comprises a
thermopile 17, which will be described next, a
burner {8, and a fuel vaporizer 9. The thermo-
pile 17 is made up of a relatively large number of
thermocouples 20 which are connected in series
with each ofther so that the voltage generated



2
therein will be cumulative. The thermocouples
comprise flat bars or.elements 20a and 20b of
dissimilar metals, such as steel and constantan,
which have their ends connected together as by
welding. These thermocouples extend radially
and are arranged in groups so that the couples
of each group form an annular series. The an-
nular groups or series of thermocouples are
placed side by side and are electrically connected
in series relation to form the substantially cylin-
drically shaped thermopile 4. These annular
groups of thermocouples are supported by refrac-
tory rings 23 having radial grooves 23a in which
the elements 20a and 28b engage with the ele-
ments extending substantially radially with re-
spect to the longitudinal axis of the thermopile.

The group or sleeve of assembled refractory
rings 23 defines an axially extending, substan-
tially cylindrical combustion chambper 24 into
which the inner or “hot’” ends or junctions of the

thermocouples 20 project. In assembling the re- .

fractory rings 23, suitable cement may be used
therebetween to connect the rings with each
other and to enable the same to form a gas-tight
wall for the combustion chamher 24. The an-
nular space 25 between the refractory rings and
the outer wall of the casing 12 forms an axially
extending passage for the air which is to be heat-
ed. The outer or *“cold” ends or junctions of
the thermocouples 20 project into the air pas-
sage 25 so that while serving as elements for con-
ducting heat outwardly from the combustion
chamber 24, they will at the same time be cooled
by the air which is to be heated. The annular
groups of thermocouples and the refractory rings
are held in assembled relation by a plurality of
circumferentially spaced, axially extending
clamping bolts 26. The thermopile (4 can be
made up as a preformed unit and then assem-
bled into the heater.

To prevent or retard the deteriorating action
of the hot combustion gases on the thermocouples,
I provide them with a suitable protective cover-
ing. For this purpose I apply to the thermocou-
ples, as by a suitable plating operation, a coat-
ing formed either of nickel or chromium or a
coating formed of both nickel and chromium.
When this protective covering is employed, it is
applied at least to the thermocouple portions
which extend into the combustion chamber 24,
but it can be applied to all portions of the ther-
mocouples if desired.

At one end of the combustion chamber 24, in
this instance, at the right-hand end as seen in

Fig. 1, I provide an exhaust fitting 27 with which ¢
the thermopile {4 is connected but is electrically.

insulated therefrom. The exhaust fitting 27 may
be of cast metal or other suitable material and
has a plurality of heat-radiating fins 27a there-
on which project into the air passage 25. The
space or chamber in the exhaust fitting 27 forms
a continuation of the combustion chamber 24
and conducts the exhaust gases or products of
combustion to a flue or other conduit which may
be connected with the flanged end 271b of the ex-
haust fitting.

The air-flow creating means {5 may comprise
a fan or blower 15a carried by the shaft of an
electric motor {5b, The motor may be mounted
in an axial projection 28 of the casing {2 so that
the axis of rotation of the fan f5¢ is substantial-
ly coincident with the longitudinal axis of the
combustion chamber 24. The fan {5a causes
air to be drawn into the casing through the open-
ings 12¢ and to flow through the passage 25 and
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to be discharged in a heated condition through
the louvred openings 12d of the cover {2c

The burner 8 comprises a flared tube or sleeve
29 and a burner nozzle 30 extending axially
thereof. The burner tube 29 has its smaller end
connected with the thermopile {4 so as to com-
municate with the combustion chamber 24 at
the end thereof opposite that to which the ex-
haust fitting 27 is connected. The larger end of
the burner tube 29 supports the burner nozzle 39
and contains a passage 31 through which vapor-
ized fuel is supplied to the nozzle. The inner end
of the nozzle 30 is provided with a suitable orifice
382 which directs the vaporized fuel into the com-
bustion chamber 24, During the operation of

“the heater, this vaporized fuel being discharged

through the orifice 32 burns as a- sustained
flame which extends into or through the combus-
tion chamber 24 and heats the inner junctions of
the thermocouples 20 to a relatively high tem-
perature. .

The portion of the burner tube 29 just above
the nozzle-30 is cut away to provide an opening
33 to admit air to the burner for combustion
purposes. The air thus admitted to the burnecr
has already been heated by its passage through
the thermopile and combines readily with the
vaporized fuel. A supercharger action can be ob-
tained in the operation of the burner by provid-
ing the burner tube 29 with an air scoop 34 which
is arranged to deflect air inwardly through the
opening 33. The air scoop 34 may be hinged to
the burner tube 28 so that by removal of the
cover 12¢ of the casing, access can be had to

3 this scoop which can be swung to the left to an

ineffective position. When the scoop 34 has been
swung to its ineffective position, access through
the opening 33 can be had to the inside of the
burner for inspection or lighting.

The fuel vaporizer 19 is disposed below the
burner tube 29 and is connected therewith so as
to form a fluid-tight float chamber 35 with which
the vapor passage 31 leading to the nozzle 30
communicates. Liquid fuel from the tank {3 is

7 supplied to the float chamber 35 by the piping

36, the fuel being forced through this piping by
pressure in the tank. The piping 36 communi-
cates with the float chamber through a valve 371
comprising a passage 37a and a valve element
310 controlling such passage. This valve element
is connected with a float 38 so as to be actuated
thereby in response to variations in the level of
the fuel in the float chamber and to be-closed
when a predetermined fuel level is reached. The
float may be pivotally mounted on a suitable sup-
port 38 which is connected with the float cham-
ber by the screw 40. The float chamber may
have a drain and cleanout plug 41 in the bottom
thereof.

For priming purposes, that is, preliminarily
heating the burner tube 29, nozzle 30, and the
vaporizer 19 when the heater is to be placed in
operation, I provide a wick 43 with which either
liquid or vaporized fuel can be burned so that
the flame therefrom will heat the parts men-
tioned. The wick 43 should be made of an in-
combustible porous material which also has 2
capillary action similar to that of fabric wicks.
I prefer to use a block of ceramic material for
this purpose, although porous metal could also
be used. The ceramic wick 43 may be supported
in a pan-like recess of a wick holder 44 which
extends into the float chamber 35 in depending
relation to the burner tube 29. Near the bot-
tom of the wick holder 44 and at a point below
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the highest fuel level of the float chamber 38,
there is a fuel inlet opening 45 which admits

liquid fue! to the wick holder and wick from

the float chamber. A shut-off valve 48 actuated
by a knob 47 controls the passage 5. When
the heater is to be placed in operation, the valve
46 is opened a sufficient distance to feed the nec-
essary amount of fuel to the wick from the fleat
chamber. The fuel on the wick Is ignited, and
after the burner tube, nozzle, and vaporizer have
been heated to the desired degree, the valve §6
is closed to prevent further feeding of fuel to
the wick. Upon the closing of the valve &8 the
vapor being generated in the vaporizer begins to
issue from the orifice 32 and burn with a sus-
tained flame. Flooding of the wick holder with
excess fuel, either during the priming operation
or if the priming valve 48 should be accidentally
opened while the heater is not in operation, is
prevented by the float valve 3T.

In igniting the fuel on the wick 43, a flame
may be applied thereto as by inserting a lighted
match through the opening 33 after removal of
the cover {2¢ and swinging of the air scoop 34
to its ineffective position.
the wick 43 in this way, I may provide mechani-
cal igniting means such as a flint-type sparking
device 48 having a shaft 49 and an operating
knob 508 located outside of the casing {2. The
shaft 49 may include the accelerating spring B!
ususally embodied in sparking devices of this
kind.

As stated above, liguid fuel is supplied from
the tank (3 to the float chamber of the yapor-

izer through the piping 36 and the float valve -

31. Pressure for initially feeding the fuel to the
vaporizer may be generated in the tank by fore-
ing air thereinto by mesns of the manually op-
erated pump B2, After the heater has been
warmed up and is in normal operation, the pres-
sure in the fuel tank is obtained by supplying
heat to the tank to cause fuel vapor to create s
pressure therein, as will be presently explained.

The pressure in the fuel tank, whether in the
form of compressed air or fuel vapor, forces the
liguid fuel through the strainer $3 into the pip-
ing 88. The pressure maintained in the fuel tank
13 may be on the order of {wenty-five pounds per
square inch, which is considerably higher than
the fuel pressure desired at the fioat valve 37.
For reducing the pressure of the fuel from the
tank pressure to that desired at the float valve,
which may be on the order of flve pounds per

square inch, I provide a pressure-reducing valve .

55 in the piping &8.

As shown in Fig. 8, this pressure-reducing
valve 55 comprises & housing 58 having a dia-
phragm chamber 57 in which is & flexible dia-
phragm or beliows §8. The fuel enters the hous-
ing through the passage §9 at & point beneath a
valve element 60 and normally urges this valve
element toward its seat.
valve element engages the bellows 58 so that
opening and closing of the valve will be respon-
sive to the pressure differential between the fuel
in the passage 59 and that in the diaphragm
chamber 81. If the pressure in the fuel cham-
ber BT drops, the spring &{ disposed in the bel-
lows will expand the latter and shift the valve
80 away from its sest to permit an increased
flow of fuel. If the fuel pressure in the cham-
ber 57 increases, it contracts the bellows 58, which
permits the fuel pressure in the passage §9 to
shift the valve 68 toward its seat and thus de-

Instead of lighting :
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crease the valve opening and the flow of fuel

therethrough.

The setting or calibration of the pressure-regu-
lating valve 865 can be varied according to the
rate at which it i1s desired to supply fuel to the .
vaporizer, or, in other words, in accordance with
the rate of heat output desired from the heater.
Such adjustment or calibration may be accom-
plished by rotating the valve stem 62 to thereby
shift the nut 68 on the threaded portion 82a
of the stem to vary the compression of the spring
61. The valve stem 62 carries a knob 64 hav-
ing a graduated portion 63 cooperating with a
suitable pointer or reference line, The gradu-
ations 68 represent different heat output values
in B. t. u’s for the heater, and when the knob
64 is moved to the setting for the desired heat
output, the corresponding opening of the valve
60 will permit the necessary flow of fuel from the
tank (3 to the vaporizer {9 to generate and
maintain such desired heat output.

"~ As shown in Figs. 1, 2, and 3, the sections t2a
and 12b of the heater casing cooperate with the
side, top, and bottom walls of the fuel tank {2
to provide an air space or passage 66 therebe-
tween. The fuel tank is firmly held against
shifting in the casing by means of the straps {3a
which extend around the tank and have their
upper ends connected to the casing section {2a.
Adjacent the left-hand end of the fuel tank {3
I provide an air diverting means by which heated
air from the passage 2§ is diverted into the space
86 for heating the fuel tank. This diverting
means comprises a scoop or deflector 68 and &
hinged valve or damper 69 controlling the air
intake opening beneath the scoop. When the
valve 69 is lifted into engagement with the stop
18, the intake opening is closed and the entry
of heated alr into the passage 86 is prevented.
When the valve 69 is permitted to drop away
from the stop 70, heated air is directed into the
pessage 66 in an amount dependent upon the
extent to which the valve 69 has been moved

. away from the stop 70.

The position of the air valve 68 is controlled
automatically according to the pressure in the
tank (3, which is, of course, a function of the
amount of heat being supplied to the tank, For
this purpose I provide a bellows T{ which extends
into the fuel tank and has its upper end anchored
to & plug 72 which is carried by the top wall of
the tank., A stem or plunger 13 having its lower
end connected with the inner end of the bellows
slidably extends through the plug 72 and its outer
end engages the valve 68. A spring 74 contained
in the bellows fends to expand the bellows and
retract the stem 73 to permit opening of the
valve 68. As pressure builds up in the fuel fank,
the bellows is contracted against the action of
the spring 74, thereby lifting the stem 73 and
shifting the valve 69 toward its stop 70.

The heated air which has been diverted into
the passage 86 by the scoop 68 travels along the

5 fuel tank {3 toward the right, as seen in Fig. 1,

to the space 78 adjacent the right-hand end of
the tank, from which space it is withdrawn by the
fan 18a and redelivered through the passage 25
of the thermoelectric generator. The action of
the fan (5a in withdrawing air from the space
78 facilitates the flow of ajr through the passage
86 and tends to produce a continuous circulation
of hot air in contact with the fuel tank, the
amount of the air flow being automatically de-
termined by the position of the valve 69, which




4

in turn is controlled by the pressure in the fuel
tank,

To prevent the building up of an excessive
pressure in the fuel tank, I provide the same with
& pressure-relief device 16, as shown in Figs. 2
and 10. This pressure-relief device includes a
plug member 71 mounted on the wall of the fuel

tank and containing a diaphragm chamber 78.

which communicates with the tank through the
holes 19. A bellows 80 contained in the chamber
18 is responsive to pressure in the fuel tank and
its movable inner end carries a cup-like member
81 having a valve seat 8!a thereon. A station-
ary valve element 82 is connected with the inner
end wall of the plug 11 and extends into the cup-
like member 81 for cooperation with the valve
seat 8la. A compression spring 83 contained in
the bellows 80 tends to expand the bellows and
hold the valve seat 8ia against the element 82,
When the pressure in the fuel tank exceeds a
desired or predetermined value, the bellows 80
is contracted against the action of the spring 83
to lift or separate the seat 8ia from the station-
ary valve element 82 and permit excess pressure
to be discharged from the tank through the pipe
84. Since the excess pressure which is thus re-
leased from the fuel tank may be in the form
of combustible vapor, I extend the pipe 84 up-
wardly into the combustion chamber 24 so that
the vapor will be burned before being discharged
into the atmosphere.,

Instead of using the pressure relief device 76
above described, I may employ another form of
relief device §60, as shown in Fig, 11, The latter
device comprises a hollow plug 100 which is
screwed into a threaded opening 102 of the fuel
tank and carries a frangible disk {03. The inner
end of the plug has a small opening (04 therein
which connects the recess of the plug with the
interior of the tank. The disk {03 may be made
of metal or other suitable material and may be
soldered or otherwise held in the plug recess so
as to close the passage through the plug. The
escape pipe 88 may be soldered in an opening
in a disk §05 which is connected with the plug 101
by means of the coupling §06. When the pres-
sure in the fuel tank exceeds a predetermined
value, it ruptures the frangible disk 103 and ex-

" cess pressure is thereupon relieved through the
pipe 84.

It may be desirable in the operation of my
heater to introduce additional or secondary air
into the combustion chamber 24 for a more com-
plete combustion of the fuel. For this purpose
I may provide a tubular member or aspirator
85 extending into the combustion chamber 24
substantially centrally thereof. The member 8§
may be carried by the exhaust fitting 27 and
may have a frusto-conical air scoop 86 located
just in front of the fan {5a. The additional air
which enters the member 85 may be discharged
therefrom into the combustion chamber at one
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or more points therealong by providing this .

member with hooded openings 87. These open-
ings may be formed by deflecting the wall of the
member 85 outwardly at the desired points and
in such a manner that the movement of flame
and combustion products along the combustion
chamber 24 will tend to draw the additional air
through the hooded openings by an injector ace
tion. The member 85 may be of a length to ex.
tend to a point near the smaller end of the burn-
er tube 29, and this portion of the member 85
may be in the form of a closed tapered end 85a.
The member 85 also serves other useful purposes

a8
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such as & flame spreader. ‘The member 83 can
be omitted, if desired, in which case the combus«
tion chamber 24 can be made correspondingly
smaller in diameter to bring the “hot” junctions
of the thermocouples 20 more directly into the’
path of the flame and products of combustion.

In the operation of my heater, pressure is first
generated in the tank (38 by means of the air
pump 52. The pressure-regulating valve 55 is
then adjusted to the setting corresponding with
the heat output rate desired. The priming valve
48 is then opened by rotating the knob 41 to per-
mit fuel to flow from the float chamber 35
through - the passage 45, into the wick holder 44.
The fuel on the wick 43 is then ignited, and when
the burner and vaporizer have been heated to the
desired temperature, the priming valve 46 is
closed. Thereafter the liquid fuel which enters
the vaporizer is vaporized in the float chamber
and is supplied through the passage 31 in a con-
tinuous stream to the nozzle 30. The vaporiza-
tion of fuel in the float chamber 35 creates &
pressure therein which causes the vapor to be
discharged through the orifice 82 of the burner
nozzle 30 so as to direct a flame or stream of
burning vapor into the combustion chamber 24,
The pressure generated in the vaporizer also
tends to retard the flow of liquid fuel through the
float valve 37, and during the operation of the
heater there may or may not be a pool of liquid
fuel in the vaporizer. Usually the liquid fuel en-
ters the float chamber intermittently in small
quantities and is immediately converted into
vapor, and at this time the float is at its lowest
position and the float valve remains open. The
back pressure thus created in the float chamber
assists the pressure-regulating valve 85 in con-
trolling the supply of fuel to the vaporizer.

The burning of fuel in the combustion cham-
ber 24 in contact with the “hot” junctions of the
thermocouples heats these junctions to a tem-
perature which is relatively high as compared
with the temperature of their outer or “cold”
junctions, and an electric current is generated
in the thermopile as a result of this temperature
differential. The voltage of the generated cur-
rent will increase gradusally as the operating tem-
perature of the heater rises and will assume a
substantially steady value as the heater reaches
the operating temperature for which the pres-
sure-regulating valve 55 has been set. The cur-
rent generated in the thermopile is supplied to

‘the motor 15b and operates the latter to drive the

fan i15¢. The motor {5b will start running and
will increase in speed as the voltage generated
in the thermopile {4 increases. )

To reduce the time required for the heater to
reach its normal operating condition, it is usually
desirable to start the fan {5¢ manually so as to
cause a flow of cooling air in contact with the
outer junctions of the thermocouples and to sup-
ply combustion air to the burner. For this pur-
pose I may employ a starting device for the motor
§5b which may be in the form of a rack 88 and
pinion 89. The pinion is mounted on the motor
shaft and the rack 88 is carried by a plunger 90.
The plunger is capable of tilting movement, as
well as axial movement, and these combined
movements cause the rack 88 to first engage the
pinion 89 and to then cause rotation or spinning
of the pinfon. A tension spring 91 connected with
the inner end of the plunger acts thereon at an
angle to the plunger axis such that upon release
of the plunger after & working stroke, the spring
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will first disengage the rack 88 from the pinion
89 and will then retract the plunger. A pressure
plate or lever member 82 may be provided at the
outer end of the plunger 88 so that when pres-
sure is applied thereto by the thumb of the op-
erator, the rack 88 will first swing into engage-
ment with the pinion and the succeeding inward
movement of the plunger will cause rotation of
the motor armature and the fan (8a.

For observing the fuel level in the tank {8, I
may provide the end wall thereof with & window
or gauge 84. The corresponding weall of the lower
section 12b of the casing is provided with an
opening 95 through which the gauge or window
may be observed. :

From the foregoing description and the ac-
companying drawings, it will now be readily un-
derstood that I have provided an improved heater
which is very compact and which can be con-
veniently moved to a selected position for heat-
ing a desired space or for supplying heat to a de-
sired device or mechenism either by the blast of
heated air delivered from the louvred openings of
the casing or by the blast of hot exhaust gases
being discharged from the exhaust fitting 21, or
by & combination of these hot blasts. It will also
be seen that my heater embodies a thermoelectric
generator which supplies electric current to tl;e
fan-operating motor and also embodies means
whereby heat from the thermoelectric generator
may be safely utilized to generate pressure in the
fuel tank. Since s substantially constant pres-
sure is maintained in the tank, it will be seen
that variation in the level of the fuel will not
affect the rate at which fuel is supplied to the
burner. Moreover, it will be seen that there will
be no occasion for fuel to drip from the burner
when the operation of the heater is discontinued
because at this time the pressure-regulating valve
is manuslly closed to serve as & shut-off valve,
and whatever fuel is in the vaporizer is consumed

-at the burner. If fuel leaks past the pressure-
regulating valve, it will be held by the float valve
and will not drip from the burner.

While I have illustrated and described my im-
proved heater in more or less detail, 1t will be
understood, of course, that I do not wish to be
limited to the particular arrangements and de-
tails of construction herein disclosed, but regard
my invention as including such changes and
modifications as do not constitute a departure

10
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scribed, & casing having therein a combustion
chamber and a passage for air to be heated, &
thermopile having portions thereof in heat-ex-
change relation to sald air passage, said ther-
mopile being adapted to receive heat from the
combustion chamber and to supply heat to the
air to be heated, means utilizing electricity from
said thermopile and operable to cause a flow of
air through said passage, a burner adjacent the
combustion chamber, a tank adapted to contain
fuel under pressure and to supply fuel to said
burner, and means for causing heated air from

_ said passage to contact sald tank for generating
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from the spirit of the invention and the scope of |

the appended claims.
Having thus described my invention, I claim:

1. A heater of the character described com-
prising a casing having an air passage therein,
o, combustion chamber, a burner adjacent sald
combustion chamber, a thermopile in said casing
and having portions thereof in heat-exchange re-
iation to sald air passage, said thermopile being
adapted to recelve heat from the combustion
chamber for the generation of electricity and to
deliver heat to the air in sald passage, means uti-
lizing electricity from said thermopile and oper-
able at & speed which is dependent upon the volt-
age generated in the thermopile for ceusing a
corresponding flow of air through sald passage,
a tank adapted to contain & supply of liquid fuel
under pressure, means for conducting fuel from
said tank to the burner, & pressure-regulating
valve in said conducting means, and means for
adjusting said regulsting valve in accordance
with the rate of heat output desired from the
heater. -

2. In heating apparatus of the character de-
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pressure therein.
3. In heating apparatus of the character de-
seribed, & casing having therein a combustion

. chamber and a passage for air to be heated, &

thermopile arranged to receive heat from the
combustion chamber and to supply heat to the
air to be heated, & burner adjacent the combus-
tion chamber, a tank adapted to contain fuel un-
der pressure and to supply fuel to said burner,
means operated by electric current generated by
gsaid thermopile and arranged to create a flow
of air through sald passage, and means ensbling .
the air-flow creating means to cause heated air
to contact said tank for generating pressure
therein,

4. In a heater of the character described, a
casing, & thermoelectric generator in the casing
including a fuel burning mesns, a motor driven
fan operated by electric current from ssid gen-
erator for causing heated air to be discharged
from the casing, and a tank adapted to contain a
supply of fuel under pressure and to supply fuel
to said burning means, said tank and casing hav-
ing portions cooperating to provide & passage for
8 flow of heated air in contact with the tank
for generating pressure therein. :

5. In a heater of the character described, a
casing, e thermoelectric generator in the casing
including a fuel burning means, a motor driven
fan operated by electric current from said gen-
erator for causing heated air to be discharged
from the casing, a tank adapted to contain a sup-
ply of fuel under pressure and to supply fuel to
seid burning means, said tank and casing having
portions. cooperating to provide & passage for &
flow of heated air in contact with the tank for
generating pressure therein, and means respon-
slve to the pressure in said tank for automatical-
iy controlling the flow of heeted eilr in said
passage.

6. In & heater of the character described, &
casing, o thermoelectric generator in the casing
including o fuel burning means, & motor driven
fan operated by electric current from said gen-
erator for ceusing heated air to be discharged
from the casing, a tank adapted to contain fuel
under pressure and to supply fuel to said bhurn-
ing means, said tank and casing having portions
cooperating to provide a passage for & flow of
heated air in contact with the tank for generat-
ing pressure therein, a valve controiling said pas-
sage, and means for actuating ssid valve In re-
sponse to pressure variations in said tank.

7. In a heater of the character described, &
casing, a thermoelectric generator in the casing
including s fuel burning means, & tank adapted
to contain fuel under pressure and to supply
fuel to said burning means, said tank and casing
having portions cooperating to provide a passage
for a flow of heated air in contact with the tank
for generating pressure therein, a motor driven
fan operated by electric current from said gen-
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erator and arranged to cause a stream of heated
alr to be delivered from said casing, sald pas-
sage having g discharge opening adjacent the
suction side of said fan, and an air scoop at the
inlet end of said passage and extending into the
stream of heated afr,

8. In a heater of the character described, a
casing, a thermoelectric generator in the casing
including & fuel burning means, a tank adapted
to contain fuel under pressure and to supply fuel
to said burning means, said tank and casing
having portions cooperating to provide a passage
for a flow of heated air in contact with the tank
for generating pressure therein, a motor driven
fan operated by electric current from said gen-

~erator and arranged to cause a stream of heated
air to be delivered from sald casing, said pas-
sage having & discharge opening adjacent the
suction side of said fan, an air scoop at the in-
let end of said passage and. extending into the
stream of heated air, 2 valve controlling said inlet
end of the passage, and means responsive to pres-
sure variations in the tank for actuating said
valve,

9. In a heater of the character described, a
casing, a thermoelectric generator in the casing
including a fuel burning means and an air pas-
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- change relation to said passage, a fuel burning
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means adapted to supply heat to said thermopiie
for generating electricity and heating the air in
said pasgage, means utilizing electricity from said
thermopile and operable to cause a flow of air
through said passage, a porous wick for use in
preliminarily heating said fuel burning means, a
tank adapted to contain liquid fuel and to supply
such. fuel to said fuel burning mesans and said
wick, and means for diverting heated air from
sald passage into contact with said tenk to gen-
erate pressure therein.

13. In heating apparatus of the character de-
scribed, a casing having an air passage therein,
a8 thermopile having portions thereof in heat-ex-

“change relation to sald passage, a fuel burning

sage, 8 motor driven fan operated by electric cur-

rent from said generator for causing a flow of air
through said passage, & tank adapted to contain
8 supply of fuel under pressure and to supply
fuel to said burning means, said tank and casing
having portions cooperating to provide a second
passage for a flow of heated air in contact with
the tank for gemerating pressure therein, air
diverting means arranged to divert heated air
from the first passage into said second passage,
and menns responsive to the pressure in the fuel
tank for controlling the action of said diverting
means.

10. In heating apparatus of the character de-
scribed, a casing having an air passage therein,
a thermopile having portions thereof in heat-ex-
change relation to said passage, a fuel burning
means adapted to supply heat to said thermopile
for generating electricity and heating the air in
said passage, means utilizing electricity from said
thermopile and operable to cause a flow of air
through said passage, a tank adapted to contain
liquid fuel and to supply fuel to said fuel burning
means, & foat-actuated -valve adapted to con-
trol the passage of fuel from sald tank to said
fuel burning means, and means for diverting
heated air from said passage into contact with
said tank to generate pressure therein.

11. In hesting apparatus of the character de-~
scribed, & casing having an air passage therein,
a thermopile having heat-conducting portions
extending into sald passage, a fuel burning means
adapted to supply heat to said thermopile for
generating electricity and heating the air in said
passage, means utilizing electricity from said
thermopile and operable to cause a flow of sir
through said passage, a tank adapted to contain
liquid fuel under pressure, a vaporizer adapted to
receive liquid fuel from said tank and to sup-
ply vaporized fuel to said fuel burning means,
a float-actuated valve for controlling the passage
of fuel to the vaporizer from said tank, and means
for diverting heated air from said passage into
contact with said tank to generate pressure
therein. ) .

12. In heating apparatus of the character de-
scribed, a casing having an air passage therein,
& thermoplle having portions thereof in heat-ex-
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means adapted to supply heat to said thermopile
for generating electricity and heating the air in
said passage, means utilizing electricity from said
thermopile and operable to cause s flow of air
through said passage, a tank adapted to contain
Hquid fuel, means for supdlying fuel from said
tank to sald fuel burning means, a ceramic wick
adapted to be supplied with fuel for use in pre-
liminarily heating said fuel burning meaus, and
means for diverting heated air from said passage
into contact with sald tank to generate pressure
therein.

14, In a heater of the character described, a
casing having an air passage therein, a thermo-
electric generator including a fuel burner, said
thermoelectric generator being adapted to pro-
duce electricity and to deliver heat to the air in
said passage, means utilizing electricity from
said thermoelectric generator and operable to
cause & flow of air through said passage, a tank
adapted to contain a supply of liquid fuel, g vapor
generator connected with said burner and tank
and including a float chamber, s wick for use in
preliminarily heating said burner, said wick be-
ing arranged to receive fuel from the fioat cham-
ber, and means for diverting heated air from said
passage into contact with said tank to generate
pressure therein. :

15. In a heater of the character described, a
casing having an air passage therein, a thermo-
electric generator including a fuel burner, said
thermoelectric generator being adapted to pro-
duce electricity and to deliver heat to the air In
said passage, means utilizing electricity from
said thermoelectric' generator and operable to
cause & flow of air through said passage, & tank
adapted to contain & supply of liquid fuel, & vapor
generator connected with said burner and tank
and including & float chamber, a wick holder ex-
tending into the float chamber and containing g

" wick for use in preliminarily heating said burner,
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8 valve adapted to be opened to permit s fiow of
fuel into the wick holder from the flost cham-
ber, and means for diverting heated air from said
passage into contact with said tank to generate
pressure therein. ‘ ’

16. A portable heating device comprising, an
elongated casing having an air passage therein,
& fuel tank in the lower portion of said casing, &
thermopile extending longitudinally in said cas.
ing in heat-exchange relation to said air passage,
& burner in said casing at one end of said ther-
mopile and operable to supply heat to the latter,
means for supplying fuel to the burner from said
tank, a motor driven blower in the casing at the
other end of said thermopile and operable by
electric current from the thermopile for causing
& flow of air through said passage, and means
for diverting heated air from said passage into -
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contact with sald tank to generate pressure
therein.

17, A manuelly portable heating device com-
prising, an elongated casing having an air pas-
sage thereln and having carrying means attached
thereto, o fuel tank in the lower portion of said
casing, en elongated hollow thermopile extending
longitudinally in said casing in heat-exchange re-
lation to said passage, & burner in sald casing at
one end of said thermopile and operable to sup-
ply heat to the latter, means for supplying fuel
to the burner from ssid tank, a motor driven
blower in the casing &t the other end of said
thermopile and operable by electric current from
the thermopile for causing a flow of air through
said passage, and means for diverting heated air
from said passage into contact with sald tank
to genecrate pressure thersin.
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18. A portable hesting device comprising, an
elongated casing having an air passage therein, &
fuel tank in the lower portion of said casing, an
elongated hollow thermopile extending longitu-
dinally in said casing in heat-exchange relation
to said air passage, & burner in said casing at
one end of said thermopile and operable to de-
liver heated gases through the latter in one di-
rection, means for supplying fuel to the burner
from said tank, a motor driven blower in the
casing at the other end of said thermopile and
operable by electric current from the thermopile
for causing a fiow of air through said passage in
a direction opposite to said gases, and means for
diverting heated air from said passage into con-
tact with said tank to generate pressure therein.

HOWARD J. FINDLEY.



