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" 5 Claims.

The present invention relates to liquid heaters
and is more particularly directed to liquid heat-
ers of the internal combustion type adapted for
~ ‘use in aircraft or other vehicles in which maxi-

mum heat production is desired from a.heater of

minimum size and weight.-

A typical use for a heater of this type is to pro-
vide a source of hot water for use on large air-
planes of the type which must remain away from
their bases for extended periods. This hot water
may be needed for washing, shaving and other
- purposes. .Another typical purpose for which a
heater of this type may be used is for heating a

liquid which is then circulated through radiators '

in the space occupied by the crew. For this pur-
pose glycol is the liquid frequently used as  heat
exchange medium. - These uses are merely illus-
trative and others will be apparent from the fol-
lowing description.

It is an object of my irivention to provide an

(L 236—32)

Fig. 5isa back view of a portion of the mech-'

. anism illustrated in Fig. 4; and
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Fig. 6 is & front elevational view of a portion ofr :
the mechanism illustrated in Figs. 4 and 5. - .
Heaters of the type to which the present inven-
tion relates are supplied with a combustible mix-
tlre of air and fuel, such as gasoline from g car-.
buretor or, -when utilized on a vehicle having an
internal combustion engine supercharger, the
combustlble mixture can be drawn from the out-

. let of the supercharger. Normally, flow of com-
_ bustible mixture through the heater i produced

16

20

~ improved heater of the internal combustion type -

particularly adapted for heating water glycol or
other liquids.

A further object is to provide an improved in-
ternal combustion liquid heater which maintains

25

the temperature of the liquid substantially con- -

stant regardless of the quantity of liquid passed
through the heater.
A further object is to provide an improved in-

" ternal combustion type liquid heater which can’

‘be economically constructed, which will be high-
- 1y efficient, which will operate satisfactorily un-
der varying conditions, which will be small in
size and weight, and which will have a long, use-
ful life.

Other obJects will appear from the followmg )

description of & preferred embodiment of my in-
vention. :
In the drawings in which similar characters of

reference refer to similar parts throughout the-

several views:
Fig. 1 is a side elevation of a heater embody-

by a pressure differential brought about either by
connecting the exhaust outlet of the heater to &
suction producing apparatus, or by connecting

" the combustible mixture inlet to & source of com- |
For instance, -

bustible mixture under pressure.
when the heater is used in conjunction with a
vehicle having g non-supercharged internal com-
bustion engine, flow can be produced through the
heater by connecting the exhaust heater fitting
to the intake manifold of the vehicle’s internal
combustion engine. If the vehicle engine is super-
charged, ‘combustible mixture can be fed under
pressure from the supercharger in which case no
suction producmg means is needed at the exhaust

" fitting.

30

In Fig. 1 of the drawmgs, a valve fitting 10 has
its inlet end {2 internally threaded for attach-
ment to. a' conduit through which combustible

- mixture is supplied to the heater.~ Within the

fitting 10 is located a throttle valve of the butter-

. fly type. . This valve is not shown but the rotat-

35

‘the numeral (4.

able shaft on which it is mounted is indicated by
This throttle valve by its po- .
sition controls the rate of flow of combustible

mixture through the heater apparatus.

40

" ing the present invention with a portion thereof '

shown in longitudinal section;
Fig. 2 is a transverse sectional view taken in

line 2—2 of Fig. 1;

45
the direction indicated by the allows along the i

The lower end of the fitting 10 is tubular and
contains & bundle of small diameter tubes 16
formed of & metal having good heat conducting
properties, such as copper, for instance. The sum
of the bores through these tubes together with
the spaces between the- ‘tubes provides a passage:
that offers little resistance to the flow of com-

- pustible mixture therethrough.” The tubes, how-

" ever, prevent flame from flashing back into the _

Fig. 3 is a transverse sectmnal view taken in .

- the; direction of the arrows along the line 3—3 -

of Fig. 1;-

‘Fig. 4is a fractlonal side elevation of the up-

‘per left hand fraction of Fig. 1 drawn to larger

50

-valve 10.in a well known manner.

The valve fitting (0 Is suitably secured to an
elbow-shaped casting 18 having a hollow portion -

--20 which serves as & combustion chamber, the:

" combustible - mixture entering this chamber
.- through radial ports 22 located below the flame

scale with portions thereof broken away to illus- -

trate the mechanism interiorly thereof;

e
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arrester 16.

The radial ports 22 are formed by
striking out vanes from g cylindrical member and




2
therefore the - combustible mixture enters the
‘combustion chamber 20 with a swirling motion.
"Within the combustion chamber, the combusti-
ble mixture is ignited by an igniter plug 24 of
- the hot wire type, which is threaded through a
boss 26 formed as a portion of the casting 18.
Inasmuch as it may be desirable in different in-
stallations to have the igniter plug 24 on. differ-
ent sides of the heater, two threaded bosses 26
are provided opposite each other. The igniter is
screwed into either one of these bosses, while the
other is closed by a plug 28. If desired, two ig-
niters may be used in some installations. The
igniter 24 is of the hot wire type in which the wire
resistance element is electrically heated to a tem-
perature sufficient tc initiate combustion of the
mixture flowing into the combustion chamber.
Once the combustion has been initiated, the ig-
niter 24 can be deenergized either manually or
thermostatically, inasmuch as a reigniter 30 serves
to re-kindle the combustible mixture if for any
reason combustion should be temporarily inter-
rupted. The reigniter 30 comprises a spirally
wound sheet of inconel or other heat and cor-
rosion resistant metal which is quickly heated by
the combustion within the combustion chamber
to a temperature. sufficient to kindle the com-
bustible: mixture. This reigniter is more fully
disclosed in my copending application Serial No.
410,039 filed September 8, 1941. For convenience,
the reigniter 30 is secured to the end of a plug
32 threaded into a boss 34 formed at the end of
the casting 18.

From the combustion chamber within which
the combustible mixture is burned, the hot prod-
ucts of combustion pass through & heat exchange
tube 36, the inlet end of which is provided with
a flange 38 secured to the combustion chamber
casting 18 by means of cap screws 40, the joint
between the members being sealed by a gas-
ket 42,

Within the heat exchange tube 36 the hot prod-
ucts of combustion pass around & cylindrical
muffler structure 44 spaced from the side wall of
the tube 36 by a plurality of longitudinally ex-
tending ribs 46, the structure thereby providing
a plurality of longitudinally extending channels
which straighten out the eddies in the hot prod-
ucts of combustion so as to produce a smooth
flow. The side wall of the cylindrical structure
44 is provided with a multiplicity of perfora-
tions-48 while the interior is packed with sound
damping ‘material, such as stainless steel wool

. 50, for instance. The arrangement thus provided
damps out-pulsations in the hot products of com-
bustion, and serves as & mufller to quiet the op-
eration of the heater as well as preventing peri-
odic pulsations of the type known as motor

" boating. )

The hot products of combustion leaving the
heat exchange tube 36 are collected in an L-

shaped end cap 52 and are passed outwardly .
through an exhaust fitting 54 threaded for at-

tachment to an exhaust conduit to be connected

to a space of lower pressure than that of the fuel A

mixture supply. At its inner end the exhaust
fitting 54 is threaded into the end cap 52 and
has a Venturi shaped restricting tube 88 which
serves to stabilize the rate of flow of combustible

mixture through the system by compensating for |

changes in the relative pressure between the fuel
mixture supply and exhaust. This device func-
tions-in & manner more fully disclosed in my
prior Patent No. 2,191,173.

The heater so rar described operates to heat
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the heat exchange tube 36 and this heat is trans-
ferred to a tube 58 of copper or other good heat
conducting material wound therearound in closely
formed turns, the inlet end of this tube being
wound back upon itself and connected to an inlet
fitting 60 threaded into the casting -18 where it
communicates with a bore 62 leading to a cored
out liquid jacketing space 64. 'This liquid jacket-
ing space 64 formed in the casing {8 substan-
tially completely surrounds the combustion cham-
ber, and at a low point on the casting 18 is con-
nected by means of an internally threaded spud
66 to a liquid inlet fitting 68, this fitting in turn
being connected to an inlet plpe 10.

The opposite end of the tube 58 passes out-
wardly through a sheet metal shell 72 which en-
closes the combustion chamber and heat exchange
rortions of the apparatus and is connected to a
fitting T4 threaded into a longitudinally extend-
ing header tank 16. This tank extends from a
position adjacent the outlet fitting 54 nearly to
the inlet fitting 12 and near its forward end is
connected on the opposite side to an outlet pipe
18.

At its forward end the tank 16 is flanged and
is secured by screws 80 to a similar flange on a
cap 82, this cap having a forwardly extending
vertical web-like member 84 secured by screws 86
to the inlet fitting 10, thereby forming a solid
structure. . The inner face of the cap 82 is formed
to provide a threaded cylindrical recess into
which one end of a thermostatic tube 88 is thread-
ed. This tube contains a thermostatic bellows
90 closed at its inner end by a plug 92 sealed to

the inner end of the tube 88. The opposite or

forward end of the bellows is attached to & plung-
er 94 which extends through an opening 96 in
the cap 82 with its outer end in a position sub-
stantially beneath the butterfly valve shaft 14.

The bellows 90 contains ether or other easily
vaporized substance which develops & sufficient
range of vapor pressures within the tempertaure
range of operation of the device to operate the
throttle valve through the mechanism to be de-
scribed presently To enhance the rate of heat
transfer to ‘the liquid within the bellows 90, a
U-shaped heat transfer tube 98 extends well with-
in the bellows and has its ends sealed in and pro-
jecting through the cap 92 so that liquid within -
the header tank 76 can circulate through the tube
98, thus bringing the liquid within the. tank into
intimate heat transfer relation with the liquid
within the bellows 90.

The outer end of the plunger 94 is seated in a
slotted socket 100 formed in the edge of a lever
102 pivoted at its lower end upon a transversely
extending pin {08 secured to the inlet member
10. The upper end of the:lever 102, therefore,
is free to move backwardly and forwardly under
the influence of similar movement of the plunger
94. This lever is biased against the end of the
plunger by a grasshopper spring 108 coiled about
the pin 104 with its uppzer end resting against
the face of the lever 102 opposite the: plunger
94, while its lower end rests in a slot in an abut-
ment 108 formed as a projection on the web 84
of the cap 82.

. 'The upper end of the lever arm loz is of thin-
ner section than the lower portion so as to pro-
vide an upstanding thin finger 110 transversely
slotted as indicated at 112, This finger is located
within a longitudinally exteriding slot {14 formed

- in a downwardly extending arm 118 clamped at

75

its upper end to the butterfiy valve shaft I4. A
transversely extending pin 148 is- located in the .
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slot 112 in the upper end of the lower lever 110
and is secured at its ends in the upper lever 116.
Thus, fore and aft movement of the upper end
of the lower lever 102 will be transmitted to the
upper arm |16 through the pin 118 so as to cause
similar fore and aft movement of the lower end

3

obtained by ‘the use of substantially the same -
“or equivalent means.
Iclaim:

of this upper arm. . This angular motion is in turn.

transferred to the shaft 14, thereby causing the
butterfly valve partially to be closed tpon expan-
sion of the bellows 90.

In order to prevent rattles a.nd to take up any .

lost motion which may exist, the arm {16 and
the lever 102 are connected to opposite ends of
a light weight floating grasshopper spring 20.
“The motion of the arm 116 and hence the rota-
tion of the shaft 14 is limited by a stop member
122 clamped to the shaft 114 by screw 124, This

stop member has an outwardly radiating finger.

126 which moves back and forth with rotation
of the shatt 14 in a slot 128 formed in the edge
of & cup-shaped member 132 press-fitted over a
cylindrical surface 134 formed as a portion of
the inlet fitting casting 10.. Thus the shaft 14 is

free to rotate back and forth upon contraction . -

and expansion of the bellows 880 until the finger
126 is brought against either the forward or back-
ward end of the slot 128, beyond which no motion
can take place.

Assuming that with a heater of the above type
~ properly installed, it is desired to supply hot lig-
uid, such as water or glycol, the heater is started,
that is, a flow of combustible mixture is produced
.through the device and the igniter 24 is ener-
gized. This initiates combustion of the combusti-
ble mixture, soon after which the igniter can be
deenergized, inasmuch as the reigniter 30 will
immediately re-kindle the combustible mixture
if combustion for any reason momentarily fails.
The hot products of combustion pass through the
heat exchange portion of the apparatus and

transfer the heat therein to the heat exchange.

1. In a liquid heater, the combination of an
internal combustion type heater having means
forming a combustion chamber, and a heat ex-
change conduit connected to said combustion
chamber and adapted to receive the hot products -

- of combustion therefrom, an inlet connection

10

-adapted to be connected to a source of combus-

tible mixture, a throttle valve in said inlet connec-
fion, conduit means for conveying combustible
mixture from said throttle valve to said combus-
tion chamber, liquid conducting means in heat
exchange relation with said heat exchange con- -
duit, g header connected to one end of said liquid -
conducting means and adapted to receive and
store the liquid after it has been circulated
through said liquid conducting means, thermo-
static bellows means arranged in heat exchange

relation to the liquid in said header, and means . -

' ‘operated by expansion and contraction of said

o
D)

bellows means for partially opening and closing
said throttle valve.

2. In a liquid heater, the combination of an
internal combustion type heater having means
forming a combustion chamber, and heat ex-

-change means connected to said combustion- -

chamber and adapted to receive the hot products:
of combustion therefrom, conduit means adapted
to convey combustible mixture to sald combus-

~ tion chamber, throttle valve means in said conduit

40

tube §8. The liquid passing through the liquid -
jacket space 64 and through the tube 58 is, there- .

fore, heated, and passes into the header tank 16
from which it {s withdrawn through the pipe
_18. After the liquid within the header tank 16
has reached the desired operating temperature.
the ether or other substance within the bellows

90 will be vaporized. thus causing the bellows to 5

expand somewhat. This movement of the bellows
ig transferred through the plunger 94 to the lower
lever 102 and rocks the upper end of this lever

45

forwardly, the motion being transferred by the -

pin 118 to the upper arm (16. This motion in ;

turn produces rotation of the butterfly valve 18,
thus restrieting the opening through the inlet
Btting {0, thereby decreasine the rate of flow of
combustible mixture through the heater. With
- this system it will be seen that the hicher the
temperature of the Hguid within the tank 76, the
Jess the amount of combustible mixture that will
be permitted to flow through the heater. Simi-
larly, if the temperature within the tank 16 drobvs,
the bellows 90 will contract, thereby rotating the
butterfly valve toward open position.

‘While I have shown and described a particu-
lar embodiment of my invention, it will be appar-
ent to those skilled in the art that numerous mod-

ifications and variations’ may be made without °

departing from the underlying principles of the
invention. I therefore desire, by the following
claims, to include within the scope of the inven-
tion all such modifications and variations by
which substantially the results thereof may be

GO
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means, liquid conducting means in heat exchange '
relation with said heat exchange means to inter-
change heat from the hot products of combustion
to the liquid in said liquid conducting means, &
header for receiving the heated liquid from said

liquid conducting means, thermostatic means con-

nected to operate said throttle valve and adapted
to alter the setting of said throttle valve upon an
increase or decrease in temperature of the liquid
in said header, and means to interchange heat
between the liquid in ‘said header and said
thermostatic means.

3. In a liquid heater, the combination of an in-
ternal ‘combustion type heater having means -
forming a combustion chamber, and a heat ex-
changer connected to said combustion chambher

- and adapted to receive the hot products of com-

bustion therefrom, an inlet connection adapted to .
be connected to a source of combustible mixture,
a throttle valve in said inlet connection, conduit
means for conveying combustible mixture from
said throttle valve to said combustion chamber,
liquid conducting means in heat exchange rela-
tion with said heat exchanger to interchange heat

from the hot products of combustion to the liquid

in said liquid conducting means, a header for re-
ceiving the heated liquid from said liguid con-
ducting means, thermostatic means arranged in
heat exchange relation to the liquid in said header,
means operated by expansion and contraction of
said thermostatic means for partially opening and
closing said throttle valve, and stop means to
limit the movement of said. throttle valve to less
than the full range of movement provided by said
thermostatic means, whereby the amount of heat
produced by the internal combustion heater will

‘vary inversely with the temperature of the liquid

in said header. ) -

©  4.'In g liquid héater, the combination of an

‘internal combustion type heater having means

forming a combustion chamber, and a heat ex-

changer connected to said combustion chamber




4
- and adapted to receive the hot products of com-
bustion therefrom,.an inlet connection adapted
‘to be connected to a source of combustible mix-
ture, a throttle valve in said inlet connection, con-
duit means for conveying combustible mixture
from said throttle valve to said combustion cham-
ber, liquid conducting means.in heat exchange
relation with said heat exchanger to interchange
heat from the hot products of combustion to the
liquid in said liquid conducting means, thermo-
static means arranged in heat exchange relation
to the liquid issuing from said liquid conducting
means and responsive solely to the temperature
thereof, and means operated by expansion and
contraction of said thermostatic means for par-
tially opening and closing said throttle valve.
5. In a liquid heater, the combination of an in-
ternal combustion type heater having means
forming a combustion chamber and heat exchange

10
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means connected to said combustion chamber and
‘adapted to receive the hot products of combustion
therefrom, conduit means adapted to connect said
combustion chamber to a source of combustible
mixture, lquid conducting means in heat ex-

.change relation with said heat exchange means

to interchange heat from the hot products of com-
bustion to the liquid in said liqguid conducting
means, a header connected to said liquid conduct-

ing means for receiving the heated liquid, a-

thermostatic element in heat exchange relation
to the liquid in said header a throttle valve oper-
ated by said thermostatic element, said throtile

valve being located in said conduit means, and 8

housing enclosing the internal combustion type

‘heater and said liquid conducting means and sep-

arating them from said header and said thermo-
static element.
HENRY J. DE N, McCOLLUM.




