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The primary object of the present invention 
is to provide a simple and effective method of 
and apparatus for heating up an internal com 
bustion engine, and particularly an aeroplane 

5 engine, preparatory to starting the engine into. 
Operation. When an aeroplane engine is driven 
by an internal combustion engine, the only type 
of engine now used for the purpose, it is prac 
tically impossible to start the aeroplane engine 

10 into operation without a preliminary heating 
up operation, when the aeroplane engine is as 
cold as it becomes when idle and exposed to low 
atmospheric temperatures. Effective aeroplane 
engine heating up provisions are obviously de 

ls sirable for use with aeroplanes used for pleasure 
and commercial purposes, under conditions and 
in a locality in which the aeroplane engine be 
comes cold enough to make a preliminary heat 
ing up operation necessary and in which there 
is no available hangar in which the aeroplane 
can be warmed, but the present invention is of 
peculiar utility in connection with aeroplanes 
used for military purposes, and particularly with 
aeroplanes transported by and started from the 
deck of a war vessel. The invention is useful 
also in heating an internal combustion engine, 
and particularly an airplane engine, subjected to 
highly humid atmospheres of moderate tempera 
tures, and particularly the high humidities ex 
perienced in tropical regions, to eliminate the 
objectionable effect of condensation. On the car 
bureters and ignition system of the engine. 
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For the purposes of the present invention, I 
have devised an aeroplane engine heater which 

35 may take various forms and in all of its forms 
is characterized by principles of construction and 
operation peculiarly adapting it for use under 
such conditions as those existing in the case of 
a naval aeroplane carrier vessel. In particular, 
my improved heater is adapted for use within 
an enclosed engine heating space, such as may 
be formed in part by a cloth bag or cover which 
is placed about the aeroplane engine for use in 
the heating up operation. My improved heater 

45 may be permanently installed in the aeroplane 
in Some cases, and in other cases may advan 
tageously be detachably associated with the aero 
plane, and in either event, it is practically essen 
tial that the heater should be relatively light in 
weight and small in bulk, and my improved heater 
may be made so light in weight that it can be 
attached to and supported by the associated cloth 
bag or COver part, so that the cover and heater 
form part of a single mechanical unit for trans 
portation, storage and use, and in respect to 
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(C. 244-1) 
the putting of the unit into place on and its 
removal from the aeroplane with which it is 
used. My improved heater is especially adapted 
for its intended use in that the fuel burned in 
it may be propane or analogous material Which 
can be conveniently packaged and transported 
in suitable quantities for engine heating purposes. 
My improved heater discharges products of 

combustion into, and draws air for combustion 
from the engine heating space, the air being 
drawn into the heater by the aspirating effect 
of the heater fuel supply, and is characterized 
by provisions whereby fire risk in the engine 
heating operation is practically eliminated, not 
withstanding the high temperatures necessarily 
attained within a compact lightweight heater of 
the required heating capacity and the entrance 
into the engine heating space, of combustible 
Vapors and gases given off by the carburetor and 
fuel Supply connections of the engine as the latter 
is heated up. In the operation of the improved 
heater, the combustion flame temperature may 
exceed 2500°F. The temperature of the ignition 
of combustible gases and vapors in the enclosed 
heating space is in the neighborhood of 700 or 
800 F. The importance of this matter of fire 
risk Will be realized when account is taken of 
the fact that a very considerable percentage of 
all aeroplanes in use in Arctic and sub-Arctic 
regions, which have been destroyed in recent 
years, have been destroyed as a result of fires 
started in the course of heating up the engines 
with the heating up methods and apparatus here 
tofore employed. 

I Substantially eliminate fire risk in accord 
ance with the present invention by providing 
the heater body with internal heat absorbing 
projections and passage walls and with external 
heat dissipating fins or projections, so as to give 
the heater a relatively great heat absorbing and 
dissipating capacity, notwithstanding the small 
bulk and weight of the heater, and by providing 
each heater air inlet and combustion chamber 
Outlet With a fire screen or check effective to 
prevent the outburst of flame either from the 
combustion chamber, or as a result of back 
firing. 
The discharge of products of combustion into, 

and intake of combustion air from the engine 
heating space, and the resultant circulation of 
the atmosphere in said space, contribtutes to an 
effective transfer of heat from the heater to the 
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engine parts to be heated. The intake of com 
bustion air to the heater from said SYa Ye is of 
especial importance, moreover, in that is, sults 
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in the continuous combustion within the heater 
of combustible vapor and gas constituents in the 
enclosed Space atmosphere, and thereby tends 
to prevent the accumulation of such vapors and 
gases in said space to an extent sufficient for the 
formation of an explosive mixture therein. 
My improved heater is further characterized 

by its capacity for giving an audible indication 
of its operation. In general it is of much prac 
tical importance to have a reliable means for 
determining at any time whether or not the 
heater is in operation. There is always a pos 
sibility, Of course, that, under the stress of emer 
gency condition when haste in starting the air 
plane engine into operation is imperative, com 
bustion in the heater combustion chamber may 
cease before the engine heating up operation is 
completed, as a result of a stoppage in the fuel 
line, or the exhaustion of the heater fuel supply 
Or from Some other cause. There is always a 
poSSibility also that through some failure in the 
heater ignition system, which ordinarily includes 
a Spark plug, combustion may not start When 
intended to. I have found, however, that an 
effective and reliable indication of whether or 
not the heater is in Operation, is given by a Whis 
tling heater noise obtainable when the draft flow 
through the heater is suitably throttled. For 
the maintenance of this whistling noise as the 
temperatures build up during the heating up 
Operation and the volume of gas flow through 
the heater increases while the rate of fuel Supply 
remains constant, the throttling of the draft must 
be diminished. Such reduced throttling of the 
draft flow is also essential to a desirable con 
bustion efficiency, so that with a properly de 
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signed heater, the maintenance of the proper 
whistling noise not only indicates the continued 
operation of the heater, but also that it is oper 
a ting with a desirable efficiency. 
To diminish the draft flow throttling effect 

automatically as temperatures build up, I pref 
erably employ a thermostatically controlled shut 
ter or damper in connection with a heater air 
inlet or a discharge outlet. Even though there 
be a plurality of inlets or a plurality of outlets, 
it is Ordinarily sufficient to provide one inlet or 
One outlet with a thermostatically controlled 
damper. The thermostatic damper operating 
means may be made to respond directly to the 
temperature of the heater metal or to the tem 
perature in the enclosed heating up space, since 
either of those temperatures affords a suitable 
measure of the throttling effect required for the 
maintenance of the whistling noise. When the 
danper is provided at an outlet for the discharge 
of the products of combustion, the thermostatic 
Operating means may be partly responsive to the 
heater metal temperature, and partly to the 
temperature at Which the products of combustion 
are discharged. 
The various features of novelty which charac 

terize my invention are pointed Out With particul 
larity in the claims annexed to and forming a 
part of this specification. For a better under 
standing of the invention, however, its advan 
tages and specific objects attained with its use, 
reference should be had to the accompanying 
drawings and descriptive matter in which I have 
illustrated and described preferred forms of ap 
paratus and a preferred method of practicing 
the present invention. 
Of the drawings: 
Fig. 1 is a diagrammatic elevation of a portion 

of an aeroplane in which an engine heating 

2,196,828 
heater is permanently mounted at the rear of 
the engine; 

Fig. 2 is an elevation of the heater taken at 
right angles to, and partly in section on the line 
2-2 of Fig. 1; . 

Fig. 3 is a section on the line 3-3 of Fig. 2; 
Fig. 4 is an elevation of a portion of the heater, 

taken similarly to Fig. 1 but on a larger scale; 
Fig. 5 is a diagrammatic elevation of a portion 

of an aeroplane having a heater removably as 
Sociated with the aeroplane engine; 

Fig. 6 is a view taken at right angles to Fig. 5 
and on a larger Scale, showing the heater of Fig. 5 
With parts thereof broken away and in section; 

Fig. 7 is a view of the heater shown in Fig. 5, 
taken similarly to that figure, but on a larger 
Scale, and 

FigS. 8, 9, 10 and 11 are diagrammatic views 
generally similar to Fig. 1, and each showing a 
different heater form and disposition. 

In the drawings, and referring first to the air 
rangement shown in Figs. 1-4, A represents a 
sheet metal hood or shell portion of the aeroplane 
Structure at the front end of the latter, and sur 
rounding the carburetor and fuel supply connec 
tions for the aeroplane engine B, the radial cylin 
derS Of Which are in front of the shell A. Ordi 
narily, and as shown, in an aeroplane of the type 
illustrated, a fire wall C is located within the 
shell A between the space occupied by the opera 
to and the Space including the carburetor and 
fuel Supply connection. In heating up the en 
gine B, the latter is enclosed by a cover part D 
Which is in effect a canvas bag having its other 
Wise Open end fitting snugly about, and closed 
by the aeroplane shell portion A. In practice, 
the bag or cover extends between the engine B 
and propellor blades B and is slit at One side 
to permit its passage over the engine propeller 
shaft B, the cover portions at the sides of the slit 
being detachably connected by lacing, or by other 
Suitable provisions when the cover. is in place. 

In the arrangement shown in Figs. 1-4, an 
engine heater E is permanently mounted in the 
aeroplane structure in the space between the en 
gine and the fire wall C, and adjacent the latter. 
The heater E in the particular form of construc 
tion shown in Figs. 1-4, comprises a one piece 
chambered body portion enclosing a vertically 
disposed combustion chamber E with a burner 
F at the bottom of the latter, and having upper 
outlets EP for products of combustion at the op 
posite ends of the body portion, which, as shown, 
is generally rectangular in form. A chambered 
air and fuel gas mixing and distributing part E3 
is detachably Secured to the lower end of the 
heater body as by bolts E. 
The part E3 is formed at One end of the heate 

With a large air inlet chamber E5 circular in cross 
Section, and communicating at its inner end with 
the Small end of a horizontal passage E6 ex 
tending to the opposite end of the heater and 
increasing in cross section with the distance from 
the chamber E5. The large end of the passage 
E6 Communicates with the corresponding end of 
a second horizontal passage E which extends 
back to the end of the heater at which the cham 
ber E is located and diminishes in cross section 
as it approaches that end. The passage E forms 
the Supply chamber for the burner F, which forms 
a pervious Wall between the chamber E7 and the 
combustion chamber E'. 
The burner F, advantageously, and as shown, 

consists of a multiplicity of thin vertically dis 
pOSed plate-like bodies of ceramic material (ex 
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2,196,828 
tending transversely to the length of the passage 
E" and each formed with fine vertical grooves 
F' in its opposite sides. The grooves F at two 
Sides of each body may be staggered, or horizon 
tally displaced, so that in the assembled burner, 
the grooves in each side of each plate-like body 
are closed by the portions of the adjacent side 
of a similar body, which portions lie between the 
grooves at that side of the last mentioned body. 
In any event, along the joint between adjacent 
Sides of adjacent burner bodies, there are a row 
of burner channels formed by the grooves F in 
the said adjacent sides. The above described fea 
tures of burner construction and arrangement, 
while novel with me, are not claimed herein, but 
are claimed in my prior application Serial No. 
713.433, filed March 1, 1934. As shown, the 
burner plate bodies are formed with projections 
F at their ends received in rabbets or recesses 
E8 formed in the upper portions of the side walls 
of the chamber or passage E, which is open at 
its top. The burner plate bodies may be secured 
in place in the part E3 in any suitable manner 
as by the refractory cement F3 shown. Leakage 
through the joint between the heater body and 
the part E, is prevented, as shown, by a gasket 
G of asbestos or other suitable gasket material. 
Air is drawn into the chamber E5 by the as 

pirating effect of a jet of fluid fuel supplied by a 
burner nozzle H having its discharge orifice H' 
within the chamber E5 and suitably adjacent to, 
and coaxial with the tapered nozzle passage E6 
Which serves, in effect, as an injector mixing noz 
zle. In the preferred construction shown, the 
fuel nozzle H is mounted axially in a fire check 
or screen element I, which forms a pervious outer 
wall for the chamber E5, and through which air 
is drawn into the latter. The fire check or 
Screen element E is of Such character that if, on 
the development of Some abnormal condition, a 
combustible mixture should move outward from 
the chamber E5 through the element I, the latter 
Will cool the mixture to a temperature below 
its ignition temperature, in its passage through 
the element I. 

Advantageously, and as shown, the fire check 
element consists mainly of thin corrugated net 
all I Wound Spirally about a hollow core or thin 
ble I, the circular body thus formed being sur 
rounded by a peripheral band member 20, which 
holds the Spiral convolutions Snugly in contact 
With one another. As shown, the metal I is cor 
rugated and arranged in accordance with the 
principles of the LeBoutilier and Hess Patent 
1,910,020, granted April 18, 1933, so that the cor 
rugations of each convolution extending between 
the sides of the latter and are inclined thereto 
in a direction opposite to that in which the cor 
rugations of each adjacent convolution are in 
clined to its side edges. 
As shown, the thimble and spirally wound strip 

metal structure are held between two end 
members or spiders I of spoked wheel form. 
The peripheral edges of the members I pref 
erably extend radially outward beyond the band 
I for snug engagement with a cylindrical wall 
portion E9 of a rabbeted seat for the element, 
with which the member E3 is provided. As 
shown, the thimble I and surrounding metal Il 
are clamped between the end members I3 by the 
burner nozzle member H which passes through 
the thimble and is enlarged at its outer end 
to bear against the hub portion of the adjacent 
end member, and is threaded at its inner end 
to receive a clamping nut H bearing against the 

3 
hub portion of the inner member 13. The fire 
Screen unit may be detachably secured in place 
in any suitable manner as by means of a piece 
of Spring wire I bent into circular form and 
removably received in a circular groove E10 
formed in the inner wall of the flange E9. The 
Strips I", thimble I, band 20, and end members 
I, and also the heater main body portion and 
part E°, may advantageously be formed of alu 
minum, where economy in weight is desirable, as 
it is in aeroplane equipment. 
The burner nozzle H may receive fluid fue 

through a supply pipe H3 from any suitable 
Source (not shown), which may be located in the 
aeroplane or may be exterior of the aeroplane and 
cover D, and in the latter case, the pipe H3 
advantageously may include a copper or other 
flexible tube section, and the tank or connecting 
pipe ordinarily includes a valve for suitably reg 
ulating the pressure at which the fuel is delivered 
to the nozzle H. The source of fuel may be a 
tank of propane gas or other fuel gas, or may be 
a tank containing a liquid fuel such as liquid pro 
pane or gasoline. When liquid fuel is employed, 
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it is preferably vaporized prior to its delivery to . 
the burner nozzle as by passing a vaporizing 
Section of the pipe H3 in sufficiently good heat 
transfer relation with the heater E to insure . 
proper vaporization of the fuel. In Fig. 2 the 
Vaporizing Section of the pipe H3 passes through 
the combustion chamber of the heater, and H4 
represents a strainer in the pipe H3 adjacent 
the nozzle H. Such a strainer which may com 
prise a mass of steel wool in the strainer re 
ceptacle is especially desirable when the liquid 
fuel used is leaded (ethyl) gasoline, since in such 
case, lead separates out of the fuel in metallic and 
oxidized powder form during the vaporizing 
process, and if not arrested in the strainer H., 
may clog the burner nozzle orifice H. 
ACrOSS each of the OutletS E2 from the con 

bustion chamber E, there is provided a fire screen 
Or check element IA, which may be analogous in 
Construction and mounting with the element I 
previously described, except that in lieu of the 
clamping connection of the relement formed by 
the burner nozzle H, a clamping bolt 6 is em 
ployed in each of the elements IA. The prod 
lucts of combustion escape from the combustion 
chamber E' through the pervious walls formed 
by the elements IA, which must cool the com 
bustion gases prior to their discharge into the 
atmosphere below the temperature of 700° or 
800 F., at which combustible gases and vapors 
Coning from the engine carbureter and fuel sup 
ply connections into the enclosed space in which 
the heater E is located will ignite. Since the 
flane temperature in the combustion chamber 
adjacent the burner F may be of the order of 
2500, the temperature of the gases at the inlet 
Sides of the elements IA will be substantially in 
excess of Said ignition temperature notwithstand 
ing the Special provisions shortly to be described, 
through which the heater body absorbs from the 
combustion chamber and dissipates much of the 
heat liberated in the combustion chamber. 
The heat dissipating capacity of the heater E 

is made desirably great by forming the latter with 
thin Walls of metal of good heat conductivity and 
by providing the heater body and the part E3 
with a multiplicity of integral thin heat dissipat 
ing ribs or fins Eli. To increase the transfer of 
heat from the combustion chamber to the wall of 
that chamber, the combustion chamber is shaped 
to provide suitably tortuous passages for the gas 
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flow therethrough, and a multiplicity of heat ab 
sorbing projections from the wall of the combus 
tion chamber extend into the latter. The form 
and disposition of those projections may ob 
viously be varied. As shown, the combustion 
chamber proper is narrowed at its upper end 
where it communicates with the inner ends of 
funnel shaped passages leading to the outlets 
E2. Extending into those funnel shaped passages 
and the space connecting their inner ends, are a 
multiplicity of small conical projections E'. In 
the combustion chamber proper, ribs E extend 
ing into the combustion chamber from the Oppo 
site side walls of the latter, separate a consider 
able portion of the space adjacent each side wall 
into a multiplicity of vertically disposed Serpen 
tine paSSageS. 
In the preferred contemplated mode of use of 

the apparatus shown in Fig. 1, a vigorous circula 
tion within the enclosed space in which the 
heater is arranged, is set up as a result of the air 
flow into the heater through the screen I, due to 
the aspirating or injector action of the fuel dis 
charged through the burner nozzle member H, 
and of the discharge of the products of combus 
tion through the outlets EP, and due to the Con 
vection circulation in said space due to the dif 
ference between the temperatures in different 
portions thereof. The engine heating effect is 
due partly to the radiation of heat from the Outer 
surface of the heater, partly to the heat in the 
products of combustion discharged, and partly to 
the convection heating and circulation of the 
atmosphere within the enclosed space, which 
comes into contact with, and absorbs heat from 
the heater and from other parts including, 
notably the metal shell A, which are more di 
rectly heated by the heater E. 
While the cover member D is ordinarily and 

preferably not provided with definite openings 
for the out-flow of heated air and gas, or for the 
inflow of cold air, there is enough flow through 
the member to prevent any appreciable or Sig 
nificant increase in gas pressure above atmos 
pheric pressure in the enclosed space, and for 
the supply of oxygen to the latter, as required 
for the maintenance of efficient combustion dur 
ing the period in which the heater is normally 
in operation. 
With the operation described, 

gases or vapors which are in the atmosphere of 
the enclosed space, are drawn into the heater 
with the air passing to the inlet chamber E5, and 
are burned in the combustion chamber E' of the 
heater. This practically eliminates all possibility 
of a sufficient accumulation of combustible gases 
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and vapor in the atmosphere of the enclosed 
space to make that atmosphere an explosive mix 
ture, notwithstanding the fact that a consider 
able quantity of combustible gases and vapors 
may be given off to said atmosphere from the en 
gine carbureter and supply connections as they 
are heated up. 
In general, it is practically important to have 

some reliable means for determining at any time 
whether or not the heater is in operation. There 
is always a possibility, of course, that under the 
stress of emergency conditions, when haste in 
starting the aeroplane engines into operation is 
of extreme importance, that through a stoppage 
in the fuel line, or the exhaustion of the heater 
fuel supply, or from some other cause, that corn 
bustion in the combustion chamber E' will cease, . 
or may not start through some failure of the igni 
tion device, ordinarily a Spark plug J, as shown. 

combustible 

als 2,196,828 

While the heater is ordinarily and preferably 
provided with a window EK, through which the 
flow of combustion may be observed when an ob 
server is in position to look through the Window 
in normal operation, such visual inspection is 
rendered difficult or impossible by the cover D, 
A thermostatic arrangement responsive to the 

heater temperature for indicating whether the 
heater is or is not in operation would be of doubt 
ful reliability, and would involve complications 
which are desirably avoided. I have found, how 
ever, that when the flow through the heater is 
suitably throttled, the operation of the heater 
will produce a whistling noise of such volume and 
character that it can be detected by one standing 
close to the enclosing cover D, even though the 
engines of other aeroplanes in the immediate 
vicinity are in operation and are producing the 
loud roars characteristic of the operation of such 
engine. For the maintenance of such a whistling 
noise of desirable volume, it is practically essen 
tial that the throttling of the flow through the 
heater should be decreased as the heater temper 
ature rises. Such throttling action may be auto 
matically effected by a throttling damper ad 
justed by thermostatic means responsive to the 
heater temperature and variably throttling an 
air inlet or an exhaust outlet of the heater. 
The heater E is shown as provided with such 

an adjustable damper K, for one only of its two 
Outlets. As shown in Fig. 4, the damper K is 
mounted on one of the outlet fire screens IA, 
and is in the form of a disc-like element rota 
tively mounted on the clamping bolt T6 of the 
corresponding element IA, and comprises tapered 
sector or spoke parts which overlap the spoke 
portions of the adjacent fire Screen end member 
I. The thermostatic means shown for angularly 
adjusting the damper K, comprises a strip of 
bi-metallic thermostatic metal L wound into 
Spiral form and having its inner end anchored 
to the adjacent element IA, and having its outer 
end connected to the damper element K at some 
distance from the axis thereof. In the arrange 
ment shown, the thermostatic strip. L. is heated 
partly by conduction through the fire screen 
metal, but mainly by the exhaust gases which, 
notwithstanding the cooling action of the fire 
Screen, have a delivery temperature which in 
creases through a considerable range as the heat 
er heats up. 
The damper control provisions serve not only 

to maintain the proper whistling indication, but 
also contributes to improved combustion condi 
tions, since, as the temperature within the heater 
and the expansion of the combustion gases are 
increased, the throttling effect should be dimin 
ished to avoid draft pressure loss which would 
prevent the proper amount of combustion sup 
porting air from being drawn into the heater 
by the aspirating effect of the fuel jet. 
The general principles and advantages of the 

form of the invention shown in Figs. 1-4, may be 
obtained with heaters differing in construction 
and disposition from that of the heater Eshown 
in Figs. 1-4, and in particular, those principles 
may be utilized with especial advantage in a 
heater which is detachably associated with the 
engine for the heating up operation, and is re 
noved along with the cover D When the aero 
plane is to be started in operation. Owing to the 
light weight of the heater, it may well be phys 
ically attached to, and supported by the cover 
member, since each is normally used only in a S 
Sociation with the other. 
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2,196,828 
heater, the latter may be located in better posi 
tion for transferring heat to the engine cylinders, 
than is the case with the heater Eshown in Figs. 
1-4. In particular, the heater may be located 
in front of and immediately adjacent the engine, 
as in the arrangement shown in Figs. 5 and 6, 
wherein the heater EA, when in use, is directly 
Supported by a suspension strap or hooks E100 
engaging the propeller shaft B2, or preferably, an 
immediately adjacent portion B3 of the engine 
BA. 
The heater EA shown in Figs. 5, 6, and 7, is 

similar in its general principles of construction 
and operation, to the heater E, but differs con 
siderably therefrom in form, and notably in 
that the heater EA is relatively flatter and longer 
than the heater E, and has a combustion cham 
ber E0 and burner FA between each end of the 
heater and the central portion of the latter, 
which is provided with a single fuel burner noz 
zle HA at its bottom. The combustion air is 
drawn into the heater through a fire screen ele 
ment I, as in the construction shown in Figs. 
1-4. In the construction of Figs. 5-7, the air 
and fuel are mixed in an expanding nozzle pas 
Sage E0 similar to the passage E6 of the con 
struction first described. At its upper end, the 
passage E. communicates with two passages 
E0 at the opposite sides of the passage E60, and 
Serves as the fuel supply and distribution cham 
bers for the two burners FA. Each of the latter 
may be identical in construction with the burner 
F previously described, but is vertically disposed. 
At the outlet E20 from each combustion cham 
ber E10, is provided a fire screen IB similar in 
general type and purpose to the previously de 
scribed screens IA, but shown as differing 
therefrom in form. Each element IB is rec 
tangular in outline, and comprises corrugated 
Strip or strips bent to form straight side by side 
portions instead of being wound into spiral form. 
The heater EA is formed with external heat 

dissipating ribs or fins E110, corresponding in pur 
pose to the fins Ell previously described. Each 
combustion chamber E10 may be provided with 
internal heat absorbing projections correspond 
ing in purpose to the previously described pro 
jections E12 and E3. The heater EA is prefer 
ably formed, also, with open ended vertical 
tubular passages E extending through the com 
bustion chamber, and each providing a chimney 
action, or effect, which increases the convection 
current circulation of the enclosed space. The 
general circulation in that space is enhanced, 
also, by the relatively wide separation of the out 
let ports and the fact that they discharge prod 
lucts of combustion upwardly and away from the 
vertical plane which includes the propeller shaft 
axis. 
The circulation thus provided extends to all 

portions of a space immediately in front of the 
engine and which in vertical section transverse 
to the axis of the propeller shaft, is substantially 
coextensive with the space occupied by the en 
gine, and the gases circulated also move through 
spaces between the engine cylinders and at the 
rear of the latter. The heat transfer to the 
engine is thus more direct and effective than in 
the arrangement first described. The direct heat 
transfer is of especial importance in the case of 
an engine having two side by side sets of com 
bustion chambers, as shown in Fig. 1, so that the 
engine dimensions in the direction of the pro 
peller shaft are correspondingly large. When 
the heater is in close proximity to the cover, 

member M surrounding the engine. 

the latter may be protected against over heating 
by a radiation screen ED of material having low 
heat Conductivity. As shown, the screen ED is 
carried at the ends of projections E' from the 
corresponding side of the body of the heater 
EA'. 
As will be apparent, my improved heater, 

whether permanently or removably mounted in 
the aeroplane, may be located in various posi 
tions different from those shown in Figs. 1-5, 
as conditions make desirable, and may be spe 
cially shaped to adapt it to any particular de 
sired location in the aeroplane. Thus, as shown 
in Fig. 8, the heater EB is located directly be 
neath the engine and between the lowermost cyl 
inders thereof, and an annular shroud or shield 

For that 
location, the heater EB may advantageously be 
in the form of an arc curved about the axis of 
the engine with an exhaust outlet E22 at each 
end of the arc. In the arrangement shown in 
Fig. 9, the heater EC is of annular form and 
surrounds the nose portion B5 of the engine in 
front of the engine cylinders, and the exhaust 
Outlet opening. Or openings E23 may be formed in 
the edge of the annular heater adjacent the en 
gine cylinders. 
In the arrangement shown in Fig. 10, the 

heater ED is located generally as shown in Fig. 
1, but is provided with a lateral exhaust outlet 
conduit extension E24 leading to the adjacent, 
side of the engine, so that the exhausted prod 
ucts of combustion are discharged directly 
against the engine structure. 
The heater EE shown in Fig. 11 may be gen 

erally like the heater shown in Figs. 1-5, but 
differs therefrom in that inclined open ended 
passages E extend through the combustion 
chamber of the heater to augment the circula 
tion in the enclosed space by a chimney action, 
analogous to that obtained with the passages E21 
of the heater EA. 
As previously stated, the heater may be at 

tached to, and supported by the flexible cover. 
member ID so that the heater may be put in place, 
removed, and transported with the cover mem 
ber. In such case, the heater may be attached 
to the cover member in any suitable manner. 
For example, as shown in Fig. 7, the heater 
shield member ED may be formed with one or 
more hook extensions El, each received in a 
corresponding eyelet or opening D' in the cover 
member D. 
While in accordance with the provisions of 

the statutes, I have illustrated and described the 
best form of embodiment of my invention now 
known to me, it will be apparent to those skilled 
in the art that changes may be made in the form 
of the apparatus disclosed without departing 
from the spirit of my invention as set forth in 
the appended claims and that in some cases cer 
tain features of my invention may be used to 
advantage without a corresponding use of other 
features. 

Having now described my invention, what 
claim as new and desire to secure by Letters Pat 
ent, is: 

1. A light weight compact heater adapted for 
use in, and to heat a surrounding atmosphere 
containing air and combustible vapors, compris 
ing a chambered metallic structure having a fuel 
and air receiving chamber, and a combustion 
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chamber, and having an inlet to said receiving 
chamber and an outlet from Said combustion 
chamber and formed externally with projections 
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giving a large external heat dissipating surface 
relative to the bulk of said body, and with inte 
gral projections extending into each combustion 
chamber and providing a large heat absorbing 
Surface relative to the volume of said chamber, 
a pervious burner wall separating said combus 
tion chamber from the first mentioned chamber, 
pervious metallic walls extending across said in 
let and across said outlet and each serving as a 
fire check screen, and means for supplying fluid 
fuel to said receiving chamber in a stream adapt 
ed by its aspirating action to draw air for the 
combustion of the fuel into said receiving cham 
ber through the said pervious wall extending 
acroSS Said inlet. 

2. A light weight compact heater adapted for 
use in and to heat an atmosphere containing air 
and combustible vapors, comprising a chambered 
metallic structure including a fuel and air re 
ceiving chamber and two combustion chambers 
located at opposite sides of said receiving cham 
ber, and having an inlet to said receiving cham 
ber, and an outlet from each combustion cham 
ber at the side of the latter remote from said re 
ceiving chamber, and formed externally with pro 
jections giving a large external heat dissipating 
Surface relative to the bulk of said body, and with 
integral projections extending into each com 
bustion chamber and providing a large heat ab 
SOrbing Surface relative to the volume of said 
chamber, a pervious burner wall between each 
chamber and said receiving chamber and con 
Stituting a fuel burner, pervious metallic walls, 
One extending across said inlet and one across 
each of said outlets, and each serving as a fire 
check Screen, and means for supplying fluid fuel 
to Said receiving chamber in a stream adapted by 
its aspirating action to draw air for combustion 
into said receiving chamber through the said 
Screen for said inlet. 

3. A heater as specified in claim 1, in which 
Said receiving chamber comprises an initial air 
admission portion, an expanding nozzle portion, 
and a burner supply portion, and in which said 
admission portion is immediately adjacent the 
inlet opening fire screen and said nozzle portion 
leads away from Said air admission portion and 
has its throat or inlet end Substantially smaller 
in cross section than said air admission portion, 
and said burner Supply portion lies alongside of 
said nozzle portion and between it and the burner 
Wall and is connected to said nozzle at the end 
of the latter remote from Said admission space, 
and in which the fuel stream is discharged ax 
ially into said nozzle portion through the said 
throat thereof. . . ; 

4. A heater as specified in claim 1,...in which 
said receiving chamber comprises an initial air, 
admission portion, an expanding nozzle portion, 
and a burner. Supply portion, and in which said: 
admission portion is immediately adjacent the 
inlet. Opening fire Screen and said nozzle portion 
leads away from said air admission portioni.and. 
has its throat or inlet end substantially smaller 
in CroSS Section than said air admission portion, 
and said burner portion lies alongside of said noz 
Zle portion and between it and said burner wall: 
and is connected to Said nozzle at the end of the 
latter remote from said admission portion and 
contracts in cross section from its end connected. 
to said nozzle to its end adjacent said admission 
portion, and in which the fuel stream is, dis 
charged axially into said nozzle portion through 
the throat: thereof. . . . . . . . . . . . . . . . . . . . ) 

5. A heater, as specified in claim 1, in which 

2,196,828 
the inlet to the receiving chamber is circular, and 
the fire check screen extending across it comprises 
a hub portion and corrugated metal strip mate 
rial Wound Spirally about said hub, and in which 
said hub is formed with an axial passage through 
which the fuel stream is passed into said receiv 
ing chamber. 

6. A heater as specified in claim 1, comprising 
thermostatic means for subjecting the gas flow 
through the heater to a throttling effect diminish 
ing as the heater temperature increases. 

7. A heater as specified in claim i, having an 
exhaust outlet fire screen circular in cross sec 
tion, and comprising a central hub portion, a 
damper mounted on said hub portion for angular 
movement and adapted to variably throttle flow 
through said fire Screen according to the angular 
position of the damper, and thermostatic means 
connecting said damper and fire screen element 
and angularly adjusting the damper in accord 
ance With variations in the temperature of the 
gases passing through the fire screen. 

8. A heater as specified in claim 1, in which the 
heater structure is formed with vertically dis 
posed tubular portions extending through the 
combustion chamber and providing open-ended 
chimney passages for augmenting convection 
current circulation of the atmosphere surround 
ing the heater. 

9. A heater as Specified in claim 1, in which 
the heater structure comprises a part including 
a combustion chamber and a separable part in 
cluding the receiving chamber, and in which the 
burner wall between said chambers is formed of 
plate-like bodies of refractory material formed 
With burner Orifice grooves in their sides and 
mounted side by side in one of Said members. 

10. Aeroplane engine heating means, compris 
ing a flexible cover member adapted for detach 
able mounting On the aeroplane to enclose a 
space including said engine, and a heater adapt 
ed to be put in place in Said space and removed 
therefrom as the cover member is put in place 
and removed and comprising a combustion cham 
ber adapted to receive air for combustion from 
said space and to discharge products of combus 
tion into said, Space, and means for supplying 
fluid fuel to said combustion chamber in a stream 
having sufficient velocity to aspirate air for com 
bustion into said chamber from said space and 
to discharge products of combustion into said 
space with sufficient velocity to create a vigorous 
circulation therein. 

ll. Aeroplane engine heating means, compris 
ing a flexible cover member adapted for detach 
able mounting On the aeroplane to enclose a Space 
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including said.:engine, and a heater adapted to . 
be put in place in said space and removed there 
from as the cover member is put in place and re 
moved, and comprising a combustion chamber 
adapted to receive air for combustion from said 

60. 

space and to discharge products of combustion. 
into said space, means for supplying fluid fuel, 
to said combustion chamber in a stream having , 

65 
into said chamber from said space and to dis 
charge products of combustion into said. Space. 

sufficient velocity to aspirate air, for combustion 

With sufficient velocity to create a vigorous cir 
culation therein, and a heat screen attached to 
one side and spaced away from the heater to per 
mit air flow therebetween, said screen being ad 
jacent, Said cover. 

12. A heater as specified in claim 1, in which 
Said receiving chamber comprises an air admis 
sion space immediately adjacent the inlet fire 

70 r 

75 



2,196,828 7 
check screen and of relatively large cross sec 
tioned area, an expanding nozzle portion lead 
ing away from, and having its throat or inlet 
end substantially smaller in croSS Section than 
said space, and means for discharging the fuel 
stream axially into said nozzle at the inlet end 
of the latter. 

13. A heater, as specified in claim 1, in which 

the means for Supplying fluid fuel to the receiv 
ing chamber of the heater comprises a fuel Sup 
ply pipe which receives vaporizable liquid fuel 
and including a section absorbing heat from the 
heater to vaporize the liquid fuel prior to its de- 5 
livery to said receiving chamber. 

FREDERC O. HESS. 
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