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My invention relates generally to heat exchange
apparatus, and more particularly to apparatus
especially usable upon high speed aircraft for
heating or cooling the ventilating air of the air-
craft or component parts theieof.

Considerable difficulty is encountered in pro-
viding heat in high speed and high altitude air-
planes, for heating the ventilating air for the
cabins, and for heating parts of airplanes, such
as the carburetor, gun mountings, etc., and to
prevent the frosting and icing of windshields and
wing surfaces. Usually, equipment for supplying
the amount of heat necessary to accomplish these
heating functions adds considerable weight to the
airplane, utilizes some of the fuel carrying capac-
ity of the plane, and includes relatively compli-
cated controls, which, due to enemy action or
other factors, may become inoperative.

It is thus an object. of my invention to provide
an improved heating system for airplanes, which
does not add materially to the weight of the
plane, which may have but very few or no mov-
ing parts, which does not require a fuel supply,
and which will operate effectively under varying
operating conditions.

A further object is to provide an improved ap-
paratus and method for heating the leading edge
of airplane wings to inhibit formation of ice there-
on.
A further object is to provide an improved heat
exchange apparatus.

A further object is to provide an improved ap-
paratus and method for utilizing the heat con-
tained in one portion of a stream of compressible
fluid to raise the temperature of another portion
of that stream, or, similarly, to reduce the tem-
perature of one portion of a stream of compres-
sible fluid by transferring heat therefrom to an-
other portion of the stream.

A further object is to provide an improved ap-
paratus and method whereby a stream of a gas-
eous medium may have the heat energy con-
tained therein transferred from one portion of the
stream to another portion thereof, with resultant
lowering of the temperature of the first portion
and raising of the temperature of the second por-
tion.

A further okject is to provide an improved heat
exchanger in which the reduction in temperature
of a gaseous medium due to increasing its veloc-
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ity of flow is utilized to provide a heat gradient
permitting transfer of heat energy to the medium
from a heat source at a relatively low femperature.

Other objects will appear from the following
description, reference being had to the accom-
panying drawings, in which:

Pig. 1 is a diagrammatic perspective view of a
portion of an airplane wing with the improved
heat exchange apparatus of the invention in-
stalled therein;

Fig. 2 is a longitudinal sectional view of the
heat exchange apparatus taken on the plane rep-
resented by the line 2—2 of Fig. 1;

Fig. 3 is a front elevational view of the lead-
ing edge of the wing shown in Fig. 1; )

Fig. 4 is an enlarged sectional view showing
the throat section of the heat exchanger shown
in Fig. 2;

Fig. 5 is a diagram illustrating & method and
apparatus for lowering the temperature of a por-
tion of a stream of air; and

Fig. 6 is a diagram illustrating an apparatus
and method for heating a portion of a stream of
air.

The invention herein disclosed is based upon
the well known thermodynamic principle that as
the velocity of the flow of a gaseous medium
(hereinafter referred to as air, for convenience)
increases, its pressure and temperature decrease.
Thus, by dividing a stream of air into two por-
tions, causing the velocity of one portion to in-
crease materially while passing through a heat
exchanger, heat from another portion of the same
stream of air may be utilized in the heat ex-
changer to supply heat to the high velocity por-
tion of the air stream. : .

In Figs. 1 to 4, the invention is illustrated as
applied to the heating of ventilating air for an
airplane. In these figures, the airplane wing 10
has two ram openings 12 and (4 in its leading
edge. The opening 14 forms the inlet of the
mouth portion 16 of a Venturi tube 18 having a
throat portion 20 and a flaring outlet portion 22.
The outlet end of the flaring portion 22 is con-
nected to a conduit 24, which is utilized to con-
vey heated air to the cabin of the airplane or to
(any other part thereof which is to be supplied
with heat.

- As best shown in Figs. 3 and 4, the throat por-
tion 20 of the main Venturi tube 8 is divided into
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a plurality of Venturi-shaped passageways formed
by secondary Venturi tubes 26. These tubes, as
well as the tube 18, are preferably square in
cross-section and are arranged in rows and tiers

so as to occupy substantially completely the cross-

sectional area of the throat portion 28 of the
main Venturi tube (8. The tubes 26 are preferably
made of sheet metal having good heat conducting
properties, such as copper or aluminum, and the
walls being as thin as is compatible with their
necessary strength and durability.

The inlet mouths 28 and the outlet ends 30
of the tubes 26 are contiguous, as best shown
in Fig. 3, while the remaining portions of these
tubes, particularly their throat portions 32, are
spaced from one another to provide transverse
passageways 34. The transverse passageways 34,
as well as passageway 36 above the uppermost
tube 26, and passageway 38 below the lowermost
tube 26, form part of a conduit 48 which con-
nects the ram inlet 12 with an outlet opening
42, preferably formed in the lower surface of
the wing 10 near its trailing edge. The conduit
40 is preferably of substantially uniform Cross-
sectional area except as it is flared to encompass
the throat portion 20. 'The passageways 34, 36,
and 38 collectively are substantially the same area
as that of the ram inlet 12 so that the air will
flow through the latter passageways at substan-
tially the same velocity as the air enters the ram
12,

On the other hand, the air entering the ram
inlet opening 14 has its velocity greatly increased
as it flows through the mouth portion 1§ of the
main Venturi tube {8 and has its velocity further
increased as it flows through the secondary Ven-
turi tubes 26, As a result, the pressure, and hence
the temperature, of the air as it flows through
the secondary Venturi tubes 26, is substantially
lower than the atmospheric pressure and temper-
ature, and heat may thus be transferred from the
air flowing through the passageways 34, 36, 38
to this air of reduced pressure and temperature,
by passing through the thin walls of the secondary
Venturi tubes 26, which are of high heat con-
ductivity. The changes in pressure of the air
flowing through the main Venturitube {8 is adia~
batic except at the throat portion, namely, as
the air passes through the secondary Venturi
tubes 26, ‘

The mouth portion 6 is designed for an adia-
batic pressure change, whereas, the outlet por-
tion 22 of the main Venturi tube 1§ is likewise
designed for an adiabatic change in temperature
except that allowance is made for the increased
amount of heat in the air as it leaves the out-
let ends of the secondary Venturi tubes 26. By
proper design of the shapes of the mouth portion
16 and outlet portion 22 of the main Venturi
tube 18, a high degree of efficiency may be ob-
tained. The secondary Venturi tubes 26 are
designed to secure the highest possible velocity
of flow under the differential pressures available
to cause such flow so as to secure the maximum
possible temperature difference between the air
flowing through the secondary tubes 26 and that
flowing through the passageways 34, 36, 38. In
order to prevent dissipation of the heat from the
alr as its temperature rises in the flaring outlet
portion 22 of the main Venturi tube (8, as well
as in the conduit 24, these may be covered with
& layer 41 of suitable heat insulating material.

The arrangement shown in Figs. 1 to 4 is de-
signed to supply heated air to the cabin, ete., but
1 will readily be understood that to the extent
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that the temperature of the air discharged
through the conduit 24 is raised, that discharged
from the conduit 40 is lowered, so that if it is
desired to cool the cabin, etc., of the plane, suit-
able conduit connections may be provided to con-
duct the air from the conduit 48 to the cabin,
etc., while permitting the air flowing through
the conduit 24 to be discharged to the atmos-
phere. In some instances, it may be desirable to
utilize the apparatus alternatively for cooling or
heating, in which event, suitable valve means
may be provided so that either the heated or the
cooled air may be conducted to the cabin while
at the same time the cooled or heated air (respec-
tively) is discharged overbeard,

By cascading heat exchange units of the type
heretofore described, a very substantial increase
in temperature of the air may be obtained, or a
very substantial reduction in temperature may be
obtained. In Mg, 5, there is illustrated diagram-
matically, an apparatus for cooling a portion
of an air stream to g very low temperature, In
this figure, the heat exchangers at the throats
of the Venturi tubes are not illustrated in detaii,
but these may be of a construction similar to
that shown in Fig. 4. In Fig. 5, an air stream
A is divided into two substantially equal portions
Al and A2, the portion A2 flowing through a
Venturi tube 44, over the throat of which the air
stream Af passes. Heat from the air stream Af
is thus transferred to the gir stream A2, with re-
sultant reduction in temperature of the stream
Al. The air stream Al is divided into two por-
tions, Ali and A{2, the latter stream flowing
through a Venturi tube 46, the throat of which is
in heat exchange relationship with the stream
portion Aff so as to withdraw heat from the
latter and thus further reduce its temperature.
The stream Al is again divided into two stream
portions Alfl and Ati2, the latter air stream
flowing through a Venturi tube 48, the throat of
which is in heat exchange relationship witk
the stream portion Aff1. Thus, heat is again
extracted from the air stream Af{ f, with the re-
sult that air discharged from the outlet port 50
is at a much lower temperature than that of the
air stream A. This method of dividing and cas-
cading a number of stages of the apparatus may
be carried further to any extent required for ob-
taining air of g desired temperature, )

In a somewhat similar manner, a very sub-
stantial increase in the temperature of a por-
tlon of a stream of air may be obtained by the
apparatus and method diagrammatically {llus-
trated in Fig. 6, wherein, an air stream B is
divided into two streams, B2 and Bl , the portion
B2 passing through a Venturi tube 52, the throat
of which is in heat exchange relationship with
the stream Bl. After supplying some of its heat
to the stream B2, the stream B may be dis-
charged to the atmosphere or be utilized as a
stream of air for supplying an air cooling sys-
tem of the type represented by Fig, 5, if it should
be desired to have available g stream of air at
& temperature below that of the supply as well
as a stream having a temperature above that of
the supply. The stream of air B? passing through
the Venturi tube 52 is divided into two streams,
B2 and B22, the stream B22 flowing through a
Venturi tube 54, the throat of which is in heat
exchange relationship with the stream B21, so
that the stream B22 has additional heat supplied
thereto, further to raise its temperature. The
stream B22 is again divided into two streams,
B222 and B221. The stream B22 flows through
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a Venturi tube 58, the throat of which is in hea$
exchange relationship with the stream B22i so
that the temperature of the stream B22 is ralsed
still further to a relatively high value.

By successively cascading the heat exchange
units in two, three, or more stages, & portion of
the air stream may be raised to a very high tem-
perature.

When the apparatus is utilized on high speed
airplanes, it constitutes a reasonably high effi-
.ciency means for transforming the kinetic en-
ergy of the air stream (or, more correctly, the
kinetic energy of the airplane) into heat at a
temperature higher than that of the atmosphere.
‘When the apparatus is-used to raise the tempera-
ture of the air, a large proportion of the energy
lost in friction of the air along the surface of
the Venturi tubes and conduits, as well as the
energy lost in internal friction of the air, is re-
covered in the form of heat, so that the frictional
losses do not constitute an appreciable factor
lessening the efficiency of the system.

Since the apparatus need not have any moving
parts except possibly a damper valve to control
the rate of egress of the heated air into the space
to be hesated, it will be apparent that the appa-
ratus may be very durable and reliable in oper-
ation. Furthermore, because it is not necessary
to provide a separate fuel source, a combustion
apparatus, and the attendant air circulating and
control means, the apparatus may be made light
in weight. Under circumstances in which it is
desirable not to have the air ram openings {2
and 14 affect the operation of the airplane when
the heating apparatus is not to be used, suitable
closures may be provided for these openings, such
closures preferably conforming to the air foil
shape of the leading edge of the wing, and thus
may be in the form of shutters which slide longi-
tudinally over the leading edge of the wing to
cover the air ram openings {2 and (4.

As an illustrative theoretical quantitative ex-
ample of the operation of the apparatus of Figs.
1 to 4, let it be assumed that the plane is traveling
at an air speed of 300 M. P. H. at sea level, with the
atmosphere at a temperature of 32° F. The pres-
sure at the inlet opening of the main Venturi tube
would be 1.63 1bs./in.2 and, assuming proper de-
sign of the Venturi tube, would be approximately
.311b./in2 at the throat. The temperature at the
throat of the Venturi would thus tend to drop
to approximately 4° F'., and, assuming that the
heat transfer at the throat were 100% efficient,
the temperature of air at the outlet of the main
Venturi tube would rise to about 60° F. Of course
the heat transfer through the walls of the sec-
ondary Venturi tubes cannot be 100% efiicient,
but, by careful design and selection of materials,
& very high degree of efficiency may be attained.

It will thus be seen that a substantial rise.in
the temperature of the ventilating air may be
obtained by the use of a very simple and light-
weight apparatus. In the design of the secondary
Venturi tubes located in the throat of the main
Venturi tube, to obtain maximum efficiency, it is
desirable that the flaring outward portions of
these tubes be so shaped that the air flow there-
through will be at a nearly constant velocity.
Such constant velocity condition may be ap-
proached because of the fact that heat may be
added to the air at a rate which substantially
compensates for the increasing cross-sectional
areas of the outward portions of these secondary
Venturi tubes.

By cascading the Venturi tube heat exchangers
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in the general manner illustrated in Fig. § or
Fig. 6, the temperature of the ventilating air may
be decreased or increased substantially to any
value required by the expected conditions of op-
eration. Such cascade systems are especially
useful for carburetor deicing, windshield de-
frosting, and gunner’s compartments (such as
the small tail gunner’s compartment of a bomb-
er), in which cases it may be preferable to supply
& small volume of air at high temperature rather
than a larger volume at a lower temperature.

The heating apparatus is of particular utility
for carburetor deicing since the tendency toward
ice formation in the carburetor increases with
increased speed of operation of the airplane.
Likewise, the delivery of heat by the above de-
scribed apparatus (whether of the single stage
or multiple stage type) will increase with in-
creased speed of the airplane and thus deliver
heat to the carburetor at a rate varying general-
ly with the heat requirements at different speeds
of operation.

‘While I have shown and described particular
embodiments of my invention, it will be apparent
to those skilled in the art that numerous modi-
fications 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 my inven-
tion all such modifications and variations by
which substantially the results thereof may be
obtained by the use of substantially the same or
equivalent means.

I claim:

1. In a heating apparatus, means for compres-
sing an expansible fluid above atmospheric pres-
sure, a nozzle element of the Venturi type hav-
ing a heat conducting throat portion, and hav-
ing inlet and outlet openings of  substantially
equal size, and means to direct some of the fluid
supplied by said compressing means through said
nozzle and other fluld from said compressing
means around the throat portion only of said
nozzle, the means for directing part of the fluid
around the throat portion comprising a passage-
way of substantially the same cross-sectional
area around the throat portion and at its inlet
and outflet ends,

2. The method of heating a portion of a supply
of a gaseous medium under pressure, which com-
prises, adiabatically expanding a portion of the
gaseous medium by increasing its flow velocity,
maintaining it while expanded in heat exchange
relation with another portion of the gaseous me-
dium, and thereafter adiabatically reducing its
velocity of flow.

3. The method of producing a temperature
difference in two portions of an air stream which
comprises, dividing the air stream info two por-
tions, adiabatically expanding a primary portion
by increasing its velocity of flow, passing it while
expanded in heat exchange relationship with the
other or secondary portion of the air stream,
and thereafter adiabatically increasing the pres-
sure of said primary portion of the air stream by
decreasing its velocity of flow, whereby, the tem-
perature of sald primary portion of the air stream
is raised and the temperature of said secondary
portion of the air stream is lowered.

4. The method of producing a temperature dif-
ference between different portions of a substan-
tially homogeneous stream of a compressible gas-
eous medium which comprises, separating said
stream into two portions Al and A2, adiabatically
expanding the portion A2 by increasing its veloc-
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ity of flow, and, while it is thus expanded, bring-
ing it into heat exchange relationship with the
portion Al, separating the portion Al into two
streams All and Al2, adiabatically expanding
the stream Af2 by increasing its flow velocity,
and, while it is expanded, bringing it into heat
exchange relationship with the stream Al 1,
whereby, the portion At will transfer heat to the
portion A2 and the stream All will transfer heat
to the stream A{2 to cause a substantial reduc-
tion in the temperature of the stream All rela-
tive to the initial temperature of the portion Af.

5. The method of securing substantial trans-
fer of heat from one portion to another portion
of a substantially homogeneous and uniform
temperature stream B of a gaseous medium which
comprises, separating the stream B into two
streams Bl and B2, adiabatically expanding the
stream B2 by increasing its velocity, bringing the

stream B! in heat exchange relaticnship with

the stream B2 while the latter is expanded, caus-
ing adiabatic compression of the stream B2, sep-

arating the stream B2 into streams B21 and B22,

adiabatically expanding the stream B22 by in-
creasing its velocity of flow, bringing the stream
B2l into heat exchange relationship with the
stream B22 while the latter is in expanded condi-
tion, and adiabatically compressing the stream
B22 by decreasing its velocity of fow, whereby,
said stream B2 derives heat from said stream Bl
and said stream B22 derives heat from said
stream B2l and thus causes said stream B22,
after it is compressed, to be at a temperature
substantially higher than that of the intial
stream B. ‘

6. In a heating system for airplanes, the combi-
nation of a pair of rams, a primary Venturi tube
connected to receive air from one of sai¢ rams,
said primary Venturi tube having a throat por-
tion formed by a plurality of secondary Venturi
tubes occupying substantially all of the throat
portion of said primary Venturi tube and having
walls of heat conducting material, means for con-
ducting air from the other of said rams at sub-
stantially constant velocity past and between said
. Secondary Venturi tubes, and means for conduct-
ing air from the outlet of the primary Venturi
tube to a space to be heated.

o

7. In an airplane heating system, the combi~
nation of two air rams, a primary Venturt tube
having a mouth inlet opening of substantially the
same cross-sectional area as the inlet opening
of the ram, a plurality of secondary Venturi tubes
located in the throat portion of said primary
Venturi tube and having their inlet openings -of
aggregate area substantially equal to that of the
inlet end of the throat portion of said primary
Venturi tube, said secondary Venturi tubes hav-
ing thin walls of heat conducting material, means
for insulating the flaring outlet portion of :said
primary Venturl tube against the transfer of
heat therefrom, and means for supplying a heat-
ing fiuid to the throat portion of said primary
Venturi tube, thereby to cause transfer of heat
from the heating fiuid to a gaseous medium flow-
ing through said secondary Venturi tubes, where-
by, the temperature difference between the heat-
ing fluid and the gaseous medium is increased
by the reduction in temperature of the gaseous
medium as its pressure is lowered while it flows
at high velocity through said secondary Venturi
tubes. )

HENRY J. DE N. McCOLLUM.
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