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1

This application is a continuation in part re~
placing our copending application Serial -No.
760,616, filed July 12, 1947, and relates bhack there-
to for all common subject matter.

The invention relates to heat transfer between
solid and gaseous bodies and has particular ref-
erence to such transfer bétween a rotating solid
body and a gaseous medium. Still more particu-
larly the invention relates to the cooling by air
or other gaseous medium of rotating bodies which
are heated as a result of their normal operation
and which require. cooling during such operation
in order to dissipate excess heat and limit the
working temperature of the body to an accept-
able value.

In its broader aspects the invention is applica-
ble to a wide variety of structures and uses in
which heat may be absorbed from or imparted
to the solid body, but for the purpose of ex-
plaining the principles of the invention it will
hereinafter be described as applied to the air
cooling of 4 heated rotating body. Specifically
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it will be described by way of example as applied

to the air cooling of a hydrodynamic torque
converter of the rotating casing type, since such

m structure necessarily generates considerable .

heat in normal operation and is particularly well
adapted to have the principles of the invention
applied therseto, it being understood, however,
that the invention is not limited by the example
chosen for disclosure bubt embraces all forms of
apparatus cooled or heated in accordance with
the invention, the scope of which is defined in
the appended claims.

The general purpose of the invention is to
provide improved heat transfer by maintaining
both high relative velocity and relatively high
temperature difference between the heat ex-
changing bodies so that a high coefiicient of heat
transfer is obtained, and to effect the high rates
of heat transfer in a novel manner requiring the
minimum of power absorption for the heat trans-
fer function.

The manner in which the shove and other pur-
poses are achieved, together with more detailed
objects hereinafter appearing and also an under-
standing of the manner in which the principles
of the invention mey.be applied to many varied
forms of apparatus, may best be realized from a
consideration of the ensuing portion of this speci-
fication, taken in conjunction with the accom-
panying drawings forming a part hereof, in
which: @

Fig. 1 is a central longitudinal section showing
the invention applied to a hydraulic torque con-
verter, the section being taken on the line {—{
of Fig. 2;
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Fig. 2 is a section taken on the line 2—2 of
Pig. 1;

Tigs. 3 and 4 are fragmentary views s1m'11va-r to
Fig. 1 showing different forms of housing struc-
tures of the hydraulic apparatus;

Figs. 5, 5a and 5b, taken on line 5—5 of Figs. 6,
6c and 6b, are sectional views on enlarged scale
of different embodiments of bafile or guide ele-
ments contemplated by the invention;

Figs. 6, 6a and 6b are elevations of the struc-
tures shown respectively in Figs. 5, 5a and 5b
taken on the line §—%6 of the latter figures;

Figs. 7, 7e and Tb are fragmentary sections
similar to Fig. 2 showing different forms of ap-
paratus embodying the invention;

Tig: 8, taken online 8—8 of Fig. 9, is a fragmen-
tary section similar to Fig. 1 showing another
form of the structure embodying the invention;

Fig, 9 is a fragmentary elevation looking from
the right of Fig. 8;

Fig. 10 is a fragmentary plan viewas seen from
above Fig. 9;

Fig. 11, taken on line {i-—-i{ of Fig. 12, is a
fragmentary section similar to Fig. 1 of still an-
ofher embodiment of the invention, and

‘Fig. 12 is a fragmentary transverse view, part-
ly in elevation and partly in section taken on
line 12—12 of Fig. 11.

Referring now more particularly to the embodi-
ment shown in Fig. 1, the apparatus illustrated
is a hydraulic torque converter of the hydrody-
namic type incorporating the invention. In the
apparatus shown, a rotatably mounted casing,
indicated generally at 18, is provided with a
toothed driving connection {2 through which it is

driven at engine speed from an engine flywheel
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{4, The casing I8 provides a toric chamber {6
for circulation of the power transmitting liquid.
In the embodiment shown, the casing {§ carries
the pump or impeller blades {8 and in effect .
coustitutes the pump or driving miember of the
apparatus. A rotatably mounted driven member
29 providesa turbine wheel 22 which in the pres-
ent instance carries a ring of turbine blades 24
and, indirectly through & part of the torus ring
2§, a second ring of turbine blades 28. Between
the rings of turbine blades 28 and 24, o ring of
guide or reaction blades 38 is carried by the wheel
part of o rotationally fixed reaction member 32
secured te an ouber stationary housing member

. 84 fixed to a stationary part of the engine struc-

ture indicated at 386.

The structure thus far described is of more or
less conventional known form, providing what is
ordinarily termed o two-stage converter, through
which power is transmitted by circulation of the
power transmitting liguid through the pump, tur-
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bine and reaction blading in the direction indi-
cated by arrow 38. Insofar as the present inven-
tion is concerned, the specific nature of the hy-
draulic circuit is immaterial and may embody any
desired number of stages for converter opera-
tion or only pump and turbine members for
coupling operation. Also insofar as this inven-
tion is concerned, the rotating casing may carry
the turbine blades rather than the pump blades,
which is a well known form of construction, but
for reasons hereinafter pointed out a construction
in which the rotating casing carries the pump
bhlades may in many cases be preferable.

Referring now more particularly to the cas-
ing 10, the example illustrated is of built up
construction comprising a wheel element 48 car-
rying the pump blades I8 and forming the for-
ward wall of chamber 1§, a second element 42
forming the rear wall of the chamber and an
annular ring like element 44 joining the other
two elements. The element 44 is provided ex-
ternally with a series of radially extending
flanges in the form of ribs or fins 46 separated
by intervening grooves 48, these ribs and grooves
being concentric with respect to the axis of ro-
tation of the casing. The internal surface 50 of
element 44 is cylindrical and radially spaced
from a similar outer surface 52 on element 42.
Between these surfaces a cylindrical bafile plate
or drum 54 is located in radially spaced relation
to both surfaces to provide annular channels 56
and 58 which communicate with each other
through ports 60 in the baffle 54. Channel 56 is
in communication with the radially outer port
of chamber 16 by way of a series of peripher~
ally spaced bores 62, while channel 58 commu-
nicates through bores 64 with chamber 1% at
a place radially inwardly of the place of commu-
nication established by bores 62. Since the
pressure of the working fluid in chamber {6
during operation of the apparatus is greater at
the inlet of bores 62 than at the outlet of Lores
€4, the differential pressure will result in cir-
culation of a part of the working fluid through
the bores and passages 62, 55, 58 and 64 in the
order named, which may be said to constitute
an internal cooling circuit in the casing.

As will readily be apparent, heat generated in
the hydraulic working circuit will be dissipated

by direct conduction through the casing to the ;

cooling ribs 46 from chamber 16 and also from
the fluid circulated through the cooling circuit.

Owing to the high rate of circulation of the
working liquid in the chamber {6 during op-
eration of the converter, and particularly un-
der certain conditions of power transmission
through the converter, a very high rate of heat
transfer from the liquid to the casing is secured.
Under certain conditions of operation, when the
converfer may not be working at its best effi-
ciency, a relatively high percentage of the power
supplied to the converter may have to be dissi-
pated in the form of heat. While in order to
dissipate the relatively large amount of heat
under such circumstances, the rate of heat trans-
mission from the liquid to the casing may be
adequate, the rate of heat transmission from the
cooling ribs to the ambient atmosphere, when
they are utilized in accordance with usual prac-
tice, is not sufficient to dissipate the heat that
can be transmitted from the liquid to the cas-
ing when the amount of cooling surface is lim-
ited to the area dictated by practical considera-
tions such as space limitations. Such construc-
tions are further impractical since they would
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result under certain conditions which occur dur-
ing normal operation, in overheating of the ap-
paratus and the body of power transmitting liq-
uid. To overcome this deficiency, cooling of the
power transmitting liguid by circulation of all
or a part of the liquid through some external ex-
tended surface cooler such as a radiator has been
employed in most cases. Such arrangements
necessitate the undesirable use of separate out-
side cocling devices which involve both extra
weight and cost and also require the further un-
desirable use of outside conduits and connections
which are subject to fluid pressure and are a
source of possible trouble due to leakage or
breakage.

To avoid the undesirable features of such
cooling systems, direct air cooling has been re-
sorted to in certain instances, employing ex-
tended heat dissipating surface on the casing. In
such cases, however, the required rate of heat
transfer for adequate cooling has been secured
only by the employment of means for producing
high velocity forced draft air to flow over the
cooling surface, and the requisite cooling effect
has been obtained with such arrangements only
at the expense of the expenditure of a very con-
siderable amount of power for supplying the
cooling air.

In accordance with the present invention the
above noted deficiencies in the cooling of ap-
paratus of the kind discussed by way of illus-
tration are overcome and the transfer of heat
from or to rotating bodies at high rate is ac-
complished by providing a controlled air flow
relative to the heat exchange surface of the ro-
tating body which operates to maintain at all
times and over substantially the entire area of
the heat exchange surface a high relative ve-
locity between the rotating surface and the heat
exchanging gaseous medium.

This high rate of heat transfer is further
obtained in accordance with the invention with
the minimum expenditure of energy for causing

the required circulation of the gaseous medium
5 in heat exchange relation with the rotating hody

and in a great many cases adequate heat ex-
change at relatively high rate is obtainable with-

. out the necessity for fans or other like appara-

tus, the rotation of the rotating body itself be-
ing utilized in a manner which makes possible
the high rate of exchange that is obtained.

In those cases where an extraordinarily high
rate of heat transfer is required the principles
of the inventicn may be employed in conjunc-
tion with apparatus providing for circulation of
the gaseous medium by means such as a fan sep-
arate from or carried by the rotating body, but
even in such cases the utilization of the princi-
ples of the invention, enable the desired ex-
tremely high rate of heat transfer to te obtained
with a minimum expenditure of power.

The improved results flowing from the inven-
tion are achieved not only by the utilization of
controlled streams of gaseous medium but also
by so relating the flow of such streams to the
rotating body that relatively high velocity is
maintained between the two bodies in heat ex-
change relation, while at the same time the max-
imum absolute velocity of the gaseous medium
is maintained at a relatively low value, so that
the energy required to accelerate and decelerate
the mass of gaseous medium used for heat ex-
change purposes is relatively very low.

Further, the improved results are obtained by
so relating the flow of the gaseous medium in
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heat exchange relation with the rotating body
that any given quantity of the gaseous medium is
in heat exchange relation with the rotating body
for only a relatively short period of time, so that
the average temperature difference between the
two heat exchanging bodies is much higher than
in previous forms of heat exchange arrangements
of the kind under consideration.

Additionally, the controlled flow of gaseous
medium is, in accordance with the principles of
the invention, so related to the rotating body that
minimum resistance and power loss is obtained
because of the substantial absence of highly
turbulent flew, which has heretofore often been
resorted to in order to obtain high rates of heat
exchange but only with  correspondingly high
power requirements for effecting the desired
function of the apparatus. .

The principles of the invention as above dis-
cussed are embodied in the example shown in
Figs.-1 and 2 by the structure now to be de-
scribed. .

The outer statlonary housing 34 ‘comprises a
wall portion encircling the ribs 46 on the rotat-
ing casing and forms cover means for the grooves
or channels 48. 'This wall portion is interrupted
at peripherally spaced places by openings pro-
viding communication between the channels and
ambient atmosphere, as will be seen more clearly

in Fig. 2. As shown in this figure, the cover por-

tions of the wall are provided by peripherally
spaced web portions 66 and in the openings be-
tween adjacent web portions axially extending
ribs 68 serve to support bafle members 70. Each
of these bafile members comprises a series of ob-
turating baffles in the form of vanes or fingers 72
which extend inwardly into and substantially fill

the cross sections of the channels-in the casing.

In the present embodiment six such -bafile
members equidistantly spaced around the periph-
ery are employed. Depending upon: the design
factors of the individual case the number of these
bafiles may vary and may be less than the num-
ber shown, or more. Generally speaking how-

ever, the greater the number of baffles, within.

reasonable limits, the more effective the heat
transfer. )

"The spaced bafiles serve to sub-~divide the chan-
nels into a plurality of sections and the support-

ing ribs 68 and bafile members 70 divide each of
the openings in the wall of the housing into two
openings or ports, one on each side of each bafile
member. These ports are located at the ends of
the several sections and provide for each section
an inlet port 78 and an outlet port 76 for flow
of air through each of the sections in the direc-
tion of rotation of the casing as indicated by the
arrows 18. Flow of air in the present instance is
effected by rotation of the casing which acts o
draw air into the channel sections in the man-
ner shown, from which it is ejected through the

several outlet openings by the action of the ob:

turating baffles. -

“The air entering the channel sections from the
relatively static ambient atmosphere will have
maximum relative velocity with respect to the
heat dissipating ribs on the casing and as it en-
ters there will be maximum temperature differ-
ence between the air and the ribs.
the rate of heat transfer per unit area of rib will
be very high. The air in the channels is accel-
erated in the direction of rotation of the casing
by friction and while it remains in the channels
the relative velocity between the air and the ribs
progressively decreases, as does also the tempera-

Consequently,
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ture difference between. the air and .the:ribs:
Consequently, the rate of heat transfer becomes
progressively less the longer the air remains in
the channels and for that reason, in accordance
with the principles of the present invention, the
air is ‘ejected from the channels:after a relatively
short path.of travel and before its velocity and
temperature have increased to such: extent as to
seriously reduce the heat. transfer coefficient:
Since the rate of rotation of the casing, relative
smoothness or roughness of the surfaces of the
ribs, and the normal maximum desired tempera-
ture of the ribs all affect the rate of acceleration
of the air and the temperature difference; it will
be evident that the length of the channel sections
in individual cases will be governed by the spe-
cific specification for the individual case and this
in turn will govern the number of bafﬂes placed 1n
each channel. :

In order to obtain optimum results, that: 1s, to
secure the maximum rate of heat transfer per
unit area with minimum power consumption and
with the minimum space requirement, the grooves .
or channels should be relatively deep and nar-

- vow. 'The ratio may be:in the order of 10: to 1 or

even more.

With relatively: deep and narr ow channels the
relative velocity between the air and the walls
of the channels produces turbulence of a rotary
nature of the boundary layers at the sides of
the individual air streams.  This insures. a ‘dis-
placement of the air in the channels such that
substantially all of the air is brought into con-
tact with the walls in even a short path of travel.
On the other hand, with a short path of travel
the air is not forced to:a rotary tumbling move-+
ment of the:air stream in the plane of rotation.
This kind of turbulence should be avoided since

it decreases the rate of heat transfer per unit

areg. Preferably, but without limitation, the
length of the channels is chosen, giving:effect
to the particular conditions of the individual.case;
so‘that the flow of air in the channels may be:
said to be generally laminar. : :

By way of exzample, it has -been found flom"
actual test that a torque converter for ordinary
automotive use having a power absorbing ca-
pacity up to approximately 150 H. P., and a ro-
tating casing the diameter of which provides: a
peripheral speed .at the mean diameter of the
grooves of approximately 45 meters per second
at 1800 R. P.. M., can be cooled adequately by
apparatus of the kind described having an area
of cooling surface area of -approximately two
square meters and providing a minimum relative
air velocity of approximately 30 meters per sec-
ond, when the converter is operating under con-
ditions' requiring the dissipation of the heat
equivalent of approximately 35 H. P. This rela-
tive velocity may beé obtained by structure such
as that illustrated and since under the conditions:
stated the cooling air is accelerated only to the
relatively low average absolute velocity of around:
ten meters per second, the power consumption is
small, amounting to materially less  than one-/
guarter of a horsepower.

In the embodiment shown in Fig. 1, the outer
element of the rotating casing has been shown
as being of cast or forged form of one-piece-
integral construction including the cooling fins.
Forged construction is relatively expensive and
cast construction, particularly if relatively weak
metals such as aluminum snd the like are em-
ployed, may be subjected to undesirably. high
centrifugal stresses for such materials if used
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in high speed applications. Cast or forged con-
struction is, however, not required, and in Fig. 3
there is illustrated an alternative form in which
a structure. built up of stampings may be used.
Referring now to this figure the construction
illustrated is generally similar to that previously
described, corresponding parts being correspond-
ingly numbered, and detailed description is ac-
cordingly not required. In the present instance
the outer or ring element 44a of the casing is
made in the form of a stamping to which the
cooling fins 46a of sheet metal are attached in
any suitable fashion, as by welding, brazing or
other methods giving good heat conduction to
the fins.

In the embodiments heretofore deseribed the
cooling fins have been shown as extending radi-
ally from the outer surface of a cylindrical drum-
like ring element forming a part of a casing
which further provides an internal cooling circuit
for working liquid in addition to the working
circuit. The invention is, however, not limited
to this form of construction since effective cooling
can he obtained with cooling fins positioned
differently and in certain cases, more particu-
larly with couplings, the separate 1nternal cool-
ing circuit may be dispensed with.

By way of illustration of such variation there
is shown in Fig. 4 a different form of casing
which may be utilized as a part of a coupling
or converter, the pump and turbine parts being
omitted from the drawing. In this construction
the rotating casing 84 which may be either
driving or driven is provided with a series of
external circular cooling fins 46a concentric
about the axis of rotation of the casing but fol-
lowing the contour of the casing which defines
the working chamber 16 of the device. As in
the previous forms of construction the outer
stationary housing 34 is provided with bafile
members 10, the arrangement being similar to
that illustrated in Fig. 2. In this form of con-
struction the heat is dissipated by direct con-
duction through the wall of the casing through
the working chamber to the cooling fins.

The form of the obturating baffle fingers may
vary and as will be seen from Fig. 2 these fingers
may be bent forwardly against the direction of
rotation of the casing to form scoops for ejecting
the air from the channel sections. More im-

" portant, however, is the cross sectional form of

the fingers and different suitable embodiments of
fingers are illustrated in Figs. 5, 5a and 5b.

To obtain optimum results, reasonably close
clearance should be maintained between the
fingers and the walls of the channels. Generally
speaking the less the clearance the better the
results. The clearance employed however must
be governed by manufacturing considerations,
bearing in mind the fact that the fingers are
carried by a stationary housing while the ribs
are carried by a rotating casing and that it may
not be possible to maintain absolute axial loca-
tion of the rotating casing relative to the sta-
tionary housing. Differential expansion due to
temperature differences and the use of different
materials must also be taken into consideration.
Fingers 12 of the form shown in Figs. 5 and 6
are advantageously employed. As will be seen
from Fig. 5, the fingers are tapered in the plane
of rotation so that the clearance between the
walls of the ribs 46 and the fingers is established
by relatively sharp edges 73, which, should the
clearance be lost for any reason, are easily worn
off without damage to the parts. Obviously such
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8
sealing edges may be obtained with other spe-
cific configurations and while it is preferable for
the edges to face the direction of rotation of the
casing as indicated by the arrow in the Fig. 2,
this is not essential.

Alternatively, the fingers may be formed as
shown in Figs. 5¢ and 6a, in which the fingers
are plated to provide a coating 712a of relatively
porous material that is readily worn off in case
of unintended contact between the parts. While
desirable, special forms of section of the haffles is
not essential and in Figs. 5b and 6b fingers of
rectangular section and of conventional material
such as precision cast iron are indicated.

As previously mentioned, best results are ob-
tained with channels that are relatively deep and
narrow and test experience has shown that with
such channels optimum results are obtained by
utilizing guide baffles in addition to the obturat-
ing baffles 72, such an arrangement as shown in
Fig. 7. In this construction guide baffles 86,
which terminate materially short of the bottoms
of the channels formed between the ribs 46,
serve to subdivide and guide the air streams
entering the inlet ports 74, to insure immediate
flow of the incoming air to the bottoms of the
relatively deep channels. The guide bafles may
be supported in any suitable fashion from the
housing. In the present embodiment such sup-
port is indicated by thin peripherally spaced
cross members 88 between which the entering air
flows as indicated by the arrows in the figure.

As between inlet and outlet ports, guide baffles
at the inlet ports are more effective than at the
outlet ports but the bafile arrangement shown in
Fig. 7 may be varied as indicated in Figs. 7Ta and
b, In Fig, Ta guide bafiles 86 are provided to
guide both inlet and outlet flow, and.as may
sometimes be desirable in the case of very deep
channels, auxiliary guide baffles such as shown
at 86a may be employed. The arrangement
shown in Fig. 7b.differs from that of Ta only
by the inclusion of auxiliary guide baffles 86a for
guiding oufflowing air as well as incoming air.
Also it has been found that improved results are
obtained if the inlet ports 14 are larger than the
outlet ports 16, this being accomplished by mak-
ing the inlet ports of greater peripheral extent
than the outlet ports, as shown in Figs. 7-7b.
The use of inlet ports of greater ares than the
outlet ports is beneficial regardless of whether
or not guide baffles are employed.

The embodiments previously described have
been shown more or less in diagrammatic fashion
and in Figs, 8-10 inclusive a commercial embodi-
ment of the invention as applied to a torque con-
verter for a bus transmission transmitting power
from an engine of approximately 150 H. P. is
shown. In Fig. 8 the internal elements of the
converter have been omitted but may be assumed
to be of any conventional form such as illus-
trated in Fig. 1. The rotating casing with inte-
gral cast ribs 48 is encircled by the stationary
outer housing 34 which is provided with a series
of peripherally spaced openings, indicated gen-
erally at 89. In the present case eight such
openings are provided. - For each of these open-
ings a closure member 90 is provided which is
removaply secured to the housing 34 by studs
92. These closure members are in the form of
frames to which are secured the obturating
baffles 72 which in the embodiment illustrated
are in the form of comb-like members which are
advantageously and economically made by pre-
cision casting. The closure members also carry
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the guide bafiles 86 which advantageously may be
of the same general form and construction as
the obturating bafiles 72. As will be seen very
clearly from Figs. 9 and 10 the obturating baffle
members serve to divide the openings 8§ in the
housing 34 into inlet ports 74 and outlet ports 16
when the closures are in place, the flow of air
being as indicated by the arrows in Fig. 9.

The closure members 80 also provide means
whereby the grooves or channels may be pro-
tected from damage due to solid bodiss which
otherwise might be thrown into the grcoves
through the ports when the apparatus is used in
many usual locations in automotive use. This
protection is readily accomplished by the em-
ployment of suitable screens 84 carried by the
closure members and covering the ports. It will
be noted that in this embodiment as well as that
shown in Figs. 7-7b the obturating baffles are
so located on the closure members that when the
latter are in place the inlet ports 74 have ma-
terially greater area than the outlet ports 76.

In the embodiments heretofore described the
flow of cooling air is induced by friction gen-

erated through rotation of the rotating casing. o

For most automotive applications, adequate cool-

ing is obtainable with flow of air induced in this

manner and from the standpoint of simplicity
and cost it is to be preferred where it is adequate.

in certain special applications, however, ordi- -

narily in other fields of application but also in
certain heavy duty vehicle applications, an even
higher rate of heat transfer than can be c¢b-
tained by friction induced circulation may be
required.

For such applications an extremely high rate
of heat transfer can be obtained by employing
the basic principles of the invention in structures
basically  the same as those already described,
but with the addition of means such as a fan
or the like for producing a forced circulation of
air which is forced through the channel sections
in a direction counter to the direction of rotation
of the casing.

An arrangement of this kind, as applied to a
hydraulic torque converter similar to those pre-
viously described, is illustrated in Pigs. 11 and
12, those parts of the converter not required for
an understanding of the cooling arrangement
being omitted from the figures.

In this embodiment, the rotafing casing is
similar to that shown in Fig. 8 and is provided
with cooling ribs 46 cast integrally therewith.
The rotating casing also carries a centrifugal
fan indicated generally at 9§ and having impeller
blades 98 which draw air through the inlet open-
ing 180 and discharge it radially past diffuser
guide vanes 102 to chambers {64 from which the
air flows through inlet ports 74 infto the chan-
nel sections, to flow through the sections counter
to the direction of rotation of the easing, as indi-
cated by the arrows in Fig. 12.

The construction of the stationary casing is in
general similar to that described in connection
with Figs. 8 to 10, but in the present instance the
closure members 90 are formed with solid covers
90q, covering inlet ports 14 so as to provide the
chambers 184 into which the air is delivered from
the fan. - '

So far as the present invention is concerned,
the supply of forced draft air for circulation
counter to the direction of rotation of the hous-
ing may be accomplished in many different ways
and from sources other than fans forming a part
of the apparatus cooled.
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Superficially, it might appear that forced cir-
culation of the kind described is at variance with
the basic principles of the invention, but such is
not the case.

With forced eirculation of the kind described a
very high rate of heat transfer is obtained but it
is obtained without the necessity for providing a
high absolute velocity of the air circulated. Be-
cause of this fact not only is power consumption
relatively low in comparison with the rate of heat
transfer obtained, but alsg the undesirable un-
controlled flow of air may be avoided since the
latter condition is induced by high absolute ve-
locities, which are not necessary, rather than by
the high relative velocity which is obtained for
heat transfer purposes.

As in the case of friction induced circulation,
the same advantages accrue from the sectionaliz-
ing of the channels to provide relatively short
paths of flow for the air before it is ejected from
the apparatus. ‘With the forced circulation as
well as with the friction induced circulation a
high  average temperature difference is main-
tained between the air and the surfaces to be
cooled, and with the maintenance of a high aver~
age relative velocity, a very high rate of heat
transfer results.

From the foregoing it will be evident that the
invention may be advantageously employed in

» many different kinds of apparatus employing ro-

tating bedies requiring heat exchange between
them and a gaseous heat exchanging medium,
and that the invention may be embodied in many
different. specific forms of construction. It is

y accordingly to be understood that the invention

embraces all forms of apparatus falling within
the scope of the appended claims. )

What is claimed:

1. A hydraulic power transmission comprising
a rotating casing providing a working chamber
for circulation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing carrying a plurality of
external circular open channels concentric with
the axis of rotation of the casing, a rotationally
stationary housing around said casing providing
cover means for said channels, a plurality of ro-
tationally stationary peripherally spaced obtu-
rating baffles extending into said channels. for
subdividing the same into a plurality of sections
and ports in said stationary housing opening into
said channels adjacent to and on the peripherally
opposite sides of each of said bafiles for fow of
gaseous cooling fluid into and out of each of said
sections.
. 2. A hydraulic power transmission comprising ‘
a rotating casing providing a working chamber
for circulation of power transmitting liquid re-
quired. to be cooled during normal operation of
the apparatus, said casing carrying a plurality of
external circular open channels concentric with

“the axis of rotation of the casing, a rotationally

stationary housing around said casing providing
cover means for said channels, a series of equi-
distantly spaced rotationally stationary baffle
members providing obturating bafiles extending
into said channels for subdividing the same into
a plurality of sections each having a length con-
stituting only a minor portion of the circumfer-
ence of the channels, and ports in said stationary
housing opening into said channels adjacent to
and on the peripherally opposite sides of ‘each of
said baifle members for flow of gaseous cooling
fluid into and out of each of said sections. -

3. A hydraulic power transmission comprising
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a Totating casing providing a working chamber
for circulation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing having a plurality of
relatively deep and narrow circular open chan-
nels concentric with the axis of rotation of the
casing, a rotationally stationary housing around
said casing including wall structure encircling
the open faces of said channels adjacent thereto
for providing cover means for the channels, a
plurality of peripherally spaced rotationally sta-
tionary obturating baffles extending into said
channels for subdividing the same into a plural-
ity of sections, and ports in said stationary hous-
ing opening into said channels adjacent to and
on the peripherally opposite sides of each of said
bafile members for flow of gaseous cooling fluid
into and out of each of said sections.

4. A hydraulic power transmission comprising
a rotating casing providing a working chamber
for circulation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing having a plurality of
relatively deep and narrow circular open chan-
nels concentric with the axis of rotation of the
casing, a rotationally stationary housing around
said casing including wall structure encircling
the open faces of said channels adjacent thereto
for providing cover means for the channels, a
plurality of peripherally spaced rotationally sta-
tionary obturating baffles extending into said
channels for subdividing the same into g plural-
ity of sections, ports in said stationary housing
opening into said channels adjacent to and on
the peripherally opposite sides of each of said
bafile members for flow of gaseous cooling fluid
into and out of each of said sections, and guide
baffles extending into said channels from certain
of said ports and terminating short of the bot-
toms of the channels for guiding flow of fluid
passing through said certain ports.

5. A hydraulic power transmission compris=
ing a rotating casing providing a working cham-
ber for circulation of power transmitting liquid
required to be cooled during normal operation
of the apparatus, said casing having a plurality
of relatively deep and narrow circular open chan-
nels concentric with the axis of rotation of the
casing, a rotationally stationary housing around
said ecasing including wall. structure encircling
the open faces of said channels adjacent thereto
for providing cover means for the channels, a
plurality of peripherally spaced rotationally
stationary obturating bafiles extending into said
channels for sub-dividing the same into a plu-
rality of sections, ports in said stationary hous-
ing opening into said channels adjacent to and
on the peripherally opposite sides of each of said
bafie members, said ports providing an inlet port
and an outlet port for each of said sections, and
guide baffles extending into said channels and
terminating short of the bottoms thereof for
guiding flow of fluid entering said channels
through said inlet ports.

. 6. A hydraulic power transmission comprising
a rotating casing providing a working chamber
for circulation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing having g plurality of
relatively deep and narrow circular open chan-
nels concentric with the axis of rotation of the
casing, a rotationally stationary housing around
said casing including wall structure encircling
the open faces of said channels adjacent thereto
for providing cover means for the channels, a
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plurality of peribherally spaced rotationally sta=
tionary obturating bafles extending into said
channels for sub-dividing the same into a plu-
rality of sections, and ports in said stationary
housing opening into said channels adjacent to
and on the peripherally opposite sides of each of
said bafile members to provide an inlet port and
an outlet port for each of said sections, said in-
let ports having greater area for flow for fluid
than said outlet ports.

7. A hydraulic power transmission comprising
a rotating casing providing g working chamber
for eirculation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing carrying a plurality
of external circular open channels concenfrie
with the axis of rotation of the casing, a sta=
tionary outer housing around said casing includ-
ing a wall encircling the open faces of said chan-
nels, said wall having a plurality of peripherally
spaced openings therein providing communica-
tion with said channels, a plurality of closure
members removably secured to said housing, each
of said closure members carrying a bafile member
comprising a plurality of obturating bafiles ex-
tending into said channels when said closure
member is in place, said bafilles constituting oh-
turating elements for subdividing said channels
into a plurality of sections and said baffle mem-
bers dividing the several openings into ports on
the opposite sides thereof and each communicat-
ing with a different one of said sections.

8. Apparatus as defined in claim 7 in which
said baffle member is offset so that the port on one
side thereof is larger than the port on the other
side.

9. Apparatus as set forth in claim 8 in which
said closure member carries a guide bafle mem-
ber providing guide baffles shorter than said ob-
turating baffles, said guide bafle member being
located to divide said larger port.

10. Apparatus as defined in claim 7 in which
said closure members are provided with screens
covering said ports when said members are in
place. :

11. A hydraulic power transmission compris-
ing a rotating casing providing a working cham-
ber for circulation of power transmitting liquid
required to be cooled during normal operation of
the apparatus, said casing carrying a plurality of
external circular open channels concentric with
the axis of rotation of the casing, a rotationally
stationary housing around said casing including
a wall encircling said channels adjacent to. the
open faces thereof, a plurality of peripherally
spaced rotationally stationary obturating baffles
extending into said channels for subdividing the
same into a plurality of sections, ports in said
stationary housing opening into said channels
adjacent to and on the peripherally opposite
sides of each of said baffle members to provide
an inlet port and an outlet port for each of said
sections, and means for forcing cooling air
through said inlet ports to flow through said
sections in a direction counter to the direction of
rotation of said casing. ' )

12. A hydraulic power transmission comprising
a rotating casing providing a working chamber
for circulation of power transmitting liquid re-
quired to be cooled during normal operation of
the apparatus, said casing carrying a plurality of
external circular open channels concentric with
the axis of rotation of the casing, a rotationally
stationary housing around said casing including
a wall encircling said channels adjacent to the
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open faces thereof, a plurality of peripherally
spaced rotationally stationary obturating baffles
extending into said channels for subdividing
same into a plurality of sections, ports in said
stationary housing opening into said channels
adjacent to and on the peripherally opposite
sides of each of said bafle members to provide
an inlet port and an outlet port for each of
said sections, a fan carried by said rotating cas-
ing and means providing passages for connecting
the discharge side of said fan with said inlet
ports for forcing cooling air to flow through
the sections of said channels in g direction
counter to the direction of rotation of said casing.

13. Apparatus comprising a rotatably mounted
body having a plurality of eitcular open channels
coneentric with the axis of rotation of the body,
rotationally stationary structure providing cover
means for said channels, a pluralily of peripher-
ally spaced rotationally stationary bafle means
extending into said channels for sub-dividing the
same into a plurality of sections, and ports in
said cover means opening into said channels ad-
jacent to and on the peripherally opposite sides
of each of said baffle means for flow of fluid into
and out of each of said sections.

14, Apparatus comprising a rotatably mounted
pody having a plurality of circular open channels
concentric with the axis of rotation of the body,
rotationally stationary structure providing cover
means for said channels, a series of peripherally
spaced rotationally stationary bafile means ex-

tending into said channels for subdividing the
same into a series of sections each having a length

constituting a minor portion of the circumfer- .

ence of the channel, and ports in said cover means
opening into said channels adjacent to and on
the peripherally opposite sides of each of said
bafile means for flow of fluid into and out of each
of said sections.

-15, Apparatus comprising a rotatably mounted
body having a plurality of relatively deep and
narrow cireunlar open channels concentric with
the axis of rotation of the body, rotationally sta-
tionary structure providing cover means “for said
channels, 3 plurality of peripherally spaced rota-
tlona,lly stationary obturating baffles extending
into said channels for subdividing the same into
g plurality of sections, ports in said coveér means
opening into said channels adjacent to and on the
peripherally opposite sides of each of said bafiles
and guide bafles extending into said channels and
terminating short of the bottoms thereof for guid~
ing fluid flowing through at least. certain of said

ports.

16. Apparatus compnsmg g rotatably mounted
body having a plurality of- relatively deep and
narrow clrcular open channels concentric with
the axis of the rotation of the body, a rotation-
ally stationary wall structure providing cover
means of said channels, a plurality of peripher-
ally spaced rotationally stationary obturating
bafies extending into said channels for subdivid-
ing the same into a plurality of sections, ports
opening through said wall structure adjacent to
and on the peripherally opposite sides of each of
said obturating baffles for providing communica-
tion between each of said sections and the ambi-
ent atmosphere, whereby to cause air to be drawn
by rotation of the body into each of said sec-
tions through one of the ports communicating
with ‘the section and constituting an inlet port
and guide baffles extending into said sections and
terminating short of the bottoms of the channels
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for guiding air-drawn into sa1d channels through
said inlet ports.

17. Apparatus comprising: a rotatably mounted
body having a plurality of relatively deep and
narrow circular open channels concentric :with
the axis of rotation of the body, rotationally sta-
tionary wall structure providing cover means for
said channels, a plurality of peripherally spaced
rotationally stationary obturating bafles extend-
ing into said channels for subdividing the same
into o plurality of sections and ports opening
through said wall structure to provide communi«
cation hetween the end portions of each of said
sections and the-ambient atmosphere, whereby to
cause air to be drawn into each of said sections
through one of said ports and ejected from. the
section through the other of said ports by rota-
tion of said body.

18. Apparatus comprising a rotatably mounted
body having a plurality of circular open chan-
nels concentric with the axis of rotation of the
body, rotationally stationary structure providing
cover means for said channels, rotationally. sta-
tionary obturating baffles extending into: 'said
channels, ports in said stationary housing-open-
ing into said channels adjacent to and on-the
opposite sides of each of said bafiles for flow of
fiuid into and out of each of said channels, and
means for forcing fluid through certain of- said
ports to flow through said channels in the direc~
tion counter to the direction of rotation of said
body.

19. Apparatus comprising a rotatably mounted,
body having a plurality of relatively deep and
narrow . circular open channels concentric with
the axis of rotation of the body, a rotationally
stationary wall structure providing cover means
for said channels, and a plurality of peripherally
spaced rotationally stationary obturating baffles
extending into said channels for subdividing the
same into a plurality of sections, openings in
said cover means providing inlet and outlet ports
for each of said sections at the respective ends
thereof, a fan, and conduit means for connecting
the discharge side of said fan with each of said
inlet ports.

20. Apparatus as defined in claim- 19 in whlch
said inlet ports are located to cause fluid enfer~
ing said sections to flow counter to the dlrectlon
of rotation of said rotating body.

21. Apparatus comprising a rotatably mounted
body having a plurality of external substantially
radial and relatively narrow and deep open chan-
nels concenfric with the axis of the rotation of
the body, a rotationally stationary housing en-
circling $said body and providing a cover wall
closely adjacent to the outer periphery of said
channels, a plurality of peripherally spaced open-
ings in said housing providing communication
with said channels and frame members remov-
ably secured to said housing at said openings,
each of said members carrying an ovturating
bafiie comprising a plurality of fingers located
to extend into said channels when the member
is in assembled position and said bafile being lo-
cated with respect to the perimeter of the frame
to provide a port communicating with said chan~
nels on each side of the bafile member.

22. The combination, with g rotating body hav-
ing a ecircular channel concentric with the axis
of rotation of the body, of rotationally station-
ary peripherally spaced obutrating bafies ex-
tending into said channel and providing between
them 4 channel section, g rotationally stationary
wall for covering the central portion of the length
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of said section, said wall terminating peripher-
ally short of each of said baffles to provide an in-
let port and an outlet port communicating re-
spectively with the opposite ends of said section,
and a guide baffle projecting into said section and
terminating short of the bottom of the channel
for guiding fluid flowing.through one of said ports

23. The combination, with a rotating body
having a circular channel concentric with the
axis of rotation of the body, of rotationally sta-
tionary peripherally spaced obturating bafiles ex-
tending into said channel and providing between
them a channel section, a rotationally stationary
wall for covering the central portion of the length
of said section, said wall terminating peripherally
short of each of said baffles to provide an inlet
port and an outlet port communicating respec-
tively with the opposite ends of said section, and
a plurality of peripherally spaced guide baffles
projecting into said section and terminating short
of the bottom of the channel for guiding fluid
flowing through one of said ports.

24. The combination, with a rotating body
having a circular channel concentric with the
axis of the rotation of the body, of rotationally
stationary peripherally spaced obturating baffles
extending into said channel and providing be-
tween them a channel section, a rotationally
stationary wall for covering the central portion
of the length of said section, said wall terminat-
ing short-of each of said baffles to provide an inlet
port and an outlet port communicating respec-
tively with the opposite ends of said section, and
a plurality of peripherally spaced guide bafiles
projecting into said section and terminating short
of the bottom of the channel for guiding fluid
flowing through one of said ports, said guide
baffles being of different length and the bafie
most remote from said obturating bafle being
shorter than a bafile more closely adjacent to said
obturating baffle. :-

25. A - hydraulic power transmission compris-
ing a rotating casing structure providing a work-
ing chamber for circulation of power transmit-
ting fluid, said casing having a plurality of ex-
ternal circular cooling fins and grooves concen-.
tric with the axis of rotation of the casing, and
means for creating flow of gaseous cooling fluid
in said grooves comprising a plurality of ele-
ments extending into each groove at peripherally
spaced places and mounted to have relative rota-
tion with respect to said fins for interrupting
continuous rotary flow of the cooling fluid within
the grooves and forcing-the fluid .at the places
of interruption out of the grogoves, whereby to
create a plurality of separate streams of cooling
fluid Aowing into and out of each groove, each
of said streams being conﬁned to a portion of
the circumference. of the groove.

_26 Apparatus.comprising a rotatably mounted
body having a plurality of circular open channels
concentric with the axis of rotation of the body,
rotationally stationary structure providing cover
means for said channels, rotationally stationary
baffle means extending into said channels to
provide obstructions therein and port openings
in said structure communicating with the open
faces of said channels adjacent to and on the
opposite sides of said bafle means for flow of
fluid into said channels on one side of said bafie
means and out of said channels on the 0th°1 side
of said bafile means.

27, Apparatus compr lsmg a rotatably mounted
body having a plurality of circular open channels

concentric with the axis of rotation of the body,:
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a plurality of rotationally stationary bafile means
located in peripherally spaced relation and each
comprising a plurality of fingers extending into
and substantially filling the cross sections of
said channels to provide obstructions therein di-
viding the channels into a plurality of sector-
like parts, and rotationally stationary structure
providing cover means for each of said parts,
said cover means being spaced peripherally from
said baffle means to provide inlet and outlet ports
communicating with the open faces of said chan-
nels at the respective ends of each of said sector-
like parts.

28. Apparatus comprising a rotatably mounted
casing having a plurality of external closely
spaced circular-ribs and intervening open grooves
concentric with the axis of rotation of the cas-
ing, a rotationally stationary outer housing hav-
ing a wall portion encircling said ribs and pro-
viding cover means overlying the open faces of
said grooves, a plurality of baflle means carried
by said housing at peripherally spaced places
thereon, each of said bafle means comprising a
plurality of fingers extending into said grooves
to divide the grooves into sector-like parts and
ports in said wall portion on each side of each
of said baffle means to provide communication
between the grooves and the ambient atmosphere
at each end of each of said sector-like parts.

29. A hydraulic power transmission compris-
ing a rotating casing containing working fluid
requiring.to be cooled during the normal opera-
tion of the transmission, said casing including a
plurality of external circular fins and open
grooves concentric with the axis of rotation of
the casing and having a depth at least several
times their width, an outer rotationally station-
ary housing having a wall portion concentrically
encircling said grooves and providing cover means
therefor, and a plurality of baffle means carried
by said housing in peripherally spaced relation,
each of said bafile means comprising a plurality
of elongated fingers extending into said grooves
to substantially fill the eross sections thereof and
provide obstructions dividing the several grooves
into sector-like parts, the cover means for each
of said parts being peripherally spaced from each
of said baffle means to provide inlet and outlet
ports through said wall adjacent to the baffle
means for flow of cooling air from the ambient
atmosphere in separate streams through each of
the sector-like passages formed by the walls of
the grooves and said cover means.

30. A structure as defined in claim 29 in which
said fingers are of scoop-like form pointing in
the direction opposite that of the direction of
rotation of said casing.

-KARL GUSTAV AHLEN
TOR AXEL ODMAN.
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