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N 1

This invention relates to cooling units through
which a heat exchange medium is passed and
more particularly to such units which are sub-
ject to temperature cycling in normal use.

For the purpose of illustrating my invention
it will be described in connection with an elec-
tron discharge device having an external surface
or electrode to be cooled, although it is to be un-
derstood that it is not limited to that particular
construetion. In accordance with the common
practices embodied in the design of external cool-
ing units either a gas or liquid is utilized as the
heat exchange medium in conjunction with a
receptacle which is designed to receive the por-
tion to be cooled therein. The problems attend-
ing the cooling of such devices have become pro-
gressively more difficult as the power output and
frequency has been increased. In the case of a
liquid medium which is passed through a con-
duit such as a coiled pipe or the like, the problem
of effecting a good thermal bond between the con-
duit and the cooled surface is present. In the
case of forced air cooling an array of cooling fins
is generally connected to a core which may serve
as a receptacle for the portion of the device to be
cooled. Such a unit is shown in my co-pending
patent application Serial Number 68,335 filed De-
cember 30, 1948 and in the co-pending applica-
tion of Anthony G. Nekut, Serial Number 68,173
filed December 30, 1948, both assigned to the

" same assignee as the present application.

Such forced air cooling units have been gen-
erally made of copper because of its good thermal
characteristics and because of the problem of ef-
fecting a good thermal bond between the cooling
unit and the cocled device which in practice has
an external copper electrede. However, as. the
size and hence the weight of such units has in-
creased the cost thereof as well as the substantial
weight has become a serious disadvantage. It has
been proposed and attempts have been made to
form the cooling unit of a lighter metal such as
aluminum. Though such units may be readily
fabricated from aluminum, the problem of ef-
fecting a bond between the aluminum core, recep-
tacle, or conduit and the copper electrode of the
electron discharge device which would survive
temperature cyeling has up to now proven un-
surmountable. At 100° C. the coefficient of ther-
mal expansion of aluminum is 235Xx10-% while
for copper it is 166 10-6. Thus, though a cooler
of conventional design may be readily fabricated
from aluminum and soldered to a copper elec-
trode, once the solder has solidified and remains
solid the temperature of the electrode and cooler
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cannot be varied without setting up mechanical
stresses in the region of the solder joint, because
of the difference in expansion between the alumi-
num and the copper. The magnitude of the
stresses developed in the normal operating tem-
perature cycle exceeds the mechanical strength of
all known soft (melting point 300°-250° C.)
solders. Deterioration of the thermal bond be-
tween the cooler core and the electrode mani-
fests itself by an increasing temperature drop
between the two and a rise in electrode tempera-
ture beyond permissible limits.

Thus, a principle object of my invention is to
provide a cooler considerably reduced in cost and
of improved efficiency.

Another object is to provide a mechanical bond
between the cooler and the device or part thereof
to be cooled which effectively connects the two
under static temperature conditions normally en-
countered and yet which provides a high per-
formance thermal bhond during operation of the
cooler and the device which will overcome any
tendency of stress to develop between the cooler
and the device.

A still further object is to provide an electron
discharge device with a liquid or forced air cooler
having a thermal coefficient of expansion sub-
stantially different from the device which is nor-
mally mechanically connected thereto and which
when the device is put into operation has a good
thermal bond therewith in spite of any amount
of temperature cycling.

Yet another object is the provision of an im-
proved thermal bond between a conduit for a
liquid coolant and the part of an electron dis-

charge device to be cooled.

Still other objects will appear as the nature
of my invention is more fully understocd from
the following description taken in conjunction
with the accompanying drawings wherein like
parts are designated by identical numerals in
the several views.

In carrying out my invention, I utilize a fusible
alloy to join the cocler to the part of the device
to be cooled such as the anode of an electron dis-
charge device, the alloy having such a melting
point that it is liquid at the operating tempera-
ture of the cooler and electron discharge device.
A heating element may be utilized to provide
means for heating the fusible alloy, particularly
where relatively large quantities of the alloy are
used, to facilitate removal of the device from the
cooler when the device is not in operation.

The novel features wh_ich_I believe to be char-
acteristic.of my invention are set forth with paz-
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ticularity in the appended claims, but the inven-
tion itself will best be understood by reference to
the following description taken in connection
with the accompanying drawing in which:

Figure 1 is a longitudinal sectional view, par-
tially in elevation of an electron discharge device
and a forced air cooler therefore constructed in
accordance with my invention and showing only
those parts necessary to an understanding of my
invention;

Figure 2 is a view similar to Figure 1 of an elec-
tron discharge device and a liquid type cooler;
and

Figure 3 is a plan view of the cover for the
central portion of the cooler shown in Figure 1.

In view of the weight or cost of a cooler for
an electron discharge device, the use of a lighter
metal such as aluminum for the fabrication of
the cooler rather than copper as was the usual
practice, has great advantages since the weight
of aluminum is approximately 30% that of cop-
per while the thermal conductivity thereof is
substantially 55% of copper. It is evident that
an aluminum cooler will weight only approzi-
mately 54% as much as its equivalent made of
copper and with the cost of these metals being
substantially the same at the present time an
equivalent saving in cost is also made.

For the purpose of illustrating my invention,
I have shown part of an electron discharge de-
vice 19 having, as a part thereof to be cooled, an
external copper anode {{ with an annular flange
12. The cooler which is fabricated entirely of
aluminum has a receptacle-like portion or core
13 to which may be assembled fins (4. The par-
ticular construction and arrangement of fins 14
about receptacle-like portion or core i3 forms
no part of my present invention and may be
carried out in any desired manner. As illus-
trated in Figure 1, such a forced air type cooler
may be constructed as is fully disclosed in the
co-pending applications referred to hereinabove,
Lemeshka, Serial No. 68,335 or Nekut, Serial No.
68,173, with a plurality cof fins 14, arranged in a
radial array, having complementary flanges (5
which nest with the flanges of adjacent fins.
Flanges 15 are joined to one another and to
the core by means of soldering, brazing or the
like.

My invention is not limited to forced air cool-
 ers as the heat exchange means but is also ap-
plicable to liquid coolers utilizing a liquid heat
exchangea medium such as water as will presently
appear. In carrying out my invention with re-
spect to such forced air coolers, I provide a re-
ceptacle-like core 18 which is closed at one end
and open at the other. The open end of the core
and a portion 13’ thereof for some distance
toward the closed end has an increased diameter
formed by a transverse shoulder i8 and which
acts as a well. The outside diameter of the elec-
trode I{ is sufficiently less than the inside di-
ameter of the core as to permit free fliow of solder
i1 therebetween and so thai there will be no
physical contact between the two. Furthermore,
the dimensions are such that the electrode will
rest on the bofttom or closed end of the core
with flange (2 above and not in contact with
shoulder 18.

The solder or dalloy which serves as the thermal
couplihg or heat transfer medium between the
part to be cooled and the cooler or heat ex-
change means must have a melting or fusion
reint such that it is in the liquid state well be-
low the operating themperature of the cosled part
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and the cooler and should not
state with either the coo Ie’_
Furthermore, suc
solder must not oxidize serious
sufficient thermal conductivity.

In connection with the illuctrated electron dis-
charge device, the accepied siandard is a core
temperature of 180° €. The allocy which I pre-
fer to use as the solder xsc‘bwcen fm aluminum
cooler and copper electro lzad-bismuth
eutectic (commercially a‘mﬂ “Cerrobase”;
Cerro de Pasco Corp., Wew ’:, N. ¥Y.) which
melts at 124° C. Such an “,11’3] is solid at ordi-
nary ambient temperature nesuntered while
the device is not in o:ﬂera ion and permits
handling of the electron dGischar e device and

v in the liguid
v the cooler.
medium or
4 must have

e
« B
J

its cooler as a unit. During n the tern-
perature of the core rises o"'z\mte‘
180° C. while the solder alloy cts as the
heat transfer medium bhetwe receptacle-
like cere and the electrode co ple ely liguifies
well below this temperaturs in view of its rela-
tively low fusing temperatuve. ’“h' 5, in spite

of the difference in the relative expansion and
confraction of the aluminum core and coppel
electrode and in view of the liguid siate of

heat transfer medium between the two, no me—
chanical stresses arise bebtween the two above
124° tion of the copper

C. and hence deforms’
electrode is avoided.

I have found that in prastice as ih
loy liquifies or fuses a certain amount
is squirted upwards probably as a resul"u of
central portion of the alloy melting f
setting up a slight pressure under the 49 crust
of alloy which causes a small quantity to be
squirted through the first opening which ap-
pears in the top crust as the latter starts to melt.
To avoid gradual depletion and loss of the alloy
in the excess sclder well, I provide a cover {8 in
the form of a split ring as shown most clearly
in Figure 3 which serves to close the excess solder
well at the open end of core {3. The well formed
by portion (3’ of core {3 holds an eycecs of
solder over that required in the space between
the core and the electrede to insure that the same
is always corapletely filled and at the sare time
acts as a receiver for any solder alicy which may
tend to overflow from said svace as a result of
expansion of the liquid alioy.

As pointed out hereinakove the aluminum core
is free to contract as it cools from operating
temperature down to approximately 124° C. with-
out imposing any stresses upon the copper elec-
trode. However, as the aluminum core continues
to cool down to room temperature after solidifi-
cation of the solder alloy it still tends to contract
somewhat faster than the copper elecirode.
After only a single temperature cycle the result-
ing radial deformation of the copper electrode
is insignificant but since such deformations are
cumulative with each subsequent temperature
cycle, they miay not be ignored if tube failure
from this cause is to be avoided. For example,
I have found in the case of tube type 9C22 hav-
ing a .600 inch aluminum core wall thickness,
the radial deformation of the 4.520 inch diameter
anode after 655 temperature cycles (eguivalent
to approximately 10,800 hou in normal
service) was .01i7 inch inward in diameter by
test. I have shown that reducing the thickness
of the a2luminum cors 'vall o suistantially less
than the thickness of § 3 ancde or to .250 inch
will- el‘mm&te even this reiatively siall deforma-
tion.

0o
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‘Where it is desired to have a liquid thermal
bond between the aluminum cooler and the cop-
per electrode at a temperature lower than that
afforded by the lead-bismuth eutectic, I utilize
other alloys. One such alloy is essentially ap-
proximately 529% bismuth, 40% lead and 8%
cadmium, by weight, having a melting point of
approximately 91° C. Another such alloy con-
_ tains essentially approximately 52.5% bhismuth,
32% lead and 15.56% tin, also by weight, and
having a melting point of approximately 96° C.

In Figure 2 I have shown the heat exchange
means as one adapted for use with a liquid cool-
ant such as water. Electrode [{ seats in re~

ceptacle-like portion 20 which may contain one-

or more conduits as for example tubing 2{ wound
in a double helix and connected to inlet 22 and
outlet 23. An auxiliary inlet 24 and outlet 25
may be provided in convenient locations as in-
dicated. A resistance element 26 may be- con-
veniently utilized tc heat and liguify the fusible
alloy to facilitate removal of the device when
not in coperation from the cooler. In operation
the alloy is in the liquid state and is in intimate
contact with the coil and the electrode, afford-
ing an efficient thermal path therebetween, and
resulting in considerably more uniform tempera-
ture distribution over the electrode than is nor-
mially the case when a coil is utilized which is
merely wound around the electrode or connected
thereto by solder which is solid during opera-
tion. Furthermore, in the case of the great
power dissipation from an anode electrode where
intense cooling is necessary it is no longer es-

sential that the liquid wash over the electrode it-

self ‘and subject the same to a relatively large
pressure as would be the case in a closed sys-
tem. By using a fusible alloy the efficiency of the
coil is greatly improved by the fact that it af-
fords an interface area between the coolant and
the electrode surface through the fusible alloy
which is far greater than that which is the pres-
ent limit of such systems where the water is in
contact with the electrode surface.

If additional mechanical connection between
the cooler and the electron discharge device is
desired or if it is desired that they be mechanical-
ly connected during overation a few bolts may
be readily used to clamp the device to the cooler
ags far example in the region of flange 12.

It is apparent from the foregoing that when
a fusible alloy is utilized as the heat transfer
medium between an aluminum cooler and a cop-
per electrode deterioration of the thermal bond
does not occur as would be the case when the

usual solders are utilized where the difference

in expansion tends on the one hand to cause
separation of the solder from the aluminum and
sdpper or both and on the other hand to cause
permanent deformation cof the copper electrode
as a result of the compressive strains imposed
during contraction of the aluminum. This as
well as the improved liquid type cooler makes
possible substantially improved high efficiency
coolers with a substantial reduction in weight
and cost. Thus, while I have set forth the fore-
going embodiments of my invention and de-
scribed it in detail with respect thereto, I do not
wish to be limited to the exact construction set
forth but desire to claim all modifications thereof
that come within the scope of the appended
claims.

What I claim is: -

1. The combination with an electron discharge
device having a part to be cooled, of a cooler hav-
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ing a coefficient of expansion substantially dif-
ferent from that of the part to be cooled and in~
cluding a receptacle-like portion, said part being
seated in said portion, and a normally solid heat
transfer medium forming a mechanical bond be-
tween said cooling umit and said device when
solid and having a melting point below the nor-
mal operating temperature of said cooler for im-
proved cooling of the part to be cooled.

2. The combination with an electron discharge
device having a part to be cooled, of a cooling
unit including a receptacle-like portion, said part
being seated in said portion, a normally solid
heat transfer medium connecting said part to
said receptacle-like portion, and means in said
receptacle-like portion for liquifying said heat
transfer medium.

3. The combination with an electron discharge
device having a metallic electrode including walls
to be cooled, of a cooler having a coefficient of
expansion substantially different from that of
the electrode to be cooled and inciuding a re-
ceptacle-like portion, the walls of said portion
being substantially thinner than the walls of said
electrode, said electrode being seated in said por-
tion, and a normally solid readily fusible heat
transfer medium in contact with and between
said electrode and said portion, said heat trans-
fer medium having a fusion point below the nor-
mal operating temperature, and above the non-
operating temperature of said electrode and said
portion, whereby said heat transfer medium
fixes said cooler with respeét to said electrode at
said non-operating temperatures, and improves
heat transfer from said walls of said electrode
during said operating temperature.

4..In an electron discharge device, an elec-
trode having life cycles of successive predeter-
mined relatively low and predetermined relative-
ly high temperatures, a heat exchanger sur-
rounding and spaced from said electrode, and a
heat transfer medium between said electrode
and said heat exchanger, said heat transfer
medium being fluid at said predetermined rela-
tively high temperatures and solid at said pre-
determined relatively low temperatures, whereby
said heat transfer medium mechanically fixes
said heat exchanger with respect to said elec-
trode during said relatively low temperatures
and is characterized by improved heat transfer
properties during said relatively high tempera-
tures.

5. In combination, a device having a part to be
heated to a predetermined temperature and nor-
mally at a lower temperature than said prede-
termined temperature, a heat exchanger around

- and spaced from a portion of said part, and a
- heat transfer medium between said heat ex-

60

changer and said portion comprising a material

- having a melting point higher than said lower

temperature for normally mechanically connect-
ing said heat exchanger and said part to hbe
heated, and lower than said predetermined tem-
perature for fusing at said predetermined tem-
perature to improve the thermal bond between

" sald part and said heat exchanger, and for re-

- Heving strains due to different mechanieal re-

70

sponses of said part and said heat exchanger to
said predetermined temperature.

6. In combination, an electron discharge de-
vice having a copper electrode to be cooled when
operating at a predetermined temperature, an

-aluminum cooler comprising a receptacle for re-

celving a portion of said electrode in spaced re-

-lation with respect to the inner walls of said re~
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ceptacle, and a heat transfer medium between
said portion of said electrode and said inner
walls, said medium comprising a material hav-
ing a melting point below said predetermined

temperature, whereby said material becomes -

fluid at said predetermined temperature for im-
proved contact with said eleetrode and said
cooler and improved heat transfer from said
electrode to said cooler, said material having a
melting point above the normal temperature of
said electrode for mechanically fixing said elec-
trode with respect to said cooler during non-op-
erating periods.

7. A heat transfer medium for use between
a part subjected to cycles of temperature varia-
tions from below 124° C. to above 124° C., and a
heat exchanger, said medium comprising an alloy
of bismuth and lead in eutectic forming pro-
portions, said alloy having a melting point of
approximately 124° C., whereby said alloy is solid
during relatively low temperature portions of
said cycles for fixing said part to said heat ex-
changer, and fluid during relatively high tem-
perature portions of said cycles for improved
heat transfer from said part to said heat ex-
changer.

8. A heat transfer medium for fixing a part
to be heated to a heat exchanger during dor-
mant periods when said part is unheated and
for improving heat transfer for said part to said
heat exchanger when said part is heated, said
medium comprising an alloy containing essen-
tially of about 32 pet cent bismuth, about 40 per
cent lead, and about 8 per cent cadmium.

9. A heat transfer medium having a melting
point below a predetermined temperature of op-
eration of a part to be cooled and engaged by
said medium comprising 'an alloy consisting es-
sentially of about 52.5 per cent bismuth, about
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32 per cent lead, and about 15.5 per cent tin,
whereby said medium is fluid at said predeter-
mined operating temperature for improved heat
transfer from said part.

10. In combination, a device having a part to
be heated to a predetermined temperature above
124° C. and normally at a lower temperature
than said predetermined temperature. A heat
exchanger around and spaced from a portion of
said part, and a heat transfer medium between
said heat exchanger and said portion, said heat
transfer medium comprising an alloy of bismuth
and lead in eutectic forming proportions, said
alloy having a melting point of approximately
124° C., whereby said alloy fuses at said pre-
determined temperature to improve the thermal
bond and relieve strains between said part and
said heat exchanger, and is solid at said lower
temperature for mechanically connecting said
heat exchanger and said part to be heated.

MILTON B. LEMESHEA.
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