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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 
construction. 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 a SSignee 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 cooled device which in practice has 
an external copper electrode. 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 cycling has up to now proven un 
Surmountable. At 100° C. the coefficient of ther 
mal expansion of aluminum is 235X10-6 while 
for copper it is 166X 10-6. Thus, though a cooler 
Of conventional design may be readily fabricated 
from aluminum and soldered to a copper elec 
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trode, once the solder has solidified and remains 
Solid the temperature of the electrode and cooler s 

2 
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 bond 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 in 

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 understood 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 cooler 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 which I believe to be char 

acteristic. of my invention are set forth with par 
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ticularity in the appended claims, but the inven- and the cooler and should not a licy in the liquid 
tion itself will best be understood by reference to state with either the cooled part Ci the cooler. 
the following description taken in connection ; editill Oi 
with the accompanying drawing in which: r ains inhuist haye 

Figure 1 is a longitudinal Sectional View, par 
tially in elevation of an electron discharge device 
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and a forced air cooler therefore constructed in charge device, the accepted Standard is & Cole 
accordance with my invention and showing Only temperature of 180° C. The alloy which I pre 
those parts necessary to an understanding of my fer to use as the solder betwee: 2n all lininuin 
invention; 0 cooler and copper electrode is the lead-bisimuth 

Figure 2 is a view similar to Figure 1 of an elec- eutectic (commercially availaiole as '3errobase', 
tron discharge device and a liquid type cooler; Cerro de Pasco Corp., New York, N. Y.) which 
and melts at 124° C. Such an alloy is solid at Ordi 

Figure 3 is a plan view of the cover for the nary ambient temperatures encountered while 
central portion of the cooler shown in Figure 1. 15 the device is not in Ogeration and permits 

In view of the weight or cost of a cooler for handling of the electron discillage device and 
an electron discharge device, the use of a lighter its cooler as a unit. During operation the ten 
metal such as aluminum for the fabrication of perature of the core rises to approximately 
the cooler rather than copper as was the usual 180° C. while the solder alloy ii., iich acts as the 
practice, has great advantages since the Weight 20 heat transfer mediuin between the receptacle 
of aluminum is approximately 30% that of cop- like core and the electrode coiapletely liquifies 
per while the thermal conductivity thereof is well below this temperature in View of its rela 
substantially 55% of copper. It is evident that tively low fusing temperatu'e. Thus, in Spite 
an aluminum cooler will weight only approxi- of the difference in the relative eXp222sion and 
mately 54% as much as its equivalent made of 25 contraction of the alumin:rn core and coppel 
copper and with the cost of these metals being electrode and in view of the liquid State of the 
substantially the same at the present time ail heat transfer medium betweei? the two, no nine 
equivalent saving in cost is also made. chanical stresses arise between tic two above 
For the purpose of illustrating my invention, 124° C. and hence defoi':3tion of the copper 

I have shown part of an electron discharge de- 30 electrode is avoided. 
vice 9 having, as a part thereof to be cooled, an I have found that in pastic 2 as the Side: al 
external copper anode with an annular flange loy liquifies or fuses a certail 3:220 unt, thereof 
2. The cooler which is fabricated entirely of is squirted upwards probably as a result of the 
aluminum has a receptacle-like portion or Core central portion of the alloy Ixi eiting first thus 
3 to which may be assembled fins 4. She par- 35 setting up a slight pressure under the top crust 

ticular construction and arrangement of fins 4 of alloy which causes a, S3 all quantity to be 
about receptacle-like portion or core 3 forms Squirted through the first, opening which ap 
no part of my present invention and may be pears in the top crust as the latter Starts to melt. 
carried out in any desired manner. As illus- To avoid gradual depletiolin arid loss of the alloy 
trated in Figure 1, such a forced air type cooler 40 in the excess solder well, I provide a cover 8 in 
Inay be constructed as is fully disclosed in the the form of a split ring as shown rost clearly 
co-pending applications referred to hereinabove, in Figure 3 which serves to close the excess Solder 
Lemeshka, Serial No. 68,335 or Nekut, Serial No. well at the open end of core 3. The Well foined 
68,173, with a plurality of fins 4, arranged in a by portion 3 of coie 3 holds an excess of 
radial array, having complementary flanges 5 45 solder over that, required in the space between 
which nest with the flanges of adjacent fins. the core and the electrode to insure that the same 
Flanges 5 are joined to one another and to is always completely filled and at the Saine time 
the core by means of Soldiering, brazing or the acts as a receiver for any solder alloy which may 
like. tend to overflow from said space as a result of 
My invention is not limited to forced air cool- 50 expansion of the liquid alloy. 

ers as the heat eXchange means but is also ap- As pointed out herein above the alli (niinual core 
plicable to liquid coolers utilizing a liquid heat is free to contract as it, Cools firgin operating 
exchange edium. Such as Water as Will presently temperature down to approxirhat&iy 124° C. With 
appear. In carrying out Iny invention with re- Out imposing any Stresses upon the copper elec 
Spect to Such forced air coolers, I provide a re- 55 trode. However, as the aluminuin core colntinues 
ceptacle-like core 3 which is closed at one end to cool down to room temperature after Solidifi 
and open at the other. The open end of the core cation of the solder alloy it still tends to contract 
and a portion 3' thereof for some distance Somewhat faster than the copper electrode. 
to Ward the closed end has an increased diameter After only a single temperature cycle the result 
formed by a transverse shoulder 6 and which 60 ing radial deformation of the copper electrode 
acts as a well. The outside diameter of the elec- is insignificant but Since Sugh defor:Tiations are 
trode is sufficiently less than the inside di- cumulative With each Subsequent telliperature 
ameter of the core as to perinit free flow of solder cycle, they riay not be ignored if tube failure 

there between and so that, there will be no fl'Olin this calise is to be avoided. Fol examinple, 
physical contact between the two. Furthermore, {}5 I have found in the case of tube type 9C22 hav. 
the dimensions are such that the electrode will ing a .600 inch aluniahuaa core Wall thickness, 
rest on the bottom or closed end of the core the ladial deformation of the 4.530 inch diaineter 
With flange 2 above and not in contact with anode after 635 teiperatiite cycles (equivalent 
shoulder 8. to approxiinately 10,000 houl's life in norinal 
The Solder or alloy which serves as the thermal 70 service) was 017 inch inwai'i in diameter by 

coupling or heat transfer medium between the test. I have shown that, educing the thickness 
part to be cooled and the cooler or heat, ex- of the aluininuna core wall to Sustantially less 
change means must have a melting or fusion than the thickness of the ai. Gie C1 to .250 inch 
20int such that it is in the liquid state well be- will eliminate even this reia, i.ively 3:33. efornia. 
low the operating themperature of the cooled part 5 tion. 
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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 52% 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% bismuth, 
32% lead and 15.5% 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 f l 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 to heat and liquify the fusible 
alloy to facilitate removal of the device when 
not in operation 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 
nially 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 operation a few bolts may 
be readily used to clamp the device to the cooler 
as far example in the region of flange 2. 

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 
(sepper of both and on the other hand to cause 
permanent deformation of 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 eficiency 
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: 
l. The combination with an electron discharge 

device having a part to be cooled, of a cooler hay 
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6 
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 unit and said device When 
solid and having a melting point below the nor 
mal operating temperature of Said cooler for in 
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 including 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 
fermedium 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 mediura 
fixes said cooler with respect to said electrode at 
said non-operating temperatures, and in proves 
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 Irelatively OW temperatures 
and is characterized by improved heat transfer 
properties during said relatively high tempera 
tures. 

5. In cornbination, 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 be 
heated, and lower than Said predetermined tem 
perature for fusing at Said predetermined tem 
perature to improve the thermal bond between 
said part and Said heat eXchanger, and for re 
lieving Strains due to different mechanical re 
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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 
ceiving 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, 
fiuid at Said predetermined temperature for in 
proved contact with said electrode 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 forianing 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 ten 
perature portions of Said cycles for improved 
heat transfer fron 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 per 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 

whereby said material becomes . 
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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. LEMESHKA. 
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