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The present invention relates in general to electron 
devices and more particularly to methods and apparatus 
for e?‘iciently cooling electrodes thereof. 

In electron devices such as, for example, traveling 
wave tubes, klystron tubes, and magnetrons it becomes 
necessary to cool certain portions of the tube. Typical 
ly, in traveling wave tubes and klystrons, heat is gen 
erated in the collector electrode, and in a magnetron 
heat is generated in an anode structure. It has been 
customary to cool such devices by providing a plurality 
of cooling ?ns extending radially circumferentially or 
radially axially on the hot electrode and then passing 
a cooling ?uid such as air over these ?ns. 

In order to increase the heat transfer from a hot com 
ponent to a colder cooling ?uid it is helpful to increase 
the area over which the heat transfer occurs. This has 
led to the practice of increasing the size and the number 
of ?ns. 

Since the heat transfer from the ?ns to the cooling ?uid 
is proportional to the product of the ?n area and the ?n 
fluid temperature differential, by enlarging the ?ns the in 
crease in heat transfer will not be directly proportional to 
the increase in heat transfer area because the tempera 
ture everywhere along the ?ns will not be equal to that 
at the ?n root or immediately adjacent the hot electrode. 
Thus, the increased heat transfer due to increased area is 
partly offset by the decreased average ?n-?uid tempera 
ture differential. 

According to the present invention a high conductance 
heat path is provided from the hot electrode to an outer 
portion of the cooling ?ns which are secured to the hot 
electrode. In this manner the temperature of the ?ns is 
maintained approximately uniform and approximately the 
same temperature as the hot electrode for more ef?cient 
cooling of the electrode. 
The principal object of the present invention is to pro 

vide novel method and apparatus for e?iciently cooling 
hot elements of electron devices. 
One feature of the present invention is the provision 

of a novel cooling means for an electron device including 
a high thermal conductance path from a hot element of 
the electron device to an outer portion of cooling ?ns 
on the element. 
Another feature of the present invention is the pro 

vision of novel cooling means for an electron device in 
cluding a high thermal conductance member extending 
radially outwardly from the hot element and axially ex_ 
tending high thermal conductance means connecting said 
high conductance member to an outer portion of said 
?ns. 

Another feature of the present invention is the pro 
vision of a novel cooling apparatus for an electron de 
vice including a high thermal conductance member ex 
tending radially outwardly between at least two radially 
extending axially aligned ?ns and circular high thermal 
conductance means connecting said high thermal con 
ductance member to an outer portion of said ?ns. 

Other features and advantages of the present inven 
tion will become more apparent upon a perusual of the 
following description taken in conjunction with the ac 
companying drawing wherein: 
FIG. 1 is a sectional view of a traveling wave tube 

embodying the present invention, 
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FIG. 2 is a cross sectional view of the structure shown 

in FIG. 1 taken along line 2—2 in the direction of the 
arrows, and . 

FIG. 3 is an end view of an alternative embodiment 
of the present invention. 
Whereas the invention will be described as speci?cally 

applied to a traveling wave tube type of electron device 
it is obvious that the invention is equally applicable to 
any electron device having a metallic member constitut 
ing an outside portion of the tube envelope such as, for 
example, a klystron tube, a magnetron, etc. 

Referring to FIGS. 1 and 2 of the drawing, a traveling 
wave tube ampli?er 11 includes an evacuated envelope 
12 at one end of which is positioned an electron gun struc 
ture 13 including a cathode 14- and associated cylindrical 
anode 15 adapted for generating a beam of electrons. 
Positioned at the other end of the evacuated envelope 
12 is a collector electrode structure 16 adapted to receive 
the electron beam generated by the electron gun struc 
ture 13. 

Between the electron gun structure 13 and the collec 
tor electrode structure 16 is a slow wave structure shown, 
for example, as a helix 17 mounted on a plurality of 
sapphire support rods 18 which are ?tted within the en 
velope 12. 
A ralio frequency energy input coupling means 19 is 

provided at the electron gun end of the envelope 12 for 
applying a radio frequency wave to the slow wave helix 
17, and a radio frequency output coupling means 21 is 
provided at the collector end of the envelope 12 for 
extracting an ampli?ed radio frequency wave from the 
slow Wave helix 17. 
A beam focusing solenoid 22 is positioned around the 

evacuated envelope 12. 
The colector electrode structure 16 comprises a hollow, 

high thermal conductance core member 24- of, for ex 
ample, copper the exterior end of which is terminated by 
an evacuation pinch-off tube 25 molded into an insulator 
plug 26. A thermally conductive cylinder 27 surrounds 
and is ?xedly secured to the core member 24 and is 
provided with a plurality of radially directed annular 
cooling ?ns 28 which provide a large area for the trans 
fer or" heat to a surrounding cooling ?uid such as cir 
culating air. 
- High thermal conductance members 2§‘ of, for ex 
ample, copper and in the form of solid rings are each 
positioned between and ?xedly secured to two of the 
?hr'fs 28 and form a low thermal resistance path from the 
cylinder 27 to an outer region of the cooling ?ns 28. 
Connection means 31 of, for example, copper in the form 
of narrow ring segments with an outside diameter that 
of members 29 and a slightly smaller inside diameter are 
positioned between and ?xedly secured to adjacent cool 
ing ?ns 28 thereby forming a low thermal resistance path 
from the member 29 to an outer portion of all the ?ns 
28. By this construction the entire ?n can be main 
tained at approximately a uniform temperature and 
at approximately the temperature of the core member 24 
for the most efficient heat exchange between the cooling 
?ns 2.8 and the cooling fluid. 
b As an example of the advantages of the present inven 
tion the amount of heat transferred by one collector struc 
ture of the type described above was 40% greater than 
the heat transferred by a ?nned collect-or without the ad— 
ditional high conductance structure. 
As an alternative to the structure shown the members 

29 can be positioned at the end of the collector structure 
16 adjacent the cathode to draw off heat from the hottest 
portion of the collector. Also the connection means 31 
can conveniently take the form of rods axially extend 
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ing the length of the collector and extending throughv and 
secured to each of the ?ns. 

Referring now to FIG. ,3 of the drawing there is shown 
an alternative embodiment of the present invention. A 
metallic member '41‘ which can correspond to‘ the core 
member 24 in FIGS. 1 and 2 is cooled ‘by means of, a 'plué 
rality of radially extending longitudinally directed ?ns 
42 secured such as by braiing to the metallic member 
41 and separated from one another by spacer, members 
43. High thermal conductance, members 44 of, for ex 
ample, copper are provided between certain of the ?ns 
42 vfor providing a low thermal resistance path from the 
metallic member 41 to an outer region of the ?ns'4-2'. 
High conductance connection means 45 which take the 
form of circular rings of, for example, copper are con 
nected to the outer end of the members 44 and to all of 
the y?ns 42 for conducting heat from the members 44 to 
an outer portion of each of the ?ns 42.v In this manner 
each of the ?ns 42 is maintained at approximatelya uni 
form temperature and at approximately the temperature 
of the metallic member 41 for the most e?icient heat ex 
change between ?ns 42 and the cooling ?uid. . 
The metallic member 41 and the core member 24 could 
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be any hot element of an electron device which must ~ 
be cooled as, for example, the body portion of theren-l 
velope 12. 

Underconditions of constant ?n cross sectional area 
and constant convective heat transfercoe?'icient between 
the ?ns andthe cooling ?uidthe position at which the ' 
high conductance means 31 and45 contact the'cooling 
fins 28 and 42, respectively, is approximately two-thirds 

so 
of the radial ?n length in a direction outward from the . 
?n ‘root in order to maintain the temperature of the ?n 7' 
approximately uniform. Since there is a limited heat 
conductance path through the high conductance members 
29 and 44 and the connection means 31 and 45 this dis 
tance can be made somewrat greater than two-thirdscin ' 
order to achieve an even more uniform temperature along - 
the ?ns. 

of a constant cross sectional area. ' 

Since. many changes can be made in the structure set 

The best outward distance along the ?ns for 
the connection means would be different if the fins are'not 

forth above without departing from the scope of the pres-V ' 
ent invention the description and drawings of the present 
invention are intended to be taken as purely illustrative 
and not in a limiting sense. ' - 

, What is claimed is: , ‘ 

1. Cooling apparatus for an electron device comprising, 
a metallic member de?ning a longitudinal axis, a plurality 
of ?ns radiating ‘from said metallic member, ?rst means 
substantially transversely oriented with respect to said lon 
gitudinal axis forming a low thermal resistance path from 
said metallic member to an outer portion of said ?ns, the‘ 
thermal resistance of said ?rst means being less than the 
thermal resistance of any one of saidplurality Tof; ?ns, 
:and second means ‘forming a low thermal resistance path, 
said second means being spaced from said metallic mem 
ber and coupled to said ?rst means and to said ?ns where 
by the temperature of each of said ?ns is maintained ap 
proximately uniform over the entire ?n. . ‘ ‘ 

2. Cooling apparatus for an electron device comprising, 
a metallic member de?ning a longitudinal axis, a plurality 
of ?ns radiating from said metallic member, ?rst means 
substantially transversely oriented with respect to said 
longitudinal axis forming a low thermal resistance path 
tfrom’said electrode‘ to an outer'portion of said ?ns, said 
?rst means having a lower thermal resistance than any one 
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of said ?ns, and second means forming a low thermal re 
' sistance path, said second means being spaced from said 
metallic electrode and coupled to said ?rst means and to 
said ?ns whereby the temperature of each of said ?ns is 

' maintained approximately'uniform over the entire‘?n, said 
cooling apparatus being adapted and arranged to permit 
flow of cooling ?uid between said plurality of ?ns. 

3. Cooling apparatus for an electron device compris 
ing, a metallic elementfa plurality of annular ?ns rad-iat 
ing outwardly from said metallic element, a high thermal 
conductance member‘ positioned between and ?xedly se 
cured‘to at least two. of said ?ns and extending radially 
outwardly from said metallic element, and axially ex 
tending,v high conductance connection'means connecting 
,said high conductance'member to an outer portion of said 
?ns, the thermal conducti'vityof said high thermal con 
ductance connection means being greater than the thermal 
conductivity of any onewof said ?ns, said high conductance 
connection means being spaced from said metallic element 
whereby the ‘temperature of said ?ns is maintained ap 
proximately uniform over the entire ?n. ' . ' 

4. Cooling apparatus for an electron device comprising, 
,inra metallic element, a plurality of ?ns radiating from 
said metallic element and extending axially thereof, at 
least one high thermalconductance member positioned 
'between and ?xedlyvsecured to, at least two of said ?ns, 
and circular, high conductance connection means con 
necting said high conductance .member to an outer por 

' tion of said ?ns, said high conductance connection means 
"being spaced from said metallic element to permit the 
?ow of, acooling fluid between said ?ns, said metallic 
element, and said high conductance connection means 
whereby the temperature of each of said ?ns is maintained 
approximately uniform over the entire ?n. ' 

5. Cooling mean-s for ‘an electron device comprising, a 
metallic electrode de?ning a longitudinal axis, a plurality 
of ?ns attached to and radiating from said'metallic elec 
trode' along the length of said elect-rode, ?rst means form-, 
ing a low thermal resistance path connected to said metal 
lic electrode and to __at least two of said’ ?ns, said ?rst 
means having a lower thermal resistance t-hanany one of 
said plurality of ?ns, second means forming a low thermal 
resistance path outwardly spaced from said metallic elec 
trode and connected to said ?rst means and to said ?ns 
at an outer portion of said ?ns and extending along the 
length of said electrode, said ?rst and said second means 
‘functioning to maintain the temperature of each of said ?ns 
approximately uni-form over the entire ?n. 
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