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This invention relates to cooling systems 
for electric apparatus and more particularly 
to the cooling of high power electron-dis 
charge devices. 
An object of this invention is to remove en trapped air, gas or vapor from a cooling sys 

tem. 
Another object is to efficiently dissipate the 

heat from the anode of an electron discharge 
device. 
The invention is particularly applicable to 

high voltage electron discharge devices of the 
type employing a highly evacuated enclosing 
vessel consisting of an insulating portion and 
a cup-shaped metal portion which constitutes 
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15 the anode of the device. A filament and grid 
electrode are supported from the insulating 
portion and extend into the cup-shaped anode 
to form a three element electron discharge de 
vice. Such devices may be used in radio 
transmission systems as modulators, ampli 
fiers and rectifiers. When high voltages, of 
the order of 10,000 to 100,000 volts, are ap 
plied to the anode, a high power output is 
obtained. Due to the high voltages used in 
these devices, the anode is excessively heated 
and some cooling means must be provided to 
dissipate the heat generated at the anode dur 
ing operation. This may be accomplished by 

30 providing a suitable container orjacket which 
encloses the anode and forms a fluid-tight 
compartment through which water or other 
cooling media may be circulated. Such an ar 
rangement is disclosed in W. G. Houskeeper 
Patent No. 1,571,948, issued February 9, 1926. 
Unless precautions are taken when operat 

ing at high voltages, there is a tendency for 
air pockets or confined gases to form in the 
jacket and air bubbles to collect on the anode 
surface. This air or gas retards the circu 
lation of the cooling medium and prevents 
complete cooling of the anode. Consequently 
the anode may be so over-heated as to be 
partially destroyed. 

In one embodiment of the invention a fluid 
tight jacket or container surrounds the cup 
shaped anode of an electron discharge device 
and is provided withinlet and outletpipe con 
nections for the circulation of a cooling me 

50 dium around the anode, to dissipate the heat 
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generated therein. An auxiliary outlet pipe 
or tubular member is connected to the end of 
the container adjacent the entrance of the 
anode and communicates with the interior of 
the container. This member extends at an upward angle with respect to the container 
and forms a constricted passage-way for the 
escape of confined air from the container. 
Because the highest point of the tubular mem 
ber is above the level of the circulating me 
dium within the container, and since the 
diameter of the opening therein is small, 
very little of the circulating medium passes 
through the auxiliary tubular member. 
While this invention is particularly ap 

plicable to electron discharge devices, it may 
also be used in connection with other appa 
ratus wherein trapped gases or vapors are 
troublesome in fluid circulating systems. 
A feature of the invention is the by-pass 

connection of the tubular member to the out 
let pipe connection so that the cooling medi 
um passing through the outlet connection per 
forms an aspirator action in the auxiliary 
tubular member or by-pass pipe to remove is 
the entrapped air from the container. 
This arrangement removes all the non-cir 

culating fluids, such as air, gas or vapor, 
from the container during the operation of 
the device and maintains efficient cooling of 
the anode of the electron discharge device. 
When very high voltages are used, such as 

10,000 volts or more, it is desirable to remove 
the air more rapidly to allow freer circula 
tion of the cooling medium to prevent de 
terioration of the anode. This may be ac 
complished in accordance with another fea 
ture of the invention by a multiple header 
or manifold having branches which com 
municate with the container at spaced posi 
tions around the periphery thereof, to remove 
the confined air from the container and pre 
vent the formation of air bubbles on the 
anode surface. 
Other features of the invention will be ap 

parent from the following detailed descrip 
tion and the accompanying drawings in 
which - 

Fig. 1 illustrates in cross-section an assem- 100 
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bly of an electron discharge device cooled in 
accordance with this invention. 

Fig. 2 is a partial view of a device illustrat 
ing a modified form of the invention, and, 

Fig. 3 is a plan view of the device shown in Fig. 2. 
Referring to Fig. 1, there is disclosed the 

combination of an electron discharge device 
comprising an enclosing vessel having an in 
sulating portion 10 preferably of glass, and 
a cup-shaped metal portion 11, which forms 
the anode of the discharge device. An out 
wardly projected annular flange 12 is formed 
on the anode 11, adjacent the flared end there 
of, to provide supporting means for the elec 
tron discharge device in a cooling container. 
This container orjacket consists of a substan 
tially cylindrical metal casting 13 having an 
offset longitudinal portion 14, and an in 
tegral partition 15 having an aperture 16 
which forms a communicating passage-Way 
between the main chamber formed by the 
jacket 13 and the longitudinal channel 
formed by the offset portion 14. An out 
Wardly extending annular flange 17 is formed 
on the jacket so that the assembled structure 
may be attached to a supporting framework. 
The upper end of the container is provided 
with a relatively wide opening or mouth 
having substantially the same diameter as the 
interior of the container. An in Wardly pro 
jecting annular flange 18 is provided adjacent 
the end of the opening to form a seat for a 
reducing flange 19, a gasket 20 being provided 
between the seat 18 and the flange 19 to pro 
vide a water-tight connection. The flange 19 
is provided with an inwardly projecting shelf, 
to reduce the large diameter of the mouth 
of the jacket to approximately the diameter 
of the anode 11. The anode 11 of the electron 
discharge device is inserted in the main cham 
ber of the container 13 and the annular flange 
12 on the anode is seated on a gasket 21 which 
is placed on the shelf portion of the flange 19. 
A plurality of radial drillings 22 are formed 
through the shelf of the flange 19 to provide 
means for circulating the cooling medium 
and the removal of air from the small space 
adjacent the anode and the shelf of the flange 
19. A two-part clamping ring 23, provided 
with a leaf hinge 24 rigidly attached to one 
half of the ring 23 and pivotally attached to 
the other half of the ring, surrounds the 
anode 11 above the projecting anode flange 
12, to form a pressure member whereby a 
water-tight and secure joint may be obtained 
between the anode 11 and the flange 19. The 
upper end of the jacket or container is ex 
ternally threaded to receive an aperture col 
lar 25 which is threaded thereto and is pro 
vided with a downwardly extending inner 
edge which engages the ring 23, to clamp the 
anode 11 securely in the container 13. This 
arrangement is substantially the same as the 
structure disclosed and claimed in a copend 
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ing application to H. Vadersen, Serial No. 
91,202, filed February 27, 1926 and entitled 
“Electron discharge devices'. The lower end 
of the main chamber formed in the container 
13 is tapered to a threaded opening to receive 
an inlet pipe connection 26. The parallel 
chamber formed by the offset portion 14 of 
the container and the partition 15, is also 
provided with a threaded opening on its 
lower end to receive an outlet pipe 27. This structure provides means for circulating a 
cooling medium, such as water, at high pres 
sure, through the main chamber of the con 
tainer surrounding the anode 11, the Water 
or other cooling medium passing to the out 
let pipe connection 27, through the connect 
ing passage-way 16 and the chamber formed 
by the offset portion 14. 
Due to the high temperature of the anode 

11 operating at the voltages applied to this 
electrode and the high pressure of the cir 
culating system, there is a tendency for air 
pockets to form at the upper end of the jack 
et, particularly adjacent the communicating 
passage-way 16 between the two chambers 
formed in the jacket, thereby preventing the 
free circulation of the cooling medium. 
Similarly air bubbles collect on the anode 
surface and form an air film which prevents 
intimate contact of the cooling medium with 
the surface of the anode. Consequently the 
circulating cooling system is retarded by this 
confined air in the container and portions of 
the anode are subjected to excessive heating. 
These difficulties are overcome in accord 

ance with this invention by providing an 
auxiliary tubular member or by-pass pipe 
which is connected to the upper end of the 
jacket in alignment with the connecting pas 
sage-way 16 and communicates with the inte 
rior of the container. This member or pipe is 
of constricted formation and extends at an up 
ward angle from the jacket so that the pas 
sage-way extends above the level of the cir 
culating fluid in the container 13. This ar 
rangement forms an outlet for the air con 
fined in the jacket which may be exhausted 
from the container by any suitable means 
such as a pump connected to the auxiliary 
member. 
ber is of Small internal diameter and extends 
at an YES angle from the container, the 
air confined in the container is speedily ex 
hausted and only a small percentage of the 
cooling fluid passes through the by-pass tubu- 2c 
lar member. Preferably the by-pass tubular 
member comprises a length of metal tubing 
of Small interior diameter having an out Wardly and upwardly extending portion 29 
which communicates with the interior of the 
jacket, and a downwardly extending portion 
28 which is joined to a coupling 30 which 
forms a constricted passage-way in the outlet 
pipe 27. This arrangement forms an efficient 
means for removing the confined air from . 

Since the auxiliary tubular mem.- : 
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the jacket by the action of the cooling fluid 
passing through the outlet pipe connection 
27 performing an aspirator action in the aux 
iliary tubular member, which forms a by-pass 
connection between the upper end of the 
jacket and the outlet pipe connection. Fur 
thermore, the proximity of the by-pass out 
let member to the fluid tight joint between 
the anode 11 and the flange 19, and the radial 
openings 22 in the flange constitutes an effi 
cient arrangement for exhausting the air con 
fined in the small space adjacent the fluid 
tight joint. 
A modified form of the invention is shown 

in Figs. 2 and 3, in which a multiple header 
or manifold provides means for removing the 
confined air from the interior of the water 
jacket at an increased rate. This arrange 
ment comprises a tubular member 31 of Small 
internal diameter which has one end connect 
ed to a joint on the periphery of the water 
jacket and forms a single turn spiral extend 
ing upwardly and substantially surrounding 
the container 13. The spiral tubular mani 
fold 31 has a plurality of branches 32 of grad 
ually increasing length communicating with 
distributed points on the jacket, to form a 
multiple connection for the removal of con 
fined air from the water jacket. The free end 
of the tubular manifold 31 may be connected 
to any suitable suction producing means, or 
to the outlet pipe connection described in 
connection with Fig. 1. 
What is claimed is: 
1. In combination, an electron discharge 

device having an external anode, a fluid 
tight container surrounding said anode, inlet 
and outlet connections for said container, an 
auxiliary connection from said container to 
said outlet connection, and a cooling medium 
adapted to circulate through said container 
and in contact with said anode, said medium 
flowing in said outlet connection producing 
a suction through said auxiliary connection. 

2. In combination, an electron discharge 
device having an external anode, a fluid 
tight container surrounding said anode, inlet 
and outlet connections for circulating a cool 
ing medium in contact with said anode and 
said container, and a by-pass connection com 
municating with said outlet connection and 
extending at an angle from said container 
above the level of the cooling medium. 

3. In combination, an electron discharge 
device having an external anode, a fluid-tight 
container surrounding said anode, means for 
circulating a cooling medium through said 
container, and a manifold air outlet connec 
tion communicating with said means and 
container. 

4. In combination, an electron discharge 
device having an external anode, a fluid-tight 
container surrounding said anode, inlet and 
outlet connections for circulating a cooling 
medium through said container, and an air 
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manifold communicating with said container 
and outlet connection. . . . . . . . 

5. In combination, an electron discharge 
device having an external anode, a fluid-tight 
container surrounding said anode, inlet and 
outlet connections for circulating a cooling 
medium through said container, and a tubular 
manifold communicating with said outlet con 
nection, substantially surrounding said con 
tainer and having the branches thereof angu 
larly arranged with respect to said container 
and connected thereto. 

6. In combination, an electron discharge 
device having an external anode, a fluid-tight 
container surrounding said anode, inlet and 
outlet connections for circulating a cooling 
medium through said container, and a helical 
tubular manifold joined to said outlet con 
nection, substantially surrounding said con 
tainer and having curved branches of gradu 
ated lengths communicating with the interior 
of said container. 

7. In combination, an electron discharge 
device comprising a metallic container serv 
ing as the anode of the device, a cooling 
system therefor comprising a fluid-tight con 
tainer enclosing a portion of said anode, inlet 
and outlet connections for circulating a cool 
ing liquid through said container in contact 
with said anode, and a by-pass connection be 
tween said container and said outlet connec 
tion for removing entrapped air from said 
container. 

8. In combination, an electron discharge 
device comprising a metallic container serv 
ing as the anode of the device, a cooling 
system therefor comprising a fluid-tight con 
tainer forming a chamber enclosing a portion 
of said anode, means for circulating a cooling 
liquid through said chamber in contact with 
said anode, and means in communication with 
said chamber and said first mentioned means 
for removing entrapped gases from said con 
tainer. 

9. In combination, an electron discharge 
device having a metallic anode serving par 
tially as a wall of said device, a cooling sys 
tem therefor comprising a fluid tight con 
tainer enclosing a portion of said anode, inlet 
and outlet connections for circulating a cool 
ing liquid through said container, and a by 
pass connection between said container and 
said outlet connection for removing en 
trapped gases, the highest point of said by 
pass connection being above the level of said 
liquid in said container. 

10. In combination, an electron discharge 
device having an external anode, a cooling 
system therefor comprising a fluid tight con 
tainer forming a chamber surrounding a por 
tion of said anode,inlet and outlet connections 
for circulating a cooling liquid through said 
chamber and in contact with the surface of 
said portion, a restricted section in said out 
let connection, and a by-pass connection be 
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tween said container and said restricted sec 
tion, whereby the liquid flowing through said 
restricted section produces a suction in said 
by-pass connection to remove entrapped gases 
and vapors from said container. 
In witness whereof, I hereunto subscribe 

my name this 25th day of June, A. D. 1926. 
PAUL C. HOERNEL. 
JOHN W. SMITH. 
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