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10 Claims. (C. 250-27.5) 
(Granted under the act of March 3, 1883, as 

amended April 30, 1928; 370 O. G. 757) 
My invention relates broadly to high power de 

mountable electron tubes and more particularly 
to an anode cooling System for demountable elec 
tron tubes. 
One of the objects of my invention is to provide 

a construction of high power fluid cooled de 
mountable electron tube in which the elements 
of the tube may be replaced when such elements 
have deteriorated, without discarding the entire 
tube. 
Another object of my invention is to provide a 

construction of high power tube having a cylin 
drical anode provided with means for insuring the 
continued cooling Of the tube during operation, 
the cooling means being of such construction that 
the demountable characteristics of the tube are 
not impaired. 

Still another object of my invention is to pro 
vide a simplified construction of high power de 
mountable electron tube having an anode which 
forms the envelope of the tube and wherein the 
anode is provided with a fluid cooling jacket con 
structed to provide maximum Surface contact be 
tween a cooling medium and the exterior Surface 
of the anode for maintaining the temperature of 
the anode relatively low under conditions of con 
tinuous operation. 
A further object of my invention is to provide a 

construction of demountable electron tube in 
cluding a fluid cooled anodestructure wherein the 
exterior surface of the anode structure is provided 
With a spirally formed heat radiating fin which 
provides, with a coacting jacket, a Spiral path 
around the anode for the passage of cooling fluid 
operating to dissipate heat due to electronic bom 
bardment of the anode in the demountable tube. 
A still further object of my invention is to pro 

vide a construction of high power electron tube 
which includes a tubular anode Serving as the 
evacuated envelope for the tube, and wherein the 
exterior surface of the tubular anode is provided 
with a spirally disposed fin extending between 
fanges formed on the anode and coacting with a 
Surrounding jacket for providing a spiral path for 
the passage of cooling fluid in surface contact with 
the exterior of the anode for insuring continuous 
cooling of the anode under conditions of elec 
tronic bombardment. 
Another object of my invention is to provide a 

compact construction of high power demountable 
electron tube in which the envelope for the tube 

60 

is constituted by an anode having fluid cooling 
passages formed adjacent the exterior surface of 
the anode for continuously dissipating heat gen 
erated under conditions of electronic bombard 
ment. 

Still another object of my invention is to pro 
vide a construction of cylindrical anode for an 
electron tube in which the exterior surface of the 
anode is provided with fluid cooled passages 

which are spiralled from opposite ends of the 
anode to the center thereof for the introduction 
of cooling fluid adjacent opposite ends of the an 
ode and the discharge of the cooling fluid adja 
cent the center of the anode for effecting maxi 
mum heat dissipation from the anode. 
A further object of my invention is to provide 

a construction of fluid cooled high power de 
mountable tube in which the distribution of cool 
ing fluid in contact with parts of the tube is such 
that uniform cooling over the entire area of the 
tube may be obtained for avoiding unequal ex 
pansion of parts with the resulting tendency for 
loss of vacuum in the demountable tube. 
Other and further objects of my invention re 

side in the construction of the fluid cooled 
demountable electron tube as set forth more fully 
in the specification hereinafter following by ref 
erence to the accompanying drawings, in which: 

Figure 1 is a side elevation of the high power 
tube of my invention with the tension members, 
which maintain the parts of the tube in assembled 
relation, broken away to more clearly illustrate 
the tube structure; Fig. 2 is a central verticallion 
gitudinal section through the tube taken on line 
2-2 of Fig. I with certain of the parts illustrated 
in side elevation; Fig. 3 is a central vertical longi 
tudinal section through the assembled tube struc 
ture taken on line 2-2 of Fig. 1; Fig. 4 is a hori 
Zontal sectional view through the tube structure 
taken on line 4-4 of Fig. 1 and illustrating the 
discharge port for the cooling fluid; Fig. 5 is a 
transverse sectional view taken on line 5-5 of 
Fig. 1 and showing the arrangement of ports for 
the introduction of cooling fluid into the anode 
structure; Fig. 6 is a side elevational view of the 
anodestructure with parts broken away and illus 
trated in section; Fig. 7 is a side elevational view 
of a modified form of anode structure With parts 
shown in cross section; 

Fig. 8 is a side elevational view of a further 
modified form of anodestructure for a fluid cooled 
electron tube constructed in accordance With my 
invention; Figs. 9, 10 and 11 illustrate modified 
forms of gas tight joints which may be used for 
insuring a gas tight closure within the tube of my 
invention; and Fig. 12 illustrates a schematic 
form of insulated turn-buckle device. Which may 
be used in compressing the end plates upon the 
ends of the insulated sleeves which are Secured 
over the tubular anodestructure. 
The demountable electron tube of my invention 

employs a replaceable filament structure where 
the filament is normally supported in expansible. 
and contractible screw chucks carried in opposite 
ends of the tube which enable a new filament to 
be introduced in the tube upon disassembly of the 
tube after the destruction of the filament. The 
details of the structure by which the filament may 
be replaced have been set forth more fully in my 
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Copending application Serial No. 660,707, filed 
March 14, 1933, entitled Demountable electron 
tube. The closure for the tube is formed by a 
cylindrical anode having removable end portions 
which are normaliy Secured over opposite ends of 
the anode under compression and the closure 
maintained air tight and evacuated from time to 
time as may be required by any suitable vacuun 
pump. The demountabie parts of the tube are 
provided with suitable gaskets at the joints there 
between by which vacuunin may he more readily 
maintained within the chainber formed by the 
tubular anode. The anode enployed in the tube 
structure of my invention is tubular in form and 
has a Spirally disposed fin on the surface thereof 
extending between flange members adjacent op 
posite ends of the anode. A cylindrica, Sleeve is 
disposed over the Spirally formed fin and coacts 
thereWith to form a fluid cooling passage for the 
circulation of cooling fluid around the anode. 
The fillid may be introduced at the eind of the 
paSSage adjacent. One end of the anode and dis 
charged at a point opposite the other end of the 
anode, or the spirals may be oppositely directed 
toWard each other and the fluids introduced at 
points adjacent the ends of the Spiral passages 
formed on the anode and directed toward the 
center of the anode where it is discharged. 
The structure of tube of my invention is highly 

COmpact, Which is very desirable in an election 
tube Systein used on high frequencies since dis 
tributed capacities are thus reduced to a mini 
mum and operation inproved. Good cooling 
must be present in a denountable vacuuga tube 
otherwise the temperature of the parts will rise 
and impair the tightness of the air tight joints. 

Referring more particularly to the drawings, 
the closure for the tube is formed by a tubular 
anode 2 having a jacket 1 concentrically disposed 
about a portion of the anode as will be more fully 
understood by reference to the drawings. The 
anode 2 is supported between insulators 3 and 3' 
and end plates 4 and 4'. Gaskets are provided 
at 5 and 5'. The whole is held together by longi 
tudinal insulating tension meinbei's 6. The fila 
ment is shown at 7, the grid at 8, grid terminal at 
8' and outlet to the vacuum pump at 1'. The 
anode of the tube consists of an inner cylindrical 
member 9 having shoulders 0 and 10' Which en 
gage with gaskets 5 and 5'. Cut into the surface 
of 9 are two spiral grooves 11 and 11 starting at 
the shoulder's 10 and 10' respectively and meeting 
at the center. The raised portion or walls 12 
and 12' are part of the anode structure 2. The 
Structure between the shoulders 10 aid 10' is en 
closed in an outer cylinder 13. A liquid tight 
joint is made between the ends of 13 and shoul 
ders 10 and 10' by soldering, brazing or Welding. 
The ends 14 and 14 of the anode 2 extend beyond 
shoulders 10 and 10' respectively as described in 
my copending application. inlets for the Cooling 
liquid are provided at 15 and 15 at the outer ends 
of the spiral grooves. An outlet is provided at 16. 
The spiral grooves are arranged. So that the cool 
ing liquid as it enters the structure paSSes around 
the anode in the same direction, iiheeting at the 
center Still in the Sane direction. The two paths 
of the liquid combine and pass through the outlet 
16 except for a small portion which paSSes around 
the center of the anode and through a gap 17, as 
shown in Fig. 2, between the central ends of the 
Walls 12 and 12'. The arrows of Fig. 2 show the 
path of the cooling liquid. Inlets 15 and 15' and 
Outlet 16 are fasteiled to the Outer cylinder 13 by 
soldering, brazing or welding so as to make a 
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liquid tight joint. These inlets and outlets are 
arranged So that the cooling liquid connections 
Conne from the same direction. This makes for 
greater compactness and ease of connection to the 
insulating hose coil. The area of the outlet 16 
is equal to the SI of the areas of 15 and 15' So as 
to pi'ovide uniform liquid flow. 

e cooling of the anode in this arrangement 
is Very efficient due to the large surface area, in 
contact with the cooling liquid. In addition 
there is substantial radiating Surface provided 
by Walls 12 and 12'. These Walls are part of 
cylindrical member 9 and the heat is readily 
conducted through the metal. The Water being 
a less efficient conductor is allowed a great area. 
of contact. his the amount of heat Which can 
be conducted away with a safe operating ten 
perature of the cooling liquid and of the anode 
per inch length of tubes having the same di 
ameter, is greater in this construction than it is 
in tubes using just a simple inner cylinder for a 
cooling Surface. By arranging the cooling liquid 
to enter the structure at a point near the air tight 
joints the tightness of these jointS is a SSured. 
Fassing the cooling liquid around the anode in 
the Saine direction prevents excessive turbulence 
at the Outlet 16. his permits greater foW of 
the cooling liquid for the same pressure drop in 
the system or the less pressure drop for the same 
flow, improved cooling also ensues due to the 
reduction of turbulence. 
While a preferred form of the arrangement 

has been described, obviously certain modifica 
tions are possible. For instance, a single spiral 
covering the full length of the cooling Surface 
of the anode may be used with cooling fluid en 
tering at one end and discharging at the other 
end as shown in Fig. 7. This modification is not 
as desirable as the one described, in that the air 
tight joint adjacent to the outlet is subjected to 
a much higher temperature tha: that adjacent 
to the inlet, the cooling liquid being heated in 
its passage through the tube. The spiral element 
which forms the fluid cooling passage in the 
structure of tube shown in Fig. 7 has been desig 
nated by reference character 20. The inlet for 
the cooling fluid in this arrangement is shown 
at 21 while the outlet is represented at 22. The 
direction of flow has been represented upwardly. 
A single continuous spiral with inlets at both 
ends and an outlet at the center may be used as 
shown in Fig. 8, but increased turbulence will 
result reducing cooling efficiency. The structure 
of Fig. 8 has been shown as including the spiral 
eleinent 23 connected with the outer Surface of 
anode 14 and coacting with jacket to form a 
spiral passage for the cooling fluid which is uni 
form throughout the length of the passage. The 
inlet port 21 provides means for introducing 
cooling fuid at one end of the spiral passage. 
The inlet port 24 provides means for intz'oducing 
cooling fluid adjacent the other end of the pas 
sage. The center discharge port 25 is disposed 
Imidway of the spiral paSSage and provides a dis 
charge means for the cooling fluid Without a 
reduction in the cross sectional area of the cool 
ing fluid passage and accordingly Without in 
creased turbulence Which norFinally results in 
the reduction of the cooling efficiency of the tube. 
This constitutes a Substantial inprovement over 
the spiral arrangement of passages illustrated in 
Fig. 7. Instead of making Walls 12 and 12' in 
tegral with 9, they may be made separate and 
soldered, brazed or welded to cylindrical mem 
ber 9. Unless a good joint results, however, the 
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the assembly Views. 

against the ends of the anode 1. 
tension adjusting means has been illustrated in 

gas tight closure. 

The arrangement of "cooling system 
anode by which fluid at low temperature is in 
troduced at each end of the anode and the dis 
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thermal conductivity at the joint will be poorer 
and cooling efficiency of the arrangement will 
be less. 
The filament 7 which is removably mounted 

Within the tube is supported between Screw 
chucks 26 and 27, each of which are fluid cooled 
by fluid inlet and discharge connections illus 
strated at 28 for chuck 26 and at 29 for chuck 27. 

Throughout the several assembly views of the 
tube of my invention I have illustrated gaskets 
at each of the joints which are placed under 
Compression for preventing the leakage of gas. 
To simplify the illustration of the invention, these 
gasketS have been illustrated schematically in 

However, I desire that it b3 
understood that in practice the joints are formed 
With coacting faces establishing a serpentine 
coul"Se through the joint which substantially 
prevents undesirable leakage and provides a gas 
tight seal. Fig. 9 shows end plate 4 provided with 
an annular projection 4a which fits into a co 
acting annular recess 3a in the insulator 3. The 
gasket 5 which is disposed therebetween provides 
a substantial Seal against the leakage of gas. 
Fig. 10 shows a modified construction in which 
end plate 4 is provided with a pair of concentric 
ribs depending from end plate 4 as illustrated at 
4b and 4c. These ribs fit into coacting annular 
recesses 3b and 3c in insulator 3. A gasket 5 
which is disposed between the ribs and the co 
acting recesses is deformed out of plane for eS 
tablishing a gas tight seal. Fig. 11, shows a fur 
ther modified form of seal in which end plate 4 
has an annular projection 4d thereon having an 
echelon or offset annular face. The insulator 3 
is provided with a coacting face which is offset 
in steps or echelon formation as represented at 
3d. The gasket 5 disposed between the echelon 
faces. 4d and 3d S3rves to prevent seepage of gas 
between the joints. As I have pointed out any 
one of the types of joint illustrated, or any other 
form of joint may be used for insuring a gas tight 
closure. Within the anode Structure. 

It will also be understood that the tension mem 
bers 6 have bean illustrated Schematically for 
the purpose of simplifying the illustration and 
that in practice. I employ any suitable arrange 
ment of tension adjusting means for compressing 
the end plates 4 and 4 against the gaskets 5, 
insulator 3, gaskets 5' and insulator 3, and 

One form of 

Fig. 12 where a turn-buckle of suitable insula 
tion material 26 engages the screw threaded 
members 27 and 28, extending through the end 
plates. 4 and 4'. Adjustment of turn-buckle 26 
permits thersquired tension to be placed ttpon 
the assembled parts of the tube for insuring a 

A suitable tool engaging sur 
face may be provided on the insulated turn-buckle 
(to enable the turn-buckle to be properly adjusted. 
Other forms of tension means may be employed 
and by the illustration in Fig. 12, I do not intend 
my invention to be limited to the particular form 
of tensioning; means shown. : 

for the 

charge fluid which has absorbed heat generated 
by electronic bombardment and is subsequently 
discharg3d at the center of the anode, insures 
uniform expansion of parts adjacent opposite 
ends of the tube and thereby enables a vacuum 
to be maintained in the tube without excessive 
loSS. - 

3 
While I have described my invention in one 

of its preferred embodiments. I desire that it be 
understood that modifications may be made and 
that no limitations upon my invention are in 
tended other than are imposed by the scope of 
the appended claims. 
The invention herein described may be manu 

factured and used by or for tha Government of 
the United States of America for governmental 
purposes without the payment of any royalty 
thereon or therefor. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is as follows: 
1. A demountable electron tube coin prisiig a 

cylindrical anode, cover members for said anodic 
insulatingly mounted at each end thereof, means 
for removably nounting electrodies within said 
anode and between said cover members, a spiraliy 
disposed continuous strip carried by said anode, 
a cylindrical jacket coaxial with said anode wit: 
the inner Wall thereof connected with the Guter 
periphery of Said strip for forming a spiral pas 
Sage for cooling fluid connected with the Surfac3 
of Said anode. 

2. A high power demountable electron tube 
comprising a tubular anode having an annular 
fange adjacent each end thereof, an insulated 
sleeve disposed over each end of said anode adja 
cent the flanges thereon, end piates extending 
acroSS Said insulated sleeves, tension inenbers 
interconnecting said end plates for binding said 
end plates, sleeves and anode under pressure for 
forning a Substantially gas tight chamber, elec 
trodes renovably mounted within said chamber, a. 
-Spirally disposed strip formed on the exterior wall 
of said anode internediate said flanges, a jacket, 
concentrically disposed about, said anode and ex 
tending over Said spirally disposed Strip and de 
fining a spiral passage for cooling fluid around 
Said anode, and fluid inlet and discharge con 
nections for said jacket. 

3. A high power demountable electroin tube 
Comprising a tubular anode having an annual 
flange adjacent each end thereof, an insulated 
sleeve disposed over each end of said anode ad 
jacent the flanges thereon, end plates extending 
across said insulated sleeves, tension meinhers 
interconnecting said end plates for binding said 
end plates, sleeves and anode under pressure for 
forming a substantially gas tight chamber, elec. 
trodes removably mounted within said chainber, 
a wall member extending between the fianges on 
the exterior wall of said anode and defining a 
spiral passage along the length of said anode, a 
jacket secured, over said flanges and extending 

S 3 
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i. 
over said wall member and connected with the 
peripheral edges thereof, and fluid inlet and dis 
charge connections at opposite ends of said jacket, 
for insuring a continuous circulation of cooing 
fluid over the exterior surface of said anode : 
directly adjacent the interior surface thereof 
which is subjected to electronic bombardiment. 

4. A high power demountable electron tube 

sieeve disposed over each end of said anode ada 
cent the flanges thereon, end plates extending 
across said insulated sleeves, tension inenberg. 
interconnecting said end plates for binding said 
end plates, sleeves and anode under pressure for 
forming a Substantially gas tight charabei, elec 
trodes renovably mounted within said chamber, 

'comprising a tubular anode having an annular 
flange, adjacent each end thei'eof, an insulated . 

a strip disposed edgewise on the exterior surface 
of said anode and extending in a spiral path be 
tween the said flanges on Said anode, a cylindrical 
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4. 
jacket extending coaxial with said anode, the 
inner wall of said jacket being connected with 
the periphery of said strip and defining a Spiral 
passage for cooling fluid along the length of Said 
anode, a fiuid inlet connection adjacent the 
flange at one end of said jacket and a fluid dis 
charge connection adjacent the fiange at the 
opposite end of said jacket. 

5. A high power demountable electron tube 
comprising a tubular anode having an annular 
flange adjacent each end thereof, an insulated 
sleeve disposed over each end of said anode ad 
jacent the flanges thereon, end plates extending 
across said insulated sleeves, tension member's 
interconnecting said end plates for biding Said 
end plates, sleeves and anode under pressure for 
forming a substantially gas tight chamber, elec 
trodes removably mounted within said chainbei, 
a strip integrally connected with the outer wall 
of said anode and disposed in a Spiral path be 
tween the flanges on Said ainode, a jacket dis 
posed over said flanges and over said Spiral Strip 
therebetween, fluid inlet connections extending 
into said jacket at opposite ends thereof and ad 
jacent the fianges thereon, and a fluid discharge 
connection disposed Substantially central of Said 
jacket for discharging cooling fluid passing to 
Ward the center of said jacket from the inlet coin 
nections on opposite ends thereof. 

6. A demountable electron tube, a tubular 
anode, end plates for said tubular anode, means 
insulatingly connecting said end plates with the 
ends of asid tubular anode, Coin pression near 5 
for maintaining said end plates in a SSen bled re 
lation. With said tubular anode, electrodes re 
movably mounted concentrically within Said 
tubular anode and between said end plates, an 
annular flange adjacent each end of Said anode, 
a strip member thermally connected with the 
exterior wall of said anode and extending Spiral 
ly in a clock-wise direction from the flange at 
One end of said anode to the center of Said anode, 
a strip member thermally connected with the 
exterior Wall of said anode and extending in a 
counterclock-wise direction from the other of 
said flanges toward the center of Said anode and 
interconnected with the end of the aforesaid 
strip, a jacket extending between said flanges and 
Surrounding Said spirally arranged Strips, a fluid 
inlet connection extending through said jacket 
adjacent each end thereof for delivering cooling 
fluid to the spiral passages Surrounding Said 
anode, and a fluid discharge connection adjacent 
the center of said jacket in a position at which 
said spiral strips meet for discharging cooling 
fluid from said jacket. 

7. A high power denountable tube comprising 
a tubular anode, a closure for each end of said 
anode, electrodes removably mounted within said 
closure concentrically within Said anode, a flange 
connected with the exterior Wall of Said anode 
adjacent each end thereof, a jacket eXtending 
between said flanges, a member disposed between 
the inner Wali of said jacket and the outer Wall 
of said anode for defining a passageway for cool 
ing fluid around said anode, fluid inlet connec 
tions for said jacket adjacent opposite ends of 
said passageway and a fluid discharge connec 
tion for said jacket disposed centrally of Said 
paSSageWay. 
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8. A high power demountable electron tube 

comprising a cylindrical anode, an annular flange 
formed on said anode adjacent opposite ends 
thereof, an insulated sleeve concentrically dis 
posed over each end of Said anode and abutting 
with the annular flange thereon, end plates ex 
tending across the ends of Said insulated sleeves, 
means for maintaining said end plates, said 
sleeves and said anode under longitudinal corn 
pression for providing a substantially gastight 
chamber within Said anode, a multiplicity of re 
movable electrodes mounted Within Said chamber, 
a jacket disposed concentrically about said anode 
and connected with the flanges adjacent the op 
posite ends thereof, a strip member thermally 
United With the exterior Surface of Said anode 
and extending in a spiral path between said 
fanges and connected at its exterior periphery 
with said jacket for defining a spiral path around 
said anode, fluid inlet connections adjacent each 
end of said jacket for delivering cooling fiuid to 
the Spiral path formed about said jacket, and a 
fluid discharge connection intermediate the 
length of said jacket for discharging fluid which 
circulates through said spiral path from each end 
of Said jacket. 

9. A high power denountable electron tube 
comprising a cylindrical anode, an annular tange 
formed on said anode adjacent opposite ends 
thereof, an insulated sleeve concentrically dis 
posed over each end of Said anode and abutting 
with the annular flange thereon, end plates ex 
tending acroSS the ends of said insulated sleeves, 
raneans for maintaining Said end plates, said 
sleeves and Said anode under longitudinal com 
pression for providing a substantially gastight 
chanabel' within said anode, a multiplicity of re 
imovable electrodes mounted within said chamber, 
a jacket disposed concentrically about said anode 
and connected with the flanges adjacent the op 
posite ends thereof, a, Strip member extending 
in a Spiral path from one of said flanges toward 
the center of the tube, a strip member extending 
from another of said flanges in a direction oppo 
site to said first mentioned spiral path to a po 
sition interrediate Said anode and connected with 
the other of said strip members, a jacket sur 
rounding said strip members and extending be 
tween the flanges on said anode, fluid inlet con 
nections at opposite ends of said jacket and a fluid 
inlet discharge connection centrally of Said anode 
at a point adjacent the juncture of said strip 
innenbers. 

10. A high power demountable electron tube 
comprising a tubular anode, a flange adjacent 
each end of Said anode, an insulated sleeve con 
centrically disposed about each end of said anode 
and abutting with the flange thereon, end plates 
extending across the ends of said sleeves, ten 
sion means interconnecting said end plates for 
inaintaining Said end plates, said sleeves and said 
anode Under Compression for providing a sub 
stantially gastight closure, a nultiplicity of elec 
trodes removably mounted within said closure, 
and fluid circulating passages synimetrically dis 
posed about Said anode for insuring equal cooling 
of the opposite ends of Said anode for equalizing 
the expansion thereof under conditions of ten 
perature change due to electronic bombardment. 
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