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The present invention relates generally to vapor cool-
ing apparatus for electric discharge devices. More par-
ticularly, the present inventicn constitutes a further
development of an improvement on the vapor cooling
systems described and claimed in my co-pending appli-
cations Serial Nos. 232,188 and 273,813, filed June 18,
1951, and February 28, 1952, respectively, now Patent
Nos. 2,935,305 and 2,935,306, granted May 3, 1960, re-
spectively.

In the above-identified co-pending applications the
advantages of vapor cooling as compared with liquid
cooling are pointed out and suitable radiator or anode
cocling structures and associated evaporators or boilers
are described and claimed. The primary object of the
present invention is to provide new and improved means
adapted for increasing the operating efficiency of vapor
cooling apparatus. :

Another object of the present invention is to reduce
appreciably the size of vapor cooling arrangements and
the amount of coolanf required to effect satisfactory
cooling thereby.

Another object of the present invention is to simplify
vapor cooling apparatus and necessary associated coolant
supply systems.

Further objects and advantages of my invention will
become apparent as the following description proceeds
and the features of novelty which characterize my inven-
tion will be pointed out with particularity in the claims
annexed to and forming part of this specification.

In carrying out the objects of the present invention,
I have provided a vapor cooled structure including a
heat radiator adapted for being surrounded by liquid
coolant and an enclosing jacket. Provided in the jacket
between the walls thereof and the radiator is a deflec-
tion system effective for imparting an ascending motion
to coolant immediately adjacent the radiator and a de-
scending motion in the space immediately adjacent the
walls of the jacket. Further, I have provided a radiator
structure which, in addition to providing heat conduc-
tion to the coolant, is effective for determining the
direction of movement of the coolant immediately adja-
cent thereto. Still further, I have provided a radiator
structure whereby the ascending liquid immediately adja-
cent the radiator is adapted for increased turbulence.

For a better understanding of my invention reference
may be had to the accompanying drawing in which:

Figure 1 is a partiaily broken-away elevational view
of an electric discharge device cooling system constructed
in accordance with a preferred embodiment of my inven-
tion;

Figure 2 is a partially broken-away perspective view
of the deflection system shown in Figure 1;

Figure 3 is a partially sectionalized elevational view
of a modified form of radiator construction;

Figure 4 is a partially sectionalized elevational view
of an electric discharge device cocling system constructed
in accordance with a modified form of my invention; and

Figure 5 is a partially broken-away elevational view
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of an electric discharge device incorporating a modified
form of radiator construction:

Referring to Figure 1 of the drawing, I have shown
my invention incorporated in a system adapted for vapor
cooling an electric discharge device generally designated
1 and including an upturned tubular or cylindrical anode
forming a part of thé envelope structure of the device.
The discharge device includes the usual internal elec-
trodes and mutually insulated electrode contacts. How-
ever, thesé clements need not bé furthér referred to or
described in detail herein. ‘ :

The anode is fitted with a tubular or cylindrical radia-
tor 3 comprising a plurality of outwardly extending
substantially massive projections or lugs 4. The radiator
3 is adapted for effecting heat exchange by the vaporiza-
tion of a liquid coolant, such as water, brought in con-
tact with the surfaces thereof. The projections 4 are
adapted for effecting continued turbulence of the coolant
immediately adjacent the radiator thereby to avoid col-
lection or accumulation of vapor bubbles on surface
portions of the radiator, which bubbles, if permitted {o
accumulate, would result in hot-spots and unsatisfactory
cooling and damage to the structure, )

Fitted about the radiator 3 and adapted for maintain-
ing a supply of liquid coolant in heat-exchange relation-
ship therewith is an outer casing or coolant jacket 5.
The lower end of the jacket 5 is provided with an annu-
lar flange 6 adapted for cooperating with a similar flange
7 provided on the envelope of the discharge device 1
and which may be one of the above-referred-to electrode
contacts. By suitable' means interposed between these
members the lower end of the jacket is sealed thereby
to avoid leakage of the coolant.

The coolant is supplied to the interior of the jacket
5 through a- sujtable inlet generally designated 8; and
by means illustrated in Figure 1 and generally desig-
nated S the coolant supplied to the jacket is adapted
for being maintained at a predetermined mormal level
above the radiator indicated approximately by the dot
and dash line designated 10. _

As perhaps better seen in Figure 2 there is provided
in the jacket 5 a coaxial tubular element or cylinder
11 which surrounds the anode. The cylinder 11 is spaced
from both the jacket and radiator and divides the inte-
rior voliume of the jacket into two concentric anmular
spaces. As seen in Figure 1, the cylinder 11 is of such
linear dimension that the lower edge thereof is spaced
from the bottom of the jacket and the upper edge ex-
tends or projects a relatively short distance above the
normal level of the coolant at rest.

The cylinder 11 carries two sets of blades or deflection
elements 12 and 13 mounted, respectively, inside and
outside the cylinder. The blades 12 and 13 are straight
and parallel to the axis of the device throughout the
lower parts thereof, which are normally immersed in the
coolant, while the upper parts of the two sets of blades
are inclined or bent approximately in helices with. the
pitches directed respectively in opposite difections. That
is, the lower portions of the inner set of blades.are sub-
stantially straight and extend below the level of the
coolant for substantially the full length of the cylinder
11 in the region or space between the cylinder and radi-
ator and the upper portions of the inner blades are arcu-
ate or bent in' one direction and disposed below the upper
edge of the cylinder or in the upper pait of the region
between the cylinder and radiator. The outer set of
blades is similar in that the lower portions are straight
and extend into the coolant in' the region between the
jacket and cylinder. However, the upper portions of
these bladés extend above and inwardly over the upper
edge of the cylinder' 11 and are bent or inclined oppo-
sitely rélative to the corresponding portions on the inner
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set. Preferably the arcuate portions of the outer set of
blades extend up to the upper end of the jacket 5, this
upper end of the jacket 5 being adapted for acting as a
vapor dome or collector. Connected to the dome por-
tion of the jacket 5 by means of a suitable stuffing box
or gasket 14 is an outlet conduit 15 adapted for permit-
ting the escape of vapor from the jacket and conducting
such vapor to suitable condensing means (not shown).

In operation of the structure described to this point,
the coolant in the jacket 5 is maintained at substantially
the predetermined normal level 10 by the mentioned
suitable means (not shown) admitting such coolant into
the jacket through the inlet 8. In the jacket the coolant
is raised in temperature to the boiling point upon contact
with the radiator, thus reducing the temperature of the
latter to slightly above 100° centigrade and effecting sat-
isfactory dissipation of the energy loss resulting from
heating of the anode during operation of the anode dis-
charge device 1. Undesirous accumulation of vapor
bubbles on the various surfaces of the radiator is avoided
by the particular construction of the exterior of the radi-
ator including the massive projections or lugs 4.

The vapor resulting from the just-described cooling
naturally rises in the space or region between the cylin-
der 11 and radiator and between the straight portions
of the inner set of blades 12. At the upper portions of
the blades 12 the bend or curvature thereof effects a
rotary movement of the ascending vapor, which corre-
sponds in degree generally with the degree of vapor out-
put. . The coolant or water entrained by the ascending
vapor is subjected to the same rotary motion as the vapor
and is thereby forced with considerable centrifugal force
against the inside wall of the cylinder 11 along which it
also rises until it is centrifuged at a substantial velocity
over the upper edge of the cylinder. Then it contacts
the curved npper portions of the outer set of blades 12.
These upper portions of the outer set of blades, inasmuch
as they are inclined in a direction opposite the upper
portions of the inner blades directs the centrifuged liquid
downward. At this stage the liquid still possesses a high
velocity and descends substantially rapidly in the rela-
tively narrow annular space or region between the cylin-
der 11 and the jacket 5. This action results in a more
rapid ascent or circulation of the coolant from the bot-
tom of the jacket upward between the cylinder and radi-
ator or in the region which is immediately adjacent the
radiator. Inside the cylinder 11 and below the arcuate
portions of the blade 12 the coolant is guided by the ver-
tical or straight portions of the blades which prevent the
water from maintaining in this lower zone any rotary
motion about the axis of the anode. Such rotary motion
would be parasitic and if permitted would have the un-
desirable effect of causing the coolant in this lower zone
to move away from the radiator by centrifugal forces.
Thus, it will be seen that the system described to this
point is effective for establishing circulation of the cool-
ant at a velocity which minimizes any tendency toward
vapor collection or accumulation on the ancde radiator
and in the system described such velocity increases with
the heat dissipation, the energy required to maintain the
coolant circulation being supplied by the kinetic energy
of the vapor.

In order to enhance the operation of the just-described
device, I have further included in the vapor deflection
system an inverted frusto-conical element 16 supported
on the upper end of the radiator 3 and adapted for di-
recting or forcing the ascending vaporizing coolant into
the space controlled by the curved upper portions of the
inner set of blades 12. Additionally, on the outer sur-
face of the frusto-conical member 16 is suitably sup-
ported a plurality of circumferentially spaced supple-
mentary blades or baffles 17 inclined in the same direc-
tion as the curved upper portions of the inner set of
blades 12. The blades 17, like the curved upper por-
tions of the inner blades 12, impart rotary motion to the
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rising vapor and liquid for directing it in a suitable man-
ner toward the oppositely inclined upper portions of the
outer set of blades 13.

It will be seen that the deflection system described with
reference to Figures 1 and 2 permits a reduction in the
size of the projections 4 of the anode radiator which may
be in the order of half of that which would be necessary
in a vaporizer mot provided with the water circulating
means of the present invention. Thus, the overall di-
mensions of the system may be reduced. Additionally,
it will be seen that in some vapor cooling systems the
coolant circulating arrangement of the present invention
will make possible the complete elimination of the radi-
ator projections 4 inasmuch as the coolant circulation as
affected by the structure of the present invention will be
sufficient for avoiding vapor collection on the surface of
an anode. Still further, the upper portion of the de-
scribed system serves as a vapor separator which permits
only a negligible loss of vapor coolant through the con-
duit 15 and this lost vapor is substantially free of en-
trained liquid. Thus, less coolant is required for satis-
factory operation of the present system.

In some structures or systems where extremely high
heat dissipation is required, the anode radiator 3 including
discrete circumferentially spaced projections or lugs may
be replaced by a radiator structure such as that illustrated
in Figure 3 and generally designated 28, thereby to
provide the structure illustrated in Figure 5. This radia-
tor structure 28, whether it has the opening thereinto at
the top as in Figure 3, or at the bottom, as in Figure
5, comprises a plurality of superposed solid circular or
annular fins 21, of decreasing diameter in the direction
from which the vaporizing coolant will be rising. Addi-
tionally, the fins 21 are each formed with a frusto-conical
under surface 22 adapted for extending inclined in re-
spect to rising vapor bubbles.. This construction provides
for increased turbulence of the coolant whereby a wiping
action is afforded for minimizing any tendency toward
vapor collection on the anode. The radiator structurce
of Figure 3 is illustrated as one appropriately machined
from a single piece of material and having a closed
lower end. This particular type of radiator is gen-
erally employed in tube structures wherein the anode is
adapted for extending downwardly. It will be seen, how-
ever, that the radiator 28 is adaptable for use on inverted
anodes such as the anode 2 illustrated in Figure 1, in
which case the upper end of the radiator would be closed
and the lower end would be appropriately opened for
insertion of the anode in the manner shown in Figure 5.
It will be seen further that while the radiator 20 is illus-
trated as machined from a single piece of material it
could be suitably constructed by stacking a plurality of
individual formed annular fins 21.

Illustrated in Figure 4 is a modified form of my coolant
circulating system wherein the deflection of the vapor
and entrained coolant is deflected substantially hori-
zontally away from the ancde at the upper portion there-
of by means of the radiator. More specifically, in Figure
4 is illustrated an electric discharge device generally
designated 23 comprising an envelope made up of a glass
bulb portion 24, a header portion 25 through which
terminals 26 for the filament and grid are sealed. The
envelope is completed by a cylindrical anode 27 suit-
ably sealed to the other end of the bulb portion 24.

In accordance with the gemeral practice, the apode
may be formed of copper which is not only a good con-
ductor of electricity but is also a metal having high
heat transfer characteristics. The outer surface of the
anode is formed to include a plurality of flutes or elon-
gated depressions 28. Thus, the outer surface of the
anode is adapted for serving as a heat radiator including
a plurality of circamferentially spaced longitudinally ex-
tending solid fins 29. The fins 28 are preferably of

“trapezoidal cross-section, which cross-section may be
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constant throughout the lengths of the fins or decreasing
downwardly in the manner illusfrated. , v

The anode 27 is adapted for extending downwardly
into an outer casing or coolant jacket 3. The jacket 30
includes a coolant inlet 31 at the lower end thereof; an
overflow outlet 32 at the upper side portion thereof and
a vapor outlet 33 in the upper portion also. Addition-
ally, the jacket 30 is formed to include a vapor collect-
ing portion generally designated 34 and an annular flange
35 adapted for coopérating with a suitable fiange 36
carried by the discharge device and adapted for co-
operating therewith in a suitable manner to effect a satis-
factory vapor-tight seal. Suitably supported if the
jacket 30 in a manner not illustrated and adapted. for
surrounding the radiator in substantially close proximity
to the outer portions of the fins 29 is a cylinder 37.
The cylinder 37 extends for a major portion of the lengths
of the fins 29 and the upper edge of the cylinder is dis-
posed below the normal level of liquid coolant indicated
by the dot and dash line designated 38.

The upper portions of the radiator constituting the
ends of the flutes 28 comprise incurved or arcuate sur-
faces designated 40. In the operation of the system iltus-
trated in Figure 4 the liquid coolant is maintained by
means not shown at the desiréd normal level 38 which
is below the incurved surfaces 40. Thus when the coolant
immediately adjacent or in contact with the fins 29 or
the portions of the radiator between such fins is caused
to boil the resultant vapor and liquid entrained thereby
rises in the region between the radiator and the cylinder
37. Upon leaving the surface of the coolant such vapor
and- entrained liquid engages the incurved surfaces 40
of the radiator whereby it is deflected and caused to leave
the radiator almost horizontally whereby it is directed
toward the region between the cylinder 37 and the inner
wall of the outer jacket 30. In this manner the coolant
is caused to circulate substantially rapidly as by ascend-
ing in the region between the radiator and cylinder 37
and descending in the region between the cylinder and
outer case, which increased circulation minimizes any
tendency toward accumulation of vapor bubbles on the
surface of the radiator and thus enhances the efficiency of
operation of the system in effecting cooling of the anode.

It will be understood that while my invention is de-
scribed and illustrated as electric discharge cooling means
it is equally applicable in heat transfer structures-of other
types. For example, it can be incorporated in structure
including a heated body of any type incladinig a radiator
and- wherein it is desired to transfer heat from that body
to a lignid heat exchange medium for the purposé of
changing the Iatter to its vaporous stage. In: this type
of arrangement the structuré of the present invention-will
increase cireulation of the liquid medium- past the héated
body and avoid vapor accumulation on the surfice: of
the radiator of the heated body and thus increase the heat
transfer efficiency of the structure.

While I have shown and described specific embodi-
ments of my invention I do not desire my invention t6 be
limited to the particular forms shown- and described, and
I intend by the appended claims to cover all. modifica-
tions within the spirit and scope of my invention.

What I claim as new and desire to secure by Letters
Patent of the United States is:

1. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a
part of the envelope of the device and including a radi-
ator, a coolant jacket enclosing said radiator and in-
cluding an upper vapor collecting portion having: a
vapor outlet, a hollow straight-walled cylinder in said
jacket surrounding said anode and radially spaced from
said jacket and from said radiator, said cylinder having
both ends completely open for enabling a coolant to
circulate freely therethrough, a set of deflection” eles
merts including straight portions in the lower pait of
the region bétween said cylifider and radiator and arcu-
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ate portions in the upper part of the region between
said cylinder and radidtor and said arcuate “portions
being spaced below the upper edge of said clyinder and
effective for imparting a rotary motion aboiit the longi-
tudinal axis of sajid cylinder to vaporizing coolant rising
by convection in said upper part of said region there-
by to centrifuge entrained liquid coolant over the upper
edge of said cylinder to extract said liquid from vapor-
ized coolant; and another set of deflection elements in
the region between said cylinder and jacket including
arcuate portions disposed above said tpper edge of said
cylinder and inclined oppositély with respect. to said
arcuate portions of said first-mentioned sét and effective
for directing said extracted liguid downwardly into said
region between said cylinder and jacket, whereby cool-
ant circulation past said radiator by convection is. in-
creased. ‘ : .

2. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope of the device and including a radiator,
a coolant jacket enclesing said radiator, a hollow straight-
walled cylinder completely open at both ends disposed
in said jacket surrounding said anode and spaced radially
from both said jacket and said radiator, a set of de-
flection -elements including straight portions in the lower
part of the region between said cylinder and radiator
and arcuate portions in the upper part of the region
between said cylinder and radiator, and said arcuate
portions being spaced below the upper edge of said
cylinder and effective for imparting a rotary - motion
about the longitudinal axis of said cylinder to vaporiz-
ing coolant in said upper part. of said region thereby. to
centrifuge entrained liquid coolant over the upper edge
of said cylinder, means disposed below the upper ends
of said deflection elements effective for deflecting vapor-
izing coolant outwardly from said radiator only in said
upper part of said region and into contact with said
arcuate portions of said deflection elements, means di-
recting said centrifuged liquid downwardly nito the region
between said cylinder and jacket, whereby said coolant
circulation past said radiator is increased.

3. A vapor cooling system comprising: an electric. dis-
charge device having a- cylindrical anode forming a
part of the envelope of the device and including- a radi-
ator having a plurality of radial protrusions, a coolant
jacket enclosing said radiator, a hollow straight cylin-
der completely open at both ends disposed in said jacket
surrounding said anode and spaced radially from said
jacket and said radiafor, a set of deflection  ¢lements
including arcuaté portions in the upper part of the re-
gion between said cylinder and radiator and above said
protrusions effective for imparting a rotary motion about
the longitudinal axis' of said cylinders only to vaporiz-
ing coolant in said upper part of said region thereby. to
centrifuge entrained liquid coolant over the upper edge
of said cylinder, an inverted frusto-conical element
mounted on said radiator below the upper ends. of
said deflection elements and above said radiator pro-
trusions and carrying a plurality of circumferentially
arranged baffle elements extending in substantially = the
same direction as said arcuate portions of said deflec.
tion elements efféctive for deflecting vaporizing coolant
above said protrusion outwardly from said radiator into
contact with said arcuate pertions of said deflection ele-
ments and means directing said centrifuged liquid- down-
wardly into the region between the cylinder and jacket,
whereby coolant circulation past said radiator is . in-
creased.

4. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope of the device and including a radiator
Kaving a piurality of radial protrusions, a coolant jacket
enclosing said radiator, a coolant inlet in the lower end
of ‘said jacket admifting coolant directly into said jacket,
a straight-walled hollow cylinder completely open at
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both ends disposed in said jacket surrounding said
anode and spaced from both said jacket and said radi-
ator, a circumferentially spaced set of deflection ele-
ments including substantially straight portions extend-
ing longitudinally between said cylinder and radiator
and arcuate portions disposed in the upper part of the
region between said cylinder and radiator and below the
upper end of said cylinder and above said protrusions
effective for rotating vaporizing coolant in only said
upper part of said region about the longitudinal axis of
said cylinder thereby to centrifuge entrained liquid, cool-
ant over the upper edge of said cylinder, and another
set of circumferentially spaced deflection elements in-
cluding substantially straight portions extending longi-
tudinally between said cylinder and jacket and arcuate
portions extending above said upper edge of said cylin-
der and inclined oppositely with respect to said arcu-
ate portions of said first-mentioned set effective for di-
recting said centrifuged liquid downwardly into siad
region between said cylinder and jacket, whereby cool-
ant circulation past said radiator is increased.. '

5. A vapor cooling system comprising an .electric
discharge device having a cylindrical anode forming a
part of the envelope of the device and including a radi-
ator having a surface effecting substantial turbulence of
boiling coolant in contact therewith, a coolant jacket
enclosing said radiator, means for maintaining a liquid
coolant at a predetermined level spaced from the upper
end of said jacket, and only a single hollow cylinder in
said jacket surrounding said anode and spaced from both
said jacket and said radiator, said cylinder being straight
and open at both ends and effective for enhancing up-
ward convection currents of coolant between said cylin-
der and radiator, a circumferentially spaced set of ele-
ments including substantially straight portions extend-
ing longitudinally between said cylinder and radiator
and arcuate portions disposed in the upper part of the
region between said cylinder and radiator and below the
upper end of said cylinder effective for rotating vapor-
izing coolant in said upper portion of said region thereby
to centrifuge entrained liquid coolant over the upper
edge of said cylinder, an inverted frusto-conical element
mounted on said radiator and carrying a plurality of
circumferentially arranged baffle elements disposed be-
low the upper ends of said arcuate portions of said set
of deflection elements and inclined in substantially the
same direction as said arcuate portions of said deflection
elements effective for directing vaporizing coolant from
said radiator into contact with said arcuate portions of
said deflection elements, and a second set of circumfer-
entially spaced deflection elements including substan-
tially straight portions extending longitudinally. between
said cylinder and jacket and arcuate portions extending
above said upper edge of said cylinder and inclined oppo-
sitely with respect to said arcuate portions of said first~
mentioned set effective for directing said centrifuged
liquid downwardly in said region between said cylinder
and jacket, whereby coolant circulation past said radi-
ator is increased.

6. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope of the device and including a radiator,
said radiator comprising a plurality of circumferentially
spaced projections and inclined surface portions dis-
posed between said projections at the upper end of said
radiator, and a cylinder in said jacket surrounding said
radiator and spaced from said jacket and said radiator,
said inclined surface portions of said radiator deflect-
ing vaporizing coolant from said radiator over the upper
edge of said cylinder toward the region between said
cylinder and said jacket, thereby to increase coolant
circulation past said radiator.

7. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope of the device and including a radiator,
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said radiator comprising a plurality of circumferentially
spaced longitudinally extending fins, and incurved sur-
face portions disposed between the upper portions of
said fins, and a cylinder in said jacket surrounding said
radiator and spaced from said jacket and radiator, said
incurved surface portions of said radiator being effected
for deflecting vaporizing coolant from said radiator sub-
stantially horizontally over the upper edge of said cylin-
der toward the region between said cylinder and radi-
ator, thereby to increase coolant circulation past said
radiator.

8. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope thereof, a coolant jacket surrounding said
anode and having a coolant inlet in the lower portion
and a vapor outlet in the upper portion thereof, and
a heat radiator for said anode comprising a plurality of
superposed annular fins, said fins including outwardly
inclined underside surface portions, whereby turbulence
of coolant vaporizing as a result of contact therewith is
increased, and a hollow straight cylinder in said jacket
surrounding said anode, said cylinder being spaced radi-
ally from both said radiator and said jacket and being
completely open at both the upper and lower ends
thereof.

9. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming a part
of the envelope thereof, a coolant jacket surrounding
said anode and having a ccolant inlet in the lower por-
tion and a vapor outlet in the upper portion thereof, and
a heat radiator for said anode comprising, a plurality of
superposed solid annular fins, said fins progressively de-
creasing in diameter toward the lower end thereof and
including outwardly inclined underside surface portions,
whereby turbulence of coolant vaporizing as a result of
contact therewith is increased, only a single straight
hollow cylinder in said jacket surrounding said anode,
said cylinder being spaced radially from both said radi-
ator and said jacket and being completely open at both
the upper and lower ends thereof, and means maintain-
ing a liquid coolant in said jacket at a predetermined
level just below the upper end of said cylinder.

10. A vapor cooling system comprising an electric dis-
charge device having a tubular anode forming a part
of the envelope of the device and including a radiator
having a plurality of discrete radial protrusions, a cool-
ant jacket enclosing said radiator, said jacket including
an upper vapor collecting portion having a vapor outlet
therein and a coolant inlet in the lower portion of said
jacket admitting coolant directly into said jacket, only
a single straight hollow cylinder in said jacket surround-
ing said anode and spaced radially from both said jacket
and said protrusions, said cylinder enhancing upward
flow of coolant immediately adjacent said radiator, said
cylinder being completely free of any obstructions at the
lower end thereof and being in open communication at
said lower end thereof with said jacket, and means de-
flecting vaporizing coolant outwardly over the upper edge
of said cylinder, extracting entrained liquid therefrom
and directing said liquid downwardly toward the region
between said cylinder and jacket, thereby to increase
coolant circulation toroidally about said element and
thus past said radiator.

11. A vapor cooling system comprising an electric dis-
charge device having a tubular anode forming a part of
the envelope of the device and including a radiator hav-
ing a plurality of discrete radial protrusions, a coolant
jacket enclosing said radiator, said jacket including an
upper vapor collecting portion having a vapor ontlet
and a coolant inlet below said vapor colleciing portion
admitting coolant directly into said jacket, means for
maintaining said coolant at a predetermined level spaced
from the upper end of said jacket, a straight hollow
cylinder in said jacket surrounding said anode and
spaced from both said protrusions and said jacket, said
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cylinder having the upper edge thereof spaced just above
said predetermined level of said coolant and opening at
both the upper and lower ends thereof into said jacket,
and means imparting a rotary motion about the longi-
tudinal axis of said cylinder and anode to vaporizing
coolant in only the upper part of the region between
said cylinder and the anode, thereby to centrifuge en-
trained liquid coolant over the upper edge of said cylin-
der for extraction and passage thereof into the region
between said cylinder and jacket for increasing coolant
circulation past said radiation and to direct vaporized
coolant into said vapor collecting portion.

12. A vapor cooling system comprising an electric dis-
charge device having a cylindrical anode forming part
of the anode device and including a radiator having a plu-
rality of discrete radial protrusions, a coolant jacket in-
cluding said radiator, said jacket including an upper vapor
collecting portion, a vapor outlet in said collecting portion
and a coolant inlet below said vapor collecting portion
admitting coolant directly into said jacket, a straight
hollow cylinder in said jacket surrounding said anode
and spaced from both said jacket and said radiator
protrusions, the upper and lower ends of said cylinder
being in open communication with said coolant jacket,
means imparting a rotary motion about the longitudinal
axis of said cylinder and anode to vaporizing coolant
in only the upper part of the region between said cylin-
der and anode, thereby to centrifuge entrained liquid
coolant over the upper edge of said cylinder for ex-
tracting said liquid coolant from vaporizing coolant
entering said vapor collecting portion and directing the
extracted liquid coolant into the region between said
cylinder and jacket, and deflecting means disposed in
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said last-mentioned region directing said extracted liquid
downwardly thereinto for enhancing thermally-caused
movement of said coolant downwardly between said
cylinder and jacket and upwardly between said cylinder
and radiator for increasing coolant circulation by con-
vection past said radiator.

13. A vapor cooling system as in claim 10, wherein
said radiator protrusions comprise massive superposed
annular fins, said fins including upwardly inclined an-
nular underside surface portions, whereby turbulence
of coolant vaporizing as a result of contact therewith is
increased,
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