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3 Claims.

This invention relates-to fluid cooling systems
and, among other possible uses, the same is par-
ticularly adapted for use in cooling systems for
electronic tube apparatus and the like.

In order to cool electrical apparatus such: as
power oscillator tubes, it is a common practice
to connect the cooling fluid cavities either directly

with a municipal or public water supply, or with

a pump to which water is supplied from & tank.
If the electric power is cut off from the tubes af
the same time or substantially concurrently with
the shutting off of the flow of cooling fluid, then
the heat remaining in the tube filaments and
other parts may be sufficient to cause destruction
or injury of the tubes, since the temperature of
some of the parts which normally require cool-
ing, may become.quite high within'a short in-
terval during which no cooling fluid is flowing.
It has therefore become highly desirable to pro-
vide some simple means for automatically and
. positively insuring that the cooling water or other
fuid will continue to flow at least for a prede-
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‘termined short interval, even though the operator -

may cut off the water supply or stop the pump at
the same time that the electric power supply is
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cut off. “For similar reasons it has been found -

desirable to provide means for automatically con-
tinuing the water supply for a time; to protect the
tubes in case the municipal water supply is mo-
mentarily interrupted or unduly restricted, or,
where & water pump is used, to continue the cool-
ing fluid flow for a short-interval even though the
power for either the pump or the tubes or both
should be interrupted. -

Since the. cooling fluid is usually required tobe

supplied under substantial pressure, it will not
ordinarily be. conveniently possible within a rea-
sonable “expense, to provide a gravity feed tank
at the necessary .high elevation to prolong the
cooling fAuid supply after the normal source is
cut off; particularly with portable apparatus.
Efforts were made to solve the problem by con-
necting the cooling fluid inlet conduit with a

" or other material,

lem has been solved in a manner which has

proven to be highly dependable simple and other-
wise quite satisfactory in practical operation. In
the preferred form of the invention, a closed tank
or reservoir of substantial size is connected in
communication with the conduit which runs from
the source of cooling fluid pressure to the device
being ‘cooled. ' This tank has contained therein
a closed ﬁex1b1e walled inner container filled with
a volume of gas. Consequently the cooling fluid
is normally free to enter the tank, causing the
flexible walled container therein to be maintained
partially collapsed under the fluid pressure and
against the gas pressure within the inner con-
tainer. Then when the supply pressure is re-
duced or the cooling fluid supply is cut off, the
inner container is adapted to expand, thereby
expelling cooling fluid from the tank to the device
being .cooled during a sufﬁ(:lent period to offer
the desired protection. :

Instead of placing & gas-ﬁlled bag w1thin the
tank, the tank itself of course might be formed
with flexible walls subjected internaily to the nor-
mal cooling fluid pressure and externally to the
pressure of the atmosphere. That is, such-a con-
struction might be in the form of beHOWs of metal
However, such a tank of nec-

" essary size and which will be ‘rugged  and ‘de-
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closed rigid .walled tank which would normally -

become partially filled with cooling water under
pressure; the remaining space being filled by. en-
trapped air under pressure, which would have
the effect of expelling cooling water from the
tank to continue the cooling- actmn temporarily
after the main supply is cut off. - However, this
expedient did not prove practical, since after 8
time, the volume of entrapped air or gases in the
tank would become dissolveq in the cooling water
and hence -not be avallable when needed ’

Accordmg to the present invention, the prob-
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! pendable for the purpose, will: usually involve

excessive expense and other difficulties,

Various further and more speclﬁc objects, fea-
tures and advantages of the invention will more
clearly appear- from the detailed description
given below taken in connection with the accom-
panying - drawings which form a part of this
specification and illustrate-merely by way of ex-
ample,; preferred forms of the invention, The
invention consists in - such novel features, ar-
rangements and combinations  of .parts as may
be shown.and described in connectmn with the
apparatus herein disclosed

Inthe drawings, :

Fig. 1 is a view showing- cooling apparatus and-
associated control devices as’ applied: to power
osciliator. tubes according- to the preferred em-
bodiment of the invention;- _

Fxg. -2 is ‘an enlarged vertical sectional view of
the tank or reservoir with enclosed flexible bag
or ‘container as above referred to; and

Fig, 3'is a diagram of another simple embodi-
ment of the invention.

In the example of the invention shown in Fig.

1, an elongated tank 10 of substantial capacity

is shown having an outlet connection 1 running
to an electrical motor-operated pump 12, An




intake pipe {3 is provided for connection for
example to a municipal water supply through a
control or shut-off valve i4. It is noted that the
pipe {3 is connected into conduit {{ at a point
between the tank and the pump, so that the
pump immediately receives such supplies of fresh
cold water as may be necessary to supplement
water available from tank 18, and which has been
recirculated in a manner hereinafter explained.

A check valve 15 is provided at the cutlet of the

pump and from which conduits #6 and {1 run
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to the cooling cavities of oscillator tubes as at -
8. From the latter, conduits {8 and 20 carry - -

the warmed cooling fluid back to the end of
tank 10 remote from the pump inlet conduit (1.

A small portion of the warmed cooling fluid may

be discharged from tank {0 through outlet 21,
the remaining portion being recirculated by the
pump together with the necessary small supply
of fresh make-up water coming in through pipe
13.

The conduits 47 and 18 are preferably formed
of suitable plastic or other insulation tubing and
are of sufficient length so that the electrical re-
sistance of the body of water therein will be sufi-
cient to eflectively insulate the tube cavities
against the flow of current into the cooling sys-
tem.

A closed tank 22 of substantial volume, and
preferably substantially hermetically sealed, is
brought into communication with conduit {§ at
a point subsequent to the check valve 15, by a
conduit 23. As shown in Fig. 2, the tank 22 may
comprise a cylindrical rigid metal walled reser-
voir having a bottom end 24 welded or otherwise
sealed in place and formed with coupling means
as at 25 for the tube 28, This tank may be formed
with a removable cover 26 adapted to be sealed
in place by a gasket as at 27 and bolts 28.

Within the tank 22 a flexible walled imperme-
able inner container in the form of a bag or the
like is provided as shown at 28. This bag may,
for example; be formed of sheet rubber or rub-
berized material, the rubber being either natural
or of the various artificial forms, such as “neo-
prene,” or rubber substitutes. The bag is filled
with a volume of gas under such pressure that in
the absence of surrounding water pressure, the
bag will for example assume substantially the
shape and size indicated by the dot and dash
lines of Fig. 2. However, as shown in full lines
in Fig. 2, the bag is in its collapsed condition as
subJected to the pressure of the body of water
30 which has passed into the tank through con-
duit 23 under the pressure supplied by the pump
2. It will be apparent that the gas pressure
within the collapsed bag will be substantially
equal to the water pressure supplied by the pump.
Consequently if the pump is stopped or if the
water supply is otherwise restrlcted or diminished
in pressure, the gas pressure within the bag will
cause the latter to expand in volume, -thereby ex-
pelling a corresponding volume of water from the
tank through conduits 23, 16 and 17 to the cool-
ing cavities of the oscﬂlator tubes.

With apparatus such as used, for example, in
a 20 kilowatt induction heatmc installation, it
was found that the tank 22 may advantageously
have a capacity of about twelve gallons, the pump
normally supplying cooling fluid at the rate of
six gallons per minute. Assuming that power to
the tubes and for the pump is cut off concur-
rently, it was found with this equipment, having
a tank of the above specified size, that the flow
of cooling fluid would be prolonged for a. time
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which was adequate and safe for protecting the
tubes against any danger of injury.

As indicated in Fig. 2, the bag 29 may be ar-
ranged to communicate with and be suspended
by an air check valve 31 of a type such as used
for example for automobile tires and enabling
thie bag to be inflated to a desired amount from
a suitable source of air pressure. 'This air valve
as shown may extend up through the cover 25 in
sealed relation therewith and may be held in
blace as by nut 32. With the valve in this posi-
tion it will be apparent that the bag may be in-
flated to the desirved degree or its pressure may be
checked or altered without opening the tank 22.
Ilowever, if the bag is made of a good grade of
rubber or “neoprene,” it will retain a substan-
tially constant amount of gas for a long period

- and consequently if desired, same may be sealed
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without an air valve and the bag need not neces-
sarily be suspended from the cover as shown.

As indicated in Fig. 2, there may normally be
a small air space as at 33 within the top of the
tank 22 and outside of the bag 29. Ordinarily,
such air after a considerable period will become
wholly or largely dissolved in the water and its
presence or non-presence within the tank is im-
material to the operation of the arrangement.

The air valve §f may be secured and arranged
to comrmunicate with the bag 29 in a manner
similar to the attachment of air valves to auto-
mobile inner tubes.

As shown in Fig. 1, the outlet conduit from the
purap preferably has a pressure controlled switch
device as at 35, interposed therein at a point
subsequent to the check valve and subsequent to
the connection to tank 22, This pressure-oper-
ated switch, which may be of a suitable known
tybe, is arranged to cut off the supply of power
to the oscillator tubes whenever the cooling wa-
ter pressure falls below a predetermined value
which might result in injury to the tubes. If

. desired, the pressure switch and the arrange-
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ment of tank 22 may be such that upon merely
momentary interruptions cof the pump or upon
merely slight-temporary reductions of the pres-
sure supply by the pump, check valve {5 may
close and tank 22 continue to supply momen-
tarily sufficient water pressure, so that the pres-
sure switch will not be thrown unless the abnor-
mal pressure supply condition is continued.

- In normal operation  of the equipment, the
check valve [5 will be. open, allowing the flow
at pump pressure to be applied to the cooling con~
duits.  However, if the pump is stopped or its
pressure falls below that within tank 22, it will be
apparent that the check valve will be closed so
that the water which will then be expelled under
pressure from tank 22 will all travel through the
cooling conduits rather than going back through
the pump to the sources of supply.

The return conduit connection from the vac-
uum fubes may preferably, as shown, have inter-
posed- therein a temperature control switch de-
vice as at 36 and also a flow control switch de-
vice as at 31. These may be of suitable known

types, whereby when. either the return water

reaches an unsafe temperature or its flow is ab-
normally diminished, the electric power to the
tubes will be cut off.

In Fig. 3 a simplified arrangement is shown
wherein g high frequency power generator 40 is
provided with cooling water inlet pipe &1 and
outlet pipe 42, The inlet pipe may be connected
for example to a municipal water supply through
a control or stop valve 43. At a point subsequent
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to this valve a tank. arrangement 22 such as
above described may be connected through its
pipe 23. The operation of this arrangement will
be apparent from the above description of Fig. 1.

While the invention has been described in de-

tail with respect to certain. preferred examples,
it will be understood by those skilled in the art
after understanding the invention that various
changes and modifications may be made without
departing from the spirit and sc¢ope of the inven-
tion, and it is intended therefore in-the appended
claims to cover all such changes and modifica-
tions. )

What is claimed as new and desired to be se-
cured by Letters Patent is: )

1. In combination with & liquid coocled elec-
trical device of a type having portions which be-
come heated in operation and are subject to in-
jury upon brief interruption or restriction of the
flow of cooling liquid therethrough when heated,
-cooling liquid supply means therefor comprising
a supply conduit arranged for connecting said
device with a source of cooling liquid under pres-
sure, a check valve in said conduit, a switch for
controlling the electric power to said device, pres-
sure-responsive means located in said conduit
between said valve and said device for controlling
said switch, a closed reservoir connected into said
conduit also at a point between said valve and
said device, a closed container filled with gas-
under pressure within said reservoir and having
impervious flexible walls normally deflected sub-
stantialy inwardly of the container by the pres-
sure of the surrounding cooling liquid in the res-

- ervoir, the container consequently being adapted:

to expand under the pressure of the gas therein,
to force cooling liquid from the reservoir to sus-
tain the pressure in said conduit for preventing
operation of said pressure-responsive meang dur-
ing brief reductions of the pressure from said
source of cooling liquid.

2. In combination with a liquid cooled electrical
device of a type having portions which become
heated in operation and are subject to injury
upon brief interruption or restriction of the flow
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of cooling liquid therethrough when heated, cool-
ing liquid supply means therefor comprising a
supply .conduit arranged for connecting said de-

‘vice with a source of cooling liquid under pres-

sure, valve means in said conduit, a closed reser-
voir connected into said conduit at a point be-
tween said valve means and said device, a closed
container filled with gas under pressure within
said reservoir and having impervious flexible walls
normally substantially collapsed by the pressure

- . of the surrounding cooling liquid in the reser-

voir, the container consequently being adapted to

~ expand under the pressure of the gas therein, to
" force cooling liquid from the rservoir to and
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through said device upon substantial restriction
of the flow through said valve.

3. Apparatus for supplying and circulating wa-
ter for a water-cooled power vacuum fube, com-

" prising a circulating pump and mixing tank, and
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conduits for circulation of water to and from
spaced points in the tank, through the pump and
the cooling cavities of the vacuum tube, & cool
water inlet to the system connected between said
tank and the pump whereby the pump directly
receives all of the cool water as supplied through
said inlet together with supplemental supplies
of water as needed from the tank, a warm water
outlet connection for discharging water from the
tank, said pump and circulating connections be-
ing constructed and arranged to circulate water
through the tube cavities at a rate substantially
greater than the rate of supply of cool water to
the system, a check valve in the connection be-
tween the pump and the tube cavities, and a
closed reservoir means connected into the system

between said valve and the tube cavities, said

means normally including therein a volume of
gas under pressure and being of sufficient capacity
to maintain a flow of cooling water therefrom
through the tube cavities after the electric power
is shut off to the tube and the pump is stopped,

for a period sufficient to cool the tube to a safe
_temperature.

MELBOURNE F. WHITE.




