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1571 ABSTRACT 
A closed loop apparatus for spraying coolant against 
the back of a radiation target. The coolant is circulated 
through a closed loop with a bubble of inert gas being 
maintained around the spray. Mesh material is disposed 
between the bubble and the surface of the liquid coolant 
which is below the bubble at a predetermined level. In 
a second embodiment no inert gas is used, the bubble 
consisting of vapor produced when the coolant is 
sprayed against the target. 

2 Claims, 2 Drawing Figures 
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apparent from the following detailed description taken 
in conjunction with the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of a first embodiment of the 

FIG. 2 is a diagram of a second embodiment of the 

CLOSED LOOP SPRAY COOLING APPARATUS 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 5 

ees of the United States Government and may be manu- 
factured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 

closed loop spray cooling apparatus. 

closed loop spray cooling apparatus. 
thereon or therefor. 

Mar. 31, 1976 now U.S. Pat. No. 4,068,495. 
This is a division of application Ser. No. 672,220, filed 10 DESCRIPT1oN OF THE PREFERRED 

EMBODIMENTS 
Referring now to the drawings, wherein like refer- 

ence numerals designate identical or corresponding 
parts, there is shown in FIG. 1 a diagram of a first em- 

An accelerator target 11 to be cooled is clamped by 
means of a flange against an opening in one end of a T 
shaped gastight chamber 13. A beam of electrons or 
ions striking the target originates in a linear accelerator 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to cooling 15 bodiment of the closed loop spray cooling apparatus. 

apparatus, and more particularly to apparatus for cool- 
ing radiation targets. 

2. Description of the Prior Art 
In the Dast it has been customarv to cool the targets of 

I 

positive ion accelerators, lasers, and the like, by means 
of a high velocity flow of coolant, usually water, over 
the heated target. It is known that improved heat trans- 
fer from target to coolant at  the same flow rate can be 
obtained if one, instead, sprays a high velocity jet of the 
coolant onto the rear of the target. Jet spray cooling is 
more efficient because the fluid boundary layer at the 
heat transfer surface is minimized. However, the jet 
spray cooling technique suffers from the disadvantage 
that ambient air or gascan become trapped as bubbles in 
the coolant spray. It appears that this problem, until 
now, has precluded use of a jet spray with a system for 
recirculating the unvaporized liquid coolant, as no such 
apparatus is known to date. 

BRIEF SUMMARY OF THE INVENTION 
It is therefore one object of the present invention to 

provide an improved closed loop cooling apparatus. 
It is another object of the present invention to pro- 

vide such an apparatus incorporating jet spray cooling. 
It is yet another object of the present invention to 

provide such an apparatus incorporating jet spray cool- 
ing in which the problem of trapped gas is minimized or 
avoided completely. 

The objects of the present invention are achieved in 
one embodiment by a closed loop apparatus for spray 
cooling a radiation target. The cooling apparatus com- 
prises a loop for circulating liquid coolant including a 
coolant reservoir, a chamber containing gas and com- 
municating with the target, and first and second tubular 
connections between the reservoir and the chamber for 
circulating the liquid coolant therethrough. The cool- 
ing apparatus further includes means disposed within 
the chamber and connected to one of the tubular con- 
nections for spraying the liquid coolant against the back 
of the target, and means for separating trapped gas from 
the liquid coolant flowing off the target. 

In a second embodiment of the invention, the cooling 
apparatus comprises a loop for circulating liquid cool- 
ant including a coolant reservoir, a gastight chamber 

20 15. onlv theouter eid of which is shown. Tubular con- 
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containing vaporized coolant and communicating with 60 
the target, and first and second tubular connections 
between the reservoir and the chamber for circulating 
the coolant liquid therethrough. The cooling apparatus 
further includes means disposed within the chamber and 
connected to one of the tubular connections for spray- 65 
ing liquid coolant against the back of the target. 

The foregoing, as well as other objects, features and 
advantages of the present invention will become more 

- I  

nections 17 and 19 of the coolant loop 21 communicate 
with the other ends of the chamber. Circulation of the 
liquid coolant from an isothermal reservoir 23 having a 
relief vent valve 26 is maintained by a pump 27. The 
temperature of the liquid coolant in the reservoir 23 is 
held nearly constant by a conventinal cooling system 
28. One of the tubular connections 17 enters an inlet at 
one end of the chamber 13. A nozzle 29 attached to the 
tubular connection 17 is fixed opposite the rear of the 
target 11. The other tubular connection 19 communi- 
cates with an outlet at the lower end of the chamber 13 
to draw off the exhausted liquid coolant. A high surface 
area mesh 31 of stainless steel wool, shredded plastic or 
the like, is stuffed inside the chamber 13 and confined at 
the rear of, and to a predetermined depth below, the 
nozzle 29. A source of high pressure inert gas 33 com- 
municates with the target end of the chamber 13 and a 
solenoid valve 35 interposed between the source of gas 
and the chamber regulates the supply of gas to the 
chamber. A float switch 37 disposed in the liquid cool- 
ant within the chamber is connected to a conventional 
control circuit 39 for opening and closing the solenoid 
valve 35 in response to rise and fall of the float switch 
with coolant level. A pair of baffles 41 mounted to the 
walls of the chamber 13 shield the float switch from the 
flow of coolant. 

In operation, the liquid coolant is circulated around 
the coolant loop 21 by the pump 27 and fills the cham- 
ber 13. The float switch 37 is raised by the coolant to its 
up position completing the control circuit 39. Comple- 
tion of the control circuit causes the solenoid valve 35 
to open, letting gas from the source 33 flow into the 
chamber 13. The liquid coolant is displaced by the gas 
and its level is lowered by the gas flow until the float 
switch drops into its down position. This action opens 
the control circuit and loses the solenoid valve, stop- 
ping flow of gas to the chamber. The liquid coolant 
issues as a jet from the nozzle 29 and is sprayed against 
the back of the target 11 with a “bubble” of inert gas 
being maintained around the spray. The mesh material 
31 disposed between the bubble and the coolant surface 
below the bubble at a predetermined level separates the 
trapped gas from the exhausted liquid coolant as it flows 
off the target. If the chamber is gastight, the flow rate is 
kept constant, and the gas-liquid separation by the mesh 
material is complete, no further inert gas flow is re- 
quired to maintain the bubble. However, should a small 
fraction of the gas be trapped in the liquid coolant and 
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pass from the chamber to the reservoir 23, the float 
switch will rise to its up position and inert gas will again 
be supplied from the source to the chamber to maintain 
the coolant level constant. 

equal to the incremental pressure resistance due to pipe 
frictional losses between the chamber Outlet and the 
reservoir inlet. This incremental pressure is a function 
of the gas flow rate. The size of the chamber and the 
amount of high surface area material required are also 10 

Of the gas flow rate. The mesh can be placed 

tion valve is again closed. Circulation of the liquid cool- 
ant is resumed, relying on gravity for return of the 
liquid coolant from the chamber to the reservoir. The 
liquid coolant issues as a jet from the nozzle 29 and is 

The pressure of the inert gas in the chamber is just 5 sprayed against the back of the target 11 with a "hub- 
ble” of vaporized coolant now maintained around the 
spray. Since no gas is present in the system, separation 
of trapped gas from the exhausted coolant liquid as it 
flows off the target is not required. 

additional modifications and 
variations of the present invention are possible in light 

Obviously 

anywhere in the chamber so long as suffcient material 
is present to cause separation Of trapped gas from a 
liquid coolant* It may be advantageous to have no mesh 

of the above teachings. For example, in the first embodi- 
ment, a gas equalizer line can be included between the 
chamber and the reservoir to eliminate the gas pressure- 

in the chamber, but to have a series of large diameter 15 head and establish a gravity induced liquid-gas interface 

the chamber. The relief vent valve attached to the reser- of the chamber can be 
chambers containing the materia’ in the loop in the chamber and reservoir. Alternatively, in the first 

the lower voir is nomally set at a pressure ‘lightly above atmo- 
in the chamber need not expanded to provide an enlarged liquid-gas surface area 

designed to permit sufficient residence time for the Pressure* The gas 
liquid-gas mixture to separate. It is therefore to be un- 

the invention may be practiced otherwise than is specifi- 
cally herein. 

What is claimed as new and desired to be secured by 
letters patent of the United States is: 

target with liquid 

be inert gas. Inert gas is preferred when demineralized 20 

resistivity water. But air may be used, and the reservoir 
relief valve is then vented directly to the atmosphere. 

FIG. 2 illustrates a second embodiment of the closed 
loop spray cooling apparatus. An accelerator target 11 25 
to be cooled is clamped by means of a flange against an 

Tubular connections of a coolant loop 21 communicate 

water is the in Order to provide a very high d e r s t d  that within the scope of the appended Claims, 

opening in one end of a T shaped gastight chamber 13, 

with the other ends of the chamber. Circulation of the 
liquid coolant from an isothermal reservoir 23 is main- 30 

A loop for spraying a radiation 

a loop for circulating the liquid coolant including a 
reservoir, a gastight dlalllber mIImunicat- 

tained by a pump 27. The temperature of the liquid 
coolant in the reservoir 23 is held nearly constant by a 
conventional cooling system 28. One of the tubular 
connections 17 enters an inlet at one end of the chamber 
13. A nozzle 29 attached to the tubular connection 17 is 35 
fixed opposite the rear of the target 11. The other tubu- 
lar connection 19 communicates with an outlet at the 
lower end of the chamber 13 to draw off the exhausted 
liquid coolant. A gas equalizer vacuum line 43 intercon- 
nects the reservoir 23 with the chamber 13. A pump 45 40 
communicates with the equalizer vacuum line through a pump communicating with the vacuum line 
an isolation valve 47. 

In operation, the liquid coolant is circulated around 2. The closed loop apparatus recited in claim 1 in- 
the coolant loop 21 by the pump 27 until the level in the 
reservoir 23 and in the chamber 13 are the same. The 45 means for holding the temperature of the liquid cool- 
isolation valve 47 is opened and the pump 45 is permit- 

ing with the target, and first and second tubular 
connections between the reservoir and the cham- 
ber for circulating the liquid coolant therethrough; 

means disposed within the chamber and connected to 
One Of the connections for sPraY@ the 
liquid coolant against the back of the target; 

said chamber containing vaporized coolant; 
a vacuum line interconnecting the reservoir with the 

an isolation valve; and 
chamber; 

through the isolation valve. 

cluding: 

ant in the coolant reservoir constant. 
ted to evacuate the closed system, after which the isola- * * * * *  
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