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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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* lIN INEXPENSIVE METHOD OF COOLING lIN RF CAVITY: 

J. M. Haughian and R. M. Main 

University of California 
Lawrence Radiation Laboratory 

Berkeley, California 

INTRO]JJCTION 

The new prestripper tank, originally planre d 
for installation this spring, would dissipate 
417 kW of rf power on its side walls. Approxi­
mately 10 feet in diameter and 20 feet long, this 
cavity was to be cooled by water circulated 
through extruded aluminum cooling tubes fastened 
to its outside walls. (Figures 1 and 2) These 
tubes were heated during installation and clamped 
tightly while elongated. A heat-conducting paste 
filled any VOids between the tank wall and the 
tube. This paper discusses some of the installa­
tion procedures, test results and advantages of 
using this type of cooling. 

DETAILS 

The cooling tubes of 6063-Tl aluminum, shown 
in Fig. 3, were extruded by a local vendor in 
34 foot lengths with the following physical charac­
teristics: 0.344 in2 cross-sectional area, 
0.413 lb/ft weight, a yield strength of approxi­
mately 8000 psi, and an average coefficient of 
thermal expansion of 13 x 10-6/oF • 

The prestripper's outside diameter of 123 in 
called for a cooling tube with an installed length 
of approximately 389 inches. Each tube, prebent 
to an 8-ft diameter was placed around the tank, 
measured and cut to length. Both ends Were then 
tapped for a 1/2-13 NC thread. In addition, 
threads were tapped into the crowned surface of 
each tube close to, the ends. A heat-conducting 
paste was placed on the tank wall, and then the 
tube, wound somewhat helically around the tank, 
was fastened to a length of predrilled barstock 
which had been previously welded to the tank's 
surface. See Fig. 4. Fittings were threaded 
into the side of the tube at each end, and the 
tube was heated by circulating steam through it 
from a standard steam cleaner. When the tube had 
e~ongated approximately 5/8 in, it was drawn 
tightly to the tank wall by using an impact wrench 
on its end fasteners. The steam supply was valved 
off, and cold water briefly circulated through the 
tube. The tube yielded as it shrank, resulting 
in a radial pressure on the filler of approxi­
mately 45 psi. Excess paste was cleaned from the 
tank surface, and the brass fittings used to admit 
steam to the tube were exchanged for nylon 
''Fast-N-Tite rr fittings epoxied into the tube wall. 

In areas where the cooling tubes had to be 
interrupted, they were terminated in small channel­
shaped sections welded to the tank as shown in 
Fig. 5. A copper tube between nylon fittings pro­
vided an uninterrupted flow from one tube to the 
other. The end screws that held the tubes to the 
tank were stainless steel. These screws were 
liberally coated with an epoxy that acted both as 
a thread sealant and an electrolysis preventive 
coating. 

FILLER MATERIAL 

Conductivity tests Were made of various heat­
conducting fillers to see which one would best 
fill the gap between the cooling tube and the tank 
wall. The results are shown in Fig. 6 for the 
following fillers: 1) DevconCorporation's steel 
in_paste form, steel power and synthetic res~ 
2) Devcon's Liquid Aluminum, a pulverized aluminum 
and synthetic resin) 3) a homemade mixture of 
Emerson and Cuming's Eccobond 45/15. and powdered 
aluminum) 4) Emerson and Cuming's Eccobond 
285/24 HV; 5) their Eccobond 2850-FT; 6) their 
Eccobond 99) 7) and Dow Corning's Heat Sink 
Compound No. 340. 

This last one was chosen for the following 
reasons: a) it was the only one that remained in 
paste form) this feature eliminated the danger of 
a crack developing in the filler, Which in turn 
would cause a large temperature difference between 
tank wall and tube) b) it had next to the best 
thermal conductivity, i.e., K = 1.086 x 10-zrattgF' 

n.-
the Eccobond 99 being slightly higher) c) it was 
relatively inexpensive, $30/10 lb pail, was easily 
placed with a caulking gun, and was not too 
troublesome to clean from tools and tank surface. 

Rough, preliminary tests were made by cir­
culating hot water through tubes on either side 
of a cooled tube. At a heat density of 12.5 watts/ 
linear inch of cooled tube, the temperature 
difference between tank wall and tube Was approx­
imately 60 F with an average (calculated) filler 
thickness of 5-mils. With 3-1/2 gpm of cooling 
water flowing through cooling tubes spaced 
4-3/16 in apart, on the average, the hot spot 
temperature of the inner tank wall could be held 
to 1300 F under maximum operating conditions. 

COSTS lIND ADVANTAGES 

The die was priced at $475) and the tubing 
was extruded for 34 cents per foot. 56 turns were 
placed on the tank, each turn requiring approxi­
mately 3 man-hours for installation. Total cost 
for the installation approximated $2500, exclusive 
of the additional manifolding, hoses, fittings, 
etc., that were required. 

In addition to its simplicity, neat appearance, 
and low installation cost there are other advan­
tages associated with this method of cooling. 
Relatively inexperienced operators can install the 
tubing) and in the event of damage, a tube can 
easily be replaced in short time. 

* This work was done under the auspices of the 
U. S. Atomic Energy Commission. 
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Fig. 1 Prestripper shell with cooling tubes. 

Fig. 2 Prestripper shell with cooling tubes. 
E 
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Fig. 3 Extruded cooling tube dimensions. 
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Fig. 4 Cooling tube conne ction detail. 

Fig. 5 Interrupted cooling tube connection 
details. 
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Heat Density, watts/ in2 
X BL 692 4485 

Fig. 6 Filler material tempera ture drop . 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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