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NOTICE "

This document contains information of a preliminary
nature and was prepared primarily for internal use
at the Oak Ridge National Laboratory. It is subject

represent a final report,
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or 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 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. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



LEGAL NOTICE

This report was prepared as an account of Government sponsored work., Neither the United Stotes,

nor the Commission, nor any person acting on behalf of the Commission: .

A. Mgkes any warranty or representation, express or implied, with respect to the accurocy,
completeness, or usefulness of the information contained in this report, or that the use of
ony information, apparatus, method, or process disclosed in this report may not infringe.
privately owned rights; or

B. Assumes ony liobilities 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 to the extent that such employee or contractor prepares, handles .

or distributes, or provides access to, any information pursuont to his employment or contract - ‘

. with the Commission.
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Summary

Five uninsulated semipermanent freeze coils, series con-
nected, can be frozen when submerged in 70°F water with a
Freon-11 flow rate of 1.85 gpm at an inlet temperature of -40°F.
The refrigeration unit of the HRT-CP is capable of delivering
>3 gpm to a similar semipermanent freeze coil system located
in Cell C. Therefore the number of F-11 risers required in
Cell C of the HRT-CP can be minimized by series connecting this
many somipcrmancnt freezre coils where reyulred.

Equipment

A mockup consisting of five 32" lengths of 1/2" diameter
Schedule 40 stainless steel pipe welded to and extending from
a 2" diameter stainless steel header into a 55-gallon drum of
water was fabricated to simulate submerged process lines. Ap-
proximately 12' of 3/8" continuous stainless steel tubing was
used to wrap one freeze coil around each of the five submerged
legs extending from the common header. The first coil of the
first freeze plug was located 6" below the header and the final
coil of the second freeze plug was located 3" above the end of
the second leg. The three remaining freezers were located sim-
ilarly to provide a maximum length of submerged uninsulated
3/8" stainless steel tubing. Each coil consisted of five turns
with an over-all length of 6-1/2" . and was spot welded to each
172" leg for support. An 80-psi air-supply line connected to
the 2" header permitted a check of the number of solid ice
plugs. Freon-11 was metered through a 2.5 gpm rotameter thtrough
about 15' of 172" uninsulated copper tubing from the F-11 pump
to the submerged freezers and returned to the unit via a sim-
ilar uninsulated line. Thermocouples were provided on the
Freon line leaving the pump, the Freon line entering the first
freeze coil, the Freon line leaving the fifth freeze coil, and
in the water surrounding the coils. Figure 1 shows the details
o6f " the mockup.

Procedure

The drum containing the five series connected freeze coils
was filled with process water. Steam was used as required to
maintain the temperature of the water near 700F. The 2" header
was vented to allow the five legs to fill with water. Tempera-
ture readings were taken immediately prior to starting Freon
flow. Flow was started to the éystem at a predetermined rate
and temperatures were recorded every five minutes. After ten
minutes of Freon flow, 80 psi of air was applied against each
of the five freeze plugs to determine how many of the five
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freeze coils had formed ice plugs. Usually if one or more
plugs were not holding, the system was vented to atmosphere
and the flow stopped in order to allow the temperature of the:

.Freon supply and exit lines to return to approximately room

temperature. In a few instances, the header was vented while
allowing the Freon flow to continue for several minutes before
again testing for formation of ice plugs. Visual observation
as well as the sense of touch proved quite useful in ascertain-
ing if ice plugs had formed.

Results

Typical data for some of the runs are shown in Table I. The

minimum flow rate of Freon which froze all five ice plugs cap-
able. of holding against 80 psi was 1.85 gpm with the Freon in-
let temperature around -40°F. Approximately twelve minutes at
this flow rate was required to form all five ice plugs. At a

~ flow rate of 1.3 gpm, plugs were not formed in 30 minutes.

Run 1 demonstrated that all five plugs could be frozen in
ten minutes with a Freon flow rate of 2.5 gpm. All five plugs
held against 80 psi for 2 minutes and 20 seconds after the
Freon flow was stopped.

Run 3 was allowed to continue after all five ice plugs
had formed at a Freon flow rate of 1.85 gpm to determine the
minimum Freon flow necessary to maintain all five ice plugs.
The Freon flow rate was decreased from 1.85 gpm to 1.3 gpm for
ten minutes, then decreased further to 0.8 gpm for ten minutes,
and finally decreased to 0.6 gpm for ten minutes. All five ice
plugs held against 80 psi of air during this 30 minutes; how-
ever, observation of the exit Freon temperature showed a marked
rise after five minutes at 0.8 gpm. The final exit temperature
at 0.6 gpm indicated that the plugs would thaw if Freon flow
were not returned to at least 1.3 gpm.

TABLE I
F-11, F-11 Inlet Water Time Required
Run Flow Rate, Temperature, AT, Temperature, To Freeze,
No. gpm OoF OF* oF minutes
1 2.5 -42 17 74 10
2 1.3 -40 29 72 Unable to
\ freeze .
3 1.85 -40 21 66 12
3 1.3 -41 24 66 Plugs holding
3 0.8 -42 27 65 Plugs holding
3 0.6 -43 33 64 Plugs holding
4 . 1.85 ' -40 17 72 14
*Temperature rise of the ‘F<11 across the-five-series connected
coils. : o
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Recommendations

‘It is recommended that five unlnsulated semipermanent
freeze coils be connected in series where required provided
that a minimum Freon flow rate of 1.85 gpm is available at
-40°F and not more than 12' of exposed tubing including the
coils is used. The refrigeration unit of the HRT-CP is cap-
able of delivering 3 gpm to a similar semlpermanent freeze
coil system located in Cell C. :
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