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INTRODUCTION

The calculations done to size the control dewar subcooler were done to obtain
a sufficient subcooler size based on some conservative assumptions. The final
subcooler design proposed in the design report will work even better because
1) It has more tubing length, and 2) will have already subcooled liquid at the
inlet due to the transfer line design.

FINAL SUBCOOLER DESIGN

The subcooler design described in the "Design Report of the 2 Tesla
Superconducting Solenoid for the Fermilab D@ Detector Upgrade" is the final
design proposed. A short description of this design follows.

The subcooler is constructed of 0.50" OD copper tubing with 1.0" diameter
fins. It has ten and one half spirals at a 11.375" centerline diameter to
provide 31 feet of tubing length. The liquid helium supply for the solenoid
flows through the subcooler and then is expanded through a J-T valve. The
subcooler spirals are immersed in the return two phase helium process
stream. The return stream is directed over the finned tubing by an annulus
created by a 10" pipe inside a 12" pipe. The transfer line from the
refrigerator to the control dewar is constructed such that the liquid helium
supply tube is in the refrigerator return stream, thereby subcooling the liquid
up to the point where the u-tubes connect the transfer line to the control
dewar. The subcooler within the control dewar will remove the heat picked
up in the helium supply u-tube/bayonets.

SUBCOOLER DESIGN CALCULATIONS

The attached subcooler/heat exchanger calculations were done neglecting any
subcooling in the transfer line. All heat picked up in the transfer line from
the refrigerator storage dewar to the control dewar is absorbed by the supply
stream. The subcooler was sized such that the two phase supply fluid is
subcooled at 1.7 atm pressure and when expanded through a JT valve to 1.45
atm pressure it is at a saturated liquid state. The calculations apply during
steady state operation and at a flow rate of 16 g/s. The analysis of the heat
exchanger was broken into two parts relating to the heat transfer mode
taking place. The first part is considered the condensing part in which the
helium supply stream is changed from two phase fluid to one phase liquid.
The second part is the subcooling part where the liquid temperature is
lowered, i.e.. subcooled. @ A summary of the calculations and results appears
on the next page. The raw calculations follow the summary.



Control Dewar Heat Exchanger Summary

R. Rucinski
Feb. 11, 1993
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PART | PART 1 TOTAL
Inside mode Condensing Subcooling
Outside mode Boiling Boiling
Temperature of fluid, inside 484 K 484 Kto 4.64 K
Temperature of fluid, outside 451K 451 K
Convection coefficient, inside 1740 W/mA2-K 1930 W/m*2-K
Convection coefficient, outside 736 W/mA2-K 416 W/m*2-K
Surface area, inside 0.075 m*2 0.154 mA2
Surface area, outside 0.176 m*2 0.402 m*2
Fin efficiency on outside 52% 64%
h*A, inside 130 W/K 297 W/K
h*A, outside 130 WK 167 W/K
Length of finned tubing 22m 45m 6.7m
Heat transferred between fluids 21.3W 24.6 W 45.9W
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