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Conjugated Flow and Heat Transfer Characteristics of Liquid Lead and
Supercritical Carbon Dioxide in Spiral Coil Heat Exchanger
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To investigate the conjugated flow and heat transfer mechanism of the spiral coil heat
exchanger, the theoretical design method of the prototype and scaled sample of the spiral coil heat
exchanger using liquid lead and supercritical carbon dioxide as working fluid is established based
on the equal-length piecewise model, and the small-scale sample of the spiral coil heat exchanger
is designed using the principle of similarity. With the small-scale sample designed as the object of
study, the flow and heat transfer characteristics of liquid lead and supercritical carbon dioxide in
the spiral coil heat exchanger are numerically analyzed by using the SST 4w turbulence model.
The results show that the conjugated flow and heat transfer performance in the spiral coil heat
exchanger was mainly influenced by the shell-side mass flow rate, tube-side mass flow rate, and
shell-side inlet temperature of working fluid. Among these factors, the tube-side mass flow rate
of supercritical carbon dioxide had the most significant impact on the conjugated flow and heat
transfer performance in the spiral coil heat exchanger. The average surface heat transfer

coefficient of the spiral tube increased by 21.2% when the mass {low rate of supercritical carbon
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dioxide increased by 52. 4% , and the surface heat transfer coefficients in the spiral tube increased

by 5. 5% and 3. 3% when the shell-side mass flow rate and inlet temperature of liquid lead

increased by 94. 6% and 20 K, respectively. This study may provide theoretical guidance for the

selection of operation parameters and efficient design of the spiral coil heat exchanger.

Keywords: lead-cooled fast reactor; spiral coil heat exchanger; scaled sample; conjugated flow

and heat transfer
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Fig. 1 Schematic diagram of a single helical tube
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Fig. 2 Schematic diagram of a helical coil heat exchanger
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Table 1 Formulas for the physical properties of liquid lead
Wk KEA
W o/(kg s m ®) 11441—1.2795T
ZFhEE o/ (Pa -+ s) 4.55X10 *exp(1069/T)
PER/(Wem' - K 9.2+40.011T
175.1—4.961X10 *T+
1.985X10 °T*—1.524 X
10T 2 —2.099X10 °T*
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Fig. 3 Schematic diagram of the equal-length piecewise model
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Table 2 Operating conditions of the primary heat exchanger

BITSH K
et/ MW 12.5
St R R/ C 600,450
BB R R/ C 360,560
el JE J1/MPa 0.1
M )/ MPa 20
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Table 3 Design results of the primary heat exchanger
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Table 4 Design results of the primary heat exchanger scale

model sample
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primary heat exchanger sample
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Fig. 5 Grid independence verification
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Fig. 10 Distribution of heat transfer coefficient along the

surface of spiral tube under different mass flow rate
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Fig. 12 Distribution of heat transfer coefficient along the
helical tube surface under different inlet temperature

of working fluid
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