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Abstract: In order to improve the comprehensive heat transfer capacity of heat exchangers, the
reverse baffle spiral tube (RBST) heat exchanger is studied. By altering the installation method
of the baffle and the spiral tube, a more efficient RBST heat exchanger with enhanced heat
transfer performance is obtained. Using a bidirectional flow-solid coupling calculation method,
the effect of fluid-induced spiral tube vibration on the comprehensive heat transfer performance of
the RBST heat exchanger at different flow rates and under different structural schemes is
investigated, and the effectiveness of the spiral tube vibration is discussed. The research findings
reveal that that when the baffle and spiral tube are installed with a gap within the RBST heat
exchanger, the amplitude of the spiral tube increases with the inlet velocity while its vibration
frequency remains constant. The vibration of the spiral tubes can enhance the comprehensive heat
transfer performance of the RBST heat exchanger. However, the maximum value of the enhanced

heat transfer evaluation indicator is only 1. 030 3, indicating a modest impact. Furthermore, the
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effectiveness of intensified heat transfer weakens as the inlet velocity increases. In contrast, when

the baffle and the spiral tube inside the RBST heat exchanger are seamlessly installed, the heat

exchanger achieves its highest comprehensive performance evaluation indicator of 1. 018. This

installation not only extends the service life of the spiral tube but also enhances the overall heat

transfer performance of the heat exchanger.

Keywords: vibration-enhanced heat transfer; spiral tube; heat exchanger; baffle; assembly
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Fig. 1 Schematic diagram of the RBST heat exchanger
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Table 1 Structure parameters of the RBST heat exchanger
Zhity ZH BAE | 45 ZH A
A% d,/mm 8 SME Dy /mm 120

2 BEJR 6 /mm 1 i W dy/mm 40
JE  BEE P/mm 120 | W BEE 6,/mm 0.5
w g 42 D/mm 80 i WBE P,/mm 120

Vel % N, 9.5 BN, 9.5

SME Dy/mm 40
BEJE 8, /mm 0.5
KJE L,/mm 1170

W H/mm 120
{}ZTS BEJE 5/ mm 5
KJE L/mm 1220
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Fig. 2 Schematic of calculation domain and grid of

the RBST heat exchanger
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Table 2 Physical properties and structural parameters of the

RBST heat exchanger calculation domain

I T 25 4 28 yglcl
K L/mm 1220
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H A H2k4E R/mm 15,15
I p/ (kg + m™*) 8 900
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TR L v 0.33
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Table 3 Calculation results of & and AP under different grid

schemes
h AP
ey o 4% £ HEAE,  R%E/ IR RE/
(Wem 2K % Pa %
1 6 949 515 798.19 3.44 73.51 2.76
I 8105 496 826.61 75.60
Il 11649 714 835. 16 1.03 76.26  0.87
v 15175 832 834. 32 0.93 76.14 0.71
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Table 4 Grid parameters of the RBST heat exchanger

LR X 5k PIAs AL B PIAR IE S B E
GA-RBST 45 #)15, 25600 179 360 0.929
Pt KB 8079896 1509596 0.761
SA-RBST ity 25600 179 360 0. 929
HephPy  WMKIER 8115792 1549617 0.763
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Table 5 Heat transfer performance of spiral tubes at different

inlet velocities

1 i A e[ 45| 3
U,/(m+s ")
Gii 5 %M Nu %M Nu,
1 10. 892 10. 894
2 10. 890 10. 892
0. 20
3 10. 902 10. 904
4 10. 901 10. 903
1 19. 089 19.092
2 19.072 19.075
0. 50
3 19.091 19.093
4 19. 099 19.101
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Table 6 Average heat transfer performance of spiral tubes at

different inlet velocities

o HERS R A& TR
U,/(m=+s ") . .

Nu Nu, /%
0. 05 4.531 4.535 0.09
0. 20 10. 896 10. 898 0.02
0. 35 15. 415 15.417 0.01
0. 50 19. 088 19. 090 0.01
0. 65 22.271 22.275 0.02
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Table 7 E,. values at different inlet velocities

Un/(m+s b Epe &/ %
0.05 1.030 3 3.03
0. 20 1.002 2 0.22
0.35 1.001 7 0.17
0. 50 1.001 3 0.13
0. 65 1.000 1 0.01
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Table 8 Average flow velocity of fluid at different inlet velocities

PREN AT AU/

U e o) (mes ™ T
GA-RBST SA-RBST  #&TFFEEE/ %
0.05 0.020 3 0.0216 6. 40
0. 20 0.0813 0.089 1 9.59
0. 35 0.142 7 0.1554 8.90
0.50 0.204 2 0.2206 8.03
0. 65 0.2656 0.286 0 7.68
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