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Flow and Heat Transfer Characteristics of Bezier-Curve Shaped

Corrugated Channel Under Pulsating Flow

DING Yaodong, LIU Zhenwei, LI Ping

(MOE Key Laboratory of Thermo-Fluid Science and Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To study the spatiotemporal effect of heat transfer enhancement in the channel under
the coupling effect of corrugated structure and pulsating flow, three kinds of corrugated wall
channels are designed based on the advantages of changeability, flexibility and easiness to control
of Bezier curves in this study and their flow and heat transfer characteristics under different flow
and pulsation parameters and the mechanism of design factors are compared and analyzed. The
results show that under turbulent flow conditions (Re=5 000, 10 000, and 20 000), the model 2
channel with the smallest head-on area has the smallest flow resistance, and the model 4 channel
with concave and convex structures has the best heat transfer enhancement effect. With the
increase of the pulsation frequency (2—20 Hz), the comprehensive thermal performance of the
three model channels first increases and then decreases. And with the increase of the pulsation
amplitude (0. 1—0.9), the comprehensive thermal performance of the three model channels first
increases and then slightly decreases. Under the combined impact of the pulsating flow and the

wall structure, the development of the thermal boundary layer is further destroyed within the

Wk H . 2022-04-25,  fEFERE . THEARA998 ) B w4 FCEGEE . B . Al#E . LA, X4£WH.
HR ARFI L EBW B (51976152)
[ 2% B[R] . 2022-06-08 M 2% B Hb 4k http: // kns. enki. net/kems/detail/61. 1069. T. 20220607, 1402, 004, html



186 R |

PN

&

1% 556 &

scale of the structural unit, and the high-temperature working fluid region is discontinuously

distributed along the flow direction. The spatiotemporal coupling effect of fluid disturbance in the

corrugated wall channel under pulsating flow significantly improves the comprehensive thermal

performance of the channel, and provides an effective way to solve the problem of overheating in

the narrow channel.

Keywords: Bezier curves; corrugated channel; pulsating flow; heat transfer enhancement;

spatiotemporal coupling effect
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Fig. 1 Physical model schematic
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Fig. 2 Schematic diagram of wall structure profile
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Table 2 Grid independence validation

g WAt HIxR
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e %=/ % %=/ %
1 6 360 205. 61 —15.5 0.0595 —2.43
2 20 200 226. 35 —7.0 0.061 5 0. 84
3 58 400 239. 89 —1.4 0.0608 —0.29

4 109 200  243.32 0.060 9
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Table 3 Time step independence validation
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Fig. 4 Numerical model verification results
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Table 4 The Fanning fraction factor validation

N 1T EE R R R
AWPRBEEAR  RIEALR X RE/ %
10 000 0.032 62 0.031 47 3.65
15 000 0.027 40 0.028 18 —2.77
20 000 0.025 14 0.026 15 —3.86
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Fig. 5 Comparison of heat transfer, flow resistance and

comprehensive thermal performance under differ-

ent structural shapes
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Fig. 6 Effect of pulsation frequency on heat transfer,

flow resistance and overall thermal performance
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distribution and the streamline in one cycle at differ-

ent amplitude
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Fig. 11 Evolution of instantaneous temperature distribution

in one cycle at different models
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