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Fluid flow and heat transfer behaviors of perforated fins
channels at high pressure

KANG Rui, LI Yanzhong, YANG Yongbin, YANG Yujie
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to design and optimize the plate-fin heat exchanger, the thermal hydraulic
performances of perforated fin-channels are investigated numerically under higher pressure. Firstly, the
general behavior of flow and heat transfer in perforated fin channels are analyzed. The results show that
higher thickness-to-height ratio of fin causes a considerable reduction in heat transfer performance of
perforated fin, there exist optimum fin density which contribute to peak performance. Secondly, Based on
the analysis of a large amount of numerical data, general correlations of heat transfer factor j and friction
factor f are developed, then comparing the value of the j and f factors between experiental value and
numerical simulation results. It is found that the proposed correlations predict 90% of the j data and 95% of
the f'data within £20% under laminar flow, and the proposed correlations predict 92% of the j data and 96% of
the f data within £20% under turbulent flow. Finally, the performance of heat transfer enhancement of
perforated fins is evaluated.

Key words: refrigeration and cryogenics engineering; perforated fins; thermal hydraulic performance;
performance evaluation; relative entropy production distribution factor
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Tab. 1  Structure of perforated fins

SN et Dy/mm a y ) /%
1 0.811 0 0.052 1 0.5556 0.003 5 12
2 1.024 2 0.0397 0.500 0 0.003 5 14
3 1.578 5 0.044 6 0.384 6 0.003 5 13
4 1.9452 0.076 9 0.3125 0.003 3 11
5 2.260 2 0.0313 0.100 0 0.002 1 12
6 2.260 2 0.0313 0.100 0 0.001 3 12
7 2.260 2 0.0313 0.100 0 0.001 0 12
8 2.260 2 0.0313 0.100 0 0.001 6 12
9 2.260 2 0.0313 0.100 0 0.000 8 12
10 2.2670 0.0510 0.294 1 0.003 5 15
11 2.3140 0.1111 0.2500 0.003 3 18
12 2.3751 0.057 5 0.277 8 0.003 5 14
13 2.4203 0.076 9 0.250 0 0.0050 2
14 2.4249 0.090 9 0.2500 0.003 3 14
15 2.4513 0.076 9 0.2500 0.0050 6
16 2.494 0 0.076 9 0.2500 0.0050 10
17 2.5049 0.076 9 0.250 0 0.003 3 11

18 2.5326 0.076 9 0.250 0 0.005 0 14
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JaE TR Dy/mm a y 0 /%
19 2.560 9 0.076 9 0.250 0 0.005 0 17
20 2.565 4 0.066 7 0.250 0 0.003 3 10

21 2.6127 0.058 8 0.250 0 0.003 3 8
22 2.6820 0.047 6 0.250 0 0.003 3 7
23 2.749 2 0.0370 0.250 0 0.003 3 5
24 3.088 1 0.061 0 02174 0.003 5 15

25 3.089 9 0.1429 0.1429 0.003 5 14
26 3.2070 0.071 4 0.200 0 0.003 5 13
27 3.4129 0.089 3 0.172 4 0.003 5 14
28 3.863 7 0.076 9 0.156 3 0.003 3 11
29 4.119 8 0.069 4 0.151'5 0.003 5 13
30 47305 0.076 9 0.119 0 0.003 3 11
31 54305 0.076 9 0.096 2 0.003 3 11
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Tab. 2 Index values of j and f factors in predictive relation under laminar flow

J TR AR fRfE ST RATRE fRAfE
Ao 0.8538 7 By 13.979 72
4, -0.299 46 B, -0.151 54
A 0.129 48 B, -0.041 16
A3 0.13120 B; 0.139 65
Ay 0.033 22 By 0.040 6
As —0.659 01 Bs —0.887 6
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Fig. 10 Comparison of the calculated value and the

Fig. 11

Comparison of the calculated value and the

numerical values for the j factors under the laminar flow numerical values for the f factors under the laminar flow
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Tab. 3 Index values of j and f factors in predictive relation under turbulent flow
J T RAXIEE R ST RRXIEE EiERACEN
Ao 0.013 44 By 0.006 95
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Fig. 12 Comparison of calculated values with numerical

values for j factor under turbulent flow

Fig. 13 Comparison of calculated value with numerical

values for the f factor under turbulent flow
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Tab. 4 Geometry parameters and flow condition for perforated fins in papers

NIV Dy/mm a y 0 1% Re ¥t [
13.95 (P) 2.490 4 0.060 0 0.167 6 0.006 1 15 500~10 000
7 3.9773 0.066 7 0.200 0 0.002 1 2 300~8 000
T 1.1727 0.048 0 0.146 3 0.000 8 14 100~1 500
64PF1402 2.0384 0.0313 0.1429 0.000 7 10 100~ 10 000
64PF1405 1.5618 0.078 1 0.357 1 0.001 6 10 100~ 10 000
64PF1803 24292 0.046 9 0.166 7 0.001 0 10 100~ 10 000
64PF1805 2.130 6 0.078 1 0.277 8 0.001 6 10 100~ 10 000
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Fig. 14 Comparison of calculated values with
experimental data for j factor under laminar flow
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Fig. 16 Comparison of calculated values with
experimental data for j factor under turbulent flow
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Fig. 15 Comparison of the calculated values with
experimental data for f factors under laminar flow
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Fig. 17 Comparison of calculated values with
experimental data for f factor under turbulent flow
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