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Effect of vapor pressure on forced convection

heat transfer coefficient of air in tube

ZHU Aishi, JIN Wanmei, LI Qianzhu, ZHAO Junzi
(School of Biological and Chemical Engineering, Zhejiang University of
Science and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: The study focused on the convection heat transfer coefficient of air forced flow when heated by
water vapor heating inside the circular straight tube, investigating the effect of the pressure of heating
water vapor on determining convection heat transfer coefficient of the turbulent flow region and the
reproducibility of the experiment. The results were correlated and compared with the empirical formula
and analyzed. The results show that the vapor pressure has a significant influence on the determination of
air convection heat transfer coefficient, with the experimental result about 9. 0% smaller than the
empirical value. The specific numerical value should be considered to revise if necessary. It is also found
that the experiment has high repeatability on the same device and high reproducibility on different devices.
Keywords: heat transfer; convection heat transfer coefficient; correlation formula; vapor

pressure; reproducibility
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Fig. 2 Diagram of experimental devices
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Fig.3 Experimental values at various pressures in the turbulent flow region
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Table 1 Correlations at each pressure

FEVE IR (R KD /MPa KK R? 5 255 50 F- 24 A X R 22 ps <]

0.01 Nu/Pr""=0.026 0 Re"™? 0.999 9 —0.0717
0.02 Nu/Pr*'=0.024 6 Re”™° 0.997 9 —0.082 8
0.03 Nu/Pr®"=0.023 9 Re® ™7 0.998 6 —0.094 3
0. 04 Nu/Pr®'=0.016 6 Re*®*° 0.998 5 —0.072 7
—0.089 6
0.05 Nu/Pr*'=0.028 8 Re" """ 0.999 8 —0.109 3
0.06 Nu/Pr®'=0.022 6 Re®™** 0.999 3 —0.092 6
0.10 Nu/Pr*'=0.030 9 Re®™*¢ 0.999 9 —0.103 8
2555 Nu/Pr"*=0.023 0 Re™5"° 1.000 0
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Table 2 Selecting data of no repeated two-factor variance analysis

Re JE3# (R JE) /MPa
0.01 0.02 0.03 0. 04 0.05 0.06 0.10
11 000 36.99 36. 60 36.12 36. 33 36.03 36.15 36. 29
14 000 44,65 44.22 43.67 44,35 43. 35 43.77 43.59
18 000 54.32 53. 87 53.21 54.59 52.56 53.42 52.75
21 000 61.26 60. 80 60. 07 62.00 59.15 60. 36 59. 31

24 000 67.99 67.52 66.73 69. 24 65.52 67.10 65. 64
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Table 3 Results of no repeated two-factor variance analysis

2% U5 SS df MS F P Fo

T 4 274,308 4 1 068.577 4 734,515 2. 19E—34 2.78

1) 16.703 79 6 2.783 965 12.334 8 2.54E—06 2.51
= 5.416 784 24 0.225 699

Bt 4 296. 428 34
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Fig. 4 Experimental repeatability of device 1 at 0. 03 MPa
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Table 4 Selecting data of experimental repeatability test at 0. 03 MPa

6 K 5L
Re
1 2 3
11 000 36.12 36.13 36. 65
14 000 43. 67 43.59 43.96
18 000 53.21 53.01 53.12
21 000 60.07 59.76 59. 67
24 000 66.73 66. 30 65.98

RS 0.03 MPa L8054 M4 50 45

Table 5 Results of experimental repeatability test at 0. 03 MPa

2 55 SS df MS F P Foi

17 1 748. 386 1 437.096 4 6 389. 759 4. 79E—14 3. 84
) 0.102 546 2 0.051 273 0.749 5 0.503 1 4. 46
R 0.547 246 8 0.068 406

Bt 1 749.036 14
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Fig. 5 Repeatability of device 2 and difference between device 2 and device 1 at 0. 03 MPa
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Table 6 Selecting data of experiment reproducibility test between two devices at 0. 03 MPa

I Uk
[nRe TR AR
1 2 3 4 5
9.3 3.582 9 3.584 7 3.596 2 3.590 2 3.586 2
9.5 3.740 3 3.740 4 3.746 9 3.744 4 3.741 2
9.7 3.897 6 3.896 0 3.897 6 3.898 6 3.896 2
9.9 4.054 9 4.051 6 4,048 3 4.052 9 4.051 1
7T PHEE 0.03 MPa i1 B B KL B 4
Table 7 Results of experiment reproducibility test between two devices at 0. 03 MPa
EZ5IR Ss df MS F P Fo
T 0.597 343 3 0.199 114 20 029. 36 1.86E—22 3.49
%) 5.47E—05 4 1.37E—05 1.375 1 0.300 0 3.26
R 0.000 119 12 9.94E—06
it 0.597 517 19
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