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Abstract: A new empirical correlation was developed to identify the effect of an inclination angle on pool
boiling heat transfer coefficient of a tube submerged in the saturated water at atmospheric pressure. Through
the experiments and the survey of published results 431 data points were obtained and the nonlinear least
square method was used as a regression technique. The heat flux of the tube(0~120kW/m?), inclination
angle(0°~90°), and the length divided by the diameter of a tube(18~42.52) were selected as major parameters.
The newly developed correlation well predicts the experimental data within £18%, with some exceptions.
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Table 1 Summary of previous studies

Author Geometry Liquid Parameters
El-Genk & (< o
Bostanci® Flat plate | HFE-7100 [-¢=0°~180
Kang® Tube inside | Water -¢ =0°~90°
Stralen & Sluyter® | Wire Water -¢ =0°, 90°
Nishikawa et al.® | Flat plate | Water -¢ =0°~175°

©) -¢ =0°~180°
Jung et al. Flat plate |R-11 Enhanced surface
-¢ =0°~175°
Fujita et al.” Pla rtallel Water -Gap size
plates -Flow confinement
Water -¢ =0°~90°
Sateesh et al.® Single tube | Ethanol -Diameter
Acetone -Surface roughness
-¢ =0°~90°
Narayan et al.”) Single tube | Nano fluid |-Particle
concentration

(10) Slngle tube -¢ =0°~90°
Kang Annulus Water -Flow confinement
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Fig. 1 Schematic diagram of experimental apparatus
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Table 2 Data for correlation development Table 3 List of important correlations
¢ 7 D L Number Author Correlation
Author deg kW/m? mm mm L/D of data
0 7-68 12.7 540 42.52 9 o 1
15 7-68 12.7 540 42.52 9 Kang( h, = [[).364C0$h(1.403¢)7 0'481(?2](1//0.098(«»—0.75)%1.18
30 7-68 12.7 540 42.52 9
45 7-68 12.7 540 42.52 9 (= p.) 1 CA
60 7-68 | 127 | 540 | 4252 9 q'/:thf[gpf’ Lo ]2( vl W)
7 o h;PricC
75 7-68 12.7 540 42.52 9 fo °f
Kang¥ 90 7-68 12.7 540 42.52 9 g liquid viscosity, hy,: enthalpy of vaporization
16, : N
0 7-90 19.1 540 | 28.27 12 Rohsenow' g: gravitational acceleration, o: surface tension
15 7-90 19.1 540 28.27 12 py: density of saturated liquid, Ci;: constant
30 7-90 19.1 540 28.27 9 ) .
45 7290 191 540 5827 10 p,: density of saturated vapor, s: constant
60 7-90 19.1 540 2827 11 Pr: Prandtl number of saturated liquid
75 7-90 19.1 540 28.27 11 B b .
90 7-90 19.1 540 | 28.27 10 Nuy= CyRef’, Nuy =~ Re,= - e
0 10-120 | 254 | 500 | 19.69 | 12 Cornwell / to M
15 10-120 | 25.4 500 | 19.69 12 et al? C,: constant, D: tube outer diameter
30 10-120 254 500 19.69 12 kg: thermal conductivity of liquid
45 10-120 254 500 19.69 12
60 10-120 | 254 | 500 [19.69] 12 hy = 55 ) (= Log,gpp) 0P AL g 05
B 10-120 | 254 300 19.69 12 Cooper " e: surface roughness, pp: reduced pressure
s 90 10-120 254 500 19.69 12 .
Kang 0 10-120 30 540 13 2 M: molecular weight
15 10-120 30 540 18 12
30 10-120 30 540 18 12
45 10-120 30 540 18 12 140 . .
60 10-120 30 540 18 12
75 10-120 30 540 18 12 120 + MOMMOTO MO A
90 10-120 30 540 18 12 @O OO 5D
0 7-101 | 254 | 540 | 2126 | 13 100l |
15 7-101 25.4 540 21.26 13
30 7-101 254 540 21.26 13 o a0l |
45 7-101 254 540 21.26 13 §
60 7-101 | 254 | 540 | 2126 | 13 Z ol ]
75 7-101 254 540 21.26 13 =
prosent 20 7-101 | 254 | 540 | 2126 | 13 T ol |
0 10-120 19 400 21.05 12
15 10-120 19 400 21.05 12 20l
30 10-120 19 400 21.05 12
45 10-120 19 400 21.05 12 0 \ . . .
60 10-120 19 400 | 21.05 12 0 2 4 6 8 10
75 | 10-120 | 19 400 | 21.05 | 12 AT, °C
90 [ 10-120 [ 19 | 400 [21.05] 12 =
Fig. 3 Plots of experimental data
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Table 4 Statistic analyses of h,,/h,.,, data

Correlation Mean Standard deviation
Kang!'? 1.1355 0.2449
Rohsenow!'® 0.8084 0.5708
Cooper'™® 0.3134 0.0668
Cornwell et al.!” 0.2446 0.2129
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Fig. 4 Comparison of heat transfer coefficients with
calculated values by published correlations
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Fig. 5 Variations of heat transfer coefficients with
heat flux and geometric parameters
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