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Abstract

Many researches were carried out to estimate heat transfer rate on a cirular cylinder in a

uniform flow. Various empirical correlations were suggested in the past through experimen-

tal studies, however there are considerable discrepancies in the estimated values of heat
transfer coefficient. The effect of fluid physical properties on the forced convective heat
transfer between a circular cylinder and the extemal flow was numerically investigated in

the present study. The flow and temperature fields were solved using a Finite Volume Meth-
od over a wider range of Prandtl number(0.7-40,000) than existing correlations. The cold as
well as the hot cylinders in the uniform liquid flow of constant temperature were investigat-

ed. A unified correlation was obtained for both cases.
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Table 1 Summary of correlations of heat transfer
Author(ref.) Fluid ¢/D (T/ To)max Re correlation
Zhukauskas(1) air and liquid 8.3 1.18 1<Re<40 a
Chang et al.(2) liquid 14 - O.f{ 3?0550 2
Fand(3) water 7.8 1.01 less than 4000 d
Churchill and Bernstein(4) | air and liquid - -
correlations
Pr.
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heating #=—0.12+0.10logo Pr,
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Table 2 The effect of computational domain and number grids

number of grid points Min. C, Stag. C, Max. Ci/Re Nu
83x31 —1.00 1.31 3.75 3.42
103 x 41 —-0.93 1.25 3.69 3.31
12351 —0.93 1.20 3.59 3.28
Experiment by Grove et al? —0.90 1.20
Experiment by Acrivos et, al.”® 3.71
Exp. corr. by Collis and Williams' 3.16
Exp. corr. by Hatton et al.’® 3.30
Calculation by Badr'® 3.50
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Fig.3 Distributions of pressure coefficient on
the cylinder surface for Re=40
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Table 3 Separation angle, separation length and average Nusselt number

Re 10 20 30 40
Separation angle(degree)
Exp. by Coutanceau and Bouard®
blockage=0.07 159.0 137.7 131.0 127.2
blockage=0.0 147.5 135.2 129.9 126.5
Cal. by Dennis and Chang!® 150.4 136.3 - 126.2
Present calculation 149.8 137.5 132.0 128.2
Separation length( L/ D)
Exp. by Coutanceau and Bouard®
blockage=0.024 0.28 0.87 1.46 2.04
Present calculation 0.27 0.87 1.50 2.06
Average Nusselt Number
Exp. by Collis and Williams¥ 1.82 2.40 2.83 3.19
Exp. by Hatton et al.®® 1.98 2.55 2.97 3.32
Cal. by Badr¢® — 2.54 — 3.48
Present calculation 1.86 2.46 2.91 3.28
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Fig.5 Variation of local Nusselt number on the
cylinder surface for Re=40
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and hot cylinders(water, Re=40)
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