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Numerical investigation of convective heat transfer of nanofluid flow over a
heated circular cylinder and the effect of thermophysical models

Seyede bahare mousavi, mohammad Mahdi heyhat

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
*P.0.B. 14115-111, Tehran, Iran, mmheyhat@modares.ac.ir

ABSTRACT

One of the ways to increase the efficiency of tube heat exchangers is using nanofluid as working fluid. The heat transfer and exerted forces of flow
over a cylindrical tube have been studied widely. In this paper, the convective heat transfer characteristics and fluid flow through a heated circular
cylinder, for low Reynolds numbers of water-based nanofluid in the steady cross-flow regime have been investigated numerically. The governing
equations include: continuity, momentum and thermal energy have been solved by the standard finite volume method. Two-dimensional steady flow
filed computation were carried out for an uniform velocity and volume fractions range of 0.01<¢<0.05 over a range of Reynolds number from 10 to
30 and flow and heat transfer characteristic have been studied for Alumina/water nanofluid. The results indicate that the nanoparticles volume
fraction, Reynolds number and effective physical properties of nanofluid can significantly affect the heat transfer characteristics. Adding
nanoparticles to the base fluid lead to reduce the mean Nusselt number values while the heat transfer rate enhances.

Keywords: Stationary cylinder, nanofluid, heat transfer coefficient, Static and Dynamic models, Heat exchanger
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Fig. 1 Schematic of the computational problem
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Table 1 Grid independence test at Re=30 and Pr=3.79
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Table 2 Ratio of average Nusselt number of nanofluid to the water

Re 10 15 20 25 30
model
@ =001
Corcione[5] 0915 0914 09139 0913 0912
Leong [4] 0955 0954 0954 0953  0.953

Emprical [6] 0.984 0.984 0.984 0.983 0.982
Maxwell [4] 0.986 0.986 0.986 0.985 0.984

¢ =003
Corcione[5] 0838 0838 0837 0835  0.833
Leong [4] 0875 0874 0873 0872 0870

Emprical [6] 0.951 0.950 0.950 0.948 0.946
Maxwell [4] 0.956 0.956 0.955 0.953 0.951
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Fig. 2 Comparison of average Nusselt number with experimental and
numerical results [7] at different values of Re and Pr.
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Table 3 Variation of average drag coefficient of nanofluid

Re

10 15 20 25 30
model
@ =001
Corcione [5] 3.098 2.526 2.206 1.995 1.843
Leong [4] 3.099 2.527 2.206 1.995 1.843

Emprical [6] 3.098 2.527 2.206 1.995 1.843
Maxwell [4] 3.098 2.527 2.206 1.995 1.843

@ =003
Corcione[5] 3302 2680 2333 2105  1.941
Leong [4] 3302 2680 2333 2105  1.942

Emprical [6] 3.302 2.680 2.333 2.105 1.941
Maxwell [4] 3.302 2.680 2.333 2.104 1.942

¢ =005
Corcione[5] 3616 2916 2527 2273 2091
Leong [4] 3617 2917 2527 2273 2091

Emprical [6] 3.617 2.916 2.527 2.273 2.092
Maxwell [4] 3.617 2.916 2.527 2.273 2.092
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Fig. 3 Ratio of average heat transfer coefficient of nanofluid to the
water, (a) ¢ = 0.01, (b) ¢ =0.03, (c) ¢ = 0.05
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