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An Approximate Analytical Solution to Heat Transfer Problem in
Laminar Forced Flow between Parallel Plates

Ryoichi CHIBA*, Masaaki IZUMI and Yoshihiro SUGANO

*¢ Department of Mechanical Engineering, Miyagi National College of Technology,
48 Nodayama, Medeshimashiote, Natori-shi, Miyagi, 981-1239 Japan

Forced convection heat transfer in a non-Newtonian fluid flow between parallel plates subjected
to heat convection on the external surfaces is investigated analytically. Fully developed laminar
velocity distributions obtained by a power law fluid rheology model are used, and viscous dissipation
is taken into account. The effect of heat conduction in the direction of fluid flow is considered to be
negligble. The physical properties are assumed to be constant. The theoretical analysis of the heat
transfer is performed using an integral transform technique —— Vodicka’s method on the assump-
tion that the velocity distribution is piecewise constant in the channel cross section. An important
feature of the approach is that an arbitrary variation of surrounding medium temperatures in the
direction of fluid flow and an arbitrary velocity distribution can be permitted. A comparison with the
existing results provides a verification of this technique. The effects of the Brinkman number, outside
heat transfer coefficients and rheological property on the distributions of the fluid temperature and
the local Nusselt number are illustrated. Moreover, the effects of the parameters on the length of
freeze-free zone are discussed in the case where the surrounding medium temperatures are below the
solidification temperature of the fluid.

Key Words: Heat Transfer, Forced Convection, Non-Newtonian Fluid, Heat Exchanger, Approxi-
mate Analytical Solution, Viscous Dissipation, Graetz Problem, Channel Flow
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Table2 Comparison of local Nusselt mumbers

£ | M@ | MG ¢ Nu( O | Nu(t
107 | 166687 | 166651 | gx10™ | 834475 | 834277
107 | 77513 | 77494 | 16x10° | 66400 | 66379
107 | 36934 | 36926 | 8x10° | 39575 | 39565
107 | 204782 | 204767 | 8x10% | 212915 | 2.128%
10° | 1.88517 | 188515 | 8x107 | 1.88517 | 188514

*Rosalesetal”  **Cottaetal® -+ Present work (2=20)
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