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Abstract

The study on the steady turbulent flows over a flat plate is one of the basic problems of convective
heat transfer processes, which has the key theoretical significance and wide engineering applica-
tions. The incompressible turbulent boundary layer is divided into the laminar sublayer and tur-
bulent core zone, respectively, for steady turbulent flows over a flat plate, and both of the velocity
and temperature profiles in respective zone are characterized by the cubic polynomial or power
function. The momentum and energy equation groups are accordingly established by the integral
method, and the analytical solutions of the integro-differential equation groups are obtained by
carrying out the fourth-order Runge-Kutta method. It is shown that a 1/5 power function has the
best agreement with the previous classical models in the turbulent core zone. The convective heat
transfer characteristics and profiles on the wall are also obtained for steady turbulent flows. It is
indicated that analytical solutions of the present model are in good agreement with the experimen-
tal measurements by Blackwell, Moffat & Kays, respectively, as well as Prandtl-Taylor’s turbulent
two-layer theoretical model and Schlichting’s empirical formula, which validates the present theo-
retical solutions.
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Figure 1. The sketch diagram of velocity boundary layer for turbulent flows on a flat plate
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Figure 2. The sketch diagram of thermal boundary layer for turbulent flows on a flat plate
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Figure 3. Elemental control volume for integral analysis of turbulent boundary layer
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Figure 4. Comparison of present velocity analytical solutions with previous theoretical models
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Figure 5. Comparison of present velocity analytical solutions with that of Blackwell’s experimental results
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Figure 6. Comparison of present thermal analytical solutions with that of Blackwell’s experimental results
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Figure 7. Comparison of present temperature analytical solutions with Prandtl-Taylor two-layer model
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Figure 8. Comparison of Nusselt numbers from present model and Schlichting’s fitting formula
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Figure 9. (a) Comparison of Stanton numbers obtained from the present model and Blackwell’s experimental results; (b)
Comparison of Stanton numbers from present solution and Moffat and Kays’ experimental results
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