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An integral method of the laminar-turbulent transition zone for
momentum and thermal boundary layer flows on a flat plate
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School of Mechanical Engineering, Sichuan University, Chengdu 610065, China)

Abstract; It is of very important theoretical significance to study the velocity and temperature distribu-
tions for transitional boundary layers with abrupt changes of wall friction and heat transfer. The mo-
mentum and thermal boundary layers are divided into the laminar sublayer and quasi-turbulent layer for
natural transition flows on a flat plate, and the velocity (or temperature) profiles in the two zones are
represented by the cubic polynomial and 1/7. 5 (or 1/7) power functions, respectively. An integral
method is used to recast the momentum and energy equations into the integro-differential equation
groups, and the closed-form analytical solutions of velocity and temperature for transition boundary-lay-
ers are obtained by employing the fourth-order Runge-Kutta method. Following the foregoing analytical
results, the characteristics of local skin friction factor as well as Nusselt number is also obtained. It is
showed that the present analytical solutions can be validated by comparing with the Dhawan and
Narasimha’s solution (ID-N solution), Coupland’s T3A benchmark experimental and proposed numeri-
cal results, respectively, and the accuracy of analytical solution can reach 4. 8% for the specified condi-
tions in this paper. The two key parameters affecting the profiles of velocity and temperature of the
transition boundary layer are also proposed and analyzed, and it is found that an intermittency factor has a

crucial effect on the distributions of velocity and temperature across the laminar sublayer of transition regions.
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