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The analytical solutions of temperature field based on an integral
method for turbulent thermal boundary layer flows over a flat plate

LI Kai-Yong, ZHAO Bo, WANG Yi-Peng
(Engineering Research Center of Combustion and Cooling for Aerospace Power, Ministry of Education,
School of Mechanical Engineering, Sichuan University, Chengdu 610065, China)

Abstract: A steady turbulent flow over a flat plate is one of the basic problems of convective heat trans-
fer processes, with the key theoretical significance and wide engineering applications. In this paper, the
thermal boundary layer for steady turbulent flows over a flat plate is divided into the laminar sublayer
and turbulent core zone. The temperature profile in respective zone is described by the cubic polynomial
and 1/5 power function, respectively. Accordingly. the energy equations are established for the thermal
boundary layer based on the integral method, and the analytical solutions of the integro-differential e-
quation groups are obtained by employing the fourth-order Runge-Kutta method. Compared with the ex-
perimental results measured by Blackwell, Moffat and Kays, respectively, it is indicated that the analyt-
ical solutions in this paper are correct, and these theoretical solutions also agree well with those obtained
from the classical Prandtl-Taylor’s turbulent two-layer theoretical model.
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Fig. 1 Schematic of turbulent thermal boundary
layer flows over a flat plate
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Fig. 2 The control volume of turbulent

flows over a flat plate
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Fig. 3 Comparison between the proposed analytical
solutions of temperature and the existing ex-
periment measurements
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Fig. 4 Comparison between the proposed analytical
solutions of temperature and the Prandtl-
Taylor's turbulent two-layer theoretical mod-
el

P 5 2yt O R AN [) A7 5 8 B v B (Re) 22 4K
R et JBE I AR IS B 7 [ B BRI 0 Al 1AL BEE
i U i R 01 5 V2 B AN W R il R i B IR 2 R
JEE 2 LR 2 i VAU DX ) T o Pt B 22 9/

314 T T T T T T T
i #A 1-313.15K, 1,=303.15 K, =10 m/s, Pr~0.82

ol 313 —8—Re=10° |

312 —e— Re=1x10°

—A— Re=2x10°
310|f- %3” N ]

P )

ésos \ .
306 -
304 N .
m

000 001 002 003 004 005 006 007 008
y/m
B5 FiEsEanengeitsf
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Fig. 6 Comparison between the proposed analytical
solutions of Stanton numbers and the exist-
ing experiment measurements
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