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Figure 1 (Color online) Wall-normal profiles of the total heat flux at
different Reynolds numbers and Prandtl numbers. The DNS data are
from Li et al. [37] at Re,~1100, Pr=0.71 (square), Re,~1410, Pr=0.71
(diamond); and Wu et al. [39] at Re,~1750, Pr=1 (circle), Re,;~2540,
Pr=1 (left triangle), Re,~2900, Pr=1 (down triangle). The solid lines
show the model for the total heat flux, ¢'=1—(y/8)".
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Figure 2 (Color online) Contributions of the laminar term (triangle),
the turbulent term (square), and the inhomogeneous term (circle) in the
right hand side of Eq. (6) plotted as a function of wall-normal position.
The sum of the three terms is indicated by the dashed line. The DNS
data are from Wu et al. [39] at Re,~2900, Pr=1.
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Figure 3 (Color online) Comparison of the contour plots of the relative error in wall heat flux between the model using Eq. (9) in (a) and that using
Eq. (11) in (b). The DNS data are from Li et al. [37] at Re,~1840, Pr=0.71.
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Figure 4 (Color online) Relative error in wall heat flux as a function
of the upper limit of integration. Symbols are defined in Table 1.
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Figure 5 (Color online) Relative error in wall heat flux as a function
of the lower limit of integration. Symbols are defined in Table 1.
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Figure 6 (Color online) Relative error in wall heat flux as a function
of the number of repeated integrations. Symbols are defined in Table 1.
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Figure 7 (Color online) Relative error in wall heat flux as a function
of the number of points using the proposed models with different
number of integrations. The DNS data are from Wu et al. [39] at
Re~2900, Pr=1.
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Figure 8 (Color online) Relative error in wall heat flux as a function
of the number of points using Eq. (9). Symbols are defined in Table 1.
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Figure 9 (Color online) Wall heat flux predicted using Eq. (9) in (a) and using Eq. (11) in (b) plotted against the published values. Symbols are

defined in Table 2.
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Figure 10 (Color online) Relative error in wall heat flux using eq. (9) in (a) and using eq. (11) in (b). Symbols are defined in Table 2.
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An integral method for estimating wall heat flux in spatially
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A novel method based on an integral analysis of the Reynolds-averaged energy equation is proposed to determine the
wall heat flux in a spatially developing turbulent boundary layer. The method requires the wall-normal profiles of the
mean temperature and wall-normal heat flux at only one streamwise location. Moreover, only the mean profiles in the
region far away from the wall are required for estimation of the wall heat flux, instead of the data within the whole
boundary layer. The influences of integration limits on the accuracy of the method are investigated, showing that the
lower and upper integration limits have insignificant effects on the relative error. A number of direct numerical
simulation and experimental datasets available in the literature are employed to assess the accuracy of the present method
over a wide range of Reynolds numbers. The wall heat flux determined using the proposed method is found to be within
+4% in agreement with the published values. The predictive model is shown to be robust and accurate in incompressible
turbulent boundary layers under zero pressure gradient.

wall heat flux, turbulent boundary layer, predictive model, direct numerical simulation, experimental
measurement
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