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Fluid Dynamics, Boundary Layers, and Convective Heat Transfer—Turbulent

Theme

Describes a general method for caleulating turbulent bound-
ary layers in two-dimensional and in axisymmetric flows and
investigates the accuracy of the method for compressible
adiabatic flows. The method is based on the ideas of eddy
transport coefficients and the numerical solution of the govern-
ing equations in their differential form.

Content

The governing equations for compressible flows about two
dimensional and axisymmetric bodies,
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subject to the boundary conditions
y=0,u=00v=00rv=1,),
H = H,(x),or 0H/0y = (OH/dy)» (4)
y — o, u— ulr), H—> H.(x)

are solved numerically by an implicit finite-difference method.
The time mean of the fluctuating quantities — p(u's’) and
—p@w'H"y are eliminated by means of eddy viscosity (¢) and
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Fig. 1 Comparison of results for the flat-plate flow
measured by Coles.! Skin friction was measured by
floating element.
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Fig. 2 Comparison of results for the flatplate flow mea-
sured by Matting et al.® Skin friction was measured
by floating element.

eddy-conductivity (\.) concepts, respectively.
—pu'v’) = pe(Ou/0y) (5)
—pQ@'H"y = pN(OH/0y) (6)

A large number of flows computed by this method show that
the method is quite accurate, as it was in incompressible flows
with and without heat and mass transfer.!= The velocity pro-
files, Mach profiles as well as local skin-friction coefficients,
agree quite well with experiments for a range of Mach number
up to 5; the rms error in calculated local skin friction values
is 3.5%, based on 43 experimental values obtained by the
floating element technique. Figures 1 and 2 show compari-
sons of caleulated and experimental results for two of the many
flows computed by this method.
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