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Comment on ‘“Wall Shear Stress
Measurements in a Shock-Wave
Boundary-Layer Interaction’’

Robert D. Kirchner*
Institute for Hypersonic Studies, Inc., Richmond, Va.

AJOR advances have been made in establishing

numerical solutions to turbulent boundary-layer
separation problems, yet there are still many serious
discrepancies between predicted flow characteristics and
experimental results. The acquisition of accurate skin friction
measurements in reverse flow regions is of primary im-
portance in evaluating numerical techniques as well as in
adding to the basic understanding of separated flow
phenomena.

Recent studies by Murthy and Rose! provided valuable |

data concerning the reliability of various skin friction
measuring devices. Their attempts to provide correlations of
experimental skin friction values with numerical solutions of
Baldwin and Rose? and Baldwin and MacCormack,?
however, may have biased their results. The skin friction
gages used by Murthy and Rose could not distinguish between
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positive and negative skin friction values, but they assumed
the reverse flow skin friction coefficients to be negative in
order to correspond with the negative values predicted by
numerical techniques. Plotting the data in this manner
resulted in a significant jump between positive and negative
values at the separation and reattachment points, as shown in
Fig. 1. If the skin friction coefficients in the reverse flow
region had instead been plotted as positive values, it could
then be assumed that an appreciable error existed in all of the
data points.

Considering flow conditions for the test case
(Re; =0.97x10%, 6=1.7 cm, T,=270K, 7,=60°C, and
M, =2.9), one can arrive at a unit Reynolds number of
5.6x10%/cm and T,/T, =3.1. Using the boundary-layer
relationship of Johnson and Kaufman,* 6&/x=0.3122
(Re,) ~01622 10 describe the boundary-layer thickness as a
function of the local Reynolds number, based upon distance
from the wind tunnel throat x, one can calculate a local
Reynolds number at interaction to be 5.6 X 107. The technique
of Truitt,5 after Van Driest,® can then establish a local skin
friction coefficient of approximately 0.0011 for the un-
disturbed flow. This is slightly lower than the value recorded
by Murthy and Rose (0.0014) but corresponds to the upstream
skin friction coefficient measured by Settles et al.” at com-
parable conditions. If one thus assumes an error of ap-
proximately 0.0003 in the measurements of Murthy and Rose,
their data can then be plotted as shown in Fig. 2.

It is suggested that Fig. 2 might be a more accurate
representation of the skin friction measurements of Murthy
and Rose, even though it indicates negligible skin friction
values in the reverse flow region and implies that significant
inaccuracies might exist in the numerical solutions. It is
assumed that the rather large fluctuations in the sensor gage
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Fig. 1: Skin-friction distribution from Murthy and Rose! with shock
generator angle = 13 deg and M =2.9.
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Fig. 2: Revised skin-friction distribution with shock generator angle
=13deg and M =2.9.

outputs in the separated flow regions are of the order of
magnitude of the skin friction coefficients in that region. This
would account for the alternating positive and negative skin
friction coefficients that resulted along the separated flow
region.
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Reply by Authors to R.D. Kirchner
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Rose Engineering and Research, Inc.,
Incline Village, Nev.

and

V. Sreedhara Murthyt
National Aeronautical Laboratory, Bangalore, India

HE essence of Kirchner’s Comment centers around the

initial value of the skin friction coefficient. The original
study of this flow was done by Reda and Murphy,! who
reported a value for the coefficient of 0.0013, as determined
by a Preston tube. In an independent analysis of this flow,
Rubesin et al.? confirmed this value by a technique for
examining the pitot profiles obtained in the study of Ref. 1.
The use of semiempirical relationships to deduce the skin
friction coefficient, as suggested by Kirchner, is questionable
when applied to the flow in the NASA Ames Research
Center’s 8 X 8 in. wind tunnel, since it is a highly asymmetric,
sliding-block, variable Mach number design. Any relationship

between the NASA tunnel flow and that at Princeton used by

Settles et al.? is purely coincidental. If anything is known
about the skin friction in the Reda and Murphy flow, it is this
upstream value. Therefore, its value must stand at 0.0013, as
was used to calibrate our gages. .

The negative coefficients were chosen to agree with the
separation and reattachment points deduced by oil flow
studies, in addition to being chosen to correspond with the
numerical predictions. Kirchner’s interpretation of our data
would shorten the separation length to about half of that
observed experimentally.

Even if one were to suppose that the upstream value of skin
friction coefficient had a value of 0.0011, correct in-
terpretation of the gage outputs would not produce Kirchner’s
Fig. 2 This is because the contribution to the measured data
from the initial value results in a multiplying factor and not a
zero shift, as assumed by Kirchner. The reason is that the
measured Nusselt number in the absence of flow (i.e., skin
friction=0) must remain unaltered in any correction
procedure. The calibration curve of Nusselt number vs skin
friction thus rotates about its zero skin friction intercept.
With this fact, the only allowable change to our data is a
multiplicative one involving the ratio of assumed initial skin
friction values, i.e., 0.0011/0.0013. As an example, a value of
0.0003 we reported would become 0.00025 after the correct
application of a correction.

Kirchner also suggests that the alternating positive and
negative skin friction coefficients in the separated flow region
of his corrected data are attributable to the relatively large
fluctuations in that region. As stated in our paper, the gages
could not distinguish between positive and negative values;
therefore, they cannot directly support any observation about
the alternating nature of skin friction values. Kirchner’s
observation arises purely from the manner in which he has
applied a correction to our data.

Unfortunately for both Kirchner and the authors, no one
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