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V ERMA and Gupta1 recently presented experimental data for
the supersonic turbulent ¯ ow past a circular cylinder mounted

on a ¯ at plate at a freestream Mach number of M = 1.6. Using their
oil ¯ ow visualization data, Verma and Gupta1 made an attempt to
correlate the primary separation distance S with the cylinder di-
ameter D and the thickness of the undisturbed boundary-layer d .
Reference1 concludedthat the appropriatelengthscale for the sepa-
rationdistance is S/ p (D d ) (for H > d ) and proposed the following
correlation:

S/ p D d = 0.736(H/ d ) ¡ 0.036(H/ d )2 (1)

Reference 1 stated that ª the length scale chosen for nondimen-
sionalizing S cannot be the cylinder diameter D.º This claim is
not supported by the vast amount of experimental data reported in
the literature.2 ¡ 4 Westkaemper3 was among the ® rst investigators
who noted that S/ D correlatedwith H/ D. Settles and Dolling4 and
Dolling and Rodi5 noted the similarities between the ¯ ow® elds of
cylindersand hemicylindricallyblunted ® ns mounted on a ¯ at plate.
For blunt ® ns, not only the separationdistancebut also the spanwise
development of the ¯ ow® eld, as well as its vertical extent, depend
primarily on diameter D (Ref. 5). The freestream Mach number M
and Reynoldsnumber Re haveonly secondaryeffectson the scaling
in the turbulent ¯ ow regime.5 These observations are supported by
computational studies as well.6

We used our own experimental results7 ¡ 9 and the data of other
experiments reported in the literature1,2 to verify universal applica-
bility of Eq. (1). All of the data utilized in our analysiswere obtained
for cylindersby oil ¯ ow visualization.Figure 1 gives the variationof
S/ p (D d ) with H/ d for sevendifferent M and Red values. Red is the
Reynolds number based on the undisturbed boundary-layer thick-
ness d , which was measured in Ref. 2 and calculated for the other
data setsbyusingthe vanDriest transformation.Equation(1) (which
is shown by a dashed line in Fig. 1) has a maximum at H/ d = 10.2
and does not producean asymptotic S value for in® nite H . The solid
line in Fig. 1 is a plot of the correlation given by

S/ p D d = 2.8 f 1 ¡ exp[¡ 0.6(H / d )]g (2)

which ® ts the data more accurately than Eq. (1). However, there is
considerablescatter in the data due, mainly, to the effect of D/ d on
the correlation. D/ d values for large H/ d are indicated in Fig. 1.
S/ p (D d ) increases with increasing D/ d for H/ d > 6. A de® nite
trend does not exist for H/ d < 6. The ranges of D/ d values for the
data used in Fig. 1 are 4.2 < D/ d < 16 (Ref. 1), 0.7 < D/ d < 3.3
(Ref. 2), 0.1 < D/ d < 3.6 (Ref. 8), and 0.3 < D/ d < 1.6 (Ref. 9).
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Sedneyand Kitchens2 note that, when S/ D is plottedas a function
of H/ d , a strongdependenceon D/ d is observed.(Figure4 in Ref. 2
shows that S/ D decreaseswith increasingD/ d .) Figure1 shows that
plotting S/ p (D d ), instead of S/ D, as a function of H/ d does not
remove the dependenceon D/ d . Realizing that H/ d is not a suitable
correlationparameter,SedneyandKitchens2 proposedthe following
correlation:

S/ D = a f 1 ¡ exp[¡ b (H/ D)] g (3)

where a and b are weak functions of Reynolds number and depend
mainly on M (Refs. 2, 4, and 7). The resultsof Refs. 2 and 7 indicate
that a valuesare scatteredaround2.3 and b increasesmonotonically
from 1 to 1.5 as M goes from 1.7 to 3.5. Note that Eq. (2) can be
derived directly from the correlation of Sedney and Kitchens2 by
inserting D/ d = 1.8 (a midrange value) in Eq. (3) (with a = 2.1
and b = 1.1).

Figure 2 gives the variation of S/ D with H/ D for the same data
set plotted in Fig. 1. The solid line denotes Eq. (3) (with a = 2.3
and b = 1.2). The dashed line is a plot of the correlation suggested
by Westkaemper,3 who used separation distance data obtained by
employingfourdifferenttechniques.For reasonsdiscussedin Ref. 2,
the accuracy of Westkaemper’s correlation is not suf® ciently good.
Compared to Fig. 1, Fig. 2 displays much less scatter of the data.
D/ d values for large H/ d are indicated in Fig. 2. For ® xed M , S/ D
appears to be independent of D/ d .

To compare the accuracies of the correlations discussed here,
we computed the rms of the deviations between the measured and
predicted S/ p (D d ) (and S/ D) values. The coef® cients in Eqs. (2)
and (3) were chosen so as to minimize the rms values. The rms
values of the deviations for Eqs. (1), (2), and (3) (with a = 2.3 and
b = 1.2) are r 1 = 0.73, r 2 = 0.39, and r 3 = 0.20, respectively.

Fig. 1 Variation of S/p (D±) with H/±.
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Fig. 2 Variation of S/D with H/D.

Thus,Eq. (3) is approximatelyfour times more accurate than Eq. (1),
which is twice less accurate than Eq. (2). The superiority of the
correlation given by Eq. (3) over the other correlations is more
apparent for small values of H/ d and H/ D: r 1 = 0.70 and r 2 =
0.34 for H/ d < 2, whereas r 3 = 0.13 for H/ D < 1.

Two important conclusions must be restated: 1) the cylinder di-
ameter D is the appropriate scaling parameter for this ¯ ow and
2) the correlations given by Eqs. (1) and (2) are not as accurate as
the correlation of Sedney and Kitchens.2
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T HE authors would like to thank ÈOzcan and YÈuceil for their
comments.1 The exponential curve ® t of Eq. (2) in their com-

ments is quiteclearlya better equation.The authorsproposedEq. (1)
because it was quite adequate for the data available to them. How-
ever, the contention of Ref. 1 that the cylinder diameter D is the
appropriate scaling parameter for this ¯ ow is not borne out by the
evidencepresentedby them. The true measure of the relative scatter
is not the standard deviation r in cases where different variables
are being considered, as in the present case, but r normalized with
a characteristic value of the relevant variables. The values of d / D
are fairly small so that the values of the variables in Fig. 1 of Ref. 1
are much larger than the correspondingvalues in their Fig. 2. Then
again, most of the new points2,3 (from their1 Refs. 8 and 9), which
appear as quite scattered on Fig. 1, are lying mostly below the curve
for Eq. (3) in Fig. 2 (see Ref. 1).

The discussor’s evidence is, therefore, not conclusive. Further,
from a physical point of view alone, the characteristic length for
separation distance should be derivable from blockage area rather
than D.
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