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Shock-Wave Profiles about Hemi-
spherical Noses at Low Super-
sonic Mach Numbers

K. D. Korkan* and G. M. Gregorekf
Ohio State University, Ohio

N a recent Synoptic, Hsieh! presented the results of a

systematic theoretical and experimental study of a
hemisphere-cylinder at zero incidence for Mach numbers
ranging from 0.7 to 2. In the computational segment of the
analysis, a direct method of a time-dependent finite difference
solution to the unsteady Euler’s equation is employed. As a
result, Hsieh was able to present comparisons of theoretical
shock positions about a hemispherical nose with existing and
obtained experimental data.

Itis interesting to note that a correlation concept of the bow
shock profile for spheres utilizing the density ratio across a
normal shock was employed by Gregorek and Korkan? in a
study of hypersonic blunt body similitude. In this study,? the
general form of the equation for the spherical shock as ob-
tained from the blast wave analogy was employed, i.e.

where the coordinate system is taken at the origin of shock
apex. As reported in Ref. 3, shock wave profile experimental
data were obtained in the 4-in. continuous, free-jet, hyper-
sonic wind tunnel of the Ohio State University. Values of the
shock wave radial coordinate r, and the axial coordinate x
were thus determined. When these values were non-
dimensionalized by the sphere diameter d,, and displayed on a
logarithmic scale, the profiles were observed to be ap-
proximately linear and therefore could be expressed in the
form of Eq. (1). However, the correlations presented
earlier?? were based upon M, =2 data. With the data
exhibited by Hsieh,! these correlations may now be extended
to the low supersonic Mach numbers.

Employing the shock wave constants obtained for spheres, 2
in addition to Hsieh, ' Seiff,* Baer,’® and Love, values for 4
and n were plotted against Mach number as shown in Fig. 1
for y=1.4. From these results, the empirical correlation for
A and n based on a density ratio presented earlier? has been
modified to fit the experimental data and takes the form

A=1.52 k=%4[0.823/ (M2 - )] ¥))
n=0.61 M, ~%!! 3)
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and therefore Eq. (1) becomes

r 0.823 X\ 0.6iM,, ~ 01
=152k %%+ ——] ( —)
dy [ (MZL-nl\dy @

The experimental values of A are well represented by their
empirical expression, with the maximum deviation being less
than 2%. Values of the exponent n show more scatter, due to
the greater measurement difficulty in obtaining the slope of
the shock wave profile from the experimental data.

Application of the present empirical correlation expressed
in Eq. (4) to the experimental results shown by Hsieh! and
Gregorek and Korkan? is presented in Fig. 2. As can be seen,
the agreement between prediction and experiment is ac-
ceptable over a wide range of Mach numbers which now
encompass the low supersonic regime, e.g., 12.00=M_ =
1.10. It may also be noted that the results of Figs. 1 and 2 may
be plotted in terms of density ratio across a normal shock & as
had been done earlier? with good agreement with ex-
perimental data for k <15.

Since the empirical correlation given by Eq. (4) has a
coordinate system located at the apex of the shock wave
profile, the shock detachment distance has also been in-
vestigated. Using the data presented by Hsieh!7!® and those
given by Gregorek and Korkan,?%!! a comparison has been
made with the shock detachment distance prediction utilizing
the Ambrosio and Wortman'! expression based on k, i.e.

A/ry=0.52 (k—1) 086 S

The results are shown in Fig. 3 and indicate good agreement
between Eq. (5) and experiment over a wide range of Mach
numbers including -the low supersonic regime, i.e., 15.00=
M,=1.10.

Therefore, with the aid of the data presented by Hsieh! and
other investigators, the empirical correlation?? based on k
and M, to predict the shock wave profile about a
hemispherical nose has been extended to include Mach
numbers =1.10 while still being valid up to M_ =15. It has
also been shown that the shock detachment distance for a
hemispherical nose can also be predicted up to M_ =15 in-
cluding the low supersonic range by an empirical expression
originally formed by Ambrosio and Wortrnan.!! The ex-
pressions presented by Egs. (4) and (5) provide a rapid
method to predict the shock wave profile and detachment
distance about a hemispherical nose for 15.00=M_ =1.10.
However, the need for computational methods still exists to
satisfy such requirements as obtaining the details of the
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Fig. 1 Dependence of shock wave constants on freestream Mach
number.
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Fig. 3 Comparison of experimental shock detachment distance and
existing empirical correlation as a function of freestream Mach
number.

flowfield or to provide/verify the results of existing numerical
approaches.
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Introduction and Analysis

NE of the important aspects of fluid flow past sub-
merged bodies is the study of flow characteristics at the
trailing edge. While a number of such studies have been made
for bodies of different shapes in laminar flow, ' information
for the case of turbulent flows is rather scanty. A number of
investigators have studied the far wake of a submerged body
and the results are well documented. 24 The studies available
on the near wake are, however, limited. $%1%4!5 For the case
of flow past a flat plate at zero incidence, writing the
momentum balance for a control volume as shown in Fig. 1,
and combining it with Reichardt’s momentum transfer law
one gets Reichardt’s fundamental equation for free tur-

bulence '
ou?

ox

8%u?
¥l =0 1)

in which u is the instantaneous velocity in the x-direction and
3 the momentum transfer length. Substituting
a=u+u’ )
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