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HE behavior of the pressure distribution behind a

nonstationary reflected-diffracted oblique shock wave
over a 5.7 deg sharp corner, moving at a shock Mach number
of 1.39, was obtained experimentally using infinite fringe
interferometric techniques. The results agree well with
previous analytical predictions.

Lighthill! obtained the pressure distribution along a wedge
surface after a normal shock wave had undergone diffraction
past a small sharp expansion corner. Fletcher et al.2 con-
ducted experiments in a shock tube in order to test the analysis
by Lighthill. The densities in the diffracted flow were
measured interferometrically. Due to the small deflection,
pressures could be obtained from the densities by using the
isentropic equation of state.

The analogous problem of a plane shock wave hitting an
inclined wall and the resulting reflected shock-wave pattern
diffracting past a sharp corner was considered by Srivastava®
and Srivastava and Chopra.* Srivastava® developed an
analysis based on Lighthill’s approach and treated the cases
when the relative outflow behind the reflected shock before
diffraction was both subsonic. and sonic. Subsequently,
Srivastava and Chopra* considered the case when the relative
outflow behind the reflected shock wave before diffraction as
supersonic.

Experiments were conducted in the UTIAS 10x18 cm
Hypervelocity Shock Tube to investigate the densities in the
diffracted flow behind a reflected-diffracted shock wave past
a sharp corner. Figure 1 illustrates the schematic diagram of
the incident shock wave I, the various thermodynamic states
(0-5), and the geometry of the wedge. Initially the incident
shock was allowed to strike a wedge of 70 deg to produce a
regular reflection configuration. The configuration was then
allowed to. pass over a sharp corner angle of 6=35.7 deg, at
point B in Fig. 2. The sharp expansion corner angle 6 provided
the necessary condition for the diffraction of the regular
reflection pattern. The incident shock wave was moving at a
Mach number M;=1.39, into air initially at a pressure of
750.5 Torr and a temperature of 298.5 K. The uniform and
disturbed regions and their constant density lines (isopycnics)
are clearly shown in the infinite fringe interferogram in Fig. 2.
Four uniform regions (0-3) and two nonuniform regions (4, 5)
are generated. The analysis by Srivastava and Chopra* dealt
with the four uniform regions and with only one nonuniform
region, (4). Region (4) is produced when the signal from the
corner at point B in Fig. 2 propagates into states (2) and (3)
with a sonic circle bounded by states (4) (a) and (4) (1). The
other nonuniform region, (5), is produced when the signal
from the first compressive corner propagates into the flow
behind the reflected shock until it reaches state (2). This
region behind the detached bow wave was not considered in
the original analysis. Hence, five of the observed regions after
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diffraction agree with the predictions given by Srivastava and
Chopra.*

The density distribution of the flow field was obtained
using a 23-cm-diam Mach-Zehnder interferometer in the
infinite fringe mode. The density in the uniform region (3)
immediately behind the reflected shock, which can readily be
calculated, was used as a reference. The evaluation of the
density field is shown in Table 1 and was obtained in the usual
manner.’

The pressure distribution over the wedge surface was
obtained from the experimental density distribution by
assuming the isentropic equation of state p=Apy, where p is
the pressure, p the density, v the ratio of specific heats, and 4
a constant to be determined from the initial parameters. The
experimental and analytical results are compared in Fig. 3.
Also, in Fig. 3, the relative deficiency of pressure at the wall in
regions (3) and (4) divided by the corner angle § in radians has
been plotted against the distance coordinate x. The distances
along the wedge surface were normalized by the original
surface distance AB from the shock wave to the corner at
point B. In this scheme, the sharp expansion corner § occurs at
x=1. In the analysis a mathematical singularity exists at the
corner, point B. As expected a finite pressure is measured at
the corner experimentally, as shown in Fig. 3. The analytic
shock Mach number of 1.36 was slightly lower than the ex-
perimental value of 1.39. However, the results are in good
agreement despite this small difference.

The need for accurate analytical and numerical descriptions
of oblique-shock-wave reflections and the associated
properties of the flowfields cannot be overemphasized.
Problems such as the transition from regular to Mach
reflection and the structure of the isopycnics resulting from
the reflection of a normal shock from compressive corners,
just to name two, can benefit greatly from an enhanced
understanding of the entire flowfield (see Deschambault and
Glass®).
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Fig. 1 Schematic diagram of the shock reflection pattern after
diffraction.

Table 1 Evaluation of the density field

Region p/pg Region p/pg
0) 0.382 ) (e) 0.975
(1 0.637 ) 0.970
2) 1.002 (® 0.975
3) 1.000 (h) 0.980
(4 (a) 0.995 i) 0.985
b) 0.990 [6)} 0.990
©) 0.985 (k) 0.995
(d) 0.980 0 1.000
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Fig. 2 Infinite fringe interferogram in air. M, =1.39; 8,, =70 deg;
Pg=150.5Torr; py=0.116 X 10 "% g/cm*; T, = 298.5 K; M,=0.26;
P2 =2980 Torr; p; =0.306 x 10 "2 g/cm®; T, =453 K; u, = 112.6 m/s;
M;=0.30; p;=2964 Torr; p;=0.305x10"2 g/em’; T;=453 K;
u3 =128.7 m/s; taken at a wavelength of A =3471.5 A. (u; stands for
the particle velocity in siate ()).)

P,-P A
3 (Py -Po) . e \\\
oLy ] 1

(¢} 05 10
X

Fig. 3 Comparison of calculated? (—) and measured ( @) relative
pressure deficiency along the surface of the wedge.
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Balance of Turbulent Energy in the
Linear Wall Region of Channel Flow
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Introduction

DESCRIPTION of the energy balance in the wall region

of turbulent flow is of importance both in understanding
the physical processes of turbulent motion and in developing
useful closure models.! Laufer? experimentally determined an
energy budget for turbulent pipe flow. Some of the terms in
the energy equation were found directly using hot wire
probes. Others, in the dissipation term, were obtained using
Taylor’s hypothesis and the assumption of isotropy; while the
term containing pressure was found as the closing entry. Later
Townsend® corrected Laufer’s estimates of the dissipation
term and deduced the energy balance given in Fig. 1. The
validity of these curves, for small y*, has not been established
conclusively, owing to the breakdown of Taylor’s hypothesis
and the isotropy assumptions in this region.

Eckelmann* and Kreplin and Eckelmann® made a detailed
study of turbulent oil channel flow with a large viscous
sublayer for small y* using a hot-film probe and a flush
mounted hot-film wall element. In particular, Eckelmann*
discovered that the rms streamwise and transverse velocities
u’ and w’, respectively, were proportional to y* only for a .
thin region 0<y™* 0.1, which he termed the viscous wall
layer. In the present Note it is shown that the presence of a
very small viscous wall layer is in contradiction with the
energy balance in Fig. 1, for at least 0<y* =2, if it is assumed
that channel and pipe flows have a similar energy balance in
this region.

Turbulent Kinetic Energy Equation

The turbulent kinetic energy equation for fully developed
turbulent channel flow is®
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