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Abstract

RECENT studies of incompressible and transonic
separated flow problems1*3 led to the development of a

model accounting for the viscid-inviscid interaction within
these flow regimes. It is stipulated that the inviscid flowfield is
produced from an equivalent body whose geometry can be
characterized by certain parameters. The inviscid flow so
established guides the viscous flow processes of mixing and
recompression along the wake, including the subsequent
reattachment and flow redevelopment in the sense of
boundary-layer concept. The viscid-inviscid interaction is
manifested by the fact that the characteristic parameters
required to establish the corresponding inviscid flow are
determined through the viscous flow considerations. Ex-
tension of this approach to study the base pressure of a
transonic flow past a backward facing step in axisymmetric
configuration is reported and discussed.

Contents
For an axisymmetric transonic flow past a backward facing

step, as depicted in Fig. 1, the viscous layer is usually very
thin, as a result of the high-characteristic Reynolds number,
p^u^H/n^, and the equivalent inviscid body should assume
a profile more or less traced by the dividing streamline. As an
initial approximation, this inviscid body profile Rb is
described by:

Rb=ShR*
Rb=Sh(R*-Z3)
Rb = Sh(R*-l)

forZ<0
f o r 0 < Z < 7
forZ>7

where Rb, Z are already normalized by Zs. Sh(Sh = H/Z5) is
the shape parameter of the equivalent body and R* =R0/H. It
should be noted that the equivalent body has a third-order
polynomial within the wake region, so that continuity of slope
and curvature at the step is asssured. Furthermore, the
location of the inviscid rear stagnation point (Z- 1, Rb = RS),
with a given step height //, is yet unknown.

For a given approaching flow condition, the corresponding
inviscid transonic flow can be established for a specific value
of Sh by solving numerically the full axisymmetric potential
equation.4'5 Figure 2 shows a typical surface pressure coef-
ficient of the equivalent body from such calculations. The
pressure decreases initially until a minimum pressure is
reached. A steep rise in pressure occurs thereafter as the flow
approaches the inviscid rear stagnation point. Beyond this
point, the pressure decreases quickly toward the original
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freestream value. With the established inviscid flowfield, the
viscous flow analyses such as the turbulent boundary-layer
growth ahead of the step, the turbulent mixing after
separation, recompression, and reattachment may be per-
formed. They are discussed in detail in Ref. 4.

It has been found again that the point of reattachment
behaves as a saddlepoint singularity for the system of
equations describing the process of viscous flow recom-
pression. This behavior can be employed to determine the
correct value of the shape parameter Sh for the given flow
condition including the boundary-layer thickness at the step,
compatible with the characteristic Reynolds number. If the
flow solution were obtained through iterations with different
shape parameters, the cost of the computer time to establish
the corresponding inviscid flowfields would be excessive.
Instead, actual calculations were carried out to determine the
correct momentum thickness ratio d**/H of the boundary
layer at the step compatible with the given flow conditions
and the specific selected shape parameter. It has also been
learned that the pressure coefficient at the step can no longer
be interpreted as the base pressure coefficient. As the initial
flow Mach number increases toward sonic value, the base
pressure becomes lower while the absolute value of the
pressure coefficient at the step approaches zero. Since the base
is exposed to the recirculating flow, the base pressure for the
present problem has been defined as the static pressure of the
wake flow prior to the beginning of recompression. Figure 3
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Fig. 1 The corresponding inviscid body of a transonic flow past an
axisymmetric backward facing step.
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Fig. 2 Surface pressure coefficients on the equivalent body.
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Fig. 3 Variation of Cpbm vs 6y */// as a function of Mach number
for zero sting radius ratio.
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Fig. 4 Comparison of base pressure with experimental data for zero
sting radius ratio.

shows the influences of the Mach number and the Reynolds
number on base pressures so defined. Drastic decrease of base
pressures has been observed as the sonic initial flow condition
is approached. Figure 4 shows the comparison of the base
pressure with the available experimental data.6'8 Un-
fortunately, other than the data from Merz et al.,7 the in-
formation on the initial momentum thickness ratios under the
testing conditions of these data is not available. Figure 5
shows a specific geometry of the established wake flow.

It should be mentioned that the results obtained so far
constitute only the first approximation of the problem. The
profile of the corresponding inviscid body geometry com-
patible with the established viscous flow should be at a
distance of the displacement thickness of the viscous layer
away from the viscous dividing streamline, and thus the
profile would no longer coincide with the solid wall upstream
of the step and downstream of reattachment. Higher order
approximations to the corresponding inviscid body geometry
can be carried out after the viscous flowfield downstream of
reattachment is also established. It is believed, however, that
the base pressure results obtained and presented here would
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Fig. 5 Geometry of the wake region for ^=0.75, RS/R0=Q,
67**///=0.023,S//=0.195.

not be significantly modified. It is also appropriate to add
that "perturbation of the corresponding inviscid body
geometry"9 yields meaningful results to separated flow
problems in subsonic and transonic flow regimes.
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