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Comment on "Computation of Choked
and Supersonic Turbomachinery Flows

by a Modified Potential Method"

T. C. Adamson Jr.,* J. Mace,t and A. F. Messiter$
The University of Michigan, Ann Arbor, Michigan

T HE authors of Ref. 1 have presented an interesting and
useful method for computing internal flows with shock

waves using a modified potential method. It is the purpose
of this Note to add to the understanding of the limits of
potential theory at transonic speeds by attempting to clarify
some of the statements made in the subject paper, using
asymptotic solutions derived for internal flows.

The statement that a potential solution may not exist at all
in internal flows with a prescribed back pressure, and that
when one does, the location of the shock wave is not unique,
should be interpreted in the light of the order of the approx-
imation one desires. Thus, as shown in Refs. 2 and 3 for
steady flows and in Refs. 4-6 for unsteady flows, it is possi-
ble, in transonic internal flows, to locate the shock wave
uniquely using a potential solution valid through third order.
That is, if \M2-l\=Q(e), say, then the (nondimensional)
jump in entropy across the shock wave is 0(e3). However, the
Crocco equation shows that vorticity depends on the gra-
dient in entropy normal to the streamlines, which is of still
higher order, and so a potential exists at least through 0(e3).
It turns out that only second-order terms are necessary to
locate the shock wave in steady and unsteady flow; thus, the
shock is located by setting the back pressure to second order.
This result may or may not be helpful in formulating
numerical solutions to internal flows. In any event, it points
out a reason for the difficulties found in determining the
location of the shock wave by setting the back pressure in
transonic flow; very small changes in back pressure can
cause large-amplitude excursions in the shock position, and
so truncation errors can be very important, as can the
method of imposing the boundary condition at the duct exit.

The previous remarks also apply in interpreting the
description of the solution envelopes given in Fig. 3 of Ref.
1. Thus, when a shock wave occurs in the diverging part of a
channel, a jump takes place from the supersonic solution to
a subsonic solution, which may be close to but is not the
same as the one that passes through sonic velocity at the
throat. In fact, for every shock position, there is of course a
separate and unique subsonic solution to which the solution
jumps, depending on the back pressure. Again, for weak
shock waves it should be emphasized that although the jump
in entropy is 0(e3), the shock location may be found by set-
ting back pressure using solutions valid to 0(e2); the entropy
jump need not be found in order to locate the shock wave.
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This does not mean that one cannot find the shock position
using the jump entropy, of course, but only that it is not
necessary to do so. As shown in Ref. 2, one finds the same
result using either condition.

The general ideas developed in Ref. 2 have been used to
find solutions for transonic flow through a lightly loaded
cascade,7 and a simple analytical expression for the unique
incidence angle was given for the case of supersonic incom-
ing velocity. Although only the flow ahead of the cascade
was considered in detail for this case, the solutions for the
flow regions between the blades should follow those found
for channels closely enough that the results mentioned above
concerning shock location would certainly hold there as well.

References
1 Habashi, W. G., Hafez, M. ML, and Kotiuga, P. L., "Computa-

tion of Choked and Supersonic Turbomachinery Flows by a
Modified Potential Method," AIAA Journal, Vol. 23, Feb. 1985,
pp. 214-220.

2Messiter, A. F. and Adamson, T. C. Jr., "On the Flow Near a
Weak Shock Wave Downstream of a Nozzle Throat," Journal of
Fluid Mechanics, Vol. 69, 1975, pp. 97-108.

3Mace, J. and Adamson, T. C. Jr., "Shock Waves in Transonic
Channel Flows at Moderate Reynolds Number," AIAA Journal,
Vol. 24, April 1986, pp. 591-598.

4Richey, G. K. and Adamson, T. C. Jr., "Analysis of Unsteady
Transonic Channel Flow with Shock Waves," AIAA Journal, Vol.
14, Aug. 1976, pp. 1054-1061.

5Chan, J. S.-K. and Adamson, T. C. Jr., "Unsteady Transonic
Flows with Shock Waves in an Asymmetric Channel," AIAA Jour-
nal, Vol. 16, April 1978, pp. 377-384.

6Adamson, T. C. Jr., Messiter, A. F., and Liou, M. S., "Large
Amplitude Shock Motion in Two-Dimensional, Transonic Channel
Flows," AIAA Journal, Vol. 16, Dec. 1978, pp. 1240-1247.

7Messiter, A. F. and Adamson, T. C. Jr., "Transonic Small-
Disturbance Theory for Lightly Loaded Cascades," AIAA Journal,
Vol. 19, Aug. 1981, pp. 1047-1054.

Reply by Authors to T. C. Adamson Jr.,
J. Mace, and A. F. Messiter

W. G. Habashi*
Concordia University, Montreal, Canada

M. M. Hafez*
University of California, Davis, California

and
P. L. Kotiugat

Pratt & Whitney Canada, Longueuil, Canada

WE would like to thank Professors Adamson and
Messiter and Dr. Mace for their interesting comments

on our paper.1 It is indeed useful for us, as well as others, to
know about their publications listed in their comment.

In fact we completely agree with the remarks concerning
the usefulness of the potential formulation and the methods
to remedy its deficiencies. As stated in Ref. 2 of their corn-
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