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topic that was not addressed in the paper. Any parabolized
Navier-Stokes (PNS) algorithm is subject to error purely
because of the single-pass philosophy. A second source of er-
ror is the modification of the flux vector that occurs to allow
the space-marching solution to be obtained. Both the parabo-
lized FDS and FVS algorithms are subject to these errors.
However, the simple fact of the matter is that the parabolized
FDS algorithin is not conservative in subsonic regions of the
flowfield. This is what was demonstrated, among other
points, in the paper in question. By construction, the parabo-
lized FVS algorithm exactly conserves the mass flux upon con-
vergence of the iteration at a given marching station. The mass
flux was chosen as the quantity to monitor since the other
momentum and energy equations effectively have source
terms, i.e., the viscous terms. However, the remaining quanti-
ties in the modified flux vector are also exactly conserved
when the effects of the viscous terms are taken into account.
The fact that the mass flux error occurring when parabolized
FDS is used is grid dependent, as correctly noted in the Com-
ment, certainly does little to mitigate the consequences of its
presence.

In Ref. 1, a numerical integration of the fluxes used in the
solution algorithm along an £ = const line was used to compute
the mass flux at each marching station. The error in mass flux
was defined as the computed mass flux minus the exact mass
flux divided by the exact mass flux. The errors were displayed
as a percentage of the total mass flux at each marching station.
In results not included in Ref. 1, doubling and halving the grid
spacing in each direction produced a maximum local change in
the mass flux error of less than a factor of 3. However, accord-
ing to Ramakrishnan et al.,? the mass flux errors computed us-
ing a similar computer code? were ‘‘2 to 3 orders of magnitude
less’’ than the mass flux errors shown in Figs. 2 and 4 of Ref.
1. Therefore, it seems unlikely that grid sensitivity alone is re-
sponsible for the discrepancy in reported mass flux errors.
Since there are many possible interpretations of a mass flux er-
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ror and since Ramakrishnan et al.> do not describe their
method of determining the mass flux error, we can only attri-
bute the discrepancy in reported values to their use of a dif-
ferent error measure.

Although not considered in the paper, several points raised
in the Comment concerning the relative accuracy of the two
methods merit brief discussion. The statement in the Com-
ment that neglecting the # — c eigenvalue eliminates only a
part of the streamwise pressure gradient in the limiting case of
M - 0 is misleading. The effect of this term, in conjunction
with the associated right eigenvector; is to modify each of the
terms in the interface flux, not just the pressure term. It is in
no way apparent that the net effect of neglecting the flux in-
crement associated with this eigenvalue coupled with a non-
conservative formulation is superior to the Vigneron approach
in a conservative formulation as conjectured in the Comment.
To our knowledge, this question has never been addressed.

Incidentally, the character of the flowfield associated with
the hypersonic inlet, particularly the streamwise separation, is
well known and has been previously reported.* This case was
iricluded because it had been computed by other researchers
and, presumably, was familiar to the PNS community.
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URING typesetting of this article, several errors were
introduced that critically affect its content. Corrected
reprints are available from the authors.

Page 325:
The last term in Eq. (9) should be preceded by a minus sign
and is missing an overbar:

O = — gy 4L O By, B 3] 0y
an 8xj axk 6x,~ Bxk an (9)
du! du! duj » dul 8
oy LR oy —L
g axy axj an k an anaxk
Page 326:
The third minus sign was omitted in Eq. (32):
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The sentence following Eq. (35) should end with
“(...C, = 0.09).”

Page 327:
In Eq. (35), the last variable in the partial derivative should
be changed from ““x’’ to “‘x;.”’



