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N his comment on our paper,! Birch states that he does not think
that the Pope? and Sarkar® modifications represent the correct
physics of turbulent mixing in jets. He indicates that the modifica-
tions should not be used. However, he offers no alternative, even
though it is well documented that the standard K—& model does
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not predict three-dimensionalhigh-speed jet flows well. Further, he
notes that for jets issuing from nozzles with complex geometries or
complicated upstream flow conditions, accurate initial conditions
for parabolized computations are important.

When Pope? formulated his correctionterm, he did appeal to the
notion of vortex stretching. However, his correction may be viewed
merely as a way to account for the reduction in turbulence levels
in three-dimensional jet flows compared to two-dimensional shear
layers. This view is the one expressed in our paper. We attribute the
reducedturbulencelevelstothe behaviorofthe large-scalestructures
and not to some general result of flow divergence. The effect of
the correction is that the spreading rates of axisymmetric and three-
dimensionaljets are smaller than that of the two-dimensionalmixing
layer. This matter was discussed in our paper. The jet flow results
we obtained by using the correction are excellent when compared
with experiments. We have made no recommendationregarding the
use of Pope’s correction in other environments (e.g., wall-bounded
flows and radial jets).

In our paper, we discussed the physical mechanism* that causes
the reduction in high-speed mixing. This mechanismis not included
in the standard K—& model. It is obvious that a modification to the
K-gmodel is needed if this effect is to be reproducedin the calcula-
tions. Inany model, including every turbulencemodel, the objective
is to have a simple mathematical representationthat does what the
physicalmechanismdoes. We did note the fact that the Sarkar model
was derived on a different physical basis. However, upon close ex-
amination, we find that the model does simulate the characteristics
of the actual physicalmechanismin jets. We elaborated on this issue
in the paper.

A parabolizedcomputationcan be accuratelyappliedto very com-
plicated flows. However, it should be applied only to flows with
very little upstream influence. For most jet flows, this condition is
well satisfied some distance downstream of the nozzle exit. In our
calculations, initial conditionsare chosen to match the data at some
downstream location. In each case, the data vary slowly (i.e., exhibit
very little upstream influence) downstream of the first measurement
point. As a result, the parabolized calculationsare quite appropriate
for the jet flows considered. We certainly agree that it would be
foolish to use parabolized calculations for flows with significant up-
stream influence or for which appropriate initial conditions cannot
be estimated.
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