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E do not propose the use of the flat-plate model for the

purpose of calculating nozzle temperature profiles as
might be inferred from reading the poorly written second
sentence of our Tngineering Note.! The flat-plate model is
used only to select the size of both the surface node thickness
and associated time steps in order that space and time trunca-
tion errors may be reduced to as little as 19,. TUse of the
flat-plate model instead of a hollow eylinder for this purpose
assumes that space truncation errors are independent of model
geometry. This assumption is valid because the node can
be taken as small enough to be described as a rectangular
parallelepiped, regardless of the shape of the model. If this
is true, using a hollow cylinder for a model would not produce
a calibration that was any more accurate than the flat-plate
calibration, but it would be considerably more difficult and
time-consuming to accomplish. If this is not true, neither the
flat-plate nor the hollow-cylinder model can be used to
calibratc the numerical method to satisfy the complex geome-
try of the nozzle.

Thus, the purposes of our note were to 1) justify aceuracy
levels in finite-difference solutions to transient heat transfer
in rocket nozzles and 2) give the reader some guidance as to
the magnitudes of effort that would be required in either the
simple approximate analytical solution, in terms of the
cigenvalues necessary, or in the magnitudes of incremental
slices and time steps necessary in the finite-difference ap-
proach. We did not intend to suggest that the flat-plate solu-
tion would be advisable for other than very approximate pre-
liminary use in the analysis of rocket nozzles. Although the
cylinder would be a step in refinement compared to the flat
plate, the numerical solution to be used for an actual rocket
nozzle would not be based either upon a flat plate, or a hollow
cylinder, but would be based upon the actual geometric
configuration of the rocket nozzle in question. The point is
that, because rocket nozzles are complex (both in terms of
geometry materials and boundary conditions), the numerical
method can approximate the true conditions of a rocket nozzle
much closer than any analytical method. Then, if the values
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of the input parameters are selected to minimize the various
numerical errors (an outstanding one of which is truncation
error), the numerical method is in an excellent position to
properly duplicate actual rocket nozzle operating conditions.

Once the calibration for truncation errors has been per-
formed, a set of curves, as shown in Figs. 4 and 5 of Ref 1,
which guide the selection of surface node thickness (and also
time steps) is drawn. From this time forward, all uses of the
numerical method should be guided by these curves.

We might point out that there are analytical solutions for
the hollow cylinder other than that of the reviewer (e.g., Ref.
2); in fact, handbooks of graphical solutions®# thereof exist.
A more complete version of our note appears in Ref. 5.
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Addendum: ‘““Application of Biot’s
Variational Method to Convective

Heating of a Slab”

Hueu N. Cau*
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[J. Spacecraft Rockets 1, 686—688 (1964)]

HE discussion toward the end of the original paper was

based on the parabolic profile solution (3) as a standard
of comparison primarily because it was first given by Biot
(Ref. 1 of the original paper). Actually it is no better than,
say, a cubic or quartic profile solution. Therefore, the con-
cluding sentence of the paper is perhaps too restrictive.
That is, within the spirit of approximation of the paper, Eq.
(21) or a similar equation derivable from a quartic profile,
say, should be applicable to the entire time range. On the
other hand, strictly speaking, ¢; is not a good basis for com-
parison since the exact solution gives a penetration distance of
infinity.
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