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Technical Comments.

Comment on "Numerical Optimization
Design of Advanced Transonic

Wing Configurations"

R. C. Lock*
The City University* London, England

HAVING read Ref. 1 with great interest, I was surprised to
find apparent signs of serious inaccuracy in the tables of

numerical results. This can be seen from Tables 1 and 2, in
which the numbers are identical with those of the paper, ex-
cept for the additional lines Ci/wA and CD/(C%/TrA)<

From Tables 1 and 2, it will be seen that for both wings,
even before optimization, the quoted values of the inviscid
drag coefficient CD are well below the ideal minimum induced
drag values for the appropriate values of CL and aspect ratio
A. After optimization, the improved values are only about
half the theoretical minimum.

Assuming that these apparent errors are not just the result
of some numerical slip, this does cast doubt on the accuracy of
the authors' method of calculating their "objective function"
(L/D) by integrating the appropriate component of pressure
over the wing surface. Earlier in the paper (p. 194, top of sec-
ond column), they state correctly that "for efficient operation
in the transonic regime the wave drag must be minimized ..."
In my opinion it is, therefore, better to use a method of drag
prediction that deals separately with the wave drag and vortex
("induced") drag components (and, in a real flow, the viscous
drag). For this purpose, a method such as those suggested in
Refs. 2 or 3 could be used.

In mentioning these doubts about the numerical accuracy of
the published results, I do not, of course, intend to detract
from the undoubted value of the authors' method as a design
tool. It is worth stressing, however, the importance of check-
ing the validity of any purely inviscid method Such as this by
subsequent calculations by a suitable "viscous" code, to make
sure that any reductions in inviscid drag have not been
outweighed by corresponding increases in viscous drag.

table 1 Lockheed model C-141B (aspect ratio = 7.89) ..

Parameter Original wing New wing

C2
L/<irA

CD
CD/(C2

L/irA)

0.585
0.0138
0.00967
0.70

0.558
0.0126
0.00723
0.58

Table 2 Cessna model 650 (aspect ratio = 9.0)

Parameter Original wing New wing

CL
C2

L/irA
CD 9CD/(C2

L/<xA)

0.565
0.0113
0.00909
0.81

0.506
0.00905
0.00438
0.48
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NASA Ames Research Center
Moffett Field, California

AS pointed out in the comment by Lock, the inviscid drag
values published in Ref. 1 show considerable error. This

error is truncation error and behaves in a consistent fashion.
That is, the inviscid drag is always too small. The inviscid
drag values associated with the analysis code (TWING)
always result in a small negative value for subcritical nonlift-
ing calculations or an underprediction of inviscid drag for
supercritical lifting cases/This error, as expected with trun-
cation error, can be reduced with grid refinement. However,
to keep the computer time requirements for the numerical
optimization procedure at a minimum, the results presented
in Ref. 1 were obtained on a very coarse grid (89 x 25 x 18);
thus, the absolute drag errors were larger than desired.
However, in numerical optimization, the accurate prediction
of absolute drag is not important. The accurate prediction of
drag increments is the important quantity and is crucial to
the success of numerical optimization. This point will be
discussed shortly.

Since the results appearing in Ref. 1 were completed, a
new version of TWING with improved truncation error
characteristics has been developed and is described in Ref. 3.
(This new version is used in the TWING/QNM design pro-

Table 1 Comparison of drag coefficients computed for an
QNERA M6 wing at M,x = 0.2 and « = 0 deg

Code description Inviscid drag

Ref. 2 result
TWING (CY = 3) (89 X 25 X 18)
TWING (CY = 4) (89 X 25 X 18)
TWING (CY = 4) (89 X 25 X 31)

0.0005
-0.0018
-0.0004

0.0001
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