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rectional derivative Cn(p) in particular, but the controver-
sy served to clarify the various applications. What the
prospects are for calculating induced drag on wing-body
combinations remains to be seen, and further investiga-
tions are in order. Certainly, Hua has more to do to im-
prove his drag calculation than simply account for leading
edge suction.

The analysis of sideslip is our last area of criticism. The
use of dual coordinate systems in linearized theory, i.e., a
body-axis system for the elements and control points, and
a wind-axis system for the element trailing vortices, not
only introduces needless complications in the longitudinal
case but also substantial errors in the directional case.**
The most complete study of the validity of the Lattice
Method is James' investigation15 of the two-dimensional
steady flow case which demonstrated the proper chordwise
locations of the bound vortex and the downwash colloca-
tion point on each lifting element but obviously had noth-
ing to say about the spanwise location of the collocation
point in three-dimensional applications. From numerical
experimentation, it has become apparent that the opti-
mum spanwise location of the collocation point is at the
centerline of the lifting element which, in the longitudinal
case, is halfway between the trailing vortices. In Hua's
coordinate systems, the collocation points are not cen-
tered between the trailing vortices, and if more vortices
had been used, it is likely that at least one trailing vortex
would have crossed a collocation point at some sideslip
angle (for zero angle of attack) and an infinite downwash
influence function would have resulted. This explains the
large discrepancy in underestimating the dihedral effect
Cz(0) shown in Hua's Fig. 7. We can also ask how many
problems are created by a sideslipping wing as its trailing
vortex system intersects the fuselage, but that question
may also be asked of our own development.11 However,
there are still some items for further investigation in esti-
mating Q(0) for a wing alone. The prediction of dihedral
effect for geometric or flexibly induced dihedral can be
made by considering sideslip simply as a source of down-
wash as in Ref. 16 and the Vortex Lattice Method without
modification can be used to provide the aerodynamic in-
fluence coefficients required in Ref. 16. However, the
planform contribution to CK^ from a swept wing requires
some modification in procedure but none in principle.
This consists of aligning the elements in the lattice sys-
tem and, thus, also the control points, with the direction
of sideslip. For positive sideslip ($ and sweepback A, the
right wing will then have less sweep, i.e., A - /3, and the
left wing will have more sweep, i.e., A + (3, and the wing
tip regions will appear triangular. Numerical evaluation of
this approach to the planform contribution to CK^ is a
topic for further study but the wind axes of Ref. 1 cannot
lead to accurate estimates.

To conclude, we will certainly not agree, at least at sub-
sonic speeds, that "the existing methods for predicting
aerodynamic coefficients are not very satisfactory," but
we hope that this Comment will assist the interested
reader in distinguishing between the real and the imag-
ined problems that remain.
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THE preceding Comment by W. P. Rodden et al. shows
that several points in my original paper should be further
elaborated. In the early stage of preliminary design, air-

**Figure 1 of Ref. 1 appears to have the lifting element drawn
incorrectly; i.e., the side edges are not parallel to the x-axis.
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Fig. 1 Normal load distribution of aircraft in yaw, a = 2°.

craft designers predict the performance and control effec-
tiveness (an item of flying qualities1) based mostly on the
steady-state data measured in a wind tunnel. The work
done in the paper was intended only to analytically esti-
mate these data to alleviate the wind-tunnel test load.

While constructing a mathematical model to estimate
the aerodynamic coefficients of an aircraft in sideslip, it
was found that the trailing vortices fixed with the body
axes of a sweepback wing produce a force contradictory to
observations. The model was then refined by orienting the
trailing vortices to the wind. This is why the author does
not understand how the lateral coefficients can be calcu-
lated merely by integrating the load distribution calculat-
ed with a system fixed by the body axes.

While the dual system does introduce complications, it
is still possible, using a computer of 8K memory,2 to cal-
culate all the results in the paper. The author was aware
of the problem caused by the trailing vortices moving
close to the control points. (This condition may happen in
vortex system fixed with body axes, e g., a trailing vortex
from the wing may cross a control point on horizontal

CONTROL POINT

Fig. 2 Lifting panel with horseshoe vortex and control point.

tail.) He tried to manipulate the computer program by
neglecting the parts of trailing vortices close to the control
points. This scheme was later disregarded as it showed
little improvement in the results. Fortunately, the trailing
vortices almost always come from neighboring bound vor-
tices in pairs with opposite directions, and this problem
can be avoided by making proper arrangement of the lift-
ing panels or by taking data only at small sideslop angles.

The preceding Comment has brought the author's atten-
tion to an important point which was not reported in his
paper. To compute using this subject method, coordinates
of elements on both wings and both horizontal tails should
be included in the input data, not the half airplane, as
with most methods. In this way the image system may not
be needed, as can be seen in Fig. 1. The author also reali-
zes the error in Fig. 1 of his paper in angles a and ft. The
correct figure is Fig. 2.
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