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Reply by Author to
L.E. Ericsson and J.P. Reding

H. Ikawa*
Rockwell International, Downey, Calif.

ERICSSON and Reding * commented that application of
the quasi-three-dimensional methodology (QTDM) to

predict the control surface effectiveness2 without considering
three-dimensional effects is a disservice to vehicle designers. It
appeared that Ericsson and Reding drew these conclusions
without careful examination of the paper2 and the com-
parison data. The author was well aware of the importance of
the three-dimensional separated flow phenomena generated
by surface deflections prior to undertaking this task.
However, sound engineering judgement was exercised to
determine that a quasi-three-dimensional approach is valid
for the Space Shuttle Orbiter (SSO) control surface ef-
fectiveness analysis when the flap/elevon is deflected into the
windward flowstream.

The paper2 did not claim that the QTDM is universally
applicable to any re-entry vehicle control surface analysis. On
the contrary, the application of the strip theory is limited to
"hypersonic winged vehicles" as described in the paper.
Furthermore, it stated that "the effects of flow spillage and
cross flow components normally associated with three-
dimensional viscous interaction problems are minimized (did
not imply nonexistent) by the deflected surfaces having un-
swept hinge lines.1" The flow spillage due to flap end effects is
minimized when the aspect ratio of elevon/flap is large. The
application of this QTDM subsequently showed that the
effects of the three-dimensional flow phenomena can be
approximately simulated for the SSO configuration.

Based on the aforementioned assumptions, the conclusion
drawn by Ericsson and Reding based on application of the
present methodology to axisymmetric data3 (cylinder-frustum
configuration of Apollo/Saturn) and the older Shuttle vehicle
having control surfaces with a highly swept-back hinge line4

are unjustified. In these configurations, strong three-
dimensional flow exists and the contribution arising from the
crossflow component of the interacting flowfield cannot be
neglected as stated by Ericsson and Reding.

The current SSO configuration consists of a flat wing lower
surface, and large-aspect-ratio eleven and flap (4.5 and 2.2,
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respectively) with uns wept hinge lines. Therefore, three-
dimensional flow separation effects are minimized, meeting
the aforementioned criteria.

Ericsson and Reding also discounted the effectiveness of
the QTDM by quoting the experimental results of delta wings
with uns wept hinge lines obtained by Whitehead and Keyes.
Laminar-turbulent transitional flow (mixed)5 separation data
were used to construct their argument. However, Ericsson
and Reding must be well aware of the fact that the mixed
separated flow phenomena cannot be predicted by either two-
or three-dimensional theory unless proper turbulent tran-
sitional criteria are incorporated. For fully developed tur-
bulent flow separation, Whitehead and Keyes stated: "For the
spanwise stations on the flap of 70 degrees swept wing data,
the centerline pressure is lowest and the pressure increases as
the distance from the centerline increases. This behavior is
just the reverse of that shown for the pressure distribution on
the flap of the mixed flow separation case." The predicted
spanwise pressure distribution for the reattachment region of
laminar flow separation on the SSO elevon follows precisely
the same qualitative three-dimensional trend observed in the
turbulent experiment5 (see Fig. 7 and discussion of Spanwise
Distribution of Peak and Plateau Pressures, Ref. 2). This is to
be expected since the observed phenomena in which
separation length increases with Reynolds number follows the
same trend for both laminar and turbulent flow separations.5

Therefore, this observation gives credence to the QTDM for
predicting the SSO control surface effectiveness, provided the
viscous interaction does not occur in the laminar turbulent
transitional regime and the criteria for the applicability of the
present QTDM are not violated.

It should be noted that the criticism is centered on the fact
that the four test data points shown on the a = 40 deg data
(Fig. 8 of Ref. 2) did not agree with the prediction. This
apparent discrepancy was allegedly credited to the flow
spillage at the wingtip, where in fact the observed
disagreement is due to wall cooling effects. The predicted
values were omitted in Fig. 8 for clarity, as discussed later. As
a result of this misunderstanding, the overall merit of the
QTDM is discredited by Ericsson and Reding.

Although Ericsson and Reding have qualitatively in-
terpreted the correctness of the separated flow phenomena,
they are unable to predict the exact separation and reat-
tachment points of their arguments. Ericsson and Reding
failed to recognize that the separation-reattachment points
and pressure recovery are influenced by many factors other
than the three-dimensional nature of separated flows, e.g.,
Reynolds number, Mach number, finite flap chord length,
wall cooling, etc. The rigorous arguments which led to the
results of Fig. 1 of Ref. 1 is simply demonstrated in Figs* 11
and 12 of Ref. 2 for the different reasons.

Due to the page limitation imposed on the paper a detailed
discussion of the experimental data (Fig. 8, Ref. 2) was
omitted, leading to Ericsson and Reding's misinterpretation
of the results. The experimental data shown in Fig, 8 of Ref. 2
were obtained from the two experimental sources. The data
/points shown in open triangle and square symbols were ob-
tained from AEDC wind tunnel tests, in which the model was
^heated to produce an adiabatic wall test condition (Sw =0).
Hence, the agreement of test and predicted data made with
Sw = 0 is good. The open circle data points were gathered
from the short-duration test conducted at CALSPAN which
produced nonadiabatic wall test conditions (Sw = - .8). These
short-duration tests were subjected to model vibration, which
may account for the data scatter. The separated zone is
reduced by wall cooling and control becomes more effective
as compared with the adiabatic case shown in Fig. 12 of Ref.
2. Figure 2 shown by Ericsson and Redingl is a reproduction
of the a = 40 deg data, Fig. 9 of Ref. 2 with four data points
taken from Fig. 8 of Ref. 2. However, Ericssori and Reding
failed to include the predicted nonadiabatic data points
(Sw = — .8 data also shown in black circle symbols which were
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predicted by the QTDM) in their comparison. If these
predicted data points are incorporated in Fig. 2 of Ref. 1, the
data agreement of the test and prediction will be significantly
improved (Fig. 1 of this paper). The influence of wall cooling
effects on the flow separation mechanism, for high-aspect-
ratio unswept elevon configurations, is substantially greater
than that due to flow spillage effects. Significant qualitative
and quantitative improvements in the prediction was achieved
by inclusion of wall cooling in the analysis, supporting the
aforementioned contention.

Conclusion
The validity of the quasi-three-dimensional methodology is

substantiated by Whitehead and Keyes experiments5 and by

the SSO wind tunnel test data when they are properly in-
terpreted. It is well known that inviscid flow produces the
most effective control surfaces predictions. Under these
conditions, the control effectiveness can be easily predicted by
any junior engineer with knowledge of compressible
gasdynamics. The control surface becomes most ineffective
when laminar viscous interaction produces flow separation.
Prediction are most difficult under this condition and its
uncertainty is of primary concern to designers. Therefore,
both extreme points must be known during vehicle design to
avoid embarrasing situations which may arise during flight.

Predictions of unsteady control hysteresis effects, ieeside
flow separation phenomena, and the OMS pod's flow in-
terference effects, which may produce control problems, are
not in the context of the present study. These phenomena are
important enough to warrant separate investigations.
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Ever since the birth of the space age a short two decades ago, one bold concept after another has emerged, reached full
development, and gone into practical application—earth satellites for communications, manned rocket voyages to the
moon, exploration rockets launched to the far reaches of the solar system, and soon, the Space Shuttle, the key element of a
routine space transportation system that will make near-earth space a familiar domain for man's many prpjects. It seems
now that mankind may be ready for another bold concept, the establishment of permanent inhabited space colonies held in
position by the forces of the earth, moon, and sun. Some of the most important engineering problems are dealt with in this
book in a series of papers derived from a NASA-sponsored study organized by Prof. Gerard K. O'Neill: how to gather
material resources from the nearby moon or even from nearby asteroids, how to convert the materials chemically and
physically to useful forms; how to construct such gigantic space structures, and necessarily, how to plan and finance so vast
a program. It will surely require much more study and much more detailed engineering analysis before the full potential of
the idea of permanent space colonies, including space-based manufacturing facilities, can be assessed. This book constitutes
a pioneer foray into the subject and should be valuable to those who wish to participate in the serious examination of the
proposal.
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