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COMMENTARY

H. H. PEARCEY (National Physical Laboratory, Teddington, England): I was
extremely interested in the results for the caret wing that Mr. Becker included with
the wealth of his other results. I have not been directly concerned with the work on
these configurations in the United Kingdom and it is a pity that the people who
have been so concerned are not here, because I feel sure that they would have some
interesting comments to make. In their absence, here are some that occur to me.
Would Mr. Becker agree that he tried the simplest possible form of this concept of
using the pressure field of an entirely attached oblique shock, and that this form is
not necessarily the optimum application of the concept to give high L/D for a
given value of the volume parameter? Also, the advocates of this principle have
perhaps been more 'concerned with optimising the whole vehicle and not just its
L/D. For example, if one considers the desirability of flying it as an aircraft with
conventional takeoff and landing, it is possible to design these "caret" or "wave-
rider" configurations to achieve good airfield performance without the variable
geometry that would, one suspects, be needed for the low aspect-ratio slabs or for
the increasingly slender deltas that are based on sonic-leading-edge concepts. Again,
I wonder whether Mr. Becker has analysed his excellent and revealing heat-transfer
measurements with a view to optimising between good L/D and low total heat
intake, or low coolant weight. Here the wave-riders may show up to advantage
because one feature of the principle on which they are based is that a given lift is
obtained with a uniform pressure over the whole lower surface. Hence they avoid
the relatively high local pressures—and the relatively high local heating-rates that
go with them—that occur on other configurations which obtain the same lift with
a nonuniform distribution of pressure. It is furthermore significant that these
relatively high local heating rates tend, embarrassingly, to occur near the leading
edge.

REPLY

I would like to thank Dr. Pearcey for calling attention to the fact that our
experimental comparisons considered only the simple conceptual form of the caret
wing. We have not yet examined any of the more sophisticated forms, nor have we
attempted any "trade-off" studies between L/D and structural heat-protection
weights. A quick comparison of the Mach 4 pressure distributions of caret wings
shows a real advantage over the pressure diagrams for a comparable flat delta. Of
course, at hypersonic speeds viscous effects which are present for all wings will tend
to reduce this advantage of the caret wing.

COMMENTARY

DIL C. LINDLEY (Aerospace Corporation, El Segundo, Calif.): The heat
transfer data you have shown for the turbulent boundary layer of very efficient

aerodynamic configurations should be of great interest to the structural and design
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engineer, and others. However, there appears to be a reasonable chance that the
boundary layer may be laminar to a very high Reynolds number in the higher speed
regimes discussed, unless transition is induced by shock-boundary layer interaction,
or other effects of a complex shape. Since the aerodynamic benefits of complex
shapes seem to be so small and so equivocal, might it not be wise to concentrate
future effort on simple shapes and those conducive to delayed transition?

(The author replied to the effect that the experimental evidence at Mach 6-10
[see Fig. 15] indicated transition at relatively low Reynolds numbers.)

Later Question: In the subsonic regime, we found that wind-tunnel results pre-
dicted transition at lower Reynolds numbers than experienced in free flight, unless
extreme attention was given to wind-tunnel design. Should we not expect the same
in the supersonic regime?

REPLY

One cannot argue with Dr. Lindley's suggestion to choose the simpler shapes
which have a better chance of achieving laminar flows, other factors being equal.
We must remember, however, that the Reynolds numbers of the Mach 5-8 cruise
vehicles will be very high, 100 million or greater. Of greater importance is the
extremely irregular nature of the high-temperature heat-protective exterior surface
that will exist on these aircraft if their construction follows the methods which now
appear most likely. For these reasons, we regard the attainment of extensive
laminar flows highly unlikely even for the most favorable shapes. This Situation
parallels experience with operational subsonic aircraft of the past 30 years which
has shown that the extensive laminar flows known to be achievable with ideally
smooth surfaces do not occur in the presence of surface manufacturing irregularities
or ordinary dirt accretions.

High-L/D reentry vehicles, primarily by virtue of the much lower Reynolds
numbers at which they will operate, may derive substantial advantages from lami-
nar flow. In any event, research attention must be directed to the question of
hypersonic transition and the effects of surface irregularities because the leading
edges of both classes of vehicle will hopefully enjoy laminar flow, and the critical
heating regions immediately downstream of the leading edges will be importantly
affected by transitional heating phenomena which at present are largely unknown
both in character and extent at hypersonic speeds.




