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1.8 (see Figure 3-1). As the cruise speed of a supersonic
aircraft increases, specific fuel consumption also increases.
However, in principle, the parameter V/C actually increases
with speed by a factor of about V¥4 over the range of interest
here. An increase of this magnitude would largely offset the
drop in L/D that occurs at higher speeds. However, this in-
crease has not been demonstrated in operational engines.
Furthermore, parametric design studies of supersonic air-
planes show that designers have much less freedom to make
necessary compromises than with subsonic aircraft. Thus, a
net reduction of a few percent in [V/C x L/D] may have a
serious cascading effect on the ability to meet other design
goals at higher speeds. Regardless of the cruise speed of in-
terest, increases in L/D are vital to enabling an economically
viable supersonic aircraft, and meeting L/D goals (see Table
2-1) should remain the focus of aerodynamic research for
commercial supersonic aircraft.

Most work to date has focused on the higher speeds to
increase the benefit in terms of utilization. Based on more
recent estimates of environmental constraints, however, a
range of 1.4 to 2.0 seems more reasonable and would open
the possibility for new benefits from advances in vehicle
configuration and acrodynamics. As described in the pre-
ceding section, improved vehicle configuration designs are
also likely to be a key part of reducing sonic boom to levels
that might permit overland supersonic flight.

State of the Art

Research in supersonic aircraft aerodynamics, which has
been ongoing for almost 50 years, has been marked by inter-
mittent efforts—first in the late 1960s and early 1970s when
the Concorde was developed and a U.S. SST was worked on,
then again in the 1990s as part of NASA's HSR Program and
concurrent work by U.S. industry to develop designs for an
HSCT. Currently attention is being given to smaller super-
sonic aircraft by the DARPA QSP Program, and industry
{e.g., Gulfstream and Dassault) is exploring the development
of an $BJ (George, 2000).

One view of the progress that has been achieved is shown
in Figure 3-1, which compares the L/D of a recent Boeing
HSCT design with that of the Concorde. Although the esti-
mates for the HSCT are somewhat optimistic, the improve-
ments in cruise performance and particularly in subsonic
performance are significant. Although a change in cruise L/
D from 7.5 to 9 represents only a 20 percent improvement in
drag at a given weight, supersonic aircraft are more sensitive
to such changes than are conventional subsonic aircraft. For
a design range of 5,000 NM and with an assumed engine
efficiency of 45 percent and an empty weight fraction of
0.25, a 20 percent increase in L/D corresponds to a 40 per-
cent reduction in the required takeoff weight for a 100-pas-
senger aircraft. Several promising concepts, while immature,
may become key features of a successful future commercial
supersonic aircraft.

COMMERCIAL SUPERSONIC TECHNOLOGY: THE WAY AHEAD

Related Promising Technologies

Supersonic aerodynamics could be revolutionized by suc-
cessful technologies in any of four areas: supersonic laminar
flow, other methods for modifying the flow field around the
aircraft, unconventional vehicle configurations, and detailed,
computational systems for high-fidelity analysis.

Supersonic laminar flow has long been recognized as a
potential breakthrough that might reduce skin friction drag
by as much as 90 percent. But achieving extensive laminar
flow has been an elusive goal. Substantial efforts are being
made to achieve laminar flow for subsonic aircraft, but re-
sults have not been particularly encouraging. Research on
suppressing the transition from laminar to turbulent flow
using active flow control (via suction, blowing, or time-de-
pendent boundary-layer manipulation) continues in many
laboratories, but the prospect of developing an economically
viable system of this sort remains remote. Perhaps more in-
triguing is the possibility that laminar flow may be more
casily maintained at supersonic speeds than at lower speeds.
A few related approaches involve the careful design of wing
surfaces to achieve favorable streamwise pressure gradients
and minimize cross-flow transition. These approaches range
from those described by Tracy et al. (1995), in which wings
with low leading-edge sweep and favorable chordwise pres-
sure gradients are integrated into the aircraft concept, to re-
cent work at the National Aerospace Laboratory of Japan,
which emphasizes more highly swept wings with low upper-
surface cross-flow achieved with rather flat streamwise pres-
sures (Yoshida et al., 2000). The latter concept, while more
Sensitve to dis ces and aimed at achieving Taminar flow
over 15 percent of the wing surface, permits the use of sub-
stantial wing sweep. The more mildly swept natural laminar
flow concept has demonstrated much larger extents of lami-
nar flow in recent flight tests but may incur structural penal-
ties because of the need for very thin wings. In addition, the
short lifting length of the reference concept is difficult to
reconcile with the requirement for shaped sonic boom signa-
tures. Research on each of these concepts is in its infancy
but, if successful, may have a dramatic effect on achievable
supersonic aircraft performance. It appears feasible to ex-
tend these ideas with additional measures for cross-flow sup-
pression. Active cooling or passive techniques for suppress-
ing the initial cross-flow instability (White and Saric, 2000)
may permit additional sweep on the supersonic leading-edge
natural laminar flow concept or more extensive laminarity
for the subsonic concept.

The second area of general interest for dramatic improve-
ments in supersonic aerodynamics involves much more
speculative approaches to the modification of the flow field.
Active flow control, virtual shaping, and energy addition in
various forms have been proposed for many years as a pos-
sible means for reducing wave drag or sonic boom ampli-
tude. The committee does not believe that any of these ap-
proaches promise near-term breakthroughs in supersonic
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