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ABSTRACT

Paper discusses future alternatives to currently deployed
systems which could provide revolutionary
improvements in metrics applicable to civilian
aeronautics with, in many cases, significant military
"spinoff." Specific missions addressed include subsonic
transports, supersonic transports, personal aircraft, and
space access. These alternative systems and concepts
are in many cases updates to known "end point" designs
enabled by recent and envisaged advancements in
electronics, communications, computing,
CFD/nonlinear aerodynamics and "Designer Fluid
Mechanics"-- in conjunction with a design approach
employing extensive synergistic interactions between
propulsion, aerodynamics and structures.

INTRODUCTION

The last 50 years of aeronautics have been truly
revolutionary. In the developed world, train and ship
long haul passenger traffic has been replaced by aviation
and aviation has assumed a dominant role in warfare.
The list of revolutionary technological developments
during this period includes large swept wing near-sonic
transports of the B47-707 genre, supersonic cruise and
fighter aircraft, turbojets and ramjets, high strength
aluminums and composites, and a vast array of
avionics. Much of this progress occurred under the
dominant metric of higher, faster and larger is better and
was a continuation of aeronautical development trends
since the early 1900's.

Today and for the foreseeable future, the metrics, and
hence the nature of desired technological improvements
are "different." These "new" (civilian) metrics include
AFFORDABILrTY (initial, life cycle), productivity
(aircraft, air space), safety and the environment (noise,
pollution). Driving these metrics are global economic
competition (exacerbated by the demise of the "cold
war"), an increasing demand for air travel in the shorter

term, increasingly stringent environmental regulations
and the emerging competition from the ongoing
telecommunications revolution(s) wherein business
travel in particular may become increasingly replaced by
"virtual" interpersonal interaction via (eventually) 3-D
technology such as holographic projection, virtual
reality immersion, etc. Estimates indicate a 40 percent
business travel reduction over the next 20 years due to
the "teletravel" revolution with consequent (non-trivial)
reductions (the order of 1000 units) in CTOL transport
production (e.g., references 1 to 5). Such a reduction in
business air travel would leave recreational travel the
dominant market sector, a sector which is extremely
price sensitive, placing a further premium upon cost
reduction technologies.

Corresponding updated military metrics are also lead by
AFFORD ABILITY, followed by responsiveness,
flexibility, lethality, survivability, logistic support and
standardization/interoperability. The present paper
places major emphasis upon the civilian sector, with
obvious military "spinoff possibilities" noted.

The current approaches to satisfying these metrics
almost universally involve incremental/evolutionary
technological improvements to the existing paradigms
coupled with revolutionary reductions in design cycle
time and "manufacturability" improvements in the
context of an "integrated product team." What are
conspicuous by their absence are any major attempts to
satisfy these metrics via the complementary approach of
inventing, developing, and deploying farther term/
advanced technologies, in particular advanced
configurations or systems, with revolutionary
performance improvements. While traditionally
performance improvements have been used to enhance
speed or reduce fuel consumption, they can obviously
also be employed to address the present metrics of
cost/part count/weight, productivity, safety and the
environment, where advanced performance can have
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truly dramatic payoffs. Also, much of the major
aeronautical improvement actually fielded over the past
40 years, particularly in the long haul arena, has been
the result of propulsion technology, primarily higher
bypass and turbine inlet temperature, which provided
much of the technology for a near trippling of seat
miles per gallon. Studies and suggestions for advanced
configuration concepts (e.g., references 6-11) have, in
general, not been investigated in depth nor
implemented. In fact, vehicle long term strategic
planning/research in the civilian aeronautical arena has
been exceedingly sparse for decades. This has not gone
unnoticed and calls for renewed longer term research
efforts have come from both Dan Goldin, the NASA
Administrator, and Congress "Focus NASA's
Aeronautics on Revolutionary New Concepts" (reference
12). The military has been much more proactive in this
regard (e.g., references 13,14 and the previous
"forecast" studies-e.g., reference 15).

The purpose of the present paper is to discuss example
advanced concept approaches, across the speed range and
for space access, which may provide revolutionary
changes and opportunities in civilian aeronautics in the
future. The context of this advanced concepts
discussion is that there are no "magic bullets," i.e.,
concepts which require no R&D, have no problems,
require no research and provide guaranteed (huge)
benefits. All of these approaches require considerable
work to move them through the two filters which exist
between an idea and a deployed system. The first of
these filters is a technical one which asks the question
"does it work." The second, and immensely important,
filter is technological and addresses the issue of whether
the concept makes sense in the "real world" when all the
"illities" are considered. Also, most of these concepts
are not new (see reference 16), simply worthy of being
readdressed in the context of new metrics,
missions/requirements, available technology levels and
implementation ideas. A central theme is the use of
serious synergies between propulsion, aerodynamic and
structural systems (see reference 17). Many of the
concepts discussed herein devolved from a series of
unpublished workshops and studies convened by the
present author at NASA Langley in the late 80's-early
90's specifically to (re)address advanced concepts in
various mission areas (CTOL, HSCT, hypersonic
airbreathing propulsion and personal aircraft).

A major "bottom line" suggested by this

(re)examination of advanced aeronautical concepts is that
aeronautics is far from operating near the limits of what
can be accomplished either physically or economically—
i.e., the conventional wisdom (which is unfortunately
approaching a "self-fulfilling prophecy") that
aeronautics is a "plateau"/"mature" industry is
emphatically not correct. There is such a wealth of
alternative concepts, each of them offering truly
revolutionary possibilities, that the adaptation of even
one or a limited number could lead to a "Renaissance"
in aeronautics (see also reference 18).

DESIGNER FLUID MECHANICS

Most of the configuration concepts discussed herein rely
on a set of technologies developed extensively over the
last 30 years which can be collectively termed "Designer
Fluid Mechanics." These technologies include laminar
flow control (reference 19), mixing enhancement (e.g.,
reference 20), separated flow control (references 18 and
22), vortex control (reference 23), turbulence control
(e.g., reference 24), anti-noise, favorable wave
interference (reference 25), and even "designer fluids."
In most cases, these have been taken to the flight test
stage and beyond and are thus ready, in various
manifestations, for inclusion in, and to provide enabling
technology/ capability for, synergistic advanced aircraft
concepts.

Consider, for example, the currently applicable aircraft
metrics-productivity, safety, environment and
affordability. These would be greatly enhanced by
major simultaneous reductions in wake vortex hazard
(reference 23), drag-due-to-lift (references 26-34) and
friction drag (references 35,36). The Designer Fluid
Mechanics literature just cited offers an extensive array
of alternative reduction approaches for each metric/flow
phenomena. If the lists of the various approaches are
"merged" and "simultaneous solutions" sought, the
resultant configurational implications strongly suggest
several revolutionary configurational alternatives, for
example, to the current 707-DC8 CTOL transport
paradigm. This serves to illustrate the thought
processes followed to develop the advanced
configurations described in the following sections.

ALTERNATIVE SUBSONIC LONG HAUL
TRANSPORT CONFIGURATIONS
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