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Aerodynamics/ACEE

Aircraft Energy Efficiency

Aerodynamic concepts that point toward a new gen-
eration of energy-efficient air transports are part of the
Aircraft Energy Efficiency (ACEE) program managed by
the National Aeronautics and Space Administration

The basic goa! of the program is to make possible the
most efficient us 2 of energy for aircraft propulsion and
lift. That, in turr, will reduce energy costs in air transport
operations

ACEE is a ten-year planned orogram, developed in
respor:se to a request from the United States Senate
Committee on Aeronautical and Space Sciences. It
looks simultaneously at near-term and far-term prob-
lems. It attempts to develop expedient solutions that
can be applied to today's generation of transport aircraft
and engines, to their derivatives expected in a few

years, and to wholly nrew classes of tranisports designed
specifically t2 be fuel-efficient.

Several NASA research centers divide the workload
of the ACEE program. Langley Research Center,
Hampton, Virginia, is responsible for technology pro-
grams in aerodynamics, and in materials and structures.
Wind-tunnel ‘esting is shared by Langley and the Ames
Research Center, Moffett Field, California. In-flight re-
searzi is conducted by the Dryden Flight Research
Center, Edwards, California. Propulsion research is at
the traditional home for such work, Lewis Research
Center, Cleveland, Ohio

Overall, the b.oad purpose of the ACEE program is to
provide an inventory of technology that can be used by
the major manufacturers of transports and engines in
the United States. It will help them to develop near-term
derivative airliners that extend their curren: product
lines, to develop families of new designs for the near

Figure 1: Three basic wind-tunnel test programs characterized
the Energy-Efficient Transport (EET) portion of NASA's ACEE
project. Integration of the propulsion system into the airframe
for optimum efficiency was one of these. and typical tests
included determining the interference effects of the long-duct
nacelie on the wing. From that series of tests came another, to
develop and test an optimum pylon mounting for the nacelle
Advanced aerodynamic testing included evaluating winglets
and wingtips on a model of the Boeing 747. and the use of
active control systems for wing load alleviation Active con-
trols also were tested first in model form on high-aspect-ratio
wings, and later, .0 free flight on a drone aircraft launched
from a 'VASA-operated Boeing B-52D bomber loaned by the
USAF
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Figure 2: Under contract in the £ CEE program. the Lockheed TriStar prototy:

"~ - SR
pe was modified with an active control system for

maneuver load controi. gust load alleviation, and suppression of the elastic mode of wing response to accelerations. This in-flight
photograph shows the TriStar as modified with outboard ailerons. a flying stabilizer. and a boom with gust sensors. The outboard
aillerons later were incorporated into an improved model of the Lockheed transport now in airline service

term, and perhaps to develop radically different aircraft
for the far term

It 1s significant that NASA had been studying the
problem of energy-efficient aircraft some years before
the fuel crisis focused particular end concentrated at-
tention on it. The Advanced Transport Technology pro-
gram. initiated during the early 1970s. had as one goal
the determination of the effect of a number of different
new technologies on fuel consumption. It also is inter-
esting to note that some of the same technologies
under study then—supercritical a“rodynamics, Compos-
ite structural matenials. active control systems, and
quiet propulsion—are foundation stones for the current
ACEE program

A major portion of the ACEE program consists of
funded studies placed with the major constructors of
U S. air transports and engines. They have the facilities
and the test aircraft to do the work most efficiently
Additionally, studies have been done by commercial
airlines, to provide their valuable input from the real
world of day-to-day operations with jet transports of
contemporary design

Energy-Efficient Transport

One of six major technology programs that comprise
ACEE. the Energy-Efficient Transport (EET) 1s a planned
sequence of analysis, experiment and flight research
leading to advanced conceots for derivative and new air
transport aircraft. It focuses on new technology in
aerodynamics, propulsion, ¢ . trol systems. and materi-
als and structures

The efficient use of energy translates into three
factors of design and performance that are important to
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Figure 3: NASA's DAST program — Drones far Aerodynamic
and Structural Testing—utilizes a modified Teledyne Ryan
Firebee drone as a research vehicle for free-flight evaluation
of advanced technology Typical nf the tests conducted in the
DAST program were these three Tt.e in-flight verification of
an advanced control system using ne v technology. the first
flight of a reseaich wing. with a supercritical airfoil and other
advanced aerodynamic features, and the development of a
second research wing. using active controls to alleviate flutter
and other aerodynamic phenomena

commercial operators of air transports: Direct operating
cost (DOC). renge. and aircraft gross weight. Since fuel
costs currently make up more than half of the total
direct operating cost, the efficient use of energy can
have a major impact on the level of airline DOC. By drag
reduction, and by improvements in the ratio of lift to
drag gains in range are achieved. Finally, through new
materials and structural concepts, coupled with active
control technology, airframe size and weight can be
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