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The subject grant NAG-I-2217 was in effect from 7/1/99 to 10/31/99. The objective

of this grant was to complete a strut-braced wing study which began under grant NAG-l-

1852, which was in effect from 6/27/96 until 9/15/99. While the initial grant was on-going,

we were also under subcontract to Lockheed-Martin, Aerospace Systems Division, Mari-

etta, GA to do additional studies related to the strut-braced wing grant under contract

RV28007, "A Structural and Aerodynamic Investigation of a Strut-Braced Wing Transonic

Aircraft Concept", 4/1/98-11/15/98. Lockheed-Martin was under contract to NASA Lan-

gley under contract NAS1-96014 DA17. Finally the research under this grant has led to a

joint proposal from NASA Langley, Locheed-Martin, Virginia Tech and NASA Dryden to

develop a transonic strut-braced wing demonstration aircraft in response to NASA NRA

99-LaRC-3, Flight Research for Revolutionary Aeronautical Concepts (REVCON). This

final report summarizes the research done under NAG-1-2217, augmented by the additional

concommitant research projects mentioned above.

The transonic truss-braced wing is a highly integrated technology concept that has

large potential payoffs including aircraft weight reduction and increased cruise perfor-

mance. The operational benefits are a higher aspect ratio, lower thickness ratio, and lower

wing weight compared to the conventional cantilever wing. The reduction in thickness

allows the wing sweep to be reduced without incurring a transonic wave drag penalty and

results in a further reduction of the wing weight. The reduced wing sweep also allows a

larger percentage of the wing area to achieve natural laminar flow resulting in lower drag.

The basic idea of a transonic strut-braced wing can be traced to early studies con-

ducted from 1954 to 1981, which concluded that although the strut-braced wing concept

showed promise, it also required careful technology integration between aerodynamics and

structures. Design tools needed to perform the integrated analysis required for this concept

were not available. However, when contemporary Multidisciplinary Design Optimization

(MDO) techniques are employed to integrate the aerodynamic and structural design re-

quirements, results indicate that not only is take-off gross weight reduced by more than

10-percent, but fuel usage is reduced in excess of 20-percent. This is for the case of fuselage-

mounted engines. Significantly larger weight reductions (19% TOGW) are obtained for

the wing-mounted engine case. An extensive follow-on industry study additionally found a

42-percent reduction in emissions and a 26-percent reduction in direct operating cost when

a strut-braced wing was installed on a 2010 entry advanced transport aircraft compared

to a 1995 technology baseline aircraft.

Two key technology issues are critical. These are the aerodynamic interference penal-

ties associated with the wing-strut junction at transonic speeds, and the need for an inno-

vative tension-only strut mechanism to avoid the problem of strut buckling at the negative

g loading condition. In previous studies, the need for the strut to be strong enough to

avoid buckling under the negative g condition resulted in the transonic strut-braced wing

concept actually becoming heavier than the corresponding cantilever wing design.



In the courseof our research,three students have completedM. S. theses,Joel Gras-
meyer, Amir Naghshineh-Pourand Jay Gundlach, and onestudent hascompleted a Ph.D.
dissertation, Philippe T_trault. Another M.S. degree,Andy Ko and another Ph.D. degree,
Erwin Sulaemanare in progress. In addition, Dr. Frank H. Gem, working as a Post-Doe
participated fully in this research.

On January 11, 2000, Joel Grasmeyerwon the Dr. Abe M. Zarem Award for Dis-
tinguished Achievement. The award was "presented as a means for students pursuing
advanced degreesin aeronautics and astronautics to showcasetheir talent and work."
Joel's award was for his master's level work on "Multidiseiplinary Design Optimization of
a Truss-Braced Wing Aircraft" and was presentedat the 38th AIAA AerospaceSciences
Meeting in Reno NV.

The results of our researchmay be found in the viewgraphsat the end of this report.
The researchis also reported in Refs. 1-16 below.
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