


/ Another Novel Concept: SpaceShipOne \

Burt Rutan: Still imagineering!

SpaceShipOne

The White Knight

Pictures from the
Scaled Composites web site
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/ Our Current Favorite: the Strut Braced Wing

* Werner Pfenninger’s strut-braced
wing concept from 1954

He really wanted laminar flow,
but L/Dmax means Cp,, = Cp,

e We need MDO to make it work

ATAA Paper 2005-4667
Journal of Aircraft, Nov.-Dec. 2010, pp. 1907-1917

e The strut allows a thinner wing without a weight penalty
e [t also allows a higher wingspan, less induced drag
* Reduced #/c allows less sweep without a wave drag penalty
* Reduced sweep leads to even lower wing weight
e Reduced sweep allows for some natural laminar flow

W e reduced skin friction drag
k%rOSPaCG and  Developed in 1990s at VT, working on it again in 2009 /
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/ Lockheed, Virginia Tech, NASA Team \

Compared to a conventional cantilever design:
- 12-15% less takeoff weight
- 20-29% less fuel

W - less noise and emissions
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A Burt Rutan Creation: the Boomerang

To make twins safe for one

engine out flight, engines
closer to the centerline.

\( A

v,
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> Viewed from above or

below, the Boomerang
really does look like its
namesake. Its forward-
swept 101.7-sq.-ft. wing
spans 36.7 ft. and has
" a 13.2 aspect ratio. In-
side, the 1000-pound
payload cabin has five
seats that are offset for
added shoulder room,
and the rear-most seat

becomes a bed.

Popular Mechanics, November 1996
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/ The Latest: UCAVs \

This one 1s based on
Nastasi/Kirschbaum/Burhans Patent 5,542,625

UNINHABITED COMBAT AIR VEHICLE (UCAV)

Northrop Grumman Corporation, reprinted by Aviation Week, June 16, 1997

The vertical tail 1s eliminated for stealth, directional control

W comes from specially coordinated trailing edge deflections
Aerospace and
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/ And finally, Micro AVs!
Black Widow

AeroVironment, Inc.
* 6-inch span fixed-wing aircraft
e Live video downlink

e Portable launch/control box
e Pneumatic launcher

e 60 gram mass

e 22_-minute endurance

e Estimated 10 km range Achievements

* Electric propulsion e World MAV endurance record of 22 minutes

~

* Smallest video camera ever flown on a UAV: 2 grams

e Smallest live video downlink ever flown on a UAV

* World’s smallest, lightest multi-function, fully

proportional radio control system: 3 grams

e First aircraft to be flown “heads-down’ indoors
ﬂ Aerospace and Joel Grasmeyer, MS VT 1998 - team member!
Ocean Engineering
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/ Design for Performance \

Reduce minimum drag:

e minimize wetted area to reduce skin friction

 streamline to reduce flow separation (pressure drag)
 distribute area smoothly, especially supersonic a/c (area ruling)
e consider laminar flow

Reduce drag due to lift:
e maximize span (must be traded against wing weight)
e tailor spanload to get good span e, (twist)
e distribute lifting load longitudinally to reduce wave drag due to lift
(a supersonic requirement, note R.T. Jones’ oblique wing idea)
e camber as well as twist to integrate airfoil, maintain good 2D characteristics
Key constraints:
* at cruise: buffet and overspeed constraints on the wing
* adequate high lift for field performance (simpler is cheaper)
* alpha tailscrape, C, , goes down with sweep, AR
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Design for Handling Qualities

e adequate control power is essential

* nose up for stable vehicles

e nose down for unstable vehicles

e consider full range of cgs.

e 1mplies: balance area around the cg properly

FAA and Military Requirements

o safety (FAR Part 25 and some Part 121 for commercial transports,
MIL STD 1797 for military)

 ability to use as a stable weapons platform

e noise: community noise, FAR Part 36, no sonic booms over land
(high L/D in TO config reduces thrust requirements, makes plane
quieter)
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/ To see how 2 companies pick \

(somewhat) different configs to do the same thing

Richard S. Shevell and Roger D. Schaufele, “Aerodynamic Design Features of the
DC-9,” Journal of Aircraft, Vol. 3, No. 6, Nov-Dec 1966, pp. 515-523.

M.L. Olason and D.A. Norton, “Aerodynamic Design Philosophy of the Boeing 737,”
Journal of Aircraft, Vol. 3, No. 6, Nov-Dec 1966, pp. 524-528.

To Learn More, Read These:

The Anatomy of the Airplane, by Darrol Stinton. Few equations and deceptively simple,
but it’s not. Lots of good information.

Design for Air Combat by Ray Whitford. Takes a deeper look at the details, again
without equations and with lots of good graphics showing typical data to use deciding
on design options. I continue to contend that the title suggests a much narrower focus
than the book has.

Aircraft Design: A Conceptual Approach, by Daniel Raymer. Chapter 8, “Special
Considerations in Configuration Layout” and Chapter 20, “Design of Unique Aircraft
Concepts” is good once you’ve read the first two references.
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Still Room for Dreamers

We don’t yet know what the ultimate airplane concept is.

~

and concerning the comments on configurations given above,

remember:

there is a time and place for everything
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