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COMPARIEON BETWEEN FEAL AND STREAMLINE ASROFPLAME
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‘The streamline airplane’ to the Royal Aeronautical
Society

and that changed the conceptual design of
airplanes from the like of Handley Page 0/400 to
Boeing 247 and DC 1 that flew in 1933.
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Is there a possibility for a 5t paradigm shift
in commercial airplane design or is aeronautics
a mature science or a sunset technology?




BACKGROUND
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AFC Technology: Sweeping Jet Actuators soeme
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Motivation: Vertical Tail Size Reduction

Thrust

NASA SOFIA Aircraft
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TRL Maturation and Timeline for Drag Reduction A ,,',&,,,,.
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General Effect of AFC

60% rudder, 0 sideslip
T

Nearly 55% increase in side force
over baseline at 1.8% C,




Effects of Momentum Coefficient on Side Force and Drag A ,,,E,,,
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1.6 ' ' 1.6 P
< S g— 0
1.4 1.4 K9 E——
/ e
1.2 1.2 v 4 : ﬁré?g-
s [ e
1 1 /
c 0.8 c 0.8 / e
s - C, = Jl(aA)
0.6 06 Lf, -
' ' —=— C,= 0.0%
0.4 0.4 —*—C~ 0.5% B
— Cu: 1.0%
0.2 0.2 o c,= 1.5% -
0 e b) || "= === |nduced Drag | _
0 20 40 60 80 100 02 04 06 08 1 12 14
S, [%] (cp+c,),

* Coefficients are normalized by values at 65 = 60% & =0°
* 50% increase in lift for C, = 1.5% with minimal increase in drag
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Comparing normalized results with commercial CFD 6=60%

success criterion
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Boundary layer fences on sweptback wings A soEme
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A=45° AR = 4.4, 8f =75%:
CL(Cu=0) =052, o =0.0°
B Asb =4%, # Act. = 29
v As/b = 48%, # Act. = 2

[A=0°,AR=75, 5, = 75%:
C,(C =0) = 1.00, ot = 0.0°
O As/h = 3%, # Act. = 2¢
7 Asi = 40%, # Act. = 2




Results: Effects of A on AFC /5 .
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- E
Conclusions A .

*A 50% increase in C_ is possible on a tapered finite & swept back wing equipped with a
simple flap at acceptable levels of input

Benefits realized at C =0.1% are due to reorientation of the flow on swept back finite wings.

‘Reattachment of the flow over a highly deflected flap requires a C 1% when sweeping jet
actuators are used.

*One has to take care of two boundary layers over a swept back wing: First eliminate or
reduce the spanwise flow and only later (in terms of incidence, flap deflection and C ) take
care of the boundary layer that develops along the chord.

Boundary Layer independence principle that does apply to Reynolds averaged turbulent
boundary layer equations provides guidance for controlling such flows

*Spacing, location & size of the actuators determine the effectiveness of the system.

«Jet velocities should be at least 3 times larger than the free stream & preferably subsonic.
Jet pairs are more effective as the may create regions of absolute instability.

*There is a need to improve CFD capabilities for unsteady AFC applications.
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