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Abstract: The most critical geometric parameters of winglets in drag reduction efficiency
were summarized. Then the numerical simulation method was utilized to reveal the optimal
range of these parameters, which is the theoretical basis of morphing winglet design. The
advantages and disadvantages of morphing winglets in aerodynamic performance, aerodynam-
ic load distribution and wingtip vortices were discussed compared with traditional winglets.
The results show that morphing winglets can increase the drag reduction efficiency by 2. 2%

compared with traditional winglets and weaken the wingtip vortices by 15% in the takeoff
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phase of flight. It is beneficial to enhance the fuel efficiency of aircraft and the airport spatial

security, However, morphing winglets increase the bending moment at the wing root. For

this reason, aircraft designers have to strik a balance between the aerodynamic benefits and

the structural disadvantages in morphing winglet designs.
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Table 1 Geometric parameters of KC-135 winglet
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Table 2 Verification of computational reliability

28 SCOIRL14 R PR AR W/ %
Ma 0.7700 0.7700 0
G 0. 4260 0.4256 —0.1
Ca 0.0222 0.0229 3.2
L/D 19. 2000 18.5852 —3.2
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Table 3 Optimization for takeoff phase (Ma=0.3,CG=1.23)

Ak 6/ (") h C Con I BEL A/ Vo FHBE I
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AR AR /NI AR G C TR R S T
FAETUM AN Q& 4 B, e e o] A0, A8 (R FE A /1N
B HAR T AR R R AE CHLAS G /N B £
AR R R R F 35°,0. 156/2, 24 KHLIFEA e T
A {45} £ 0 5 BE AR R 25°,0. 14b/2, H & KAHLE A
AT B SR A JRUGA B RS, T Il i )
BT 728 R SELAY /NSNS Bl 3y 43 A R 2R 108 Tk ) 45
45 1) T 200 3 10 78 A SR A /0 B 14 i SEL AT 2.
2.2.1  XTHLE S S 53 A0 1Y 5

m1 7 S BH 7 4 77 2 HUER AT 4, S Bh 3R A 40 A
JERE S I R EHE R Z —. A B
ST B AR e T HLE K T 254
LA S BRI Js 7 X, B X R BIMLE S5
J i MR AR R BLRY /N BB R N YR
B S B A AT 1) WL 3 3 4 XA o, DT A B AR S

(a) 0=35°, i RIRTE (b) 6=25°, JEFHIRFS

(¢) 0=20°, AR

B4 AR AT RS/ B 3 i i RDIR S
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Fig. 5 Effect on aerodynamic loading distribution (traditional winglet vs. morphing winglet)
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Fig. 6 Flow field control of wingtip vortex (traditional winglet vs. morphing winglet)
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