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Trailing Edge Device Application for Wave Drag Reduction
in NLF Airfoil Multi-island Design Optimization
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(College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: The natural laminar flow (NLF) technology is an efficient method used to reduce wing surface turbu-
lence friction drag significantly by delaying transition location at high Reynolds numbers. However, the exist-
ence of wide range of favorable pressure gradient on laminar flow airfoil/wing surface leads to strong shock
waves occurring at the neighborhood of the trailing edge at transonic regimes. Consequently, the reduction of
the friction drag is compensated with the increase of the shock wave induced drag. In this paper, a trailing edge
device (TED) is applied to control shock wave on surface of designed airfoil, and the eN method based on linear
stability theory (LLST) is introduced to predict the flow transition location. A multi-island parallel multi-objec-
tive evolutionary algorithm (MOEA) is implemented to optimize the airfoil shape and TED configuration for ob-
taining a larger laminar flow region and a weaker wave drag simultaneously. Optimization results indicate that
cooperative game coupled with the evolutionary algorithm optimizer can easily capture a Pareto front of this two-
objective optimization problem. Numerical simulations demonstrate that both wave drag and friction drag per-
formances of Pareto members are significantly improved compared with that of baseline. Meanwhile, the opti-
mized airfoils equipped with TED are all have great aerodynamics performance and robustness both at design or
off-design conditions.
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Tab.1 Comparison of predicted transition locations with ex- ;%; , ‘##5%$% T UL S %/J\jﬂﬁt HAE 1;/]3];%)%-

perimental result of NLF416 airfoil

Parameter Zupper / C Ziower/C
Experimental data 0.51 0.543
Current method 0.48 0. 540

£ 2 NACA0012 ZRIEER A7 B XF bk

Tab. 2  Comparison of predicted transition locations with
reference date of NACA0012 airfoil
Parameter Zupper /C Ziower /C
Reference data?" 0.176 0.492
Current method 0.171 0.472
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Tab.3 Aerodynamics performance comparison of RAE2822

airfoil with optimized airfoil at Re=1.5X 10’

Parameter RAE2822 airfoil MinC, airfoil
CL 0.690 8 0.690 3
Cp 0.013 2 0.010 6
Zapper/C 0.133 3 0.109 8
Ziower /C 0.469 9 0.487 1
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Tab.4 Aerodynamics performance comparison of RAE2822

airfoil with optimized airfoil at Re=1. 28X 10’

Parameter RAE2822 airfoil NLF airfoil
Cy, 0.706 4 0.718 7
Chp 0.008 095 0.009 403

Zupper / C 0.210 2 0.525 8
Ziower /C 0.462 4 0.463 1
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Tab.5 CPU cost of different wing panels in flow field simu-

lation
Parameter Original Wing installed
wing with SCBs
Computer performance E5 processor/8 cores
Wing panel length 0.3/C
Cells 270 000 980 000
CPU cost/min 9 46
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Tab. 8 Search space of airfoil design variables

The upper surface The lower surface

Parame- of the airfoil of the airfoil

ters Lower Upper Lower Upper

bound bound bound bound
Vi —0.002 0.002 —0.002 0.002
2 —0.003 0.003 —0.003 0.003
) —0.003 0. 005 —0.003 0.005
Vi —0.003 0.005 —0.003 0.005
Vs —0.003 0.005 —0.003 0.005
Ve —0.002 0.005 —0.002 0.003
V7 —0.002 0.003 —0.002 0.002
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Fig. 8 Flow chart of parallel multi-objective genetic algorithms
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Tab.9 Aerodynamic performances of different airfoils
Paramter  xppe/C Ziower /C C. Chpressure
RAE2822 0.210 2 0.4624 0.706 4 0.008 095

PM A 0.261 2 0.460 7 0.706 1 0.006 439
PM B 0.504 5 0.456 3 0.706 2 0.006 699
PM C 0.556 1 0.461 0 0.706 4 0.007 176
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