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Abstract. Multi-element airfoils design determines the perfance of the high-lift devices for civial
aviation aircrafts to a large degree. To optimize multi-element airfoil design, the paper presems
effective method. One advancedtime efficient optimization method for multi-elmertirfoils is
developed by combining OULER with boundary layeirection(MSES) and the genetic algorithms(GA).
Given objects and constraints, the gap, overlapdafiéction can be optimized. Detailed researatoise

on one takeoff configuration . The CFD analysisvgltioat the optimization is successful in improvthg
performance. This method has been used to deslgroffdanding configurations. Most results are
validated by windtunnel tests.

1. NOMENCLATURE

M — free stream Mach number
Re — Reynolds number

a (alpha — attack angle

o/l — overlap

gap — the slot gap width

o, — the slat deflection angle
o, — the flap deflection angle
C, — sectional lift coefficient
C,—sectional drag coefficient

C,,—sectional moment coefficient
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2. INTRODUCTION

For the complexity of multi-element airfoil aerodynic simulation, it's hard to get the
explicit expressions and analyse the sensitivithilgtraditional optimization methods
need sensitivity information, so it's not veryfiir multi-element airfoil aerodynamic
simulation. On the other hand, flow simulation nfiayfor some reason, traditional
optimization may lead the search to be failed. Carag with traditional methods, GA
is more effective.

To do this work, time efficient and high precisiBRD method should be coupled with
GA method. After testing kinds of 2D methods forlthelement airfoil, we decide to
use MSES(developed by Professor Dredalor it is one of the most successful
viscous/inviscid interaction methods for multi-ekesmb airfoil and its streamline grid
generation is fast.

By coupling GA with MSES, we successfully optimibe slat/flap position of a three-
element airfoil on given constraints.

3. THENECESSITY TO OPTIMIZE MULTI-ELEMENT AIRFOIL

Efficient high-lift system can provide adequate Ispeed performance in terms of take-
off and landing lengths, approach speed, climb ette The high-lift device
aerodynamic design must be aimed at finding anpaab&e compromise between the
maximum lift coefficient in landing configuratiohft capability and L/D efficiency at
take-off and the needs for re-take-off configunatiy multi-disciplinary optimizatich
For civil aircraft, because of the small sweepbac#f quite big aspect ratio, the design
of 2D multi-element aerofoil is very important ifgh-lift system desigh®. The
performance of two-dimensional multi-element airtbifers from three-dimensional
high-lift system, but fine 2D design is the basé¢haf success of high-lift system design
for transport aircraft, which can shorten the pésiof three-dimensional design and
analysis. Because 2D multi-element airfoil optintiza is more feasible, we
concentrate on developing efficient and globalraptn methods for multi-element
airfoils.

4. THE ADVANTAGESOF GENETIC ALGORITHMS

The evolution computing approach-Genetic algoritfte#g perform quite well now in
engineering for solving complex optimization prabke It is highly parallel, random
and adaptive searching. It characterizes on pacaiaputing and global information
usage, so it is robust and can image the big zbtleesearching place by testing just a
few structure. Compared with traditional optiminatimethods, GA mainly shows
following advantage’s

1) it uses some codings of the parameters butirattty uses the parameters.

2) it begins the search from point colony but no point.

3) it needs no derivatives and other assistantnmdtion but just uses the adaptive
information.

4) it makes use of the probability displace rules.

Using MSES to simulate the aerodynamic charadmenssform the response(lift
coefficient,drag coefficient or lift to drag coefiient) to the “adaptive” tolerance of the
design, GA is feasible to carry on the multi-eletesrfoil optimization.
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5. THEOPTIMIZATION DESIGN PROCESS

After setting optimization object(maximum lift orimimum drag,etc), we first Initialize
the group, then use CFD to get out the adaptivernmtion of any unit in the
group.Then we can compute the next generation by GA

Following such steps:

Initialize the group P (0) t=0; t stands for the evolution generation;

Calculate all the units’ adaptive tolerence in R (0

while (not satisfying the rules to be ended) Do

{

choose probability “pi” in P ('t);

get out the optimum unit in generations by now tredoptimum unit in the t generation;

For(k=Q k<N; k=k+2), Ncanbe divided by 2 exactly

{

by the way of roulette and according to pi to cleotvgo father units in P (t)
r=random[0 11];

if (rF pr), “insert the two father units in P ( t + 1) withothanging then carry on
variation operation. pr stands for the copy prolighi

Else “insert the two son units in P (t + 1) thenry on hybridizing and variation
operation’

}

Randomly substitute the two currently units by ty@imum unit by now and the
optimum unit in the t generation;

Calculate all units’ adaptive tolerence in PH(1);

t=t+ 1L

}

6. THEOPTIMUM RESULTS

Before this optimization, the three-element airfddr take-off) has been designed by
gradient-based optimization and wind tunnel testken we try the new GA
optimization, the numerical value analysis by meanSuler’s equation with boundary-
layer (MSES). We define the slot parameters as shiawiigure 1. CFD results show
that GA method can improve the aerodynamic perfogeaeffectively. After the
optimization, we have also done limited wind tuntesdts to validate the CFD results.
The tests were carried out in NPU’s NF-3 2D winainel.
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Figure 1. the slot parameter definition of slat éag

1) Casel:Minimum drag optimization

The optimization goal is the minimum drag at attaokle of 10 degree(v=50m/s). With
the deflection angle of slat constant and keepiregflap position, there are 2 variable
parameters: the gap increment of slaGap:-0.86C~1%C; the overlap increment of
slat: Ao/l:-3%C—0.5%C(C is the basic airfoil chord lengtihe contrast of optimized
and the original location is shown in fig.2 (T1:tbeginal; TY11: the optimized),and
the contrast of the results is shown in table 1.CR® simulation gives the same trend
with the test: the drag is decreased. So GA ‘s @idhgge in the global research can really
work in such optimization.

Configuration T 6,=16.825 (O/L)= 3.41%C gap;=0.93%GC o, =15.839
(O/L) = 6.79%C gap, =1.425%C

Optimized configuration TY11 6,=16.82% (O/L) =0.957%C gap;=0.758%G
0,=15.83% (O/L);=6.79%C gap,=1.425%C.

TY11
T1

N

Figure 2.The contrast of optimized and the origpmdition of slat

A Rk
G (ceD C (crD) Ci (tesd Cn (CED) C, (TY11-T1)/c, (T1)

Original(T1) 2.5945 .0238 .0249 -.3332 -5.4% -4.0%

Optimized(TY11)| 2.6171 0225 10239 “3121 (CFD) (tesd

Table 1 optimization for minimum draga =10, v=50m/9

Case2:maximum lift to drag ratio optimization

The optimization goal is the maximum lift to dragtio at angle of attack 10
degree(v=35m/s). The original three-element airfsilstill T1, with the deflection
angles of slat and flap constant, there are 4 blgriparameters: the gap increment of
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slat: A Gap:-0.26C~0.5%C, the overlap increment of slako/l :-3%C—0.5%C.
the gap increment of flap BKGap:-0.34C~0.5%C, the overlap increment of flap is
Ao/l: -3%C~1%C. The contrast of optimized and the original locatisrshown in
fig.3 (T1l:the original, TY12: the optimized),andetieontrast of the results is shown in

table 2.We can see that lift to drag ratio is inweab after the optimization, and at the
same time the pitching moment is improved too.

Optimized configuration TY12 6,=16.82% (O/L)s=0.787%C gaps =0.499%C
0,=15.83% (O/L),=5.847%C gap,=1.087%C

T1
TY12

Figure 3. The contrast of optimized and the origpwsition of slat and flap

“ G Cm S S A S (ryizTiy 3ty
(CFD) | (cFD) | (cFD) | G C G
(CFD) | (TESD
Original(T1) 2.5586 0259 -3288 | 98.77 8839 | 7.6% 6.9%
Optimized(TY12) | 2.5967 0243 -3102 | 106.83 94.55 | (CFD) (TEST

Table 2 optimization for maximum lift to drag @ti @ =10°, v=35m/9

We also do the optimization with 6 variable paranet slat deflection increment:
A 5, =+3"; flap deflection incremen® J, =+3"; the gap increment of sl&Gap=-

0.5%C—2%C; the overlap increment of stab/l =-3%C—1%C; the gap increment of
flap: AGap =-1.5%C—1%C; the overlap increment of flam/l =-3.0%C—1%C. But
for some reason corresponding wind tunnel test Wwaanried through, so table 3 just
gives out the CFD results.

The detailed slat and flap parameters list here:

Before optimization o5 = 1484 , (O/L)g =4.82%C, (gap)s =0.88%C;
0,=1583, (O/L),=6.77%C (gap); =1.92%C;

After optimization: J; = 1508 , (O/L)s =1.98%C, (gaps =0.81%C;
0,=1850", (O/L),=7.41%C (gap,; =2.59%C

G Cq Cn G
Cq

Before the optimization 2.1221 .02087 -.3642 101.67

After the optimization 2.2918 .01784 -.3861 128.46
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Table 3. the contrast of aerodynamic charactesistéfore and after optimizatiotM=0.2, @ = 6" )

The improvement of lift-to-drag ratio is obvious.o@pared with the original
configuration, there is a large increase on workiftgcoefficient and less moment
increase. The genetic Algorithms (GA) optimizatiorakes the modality of upper-
surface pressure much satiation and gets good effddt increase and drag reduction.

7. SOME PROBLEMS

Although MSES needs streamline grid and can gemegad fast, as the position
parameters changed, the predefined grid may naarid in the computing process the
transition position need to be adjusted manuaflyol, the computation may diverge.
So this may cause the self-evolution missing thky toptimization for CFD simulation
convergence problem.

8. CONCLUSIONS

In order to improve the reliability of multi-elemteairfoil CFD simulation, while paying
no cost of computing, we use coupled viscous/ingisecethod(MSES) to simulate the
complex flow of multi-element airfoil and get commptively exact results.

To choose appropriate position for slat and flaphoée-element airfoil, GA is used to
do the optimization work. For the advantages o$ timethod, we can optimize the
position parameters relatively robust by parall@nputing, so it's time efficient and
engineering fit.

The paper gives the process of optimizing one tetement airfoil (takeoff).The wind
tunnel test has validated the optimization resultse test cases show that CFD and
experiments fit well.
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