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Abstract  

In this paper, the shape design 
optimisation using morphing aerofoil/wing 
techniques, namely the leading and/or trailing 
edge deformation of a natural laminar flow RAE 
5243 aerofoil is investigated to reduce transonic 
drag without taking into account of the piezo 
actuator mechanism. Two applications using a 
Multi-Objective Genetic Algorithm (MOGA) 
coupled with Euler and boundary analyser 
(MSES) are considered: the first example 
minimises the total drag with a lift constraint by 
optimising both the trailing edge actuator 
position and trailing edge deformation angle at 
a constant transonic Mach number (M! = 0.75) 
and boundary layer transition position (xtr = 
45%c). The second example consists of finding 
reliable designs that produce lower mean total 
drag (µCd) and drag sensitivity ("Cd) at 
different uncertainty flight conditions based on 
statistical information. 

Numerical results illustrate how the 
solution quality in terms of mean drag and its 
sensitivity can be improved using MOGA 
software coupled with a robust design approach 
taking account of uncertainties (lift and 
boundary transition positions) and also how 
transonic flow over aerofoil/wing can be 
controlled to the best advantage using morphing 
techniques.  

1  Introduction  
Civil and military aviation are now exploring 
the implementation of morphing technology 
consists to adapting a suitable shape with repect 
to flight conditions and to improve of 
aerodynamic efficiency (L/D) and the total drag 
(CdTotal) reduction. Used in class of Active Flow 
Control (AFC) devices, morphing technologies 
can help significantly to control transonic flow 
over the wing and consequently reduce Direct 
Operating Cost (DOC) by lowering total drag 
[1, 2].   

In this paper, a class of morphing 
technologies Leading and/or Trailing Edge 
Deformation (LTED) allowing deformation of a 
natural laminar flow aerofoil RAE 5243 [3] is 
investigated to reduce transonic drag without 
taking into account details of piezo actuator 
mechanism. LTED technology is one of the 
applicable morphing techniques to the aviation 
due to simple mechanism using either piezo or 
hydraulic actuator, and less modification 
compared to other morphing techniques, which 
can change more than 50% of total shape. 
Despite LTED technology operates with a 
simple mechanism, it is nevertheless very 
sensitive to possible uncertain flow conditions 
during flight especially for lift coefficient (Cl) 
numbers varying in the interval of [0.458:0.648] 
and for boundary layer transition positions (xtr) 
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in the interval of [0:50%c]. These uncertainty 
parameters are directly responsible of the 
position and strength of the shock on the 
suction/pressure side of the wing. It is therefore 
important to find suitable and reliable actuator 
positions and deformation angles using robust 
design methods [4, -6]. 

The paper investigates the shape design 
optimisation for morphing aerofoil/wing to 
reduce the total drag during cruise conditions 
using Multi-Objective Genetic Algorithm 
(MOGA). For running the MOGA software, 
Robust Multi-objective Optimisation Platform 
(RMOP) developed at CIMNE is used. RMOP 
is capable to perform High Performance 
Computing (HPC) using Distributed MOGA 
(DMOGA) [7]. In this paper, two applications 
are considered: the first application minimises 
the total drag with a lift constraint by adapting 
both the TE actuator position and TE 
deformation angle at fixed Mach number (M∞ = 
0.75) and boundary layer transition position (xtr 
= 45%c). The second application captures 
reliable designs (TE actuator position and 
deformation angle) that produce lower mean 
total drag (µCd) and drag sensitivity (σCd) at 
different flight conditions representing 
uncertainties occurring during flight conditions 
(µCl = 0.5558, σCl = 0.0611 and µxtr = 0.2565, 
σxtr = 0.1604). Numerical results obtained from 
two practical optimisations are compared in 
terms of drag quality (mean drag and its 
sensitivity) in the design.  

The rest of paper organized as follows; 
Section 2 introduces the MOGA used in this 
paper. Section 3 describes the Euler and 
boundary analyser. Section 4 details two 
applications for morphing aerofoil/wing design 
optimization. Section 5 concludes overall 
numerical results and presents ongoing research 
avenues. 

2  Methodology  

2.1 Robust Multi-objective Optimisation 
Platform (RMOP)  
RMOP is a computational intelligence 
framework which is a collection of population 

based algorithms including Genetic Algorithm 
(GA) and Particle Swarm Optimisation (PSO) 
[8 -10]. As shown in Figure 1, RMOP consists 
of the eight modules; 

 
Ø EVAU (Evaluation Unit) is a module for 

evaluation and collecting results from 
analysis tools.  

Ø IOPU (In/Output Unit) is a module for 
handling input, output data and also plotting 
convergence history, initial random 
population(s) (with/without buffer 
population), total populations, and Pareto 
optimal front.  

Ø IRPU (Initial Random Population Unit) is 
an initial random population module.  

Ø MEAU (Memory Allocation Unit) is a 
module for allocating/dis-allocating 
memory for population(s) and also to 
provide parallel/distributed computation.  

Ø NDOU (Non-Dominated Optimal Unit) is a 
module for computing Pareto-tournament, 
non-dominated sorting solutions.  

Ø RANU (Random Number Unit) is a module 
for generating pseudo random number 
module.  

Ø SSOU (Searching/Selection Objective Unit) 
is a searching module; selection, mutation, 
crossover for GA and also it produces 
velocity, positioning module for PSO. 
 

 
Fig. 1. Robust Multi-objective Optimisation 
Platform. 
 
In this paper, RMOP uses GA searching method 
incorporating with a parallel computing module; 
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MEAU for high performance computing 
(denoted as DMOGA). 

2.2 Parallel/Distributed Computation 
RMOP with OpenMP [11] can provide a High 
Performance Computing environment; the 
number of CPU cores defined by the user will 
handle the same number of individuals (member 
of population) of GA or PSO at the same time. 
In other words, the total numbers of tasks are 
distributed to available CPUs to evaluate a 
design model with CFD analysis tool during the 
optimisation as shown in Figure 2. A parallel 
computation during the optimisation can 
improve a physical performance of MOEA.  

In this paper, distributed Multi-Objective 
GA (DMOGA) uses ten cores simultaneously 
while RMOGA uses the default value (1) in a 
Dell PowerEdge 6850 (Intel(R) Xeon(TM) CPU 
16 " 3.20GHz and 32GB RAM) machine.   
 

 
Fig. 2. Ditributed/Parallel Computation in 

RMOP. 

3 Aerodynamic Analysis Tools: MSES (Euler 
and Boundary)  
In this paper, the Euler and Boundary layer 
aerodynamic analysis MSES software tool 
written by Drela [12] is used for simulating the 
flow field around the aerofoils in design 
problems discussed Section 4. The MSES 
software is a coupled viscous/inviscid Euler 
method for the analysis and design of multi-
element/single-element aerofoils for a wide 
range of Mach and Reynolds numbers. It has 
capabilities to predict flows with transitional 
separation bubbles, shock waves, trailing edge 
and shock-induced separation. Transition can be 
forced or predicted as part of the flow 
calculation. MSES automatically adjusts angle 
of attack (") to obtain a predefined lift 
coefficient (Cl), the angle of attack of the 
aerofoil is adapted.  

A validation test case is conducted at the 
flight conditions; Mach number (M#) = 0.729, 
angle of attack (") = 2.31° and Reynolds 
number (Re) = 6.5"106. Figure 3 shows the 
mesh (36 " 213) obtained by MSES that will be 
used for code validation and during the 
optimisation (Section 5). Figure 4 compares the 
results obtained by MSES and wind tunnel 
experimental data [13]. It can be seen that there 
is a good agreement between Cp distributions 
obtained by MSES and wind tunnel data. 
 

 
Fig. 3. RAE 2822 aerofoil mesh obtained by 

MSES. 
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Fig. 4. Comparison of Cp distributions obtained 
by MSES (line) and wind tunnel experimental 

data (dots). 

4 Morphing Aerofoil Design Optimisation 
using Distributed MOGA  

4.1  Parameterization of Morphing 
Aerofoil/Wing; Leading and Trailing Edge 
Deformation (LTED)  
The Leading and Trailing Edge Deformation 
(LTED) morphing technique can be defined by 
four control parameters as shown in Figure 5; 
leading edge actuator position (xLE), trailing 
edge actuator position (xTE), deformation angle 
for leading edge (θLE), and deformation angle 
for trailing edge (θTE).  
 

 
Fig. 5. Control parameters for morphing 

technique at fixed leading and trailing edge 
actuator positions. 

   
Deformation angles for follow the right-hand 
rule. Figure 6 shows a morphing technique 
mechanism consisting of four steps; 

 
• Step 1: Find actuator positions for leading 

and trailing edges; xLE, yLE, xTE, yTE 
(marked as green crosses), 

• Step 2: Deform leading edge by θLE, 
• Step 3: Deform trailing edge by θTE, 
• Step 4: Smooth sharp joint (marked as red 

circles shown in Figure 4) using Bezier 
Spline Curves; BSC1, BSC2, BSC3, and 
BSC4. 

 

 
Fig. 6. LTED morphing mechanism. 

 
If the problem considers only trailing edge 
deformation then the morphing mechanism will 
go through Step1 à Step3 à Step4.  

4.2 Formulation of Design Problem 
For the baseline design, a natural laminar flow 
aerofoil RAE 5243 is selected as shown in 
Figure 7. The baseline design has a maximum 
thickness ratio (t/c) of 0.14 at 41% of the chord 
and the maximum camber of 0.018 at 54 % of 
the chord. 
 

 
Fig. 7. Baseline design (RAE 5243) geometry 
(Note: max t/c = 0.14 at 41%c and max camber 
= 0.018 at 54%c). 
 

In the following Sections 4.3 and 4.4, 
the shape of the baseline design will be adapted 
to control the transonic flow especially to 
maximise the lift to drag ratio with a lift 
coefficient constraint.  
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4.3 Transonic Morphing Aerofoil/Wing 
Design Optimisation 
Problem Definition 
This test case considers a single objective 
morphing aerofoil design optimisation to 
minimise the total drag at a constant lift 
coefficient. In other words, the objective is to 
maximise the lift to drag ratio (L/D) so the 
aircraft can extend flight range. The flow 
conditions are M! = 0.75, Cl! = 0.45819 and Re 
= 19.0 " 106. The fitness function for DMOGA 
is shown in Equation (1).  

f(xTE, $TE) = min(CdTotal) 

                               = min(Cdv + Cdw) 

(1) 

Subject to 
Clmin = 0.45819 

 
where CdTotal = CdVisous + CdWave. 
 
The constant lift coefficient is calculated using 
Equation (2) which represents the minimum lift 
coefficient of the aircraft in level flight. 

Clmin = 2W/%V2S (2) 

where; W is the weight force (m " g) of the 
aircraft: mass m = 77,564 kg and acceleration of 
gravity g = 9.81 m/s2, % is the air density at 
35,000 ft: % = 0.41 kg/s3, S is the wing area: S = 
124.58 m2. 
 
Design Variables 
The design variable bounds for trailing edge 
deformation (TED) are illustrated in Table 1. 
All Bezier Spline Curves (BSC) shown in 
Figure 4; BSC3 and BSC4 have a constant 
length of 20% of chord length. BSC3 and BSC4 
have the same x-axis Bezier control points 
(starting, peak, finishing points). So two design 
parameters are considered in total. 
 
Table 1. Design Bounds for Morphing 
Aerofoil/Wing using trailing edge deformation. 

DVs xTE $TE 
Lower Bound 65.0 - 5.0° 
Upper Bound 75.0 + 5.0° 

Note: DVs represents design variables. xTE is in 
the baseline chord length (%c) [0:100] and 
deformation angle follows right-hand rule. 

Numerical Results
The algorithm was allowed to run for 1 hour (as 
time stopping criterion) and for 6,020 function 
evaluations. Convergence occurred after 617 
function evaluations as shown in Figure 8. 
 

 
Fig. 8. Convergence history obtained by 
DMOGA. 
 

Table 2 compares the aerodynamic 
characteristics obtained by the baseline design 
(RAE 5243) and the optimal solution obtained 
by DMOGA. Even though applying optimal 
morphing configuration slightly increases the 
wave drag, the viscous drag is reduced by 27.2 
% which results in improving the lift to drag 
ratio by 16.4 %.  
 
Table 2. Aerodynamic Characteristics obtained 
by DMOGA. 
Aerofoil Cdv Cdw L/D 
Baseline 0.0213 0.0074 15.93 

DMOGA 0.0155 
(- 27.2%) 

0.0088  
(+ 19.0%) 

18.55 
(+ 16.4%) 

Note: Cdv and Cdw represent viscous and wave 
drag, and the sum of them is the total drag of 
aerofoil. 
 

Table 3 describes the optimal morphing
(trailing deformation) configurations obtained 
by DMOGA. Figure 9 compares the geometry 
of the baseline design and the baseline with the 
optimal morphing configurations. The optimal 
solution has the same maximum thickness ratio 
(t/c) of 0.14 as the baseline design at 41% of the 
chord, while the maximum camber is lowered 
by 1.2%c (max camber = 0.0066 at 29.0%c). 
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Table 3. Optimal Morphing Configurations 
obtained by DMOGA. 

Variables xTE (%c) θTE 
DMOGA 65.04 - 4.5195° 

 

 
Fig. 9. Comparison of geometry obtained by 
Baseline design and the optimal morphing 
configurations obtained by DMOGA (max t/c = 
0.14 at 41%c and max camber = -0.0066 at 
29.0%c). 
  

Figure 10 compares the lift coefficient 
sweep obtained by the baseline design and the 
optimal morphing configuration at range of 
[0.1:0.8] with M∞ = 0.75 and Re = 19.0 × 106. 
Even though the optimal morphing solution 
produces lower total drag when the lift 
coefficient is lower than 0.55 (Fig. 10. top), it 
produces higher wave drag when the lift 
coefficient is higher than 0.38 (Fig. 10. bottom).  

Therefore it is necessary to optimise the 
morphing configuration with uncertainty 
parameters including lift coefficients and 
boundary transition positions (xtr). Both 
uncertainty parameters are directly affecting the 
strength and position of shock.  
 

 

 
Fig. 10. CdTotal vs. Cl (top) and CdWave vs. Cl 
(bottom) sweep obtained by the baseline design 
and the optimal morphing configuration at range 
of [0.1:0.75] with M∞ = 0.75, Re = 19.0 × 106 
and µxtr = 45%c. 

4.4 Robust Transonic Morphing 
Aerofoil/Wing Design Optimisation 
Problem Definition 
This test case considers a robust multi-objective 
morphing aerofoil/wing design optimisation on 
the RAE 5243 aerofoil to minimize the average 
and standard deviation of the total drag 
(µCdTotal, σCdTotal) at flow conditions M∞ = 0.75 
and Re = 19.0 × 106.  

Introducing uncertainties on operating 
flow conditions, two sets of ten values of lift 
coefficient (Cl) and then of boundary layer 
transition positions (xtr) are considered. Both 
uncertainty parameters; Cl and xtr can be 
statistically defined as µCl = 0.5558, σCl = 
0.0611 in a range of Cl∞ ∈ [0.458, 0.648], and 
µxtr = 0.2565, σxtr = 0.1604 in a range of xtr∞ ∈ 
[0.0, 50.0%c]. The candidate morphing 
aerofoil/wing model will be evaluated at 
hundred flight conditions (10 xtr × 10 Cl). The 
robust fitness functions are shown in equations 
(3) and (4) respectively. 

f1 =min µCdTotal( ) = 1
n!m

CdTotalij
j=1

m

"
i=1

n

"
 

(3) 
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f2 =min !CdTotal( )

   = 1
n!m"1

CdTotalij "µCdTotal( )
2

j=1

m

#
i=1

n

#  

(4) 

where n and m represent the number of 
boundary layer transition positions and Cl 
conditions repectively. 
 
Design Variables 
The design variable lower and upper bounds for 
morphing geometry via leading and trailing 
edge deformation are illustrated in Table 4. The 
length of all Bezier Spline Curves (BSC shown 
in Figure 6); BSC1, BSC2, BSC3, and BSC4, 
are selected as additional design parameters to 
find more sophisticated morphing shape. Finally 
eight design variables are considered in total. 
 
Table 4. Design Bounds for Morphing 
Aerofoil/Wing using trailing edge deformation. 

LDVs xLE $LE  LBSC1 LBSC2 
Lower 15.0 - 5.0° 10.0 10.0 
Upper 25.0 + 7.5° 25.0 25.0 
TDVs xTE $TE LBSC3 LBSC4 
Lower 65.0 - 10.0° 10.0 10.0 
Upper 75.0 + 5.0° 30.0 30.0

Note: L/TDVs represents leading and trailing 
edge design variables. xLE, xTE are expressed 
with respect to in the baseline chord length (%c) 
[0:100] and deformation angle follows right-
hand rule. LBSCi represents the length of the ith 
BSC (%c).  
 
Numerical Results 
The algorithm was allowed to run for 20 hours 
(a selected time stopping criterion) and for 600 
function evaluations. Figure 11 compares Pareto 
optimal front obtained by DMOGA (denoted as 
RO-LTED) with the baseline design and the 
optimal solution obtained in Section 4.3 
(denoted as SO-TED). It can be seen that all 
Pareto optimal solutions in Zone-A dominate 
the baseline design and the optimal solution; 
SO-TED (obtained in Section 4.3) in both the 
mean total drag and total drag standard 
deviation. In Zone-B, the baseline design 
dominates the optimal solution obtained in 

Section 4.3. Pareto members 2 and 3 are 
selected as a compromised solution and denoted 
as RO-LTED. 
 

 
Fig. 11. Pareto optimal front obtained by 
DMOGA. 
 
Table 5 compares the fitness values obtained by 
the baseline design, the optimal solutions from 
Section 4.3 and the Pareto members 1 (Best 
solution for the objective 1), 2 and 3 
(Compromised Solution), and 8 (Best solution 
for the objective 2). 
 
Table 5. Comparison of Drag Quality. 

Aerofoil µCd !Cd µL/D 
Baseline 3.93"10-2 6.40"10-3 14.14 
Optimal 

(Section 4.3) 
4.14"10-2 
(+ 5.3%) 

11.1"10-3  
(+ 73.4%) 

13.42 
(- 5.1%) 

DMOGA 
(BO1-PM1) 

2.55"10-2 
(- 35.1%) 

6.07"10-3  
(- 5.1%) 

21.79 
(+ 54.1%) 

DMOGA 
(CS-PM2) 

2.71&10-2 
(- 31.0%) 

4.84&10-3  
(- 24.4%) 

20.51 
(+ 45.0%) 

DMOGA 
(CS-PM3) 

3.02&10-2 
(- 23.1%) 

4.16&10-3  
(- 35.0%) 

18.40 
(+ 30.1%) 

DMOGA 
(BO2-PM8) 

3.68"10-2 
(- 6.4%) 

2.28"10-3  
(- 64.3%) 

15.10 
(+ 6.8%) 

Note: BOi and PMi represent the best solution 
of ith objective and the ith Pareto member 
respectively. CS stands for a Compromised 
Solution. 
 
It can be seen that the optimal solution obtained 
in Section 4.3 has higher mean total drag and 
higher total drag standard deviation by 5.3% 
and 73% respectively when compared to the 
baseline design. Even though the best solutions 
(Pareto members 1 and 8) for objectives 1 and 2 
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have lower mean total drag and lower total drag 
standard deviation respectively, one of the 
compromised solutions Pareto member 2 has 
lower mean total drag and lower standard 
deviation of total drag when compared to the 
baseline design. The mean and standard 
deviations obtained by the baseline design, 
single-objective and robust Pareto members can 
also be compared using Cumulative Distribution 
Function (CDF) and Probability Density 
Function (PDF) as shown in Figure 12. 
 

 

 
Fig. 12. Mean and standard deviation of total 
drag comparison using CFD (top) and PDF 
(bottom). 
  

Figure 12 shows that the robust optimal 
solution lowers mean total drag by 31% when 
compared to the baseline design. The standard 
deviation (sensitivity) can be analysed by 
evaluating gradient of the lines to the CDF 
value of 0.5 or 1 (steeper gradient means lower 
sensitivity). The PDF plotted in Figure 10 
(bottom) shows sensitivity comparison between 
the baseline design, single-objective and robust 
optimal solutions. It can be seen that the 
solution (Pareto member 2) obtained by robust 
design method has lower sensitivity (narrower 
and taller bell curve). Pareto member 2 obtained 
by the robust design method reduces the total 

drag sensitivity by 24% while the optimal 
solution obtained in Section 4.3 (SO-TED) has 
higher total drag sensitivity by 73% when 
compared to the baseline design. In other words, 
the robust design method has capabilities to 
produce a set of solutions, which have better 
performance and sensitivity when compared to 
the single-objective optimisation method. 

The optimal morphing configurations 
(Pareto member 2) for robust design 
optimisation are described in Table 6. Figure 13 
compares the geometry of the baseline design 
and the baseline with the red-dot geometry of 
optimal morphing configurations. The optimal 
solution has the same maximum thickness ratio 
(t/c) of 0.14 as the baseline design at 41% of the 
chord, while the maximum camber is lowered 
by 0.6%c (max camber = - 0.006 at 17.4%c). 
 
Table 6. Optimal Morphing (LTED) 
Configurations for the robust design 
optimisation. 

LDVs xLE θLE  LBSC1 LBSC2 
Optimal 17.2 + 6.5° 13.4 10.8 
TDVs xTE θTE LBSC3 LBSC4 

Optimal 73.0 - 3.0° 21.5 25.3 
 

 
Fig. 13. Baseline design with the optimal 
morphing configurations obtained by DMOGA 
(max t/c = 0.14 at 41%c and max camber = -
0.006 at 17.4%c). 
 

Table 7 compares the aerodynamic 
characteristics obtained by the baseline design 
(RAE 5243) and the robust optimal solution 
(Pareto member 2) obtained by DMOGA at the 
flight conditions of M∞ = 0.75, Cl∞ = 0.5558, xtr 
= 25.65%c and Re = 19.0 × 106. The robust 
optimal solution reduces the viscous and wave 
drag by 43% and 26% respectively that results 
in improving the lift to drag ratio (L/D) by 66%.  
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Table 7. Aerodynamic Characteristics obtained 
by the baseline design and robust solution 
(Pareto member 2). 
Aerofoil Cdv Cdw L/D 
Baseline 0.0304 0.0078 14.498 
DMOGA 
ParetoM2 

0.0172 
(- 43.4%) 

0.0058  
(- 25.6%) 

24.070 
(+ 66.0%) 

Note: Cdv and Cdw represent viscous and wave 
drag, and CdTotal, the sum of them, denotes the 
total drag of aerofoil. 
 

Figure 14 shows pressure coefficient 
contours obtained by the baseline design and the 
robust optimal solution (Pareto member 2) at 
flight conditions of M! = 0.75, Cl! = 0.5558, xtr 
= 25.65%c and Re = 19.0 " 106. It can be seen 
that the position of shock is delayed and its 
strength is reduced. 

 

 
Fig. 14. Pressure (CP) contours obtained by the 
baseline design and the robust optimal solution 
(Pareto member 2) at the flight conditions of M! 

= 0.75, Cl! = 0.5558, xtr = 25.65%c and Re = 
19.0 " 106. 
 

Figure 15 compares the lift coefficient 
sweep obtained by the baseline design, the 
optimal solution obtained in Section 4.3 (SO-
TED) and the robust optimal morphing 
configuration (Pareto member 2: RO-LTED) at 
range of Cl! # [0.1:0.7] with M! = 0.75, xtr = 
25.65%c and Re = 19.0 " 106. It can be seen that 
the optimal solution obtained in Section 4.3 
produce lower total drag when Cl is lower than 
5.5 while the robust optimal solution produces 
lower total drag for all Cl values. 
 

 

 
Fig. 15. CdTotal vs. Cl (top) and CdWave vs. Cl 
(bottom) sweep obtained by the baseline design 
and the optimal morphing configuration at Cl 
range of [0.1:0.7] with M! = 0.75, Re = 19.0 " 
106 and µxtr = 25.65%c. 
 

Figure 16 compares the lift coefficient 
sweep obtained by the baseline design, the 
optimal solution obtained in Section 4.3 (SO-
TED) and the robust optimal morphing 
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configuration (Pareto member 2) at range of M∞ 
∈ [0.5:0.75] with µCl = 0.5558, µxtr = 25.65%c 
and Re = 19.0 × 106. It can be seen that the 
optimal solution obtained in Section 4.3 produce 
higher total drag when Mach number is higher 
than 0.748 when compared to the baseline 
design while the robust optimal solution 
produces lower total drag when Mach number is 
higher than 0.58. 

 

 
Fig. 16. CdTotal vs. M∞ sweep obtained by the 
baseline design and the optimal morphing 
configuration at Mach number range of 
[0.5:0.75] with µCl = 0.5558, Re = 19.0 × 106 
and µxtr = 25.65%c. 

5 Conclusion  
In this paper, a robust evolutionary optimisation 
technique was applied to the morphing 
wing/aerofoil design optimisation. Analytical 
research shows the benefits of coupling an 
optimisation method with robust design 
techniques to produce stable and high 
performance solutions. The use of morphing 
technique; LTED on an existing aerofoil, can 
reduce significantly the transonic drag which 
will save operating and manufacturing cost as 
well as emission reduction. Future work will 
focus on robust design optimization of 
morphing method on a 3D wing.  
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