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ABSTRACT

High-lift devices have a major influence on takeoff, landing and stall performance of an
aircraft. Therefore, a slotted flap design optimization process is proposed in this paper to
obtain the most effective flap configuration from supported 2D flap configuration. Flap
deflection, Gap and Overlap are considered as main contributors to flap lift increment.
ANSYS Fluent 13.0.0° is used as aerodynamic analysis software that provides accurate
solution at given flight conditions. Optimum configuration is obtained by Sequential
Quadratic Programing (SQP) algorithm. Performance of the aircraft with optimized flap is
estimated using Aircraft Design Synthesis Program (ADSP), the in-house performance
analysis code. Obtained parameters such as takeoff, landing distance and stall speed met
KAS-VLA airworthiness requirements.
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Gtepl: Design Optimization Formulation

Objective Function — Maximum: Clmox

Design Constraints — Take-off, Landing Distance
Certification Constraints — Vs, Vsor, VR -
Design Variables — Overlap, Gap, Deflection Angle

!

Step2: Design of Experiment

»  3%Full Factorial Design
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* S0P Method
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Step5: 3D Correction
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Step6: Aircraft Performance Analysis
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Step7: Check

» Takeoff Distance
Landing Distance

Finish
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Fig. 1. The Aircraft Flap Design Optimization Process
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Table 1. Flap Optimization Design Variable

: Initial Lower Upper .
Variable Position Bound Bound Unit
X 0 -3 2 %
Y 0 25 08 %
Flap
Deflection % 15 % deg

Table 2. Design Constraints

User .
: " ; Regulation
Constraints Rqu{;eme Unit &Requirements
Take—off Subpart B - Flight
distance =230 M |KAS-VLA 49 Take-off
Landing Subpart B - Flight
distance =400 M |KAS-VLA 75 Landing
Angle of )
Aerodynamics&
Attack for >9 deg |performance
Stall
Subpart A -General
KAS-VLA 1 Application
Stall Speed <45 knots |Subpart B - Flight
meVLA 49 Stall Speed
b)

Table 3. Grid and Analysis Information

List Information
Mesh Type O Type
PressurSeiZIZar—fieId 15 x Chord Length
Y+ 10
First Cell Size 1.8E-5 (m)
Cells 130,000
Mach No. 0.0672
Reynolds No. 1.69E6
+Y
—):(L g X
Overlop “ 15

Fig. 3. Grid for High Fidelity Analysis
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Fig. 9. Aircraft Design Synthesis Program(ADSP)
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