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ABSTRACT

To minimize the flow distortion and the total pressure loss of subsonic diffusing S-duct, vortex generators installed in
an S-duct are optimized. Especially, the influence of each vortex generator is independently considered by reflecting the
local flow pattern to maximize the flow quality enhancement. To overcome the shortcomings of heavy computational
costs in CFD analysis and design, a mathematical vortex generator source term model was employed. A total of 33
design variables for 11 vortex generators are treated with design parameters of chord length, height, and angle of
incidence of each vortex generator. For a large number of design variables, the present design used the gradient based
optimization method based on adjoint-based sensitivity analysis. Through this design, the distortion coefficient was
decreased over 72% while maintaining the total pressure recovery ratio from the baseline of design.

Key Words: CFD, Design Optimization, Gradient Based Optimization Method (GBOM), Discrete Adjoint Approach, S-duct,
Vortex Generator (VG)
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Table 1. VG170 Configuration.

Designation VG170
Number of pairs, nyg 11
Sector location, Xy/R; 2.0
Blade height, h/R; 0.070
Chord length, ¢/ R; 0.280
Spacing angle, gy (deg) 15.0
Angle of incidence, ay¢ (deg) 16.0

Table 2. Flow condition of high mass flow rate.
Test Case 3.1 (DP 3532)
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Fig. 8. Flow characteristics of RAE M2129
with designed VG configuration.
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o] Fig. 11 ¢ H]

Rl oot
(e
ol to
e ||
o o
ox
o
T
T
>
ol
o
s
)

AT A= RAE M2129 S-duct %9 VG 3
PCO]] EHB‘]— )\—17;”_“ 7_1’—71‘/] VG & Eaﬂ
tol sl on, HFTHoRE 72%9]
=3 WAt

oX IO O_?L
5 'P“
H _|\I
~ W P
ol

ofk
—101| ﬂllo

e
o oX

y

o
o
U

AN B 2> o ol K
Sl o
o
ol N

<

Q

[t

JPﬂ

w

A Al g A =k
, A J}E}U]EV} A=z HebA Q)

o,

ro, r

dop oy 3 o 2

[e}

AlE AA PHS S-duct 9ol %= BLI & #o)

U Hjgry] Gl Qdelx &89 ¢ Qd&Floe=R

7] =714l AA setv g, ZF VG

o $AFS B3 AAE nEITH gL sfA"
[e)

S-duct & °]&o] ¥ 5 SIS Aot}

=
)
o
H
)
R

7

o

2 Oﬂ?% 2011 = AN s
oz F=td A% ] 91(No. 2011-0027486)

A

7} 2011 ch AF(wssh7)EH)e] Alde
st AT AT Aol 2 w55 B A (No.
2011-0020559)¢] A| ¢S wrol F=alE AFH

ikl
kl
Mo
ok

(1) Goldsmith E. L. and Seddon J., 1993, Practical
Intake Aerodynamic Design, AIAA Education Series.
(2) Menzies R. D. D., 2002, “Investigation of S-shaped
Intake Aerodynamics using Computational Fluid
Dynamics,” Ph. D. thesis, Department of Aerospace

Engineering, University of Glasgow.

(3) Bender E. E., Anderson B. H., and Yagle P. J., 1999,
“Vortex Generator Modeling for Navier-Stokes
Codes,” 3" Joint ASME/JSME Fluids Engineering
Conference, San Francisco, CA.

(4) Anderson B. H. and Gibb J., 1998, “Vortex-generator
Installation Studies on Steady-state and Dynamic
Distortion,” J. Aircraft, Vol. 35, pp. 513-520.

(5) Jirasek A., 2006, “Design of Vortex Generator Flow
Control in Inlets,” J. Aircraft, Vol. 43, pp. 1886-1892.
(6) Advisory Group for Aerospace Research and
Development, 1991, “Air Intakes for High Speed

Vehicles,” AGARD Advisory Report, AR-270.

(7) Kim S. S., Kim C., Rho O.-H., and Hong. S. K., 2003,
“Cures for the Shock Instability: Development of
Shock-stable Roe Scheme,” J. Comput. Phys., Vol.
182, pp. 342-374.

(8 Yoon S. and Jameson A., 1988, “Lower-upper
Symmetric-gauss-seidel Method for the Euler and
Navier-Stokes Equation,” AI4A4 J., Vol. 26, pp. 1025-
1026.

(9) Lee B. J. and Kim C., 2007, “Automated Design
Methodology of Turbulent Internal Flow using
Discrete Adjoint Formulation,” Aerosp. Sci. Technol.
Vol. 11, pp. 163-173.

(10) Yi, J., Lee B. J., and Kim C., 2011, “Efficient
Design Optimization of Vortex Generator in Subsonic
Offset Inlet by Discrete Adjoint Approach,” 20" 4144
Computational Fluid Dynamics Conference, Honolulu,
Hawaii.

299



	아음속 확산형 S-duct 내부 유동제어를 위한 Vortex Generator 최적 설계
	초록
	ABSTRACT
	1. 서론
	2. RAE M2129 S-duct 형상 및 특성
	3. Vortex Generator 및 유동 해석
	4. 최적 설계 방법
	5. 설계 결과
	6. 결론
	후기
	참고문헌


