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ABSTRACT 
In this study, three-dimensional flow computations around a realistic landing configuration deploying high-lift devices with a nacelle-pylon 
tested at JAXA are performed for the JAXA High-Lift Device CFD Workshop. Influence on the aerodynamic forces by the turbulent 
transition of boundary layer is discussed. Importance to consider the transition is shown for better prediction of the aerodynamic forces at 
high angles of attack. A prediction method for the turbulent transition of boundary layer is also evaluated. The capability is discussed 
comparing with experimental data. A wind tunnel interference derived from the half-span testing model is also discussed. 

3 CFD

CFD
CFD

CFD
EUROLIFT

2 3

(1-2) JAXA

CFD
3
2005 10 2006 2

(3-4) 5

CFD

2006 10
CFD
CFD (5-6)

JAXA

(1)
I.
II. eN

(2)
I.

1 JAXA (3-4)

Flap Track Fairing 

(FTF)
25 35

20 Re
2.3m

4.9m MAC 0.5292m

150mm

10mm

Workshop
Coarse 580

MAC 1.25 10-6( 0.02/ Re )
MAC 100 2

FTF
0.175( 60m/s) MAC

2.1 106

TAS (Tohoku University 
Aerodynamic Simulation) code(7-9)

Navier-Stokes

HLLEW U-MUSCL
LU-SGS

Spalart-Allmaras (10-11)

JAXA NSIII CeNSS (Fujitsu
PRIMEPOWER HPC2500)(12)

1 JAXA

Spacer 

JAXA-SP-07-016178

This document is provided by JAXA.

http://stage.tksc.jaxa.jp/library/report/files/SP-07-016.pdf#31


(a)
2

Tollmien-Schlichting 
(TS) instability cross flow (CF) instability

TS CF
JAXA

eN LSTAB
(13-15)

(16-17)

eN

A0 eN

LSTAB

N

Envelope N

LSTAB 3
3

Cp Cp
Kaups&Cebeci

Envelop
N N

N=4

H
TS CF

Poll (16)

0

*

2
0

*

*
*

w

w

sw

e

see

ds
dQ

VVR

20245*R

r
(17)

w

e

e ds
dQ

Q
K 2

*

610K
610*5

3
4

eN Envelope

N

Cp

, Profile

RANS CFD

Kaups&Cebeci

eN Envelope

N

Cp

, Profile

RANS CFD

Kaups&Cebeci

3 LSTAB

Station No.2 : =0.234

Station No.5 : =0.554

Station No.6 : =0.765

Station No.7 : =0.887

Station No.4 : =0.402

Station No.3 : =0.326

Station No.1 : =0.149

Section No.7
Section No.6

Section No.5

Section No.4

Section No.3
Section No.2

Section No.1

Station No.2 : =0.234

Station No.5 : =0.554

Station No.6 : =0.765

Station No.7 : =0.887

Station No.4 : =0.402

Station No.3 : =0.326

Station No.1 : =0.149

Section No.7
Section No.6

Section No.5

Section No.4

Section No.3
Section No.2

Section No.1

4

5 4 10

10

4

5

6 4 10
5,000 10,000

3
15,000 20,000

             
(a) 4      (b) 10            (c)

5

Case04

Case03

Case02

Case01

Case05

Case07

Case08

Case06

Case09

Case10

(b)

(c)

r
U

ds
dQ

wsw

e cos2

0

sin0 UV
wse

179

This document is provided by JAXA.



1.E-07

1.E-06

1.E-05

1.E-04

1.E-03

1.E-02

1.E-01

1.E+00
0 5000 10000 15000 20000 25000 30000

iteration

R
es

id
ua

l

AoA=4deg
AoA=10deg

1.6

1.8

2.0

2.2

2.4

2.6

2.8

3.0

0 5000 10000 15000 20000 25000 30000

iteration

C
L

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

0.36

0.38

0.40

C
D

CL(AoA=4deg)
CL(AoA=10deg)
CD(AoA=4deg)
CD(AoA=10deg)

(a)                           (b) 
6 4 10

7

200 1 0.0001
400

20 40

600

Cp 8
9 10 4 10

4

10

11 10
10.55

FTF
FTF

FTF

12 13 5 10
Cp

Cp
N JAXA

4 6
N 4 TS

CF

CFD

0.5

(a) CL-

(b) CL-CD

(c) CM-
7

8

JAXA-SP-07-016180

This document is provided by JAXA.



(a) =0.25

(b) =0.56

(c) =0.89
9 4

(a) =0.25

(b) =0.56

(c) =0.89
10 10

(a)

11 CFD 10
10.55

12 5

12 5 CFD
Cp Cp

13 10
5

10

CFD Cp

Cp
10(a)

Cp

5
10(a) Cp

14
4 7 14 10

*R K
*R

K

(b)  (c) 

181

This document is provided by JAXA.



*R
K

15 10

CFD Cp CpCFD Cp Cp

12 (CFD: 4 , : 4.43 )

CFD Cp CpCFD Cp Cp

13 (CFD: 10 , : 10.55
)

(a)

(b)
14 10

15 10

16
- 17

4

18 25% Cp
4 10

Exp. by ChinaClay
Analysis by CFD Cp
Analysis by Exp. Cp

Exp. by ChinaClay
Analysis by CFD Cp
Analysis by Exp. Cp

JAXA-SP-07-016182

This document is provided by JAXA.



(a)       (b)  
16

17 CL-

(a) 4

(b) 10
18 (25%span )

3 CFD
JAXA

eN

1) Hansen, H., Thiede, P., Moens, F., Rudnik, R., and Quest, J., 
“Overview about the European High Lift Research Programme 
EUROLIFT,” AIAA Paper 2004-0767, 2004. 

2) Rudnik, R. and Geyr, H., “The European High Lift Project 
EUROLIFT II – Objectives, Approach, and Structure,” AIAA-
2007-4296, 2007. 

3) Ito, T., Ura, H., Yokokawa, Y., Kato, H., Mitsuo, K., and 
Yamamoto, K., “High-Lift Device Testing in JAXA 6.5m 5.5m 
Low-speed Wind Tunnel,” AIAA Paper 2006-3643, 2006. 

4) Yokokawa, Y., Murayama, M., Ito, T., and Yamamoto, K., 
“Experimental and CFD of a High-Lift Configuration Civil 
Transport Aircraft Model,” AIAA Paper 2006-3452, 2006. 

5) , , , , “JAXA
CFD ” 44 , 2006 

6) , , , , “JAXA CFD
” 44 , 2006 

7) Nakahashi, K., Togashi, F., Fujita, T., and Ito, Y., “Numerical 
Simulations on Separation of Scaled Supersonic Experimental 
Airplane from Rocket Booster at Supersonic Speed,” AIAA 
Paper 2002-2843, 2002. 

8) Murayama, M. and Yamamoto, K., “Comparison Study of Drag 
Prediction for the 3rd CFD Drag Prediction Workshop by 
Structured and Unstructured Mesh Method,” AIAA Paper 2007-
0258, 2007. 

9) Ito, Y. and Nakahashi, K., “Improvements in the Reliability and 
Quality of Unstructured Hybrid Mesh Generation,” Inter. J. for 
Num. Methods in Fluids, Vol. 45, Issue 1, May 2004, pp. 79-108. 

10) Spalart, P. R. and Allmaras, S. R., “A One-Equation Turbulence 
Model for Aerodynamic Flows,” AIAA Paper 92-0439, 1992. 

11) Lei, Z., “Effect of RANS Turbulence Models on Computational 
of Separated Flows over a Wing-Body Configuration,” Trans. of 
JSASS, Vol. 48, Nov. 2005, pp. 150-160. 

12) Matsuo, Y., Nakamura, T., Tsuchiya, M., Ishizuka, T., Fujita, N., 
Ohkawa, H., Hirabayashi, Y., Takaki, R., Yoshida, M., 
Nakamura, K., Yamamoto, K., Suematsu, K., and Iwamiya, T., 
“Numerical Simulator III – Building a Terascale Distributed 
Parallel Computing Environment for Aerospace Science and 
Engineering,” Proc. of the Parallel CFD 2002 Conference, 
Elsevier Science B. V., 2003, pp. 187-194. 

13) Yoshida, K., Ogoshi, H., Ishida, Y., and Noguchi, M., 
“Numerical Study on Transition Prediction Method and 
Experimental Study on Effect of Supersonic Laminar Flow 
Control,” NAL SP-31, 1996, pp. 59-79. 

14) Yoshida, K., Ishida, Y., Noguchi, M., Ogoshi, H., and Inagaki, 
K., “Experimental and Numerical Analysis of Laminar Flow 
Control at Mach 1.4,” AIAA Paper 99-3655, 1999. 

15) Ueda, Y., Ishikawa, H., and Yoshida, K., “Three Dimensional 
Boundary Layer Transition Analysis in Supersonic Flow Using 
A Navier-Stokes Code,” ICAS 2004-2.8.2, 2004. 

16) Poll, D. I. A., “Some Aspects of the Flow Near a Swept 
Attachment Line with Particular Reference to Boundary Layer 
Transition,” Cranfield Inst. of Technology, CoA Rept. 7805, 
August 1978. 

17) Beasley, J. A., “Calculation of the Laminar Boundary Layer and 
Prediction of Transition on a Sheared Wing,” Royal 
Aeronautical Establishment, Rept. 3787, October 1973. 

183

This document is provided by JAXA.




