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Aerion JAXA SST
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(2/14) 9

root dv1 0.03 0.06
kink(62%) dv2 0.03 0.05

tip dv3 0.02 0.05
dv4 0.3 0.45

root dv5 0.02 0.05
kink(62%) dv6 -0.02 0.05

tip dv7 -0.02 0.04
dv8 0.6 0.75

root dv9 -0.03 0.02
kink(62%) dv10 -0.02 0.02

tip dv11 -0.02 0.02
root dv12 0 2

kink(62%) dv13 -2 2
tip dv14 -4 0

(3/14)

Maximize L/D @ Mach1.15
Maximize L/D @ Mach2.00
M
M

10

CAPAS

Efficient Global Optimization
160 5

(Aerion )
(JAXA SST )

JAXA SST
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M1.15 M1.60
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62%semispan

(6/14)

dv6
57%

dv6&dv10
11%

dv10
10%

dv6&dv13
6%

the others
16%

14

62%semispan
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62%semispan
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M1.15 M1.60
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dv6
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dv6&dv10
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dv9
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28%
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M1.15 M1.60

sample173 0.143 132.4 1.8 1.1 124.1 2.1 0.5
sample109 0.143 134.6 3.5 1.0 122.8 2.1 0.4
sample169 0.143 143.3 0.6 1.3 120.3 1.5 0.6

20

Sears-Haack

(13/14)
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M=1.6

N
→
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NEXST
Carlson’s warp design

23

pp gg

Wing area 10.12 m2

Span length 4.718 
Aspect ratio 2.20 

Taper ratio (inboard) 0.52 
Taper ratio (outboard) 0.20 

Sweep back angle (inboard) 66.0 deg. 
Sweep back angle (outboard) 61.2 deg. 

MAC length 2.754 m 

* ( )

(2/8) 24

modification

PARametric SECtion (PASEC) method*

*Sobieczky, H., “Parametric Airfoils and Wings,” Notes on Numerical Fluid Mechanics, pp. 71-88, Vieweg 1998.
** Matsuzawa, T., et al, Application of PARSEC Geometry Representation to High-Fidelity Aircraft Design by
CFD, K. Matsushima, CD proceedings of 5th WCCM/ ECCOMAS2008, Venice, CAS1.8-4 (MS106), 2008.

amet iiriicc AiAiAiAiAiAiAiAiAAA ffffffrfrf iiiiiioioilllllllsls aa ddddddndnd WWWWWWWiiiiiiiningsgs ”””””””” NNNNNNN tttototeses oonn NNNNNNuNumeme iiiiiiriricacallllllll lFlFlFlFlFlFlFl iiiiiiuiuidddddddd MMMMMMeMe hhhhhhchchananiiiiiiicicss pppp 777777711111111 8888888888888888 iViViViViViViViewewegeg 11111111999999999999999988888888

nnnnnnnnnnn Modified PARSEC method**
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: 1.9 104 [m]

(3/8)

Maximize L/D @ Mach1.15
Maximize L/D @ Mach2.00
Minimize |ΔCM|

M
M
M

25

NEXST-1

ΔCM NEXST-1 CM (CM,NEXST-1= -0.028) 

CL = 0.107

•Carlson’s Warp CM
→ NEXST-1

(4/8) 26
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S

SST

Carlson’s Warp

(6/8) 28
(L/D@M=2.00)

(dv17, dv18, and dv22) 
.

(dv8)
NEXST1

Single-point result

Blue line: Carlson’s Warp
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(L/D@M=1.15)

(dv7, dv8) 
dv8 (kink) NEXST1
dv7 (root) NEXST1 →

Blue line: Carlson’s Warp

(8/8) 30

NEXST1

NEXST1
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MULTI-FIDELITY

3

31

Multi-fidelity (1/10) 32
Multi-fidelity

nose
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Multi-fidelity
(Ref.: Ilan Kroo, “A Multifidelity Gradient-Free Optimization Method and 
Application to Aerodynamic Design,” AIAA 2008-6020, 2008.) 

High-fidelity
Low-fidelity

correction

low-fidelity correction
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Design variable x

High-fidelity data
Low-fidelity model
High-fidelity model

34
Multi-fidelity

Low-fidelity

High-fidelity

Multi-fidelity approachM

High-fidelity
EI

High-fidelityHH

Kriging

high-fidelity correction

Low-fidelity ,
High-fidelity

Multi-fidelity (3/10)
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Fidelity ( f(x)<50 )
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397.0)(
475.2,424.9,:3

275.2,,:2
275.12,,:1

21
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xf
xxX
xxX
xxX

Kriging .
EGO .

Multi-fidelity Kriging
,
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397.0)(
2,424.9,:3
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21

21

21

xf
xxX
xxX
xxX

Kriging
EGO .

Multi-fidelity Kriging
,
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EI

EGO
.

Multi-fidelity ,
.

Stanford
.

Multi-fidelity (7/10)

dv1 root 0 2
dv2 ω kink 0 1
dv3 tip -4 0
dv4 25 0 5
dv5 75 -3 2
dv6 25 -2 2
dv7 75 -2 2
dv8 25 -3 3

θ(kink)=ω θ(root) 1-ω θ tip)

68

52

26

AR=2.5

Kink

38
SST (Mach=1.6 ( Euler ))
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SST

Multi-fidelity (9/10)

EGO Multi-fidelity , CDp ,
(dv5-dv7) .

40

ANOVA
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AoA CDp L/D

Design A
(EGO) 5.22 -2.86 0.0111 12.93

Design B
(Multi) 4.45 -2.10 0.0117 12.20

Design A (EGO) Design B (Multi)

41

,

, CDp

42

→Mach cut-off effect

PAPRSEC
Carlson’s warp design

Multi-fidelity

Multi-fidelity

CAPAS
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