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ABSTRACT

Natural laminar flow wing design was applied to the small supersonic transport QSST by using a
computational fluid dynamics based supersonic inverse design method, aimed to reduce friction drag. The
design target is a small supersonic passenger aircraft (Mach 1.6, 36-50 passengers), which is a reference
airframe for JAXA’s conceptual design. In this study, some parts of the natural laminar flow design system
were improved in order to achieve high aerodynamic performance. The total drag, i.e. not only the friction
drag but also the pressure drag, was improved by this modification of the target pressure distribution of the
lower surface.
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F1-2-1 EREH/INTA—4
i REER At
CASE FRARDEFFREA « RIEHROBHREA, BBMWE
i e AXustart | AXyend |hortFunction| y(y/S) i | VOV/S)eps | AVistart | AVyena [anFunction| BACTH |fIiE(x/c)
Q3rd1 0 1 0.5 1 tanh 0 1 1 1 liner Eéz 0
Q3rd2 0 1 05 1 tanh 0 1 1 1 liner E#5 05
Q3rd3 0 1 05 1 tanh 0 1 1 1 liner [EI}5 0
Q3rd4 0 1 05 1 tanh 0 1 1 1 liner Eléz 0
Q3rd5 0 1 0.5 1 tanh 0 1 1 1 liner Eéz 0
Q3rd6 0 1 05 1 tanh 0 1 1 1 liner B85 0
Q3rd7 0 1 05 1 tanh 0 1 1 1 liner [ol#x 05
Q3rd8 0 1 1 1 tanh 0 1 1 1 liner [ol#s 05
Q3rd9 0 1 0.5 1 tanh 0 1 1 1 liner Eéz 05
Q3rd10 0 1 05 1 tanh 0 1 1 1 liner B85 05
Q3rd15 0 1 0.5 1 tanh 0.2 0.3 0 1 sin @z 05
Q3rd27 0 1 05 1 tanh 02 03 0 1 sin B85 0
Q3rd33 0 1 05 1 tanh 02 03 0 1 sin [ol#x 0
Q3rd35 0 1 05 1 tanh 02 03 0 1 sin B85 0
Q3rd37 0 1 0.5 1 tanh 02 0.3 0 1 sin @z 0
Q3rd53 0 1 05 1 tanh 02 03 0 1 sin B85 0
Q3rd55 0 1 05 1 tanh 02 03 0 1 sin G185 0
Q3rd65 0 1 05 1 tanh 02 03 0 1 sin [EIf 5 0
Q3rd69 0 1 0.5 1 tanh 0.2 0.3 0 1 sin B 0
Q3rd70 0 1 05 1 tanh 02 03 0 1 sin B85 0
Q3rd71 0 1 05 1 tanh 02 0.3 0 1 sin EE 0
Q3rd72 0 1 0.5 1 tanh 02 03 0 1 sin B 0
Q3rd73 0 1 0.5 1 tanh 0.2 0.3 0 1 sin B 0
Q3rd74 0 1 0.5 1 tanh 0.2 0.3 0 1 sin #E 0
Q3rd75 0 1 05 1 tanh 02 03 0 1 sin G185 0
Q3rd77 0 1 0.5 1 tanh 02 03 0 1 sin B 0
Q3rd78 0 1 0.5 1 tanh 02 03 0 1 sin = 0
BRAR RINVHR TagetCp
CASE | *s—vwrmm | RI—U U0 RE: Ny & TE WEAZCEAREY)
Kmax |[Fourief&#(P.) LY |R—ZH%| #ME |EHDH| ~A—2RHH |[RAREYLR| BAHEEY TR | HlEExc/c

Q3rd1 4 12 12 D01 x 1 TargetCp’ &M 3R 01
Q3rd2 4 12 12 D01 x 1 TargetCp’ &M 3REAF 0.1
Q3rd3 8 12 12 D01 x 1 TargetCp’ &M 3REAF 0.1
Q3rd4 15 12 12 D01 x 1 TargetCp’ &M 3REAF 0.1
Q3rd5 | 30 12 12 D01 x 1 TargetCp’ &M 3REAF 0.1
Q3rd6 | 50 12 12 D01 x 1 TargetCp’ &M 3REAH 0.1
Q3rd7 | 30 12 12 D01 x 1 CFD &M 3REAH 0.1
Q3rd8 | 30 12 12 D01 x 1 CFD &M 3REAH 0.1
Q3rd9 | 50 12 12 D01 x 1 CFD &M 3REAH 0.1
Q3rdi0| 15 12 12 D01 X 1 GFD &M 3REAE 0.1
Q3rd15| 15 30 12 D01 X 1 CFD bi ] 3R 0.1
Q3rd27| 15 12 12 D01 x 1 TargetCp” &M =& 04
Q3rd33| 15 12 12 D01 x 1 TargetCp™ #EM X st
Q3rd35| 15 12 12 D01 X 1 TargetCp™ b B 04
Q3rd37| 15 12 12 D01 x 1 TargetCp™ #EM BE 04
Q3rd53| 15 12 12 1D02 X 1 TargetCp™ #H B 04
Q3rd55| 15 12 12 1D04 X 1 TargetCp™ #EH B 04
Q3rd65| 15 12 12 D03 X 1 TargetCp™ #H B 04
Q3rd69| 15 LPF LPF D03 x 1 TargetCp™ [ BE 0.4
Q3rd70| 15 12 12 1D03 O 1 TargetCp™ b B 04
Q3rd71 15 LPF LPF 1D03 X 1 TargetCp™” =M =5 04
Q3rd72| 15 LPF LPF D01 x 1 CFD b x x
Q3rd73| 15 LPF LPF D01 x 1 CFD b x x
Q3rd74 15 12 12 1D04 (@] 1 TargetCp™ EM =& 04
Q3rd75| 15 12 12 1D04 @] 1 TargetCp™ bi ] BE 04
Q3rd77 15 LPF LPF 1D04 O 1 TargetCp™ EM B 04
Q3rd78 30 LPF LPF 1D04 O 1 TargetCp™ EM B 04
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1 % H 075, il Tl <7z Fifi TargetCp DX— A3 Hi T DUNT, TEA AR & Hil4E A 2 w3
W2 WD TETH 5,

TargetCp’ Z—R53Ai & L, ZOIER AL & HilE R %2 3 RESECHlifA] L 7= TargetCp 1 &£ Cp
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2 FBOIEZ, Pl TargetCp D~—A504i & 1 HARETOIIRITK LT CFD @t & Hbhiz Cp
I E R (ENENEADIT 2 LTI LNIER) S5 HIETH D,
EEIC AW UT

TargetCp11(x/c) = Cp(x/c)- W (x/c)+ TargetCp''(x/c) - (1-W (x/c))

(3-2-2)
Thbd, 2T, WITEASTHRET,
W(x/e)=sin(—L <= xstle 1 7 (xg/c<x/c<xep /o)
Xep./c—xglc 2 2 - (3-2-3)

LEFR LI, TIT, x, & x, BERERIERE & HESOME TS 5,

TargetCp & ~N—A53Ai & L, ZiLé 1 HARETORIRIZ) L T CFD @ T3 b iz Cp oA % #& 7l
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3-4 BREROFHAM

FRETOFHMIL 3 8D DHIETITo 72, 1 DBEITEFHTEIRD Cp 7041 % y/s=0.05 IR T, Cp 7340
23 TargetCp (2T DN TW D 0 Z -T2 HiETH 5,2 0 BIZFHl B % v T, Cp 434 13 TargetCp
IEDNWTW A EFHIT 2 HETH D, 3 2B1F Cp. Cp, ODIEE LT, mittfR O & bl L, 3
g2 7L ThH 5, 2 2 HOFHMBEEIIRC LR OFEICEA Lz, LR OEHT TargetCp
WESIT 5 2 EIZEANLTND D, EENICHHTT 26BN H L0106 ThbH, £ LT, FTHEBIK
1% TargetCp (ZUED1F 5 2 & & BARICRREI 2D D08, &R R E LT, TEHMRY A~ —X
FTA URITEL . Cppy PRV DRLEE LV, L7 > T, FTEBROFMIZEIL C & Cp, DIE
2> B R L7z,

TR OFEIC AW ZFHmREEIL 2 25 5, £ DA AGB4-1), 34-2) 1T, X3E4-1)D
I IEFHEAR O T ORI O Cp 4347 & TargetCp DOV ZFH LTV 5D, Z OB/~ SN
2. Cp 534075 TargetCp ([ZIEWZ E AR LTS, R (3-4-2) O 2 1TEXEHEIRD Cp 4347 & TargetCp
DI E DEGZ B U TR LTS, BRI TIE Cp 24/ 03Ri#% T, TargetCp D X 9 IZ2
W72 AL EFF> CND I ENEE L R>TND, LT, 20 L2 OEINNSL 25, JifkT
OAFNZE L 720 . BRBIRDREPELNCTL R L ERL TN,

/s
I 315" bupiton|Cpdesian = Cpuagedd(x/ed (v/5)
1 — min
28 (3-4-1)
Iy/s,,,m 55up&zowd<x/c>d(y/s)
y/s

R ionsl4C pdesign ! d(x/ ) =dCp rager | d(x ! ld(x/c)d(v/s)
Iy ==

/ max
J.))/}/ sS §up&low

d(x/c)d(y/s) (3-4-2)
3-5 FRIETE
- BIRMEEREDOEH
AMFZE T HW B R FHENT TargetCp & BUROER NG/ HND Cp & D (ACp) B, ZD
EEAERTLHIROEREAfZHE L, T2 iR L TBIRBIEREE LTH XD Z LTk
V. TargetCp ZiERKT AR EZEXH T FIETH D, T TargetCp LB SNTZEFHEIRD Cp 47
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1
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by L 9 _
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