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Abstract
Spaceplanes are expected to be the next-generation space transportation vehicles. Since the spaceplane is designed for
subsonic flight speed during horizontal takeoff and landing to hypersonic flight speed, aerodynamic analyses in a wide
range of Mach numbers are necessary for the design. In this study, the validity of numerical flow analysis based on the
Euler equations was verified in order to apply it to a wide range of Mach numbers. As a result, it was confirmed that the
analytical results generally agreed with the experimental results. In addition, the waverider was also analyzed, and it was
found that a higher lift-to-drag ratio is obtained for thinner shapes, and that there are issues with longitudinal stability in

the subsonic range.

1. S

WA OF R & L CHRIZEROMIKRIHER
SN TWD. FRFEOFMERFHEREREL, B4
AR—=AT L —r BTN, vhy MERE R
D, MLZERED X 5 ZRAKEREE P IBES N TS Z

EMRERFFEATH S, ILFE T, FERMEZEE AT,

TSTO (Two Stage to Orbit) & FE(EiL 5 B
BUAT AOWRBZEAN AT TS, ZD1EH
Thd7—AZ—BEOFEME L CEmhitb RN EE w]
BE7rWaverider/k1 972 &, X F S E e IA DA < M
FEnTHS.

AKF 5T 7-TSTO (Two Stage to Orbit) HU=FHT
s DG R LI BT 2R T, Bk A
SYBERTOAIZIER LTChH, 3deg FREEMN 516 deg T2
FCOEMEME, DroHfiE D S Rk E T
BOBEIRDFATRIE N R A TNDY, ZDZ b, IR
W NS K OVR W SRl T D ZE ) KR
OTRNRMETHD LB IND. HFEHGITHEE
BTl mE o — B AT T V255 L LT,
NREINVERBEE=2— N R AN\ E Wi 5%
JIEFMYE &, Navier-Stokes 5 A2 =& B A fiR < CFD
FRFNTIC CEN TN IEEEFIE L, TO/EL T
B LR, By F o re—kr MRESe~ v FRft
T H T 2R L UMRER O 5 22 J)FHE IS
LD TFHIDEE LN ERERINTNDY, R E

©copyright 2025 by the author(s). Published by JSASS with

permission

72 OS2 FHEEILE R 2 2 N O TERLTWY
B, Jeak oo X 5 12 Euler 5 FE 2> Navier-Stokes 5 F2 2
ZHAERNC AR < X 5 7 CFDFENTIC IR B & RS FE 1
T% 5.

AR—=AT L — 2 ORFEIZE N T, SR
ITERMIICRIT 22N FIEE L TRAI S DI
RN E O S22 SRHEE R — i Th o 72
UL, EEHTEA T 27201203, mE s S mE
B E TRV~ v NI TOZE N PERE A S R <
TRITHZERRKDOND. £ TERMFETIE,
Euler 5 12 2% Bl 0 12 fif < CFDfRMT O FH I 1)) ¢,
MO TEIRBRMBPITONTIZ A=A T L — T )L
Tdb HNALORIEAIR & Xt RATHRMT 247 5 . il o
FRAR 53 F TO IR ~HUk DD IRV S 12
THAPE(RANS) T & FERGVE (Euler) if AT 2 i3 % .
TRATRENT I LB & 72 B ZE TR EL Cp, €y Cyy DT
R ERER L ADECGHET S Z & T, o
FYBPEZONTRAEZAIT Y. M T, BIDRR53
FE¥E D WaveriderfZ iR 2 x5 & L T EBRIZEulerfigtt %
WAL, ZOZENERICOWVTRETT 5.



BT FR AR FAEH  /

WASEMZEFFEHBEY I a L —Y a VEATY VRV D L
2025%E7H2H~4H

27—k —I)UiE (R0

2. fRHTFiL
2. 1. BAEfENT FE

FoiRfRMT > L & LU CIAXAD BA%E U 7= [E At i
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# 1 fRETAE - OREoT (1) — N LK)

m(d) Prlsm
2 KRR O X (h T — KELEIR)

Grid Number Number Min.cell volume
of cells of nodes [mm?]
Coarse 3.58%x10%  2.86x106 5.85%1072
Medium 9.80x106 8.08x106 5.22x1073
Fine 3.12x107  2.64%x107 6.54%x104
Prism 1.22x107 1.05x107 1.05x10-5

£ 2 fRITEE O (1) — M SR

Grid Number Number Min.cell volume
of cells of nodes [mm?]
Coarse 3.69%x106  2.94x106 2.20%x1072
Medium 1.02x107 8.41x106 2.33%x1073
Fine 3.24x107  2.74%x107 4.71x104
Prism 1.52x107  1.38x107 1.20%x1078
2. 4. WaveriderfZtk OfiF#T
NALO REWK oM, EHL DRI 2D 3 BEOD

Waverider JEARIZ-DVNT, Euler fi#ht 2 8 JH L T T

MOICEF A 1,2,3 LEFHTT 5. WPhoT
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(@) Model 1 (tyy/L = 0.036)

(b) Model 2 (tyay/L = 0.131)

(©) Model 3 (tyay/L = 0.240)

3 Waverider /IR (F2>5 ORI

#* 3 RN 7Ot (Waverider JEIR)

) Model Number Number Mi 1 vol
TNVEEEBEPRKES Lo TEY, 2RLIC No. of cells of nodes 1n.celi volume
5B B RIE & tnax D o tmay/LIZNEIZ 0.036, 0.131, 1 1.08x107  8.58x106 2.41x10°1
0240 Lo Th. EFABRER 3 17T 2 1.20x107  9.68x10%  5.54x107

3 1.35x107 1.10x107 2.37x1011
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TR eR S L, REEBEIT Lok mEE 5.
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1X-22 <@ <22 deg OHIPAIZT 4deg RN A THE 12
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FIEETDH. T2, 7T 70 ERBERYDL HHET
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ZEIMRE TN OBERELEZIL Y BE, PUIREC, D
F—#EHEZD L, BT 2 < L CBulerfif#ft %
FHETHED G, FIFREORK - CRANSHENT 21T 5 ~
XThdHEWVZD.

©copyright 2025 by the author(s). Published by JSASS with

0.25

0201
—0.15}

Q
©0.10

Eﬁler (C‘oarse)‘
—¥— Euler (Medium)

*

—&— Euler (Fine)
—=— RANS (Prism)

*  Exp.

0.051

0.00

0.6

-0 =5 0 5 10 15 20

a [deg]
X 4 BUOREC, (M =7.1)

0.4

Euler (Coarse)

—&— Euler (Fine)
—=— RANS (Prism)

*  Exp. j

o

—¥— Euler (Medium) /}

Cr [
o

,/y’

-

0.04

0.021

Cu [-]

0.00

—-0.02

-10 -5 0 5 10 15 20

« [deg]
4 5 HtREC, M =7.1)

Eiller (éoarsej

—¥— Euler (Medium)
—— Euler (Fine)
—#— RANS (Prism) *

W7

*  Exp. *

s
*
*

s

*
e
o

-10 -5 0 5 10 15 20
a [deg]

JSASS-2025-2052

X6 EvFrrE—Rr MEEkC, M =71)

0.0 (
Euler (Coarse)
— Euler (Medium)
0.4 — Euler (Fine)
— RANS (Prism)
0.00 0.25 0. 50 0. 75 1. 00
z/L[-]

B 7 SeFRTIE C, 9 (M =7.1,a = 18 deg)



BT FR AR FAEH  /

WASEMZEFFEHBEY I a L —Y a VEATY VRV D L
2025%E7H2H~4H

27—k —I)UiE (R0

# 4 FHEEIEH R
Method Grid CPU Resource Usage
[Core-hours]
Euler Coarse 2.88%103
Euler Medium 8.36x103
Euler Fine 2.71x104
RANS Prism 1.45%x10¢4
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Cy PFERZK 11 12T, EREOFLEIL /2o 7
25, Eulerfgbr ot B IZRANSHEAT & A EMERIIC —
HLTWD., B2, M =4.020 OFEIL, BTk
HEFRITROSND L OO, Eulerfiht T HEANIL 4>
ICIRZBNTNDS. M=08 OEZIZILHETS
BEHIRIZ OV, w0 512 TRANSHENTHRE 5=
&mm%ﬁ%%%%ﬂfm ZOFERIZHOWTIE
HAEFTHHH, EENR THINERINDHEAIX
WUWWK&%#%%&*#ELT%KEﬂé.
NALOWK IR Dt 22 EMEIZ DWW T, M =4.0,20 O
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3. 3. WaverideZik
HIEN ¥ T T4 M2 AR L 7= Eulerf@fTic X 0,

Waveriderf2 Rk DT 24T - 7. ~ v BRI 3 5 % 0 \\ ’//«‘
KBFULOFRER 12 (ORT. 725, HRBRO JRRISs N Sa
FBR S L LT, o — K& NALOWE IR O oo 57N
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HEIRIE S OB B B TH D, EUOKIE Y (b) Model 1 (M = 4.0)
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PO~ v BRI T E B A S B R B A M 18 By Frre—Ar MGy
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MEZEMEIZONT, ~ v $10.358 L 04.012 81T
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A0%NT & 7> 5 80%NL & £ TL0%L A Tt L=, 3fE  SRUEOXMHWim IR T 2ENREO xR 14 (TR
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ol A LTCW5A. Lo, MMMt T8 EF )
: (*V// Mool 1 FIDE— AL FAKE L 2D LEZ B, HEEEE
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