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The First Estimations of Wind tunnel Uncertainties for HOPE *

Takeo AOKI * !, Koichi SUZUKI *!, Nobuyuki HOSOE *!,
Seigou NAKAMURA *!, Masami MATSUDA *?, Jun TAKANO **

ABSTRACT

The H-2 Orbiting Plane (HOPE) launched by an H-2 rocket or its derivative, is being studied by the Nation-
al Aerospace Laboratory (NAL) and the National Space Development Agency of Japan (NASDA).

Wind tunnel tests were performed using the same HOPE 2.5% scale model using the same balance and sting
as the first step in developing wind tunnel uncertainties for HOPE. NAL 2 m X 2 m Transonic Wind Tunnel
and KHI 1 m X 1 m Transonic Wind Tunnel which belongs to Kawasaki Heavy Industries Ltd., were used in
the transonic speed range. Wind tunnel uncertainties which are estimated as root-mean-square values calculat-
ed from differences between two wind tunnel test resuits, are called tolerances in this report. Tolerances are
compared with force measurement accuracy of the sting type balance and turn out to be almost the same order
of balance error except in the about Mach number 1 speed range.

Finally it is shown that wind tunnel test data with a model, the configuration of which is similar to HOPE,
can be available in developing tolerances for HOPE, from comparison of tolerances between present wind tun-
nel test data and the past HOPE series wind tunnel test data.

Keywords: spacecraft, wind tunnel uncertainty, tolerance
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BRRABRT -5 2HWTY, 4 ETAXLEHETRRASR
EERDI,

04 HOPE A RER X, EHRFEREN 0 AFRER
ThHhoT, RAREFMEFENL L TITbhTwi
%, BEER, SR, K, HEARETEL->Twa,
LAaL%de, RAERBICBITALAL / LIBEDOENZ,
REMNZNZFN, NAL TWT 80kPa, KHI TWT 200 kPa &
oTwh7o, 1285, HENLIE, NAL TWT
T055%, KHITWT Ti205%TH»5 (H1288B,),
06 HOPE XKD BRI ABE 7 — & L R ICRETHIEEL L
TERFRBET -7 2 L8+ 5,

X 13(a)id 04b MR RABREOKE R TH S5, FRIZIZ
06DA HMHARZEDLRL TH A, 4B TR LI IZER
EEMEIE) &, BRABENFEL-TLII 0, BB
& (*ED)

(06 HOPE I BURAIRZE) X (06 HOPE E# K A HK)
/ (04 HOPE E# K HmE) |

(06 HOPE £ — X » MEHURRRE) X (06 HOPE £
#mfE) X (06 HOPE £#& (#) X% E) /
((04 HOPE E# 3% # W) X (04 HOPE £H§ (5F) st

= 04b 04c
[\
X 8% ® P d N QE%%%% " ﬁ%?%%ﬂg
o | N =l = == |\
EMERER(D) 109.785 56 68.992
RERE(m) 15 6.765 8.525
R4 (m) 10.887 8.831 8.905
VHmEEERE | @R 5.5% 5.5% 5.5%
(NAL TWT)
e EEH(mMD) 0.0220 0.02212 0.02059
“‘ggﬁ(m BRIt 2.6% 2.6% 2.6%
amn | mmme»|  0.00492 0.00494 0.00460
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Comparison of 04b and 06DA
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L7ZBRAREDOHBUL, KR L /-5f# 12 04 HOPE %
Hfl, FRED2E (E— A FOPEIE, 3F), BE
PERETHE, BERRICIBVWIRESZTLH, £—
A MNOEERADEIZLZRBREEZSNS, [ 13(a),
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RRZICHELERIZO O VI 2 bk D,

X 14(a), (b)IZ 04 HOPEW T MEHORRBEL
06 HOPE i M BABREZOREME L 7Y, H14(a)ic
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6. T&D

=y N"EIHEEBRVWEEROBRKBEL, XESE
BLERBEEIPEFNLUTTHo7,

CERABEE Yy NBIATRELL RIS - 72,
(3)04 HOPE KD B AR E X, EERKITORBTIL,
06 HOPE XK OBABRE L AIBEACRKELMETH -
AN

7. % B

(1)06 HOPE XK DX Ic BRI ABR X, | —HER, [F—KH,
FBl—A74 Y TFHFRLR, LA/ VAR, BIEHEE,
PHEE ., MAIXHHE, RPKHSEISRL 5 RiARER
THbd, HRARBERE»ORDOSNL-BRABREE, <
INBIFAETKELL R DD, 2OMMDEERTIE, 13
IBRBEBELRILKES IRz, BRARLAJVIAE
(F24%), MER ) »RL-TH, ZOBRETIRA
RERELKELEEI LI EERL,

BERBRT— s OFELr—BmM LI EL701003, E
ZRNDCRE--BFEBORFEEHERHT L Z LR PICKT
HAHERZBOLILHNEETH S,

7, wyNBIMNAETRERRLEAK LB CERED
RETHEERTH Y, ZOEERTIIAERREEER
BREKHOE, 2BV D, HREVECERABESE
REZ, o TERIFELZVEARBEIERTLLD
RIS,

(2)04 HOPE FLIREERI # Fl v - #ii B S # R & ) g &
ITEHREFERFOBRARBRT — 7 L5 BRABEEI KD
L7z, 04 HOPE F24Ki%, 06 HOPE ik & 3 & T, WEE
R B, 04 HOPE HIROBHERBR T2, #HE HRI)

EERBRSBERLDZIDOD, LA VABSPHERDE W]
11~ 1285128 %5,
BABREIEEL5ZAETFL LT, ERERK, X,
VA VAE, HBERIFFILEZONSLH, 06 R
04 HOPE KO MR R I BV Tk, Ths0EER
FHREAFhERDIZ3DLY, GRABEOEZR
NORETIE, T EESLVERE Lo, ZOK
#i1¥, HOPE RIRROBERARET — 7 4% T, HOPE
BRAREL RO, A—REOMIERRAT — 5 Lo,
HUBERERIZL 2 RARRT— 4 TORARBR TR
BETLEERNFERTAILIZEY, RRABERE
R THLILEREL TS,

SHITHN 5 HOPE KO RRARBRERZ A, AR
BMEF—FOWELELLILIELZORS, FOR,
EERNBREBELETABRT LI LPFEETH S,

X ®
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121, RERE & EEBOBE

BUERER 2 AV 540 RREE L REMFOMER
EOWTEET S, B 1 LJRAE 2 IC8R I, n, DML
BEEANTHELEER D, BORLHNIERE CL,
Cp &3S,

Cro— Cu= [(Ly/gen?)—(Li/qn?®)] 1S

EhB. [ ] OBFIEM, R, R, a%0B¥THY,
Fa T 5D BRFHFEHR(ms) & & - T,
ms [(Ly/gn?)-(Li/qin>)] =K & BT,

ms(Cpo— Cy)=K/Sp = = = =+« + » - (2)
L, 54705 BICSBIIENS, O ERICowT
BRI EFRIT S, E— 27 MEBDBEIE(S,, X
AR(Sy X D)W FHRIZL Do FHBOBE, n=n=nTh
506, TRENERIEETE(nS,, ) R ER AR X
BREIE (B) EHR (n%Se X ne) XX (nPS, X nb) D33
<%,

182 2. XS RMREDZHEBRAORN

RIRLARFFUREL EZNREL LTOEEC
BETD, DR, 8- AV VRS OBEIL, BE,
BENFRBE L TOBRENERTEDY, C, C Iz KR
Tatllaha@hH, EFEI»LRKOLNBD T, KFEst
HBRENZOF TEHEBE L TOBREICI LS 2V,
BARBREMABREL LToRER, BAHLEENES
DE|EENLAQ), WTEhEFhE5 21605, HL, Th
LDONTIL, g, §, a DEZERE L,

AC,=1/(gS)*(AFysin a+AF,cosa) - + - (3)

BRI A A 704 5

ACp=1/(gS)*(AFycos a+AF,sina) - - - (4)
THb, N8), WhkaTRFLT
d(AC,)/da=0, d(ACy)/da=0
EBE, AC, ACLDHMBENBRKIZEHBHY K 4,
Aoy Oy ETHUL,
tan a,,, =AFx/AFz .......... {5)
an @' =AF,/AFy + = « = « -« -+ (6)
Ehb, KIDBMEERAG), OMLALT,
Q= 1 16.7(deg), @' ,=+ 73.3(deg)
(FEFME) 285, BiZ, AC,, AC, DM DB KM
i3,
FACL | = | ACp |
=1/{gS)* [(AF )+ (AF)ZY2 - . . . (7)
THY, Quut@ e =1 %0(deg) - - - - - (8)
PHRUT S (HA1EHE,),
FREABRODAFEHIL— Sdeg ~ 25deg Th b, =D
FPETI, AC, DAEFHEIZRKIZ L A5, AC, DEFHEIZ
BACZL%w, LAL, H1la)icid, #2M% Lo T,

R(NDEE BT,

@ max
AF,
— i
— ? AFx

KAl a., ko, DB

This document is provided by JAXA.



I\

MEFETHERNARAEFATLS
ER 8 H 117 54T

% 17 @ ML o dH O fE ol WE % PR

BRUER AT W RO N 7 T 443k 1

AL T E (0422)47-5911 (KL ER) T182

ST - - W< S wORE S L A

WO OO X k2 —27 - 12

This document is provided by JAXA.





