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The collections of studies concerning aerodynamic aspects of High Speed
Flight Demonstration Phase II. (Series 2)

Makoto UENO*, Tomonari HIROTANTI*, Masashi SHIGEMI*?,
Masaaki YANAGIHARA*, Hiroshi WAKAT*® and Toru IWATA**

ABSTRACT

The High Speed Flight Demonstration (HSFD) Phase II is a flight test program designed to assist in the
accumulation of technical expertise for the Japan’s re-entry vehicle development. The main objective of the
program is to acquire the transonic aerodynamic characteristics of re-entry type vehicles. The flight test vehi-
cle was strung up to an altitude of 19-31 km using a stratospheric balioon and made a free flight after release.
During the free flight, the aerodynamic characteristics were measured. Although the air data such as Mach
number, angle of attack or sideslip angle are vital to analyze the acrodynamic data, it is difficult to acquire
accurate air data in the transonic region because of the non-linearity due to the shock wave. In addition,
because the flight tests were performed at a very high altitude, the dynamic pressure was very low and that
made the air data acquisition more difficult. To achieve those severe requirements, an air data sensor (ADS)
based on the principle of non-nulling 5-hole probe, which was originally developed for conventional airplanes,
was adopted. Because the original probe could not achieve the requirements due to the severe flight conditions
of the HSFD Phase 11, the precision augmentation was made by additional static pressure holes on the stem
surface of the probe and succeeded to provide accurate air data. In this document, the development process and

the system of the ADS of the HSFD Phase II are described.
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Pi, Py, Pyo, Pi3, Py (Fig. 5 28)
Step 1

EXEHROEH

Cu = (P — Py)/P,
Co = (Po1 — Po3) /P
Cg = (Py2 — Pos)/ P:

C,y = \/Caz + 052

72721 Py = (Po1 + Poa + Pos + Pos) /4
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2
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Step 3 5l o, BEDA S
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¥iEED®E, L TOENILDOENEP, — Py, ELDT
TIDEIE Py — Py b, FNFNP, TERITILL 724
My, C, CpROL. (ENLDEFITOWTILFig. 5
RO L) E51T, C, & Cyld Root Sum Square & &
S2TCCELTEEDL, Thbb, TOEMZaltpr
TLOTTI—THISETARNADES OAFITILAT
Tons,

KiTStep 2L LT, BEBERIrLELNIY v NEE
Wyr—%o<y 7 (Fig.9) W, C, e C,hrb<y
NEMEERD 5.

a, BlEStep 2TRE 72 M & Step 1 DC,, C,DEE
ELTRDONDS (Step 3).

HfloStep 4 & LT, —IRWMBE P, BF PRI L
RONBOBEB L LTERES.

42 RBPESRRELEHFTT

ADS U TICHTHLEBINTAZ LIl Lo Ty
BoOFMBEAMETLI L TE, vy NEEHIBE
DER (228 FENTELEFELEE SRR,
BTV BMEN LR E o TANDPER 2700
ADCHEOREDINEZ CEZT T~ EMNTEL
Sy, FHIZBFTTNVERBETLILESEL, K
HCTRBELEZENL -7 T 77— 2 EBT
B0z, FUVIFVOBEFETVEUB L TER L
BHETIVERT (Tabled).

LTI OFHIED 2 EEREICHARAD L E
o 72H, BEOHRBIHK,L ADCIZHIZTa s
TATHARAL LG TELR P/, #2T, ADCOH

FH AT RO B

FEHE JAXA-RR-04-043

JIEFIF LS BCC D7 175 4 (Flight Control Pro-
gram; FCP) (2B EFLEHHIE T OB Y v L (LB Z D4
FE#FT)HBEMHAAL L L2 0/z. FCPDOZOED
% [ADSA v ¥ 72— A EFrT 5.

$3, Step 125 Step T TRA Y VFVOEFEET
NV, Thbh, ADCOHERBELMHT L. Z2TH
ADC DB EDANBZIIITHONTBLT, Thbb
BMEEEFEFEINTV 2, 22, RERBEOER
(Appendix 3.3) 7*5, HSFD 2 04, M o B L UHE
D BIZIIEBREOEEBIAETELZVWI LT
W7D, o, fidStep STHIB SN O DEFHIMEL T
5.

RINBEREBEZ LYy NNBMEPERT HER
(Step 4) »OEENFCPICHL. WEERMZHER LA
ARBREREL AL CNERELHEL vy B2 E
Wi 5.

B FE L LTy N R RSB E AT - 7048
WhARILID, Ufak P/P,0%ER (X (Tabd-2))
THEML, EREENTHLZWEEYIA ST Ly N
BME, OREHETODBIIOVTMEFHELTH
FRET 5.

7750, & (0.00<M<0.36) TIRZERIIEDLT,
BEILOH IS o, BEVABILILTEEZERLT
WwWreLTELy ru -8R & (Tavd-1) 2056
CyNBEREHLTWA, JOFEBEHEBIET 5.

EBRIZIOXETHVWTER SN Yy BOBRERE
RENTWLIHIIEELRABETHSL, /2, BHERT
By NEOEIZE DM BIBEOEIsH B
EPL TN L TEVWEENEREINLDIZHL,
BEETHETEMNIO L) KRB ENHEOZELE
#, BEUERNEEIGE (X7 v a—b) PEELTL
T L ENS, M0ADT CRIT F— 7 IlE WV
BIEREINLW, fEoT, ZOHERTIE Table 1 DBE
FORIGBRFICITEE L Tz,

T2, BE (M=1) BMHBETHEERVEDLL I LD,
SER 2 EIB (036 < M <095) RUHEE I (1.00 £ M)
D ODOFEBIZTIT TV A,

DEXY, =y "EERTENT~ O =208
FFENTWD (Fig. 10). fE->T, ZO=5HE%E A L —
RIWERETH7-00EFRNORL Lz, EEHILT0ON
TIE036 <M <04 DX B CHBEBOHETER LYy
NEFBEEB L. T, HEEntmolTREeEnE
NoOERORAE L EE R PP, O—RA TR L7z,

TN EER L1k, Step 5EIEPLEEP, FEH
T4, 9, BELOFHUEP, EBIE P, » 53 (Tabd-3)
FHOWCEEYELT A, REZARRKBRORSE R S5
L7z, Fh, BEETNEEFESRE - TWED
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Table 4 EREFEFTH

WRATERE (72— CHT pENEEREE (B 1K) ——I 77— T - O

HEELME T TV

AN

Py, Py1, Pz, Prs, P, Ps (Fig. 881

Step 1
EHREOESR
FVIFNOBEET I EF U,

Step 2
a. BEHOEOOT v N M EH

FVUIFIVOEZET IO yNEEREE L, #EL, 2TT

%)@O

HEHEIN TSy N BIRMEBREZFHEE N TOEVWEENE

Step 3
WA o BEYAL OEH

AUV FIVOBEETTIVOEE EE U, Step 2 A UMBEEMER TN TVARLY,

Step 4

TYNE M OEH
WRA TA VD FIOT v NEEHETIE ADS A VX —T 2—
ADFTEEFHIREL DT ES 2D, Ty NEELFD 3
B A, I OD K8 EL (Fig. 10). FNFNDERICH LTS
IV R E—0BGRRRCEA o, #BDA 3. EHEL PP
TR E T AN ERRNT v NE M RERT B, £
7o DUT O 3 S8EEHRIS 5 SEEIC N LU T R iha b=l

&IFB,

(1) 0.00 < M < 0.36

1—x
RS NS AN x
M_\fsl{\Pt> 1} (Tab4-1)
CTTr AL k=10
(I1) 0.36 < M < 0.95 KU (II) 1.00 < M
4 i s Ps i
M=>"% cya*? (E) (Tab4-2)

i=0 j=0
158 ci; 12 ADS T —7 (80 BIFHENEE (Appendix A.4.1)
MB, —7.5° ~7.5° D 2.5° HADEEDEICDOVWTERIN
TW5, EBENTOEV GIENT BTN M IE, D3
EFERE OO0 BIRDVWT M BEEL, BIFEHET 5,

Ihic, SHEE O 1L 11D ODRFEHTREHINZ YN
BN AL—ACHBITT 5L ICERSER T LY RT 572808
ARELLTFDOXSICEDT,

(I-I1 REFEREIED) 0.36 < M < Mp./p,—(p./P,); —0.89561

_ Mo{{(Ps/Pi)2 — Ps/ P} + My {Ps /P, — (Ps/Pi)1}
(Ps/Pt)2 — (Ps/Pih

RDIEwNETHD, (P/P): 1F7 (Tabd-1) BNT
M = 04 Z5X5EJ P/Plas—0a = 089561,
(Ps/Py)2 1330 (Tabd-2) 2 BWT M = 036 5% BFH
bt Py/Pyiar=0.36 = 0.91433 TH 3,

(II-TT1 #HfEE) 095 < M < 1.00

PS/Pt - Ps/PtiA/[:LO
Ps/Pilar—0.95 — Ps/Pi|ar=1.0

M

M =1.00-0.05x

Ps/Prlar=0.95 RO Py/Pilp—1.0 8 o RTEEDA 8O
HEBEIC DO TERENTMER AV TRD S, BRICERS
NTVEW o SICH U TG HR

Step 5
BEP. BE P, 0EH

P =P, {k(P:;/P)+1}

Py =

CTTriFHEL k=14,

Koy 2
—M"P
2

(Tab4-3)

(Tab4-4)

Bk, 113 ADS 7u—7 () BEREESE (Appendix A4.1) MOUTOR YN M ICDWTEBSN TS, EEINT

WD NI U T gE
M = 0.0,0.39,0.4,0.6,0.8,0.9,0.95,1.0,1.05,1.1,1.2,1.3.1.4

H A

FogaRrHh LTELNS,
Step 3 ol o, EHEDA B
Step 4 B WINE M

Step 5 MO EIRKE P, BIE Py
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Interpolation (ILHI)

08—

Mach

0.6—
Interpolation (1-I1)

0.4

02—

PSPU@M=1.0

PP @M=0.4
PYUP@M=0.36 Yo

0.0! 1
03 0.4 0.5 0.6 0.7 0.8 09 1.0

Ps/Pt

Fig. 10 < v NEEHEEX S

T, 3 (Tabd-4) CTHEHTE 3.

Plro X inEBBHMony F— s ERFEEES
ahn-.

BB, T THERESNGEET T VIEEROBRS
TR EIN 2 LB - 72720, EREEG
EFRED Y AT AR LR ER 3R (Appen-
dix A52) #4To7. ZOfFR, EBOBRBREETTTT
WHRTERICERT LI EFEREINT/-®, HSFD2H
ADS VAT LAEROBBEERETT5I LN TEL.

5 BBhYIZ

BERTOZENF—-VEUG*EENE T2 @mEARITE
o — AN CHEELLZ T T -5 2y — (ADS)
DB DT~

W), ZOADSIEALFLEXZ 2 ChEHENSIL
ADS EAL VAT LRHHATAFETH o120, BEE
TOBEHRIT Ty NBOBESENLST L Z EHH
Liz, #2°C, BEATEMTAURZHT I Li2L -
THE#W#E L, HSFD 2 OFRATH WO ER I LERIERE
FERT A ENTE.

AEFE L 72V AT A DRBBIITERII D ADS IZFCP O
ADS A VF 72— A&fMLTENRT L LI FIZR -
TwWa, Zhid, BFEALTEMLAZLICE o THRL
ANEHEHROLTF—yarEa—% (ADC) TIZED
WA WO T, BETRERVATLAE -T2 LIEA
BhwnY, BAORPOT CEBEDERRRTIMEH
TELADS B TELZLOBPITRE N,
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Appendix A

ADSEERICHEET 2R

RETIZ ADS BB ICRHT 23 B (FICRMERE)
DWTOERZHNET S, FKBa%kd s, HSFD 2 DN
Bpsns FCRBOSHIEIA TS TH Y, REBEET
BELTwa (ALFLEXRITHREZ R O, #-T, AT
TELEEOFERELTILRVFEL LI L - TERE
DFENEBRETEL LD L T, XTHORFRT
NTIHMEFHBEMER (NAL) FEOEFETH Y,
BRI HMEMERERE JAXA) KHELTWA.
DT, BRoOIEEHROXIE =T,

[HA7 R
R 2n % 2m {ECHJETH

REMEGHENE  6.5m x 5. 5m (KRR

BEHEEE  2n % 2m BFEERE
HEEEE Im x In EEERE

Al BARERE (WH)
A.Lr BUMEEE
HEy  wAfE
B REREGE (65 cm X 55 cm)
i AT O —THEE (¢ 7mm, AHEEOELIZ]L
a3 2)

At 30 ~ 55 (m/s)
IS FERBHONEEERY MVEHHEY P8 L

LCHA#EHTE S L %R
% 199244 A 7 H Blan 2
AL2 KEMEES
Hry  KREME
B AR (PR S U CEEBEGE (65 cm X
55cm))
R FERESH S0 — THAR (¢ 28mm, AEEHOE

11

JIFLIE 5 E D)
SR 25 ~ 50 (m/s)
B REMRICHE ) MEOBR. 2720, BEICHE
W 19924E9 A 30 H LR
A.L3 Queen AirRITEEBRFHEER
HiY  BATEEBRICm B
BURE OREMESEEGA, EEHEE
R EREGE O — THAE (¢ 28 mm, HEEOE
S5 )
Rt 30 ~ 160 (m/s)
A MERL, ER
% 19934F 10 B 27 HAFy 1®
A L4 E 1R Queen Air RATHER
BE AR, SEEREE
JEH
AR EREEE O -7 (¢ 28 mm, ASEEMOELIIL
5T D) & NAL (BRIAXA) FiEOEBAH
ZEHETH B Queen Air D/ — A7 — LG ICELE
¥ BE 1000 ~ 10000 ft, #HE . 75~ 175kt
el FERMERER, 5L, KEICEL IR
e 199347 ~ 8 g 116
AL5 82X Queen Air RITEER
B KETICBI 52 ERE T TORRERER
L
HEME EREERE O -7 (¢ 28 mm, MEEEOEIILL
5T D) % Queen Air D/ — A7 — LI
Bl
St WEE 0 1000 ~ 10000 ft, FEEE © 75~ 175kt
B MR
5% 199442 A Y

A2 BBBEEEFE (ALFLEX)

A2] FBEBHEER

Hiy SRR
TR EEHEEE

LS ALFLEX 8 70— 7 Nol,No.2 Bk (2435

HE 70— 7 & FRIK)

it M=02~04
BB RBEERERR, -0, MEROUEIVE
% 1994410 A 5 HUAT®

A.22 BEERFEER

HiY  SEEROEE, /- 7o—7oks
JE ZERRGH, BEREGE, BE R

HERE ALFLEX B8 7u—7 (Fu—7A) HE
ALFLEX 88 H /o —7 (Fu—7B) HiK
J=AMTao—7 (Fu—-7C) BE
M=00728 ~40 (7T —7A)

if

A
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M=00728~35 (F70—7"B)
M=02~14 (Fa—7C)

g (1) FrEEnEAE L) BER L
(2) EmIBOmEMELOIIR - EDPRL A S
WXADS 7E— TRBEVFEEINDE LS
7z
(3) HEIELIEI BT OWAET A 2 & 2R

% 199544 Af0~6 A 192

ALFLEX RiT5ER

BEE, UHRESEO I L. 19954512 A 13 H~ 1996 4
9A1H

A.24 BEPBESER (BER)

B STREEOEEM, ERERE, dR

BGE EE A

A o7 A3 HELE (LEL7u—7 A LRI,
BUER RIS R B)

it M=02~14

BR A EERESGEAIC L ) BER L

% 19746 %

A3 HSFD2ICHEREI

A.31 HSFD2ADS7O—JERZEE

By BASSERPE 0D 57— # X — A |2 HSFD 2 DO B
Lx2MA%

BaR AR

HFE HSFD2HBER Yo7 (BELEl, A X

100%) + HSFD 2 EaEl (40%) (7ua—7

Sl LR E BT OB 40 B R - T o
—7H%)

S M=04~12

B VERERMET - SIE

% 20004E 12 A

A4 HSFDZICHEREU

TV FADSIRADS 00— 7 TILHSFD 2 DKL
HE (FIESR0oFHROE) TRERC Ty N EIZEE
TERVIEHHBH L0 TEEILEBINL 7.

A4l ADSTO-T (%) BERR

B  BEILEmEEREO- o0 v NBREL T —

B
LR

e
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7=y TR, EERER

EEREE

HSFD 2 ##HM 7 u— 7HEM (FELED ;
40 %) +HEEHRAEL (40 %)
HSFD2HHEE 7o — 7HEH (BHELFY ;
40 %) HAR
WMEEENBEILEDOAMNE, AHEORE
FIfLEEL)

M=04~14 (FO—7+HEEHER)
M=08,1.05,12 (71— 7H{k)
BEILBIMEELEO OO~ vy NEEF T —
Fey TR, TSR
200144 H 23H~5H2H

A5 HSFD2 GEEBREIN
AB51 ADSTO-T (%) BEER

H
B
A

o ok
KR

JRSR

%

LEBFEDO R — VTR ORER
B A AR
HSFD2HEHE 7 —7 (FHETILAED ¥4 X
100 %) Hfk

M=08,10.,1.05,12

40% 70 —TIZOWTIERE N v NEE ]
Ty IHEERER SO - TICEATET
H5HILRHER
2001411 H12H~14 1

P G 4om i ET . 2 F 2 + 343 EAE
A52 BERGEE (7x—XI) KEEG ADSEER

e RS

FI
R
SE3fE

=l
Wi

SRS

%

ADS ¥ A F b DREREER

B R A

HSED 2 58 Al 70— 7 (BLALEfLar A4 X
100 %) -+ HSFD 2 E#H (410 %) (72 —7
Sotm L AR EBAIER O BEHEAS 40 % A — v T
— 7H)

HSFD 2 &M S u— 7 (BELED ¥4 X
100 %) H.4k

M=036~13

B EE BN T IOHRE T 5 2 & B ER
B2 LR

200342 A
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