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ADS(Air Data Sensor) measurement on HYFLEX(Hypersonic Flight Experiment) were
performed. FADS(Flush Air Data System) was used because the conventional ADS like,
a pitot-static tube, can not be used in hypersonic flight. The objective of the ADS mea-
surement on HYFLEX is to check the capability of FADS in hypersonic flight and get a
fundamental data for research.

ADS on HYFLEX consists of 9 flush orifices, each of which is routed to an absolute
pressure transducer. These orifices are suitably located on the C/C nose cap. Only a
pressure measurement was carried out during the flight. Then the estimation of air data
was carried out after the flight. All pressure measurements were succeeded. The air data
was estimated from measured pressure data and compared with the air data, estimated
from other devices. ' .

This paper present the concepts of ADS on HYFLEX, data analyzing method and results.
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Fig. la : Location of the Pressure Ports
for ADS (Part 1)
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43.0degree
Fig. 1b : Location of the Pressure Ports
for ADS (Part 2)
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Fig. 3 : Presure history

Bighid HYFLEX D8R OB TH 5,
B, ET—F TRENITEHLPEBD
2N 2D ) A XBBHTEL-DTZH
Vol /A XRKBEFELTHE, T-08E
HBTIRIZIZELLEZZ ZOBOEIEZ N
AT AELTBRELTVS, ZNILLBE
SEEE 150 B CRAEIMES L
TWBZ EDbhb, T725 8% 350 Bk
NN e b AN LY T (WAFAL Y - 1 ihY N 7e

Thic dociiment i nrovided hv TAXA



HYFLEXt28i75ADSEHH 139

FWXRODPRVIRE L TWAZ EPEHIT
X5, 2.0
INSEHHILENEERWTT Y SV
TANT =L DT T =5 OHEZRITR
o720 LT T — % ORI HYFLEX 7Bk
50 B0 6 35015 T1LRATITR o 72,
50 B & DRI TIES & 7 — DR
JE. 350 FLMR TIZAAE B L <IRBY L T
ALORDREENTELEEEZLNLT
HEEZ T o T\, HEFEX 7 N7 EWS
TITAN2-model800 (Alpha chip,200M H.)
LT o7, 1LY OHEEICELL oLl

L 1 I\ 1
0.0 100.0 150.0 200.0

FHEREFRE I 8.8 x 103 Th o7, Time (s)

WA () BEY A (5) ORHEE % Fig. 4b : B (angle of side slip) history
4ab 2, ADS I X BHEEHEE IMU T —
5 L DEDEHREE %K 4c IZTNTIUR o
'3_0 EPTE< !’if D O LfCIEﬁ%Ei IMU —=—Angle of Side Stip
SOF— 5 L OHE L7, Big D . | e
R 2 DESEA ADS & 0 HEg L7226,
B A ZIRT . OBER 100 BR LIRS
EB 2 L8, fERVALIRE (-]
(UFETO5 K, HERDATI2 EREED ;
TH) LTWEILEBZIORL bbb, % |

1.0

—=—Estimated from IMU
—e—Estimated from ADS

1.5}

1.0

Angle of Side Slip (degree)

0.5+

1 s 'l
2500 3000 350.0

3.0 |}

Angle difference (degree)

adi N

Angle of Attack (degree)

e0e —e—Estimated from IMU 0000 1000 1500 2000 2500 3000 3500
—e—Estimated from ADS Time (s}

o Fig. 4c : Estimation difference of a and 3
oo S EER 120 #5120 5 200 B8 D IEES
N DRRHEAAE <, AR WA DL
WeHRREROHEREIEWEEZ LN
200} 5o ZRLIOETIMUTF—%&DTHh
BWE =272 RLTWAEDIZ, EXELRMSE
100} WL AEEBETII W EEZLNRSL, LR
REIIMU T — % & ADS 12 X BHEEMEHT
%50 7000 1800 2000 2500 3000 350.0 TNTLAS, 2TDOFT NIZDWTIHIMU DR
e %, ) — AOEWENE R SNBDBED
Fig. 4a : « (angle of attack) history EZAHFHLWERIIOWTKERAHTH 5,

Thic dociiment i nrovided hv TAXA



140

Difference (%)

2T H A B

794 MDD a—4T3I2b—3
YTCIIHEERED 1 ELUTIC 2 5 0358
%120 L% & RFED o TR RT
HEBTEBL 20 BHLEY 25 1 ELUT
DIEFETHENTETV S, DEE 1208
#~150 B OMTILHA AN HEKBER )
WL TW AR O D BIFICHE TS
TWwh, 7208 300 BElIciEZ o722
M MAZTIIIBWTH RS2 BHEEE T
LTwh,

20.0
—=—Estimated from IMU
—e—Estimated from ADS

~ 15.0¢
[0
Q
=
[}
2
(%23
[
a 10.0f
L
S
5]
S
a

50 ¢t

0-0 1 1 1 1 A

50.0 100.0  150.0 2000 250.0 300.0 350.0
Time (s)

Fig. 5a : ¢o (dynamic pressure) history

200

15.0¢

10.0}

50¢

O.D i 1 N — " 1 i | S
50.0 100.0 1500 2000 2500 3000 350.0

Time (s)

Fig. 5b : Estimation difference of g

%

BRI H32 5

RIZEE (¢oo) PRERBEREZ K 5a 12,
IMUZEDOF— %12k 2HEMEDEDOR
MR % 5b 12T, FERICKFBTEL
BNORLIEAFIE IMUEOT—% &
DHEE LCBNEOR B, HIEX0E)
A ADS L W #EE L-BEDORMBRE %
RLTWh, HMbab L VEEICEL T
IMU 7 — % & R L 723584 5R%AREDE
THETETWAL I Ldbh b, —fFIE

TERIT T poo & pd L IEEHHI L 72
EHETIEDOF -5 —1Ih RV END
Bo TOIOBWEKEKRHETNIIBIT S p D
FE5HERDNEL FERILZED»S
Do ¥ WETHZ LITHEE R LV HE TR
b p I T 5 LB,

RIENR— P BIPHECSZLEES
AR BEHOEHNR-F 26757208
ITHICEADRERTZD S HOME A8
B35 Lo R3S BETE, 29
Vo 7o MBEICRE L C FADS HTaNR b 4
ADS THEMNE I D EHRTH I LIk
FILEETHS, BEIDOENR-1 %
BAWTZ7 77— DHEELXITRIH, 2D
I LDOEBREDOES AR — b AL /248
ELUTD4r —ATHEEREELE L7,

1. AEF—F ENHDOR— b
(PS01,PS03,PS05,PS07,PS09) % f§
M L7258 (Case A).

2. HAEAR—F EAPMOR—T
(PS01,PS02,PS504,PS06,PS08)
R L7354 (Case B)

=g
3. SMEIOA— b (PS03,PS05,PS07,PS09)
2 L7236 (Case C)

4. RRIDOKR— 1 (PS02,PS04,PS06,PS08)
ZfEH L7236 (Case D)

Thic dociiment i nrovided hv TAXA



Angie diflerono (dugrem
o 5 a

T im0 1500 Sm0 2500 WD B0
Tumen

Fig. 6a:
Estimation
difference of «

and (3 for Case A

Fig. 6b :

Estimation

difference of ¢.,
for Case A

HYFLEXIZBit2ADSEH

Anois differencs { degrae
5 5 2

Fig. Ta:

Estimation

difference of «

and 3 for Case B

A

%65 e Twos  Fab Beb WG 00
Tt

Fig. b :
Estimation
difference of g,

for Case B

Angie cierence icecr o
g b

| |

o ~
SomT% 106 206 60 9060 00
T

Fig. : 8a
Estimation

difference of o

and 3 for Case C

|

|
i

%05 w5 05 Bor Bas S8 0
Time {5

Fig. 8b :
Estimation

difference of ¢,
for Case C

Estimation

difference of o
and g for Case D

Fig. 9b :
Estimation
difference of ¢,

for Case D

Case A & Case B TI3FHA EHEFRIZ
ZIXR 5N ATCase D TIRETEALL .
Case C TlI2 DEALL TVAZ EA%bh
5o 52 Case C TIIHESIF—F OB ED
AR N PRBE BN R 72720,
AT B ERVD R0, ERY
CENEDHEERENEL L2 ZEZ LN,
Case A ¥ Case C & DEWIZ PSSO A—}
DIFFEET TH B, COWME L BT 5
& TR BB ORISR BT O E
WIZEETH LI Ebd b, AN
BT A EERDTERTHIITHEZEEER
DEENATRRZ DL DD B, Case A &
Case B, Case C &£ Case D x kT 52 &
T, BE (o, B) OHE IEIAANIIE R —

MEELET A ENERNTH A EbH
BHo TIFEAENF— OREIFWHET
HIUTEBEOESR— P PRELTLH S
BEOBE*HFTLI LM TE, FADS
WEARBIZONA T2 ADS THE I &
bbb,

4 Bhi)IC

HYFLEX 285 ADS sHlizowT
FHUME . BT RIIOWTHE L, &
[{ER 72 FADS B2 ADS OHeERE £ 1T
IMUT =8 E &L B LA ATI 0.5
FEREE, iR AT 02 ERE. T

141

Thic dociiment i nrovided hv TAXA



142

MZET AR R S B #32 5

X S5RRBEDEV LR CWMEDWER
Yipolz, BIZFADS B ADS DT /N L
HHHRETE, SHRFHTER., BT
BIZBITAH ADS ELTHEETHAIEMW
birolz, EREFICWCOPDORIERDIE
BTE, TTE—IZ. SRIORTHABRT
BENE T ORBEARICLVEEET
ODHFRIRBIFIAT Rz b ol THIRE
HMEL & Y — O EEE. BENA+45
PPollzOThr, THICEALTIEEDE
YHE1IFR-FBOEREFERHLETIL >~
DI TYEZ B ELTHIEL U4
HIZBT HHERE., PREOMEXK 5
VEPH D RIZ, KARITEBRTIRI 2L
WAZEENI L TH B2 HEEI TR 272,
L2 L2 o HICEM R EHEL, REE
B L THERCHEETE LN E ) 2.
N=RE o TVBENHET VICHEES
B L BAENEEFERB I N TR W
DARHTH ) 5% FOEOERZ TRV
BT HUEND L, HEIZ. HYFLEX Tl
18 4 DF# A b EFE AR R < FET
LEBTORITIIITRoTW RV, FDF
¥ HOPE 72 &£ ORI ELE T E A4 <
R b L FPHEINBRITREICIB VT,
4B ADS BNEOEEHET BIETE S
PIEARHTH Y SHRFM 2 RET. R
g‘(“&);&o

SZ |

[1] P.M. Siemers III. : The Space Shut-
tle Orbiter and Aerodynamic Testing.
AIAA Paper 78-790, 1978.

[2] S. Whitmore, T. Moes and C. Leon-
des.
Management Techniques for Flush Air-
data Sensing Systems. ATAA Paper 92-
0263, 1992.

Failure Detection and Fault

[3] H. Wolf P.M. Siemers III and P.F.
: Shuttle Entry Air Data
System Concepts Applied to Space
Shuttle Orbiter Flight Pressure Data to
Determine Air Data - STS 1-4. AIAA
Paper 83-0118, 1983.

Flanagan.

[4] P.F. Bradley, P.M. Siemers III and
K.J. Weilmuenster. An Evalua-
tion of Space Shuttle Orbiter Forward
Fuselarge Surface Pressures: Compar-
ison with Wind Tunnel and Theoreti-
cal Predictions. AIAA Paper 83-0119,
1983.

[5] C.D. Pruett, H. Wolf, M.L. Heck and
P.M. Siemers III. An Innovative
Air Data System for the Space Shut-
tle Orbiter: Data Analysis Techniques.

AIAA Paper 81-2455, 1981.

Thic dociiment i nrovided hv TAXA





