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Abstract
Force measurement test of a standard model HB-2 was conducted at the high enthalpy shock tunnel HIEST. The result
obtained at lowest enthalpy condition, in which real gas effect is supposed to be negligible, was compared with the blowdown
type hypersonic wind tunnel HWT1 and a good agreement was obtained at zero angle of attack. Real gas effect was also studied
by changing stagnation enthalpy up to 11MJ/kg and the significant decrease in axial force with increase in stagnation enthalpy
was observed.
1. EAME 1
DA REEA -7 AT ser ol e A4 = - Jx = = nREt -6 A’Sq:‘-’ =
B T BRI T & RO B EMIC 3T 28T 8 R0 8|l _arey /)
= & DR RE B & IR O S S A A R o I B S5 ° g Z2se oh—~
Mz B0T T ORBT — ¥ OEBIE QT 7> =& & =
e U TEEERUMIC L S B2 O T s, Thid, 110 200
JEHEPR 70 A T IR & AT T B F RS O R TR Dz =
SHICE L., RIS U SMEREMICB T 2RB % Fig.1 Standard model HB-2, force balance and sting
i o s, BREMICET ST - & 0kt Z W
KLTHLIEMWEELLD, JITE., Bl N 3. XFF - #EHRE

aBREIPH &9 5 1.27m MU FHEE HWTL. 0.44m F58 &
TS E R HST R O E R B EIR HIEST 20 REL T
A5 B I B 5 xR ER R B A %ﬁﬁ@m}mz

FARERRR 2 W TIThbhTWwa, E§ETIE. 0~
EE& LT, BREERN HIESTD TiT-> =R O 3 )
S TENINBGBR O D B A5 A R E L B R LD
1.27m KA 5 R HWT1 OB & OXF I D 0n Tl
~NB, X, HIEST IZHT 52 0 inEBR&E R AL Tids
%’xrﬁk") TR RNTNWS,

2. HB-2MEiKiR#EME & 3 3 hEtill X

HB-2 FRIEHERIRY, 3 3t KR YA T 4 27D
MAHTIREEZ M 110K, [AAEMERE ORI S AT 2%
30mm OBUAFIRT., HTEM 25 EOMERERTHE
d=100mm O IEH R OETEMA 10 EOMSEHRNSKS.
£ EIE 490mm. HKEE 160mm. EHE 4.78kg O X HIE
BB TH D, FEOIRTHIEPIEHMER d 2 HEAEL L
THHND, P HB-2 HREEERIR O N FH RN L
KRS N O E 2R T 520, +FE--FR 35
H7E St KR D EMue, AR AT > 7 &k
Bitille->THO, KFPAERIZEIS 980N, HEE ) 4900N
MOREwF 7 E— AL 14INm ThHbH., KFEEREN
SHesNEh, EEAKRREYF VT~ A2 FOFERK
B ke ke B ke ZZFNFRN 11793N/mV. 10803N/mV K
X 47523Nm/mV T &H 5., KEFUOIEERISLR S 290mm
OENL FIZH D, B DOMEREMIEICHW S IERE YL >

G RO SETS 110mm OB - KFERMHT7 4
TR LT, i A AmE BT AL D
122 AT 2. nEJEt > — G (ENDEVCO $ %
2250A-10) O RE BRI 10.22mV/G TH 5,

B 2 i3RI IT 1000N O BB EE 2 JH UL T F’i*”’ ftuh

h
BERFENS tx Sl HFINEE G OEE T,

G| LM S B2 GO K - BUMEIRE I

X hﬁ ea'm

B otx EONEE G IWHITTH O, il HmEnz fHih s 4 e

BRLTWD, Ko

FIREEIE 122kHz TH D &

MHRDIZBBOGEMBMEEE m 1d 625kg THAH, T

FMEEE RO A AAREE 4.78kg
) 15kg ML AEICIEE—HLTNnS,

71 fx & BMEEER m & O TR A E 2 fr O PR

JRRIA 1
3 1 A

L 7= Fx=fx+mG Z 759 . i Fx=1000N O )] %211 T

BT, Wi Fx ANEIE 0 B H T EM S ARNEN el
ZESD R DG ML THOTH S 2 & & 07

< 1500 - ,,’, e e
[ )( !
e 1000 foom™ I
= 500 N
O] 0l &, \/ ‘(\ ) ‘;,,,—, [ '\\‘ 4 __;)\:
S -500 AV \ AV
" -1000 {
= e . R ]

1900, 5 6 7 8 9 10

Time (ms)
Fig.2 Axial force calibration
1500 = o . :
1000 ko - Fx=fx+mG, m=6.25kg
_ \

z O - ; .
= 0 V/"\NN‘\,"W’/J“"\W/\/J N
U -500

-1000}

-5 S WP Us—Y A

5004 5 6 7 8 9 10

~520—

Time (ms)

Fig.3 Axial force compensated with acceleration
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Table 1 Test conditions
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MJ/kg MPa _ £Dth_mm M Red
4 15 40 9.9 9.0E+4
8 45 40 8.1 8.3E+4
8 45 50 7.6 1.2E+5
11 30 40 7.8 4.5E+4
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Fig.4 Traces of the axial force at Ho=8MJ/kg
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Fig.5 Trace of the Pitot pressure at Ho=8MJ/kg
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Fig.6 Trace of the axial force coefficient at Ho=8MlJ/kg
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Fig.7 Axial force coefficient for HIEST and HWT1
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Fig.8 Real gas effect to stagnation enthalpy
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