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Experimental Measurements of Starting Loads and Model Behaviors
in the Indraft Supersonic Wind Tunnel
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Abstract : Measurements of starting load in the indraft supersonic wind tunnel of Muroran Institute of Technology
were conducted for Mach 2, 3 and 4 conditions with AGARD-B model. The high speed photographs were taken for
the behaviors of the wind tunnel model. Those photographs make clear that the oscillations of the model coincide with
the measured starting load oscillation and starting loads were caused by two shock waves. The first shock wave is the
reflection shock, which is generated at the nozzle throat by expansion wave reflection. The second one is asymmetric
oblique shock waves (AOS) coming from the upstream. AOS can generate the asymmetric conical shock (ACS) around
the nose cone of the model, which would have directly caused the starting loads on the wind tunnel model. Based
on those observations, the authors presented the conical shock theory, which is the alternative starting load prediction

theory to the normal shock theory.
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2.960 sec

2.964 sec

R AEEASIENTAREERNSRES D,

2.969 sec

SEXMABEHERNSFEELTHS
HRABELNIREILIAD S,

2.972 sec

16 SERFRRROMERRE L MRS TR L 2RO Y 1) — L B R

THEARAT L HIIRIE LIGo T\ b, 2 X ) festikick
M3 5 E, MR 5 OIEF A HEFHRIZIC L -
THRELTWLEEZONS,

DLy, XN S OIEFREIO B, HEt
e h & OIS FRH SR 2 764 S &, £ OISR
BB SHRIRICA Y —T 1 /U= F2 52 Twh &
E Y (W

5.3 Conical Shock Theory &M HiffiTiy, A
¥ =74 7 — FOFAEZERIZ, BEIRGEEEIC BT
5 IR FRELO BB £ o THI & 2 S N7z IER BRI S
BWOSBIFONDL Z LR L7, ZOIENKFIOEENIL,
J ZAVHETFTHIPIER L TV D 72, ZOH AN R D
IERFHEDFZE LR T & A, HE3KD Normal Shock The-
ory Tld, B OIS 2 AT B ICE 3R
ATVWEDT, AF =74 70— FEBRIciEEL Tw
7z #z 655, —J)7C Normal Shock Theory T,
EEBEEO LT R EREOHE & L T\wizas, 6
5 BIRUEE 6 A 55505 & 9 IZIExS It O B B ik A3
RETHTIHORMBELX, v/ 3 TH 18kPa, < v
NATHT0kPaTH Y, [RHEROTE (v /3T
2.75kPa, ¥ v/v4 T0.667kPa) &0 d 1HRKREWET
HhH. COZEFAY—T 4 v ru— FeflE/NHET
BT EIZH ) Rk,

ZFITRIFFETIE, A —T 1 v rua— FEEET Lk

@ Normal Shock Theory 12/ V), Conical Shock The-
ory #$2"83 4. Normal Shock Theory CTi%, FRIHE)
WIE AR O R O A ICEEFERSFEL, NI
Lo THRADOIFIAHIENAEZDPEL B EEZ N TET
%%, Conical Shock Theory Tld %N % M@ 2E X
Wz 5,

Fop = p1 Sa—— (M?sin? 5 — 1) (5)

v+1
3 (5) & b Conical Shock Theory 12 & 2 i EARELIE K D
ATHKENL.

_ s 2y
PrS, Pr ~v+1

72721 B 3RS A S5 E T A RO ER T, py 133
VMR 2 5 S SR DOFIE T, FEBRIITRKD 5.
Normal Shock Theory & £7%: 1), py (22 TIEE 4 D
TWIZOWTHEHEDHEEZ bND 2D, EFRTROLLE
BHHD, MR L 2 nweEZ NS, Hto THER
DA TN AR EITORE, Ay —T 4 7u—F%7F
W5 5124%, FHafEAT 5010 p; 2 RS 2 LE 1D
A, RIZ B THBH, T MIEm e HFEET 5D
HEWRDOMFETH 5. IR T H IRIOEE W O RIR
25HKO B EDHEET, AGARD-B BH! (-THA 18.43
BE) @ &9 1emasHEEw AR T & 1, Taylor-Maccoll 5
BA® 2 L&Y, 3EFHUTHILLSTES. fit
AR ZE NSO 6, BERWIHERA § 2515
T 52 LIZHEEZA, 1 2D hPE LT CFD TERIKEE
DIRNEIRITL, ZOMPORE - FHERATH 2 5L
WY ZENREZLNL. £72 AGARD-B RO X 9 2R
WARTZARTIE, M O 2> & BRI 2 TR RIE A
FEL, MRAAREmOBEIMET 2133420 7T, HEKE
\ZAEf§ % 7713 Conical Shock Theory & ) /&< %5
tEZ2 6015, fit-> T Conical Shock Theory (&, JEH
AL EAETT ABICIEREMITIELZ S 25 bDEEZ
5N 5.

Conical Shock Theory I2& A A% —7 1 7 u—FN&,
LEORMARBTESNIAY —F 14 v 70— P& 1L
THBLI LT A, X (5) ITLBE R e % EERE RS S
UTFokHicgz7.

Cn

(M?sin®3—1)  (6)

N A B i p
(EBRLY)
2 36.470 F£ 33.6 kPa
3 28.179 i 18.2 kPa
4 24.960 F£ 6.87kPa

72720, vUuN25M4ETIE, w3 Rw N4k )iz
FExF RO E P EA S NS, 12 MOBTERIED S
b, ENEOEBRIFHERZ SN TRV, ZD7205E 12
D EFIEA;EU SN A ERMICBIT A ETMELT AW, X
(5) & (6) &Ml L7z, fHEUED L2 S O
66.22cm? TH A Z & H 5, Conical Shock Theory (230
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CMPERREL & EBR TR O N ERBOMEE ~ v OB
ELTETEEITHO L H 152515, Conical Shock
Theory & EEEE OFI2I1E, KkE L TEEN R ED L
HET DD, Y9 NBIFTHRY =T 4 7 H— FOZEAL
IZDoWTIE, EMWMIZEL Twb. Conical Shock Theory
WL B WMERKOME ERMEEOLENSL E, v N3 T
B TERETY Yy NAZLE 6EIRETH 72, vy NEICE
272 <, GRGBENLEFEIH O RN HIEFIRC 21, Conical
Shock Theory 22D AY —F 4 v 7a— FIZH b ES

T D L, EROMEOEUELZ G52 25BDEEILND.
D LENDIE LTS, FEBICEENRFHENE L TidF

55 56 %

55 659 & (2008 4 12 H)

AT THE SO0, WAL L HET 55
TIRAERZHRICR) 9 5.

54 BRMSIERHCHITBEAFE  BEURAEIERCDS, &
GBI EF U L ) ZIEEFOBREMEIMEAT L &
AHIS N TV B, Bl AESCHE 2) 124, i LR 2B v
T, B IR S R A EN R & RSSO MEAEH 5 2
EME SN TVWE, £2°T, 618, 19KIZv Yy N2 R
3 TO RS IER I 3317 5 BET T & 2200405 5 OO e[ R i
DB R LTz <N 3 RO 4 ST oRERE IERE D 22T
T EIE, B4R AREN IR O i RATE O P AR I E - T
W7z N2 54T, RIRREIR O ZE T E B R 5
= ADMEET B S OO, T ORI I3 2 7 < [
DREETHo7z. Z0Z L X, Conical Shock Theory
WZEDW TG B A Z EET L TH, TRt 2 iR
TE2LEZONS. Lo LARIEEIEIEREC BT 52
TMEIZOWT Y, ML WHELORAPLETH S &
R, JEGRGEIRIC B W T D, ILE R RS, AR,
il H A T OREE T — ¥ # EFE L, Conical Shock
Theory D% 2414 % G-l § 5 LEDH 5.

6. #& i

WA 3 5 3R & FVW T, AGARD-B #RIIZ X 2 2
¥ =74 v 7u— FOFHN & MRARET O Bl E Y T4 7
AT O ATV, FOFEFRED S Normal Shock Theory
12ft4 % Conical Shock Theory 2% L 7. Ll EO#HE
T LOBLLUTOL)ICEHENS.

1. WAAXBERBFICBIEAY =T 4 70— F
X, 22004 YOV ARTENLEL Y D, 12 BIRED
JANTRET 52 812K o THRE L EHEREIZE 5
bOT, 220HIZ AN 53ET B IEGHEOEERIC
55D THAE. BEIWLDLAY—T 4 70— RKOFH
I REVIFELFFE ST,

2. A¥—T 4 ryr7u— FORBBEROWKIZLE, 2 —
L UBMRIZ X B, BEMADIRE OIRIERIE 2 T 5 &, 13
ZHMTH S Z L5550, TMHEENIHIELTWS &
EZbNA.

3. JEFRFIOBmEIIE~ v NBOECERIZFEL, v
N2 TR EMAUL E PR TH o 72, 2 OIEFFEtd
BWAL ) ANV KT A LT HMICIERRTH Y, 207
DMK D ETFHMICENEE2 B ESELbDEEZ LN
B, WEAETEZ XV & |EICRRET 5L, ¥
NS EMETAY —F 4 78— F40%:0 4 FTHHI =
T2k, vuN2EMTIR, AY—F 4 A — KOl
SHER R DIRIEAVN S o 722 EH 5, JExtFratd il
B OIED, REGAY—FT4 70— FEB&EREZT
bDLEZOLND.

4. BHRECTAHATIZED V2] — L VENS,
A5 QI HFHOEEW ARG & T3 2 &,
e A & FExS PR ST B 5564 L, 2 O I PR g
BIEW AT L T b WA SIRE) LG Tz, T2
e, 2 A5 OIEFHRIOEHER A, EEMR A
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