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Figure 1 Wave diagram for a shock tunnel. Wave diagram for a
shock tunnel. 7y: test time for straight-through shock tunnel; #,: test
time for shock tunnel (far away from tailored condition); #3: test time
for shock tunnel (tailored condition).

1000
800 |-

600 -

to/x4 (us/m)

400 -

200 -

O- L L 1 1 1 1 1 1 1 1 L L L L L L 1
5 10 15 20

M,

B2 EHBRRHKXEIK G E

Figure 2 Testing time of a straight-through shock tunnel.

PRI A, 3 7 B 1A SRE 22 B 2 R SRR S 8
BRI TP SO
W5 73 ST AR S TR B SOt . R SO S R
2T ) S Bk N AL B R AR, —
S B R RIS I 18] ¢, 55 B 38 AL R 56
] 1o 22 /N %. Hertzberg™ & H 4% 270 L T K0 Bk S 58,
158 S5 S5 7R e X BE E 1) 2, B A KRR P A

S 5 Ay ST AR, R T IR SO AL,
BT R S . S i T R R e B K ), A
B R E 47 24 T, 28N S0 S Ak O X,
SRR . N 00 B R i G K ik —
FREEIG, SO AR M. B e A N R K 1
g3 SR BETCHO SO K, IS\ g 4 F I 4 4%
B, A NSO S A R D S i A

BB OIS R A K B IR B0 5 4 IR Bl AR 4
P b R LA e Oy e R L, S
B0 T A B K 51 B B AN A 3K B SR ] 6 T R
FHIFEIET, SIKsh 2 S B 48 & W S B0 3.42;
AW TN 6.02. KA Bl 2% K 5 4% & WO
B 2

20 el 80 AEAXHIA, BEAE AT 5T ) R %
JER e T T 0 B A% 10 7R SR EDBTR L. i A X b
oK, Rk [ SRk s DK Y e S O KGR
), Cornell 7 4% 256 %= (4 41N Calspan H
O IR FF R F AL G i) 5 B 2 B A IR 3 i K e
SR B AR (LENS)!M 1) o [ R} 2 5t 77 22 05F 78 T 1
T A [ 5K A S 3 ) 1) R 2 DR B R R B
IX o i SR U,

094701-3



hERE B it RICH

20159 45 FoW

AR E H I FE 0 R 8% 5 iR e S
NS, LENS o R e 51348, S 2k 2|
35 MI/kg!"®. T S A R B B P AR T 4 e A E,
TEXHAEEARS). &l kS &R R %
FmH, 1990 FHIL T M HEFEM. bR R T
PRI TS, IR KRG A e
Xof e R A HERE R SG C O, 20 tHAD 90 AEARA
Calspan H.0MEIE T LENS ¥ RUR O PERE SR bR,
A IE ARG I (7). X AR A 43 BRI LENS 0%
P o A B8 22 87 FH 23R PR s XU

& v B XA AR 36 AT e AR i AR 56 B (i) S
HME DL SHE R . DR DA 8 v i ape IR K 6 AU A s 6 20t
PN S U T AR . B AR B 1] B S N S B
TR KT 2RI 4E (S L E 2). Calspan Aol 32
S 55 S KRG I TR A 5520 25, LENS 0 XU
43R LENS T F1 LENS IT #9388 XU, BT #0356 5
7 2 14 AEE A RS T4 B
50 D AkEL 7 B 3, FFREIRAHE SRR IR I (8] 7 SR
R

LENS 1T B4 R 56 I 18] Kok 30 ms. 36 i
[ BEIX 4, A2 TR0 5 ik BOAS e DA A o
P, HA ks B Kk 36.6 m.

4 FEREFNA

B SR IE 1 7 2R, 30 ms 156 ] 5
AL, BE S UTE AT B 7 i3k — 25 A KA 56 i 1],
{15 RERE L A5 78 43 it i 3R 56 75 SR 2

I AT R 56 BT 1] 5 358 A A B B B K B O
bl SR AR G0 I 1) 75 42 L K i X s B RIS A T
AMEFEPEAFI T 3G K, BORE W AR R AR K. [F
I I 50y B R 49 B 3 B 25 FR DA K% B 3l S M RE FH = 2 B
RIS 8] () =07 88 0. LENS T s XU 48 FH 3R 5
SHECEMML, BRI R, KshSAFEH
RGeS

WO R RS S RO 7 I, SR R SR IR B
SR R 4R S TN SR (S R B 3R). K58 L
ol R AR S 2R S SAERS A Z RN,
KEFEHAA, B FBUSTHRA SR, HHAER
EREW A, BT REMHA, TR RZ2
i) .

TR IX R M, AT B SR IREh S AR FE

FH AR /D 1 5 25 IR 3 B AR R 45 5 SR K s itk — 2D
KRG H]. (HER R AR R AR A T, SIS
AR =, DAL 9 2% R 3l 2 — FhoE A i SRR 0K
IS MBRIRBN B, BB RAT T (B R 48
B DA ARSI S 57% (SR HE).
R AT 8 I, & DMBNLT 4.6 1#
KA SRS E, oA S, RIS EA
RERME K. RES PRI & IR Bh 48 & SRR AL, Wl
K P48 2 UK 5 28 34 K A 50 IsF T 3 IR ) A £
fRf.

PR RN AMG R i B SRR A RE, HERA
RAE LR 5 PRAR R B 48 O ot i A, Hie
b AR AR R AR TR A S R A L RE B A AR
ORI A A AR . (H R RIS e,
IR AR R K S SR RO 25, 7 T 9% 22 Bk B A
R K 8 AR DA R HH B A R 2 e x4 e 3
WK faE. ZULAR, B — X P it R PRI 48 &
TR AC IR AT PR, 7 R SR L A 5E AT 0 PRI 4%
A SRR

AT ARG K UK Eh B B AR e N SR IR B R . 1
UK AP IR B S AR 5« WIHERIRS S H(P, DA
PR, K0S BE B AR Re B i N\ S kg, R
DR 2 7F S5 T e 8 b, SRl SR it 3 8 o A
B Ll o . TR R X K o S
TR 70 P B R R e w18, 7RIS K B A K
BB, 2o I o AR e A R e k.
W P SR AN R v, IRl Ju sk, (e
WX, AU, 8 IR B R AR R
B R e e AR G/ NI E AR S, POk
HH I R T K BRI O Bl SR KR T, AT AT
B4 B T HREL

R4E Lk o b B S5 R, $2EH RN BRI
BB 7 8 IE KR I I ) B KU . 48 4 RS R IE
SEE AT, E LR EREER T (R E R
Bt R RHIT 2% 4 B 00 H Gl )Y @, 72
BRI XSG AR iR ~3000 K; s E~30 MPa; 5
A S—8(CBLIE X)), 0.8—4(% Xf); W36 Al 100
msGEE R, 1 sCE XER); Wi H D EHAZ 2-3 m.
E R 2E B FIRE# WP # E, K R B A AT
S A 1A B IR 52 D [ R B8 4 7 R KR 8
#HETA0H, DL ERFEBE IR 0w ik 8 AN
Hz kY

094701-4



ATEAG.  PER WEE S ORIC¥ 2015 4F H45 % 9
265m
le—19m 90m om
damping . ) : :
section |_ driver section dr1v_ex? se?tl on

T 0l O A AR S B A AT B0 AT S A A AL
g T s T T

B3 KitiASEECE KR JF-12 REE
Figure 3 Schematic of the shock tunnel JF-12.
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A big increase in shock tunnel test times

YU HongRu*

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190,

Why is it such difficult to develop hypersonic airbreathing propulsion? It is in need of a reliable ground test facility
for ex-ploring the source of development obstruction. A big increase in shock tunnel test times for breaking the upper
bound of Mach number 5 associated with airbreathing propulsion was proposed. Smaller diameter of detonation
driver was adopted for decreasing Tailored incident shock Mach number, enabling the test times of detonation driven
shock tunnel to be extended by a big margin. Test times of constructed detonation driven shock tunnel JF-12 were

over 100 ms.

shock tube, shock tunnel, test times, detonation driver, airbreathing pro-pulsion
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