2004 8 A
LIRS XL

EARFEFR
Journal of Chongqing University

Aug. 2004
Vol.27 No.8

N EHS ;1000 - 582X (2004 )08 ~0109 - 04

26 D B AL

i SR BT

IR e

(ERXF ShHhf%, & 400030)

B E:AFRALHRA (10°,27.5°, 45°, 90° ) fe A & AT (0.1 MPa, 0.46 MPa) & ig 4k
Bt ISP FEAFEH R EHSBEFEANERAAHRABON IR, AR TEAEH R
HARTFRELAGHEENAY, BB GAD TR LBESHELRG T £, BT A
OERBLEMH, BRAVMEEAMEGRES (HESBR)RTHANGAFRRES, LEHHAA
FolkrR 4B A TAREE A SR RBRA, T LA E AR B A MATA A mm B dm, 215 RSOEH A,
LR kB L% REABEA L LFHFRME, LHEAE AR R4 E S G e d 3, 90° B ek
HEL I XHRHBEALNADES AL THRALSE T EAE ARG A, M LMK S BIE

BEX,

XA XN RS RFEIATHMA M ERARKE;#B

hE 5 %S 0358

S HDBERERT EESHH, FHRAE
A, RAEE UTRRORASNATEEFERE
Mo BEFPEUREE Mt EBR TR 5 Z K8
IRERARAIRBAFE, B TR 5ES s EatHE
E ERMHS 2 KREREY . B BERR
M ERELBERE ST SHNENERE. ERS
MECT , B BB /N, B R EE 81 K R B &
Ao MG E ERMAM IR LRE ERIERE
7, H LR XA RS BB E RHE A ER S, AR
B BE RIS P R BERXT BEATHIGT o

BERR T A RSREHBE SR a0 5 fth i AR
PR S SRS SR . My IUTH AN
FRECE Bk BE , SR AT S O 857 AR 5 M B B A
WU BARKAN, AR, SRR R, TR
OREA R ST, R E BRI 1. WA H
£ BERES BT AR R R4 5k, 3 iy

E AR 4 FRE AT BB SR AR & R DA BRI B
FAEHD, FHBAERRRE o XF UM 2 EH
HEBETWOBETTERBERSHEN .
HEMBESHEHEEARE , mERTARE
EESHREEZEETHAT | HREUFES
SYE, o4 lambda BB AN EAE FIBB S HWZ

« YW AE.2004 -03 -12

NERERISAE A

EFE B DRRY . ARG, HHEH Pandd JZik
T, NIRRT BB, — R H T4 B R MR D
AR M BHRENERDAREE,
HKHERBUHERAENFIES, DHE T HEBR
BER IR A B F B A R, WS ARG
ﬁﬁﬁ'[s] o

SRSt e OFE RN B, 2278 OS85 MK
RATEERS . 3276 OB 74 K25 Bk, T
BB ER/NNY SRR B AR M L
Fesh o BA RN, AT A R L

TFE X 2T O 898 2 R Bk 5 e 44 31 S S
BE RS, ZERRHAANHREETET HGHER
BEST, meY , FE R4 T X S WA 2 90° po IR B e 58
#WET KW, LRRARTMAH TR KREES
WRMRHE T, BRRFERARE M ONSHE

F R AN ARS RS .

1 SERHE
F—EE R D S F R RIR 4 D 5

BHEEN, B A SHPEMA R 2%, H RS
o (R SELSIBAL , PR A R 89 2 S0 3 I 28 T

EE R RIRE (1966 -) , 5, WITLEH A, 84, TEAFRE I FFL RN AR,


http://www.cqvip.com

110 £ K X

¥ F 4 2004 &

HEW SRR G2ANFITFTR 1L E2 b, B
BB mEAN 7.62 cm x7.62 cm, £ 26. Tem, W4T28
FERRBEMNETINE L PR, s EREE
B 7.62cm, BOS#HBEHNL, p, =0.10 =
1.0% MPa, 0.46 £3.0% MPsa, T, =295 +3.0 K, &
TALH B E IR EHRNS ERSE . ARAMA
MBS AR HE R B E IR H P EE AR PER
B, IS TRA MRS I E 2 FiR, 21K T
BT A58 BB E B, A S (o ) B i B S Bl
BiK. B OEAN0.188 cm’, AYEE LN
4.89 mm, W KERNEK, HMA o« LT 10°,
27.5°, 45°, 90°, RIEMEST2R EH R d 7 4. 89 mm,
a H90°,

'..c' "

le— 762 ——»p

BBH0

1 BESHEERRIN I R AR (mm)

Top View

Side View [

B2 FEEHEHEK(a=45°,mm)

*1 HAERFEH
WHSE B4
M 4.9+2.0%
p./MPa 2.4 +4.0%
T/K 360 £3%
p/kPa 5.1
/K 61
Re/m ( x10%) 55
&/mm 7.6x7.0%

F2 ahifmsst

a C, Pi/Pe R J Ad?
10.0° 0.23 8.4 0.20 0.08 AS
27.5° 0.41 9.7 0.39 0.16 AS
45.0° 0.67 10.0 0.67 0.27 AS
90. 0° 0.94 10.3 0.97 0.40 0.86
90. 0°! 0.98 10.3 1.03 0.42 1.30
10. 0° 0.24 41.1 1.00  0.41 AS
27.5° 0.41 45.5 1.87 0.76 AS
45.0° 0.68 46.4 3.18 1.29  0.51
90.0° 0.91 46.7 4,29 1.74 1.30
90.0°'  0.90 47.3 4.27 .73 2.9

o ETR RS 38, 2AS = BB
2 SR

2.1 FEmGzhARE

Dow Coming Brand200 B3k (B3 kER I
1000 puStokes FEERE LR & W) T REMAS
A {4b. 564 Day-Glo 4 T-15 R AT
HERFERE REREBRNRESGYRTRERN
R, E TR E R VIR RN R RS, KW
s T M i 3 B Al Kodak DCS 460 (5 H4LIH
# . ZARVLEA RS EHE (3060 x 2036 pixel) , R H
Nikon90 50 mm #8%, HPLERE B 4HL L, B Adobe
Photoshop 4. 0 4 3REVHI B E R
2.2 EHEERS

i f ISSIUNI-FIB [E 7 AR, R 15 H &
4 ST S RN A | BUR MR AT, #
R 3 T XU R IR B EE , IR R E 65 C T Hst
F 30 min, I/ ESRES 0.4%/C, BRRHR
H0.25 W #5)%(464 nm) B, ROLHE (650 nm) A
Pixelvision SpectraVideo 16-bit CCD HHlL3EE , AR
BHES B IEETF Stem-Volmer X5, JI R R A
SR IR R B

3 SEREURATE

3.1 KRRz itk

MNETMASTRAE (LE3) , AL
FE LA, 5 M E A AR A o B A A, R
WA ENERAS, H TR H ENKE RS X TFHE
HMEERABEER (A 3(b), a= 45°, P; =
0.1 MPa) , NEEM A HE— A R E S 4TH O i 3#E
BE GIRELBEL™), W HE FRHRAE, &
SEBHSRNEKESAEEAREES, E T HEY
BB S TELSH#EE, EMASHERESR. XEE



http://www.cqvip.com

F271 X884

$HE: EHoAHALLEFIAFTARDAREH 111

EH SRR EmEIEFIESET . 562 RENES
SMMDER,E3 RATERLETE THRERE
TRFEFRBREY , X ERRA 0K EEHZ,
BEAHEAAREERNEZRSER (WE3(c), a=
90°, P, =0.46 MPa) , KT M EHEIERMEEL,
EETHEARKERE AN, S REMAZA
ERD L, o= 0°EEHHEH (WME3(d)) 5a=
90°ZE L MESTER (WM 3(c) ) RABIREEH , BB
SEEBERER BRE&REMMAER D, MEHEER
BB RRE (HESEE) BULTFH A S A S8t
EH, 5 FEBGESN P, =0.1 MPa, o =10° ~45°
(InE3(a~b)),AIEHE/ERKE R BN, AT
HIE VB M 35°88 %) 52°, i B 1 FHER R
BEREERRESFAKM, T P, =0.46 MPa [
B EAER, «=10°, 27. 5B EMEN, &
FHENSEMBER, g7 8RB A WAl R (R
SHE AEBR K 10°, Tixt F a = 45°, P, =0.46 MPa 1§
(B3, BERERN, EREEERMESR,
RRAT RITW, DERGED L. MEGEE
YEFR BB 00, A IE B8 K AR 1) 8 B SR S B 28 (AR BE
B, BSRAEIE A HEGRE RS E N HER
KX RHTHERBSEAEKEEE X, =4 Ine

(a) a=10°,P,=0.1 MPa P, =0.46 MPa

P, =0.46 MPa

(d) a=90°,[J%,P, =0.1 MPa P, =0.46 MPa
M3 REmRzReE

3.2 BhBURRNREE N

3 R IE 1 BUB RN R T R J1 10 4 BTR,
B A B T MW 5h E py R T4, T L B F
a=45°,P,=0.1 MPa (B 4(a) ) WIS HEIE B
RWE Y, S MR A HA N2 2. 3, % s e 4t
Vs it B B , FE 1 B ANEUE MR K EEH p/p. ~
0.3, B 4(b)} a= 90°,P, =0.46 MPa (U4 UL, B
R they, ESm S RN T RR R B A 6
HEWY 4.2, BRE S 0.3, FEBUAHS0RwE
715 (0 4(c)) KT o =0 BTHME2E, RTTR
WAHIBERN, % P, =0.46 MPa Y, BILWE4T 38 0
WA 4.9, REBAERH 0. 15,

60

40
20
Y 00
20
40
%0
S0 00 30 100 150
od

50 [Y) 50 100 150
xid

(a) P;=0.1 MPa, a =45° (b) P, =0.46 MPa,a =90°

| !

L0
59 007 50 16 o ST

(c) P;=0.46 MPa, ®JE,a =90°
H4 ENVEBRBREEN(p/p.)

4 5 ®

BIRR A T4 mi st vl b R mE /1 8 ks
BFE, ERARARAM L MHRSERG TS
HREAEEMHRIRBER S S ERHATTH
MGERHR, B RE— BT S 8 X LR,
MEBHHAEERRENEERSMER, TA:

HEARBENRE (MESEE) ZETHRA
M MES  ERH R AREREGED TRENRRE
M, BV AHE P PRI O A BRI T 88, S5
AERBESEATHEEA TR, MEEEEER,
BXEEERAER, BRET BT, SBREM
B HAER B i, R R WE S5 DRRAER, kit
WA FE 7 a5 FE 7 A3 s fn . 90° B JE W 4 3%
590 RA R UEEEN, BRABMARK
BN, EAEHREET, B LB B34 8
KRYWE{ERE 77, T B B IER HEK .
ek
Co o R R d HAKER, mm;] Kpul/p us ;M


http://www.cqvip.com

112 T A X % % # 2004 %

NOEEGp MES, PasR ygpjuj/pw u, ;Re/m Ky BaAy mond orifices at various incidence angles into a hypersonic

)Ié’é'é’i’éﬁ,T%ﬁ&]ﬁ, K;u BB, m/s;a FHEXTTF « freestream[ AJ]. 39" AIAA Aerospace Sciences Meeting &

RS A S A SR BABE B mm; 5 N RE Exhibit[ C]. Reston, USA; American Institute of Aeronau-

— . i d i 1.
FEBE, mmip JHHE, ke/m’s AR : 0 20 3 9155 o4t pes ane Astronauties, 209
[5] MCCLINTON C. The Effects of Injection Angle on the Inter-
e Sy AL SR AT : : :
action Between Sonic Secondary Jets and a Supersonic
Freestream[ R]. Washington DC; National Aeronautics and

BEXH: Space Administration, 1972,

[1] WEBER R, MCKAY J. Analysis of ramjet engines using su- [6] MCCANN G J, BOWERSOX R D W. Experimental investi-
personic combustion [ R]. Washington DC: National Aero- gation of supersonic gaseous injection into a supersonic
nautics and Space Administration, 1958, freestream[]] AIAA Journal, 1996, 34,317 -323.

[2] SCHETZ J A, THOMAS R H, BILLIG F S. Mixing of trans- [7] SCHETZJ A, BILLIG F S. Penetration of gaseous jets in-
verse jets and wall jets in supersonic flow[ A]. Separated jected into a supersonic stream[ J]. Journal of Spacecraft,
Flows and Jets. IUTAM Symposium[ C]. Berlin: Springer- 1966, (3) .1 658 —1 665.

Verlag, 1990, 807 - 837. [8] CHENAULT L, BERAN P, BOWERSOX R, Second-order

[3] BARBER M, SCHETZ J, ROE L. Normal sonic helium injection reynolds stress turbulence modeling of three-dimensional ob-
through a wedge-shaped orifice into a supersonic flow[]. Pro- lique supersonic injection [ J]. AIAA Joumnal, 1999,
pulsion and Power, 1997, 13(2) 1257 - 263. 37(10) . 1257 -1 269.

[4] FAN H, BOWERSOX R. Gaseous injection through dia-

Surface structure of the flow field of the jet with diamond orifice
in a supersonic flow

FAN Huai-guo
(College of Power Engineering, Chongqing University, Chongging 400030, China)

Abstract: The jet interaction flow field of the sonic air injection through 15( half-angle diamond shaped orifices at dif-
ferent incidence angles (10°, 27.5°, 45°and 90°) and total pressures (0. 10 MPa and 0.46 MPa) into a Mach 5.0
freestream was studied experimentally. A 90° circular injector, with the same exit port area and total pressures, was ex-
amined for comparison. The surface flow structure was derived via surface oil flow visualization and pressure sensitive
paint (PSP). The results indicate that attachment of the jet interaction shock wave depends on both incidence angle and
injection pressure, the interaction shock wave retains attached at larger incidence angle and lower injection pressure.
The leading edge shock angle increase with incidence angle. For the detached cases, the horseshoe vortices reach further
upstream, the highest surface pressures are associated with the horseshoe vortex. The upstream peak pressures for the
detached cases increase with increasing injection pressure. The surface flow field for the 90° circular injector contains
the similar structure as for the 90° diamond injector. But for a given total pressures, the 90° circular injector producs
larger peak, pressures than did the 90° diamond injector, and the shock standoff distance is larger than that for the latter.

Key words: diamond injector; jet in cross flow; interaction shock wave; vortices

(&8 H8%)


http://www.cqvip.com

