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Numerical analysis on effect on injection for supersonic
combustor pylon

WANG Ying-yang, LI Xu-chang, WANG Hong-yu, ZHANG Han
(Air and Missile Defense College,
Air Force Engineering University, Xi’an 710051, China)

Abstract: To analyze of flow characteristics of the pylon before/after injection in super-
sonic combustion, the numerical simulation was carried out to investigate the effect rules of
pylon on ethylene injection cold flow field. The influence of several conditions on flow field
was contrastive analyzed, such as: with and without pylon, different injection locations and
different injection angles. It is found that the streamwise vortex zone and low pressure de-
pression behind the pylon are the paramount mechanism for mixing enhancement. Further
distance between the pylon and injector is good for mixing enhancement for stronger wise
vortex zone, but leads to higher total pressure loss for less low pressure depression. Moreo-
ver, injection with the distance between pylon and injector of 2. 2d, injection angle of 90 de-

gree is recommended regarding high mixing efficiency and less total pressure loss.

Key words: supersonic combustion; pylon; mixing enhancement;

ethylene; transverse injection

Jan. 2016

TE R A L Sl R S = AR B
TR JE R AR BE 1Y ST DR 25 1. ol T 75 0 A
A% ofr s e Sl AL P 45% B D IS (] SR o DAL IR g B ) 908 e
W) 75 i AN RE DR UE SR AT A 45 T 5 6 20T 2R B3R
RBIRIEIE" . H W R sRR G4 g 20F 3 A
BeshIe . F 38 A K v 50 L 7 2 b b

s B B :2014-05-19
HEHEE :fizF 323450 H (20130196004)

IR IR AE B TR ST W s A 4 T
S 18] B B N SOBROE S R I A

Daniel 87 W58 T /N S H6E§E 3T H 5 J5 2
UL AR T - 23 T e /N SRR 7 A B 5 A A
FART L I EL™ Az A I e o A0 B 1) 99 00 J2 08 A e
WL LR BB R e . BN & E SR T

PR T 97« LR 1990 —) 38 L U 1B B N A A R 9 i 1) g 8 7 o 0 .



212 it =

ESRI

I Ul O LR R A R i TR R P R -
T GELE A LL , 7 [MTHE R2E A AT IR A A » fiE
/N JE AR 385 RO WL A 2 B TR L I ARG B
ST B HRRE A AR TR AL A A /N SR I
07 B 7R T M s i L LS POREIBE S X Rk B
= PERE Y52 W38 AT TR 40 BT AR SOR &K
(ERE AU 3 3 M 1 5 /0N SO 0 58 0 26 B 0 iR 4B
AR ez ke e

1 MEEERSHEENTT X

W 1 TR R E T e — AT AR
TR B R, 3 0 #a N 50. 8 mm X 20 mm, i
Ky 224 4mm, BA 2. 5T 5k M WL HARd =
L. 6 mm, /N Z AR 5 WAL A IR 5108 Ly (RAZNSZAR
IR 6 /N MR G R 1D . SR B 8 Ma =2, &
JE p.=341. 9kPa, §t [k p=43. TkPa, Gl T, =
305. 5 KL @il T=169. 7K, < M4 10 5 43 5
wo, = 0. 232, wy, = 0. 768. W LAk 2 I W 5 5L
p.= 1379 kPa, #t & p = 730. 8 kPa, G ild T, =
286. 7K, #rim T=240.6 K. 3 i 5wt L &1 W
1.

224.4
Wall

1 oo
A ’,m
}‘ [N
- . Wall A
: /all 2
£0 17 60 JlcH, Tas

P 1 ke A5 H 1A (AT . mm)

Fig. 1 Structure diagram of combustor (unit: mm)
x1 BMEZHOSH

Table 1 Inlet parameters of the combustor
24 Few A H SRR AL

p/kPa 341.9 1379.0
T./K 305.5 286.7
p/kPa 43.7 730. 8
T/K 169. 7 240. 6
wo, 0.232 0
Wy, 0.768 0

We, H, 0 1

HI Fluent #X AR #E17 3K A i B4 35 F A BR 4K
T R =48 2 4H k2 JF - #if Navier-Stokes
SRR BRI RE XSS S R A 1E A R

FI 0] 545 119 shear stress transport (SST) k-w i
TSR A R VR R BSORE AR U ke A2
SIARUE k- BEAIEE SRR TE T2 WY IR Bl 4
Vo JE P B S R A R]AE BE  E TN OT BE X
2% i A HE T 7 TH S A

FIHT ICEM B8 Fp g 47 W% &1 73 1 T/ 3Ktk
INTESYER AR I B AT SN S PO R (IR /3
FEHIE AT Y BUE 43, UGG B 0 A 158 4R
FHES AL P ) 20 19 H Y. 78 7 3R 5 AL R
HEAT YRS D0 % AL 3 56 1 )2 A 7Y A5 R BE TR 1 X
10° m. I IA% KL 200 JT 24, B/ 2 0 L, =
2d I [ P

; ¥y
g o iR ts

B2 MR E
Fig. 2 Schematic diagram of grid

R B UE A SCH 5 Ty vk (0 BT S X 9 SO T
SR I SRR P AR 58 = A R R AT T AR )
TE B % R K L=1134 mm 955 5 B 3F 18
M2k 54.5(F) mm X 75 ($8) mm, R K N 40
mm, &N S5mm. 5N 71 mm, {2 AR 40°,
FT % BE B A be 28 AT 440 mm. 3K 3 & Bf %k Ma =
2.7, 8 JEp,=1.8MPa, gif T,=1137K. Hik%
P R 5 % i 2 5000 SR LS . 32 58481 2 56 ik i O
LAY ()G SPE AN 25 AR UL 3l >k 1Y) 4 43 i i
IS, [ 3 R ee 2 v T A1 R 1 S bk B = 1A
MALI LY KX L. B 4 5 SST k- Jifi 5
RUTH A5 2 1 BRbe 55 b BE 1 ¥ He 43 A1 i 2 R0 52 50
BN EE Cpo I A D . 25 6 P T AL TR) 49 7
S Uit TE S MR AT 2% 0F B ) 46 % 5 1 IS 4008 LY
I bk 52 ) BE T 1 S S A 1T 9 EL 9 2 SCTE i 3 Hh AR
HAEFTE BUR 7% 04 38 55 5 3R 5 40 AT 5 B | BE



13

VA R P AR 0 N SOARONS S I AR T 4 (L 0 A 213

(a) S P

EET T 7T [ 7 .
Mach number 0.2 0.4 0.7 0.9 1.1 1.4 1.6 1.8

(b) BUC{EFHUL o Bl 2= (4]
B3 HER S s B S LR 86 K
Xt b (=10 mm)
Fig. 3 Comparison of schlieren photograph and
simulation result of Mach number contours

in the =10 mm plane

[ ] Experiment
CFD
[y 5 Syl G St e Pl gt ey
0 0.2 0.4 0.6 0.8 1.0

x/L

B 4 BEMi#E CFD 45 5 550 45 B x) [
Fig. 4 Comparison of wall static pressure between

CFD result and experiment result

T e R AE SRS AR 3. TH A R S g A
WA BEAR R 0 B i I A TR 3 IR S B
SR A GEAS [R5 LA B 5 8 5 R 0 % 9 2
R SE ) A SCIREE T 25 ANFB L, BEH L 4331
H—3d~3d 5§ 8 FpAS R AL AL E L LA gS UEAS [
W% S5 57 R L 48 TR AR M A 22 015 B X AR ] L i
Oy BB E WS 0 S 90°.60° 1 30°, F LA BR
UEAS [R]85 £ SR VR AR P 1) 22 531 5 L v S LG =
90%, Lo 53 M55 T —d 2. 2d Sy KERE AL AL, 43030 Ky
case 1,case 2, F DL I UIE 32 AR AT I W6 5 B4 kB TR 5
PER 225, BAR v g L3 2. A NP R &
INHR R A L TR AT T LT

®2 TEEGSHZE

Table 2 Parameters for different cases

0
Li -
90 60 30
—3d N/ N N
—2d N N v
—d case 1 J N
0. 6d NG NG N/
d N N N,
2d N N N,
2. 2d case 2 N J
3d N/ N N
NP J
2 FHRE57H

2.1 INEARITBAGE E R BRI

B 5 W8T case 1.case 2 DL M 5 KEnli A5 5l 4y
FIXERE [ NP 618 i & W ot oy B = 1L 1 5
()& 2/d=15,20,40,90 /b 2 R =B =
Bl (x J2 80 59 kBT R A B 85 . d S miEfL
28 s NP KRR B AT /NS P Ros A7 /NSO . R H
A [7) W S5F B 2 ) 1) 00 o Wt L B AR e =
BRRHS 3 0t 1Y 15 TR RICR i s | (R FL AL B P
R A R PR R W L T I 3 4 R KO 3 B
22 T A A s G ) B I K R A B R A TR
SR SRR D0 5 5 L AT 1R /N SR B E G T BE
F RS 2] T 36 T, I BB AT o DY ot AR 15k
1 WRREEE 2 5 1) S BT . LS PR /DN SO
L TH TG W 2 AR Ak A5 TG /N SRR L S g AL
Dl 1) . B 5(h) (& 5 Al ==0 Fl y=2d
B 1 M J5T 62 0 B 2 TR ) D s L T i D SRR
REA AP o Sy J7 ) 1Y 25 37 TR s WAL S i B
NI B AR EREE B M B RS A A . B
TANSCHAE SRR B TR TR B LR = 7y =
2d AT AR AT /N SR G TG /N SR &0 o G B
/N SR b S /N SR & W o o B s U
/N SO LI5S S AR AR T ROCR BB R, case
2 It case 1 HREAR HEIARL S E MM BIE.

Bl 6 5 0=90", L 73 % F —d» 2. 2d Wi
G E T = B 5 B T case 1o, LRI B
TR PR K 5 0 B L [ BN SR b O O
TSR PR Y A 5 T case 2 FRAXCAE /)N SCHR T
it T 5 T O [N SORR IS G008 BT T AR



214 A |

LRI

P.L =d

NP, L =2.2d P.L =22d

zld

zld zld zld

=90d
(a)

NP, L =d, y=2d

NP, L =2.2d, y=2d

e e
Wep, 005 0.16 027 038 049 0.60 070 081 0.92

P, L =22d,y=2d
(c)

Kl 5 Case 1 5 case 2 X} R TG/ 32 AR Y 1Y) 2 45 o 40 B = /1 (0=90°)

Fig. 5 C,H, mass fraction contours of case 1, case 2 and NP (§=90°)

Pressure/kPa | 13 25

yid

vid

zld

g
Az

zid

(a) Case 1

=10d =15d =25d

=2 =15d  x=25d x=45d
(b) Case 2

K 6 Casel 5 case 2 JE =B 5K (0=90")

Fig. 6 Pressure contours and streamlines of case 1 and case 2 (§=90°)

BERBIAR X BB U /s OB S 1 5 L e £ 08 ek BT
RAE Gy W B b U B ] DU
Aii B 7 2 R R A N SR L N SRS T
B3 AT U R A ) P 5 A 2R AR A R T RO Y
PRBH A W B b BEE o B 3G JE i 1] 3 Ui
KB ARVE T RRRHE W S b TR A X E P G
J5 3 x=15d,25d 18 7] LRI, case 2 H [ E IR
S JEAT R PR LR RO G 1) 3 2 — o 9 1) i
2.2 FAEAMALENBREESH
SCHRL17 48 Hi . Rogers #2 i 1) 5 85 Be 52 1 AH
AR GMERNRER WP RR G2 . Y

T B I ROT O %R B R T A
RGNy 1.0 AN BEVEAL T R BE 5[] 6 T 22 0
T R A A DX A (L T RO O R
TR A X AR R A X3 AR XL B Y B
PRI AR SO 25 5 3 081X BG40 ) DR/ X MR RHIR 45 2%
AT SR SO o

s 1
@ 2 (@)

Hor fORR R iR S A R R R Z L.
4 o=1 B EABHRT REE 8B o<1 34Tl
X o=>1 g & X fo o HORES 25 RO5E 42 O e



13

VA R P AR 0 N SOARONS S I AR T 4 (L 0 A 215

7 EE AL AR 2 L. R E SR A1 2 L E
XANF
C.H, + n,: (O, + 3. 76N,) —
aCO, + (b/2)H,0 4 3. 76, N,
Hrhn,=atb/4.

. 1 M;:ir
fSt a 4. 762nair Mfucl (2)

P M s Mo 53 501 Ry 25 35 8BV 5 BE IR 43 F
Bk T M a=2,0=4. B £, =0.0678. &
MR A X A, HY R 0=0.2 X5,
ATRRIE A X AR Ar 28 0. 4<<e<{5.5 X
B SGE BRI R F

_ A
F=5 (3)

HI T8 EUR R R 0 AE — JE 2 LU
BB AP PRI e SCMBE I B B 2na A =5, 5 Y IX 35,
e i K E. A cn BEAN T RAAR
JE L RORRRE TC AR S AR

K7 & M iy R B 1Y Y B (0. 4<< o<
5.5) = &1 g — 0 T s T AR B RORE TR TR A
XA Ar o] WLFEE = B3GR A d B g K.
ATRIR A X0 1Y 5 24 6 LG RORE 8 W ] Ah A
B 7E 2=60d Ab case 1 A AT BRIR A X FP.0 A F
H 9025. 5 K. TAE x=50d &b case 2 [ n] #4&
RAEXPLDEANTAH o=5.5 B L4 LB R 1)

Equivalence ratio
5.09

(a) Case 1

Equivalence ratio
5.09
375
241

(b) Case 2

B 7 ZIEASEEEEQ. 4<e<5. 5)

Fig. 7 Equivalence ratio contour of ethylene

(0. 4<g<<5. 5)

BIRBOR case 2 THE TR MIEE ;5 case 2 ML
case | TEEM AL Z L%, I H case 2 AR}
W% S5 2P A I L case 1 4SRRI S 3D A K Im Tk
1 BRR) B BE TH B IS, ULHH case 2 BB IR TRAR
WHIE, X5 FR g R 2

&l 8 /NS i JE AL AL T A L, 0=90°
W A,/ AL A/ AL A AR (A AL TE D
AL TG /N AR FT B A 2 S B TR A X TR
A, ATERIB A X A HIFRABFE & Lo 48 %0 (19 3 K
T R U5 I A — 2 31 T A WL B 8 /N S i

100

80F Y 4
I '/.';'f’"./_,:/ o

60 F P

S 405_ %

20k —s— L =224

20 40 60 80 100
xid
(a)
100 - »
."'.. '
el . :__ i A
I P e AP
B ot 2l - <«
ofF ,se* ~
< _ :// e
S -
. ‘/.../
wl
S ",.-1__3‘1
20 - !jﬂ——zd
—+— L =d
0 1 1 L 1 o
20 40 60 80 100
xld
(b)
100
80|
60}
= I
= i
a0k
20}
il




216 o B b % % 31 %
100 (BN « Lo 386 K5 it 300 R0 X 118 38 KK 328 37 2R
ol PR X Ry WS L B /N S AR e kRt 25 41K
i XA B 3TE L R} 2F 3 ) 2% A I ) B0 TR O 5k
60 - Ja BN FE 2=60d B} L, = —d B} F k. B
B | I BRI BT B TR ACR . WL R AL T 58 43
40 BB )58 it U S AT A /N SEAR S SR AR R X
il s A LGAHIE L= 2. 2d BHREHE G SR BT
- —e— 1L =2d
o — 2.3 FEBES IS IR M 5
g 2I0 4I(: 610 ' slu ' nl)u 9% L =2.2d, §=90",60", 30" z=0
ﬁ B E oY a A . B e LA BB
« 0 19/ » B 30 I ARG/ 498 T A
s i A BE TR RS D IR A KL A, (9=
09 F . 0.2) AT HRIR A K H AL A, (0. A<<0<T5. 5) BT/ »
08 F . MR GRCET B X & TR IS B 2w 5
07k SRR A ELAE A 55 - BRORHTE L 3 v 45 BRI ) 45
T 06k VRN NI R S M T 1 B o (3 B
o5k . S LAl Lo S RSB R PEHEA.
L 4 LIL:=dI
“E 8 = L =22d =Y
0:a _- B Li\'=:3d q::'-'a 5 qo='0.2
T L fé o208 |,
rid (a) 0=90° Ee
(e) =
LOp =E 0=04 e
L » v
5 /.4-—+—-“"‘=———4 (b) 0=60
0.8 2 e =
0.7 ;— "‘[ = w=bi (=02
06F if fj .
05 _ (¢) 0=30° xid
04F ——L=3d RO R A2
5 —e— L =2d
0.3 3 L-"Ik_id (z=0mm, L, =2.2d)
02k S i Fig. 9 Equivalence ratio contour plots for different

80 100

B8 A L= IR A %R
Fig. 8 Mixing efficiency of combustor for different
L, (6=90%)

NSRS 7 A 0 Bl 500 ek B L L
NS AT R 25 AN KL ik S ROl Ly 4 X6 3
I SF M R R RERE A F s U R R M T
XEA A F RS ERAES

MIERRIX L] F (9 B X i S
B Lia=3d A, b Li.=2.2d 8K AH A
WY L.=2.2d WEMSIHFHEF W L.=2.2d 1)

=2.2d)

(z=0mm, L.

2.4 FEBE MR EERE S
AT e 55 7 3 R R AR 2% AT A bl B R A5 R R
BORA R 8 SCEEIR R o™

S (4)
Pin
o pi A T 58 A9 T A3, pon R 1
J iR Y B AR 2. e
J])ompudA
Po = ———— (5)

qu dA



1 VA R P AR 0 N SOARONS S I AR T 4 (L 0 A 217

o pou 53500 R 25 b A BRI N IR 19 %% B 5 R
JE. E SCHR ROV 538 e BE by, SRyt E BT A U
RAE XM A, £ 2 71 iR KME. B 10 24
LisOM @ s Tima s Ay /AL AJA LA A, . IWE TR

T ima FOORT L T /IS SR Y DR 32 A Ry i/ S
i e G IR AR Hs DX 55 37 1) 20 ) 2 s 1 AR
FEBWE T BIR. X T & /DS Lok
SR SRR 3% 2 O L K W5 LB 8 /N 3¢
ATRLVE 5 B /N SO A TR A 80 W 1 L R E e G AR s DXOBR T 5 % T 5 BN SR L BN BR
SCABY TR A ORGSR 5% T EE D SR BRI R A0 5% AR R R T B /D SR 0= 90°

0.18 80

o7k —e—o0=30°

——h— =60°
—a— (=90° 60 -

=

—— 0=30°
—_— 0=60°
—_— 0=90°

=
o
T
xfrml}lrd

40 -

140

160 |- —— 0=30°
—a— 0=60° 20}

- —a— 0=90°
—a— 0=9(0° 140 "

=" v

100 -

L]

AfA

A4

-3 -2 -1 0 | 2 3 -3 -2 -1 0 | 2 3
LJd L/d
(c) (d)
1.0 17
—— 0=30° 16E
—_— =60° —— 0=30° F
ab - 0=90° —a— 0=60" |5F
2 — - 0=90° |
14 5
= = 13F
= 08F =
- 12 =
| —
0.7F 10fF
i 5 _
L 1 1 I 1 Ll s 1 inraFy 1 1 1
=3 =2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
L Jd LJd

(e) ()
B 10 [t Oy SR & 3R S B R 5 2k

Fig. 10 Mixing efficiency and total pressure loss for different injection modes



218 it

oA
7

{1 LRI

I s Lo R o D00 5K B A R TR BE 2 K. A
[ o7 B b 0 TR A5 R B A (HLRE 2 T2 A R
R W X A T A BEL BSR4 FH 3% 56t W97 i ) 5 B
VIR 5% LS TR AR K A [ A7 A [ 5
SR B IR MO LA B 3 2 Ry A A A
Ay SR F PIE I T R A P AR e XA D 5 i 7 X
V5 AT # B2 25 25 ol 28 0 48 1R AR O A 45 4
2% AHRE B IR EAF L3 R IRG R A
Jod R e /N i He A R b L, = 2. 2d
Wb KPR BB by, Ly, =3d AEBIE K.

3 4

AR SORE /N SO 7R AR R 3 L RO
WEIE T L0 A () WS35 A7 65 A [ I 55 £ X 0 R 42
TR L FF R T —Ff L Rogers J7 3k B 8 % W
AR B R PP AL J5 3k 45 & 3 #A DXL 4] A
KR 237 385 TR B 25 2 B0 AN [R] T L 45 1R 8 5 0O
11 7 oRAl AR T RUT 258

1) Mg £L B MR B 3t 101 A A AR b % v
5% B I ) {EL /0 B RS A L RE ol A A
5 T B IR BOR WSk

2) BB/ SRS A W 1 WL A S . AR
NSRRI B T AR R XL AT £ 8 1 RORL o i
RIEZ. J5 B/ SO A H L RE i 21 7 AR i I s e
JICUR 1) 16 F) A o (EL 3 558 42 R B B8ORS W] A

3) WAL IS /0N S R 0 A e ALk T i 3 55
JEE B OR B AL 1) 303 v o B M) T B TR o {EL TR
B /N SRR 5 AR DX AR I 3SR BB R A Ok
AR, LEAH 8 Lo = 2. 2d WHBIRCR A B4

4) 0= 90" B IR AR 5 I - Bl A W A B2 19
WL/ INAB R IR DR 58 o (EL B T 00 Rk 22 s/

S 3k :

[1] Segal C,Michael J] R. The scramjet engine processes and
characteristics[ M ]. Cambridge, England: Cambridge Uni-
versity Press,2009.

B 77 WS ZL, 5KOBT 5. R P A e 8 M1 KM e T 85 1 5K
ERTLT . HfEEE R 2007, 28(2) :135-140.

CHEN Fang, CHEN Lihong, ZHANG Xinyu. Numerical

[2]

studies on cavity holders for supersonic combustors[]].
Journal of Propulsion Technology, 2007, 28 (2):135-140.
(in Chinese)

W BRI AR R i R ML R B BB AR LML dbat b
ORI ALK K 2 AL L 2014,

SR ARORTE. AT AR R IML JE st BR22 il
JR AL . 2012,

[3]

[5]

[6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

I S SRR P R B 4 SR BOR BB R T SEL DL K
T [ B B 22 AR K%, 2006,

SU Yi. Investigations of supersonic mixing enhancement tech-
nology and drag ofstrut[ D]. Changsha: National University of
Defense Technology ,2006. (in Chinese)

oW T IR AR b R S LA B 2 B 4 43 B
R LRk LT AT 3, 2014(1) - 80-84.

Daniel L. R,King P. Mixing effects of pylon-aided fuel in-
jection located upstream of flame holding cavity in super-
sonic flow[ R]. ATAA-2005-3913,2005.

Pohlman M R, Greendyke R B. Critical design parameters
for pylon-aided gaseous fuel injection [ R]. AIAA-2009-
1422,2009.

G BN X R UL /T E AR A JOE TR E SR IR A
e [T ). i 3h 1 4R 2011,26(12) :2716-2721.
JIN Jinrui, LIU Yuying, HONG Yan. Effects of injection
fin on flow and mixing characteristics of cavity flame hold-
er[J]. Journal of Aerospace Power, 2011, 26 (12);2716-
2721. (in Chinese)

Gruber M R,Carter C D, Monters D R. Experimental stud-
ies of pylon-aided fuel injection into a supersonic cross flow
[J]. Journal of Propulsion and Power,2008,24(3) :460-470.
Aguilera C,Pang B, Ghosh A. Scramjet mixing control u-
sing fin-guided fuel injection[ R]. ATAA-2009-5415,2009.
Aguilera C,Pang B,Ghosh A. Supersonic mixing enhance-
ment and optimization using fin-guided fuel injection[ R].
ATAA-2010-1526,2010.

Takahashi H,Tu Q, Segal C. Effects of pylon-aided fuel in-
jection on mixing in a supersonic flow field[]J]. Journal of
Propulsion and Power,2010,26(5):1092-1099.

Balar R A,Gupta A K,Yu K H. Pylon-aided fuel injection
into supersonic flow[ R]. ATAA-2007-834,2007.

Bagg C M G,Greendyke R. Computational analysis of strut
induced mixing in a scramjet[ R]. ATAA-2009-1253.

T4 85, XM R T, LR AR 38 SR/ 11 15 45 449 2
FRVBERT LT ] [ A K A . 2012.33(2) :602-607.
GUO Jinxin, LIU Jinlin, ZHU Weibing. Numerical study
on supersonic combustor using ethane with strut and cavi-
ty combination[ J]. Journal of Rocket Technology.2012,33
(2):602-607. (in Chinese)

KA YN L SR B S BT, RER R S HLIR & RO WAl 07 2 3R
L. fiias sl J12F 4k . 2012,27(9) : 1958-1965.

ZHANG Wanzhou, LE Jialing, TIAN Ye. Evaluations of
the fuel mixing efficiency for scramjet[ J]. Journal of Aero-
space Power,2012,27(9):1958-1965. (in Chinese)

W7 SRR B A R B I T R ) I A X U
AR R T BACE 78R, 2018, 36 (17)
151-154.

YANG Yinjun, DOU Zhiguo, DUAN Liwei. Influence of
lateral injection angle in supersonic inflow on flow and
mixed characteristics[ J]. Modern Electronics Technique,

2013,36(17) :151-154. (in Chinese)

(R#. 22T EEE)





