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Effect of pulsed plasma on fuel jet in scramjet cavity
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Abstract: To research the influence of quasi—DC transversal electrical discharge plasma on the fuel jet
flowfield in the combustor of scramjet under the pulse control, the pulse quasi—DC transversal electrical
discharge plasma model was established. Under different pulse excitation frequency, taking advantages of
numerical simulation, the influence of plasma on the formation feature of cavity fuel jet flowfield, loss of
combustor total pressure, the mixing efficiency of the jet downstream was analyzed. The results show
that, under pulse plasma condition,the position and intensity of the upstream separation shock can be
controlled effectively, the periodic fluctuation of the cavity flowfield due to the pulse control, which
improved the mixing efficiency of the fuel and mainstream, can decrease the total combustor pressure
losses contrast to steady control.

Key words: plasma; excitation frequency; pulse control; fuel jet

Y5 B #:2016-06-10; &7 H #§:2016-07-20

BB . ER A KRB R4 (11205244 ;91441123)

EE B B E(1989-) , B Wi+ 8 AR 458 IR B A B R 7 0 (5% T./E . Email: General_zz@163.com
SUHE v B M (1969-), B3, Bz 1 A R 0, 1 32 B SR A A g S 1 B A 1 R O T AR A

02390051



9Nk TAE

%2 4 www.irla.cn % 46 %
03l & E

FREJR b R R B AL Ay v P S RAT RS Y R B
PR E T H TAEREE R 2%, 0I5 SRR IR X
K FEIR 5 V4 F A T TRE A B AR, Al A R R R
Hh S ERBR 119 KC, FFRR O R R S R 1T
IR B AR IR A R E JAE R T —fk=
TN HF &R s, SRR s b —Ma
R BIRR FRIRSE B (M HREXT T T 0 A
RAER , EE R R T HEREA PR,

AR, B B TR sh A i) | A S il B IR e AR
AETRE ARG 232 2 Kimura 48 A 7F 19814F
A 22N FH A B AR R B T P R 3 Bl v e
ABL Takita %5 A FEAS ) ZhBRECT (08 7 3 A3 Hh s
RN R RTINS g 8 S S S UM ERIPO/S
BERR T =% Leonov A5 AR FH ME B Uik FL 76 B 75
BT A A, S R AR TR
RN AT AR5 25 S AR Bl DA T X v 3 3t Bl
HEAT 38 B SR AR | 4 S S KSR AR 1 R
BRI H 0 ] Y OR SCHE SE R K )R 45 5
T RS, ST AE Ma=2 I AT S R
FE R BRI 2 TRAE AT T R U R
AN A R N @ WL T S R R N
Jry R 5 25 KRB TR, R AT R AR # O 55
TR NIAT T A LIEAE Ma=2 B 45 8 71k
RUKSES 505 UMY G5 SRR W L S B R AU AR e
% DA P A RORE Y 5 MR, RO i a5 K B SR B
6], 2 KA FIY K, TR R 24 2 b AR 025 AR 41 2%
G N H R E AT T 4R BB, AP S
BTSRRI R, SR EREET
A S AL 2ok 1 IR A A5 B N TR) 5 7 A Y R O
CINVE TP & & L

SCHURE AR B RS NS F AR AHZE A, 4T HE LR
F, IR R SR FH 46 25 1 A BB S AL BRSO Bk o 45 B
TR — T PR e — 4 B B B
DAL 1 A P A5 A A T s R 3 U 1 A T
58, SIS T A RIS A X K e s I Ik U o 4
o kb B L NI B RCR L2, Tk
FaxX =IO ER AR, SR A S A A i =
R T T 5 B TRAE IR be S h AR HRCR

1.1 FEXNZEMEX S

SCH T SR FH A R R b ek s BB AR A RT 1
o SR x BHIERIRA , MBEEA DA T x=0mm
HE N 33.064 mm , 5 8 44 mm, LA~ T RE TR
R 1oP 9k M DU o & AR PAZE JE R FH BT I 3 IR ot
W o7 B 5 B (Y S ) B S 1 3 BN TR R E A
H R 60mm 4k, WL HGOEE R IMEERTZ% 10 mm
R E A L=56 mm, IR E D=8 mm, J5
Zffi=45°, 55 )& W=44 mm, Wk EALK] 53 Tr7ES 0
2% 3CHR(16],

g
§15
R
75
50
z/mm 20 0 =

P 1 A B XS B A

Fig.1 Mesh of computational zone

1.2 MEEBSHFEE
A B RURAH ) Navier—Stokes #2172 .
&_}_ Jd(E-E)) + I(F-F)) N 9(G-G)) _
ot ox dy 0z
K. Q WA M & E,F,G 008 x,y,2 )7
o] XL I £ 5 E,, F,, G, WU X I A8 45 Rt 1A 30 o) it
HAGRIRIL A & H=(0 f. £, £. P)", HA L f, f 2
THL B 2 A5 B ARAR TR DR AR, X T8 P R Ui
AINH fr=f,=f=0, P, =% & TR AE AR
X T Y BT TR, A AR R T 2 i B O AR v
HE RN R, ZRT RSN ) F R PR

H (D

LB A S R R0 2R A1 R H ) O A JBiE ) o
NREANAS DU St LASS B TR TR P
P =¢g,0, AT: (2)

Tt AL AL BE B SST k—e #EAY | M5 2 % SCHk[19]
B ST SST k—e it I 55 B % F B R v R & B LR A6
FENEZRIVIR RS EA RS RIE E, Geugi
TERA LD L IR IR e 2 A T s 3t 5 MDA i 30 o

BRBEE A R R 1 i 55544, Hok i
Ma=2.2 A QR T=823 K, §+J& P=101 KPa, #AH

0239005-2



B & ot

%2 4 www.irla.cn % 46 %
W 1 A BE TR I ELMT ST AR EIBUR A DA, IR R EAB A TR AN, Kh 17.0ms 5

T EE Py=0.6 MPa, it & P,=334 kPa, Wil B T=
200K,

SCH T R 30 w5 =Xk o TR 7 R T
17 Jok w75 24 ISR 5 T I 5 5GP > S AN W] i
S H TAER, B 2 s bk TAER =R
B, BT, s R, T, R g i ST )
6], B % F.=1/T,, 5 %5t D=TJT,, i 3 4 i
TR ITE /N TN A IR B AR R SO X S A
kb Oy AR, IR I P R S BB b
B o TE[20,40 157 B 5 L 7 AR 55 B K Rl o B2 Th,=
2500 K, ik op#a il 7 A s AR 4 F. 4350 2 kHz |
8kHz .20 kHz, 1% 25 FLHL 2/5, BVl BE K B8 Ry 2/5T,,
T, Ay ke il (8 — > F 0

1.0f (a) Exciter
on
T, /'
[
g 0.5
TI'
0
0 1 2 3 4 5
Time
(b) High frequency
1.0} discharge
s o0 ‘ |
) ' ”
1k
0 1 2 3 4 5
Time

P 2 el s Bk A AR R R A

Fig2 Impulse operation mode of exciter
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Tab.1 Value of Py s Poouers M0 aNd 7,1 With different excitation frequency in the combustion

Perforrit:::se dex Steady control 2kHz_A 2kHz_B 2kHz_C 8kHz_A
Py iuel/Pa - - 1098 092 - -

Py ouie/ Pa 929 676 930912 929 788 929 557 929 274

Mo 0.846 63 0.847 75 0.846 73 0.846 52 0.846 26

Py ouie/Pa 0.153 37 0.15225 0.153 27 0.153 48 0.153 74

Status

Performance index 8kHz B 8kHz_C 20kHz A 20kHz B 20kHz C
Py jua/PaPa - - 1098 092 - -

Py e/ PaPa 931 820 930 806 929 551 930 082 929 646

Tho 0.848 58 0.847 66 0.846 51 0.847 10 0.846 60

Mo, loss 0.151 42 0.152 34 0.153 49 0.153 90 0.153 40

0239005-4



9Nk TAE

5 2 M

www.irla.cn

% 46 %

TR Z AR W R R WA 1
KB B, ANt B WE o . Sk b SR 7
FAH Lk b )5 2 RE S G/ NA R = B R, TE
WS =AU A 32 b F.=8 kHz AL,
2.3 B TIHERME

25 T 00 W I 1) R [R) L B BR BB IR AR A 5
frn, o ko AR A L C PN BT s 2 BF
5%, B 5(a) . (b).(c)mm H ik il 7 =X i 454

| —=—Noplasma
030" ou Steady control
025F —a=2 kHZ,A

—v-2kHz,C
2020 p= -
= F=2kHz
-/
0.15F p4
=
0.10 .
Fuel Front wall of cavity (a)
0051 — .
60 65 70 75 80
x/mm
(a) F.=2kHz

0.30} —=—No plasma
—e—Steady control

0.25F —+—8kHz,A4

—v=8 kHz,C

<0201 p_gkHy -

0.151

0.10

I A

760 65 70 75 80
x/mm
(b) F.=8kHz

0.30} —*=No plasma
—+=Steady control
0.25F —*-20kHz,A4
—+=20kHz,C

£020r F=20kHz ]
= <
-/
0.151
0.10
FuTel (c)
0.05 . . L
60 65 70 75 80
x/mm
(¢) F.=20 kHz
0.35
L —o=2kHz,C
0301 gkHzC
0.25F ~“"20kHz,C
|l Comparison of
= 0.20 different F,
0.151
OAIO-Fue] Front wall of cavity
t 1 )
0.05 . L 1
60 65 70 75 80
x/mm
(d) =Fp F, X

Pl 5 AN [a] B A3 3 45 TR AR LL
Fig.5 Comparison of mixing efficiency with

different excitation frequency

BARACRER T W 2l g sy 20eh iz th
&5 AT IR B a5 B RCE & SC AL T x=66.2mm
Jok wh ¥ i T %38 SR RS £ 63~64 mm Y5 FH Y, B
LI TR g A i) QUIE S D WAl
il 7 2UHG 5 1 ML W T AR 5 s AR TR R
T4 (x>72 mm), 24 F, ZEi R &0, A C A
W2 B IRBCRER KRR e >0 BN <
Ma 1o BISHNERRIRAATE, 5awahl o7 04
L, kb X e e AT RRE R I 1 Ja bR A Pk
/N IR SRS A G R A 2 55 1y AU B IR AR 4
FENUETAT, BRI AL F 2544 | iX SRS W
TR R R F BRI A M s i R 1o LB, %o b
&l 5(d)H C B2 =Fh Ul R B IR R 501, & PRAE
PRI N = AR, {E x>75mm LU R
HH AR S B TR AR R AR 3

ST R B BT R A T B A
FRAE L, DTS BOwiFL R ik rp = i U8R
PEOL T H =, o3 B S JRL R AR A SX 3 B0
G e o3 A A e gl S Em e iR & 2
AARATFRE , ST A AN ) RS (38, (2 F IR
HERFm S EAcH, T AU A B TR A
Tl E3E, X R B A AR AL B S e B
SRAN A M Bh B A% 38 30 A R B 2 2 22 3 Y
SEMARSS B x B, PRI U IR AR AR L
e BE R . T 5(d) 3G U RT DA Ay 2 e A g il T
AR K i, e 25t 30 W AE AT, e
x>75mm 5 RN F R m, BN G i W s R
JAATERE T 12 25 b B W

3 & g

SCH AT T bk 5 R A R AR AR i
KSR AR , X5 T BT oE a9 o0, Bk il
T AP 0 B R B W T S . =R
AR XA A KA R HEAS AR R 45 5 4 1 D7 A
P, TR kst i BEAE — i R LI/ N LE %
WA TR 0 2 AR RE W N ZR S AP R
FERBImITAL B, B b, S5 W 7 U Fe bk i 2RI
AR AR IR AR T ST B = R R R
F.=8 kHz B, W{HIE AR M R a5
R FEANBUR ko 7 3R SRR Wb Bh
WOk TR A2 BT ETE, T L T AT

0239005-5



Gk AR

2 www.irla.cn

% 46 %

TR ERAHEIR

SE K.

[1]

[2]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

Billig F S. Research on supersonic combustion [J]. J Propuls
Power, 1993(9): 499-514.

Bai Chao. The influence of cavity configuration on supersonic
flow and combustion process [D]. Tianjin: Hebei University of
Technology, 2012. (in Chinese)

R [T Ay 28 0o 7 T 3 2l 5 R b R 52 [D].
WL TAE R, 2012,

Sun Mingbo.

Kt

Studies on flow patterns and flameholding
mechanisms of cavity flameholders in supersonic flows [D].
Changsha: National University of Defense Technology, 2008.
(in Chinese)

NI . R R AR ML B U Bl B K G AR B PIL TR BT 5
[D]. K¥b: EBIRHE, 2008,

Wu Yun, Li Yinghong. Progress in research of plasma-assisted
flow control,ignition and combustion [J]. High Voltage
Engineering, 2014, 40(7): 2024-2038. (in Chinese)
BT, B sl 5 AT Kk BRI S it
JEFA, 2014, 40(7): 2024-2038.

IR T]. = H

Rz, ZENL
He Liming, Liu Xingjian, Zhao Bingbing, et al. Current

investigation progress of plasma -—assisted ignition and
combustion [J]. Journal of Aerospace Power, 2016, 31 (7):
1537-1551. (in Chinese)

AP SE B, A, et 45 SRR TR ALIR B H RTRT S
HEFRI). fizs 3h 1284, 2016, 31(7): 1537-1551.

Kimura I, Aoki H, Kato M. The use of a plasma jet for flame
stabilization and promotion of combustion in supersonic air
flows[J]. Combustion & Flame, 1981, 42(3):297-305.

Takita K, Moriwaki A, Kitagawa T, et al. Ignition and flame—
holding of H2 and CH4 in high temperature airflow by a
plasma torch[J]. Combustion & Flame, 2003, 132(4):679-689.
Takita K, Ohashi R, Abe N. Suitability of C2—, C3-hydrocarbon
fuels for plasma ignition in high—speed flow [J]. Journal of
Propulsion & Power, 2009, 25(3): 565-570.

Leonov S B, Kochetov I V, Napartovich A P, et al. Plasma—
in confined
[J1. IEEE

Transactions on Plasma Science, 2011, 39(2): 781-787.

induced ethylene ignition and flameholding

supersonic air fFlow at low temperatures
Leonov S, Yarantsev D, Napartovich A, et al. Plasma—assisted
ignition and flameholding in high —speed flow [C]//AIAA
Aerospace Sciences Meeting and Exhibit, 2006, 12: 563.

Song Yanwen, Liu Weixiong, He Wei, et al. Experimental
investigation of plas ma ignition in supersonic combustor [J].

Journal of Experiments in Fluid Mechanics, 2006, 20(4): 20—

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

0239005-6

24. (in Chinese)
RICHE, X, B, 5. 7 MR RE 5 45 B T M T I
WHSEN]. SEBRTRAR T12F, 2006, 20(4): 20-24.
Li Fei, Yu Xilong, Gu Hongbin, et al. Experiment on kerosene
fueled scramjet ignition by using plasma torch [J]. Journal of
Aerospace Power, 2012, 27(4): 824-831. (in Chinese)
K, RV, B, S SO TR S R S RS T
PR RUREEIRLT). AT 30254, 2012, 27(4): 824-831.
Wei Baoxi, Ou Dong, Yan Minglei, et al. Ignition and
flameholding ability of plasma torch igniter in a supersonic
flow [J]. Journal of Beijing University of Aeronautics and
Astronautics, 2012, 38(12): 1572-1576. (in Chinese)
FFAE, KUK, FIWE, 5. BRI D % 58 TR s KR IR
FREVERE 0], JERUAT IR K224, 2012, 38 (12):1572-
1576.
Song Zhenxing, He Liming, Zhang Jianbang, et al. 3D
numerical simulation of supersonic plasma ignition process[J].
High Power Laser And Particle Beams, 2012, 24 (11):2746—
2750. (in Chinese)
RIS, IS, sl IR, 45 A g TR R G R A =
BB, SRBOL SRR, 2012, 24(11): 2746-2750.
Wang H X, Wei F Z, Murphy A B, et al. Numerical
investigation of the plasma flow through the constrictor of arc—
heated thrusters [J]. Journal of Physics D Applied Physics,
2012, 45(23): 6705-6711.
Zhou Siyin, Che Xueke, Nie Wansheng. Influence of
nanosecond pulse dielectric barrier discharge plasma on the
cavity performance in scramjet combustor [J]. High Voltage
Engineering, 2014, 40(10): 3032-3037. (in Chinese)
RS, 2p R, SR . VBRI B RER I L S
FE R A T MU HERE MR (T]. SRR, 2014, 40
(10): 3032-3037.
Zhou S, Nie W, Che X. Numerical investigation of influence
of quasi —dc discharge plasma on fuel jet in scramjet
combustor[J]. IEEE Transactions on Plasma Science, 2015,
43(3): 896-905.
Qin Zengyan, Zuo Gongning, Wang Yongrong, et al. High
Pressure Pulse Discharge and Its Applications [M]. Beijing:
Beijing Industrial University Perss, 2000: 352-355. (in Chinese)
ZWAT, ZEAT, TOKR, SRR K i A b H N
M]. deat: Jtﬁlikjti%mﬁmi, 2000: 352-355.
Han Xingsi. Turbulence modeling for supersonic combustion
[D]. Hefei: University of Science and Technology of China,
2009. (in Chinese)
AR R UG i RS R R B ST (D], A AL P E R

AR KA, 2009.



