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Abstract: In order to solve the practical problem that the ignition envelope of the engine is narrower than
the flight envelope and improve the jet energy and stability, a kind of pre—combustion plasma jet ignitor was de-
signed. The discharge characteristics and jet characteristics were investigated experimentally. The results show
that compared with the air plasma jet ignitor, the pre—combustion plasma jet ignitor has a greater advantage in im-
proving the jet energy and reducing the power supply. When the current is the same, the driving power can be re-
duced when methane is introduced in a large flow rate. When the total flow rate is 44L/min, the reduction can
reach 14.99%. At the same time, the pre—combustion plasma jet is more stable than the air plasma jet, and the
increase of jet length enlarges ignition area, which is beneficial to ignition.
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Fig. 1 Pre-combustion plasma ignitor

ARSI Bt 19 K i A R TR A A
Sh R A B, BT 23 A BT TR S A A K )
AR 7 A AR AR T AR R AT R
TR 345 B M G U R BE 68 R TR 58
T Y R B BE R, AR 4 R S R R B [ e i — 2P
B o5 S5 UL 9 BE A R R IR AR R T AR T B
IR KRR R IAORE v A A Sy DR R
Beh, Bt TR B B /e R A B S5 4, B T ] 4
AR AT S R I P A T B AR 0.4mm . 4K
DA A o ] A ROk 8 T 280 o RORHE G
AR /N, —J5 1 w] LB 1k KO [0, 55— O Tl A 44
A5 b R DR, AR K AR Y R AR T AR
K [R)IE BR3P 550 S N B S Blobe iy o B R A i
10 A BT B AR Ak £ e BICAR 956 T LA e 3 B A R
T 2l i G vl 9G24 45 B e I B o 790 9 [ 5 7
e i B o [R) ESE BAA e TR] A OB A b TG 2SR
X AR 7 A — S ¥ AR, BE A AR08 H AR A R
(LR ERVUS

K g TAR I, 235 SO AR O BE T 9 25 A
FE KRS 2 2 e U % 77 A e U, ) AR FEY e DA
e ] 4 DA B OB G T S L R s U A AR R A A
FH B8 e S B vl 8 7 2 v 8 DX, DA BRI i 10 B3 iy T
I i RE TR 3045 B 1 M S I, o T AR R e A N Y
AR



2800 ot

EV S 2020 4

22 SKIR¥E

FETHRE RS REELTRASEHBERR
Gt R R 58 DA S el R G AR, an Bl 2 TR o BES
F 409 B e SO AR I F e, PR s A A E AR I
AL P DOS—1F R 3L i i s SO 3 2k 1 Y 4
il B e A s A . R R G AN kR R O A A
TR K 2 AT R T S S R S R S IR Bl e
P M R 48 7R A% 8 Tektronix 4104B B 7R I 4%,
M R {5 518 [ Tektronix P6015A & R AR £ £ 1 , My ¥
{5 5 i FHl Tektronix TCP0030 32 /1 W5 F H i #4841 WE AT
5 il FH R T2 A6300 KRS AR AL A D A AL IR
Al UK AL UE A

Computer

£
- gadga

Voltage and current probe °

Oscilloscope

|§ Plasma ignitor
]

Plasma power supply !"l_(rh 5 H QE

High speed CCD camera Camera

Fig.2 Experimental system of ignitor characteristics

23 KWHESLRFEE

AR SR P 4 AR ik IR AT X L SE B 43 X A
A B AR S R RS R AR X B AR B IR Sk
8 0 0 HR AR DA R S O R M AT BRI S . R RIE
S 25 B0 T A S0 56 A S8 R, RRAUIURR E BRI
P AT I 2 0 50 T S

B0 HL R B 45 T ) SR AR R R E L TR
P Iy S5 P R A RS TR s A 3R Bl e VR T R AR
e WU A B PR R B 2 — B
T HEL Ty AR X ok RGN RLAL S AR R
SCo ARSCRFSE T MWL, Wi i W, B BE CH X 7% 20 55
B VR S5 UL A5 K RS H Ty R AR 1 R e R

I HRL A AR o 2 B B ) AR e, X R T R
BN T & R B B FL U 1=0, I B 3K 30 B R T %R 0,
PRI 1 326 R I B B oy 3R 4 A L I T VR ) 6, [0 3K 5
HLVE TR P FH LA BT A5 KR s Th R e . i
MATLAB H 4 i JF- 2 3K s 0 R P, H s U

P=U, %1, (1)

AU, 1H 5 KRS FEE T AR 4 B A H T %
W HL P o i R LA — R AL (R [ T
R IR B 1 B R R I D SRS WO AR 22

AR T80 R BEAT 5 U &, 3158 S 3 T AR K T
BT 9K 20 HL IR )R

FEAE 5 LI L A B PR T B R Ty R ) 5 i
I, X T 28 RS B TR I KRS IR B L 1=
20,25, 30A B, 2% 10 18 A1 2SRl IE L E A w=1e6,
20,24,28,32,36,40,44L/min {4 25 5, Ho b AR 8 1
I 5% 38 A 25 R W,, =4 L/min, J5 (8 5 U 45 3 1 1k 5
TR K R IEAT X E o X TR 2 A5 S 7 A S 3 Ak
L PEAE 1=25A 1 3R 2y H I R Rk [ 5l AR e
W oy, =4L/min, F o W=W, + W, . W, W, W, 555K
SV 2SS R G I

T R E R K RS TR P R 9 AR ] LR
W B o A B SRR AR B, BB ION T H SIRRN S
FasEPE o R AR S5 b B AL 3% ORI BE Y 200ms
i T B A O SRR B, O A b A A PR AR L
S BRI R (] ¢, AP35 4 25 L d, 43 5 an =X (2) A
K (3w

t,=t/n (2)
d=t/t (3)

e, g R RE B IR S R] , n g SRR B i
URE 1, R SRR B HL BIAE A B B[] o ok SR AR B AL IS 1)
PRy W il 2 o R AR A, O s RS, T LA 2205 R
TR, A o~ MR TAE S 25 AR, d, R L
SINAF 2 HsF ) R T A B I 7 A X K/ d K, HL I
AEFE B [B)AH X BT, R DI 28 5 BB B P 5 e,
[ SR PGS | B < = NS A 5 T = N S E
T Ry T H A O B E I RS O BE A R A AL
15A<I<35A, FH LA IX 3 AS 7] i e B B

5B R S I A K A v R o I SRR R e
=N IIR A A S K B R TS B TR SR TAR
T AR, AR 2 55 A [R) R, 56 0 A B B i = Kk B
BUR B 2 TR A 05 e T 55 B AR 1 5 floh B 2 I 31
B9 K, s KR A AR o] S M RS o) SR G . KT
FEE Y AR TAERR ML 00 R G0, DF 90 55 B T IR 5 0
SRR S A L R B A S BT AE AN R T
BT B RE A, 4 AT B PR YR SR Bl H O 1, A AR
W, X 45 B 7 VA S 0 5 e AR

T HCRS A AL AT B 1 T b, S kR i E
(LTI o TRl 1 NS S0 S I R S -
FH 7% a8 3Ca) fT s o Sk (08 S5 30 A1 1 6 75 Wi
OB S MR . T A B TR KR B AR B
AR AE BEAT S B B BB S BT R R T B AR R
25, VR R B R B 22 B 207 2k 0 i B AR A ] T



Ha1E: H

TR A B TSR A T AR R R S SR TS 2801

BT, FEHR 30 5K G 3 Ok R i Bt 2 BRSO 38 K
JEAE i T S A . AR AT 'R AT L 43
i, B B RSP 35 S O B R G 1 T R 4 AT % T 00
T SR AR AT

FE 5 B CCD AR ALA 09 B R o, SOk ko
71 S T &5 FL I 3ty /KT T =2 T 2 R S A A
B A F S U E 3(b) Fros o IR BE A R TS
TEAZ O XIS o FUIR R B ey 3 O B 2
1oL, B 30 /4~ H I Sy o A BsF 220, 5 BCRR IS 349 1
VE A% T 00 A R 3 R385 A o I 55 A B
SR K BE T B ) B[R] B S, R ET R Ml AR IE 5K
L N AGE

5 A R T RS A KRR AT X Gy, TR
A BT R S T kSR B S TR U H,, B
155 B E SUK o

14

(b) Arc height
Fig.3 Definition of jet characteristic parameters

(a) Jet length

3 #HR51Tie

3.1 WSS TSNS MR TR

TR R PR R A R TR K R — e
% B Wl s oK A T AR AR 2 1 | A T A I 728 A S AR AL
ASCHESE T U A AR S, AR SR AR IR i H
o B RO R DR R B LR T, S R W, AR A
L T T AR T RS E T R B R R
I B B IS T 00 HE AT X L, O O R A K R AR 3
T 52 Al B el
301 PR AR B 1M KRR T D SRR B 5

R FE LU AL e b Y e X A FR ) R 5 e KL
H, DUAR OB B i 2 R A1 O rit 5P 2 9K 8l 2 =, % A
CIR=N CIIL  AN B7 a N  | AN A S D E A
DL BEAT VIR, A B A5 B 1 A IR O KRR A T R
FRPE, AN 4 BrR o KR AT DU 7R A e
I, AR [) LU T, 28 1 A S O A A Y K Bl i U )
AP S AR A B O B S SO0 R W, B B AT
) LSO Y 5 /R W75 8 i = VAR 18 5V 1 1

o ZE M FE 3, RO RE ) R R, I TR DR B B UR T R
Tho FEMRZ G E T, B EE R A A G,
AR TR B H I 1R SRS F IR TR PO HL AT — A
ARG b TF#a % . 78 1=30A I}, 5 1=20A Fl I=25A
P, 2 2 0 — A R ARG iy ke, AR SN,
H 2 5K 2l v I8 Dy F8 P¥ R T R i T H B HL R Y
XS LR TR A A R o DK Bl H R KR
SICHE, 3t 3G R, L OIS R DK B0 1) 25 52 e 3K )
P52, DT 2 Bl i 2 i) e AR A8 Ak, HLARAE LR
B 1 SO .

24
[ — [=20A, W, =0
— [F25A, W, =0
20 — [=30A, W, =0
— IF25A, W, =4L/min
A
. 161
=,
S oaa2f
08}
0423 . . .
16 24 32 40 48
WI(L/min)

Fig. 4 Discharge power characteristics of plasma jet ignitor
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Fig. 6 Characteristics of jet length changing with air flow
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