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Experimental Investigation for Effects of Anode Channel
Length on Characteristics of Plasma Jet Igniter

DAI Wen—feng', HE Li-ming', ZHANG Hua-lei', CHEN Gao—cheng', ZHAO Zi—chen', QI Wen—tao’

(1. Aeronautics Engineering College, Air Force Engineering University, Xi an 710038, China;
2. Chinese People’s Liberation Army with Number of 94973, Hangzhou 310000, China)

Abstract: For optimizing the structure of plasma jet igniter and improving its performance, the effect of an-
ode channel length, including discharge characteristic, spectrum characteristic, jet characteristic and ignition
characteristic, were studied experimentally on the basis of the self-designed plasma ignition experimental sys-
tem. The selected anode channel length is 3mm, Smm and 7mm. The results indicate that with the increasing of
the anode channel length the magnitude of the arc shunting is suppressed, the ablation area of the electrode is re-
duced, but the elongation of anode channel will lead to breakdown voltage increase, and the arc ignition process
will be more difficult. With the increasing of anode channel length, rotational temperature of nitrogen molecular
ions is rising firstly and then decreasing, while vibrational temperature shows the opposite trend. And the ignition
delay time of kerosene/air mixture shows the trend of decreasing firstly and then increasing. When excess air coef-
ficient is 1.43, the ignition delay time of Smm anode channel length is 14.4ms. Compared with the 3mm and 7mm
anode channel length, the ignition delay time is reduced by 21.1% and 12.1%, respectively.
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Fig.1 Schematic of plasma jet ignition system
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Fig. 3 Schematic of air plasma jet igniter
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Fig. 4 Electrical signal waveform of gas breakdown process

P P& 4 AT, A S TR BH AR 38 T RS I LT iR
SRR 8] 5 19 76 ~ 88ns Z W, i ZF HLJE (FELUR 3K 2 4% A
AH I B W (B o PR AR GE B 1 O Smm B, 5 ZF HLUE T
T, BTk E 2 76ns, BA ML 38 18 K 8 3mm B},
A TR b, TS 1] 88ns, M5 i
JE L HL T 4R 5 9 5 k5 BH AR K K g
R HL R PR UL AR 3 A B R B e R K, X e
e B 58 ok AR R K

Bl S It s Sy SR o 28 o A 0 AR AR (5 28 L R
(a) FL I DA (b ) Al 2 o PR AR B 1) (e ) ) B PH A 38
AR E AR

1 1 5 (a) . (b) AT LU, Bl %5 FH B 3 38 K R 1 AR
W 184 i, o 2 F R P A U (S B SR )N S R Y AR
A B, AN [ BH AR G T8 BT A s 2 L e e A 22
400 ~ 1400V, 7 % L I (H AH 22 3 ~ 4A 5 WL 5(e) th



H39% BT

VBR300 T J3E X 26 8 1 (A S s AR RS PR R M 1) SC B 5 1571

A LLE s g o BB 00 AR B Ta) Bl PH AR GE B K R Y
it IR 38 K, AN [ BH AR 38 K R 1 o 2 B R A 25
200 ~ 700ns. FH AT A5, PH AR 38 18 4 B Smm B, fx
25 Gy BN, B RS Y A5 B 1 S U KA R R KB
By IR Y o 2R e R B IR

0.82

Peak of breakdown voltage/kV

(a)

Peak of breakdown current/A

3 5 7
Anode channel length/mm

(b)

Stability time of breakdown process/us

3 5 7
Anode channel length/mm

(¢c)

Fig. 5 Characteristic value of gas breakdown process

3.1.2 PHARGHE T8 BT AR H G R B 52 )

S5 BT AR A R I B S R VR R LI R 30A, T
YEA B B M 55.0g/min , A [6) BH % 38 38 K BT 48 £5
Fo TG R 1 PR IR s P Y TR R G P 6 s

F &1 6 TR i S B 3 T8 R 4 38, Fl R (s
i) BE R CBE T ) Ay A1 238 38 R R B2 U /0N, 3k 1 B R R
JE 43 T 9 A R e i B AR 38 3 K B 4 84 fin i B8
W B S B/ e v A S AT A BT R T, BH AR
KR K v A B H R VK g 7 R B i o R o

JIT 5 8 B ) B 3 B K O 3mm, Smm BT 7mm i,
JIE R IS R ORLBRE 43 i J 48 43 0 29 2 0.21 ~ 0.53ms,
0.14 ~ 1.08ms A1 0.13 ~ 1.32ms, X A& Ky A% 3C ff 1%
RIVE A R N E £ e S ElE 1V NI O W
3 gk H R A A S S A, AE H I0E A BH A G A
4 3k P e 3 TR RC  F IR FH AR JE AR AR T
HL 37 5 B Y E O & R I AR O 1) I o A R H L
SR EEL A7 i FEL I 1% 1 38 i 14 R PRt R K BH AR
HE IR 5 K R KRB 430

300 — Vot 30
Current
250 25
> <
& 200 20 g
s S
150 15
100 C 1 1 1 1 1 1 1 10
-235.0 -234.5 -234.0 -233.5 -233.0
Time/ms
(a) Anode channel length (3mm)
300
250
z g
Q =
& 200 g
s S
150
100 1 1 L 1 1 1 L 10
-892.0 -891.5 -891.0 -890.5 -890.0
Time/ms
(b) Anode channel length (5mm)
300 30
—— Voltage
—— Current
250 25
2 F
& 200 20 ©
E 5
o O
>
150 15
100 L -
-198.0 -197.5 -197.0 -196.5 -196.0

Time/ms
(¢) Anode channel length (7mm)
Fig. 6 Waveform of electric signals under different anode

channel length

Pl 7 i 78 2 AN [] BH BB 3 T84 5 A 0 1, 2R E
9o A, R OICH TR Y B TR A AL A 2
(I



1572 e 2t

R

20184F

180 | —=—3mm
| —e— Smm
170 4 7mm
2 0
g
£ 160}
=
S I 146.98
S 150 i 4
rag [H08¢ 135.98
r138.46
130 1 1 1 1 L
20 40 60 80 100

Gas flow rate/(g/min)

Fig. 7 Average voltage varying with gas flow rate

P P 7 AT T 24 PE AR 8 G K B Tmm B HLSTAR
JE B8 B T AE A 50 2k 1 38 R T B A, T 224 PH AR
T K BE A 3mm A Smm B, HL 3L R X5 Bl T AR A
OB NE =S R vt N =R RN U Y < S
PRk TR A 0 3 o % H ST U PR D, P T4
A T /N T FUE T, A BT A 9 BH B
FisE R (HRR S 32 SR, 23 s IR i 4 30
3 EL I 43 90 14 & A T R B bR K B, T DR
o A T RE AR OCARR . H DI HR R 34 BB A% B it
SRR P 24 B PR b 24 (6 B A A B A 4 R
SIS KIF /N @S IWE 7R a] LA
A TR) IPF AR 8 3 B ) ) F R 34 4 22 S BE T A A IR
LR DNITTE: N
3.1.3  AFB AR IR OISR

TELR SR RN SRS 55 B TR
KUK Sy VR R I R 30A L Ol 3 AR 43 B ] R
1.05ms, FKCBEEH AN 4.5mm, R4 S KPS
J7 18] BE WS T 10mm &b /) & 6% (E B . 7E LRSI
P 3 o A 7 NI @ = B R S N e
KAERAEATE TAEA B 2 F 19 s kS0 &k 8 6155
ARG E BT E SO IR IR TR B
B Bl R B 5 KRR A5 R TR SR L 5 e R
Ho AT LT LS Sk 11 ],

Pl 8 i 7 Sk AN [ BH il 3 38 K B T 45 B A A5k
PP TP PR IR R R B IR Bl TR B T AR
it AR A £

H 1 8 Ca) W] 1, Bifi 2 T A A BT 3L Jt A9 388 K, AN [
BH 5 3 38 4 R 14 H 3R R 2 2 B e T
GE% T R AR AL R A, Y T/ A T B 55.0g/min
BF, PR 3B S B e e A, PR GE BB B /N BIOR
HoH TR 2 ) 2.73eV,3.17eV FI 2.81eV s {145 T
VA 03 Ui et AN A R ek i A 3 TR R Y B R
e Tt Ja B AL, IF B T AEA B & LA 55.0g/min 2 43

PR /INTAZAE I, A [a] BH R 8 K RE 22 6] A H
JE 2 B BN R T AE I, 220 Bk KR
K, — 75 1T BT AR TR B A i [ 38 4<
Tl B 2 b T, 55 — T T R A (R G R R A A
I3k A FRL A 5 20 A R AT T IS R IR 0 O Y AR
T RIS O K Sl A AR, T B KO i I
WM R T RO R R . R, X
PN LA 29 PR B2 S B0 i R B GE
RS, HBUSEHE R 5 0/ i 221K

33

—=— 3mm
> —e— 5Smm
}3 30T —a 7mm
g
g 27}
§
= 24r1
=
3
D 21r
1‘8 L 1 1 1 1 1
20 40 60 80 100
Gas flow rate/(g/min)
(a)
5700 —s—3mm
—e— 5mm
% 5400 e 7mm
5 5100
5]
9]
2 4800
E 4500
g
£ 4200
=
> 3900 |
3600 . . . . .
20 40 60 80 100
Gas flow rate/(g/min)
(b)
3600
—=—3mm
—e— 5mm
v L
3 3400 4+ 7mm
g
ai 3200
g
= 3000
<
5
§ 2800 f
&
2600

Gas flow rate/(g/min)
(c)

Fig. 8 Plasma jet temperature varying with gas flow rate
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Fig. 9 Procedures of the image processing to determine plasma igniter jet boundary
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