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Experimental Study on Working Characteristics of New
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Abstract: At present, the aero—engines of fighters and unmanned aerial vehicles are facing the difficulty of
insufficient ignition performance at high altitude. It is urgent to solve this problem to improve the engine perfor-
mance. A new type of combustor head for aero—engine based on three—dimensional rotating gliding arc is de-
signed, which can realize ignition and combustion—supporting of the combustion chamber on the basis of keeping
the original combustion chamber structure unchanged. Experiments on the discharge characteristics of the new
combustion chamber head were carried out, and two discharge modes, Steady Arc Gliding (A-G) mode and
Breakdown Gliding (B-G) mode, were analyzed. The effects of two discharge modes on vibration temperature
and the effects of air flow and voltage on the spectral emission intensity of OH, O,, O; and NO particles were
studied. The results show that the discharge power of B—G mode arc is higher, reaching 84 W. The influence of
discharge mode on vibration temperature depends on the variation of air flow and voltage , while the spectral emis-

sion intensity is higher in A~G mode than in B-G mode.
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Fig. 1 Schematic diagram of experimental system
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Fig.2 Structure of three-dimensional rotating gliding arc
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Fig.3 Structure of combustion chamber head
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Fig. 4 Discharge image of combustion chamber head
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Fig.5 Emission spectrum of plasma discharge
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Fig. 6 Waveform of discharge voltage and current in combustion chamber head
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Fig. 7 Instantaneous power and energy diagram of

combustion chamber head discharge

FEAE R S A AR R T &2, DR HLA T R IR B
W, AR e, SR FE AN 2
L TE — 2w BN, A 2 iR TR s s <L
A v R AL, DG R 8 LR R 40V, 25 AU N
B ) dh B A — i R RG2S LRl 80V,
120V F1 160V B, i B 88 A T A-G B, L I AR 5
Fou s W SRS, R R 4 H R A B R i A R R R Y
e 2 HFMA RS SRR TR REE R
T BT Il NIRE S W 1 ) L1 I W) D
F AR E W SR T LA R R FEHUME A, Bk
I 2 1 5 Bt 235 A0 R 3 R T /N

5000
—=— 40V —e— 80V
4800 F —— 120V —— 160V
5
£ 4600 ¢
S
2 4400 |
g
g8
o 4200
S
g 4000 F
>
3800
3600 300 600 900 1200
Air flow/(L/min)

Fig. 8 Variation of vibration temperature with air flow



Ha1E: E1

B T4 T M T BN B S T T A R S R AT 5 2771

33 ZTRREMFEF[BEINILEENZNT

SR B 5T R RS T R AR S R RO % A R Y
SR 6 IR K AE 620nm~720nm N BB T, % HOG i
SR EATZR A M. W 9(a) TR, fE S il
600L/min i , # Hs %5 HL 4 40V, 120V A 160V T4 T
B T 5 B AR A e 4 LR Dl 80V LA R 1Y
Feig s R T UL L =4 T 0N BOE RS B . e =
U A 900L/min B, 8 F 5% B Oy 80V T4 T Y
VUK R R B R, AR KRR 120V, 160V, 40V,

X Ay ML 9 (a) , (b) H 9 6 3% Hi mT A,
] s e HL T A s A T 2 R O K A R R AR R

12000
| —— 40V
; 10000 S0V
Z s 120V
g | 160V
=1
S 6000 F f‘ I ‘\
(=]
2 ol |l
£ 4000 \ r‘JW \Jl ;
P v, |
2000 | |
AL SRR
0

620 640 660 680 700 720
Wavelength/nm
(a) 600L/min

Wiy, Bt A S 06 T AR Ak O i 5R b B 2 R AR AR
1k, TE235 50 B 600L/min F1 900L/min ], 80V 4 J&
i LR ) TR AR R B AR R O 5 B, B 80V
HL R AR T ORI R A A A B
B, % 3 & G U ) e 1 Al Bl 22 39

SR BIE 5 A5 ST R R R R A R R G R BB T
R 52 M, 3% B OH (314nm) , 0, (337nm) , O,
(328nm) I NO(334.87nm) """ DU Fl A Bl R 200 51 %) 375
KT HEAT 20 M. B110 5 OH, 0,, 0, F1 NO KL 1 i 6%
58 5 FE N [ LR R3S S T T ARk

10(a) A LAFE Y, OH 7 1 A9 6 3% i B bt 3 &

12000

10000

8000
6000

Emission intensity

4000

2000 T

Wavelength/nm
(b) 900L/min

Fig. 9 Spectral intensity

| —=—300L/min
600 _ e <BOT ity
—4&—900L/min
3200 F —— 1200L/min

2800 |

2400

Emission intensity

2000

1600

40 80 120 160
Voltage/V
(a) OH

|l —=— 300L/min
20T s GOL i
—4&—900L/min
2200 } —— 1200L/min

2000

1800 |

Emission intensity

1600

1400

40 80 120 160
Voltage/V
(¢) O,

12000

—=—300L/min
10500 b —— 600L/min
—+—900L/min

7500
6000
4500
3000 1

1500

Emission intensity

40 80 120 160
Voltage/V
(b) O,

3300| —=—300L/min
—e— 600L/min
3000 f —*— 900L/min
—v— 1200L/min

2700 |
2400
2100
1800
1500

40 80 120 160
Voltage/V
(d) NO

Emission intensity

Fig. 10 Spectral intensity of particles



2772 ot

EV S 2020 4

i LR A 398 O 2 B S 49 RS /N i B AR FE R R
i FL R 80V B HUAS fie KB o 25 <3 12 4 300L/min fif
) o KA H BAE I8 R 4 HL R 120V I, 2 5 s ol T
5 HOG 1% 58 B 4R R T 40V T 00 T G35 B . i
Wil 25 25 ST B BEOIN, RE T O 3 o R 2 R R
BRI . AE TR 2% LR 80V IR, 28 <3 i 12001/
min [, % 38 58 A S KAE, A XT3 R R
2739.25,

B 10(b) A O, K% i i B Bl f A% Ak, 76 18 e
A5 HLUE R 40V~80V T LB, 6 o B B 2E 3, L
PIEE 2 Ry 4500, Bl FE R 4k Z2 38, O i 5
AN [ B A /N B o Bl S RO RGO, &
SPF iR A — AR R AR R

MEL10Ce) Hr O, 1Y 63 3 B v &, 78 25 I
i 4 600L/min, 900L/min 1 1200L/min B} , O, %; F ¢
T O B R R B R 2 B M S O /N R
1B 7F 25 /5,3 2 300L/min B, O, K7 F 6 1% 38 2 b
HL PR 8 R /N o 7R A R A HL R 80V, AR T
A 1200L/min B} , O, ¥ F 6 3% 58 B ik 2] i K MH
2121.25. X5 OH ki 7 ik B & 5F 58 & fe K AA B 19
T AL AR TR

7E & 10(d) th, NO Ki ¥ 75 I & 2% HL R 2y 40V~
8OV B S 1% A& T o 1) 348 i 45 K, 1 1 32 242 800
Z 5, Bl R G K, NO RT3 5k B it 22 /N
R 2 B 3G A0, e R AE K 2765.6,

ZEA AL OH,0,,0, F1 NO KL F 78 A [F] 8 2%
JE A2 A i T 00T 196G 5 & S 5 8 nT A O ok
T 1% A S 5 B TE R R £ B R A 40V ~80V I, 1
HE PR KR B A B . T P 2 R R 40V B AR
PR T B-G A X, B B-G B 7= A 03 s
THEK D,

4 4 g

AR SO T TR 4 S S 0 R AR 2 R
SR8 DRI Sl B S AL IR R AT T IR LR BT
WM 4e .

(1) B BUBR e 2 Sk Al i WP A7 7E A-G T B-G
Fofr s el A X, O A P 1 39 A s AR R A 0
2l B-G AR LA Ry A-G R . B-G AT ALK
LR SR, T3y 84W

(2) R e 5 S B i Fl B 45 0 K B T R L £
TEEBMHEFEL, EEA AN E —EW RN,
(B'IL-A'S)) VAAH —1EH & N,(C'IL-B’II,) .NO-y
AR LA KN RO JE T 15 4k .

(3) 75 v A X% e 2l Uk BE 1 A8 Ak A B K R )
A-G RN, U8 R 2% H R ORI 25 AU BN AR 2
fifi P Sh R BN, Wi AE B-G AR s R RS
el 4% 20 Ut B A — s R R B .

(4)O0H, 0,,0,, NO U PR F 19 56 355 & 5 58 B
Z R A . 7R R A RS 40V B O
KSR BE fe /N o A-G BN O & SR BE R T B-G
BT 163 K S 5 B
B RO E R A RBE IR ).

S 0k

(1] Pk, BRI, i), 5. 5RI85 & 7 1R B 4
PR T[], BRBERE A 50K, 2018, 24(2): 152~
157.

Zhang Hua-lei, He Li-ming, Yu Jin-lu, et al. Investi-
gation of Flame Structure in Plasma-Assisted Turbulent
Premixed Methane—Air Flame [J]. Plasma Science and
Technology, 2018, 20(2) :1-7.

far g W, wf@r, B —, 5. KRR TR i 3h
IRAY R LT]. S H EROR , 2017, 43(9): 3061-
3069.

[3]

Starikovskii A Y. Plasma Supported Combustion [J].
Proceedings of the Combustion Institute, 2005, 30(2) :
2405-2417.

[ 5] Klimov A, Bityurin V, Tolkunov B, et al. Non—Pre-
mixed Plasma-Assisted Combustion in High—Speed Air-
flow [R]. AIAA 2005-599.

Rousso A, Mao Xing—qian, Chen Qi, et al. Kinetic Stud-
ies and Mechanism Development of Plasma Assisted Pen-
tane Combustion [C]. Dublin: Proceedings of the Com-
bustion Institute, 2018.

[ 7] Zhang Zheng, Che Xue—ke, Li Jin—long, et al. Numeri-
cal Study of Non-Equilibrium Plasma Assisted Combus-
tion on Spacecraft Rocket Engine [C]. Tianjin: Interna-
tional Conference on Advances in Materials, Machinery,
Electrical Engineering , 2017.

oOms, kA, BROIE . RRSE B TR B PL LA
FLCL V% P )5 kes, 2013,

THAR, WA, RN, % SR AT kS B
BRTEM 2 KL LR L], Atz & 3L, 2018,
44(3): 12-20.

[8]

[9]

Zhong Hong-tao, Yan Chao, Teng Chu, et al. Kinetic

Studies of Excited Singlet Oxygen Atoms O ('D) Reac-

tions with Fuels in Plasma Assisted Combustion[ C]. Cal-



Ha1E 121

B T4 T M T BN B S T T A R S R AT 5

2773

[11]

[12]

[13]

[14]

ifornia : AIAA Scitech 2019 Forum , 2019.

Kossyi I A, Kostinsky A Y, Matveyev A A, et al. Kinet-
ic Scheme of the Non—Equilibrium Discharge in Nitro-
gen—Oxygen Mixtures [J]. Plasma Sources, Science and
Technology, 1992, 1(3): 207-220.

V) T R ok o L S A T AR L T AR B
— I A T 9 B F S (D] R - R TR
%, 2012.

o B T (VA3 7 A S S & A A N
KA ERON AT (D], ik 5o6i% 4T, 2013, 33
(5): 1171-1174.

Tonin A A, Kochetov I V, Napartovich A P, et al. Phys-

[15]

[16]

[17]

ics and Engineering of Singlet Delta Oxygen Production
in Low—Temperature Plasmal[J]. Journal of Physics D:
Applied Physics, 2007, 40(2).

HHY, XM, BRI, S ORAUEE /S AN
BH 355 B o o3 IR Sl B LD ). DLk % 5 0% 4
2006, 26(5): 802-804.

Wl B —, XU, 85 RAEIZH M Sl
e AL ] R EER, 2016, 42(6): 1921-1928.
Yamamoto T, Yang C L, Beltran M R, et al. Plasma-
Assisted Chemical Process for NO, Control [J]. IEEE
Transactions on Industry Applications, 2000, 36 (3) :
923-927.

(%#t.3k W



