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Abstract: Combustion chamber of cryogenic liquid rocket engine and air heater has characteristics of high
pressure, heavy flow of cryogenic fuels and demands repeated starts, for which the safety and reliable ignition is
difficult. A high back pressure plasma ignitor meeting with these requirements was designed and studied. The volt-
age—current characteristics of Ar and N, working at high inlet pressures were studied by experiments and results

showed that N, worked well within a wide pressure range. Emission spectrum diagnose showed that the electron
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density of Ar, N, plasma jets reached the local thermodynamic equilibrium (LTE) criterion and showed concen-
trated ignition power under inlet pressures of several MPa. The average temperature of N, plasma was lower than
that of Ar, while just the reverse at the anode outlet. N, plasma jet lasted longer in atmosphere, sucking and mix-
ing the air, which resulted in the temperature drop but would accelerate the evaporation, mixture and ignition of
cryogenic liquid fuels. The plasma caused the formation of active particles like ozone and oxynitride , which would
also promote the ignition and chemical reactions. Higher back pressure caused higher output voltage, and raising
inlet pressure and current helped to stabilize the output voltage under high back pressure. Ignition experiments in
the combustion chamber of combustion—type air heater showed that N, plasma could ignite the alcohol-air and al-
cohol-LOX~-air within a short period when placed in the center of the injection surface. The ignitor worked stably
even the back pressure reached SMPa, and repeated operations caused slightly electrode erosion, showing pros-
pects in reliable and repeated ignition of liquid rocket engine.
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Fig. 1 Plasma ignitor of high pressure
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Fig.2 Spectrum diagnosis system of plasma jet
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Fig. 3 Practical ignition experiments
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Table 1 Ar I spectroscopy parameters
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Fig. 9 Electron density of Ar plasma at SMPa
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Fig. 13 Electron excitation temperature of plasma at torch
outlet (Ar,N,)
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Fig. 14 Concentration of NO, at downstream of the free

plasma jet
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Fig. 16 DC voltage changing with backpressure(N,,S2)
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Fig. 17 Images of N, plasma ignition
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Fig. 18 Typical curve of N, plasma ignition
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Table 3 N, plasma ignition time of air heater(C,H,OH-Air)

p/MPa t/s t/s
1.1 0.98 0.744
2.4 1.08 0.378
3.2 1.27 0.280
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Fig. 19 Typical curve of N, plasma ignition (C,H;,OH-LOX-
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T8 T A 9250 rh SR B AL 28 AN A iy
I (= WA B8 B 1 S BR B T SMPa, 205 B TR UK
) BE AR 8 AR I S8 DU K, BABE % NI LY
Fe 3 I BEAT RS i KA A5 4 i R 3 2 K 30
YR e A R TRl it o S T AR A KL YRR K R
B HIL B H AR e 20 T R e 45 i 1 3 A 1Y T O T A
K5 T A AR B 14 18 R

S 6 A2 o SR FH A AT AR T ey
WA b = TR 0 B B, L AR AR T A B LR b
45K R AL UK 58 AR A 04 498 g B I A 3 A 00 25 1Y
TR RER, L EERUE T A
T 2 B T A KRR TE WA KR R s AL
P8 28 S I KR 3 P M RN R S WK K R R AL
SR TR RO S B A L R R A 1 i —
HHETT <

4 2 #®

=A

AR SCIE L SRS AR DL 258

(1) 5 By =X PH W% 25 48 F1 MPa 28 09 125 1 F LN,
LB RN R 5 T A, BB /NG BT BEAR %
Fetko Argy LB S HUR KSR BT RS LT 25
Gy AR NFRE PE IR BE R ALK RE R AR LN, B
BRI A S E R WK KE R LR B E
R

(2)MPa S E ST, A FIN, 55 B8 7R L 1
B RE Y RT 1107 /m’, £ 45 Jay R g 27 A R i L 1
W 45 B8 IR SR O RO A B, ke AR A BT
R R KR TR B A Sk

(3) BH A% % 11 B 3 N, 45 28— A 80 Ok UL B8 T i v
T Ar, 00 5 R T Ar & AR TN, ST
o FH T Ar, N, 55 B R T 1009 < S I 0 30 58 <
A 11 45 W A AR B 5 A B 5 Ak VIR T A



A% T T2 TS HE S B RS R R R R 1 R M S B B Y 1579
S B | B s Sl R o YA R 1B I 2 L A, 2019, 45(6): 1921-1928.
RA, 458 sk e IR ] . [ 8 ] AR, 7, #X e e, 45 o S0 1R S o5

(4) 558 Tk B B 7= 015 Ak 0 R 5]
14 25 S ) BRI bR T B AEE X A B R A
N A7 AE AR A

(5) 75 2 v 5] e Y5 i HE e TR A v, 65 B AR IR
e AR B A R LR PH AR B % BR 1 PH AR SR A B
Elaizz‘ﬁﬂl@%?mﬁliﬂ@&u?w@,buﬁﬁa%%%%

P v AR 0, R R R B 8 A A A R L TR
ft’jbrﬂfﬁqﬂm

(mm£%¥W%mﬁﬁﬁ¢ukaTﬁw
LA T R A - SR - A - e
PR s KRR IA IR o B R b = R S
Bﬂii&SMPaﬁq“N R TR S IR R AR T AR
S HMR AT K T B K 30 R A A, BRIk IR R B
ﬁ,ﬁ?&%kauﬁizﬁ]m& LR e 50 i 44 25 45 b 1 38
9 15 2% Y T 5 AT & ok T T A AR B 8 R RIS
B B E R A RREETE S RN B G AN A kTR
ERORAY:)S

S E 30k
[1]

Starikovskaia S M. Plasma Assisted Ignition and Combus-
tion [J].
39:265-299.

UESEGE , S SCHE, A =, AL SR T T B R be
] B A B AR TP A R I I R AR [T, e
A, 2018, 39(10) : 2274-2288. (HONG Yan—ji, XI

Wen-xiong, LI Lan, et al.

Journal of Physics D—Applied Physics, 2006,

Comments on Researches of
Mechanism for Plasma Assisted Combustion and Applica-
tions in High Speed Flow—Field [J].
sion Technology, 2018, 39(10): 2274-2288.)

FOR, R, RBEIE . AR AR Ve A A B R UE
BT [T]. kit 2016, 42(1): 33-36.

Ju Y, Ombrello T, Won S. Diagnostics for Combustion

Journal of Propul-

and Ignition Enhancement Using the Non-Equilibrium
Plasmal[D]. New Jersey: Princeton University, 2008.
Ombrello T, Won S, Ju Y, et al. Flame Propagation En-
hancement by Plasma Excitation of Oxygen. Part 1: Ef-
fects of 0°[J]. Combustion and Flame, 2010, 157(10) :
1906-1915.

gk OME, BEREARE, PR, AF L SR TR AL UK
I arHr 1], E R AR, 2014, 40(7) : 2125-
2132.

BT, ML, ks, F. SRFH

P JE 3t st A0 AR 6 S RS R I sg m [ ],

[6]

SR
T LR

[9]

[10]

[11]

[15]

[18]

KAT RSB s ()], HEHE SR, 2016, 37(11) :
2107-2113. (QI Wen-tao, HE Li-ming, ZHAO Bing-
bing, et al. Analysis of the Dynamic Process of Air Plas-
ma Jet[J]. Journal of Propulsion Technology, 2016, 37
(11):2107-2113.)

HOSCWE S B SRAE G, G FRGE G K RE X A
TR U R R R W ) SEBR ST [0 ]. HREHEROR

2018, 39(7) :
ming, ZHANG Hua-lei, et al.

1568-1575. (DAl Wen—feng, HE Li-
Experimental Investiga-
tion for Effects of Anode Channel Length on Characteris-
tics of Plasma Jet Igniter[ J]. Journal of Propulsion Tech-
nology, 2018, 39(7): 1568-1575.)

K = VAL R R S - e S W S a
Fe JOCH R MR BT L], B B M S A R K 2 2k,
2016, 48(3): 396-401.

FTEE, K K, AWE, & #@RMREEEETIK
RO IR EERE[T]. b st 28 A R R 2 2 4l
2012, 38(12): 1572-1576.

BhSCEE R SCME, Besr M, AR R A0 R K B R
TS TR JOE MRS B R[], MR, 2015, 36
(10) : 1528-1532. (ZHONG Wen-li, XI Wen-xiong,
DUAN Li-wei, et al. Experimental Investigation on Plas-
ma Torch for Supersonic Flowfield Ignition and Combus-
tion [J]. Journal of Propulsion Technology, 2015, 36
(10): 1528-1532.)

Whitmore S A, Inkley N R, Merkley D P. Development
of a Power Efficient, Restart—Capable Arc Ignitor for Hy-
brid Rockets [C]. Cleveland: 50th AIAAJASME/SAE/AS-
EE Joint Propulsion Conference and Exhibit, 2014.
Nagata T, Torres J, Culbertson J, et al. Investigation of
Helium Assisted Low Frequency Plasma for Liquid Oxy-
gen and Hydrocarbon Ignition [C]. San Diego: 47th
AIAAIASMEISAEIASEE Joint Propulsion Conference & Ex-
hibit, 2011.

Yusupov D I, Kulikov Y M, Gadzhiev M K, et al. High—
Pressure Ignition Plasma Torch for Aerospace Testing Fa-
cilities[J 1. Journal of Physics: Conference Series, 2016,
774(1).

M FRATK, BRUIE, B, & . Bl 7k

[M]. dbst: Bl i, 2016.

EH RS, T BB, A T S R RN R
MWOLHESFEE FHOLE SR m ] kS
JERESr BT, 2018, 38(1): 276- 280.

OB SRR AR U A 5 B R S



1580 o # R 2021 4
[D]. K. KiEHT. K, 2008. 2014, 54(1): 68-72.
(191 & W, ks, e, % RAEHRESE T [22] Z28410. 15U b 30 I A6 B R A e 35 g Ak 3
OGS W 5 (1], 6k 5 5 O63% 43 #, 2006, 26 PR RS (D] BRI AR KA, 2018.
(10): 1785-1789. [23] Griem H R. Plasma Spectroscopy [M]. New York: Mec-
[20] Murphy A B, Arundelli C J. Transport Coefficients of Ar- Graw=-Hill Book Company, 1964.
gon, Nitrogen, Oxygen, Argon—Nitrogen and Argon—Ox- [24] ZWEHE, & K, TIRE. AR/EERRIKELSG D
ygen Plasmas[J]. Plasma Chemistry and Plasma Process- AR ] KT HERE, 2010, 36(1): 13-18.
ing, 1994, 14(4): 451-490. (251 Re &I, B 0, 22/, &8 503 AR I i A SR
[21] S, BOMEL W &, L TR I U A AT A R be I B 2R 3 (D). JCEEHE L 2020, 46

;’:'i
BT R ER S (). TR R CA AR

(3): 56-61.

(B#.7k H)



