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[ABSTRACT] Root cause analysis through basic safety characteristic experiment of fuel and the structure analysis of
piping valve was conducted on the explosion accident of the new N,O-base single gas component propellant during engine
test. The experimental results show that the critical ignition energy of the gas propellant is in the range of 0.25 m] to 0. 50
mJ, and the propagation velocity of flame within the experimental pipe can reach to 410 m/s. Critical ignition temperature
test results show that the minimum ignition temperature of the sample is 135 C. Valve structure and working principle anal-
ysis results show that the electrified opening of the valve will impose a compression over the 4. 06 mL gas above the piston.
The adiabatic equation calculation shows that gas temperature can be up to 193.7 °C during the compression. It can be
inferred from the comparative test and theoretical calculation that the compression action in the valve start-up process may

be the root cause of the explosion accident.

[ KEYWORDS] nitrous oxide; gas propellant; experimental accident analysis; electromagnetic valve; adiabatic com-

pression

G e B e YA
5|5 EAT, E AP AR Z BT TEN, O 52 &5 HHE itk
FA R CRIFERAI Y Whitmore %' & & T
AR, EALTER N, 0 FEf e 4 Base st — FRE LRI SR & T SO B A A i,
JE T Ll R B A U O UL TG L N,O FEep N OBEAR i SMHR R R AT BEALAY N, O F1 I
TR AR AR B RS, O En TR Zhang %" B 58 T N,0-C,H, IR G 1

* WFS A #9.2019-05-23
EL£W A : [P RHL QTR E
FE—EE REE (1995 -) WL A, FENFESMIEHAR L 2R, E-mail :969519991@ qq. com
BIEEE RHR981 - ) 5 flEEZ, FENFEREAM B2 2VEFST . E-mail ; xusen@ njust. edu. cn



2019 4F 12 A

N, O S LU AR T Rl 5

- 61 -

PREEE BBFSE T C,H,-N,0-Ar 1R & W B 0 I
FAERMIG R e, L& H,-N,0-Ar IR & YI7EERIE
PG RS E A IG A GE R, Venkatesh %™ X}
C,H,-N,0 IR SR DDT(JABe R 1) id R kAT T
FEARIESY, IR & RS R0 5 ) #ls
AT TXFEE . Merrill 26070 % 56 [ % A2 49 N, 0 4
S HR LSBT T 40 & B, N, O AT A3 9
F— S AR AEA MR 38 45 R ] 2 HE
A ey R A NL,O SRR IR A W R
SRR L PR AR T AR, R G R AR P AR
INF T A HEARIGE SR IR UHR 22, 0 5 U 5 i i 1)
{HIE R T #IY . Movileanu 25" 47 T 60% N,
Rt N,0-C, H, MYRRKESC S, BIF9Y T AR
PEFR B fe KB TR R 1 BT Mével 451
W T 28 SRR 2 A N AR BRIE 34 b HL-NL O 1k
YRR I UEAT T AR B 7 A0, o A
5% T N,0-C,H,-CO, TR AARTE PN 2 B2 5E I 3 30 1)
A PP IS A T8 0 KOG LG SR KE R 2SR
SEUTIINE N,0-C, H, R R 2 I 1 KO A5 4 TR R e
AT FUR AR T i 3 e R AT T B AR, IE X
W IIERIE K IAHRBE AR AT T B A =

N,O AR EA M R Rt R & g4
AEFVHEREAT A BB AT K 2 30 ] i gy A= [l ok Sl
T | A R v v 5 B ) PR 4 B T R R 3 2k, L
5| L ENERESR R, I E TR o
H N, O A A B 500 76 45 T8 IR 11T I3 B & A 1 A
FEHC, 73990 VS S 28 350 110 Bl 22 2 ik DA I A8
BRI 1T Y AR BB IR, R R OG 1) SE 6 5 B 4y
I IR R e S5 A

1 N,O BESEHEHF S NLIEEE
E N

RIEAT N, O JETT AR E R & sh DL 4, 1
THEE T N,0 EFIR UK (N,0-C,H, ) 1y 5 kit
295, RS 1, FEH LT LA B
Bl ARG KRB TEFRRIAE T G, SR TF 4R
B A5 AR 78 BIRRRLRE (A | T B SR T SR
HEREFIRE R, IRBNRE R S5, R G I, o &
R, TETF I v 1 1 R 1R A T 00, LSt T
FEAGETE , (HU BUET , & S HLIE 11 Ak () 0 k% 8 ol o
e, R, 025 0 8 3 A e A e B 5 1 1T 1Y
TR SIEAHG

BESHZIBME S, 3 BB DL 5 R IFJRER

1) A TR 22 4 R (5K WA R
N KAAEAR R ) BT ;

2) By HEE LR R ) T A DR A

[SI=E=N

He B

2 BAXTSEEAFNZERESIR

2.1 EHFMEEBRFER RN NEENE
R AT RS R AR R R G, I R
g/ 5 KRE , M SR RO AR E 1.4 m K
AP (D50 mm) oA SRR, 51 ) R
Al R R R, BRI SR B DL 2,
2.2 SEHEBFIXIE R IR ERNE
K PEREZE PR Y (Phi-TEC 1T) 18 22 PRt
PO R AR B AL 3 s,

\/
: \ iztf:zj }tﬂf—ﬁ %
1 2 5 6
N,0 CH, CO,(/&) — —4
T 3
] —9 7
10—
8
i
1 -t 2 - FUE 3 - IR BRI 4 - TRy AR I 5 — URER 56 - 2 3hAL;
7 - IREEBER A8 - I BURAEAL ;9 - FEMK 10 - ¥ F,

BT RahLB; a5 R G

Fig. 1  Flow chart of engine anti backfire test
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Fig.2 Schematic diagram of minimum ignition energy and

flame propagation measurement of the gas propellant
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Fig.3 High performance adiabatic calorimeter
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Tab.1 Test results of critical ignition energy
of the gas propellant
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Fig.4 Diagram of flame propagation of the gas propellant
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Fig.5 Flame propagation length curve of

the gas propellant
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Fig.6  Flame propagation velocity curve

of the gas propellant
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Fig.7  Initial reaction temperature and pressure

test curves of the gas propellant
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Fig. 8 Principle diagram of the solenoid valve
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Tab.2 Test results of critical ignition energy
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