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Fig.1 Thermophysical and chemical process of laser induced ignition of RDX monopropellant

P 7 R i B AR (1) Y PR,
pca—T=/\ o 2T+pQAe‘E/RT+(1 - pl,e™

at X
T(x,0)=T,; aT/0t(0,t)=0; T(e ,t)=T,
Kb, p WEE kg - m” s c MEHLHEE,) - kg™ - KT
TORMRIE, K ¢ gIE], 5 x AR, ms A N HRR
BLW-m™ KT Qo RNAR,) - kgt A KR
R, s™ s E RIGALAE,) - mol™ s R 1A H 4K,
KT PR B AR, mT L, N
AR R IE 1, = (1 =0 [, , W - m™ 5[ A BOE
SREE S Ty MR Ko

ARG B4y g 2 i IR S I AR
Strakovskiy'"*' 454 Vilyunov *' F1 Merzhanov' "' fit #4
P AR AR, 2 b B 7 3R T RR AL 2 B AR TR O
JCHNAE , AR W) A A T A 2 B 0 B B Y Kl R
5 KUK IE IR A AR 22 93 5 200 2% 5 3%
Q. =8I,
2, Q. B 1 Bk A S AR W - m T
Q.(X. )= Qozx. exp(~E/RT,) .z Y fle2 IR Ji it ] P4
T8y x, HAESA RN SE R s B i A OGN T,

(1)

]« mol™

CHINESE JOURNAL OF ENERGETIC MATERIALS

ZIEALHE EHISE A
B=4.1[B(at,)'*1"*[E(T,~T,) /RT; ]
X, a WY HWARE a=A/pc, m” - 575 6, Ry fKAE
IREFHE],s5 T, o s R K,
3.2 SMBERRSHITERE

T X T A R0 1 A5 K i AR, 32 2 i AR
A2 R I U B T 1 500 1 Ol 2% 2 8 (S
SR BOETREESER S0, A I, DA TE AR A R
S R JCAR BE e, AT Rk i R AR S = A B B

WA 2 S IR S RO A
M, 4K IE R 6] ¢, 0] R
ty =t +t,+t, (4)

St ORI B R P36 A R A B 2
B SR T, B 55 T, A AL K
Sy AT RV T B E B 18D s 8, Sy T AR 92 9 A
22 1 1 T 5 A AR BE RTA] s

3.2.1 oMM E

P I A i 32 500 3 1o A RO 1, R R ST E A
.
I,==A(aT/ax) | _, (5)
A fe AR 2015 % %23 4% %448 (336-339)



338

KGR, AKEL, XIFRSE, Bk

o AR B AT 2 A 2 T AR 2 0 e I
R T, 1 %)

-A(aT/ax) | o =A(T,~T_)//at, (6)
MTA
t=apc [ (T,-T.)/1,]° (7)

3.2.2 SHEBEME

PRl 5 s KB IR S BRI ¢, i B A
PO GRS (o
hi/x=0.021( GrPr)*” (8)
X, Gr ARG RBG Gr=g[(T.-T_)/T. 1(I'/v"),
T, Rt 00 AR K Pr oy B EL, Pr=v/a,l 2l
FRAE B, my v Riz sh K, m? - s [l A, X i e
WEB(Ch) A
h=x,/8=~A,/\/a.t, (9)
XA, NIRERESFHAK W -m™ - K a, h
RAESEMY AR, m* - s IliA:
t,~2.267x10°1*/[ a,(Gr- Pr)]*” (10)
3.2.3 BREXFEREHE

XTI BE T, 462 RN B 2 K] 8 =
0.21r,/a,,r, A FEFEAE LB, m, I % Damkohler
B8, =(E/RT_)rQzexp(—E/RT_ ) /kT_ %} T T #4
U5 ,8.=0.88, I\Tfi 5
t,=0.1848 (RT /E) (c/Qz)exp( E/RT,) (11)

AMER B, 20 (3) H2U1T) 4351 A AH 5 SAH K2
I B AR Ak 2 S I B[R] (ELE A SR U Ak 57 S e ]
A KRR AR /N AT DL 208 R T, (HEE T
FUORFEZ WOt RE = W 52 e, =X (3 ) B RE 42 I W N
TERR R B T, R SR
3.3 HETE

A HMX BT 53O 5 K Rl e T, =
293 K B, BOE A SR EE 4850 . 45, 76, 170 W - ecm ™,
SIS ALK HE IR I [E] 206, 99, 36 ms, >R H] [ AH A
KRR (1) A AR IR BE 48 ) e 550, 565,
595 K, KR b3 112 5 8:. Q=2360 ) - g7, E=
177.9 kJ - mol™ #1 z=1.04E15 s, & S8, &=
p=1740 kg + m™> | [L# c=1460 ) - kg™ - K™ P i
a=0.99x107" m - s7  FHMEH A =0.2515 W - m™ - K™,
BIFRE B=6/m 2% N 58 FE x, =50 um, i
f=0.98, R A (4),(7),(10) M) HHE T, =
343 KBS KRS BN R 1 iR . =R OE A
SRIER B Bk s R R B Y K SRR I ] ¢, 5 S
FR L 12 ] v o] AR A KRR T BEE () FISCHR [ 12 ] 52 50

Chinese Journal of Energetic Materials, Vol.23, No.4, 2015 (336-339)

() BIRES M H 3.8% ,8.1% ,11.5% F1 5.6% ,
5.4% ,19.2% ; PIAMERI B/ S IR E (T, To) M
%K 1.23% ,0.87% ,0.98% . UL Al UL, By B 1 05
KA RV B 5 SR B A A KRR T O — Ot R
it

R B s OB R R HMXEE RO S JCR S 8
5 SCHR X B
Table 1 Characteristic parameters of laser ignition for HMX

propellant from phase-ignition model and reference

g reference[ 12 ] phase-ignition model
/W + cm™ to/ms t,/ms T /K t,/ms T./K

45 167 164 568 158 561

76 78 79 575 74 570
170 31 29 614 26 608

Note: t;, is experimental delay time of ignition; t;;and T are calculated delay
time and temperature by solid-ignition model; t;, and T;, are calculated

delay time and temperature by phase-ignition model.
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A Numerical Method of Laser Ignition Characteristic Parameters for HMX Monopropellant

ZHANG Ling-ke, YU Yong-gang, LIU Dong-yao, LU Xin
( Nanjing University of Science & Technology,Nanjing 210094, China)

Abstract. To simplify the calculation of ignition characteristic parameters of solid propellant under laser action, the laser ignition
process for solid propellant was divided into three steps, the thermal decomposition, boundary layer gas mixing and rapid chemi-
cal reaction by analyzing on the mechanics of laser ignition for solid phase reaction model. The prediction model for ignition delay
time and ignition temperature of laser ignition was built, and a laser ignition process of HMX monopropellant was calculated under
laser incident intensity of 45,76,170 W - cm™. The differences of delay time and temperature of ignition between phase-ignition
model and prediction model are 3.8% ,8.1% ,11.5% and 1.23%, 0.87% , 0.98% , respectively, which demonstrating that this
method is simple and could be used in engineering application.
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