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Fig.1 Model of ignition with plasma jet

HA<<0.1).



230 7 (3 5 W & 2%
LTRSS BN SR T AR N
J
@(Pu)+r 9r(Prv)—0 (D
2 L2y —— Juy
d 1 J 1 J ar
7(PprgT)+7§(PrvcpgT): PR A, 50 A Fauy 3

A 0 ws v, Ty p 70955 B TR S IR I BE il [ TR R AR ) T RS IR BE 5 R 705 v, 1 0 50 D il TR AR
) AR AR 5 v, B TR NG BE, A, NS E TR I S RERE Fo OB SE 514 5 BORLAH
[BIBH 77, q 955 B T AL 4G ORI AR B, ¢ NS B TR LA, w, B AR BE, A, 9 B0RL b R AR,
A= A= P08,/ M,y ¢TI, 0, NLRIERE, S, NEMZRERT, M, NEFZR R, SN
=R

duy __dp_

Plul dx — dx sl (4)
Fﬁ 1 ZoR S EARES XA ERE.
BRI B N TS 70 KRG, X &S H r B0 AT W] 5T B T
(w— w1 Cupy—uy) = FQOD )]
(T*Tl)/(Tm*Tl): (P* Pl)/(Pm*Pl):G(U) (6)

X =r/b, b=0b(x), b AFHRIREXFIEE, Ths m BT EAEML EAME, TR | Ron S EEN
MR E XA F ERE. SKREEOV SRR S X LA,
2 HESRF U S0, W UL L AT DA T R )

F() = (Q— 7P/2)7? @D)
G = U—D*A+2M ®)
B S A e AR S G AR EE AR A - =0 B N BE r=R B, AR T T R
(%J Ou °2nrdr =0 (C))
diJ Oun ° 2nrdr = TR0y uy M+J (Fqg—Fy) °2nrdr (10>
inucmd h(x(—T>—J<A+ Y2rrd (1)
dx pe rdr R e o Ok qA, T Fou, )2rdr 11
d _ 1 T
dx (Pmumeng)f . 9r(r . 9r)r 0 qmAp — Fanuy 12

DAL RRA A C AR 2 A 7T R A RungKutta VESRAR. KRR mUK FIHE 9 K25 E KR . 4%
T TR R A R [ AT R R PO — 4E AR S P B IR PR TR, 5 AL R R T
KZGINIE, Wy LS SRS — 4 AR 5 5 RO7 BRI N H iy 75 72

4 _d (TS*TSi)Z
3‘?[@5’”*(1;[ (Tt ]

A T NG RER TR E, T 2Rk A IR B, a?ﬂ%%&i‘f%&%,f(ﬂ,t):*%\x:o

3 EETURHE SR AR e I R AR AR R

B : K 2 RURLATE 9 B B TR B SUR AA s A S5 8 TR LU & 3 & L e B IR TUE WA
AP TR TR A K, S5 TR RS 2 2 A s B nUK IS, TR AR RE A 140 25 5 744
JSARE SR R s T L N AR IR N S 4 o T R

(>0 (13)



5 3 ] ZEMGTUAE TN S B TR R K R e i I R B AN 231

J J
7 A9 + 5 (AR, u,) = A, AL + i (14)
J J
21 A= 940 + 5[ A= ©APu,] =— 4,40,/ (15)
2 D oo 2y o |
5 AP0+ 5 AP + AP F2 = A A (Oruy = f,) (16

d d c d
2 A= ©A0u,] + 51 A= ©A0uf] +40— @) %+A 5 A= ORI = 4,A(f,— Oyru,)

a7
J u; J D, U J
LA ey D] LAy ey 0] Fp g (A9) =
2
AAL[ pp-r(ep+1p—+ﬁ>—q—fpup] +e (18)

N O 0, 0B SAR SR BV s u, jj FHERE, w, FEAHE R, e, NSAHLL A RE, 1 A KE
LRIRH, f, J9 B T AAH B BEL A7, R ARURLIE . 7) 5 e, A AL 5T 8 K 25 7 RE, ¢ D 5007 32 T AH 8] #uft
PR NP EIE, move 7390 D9 B IR 8] B A7 K B Y BN M P 23 AR B S SR T R A, A

P AT AR
3.1 AHEIE A
X Robbins 5 Gough FIAH 7] FH 77/ e v
Cp = 2.51Re "™ NP U+ d,/Dp)""™ (19)
Re = 0,9 lug—u, ldy/ ¢ 20)

XA AMATRE T, d, WERER, Dy NHREEAR, 1K RS, Cr NPT REL Re T
i
3.2 MilE#fL T

i N PR R AR F, A T A TR P A% i U 2 S SO 4 PR S A%

q= (hyt h)(T,— T Q1)
h, = 0.4Re*>P}"k/d, (22)
P, = 4k/ Ok —5) (23)
hrf,: GO(T +T><T2+ TZ) 24)

i ;l‘&o
3.3 Bikila) A
TE UKL R 2 EI’J‘%VRF K R T T SR V) R ARG e R 3 S T A R S ) 8 )

0,a} @
1 “;0 S2(90 ¢) ¢ < @,
=10 — K. (P— ¢1 )2 P << P«
Rs p{cueX]gg< (1( = 0)] ) (1~ exp[— 2K.(1— ©)] ) 0 (25)
. ) ¢= ¢,

A P AHERZEBR, ¢ «= $10. 1513, a1 N P= Po I AIBURLRE &3, K AR 7 ZER AT
KEPAARAETTHEN Noble—Abel 75 FE, BRI He 7795 K008 Bt 3, SR 42 i (R B Tt A7 Uk 32
?%WF%EI’J vl
*fﬁfﬁffﬂ?mﬂiﬂff@bn S E R R . BRI 0<<w<L, 31N & Ay, 4

AE = <1+ag<x>>Ax/<L+J og (x)dx) 26)



232 5 JE 5 T hin o

g = Clapsac =1apsay [/ Clapsd Lu— 1P/ 9 L Q7
A b I 3 2 18] 2| 7 52 (R i AR FR AR e, Fa 1) 7 B AR it R TR 2
Qg 9 £ . 45/ dx?

SRR, ER %A L B LA S AR R | IP/ O | ME, BIVRTRR 4 2R 52 45 s BT B, BT S A%, 285
SRIETT REs HEAT S [ DU B TH 5, SR T O RS T IS 8000 A

4 EER S AT

TR S8 AR A B ER 3mm, KJF 48mm, P B2 30mm, ¥J46 B B K 4kV, T AE L2
1200U4F , % B 25HH, S8R 65¢ , S 4/7 K2, B 550kg/m”.

'l 5 L 1 Il 1
0 10 20 30 20 0 10 20 30 40
x/mm x/mm
2 EE TR L 3 SRR TR A R
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A Study on Numerical Simulation of Ignition
and Combustion Enhancement with
Plasma in Bore of ETC Guns

LI Hai-yuan, LI Bao-ming, LI Hong-zhi
(Nanjing University of science and Technology, Nanjing 210094, Jiangsu, China )

Abstract: Based on the assumption that the plasma in bore is a fully developed jet flow, the jet integeral approxima-
tion model for plasma ignition process is proposed. In the following combustion process, plasma flow is treated by
introducing plasma mixing length in the form of empirical relations. Appropriate interphase drag and heat transfer
formulation are also suggested. An adapted grid method has been incorporated to the above model to improve numer-
ical calculation accuracy. Calculated pressure curves reproduce the experimental results well. Compare with the
conventional interior ballistic situation, the velocity and pressure of gas, Solid phase at different time and tempera-
ture at bore bottom are increased. It shows the enhancement of interior ballistics by plasma injection. Calculated re-
sults provide a theoretical basis for the ballistic design of solid propellant electrothermal-chemical (ETC ) gun.

Key words: plasma; electrothermal-chemical (ETC) gun; numerical simulation



