K H A2 K 2 2 51 7 M R ) 2 24 22 A0 i K R 1k 477

NEHS: 1006-9941(2015)05-0477-07
AARKAZEFEHELHEAS A NHEHE

BRE, FRA, X B, 7EE

(1. FXEBETARRREGH ) TRER, LK HX 210094; 2. W EFRGFE LMK, L4 #Fx 211132)

OB BPXR O 2= A N 2 R e e A KR R S AR R R AR AR L X BT 2 5 A R K S K S T P AT A
PR o P R AL A KRB A B T JLAR AR SR A B0 K2 3 3l i R AR ORI o 0[] — RS 9 15 KRS 70 A T e 24 i
T, 23 R B R K B K A T K, X BT A B B A K T A TR g e s R AR A N A R T R
fESE AT T X, S5 RO P L S A KU Z2R  RIET 2 A f KBRS S5 R . G500 R M, B0 G ORI s KT
3.3 msAEAT N KA SR L0 W HE R M 22 BB AE 2,43 ms IR S B M 58, L& FRIE B o3 A 5 o 35 50
D, T R AR A 24 5 P A LA R — 28 2 R DR T A M R SR 22 0 KCBOR TT LA 0005 A% I T, 380 s A e &

P A0 K HER
KB NBRIE A PIARIRE; s 20k BUE B
RESES: T4 NERIRERG: A

DOI: 10.11943/j.issn.1006-9941.2015.05.014

1 5

il

mAG KRBT KO G il P P e R 22—,
AL KCFR G U R R R B SO R N s E P
e R R R K 2 KM i e 2 S O X
Or mi AR KB 3 38 H R 2 2R T O A5 O K IR
2R R AR A K o B X TR AR 40 &, AR
BB, NP A G T — R TR . st
A S ¥ K, A T AL, TR i 3l R, RN A
(9 UTAESK, FE N AR R D TV 22T R Y A
AL IO AT L L A R S T A R
A XA R A AR IS | R R R IR sk e K
728 M5 308 A7 T 18 e KB IR ) 3 i K G, (B SE B
JH PR RE 9 0 40 LIS e 50 L ) 42 i A0 28 MR A AR 2
75 AT A7 A VF S B AR e 7™ o SRyt Bl i s A
FA G A R 22 5 R GEATS IR 2 ff R A0 35 - 4 e A
PR 25 P K T A KM i K TR A BE 5 1) o

SCHR [T [ aseit 1 2 a0 a0 JCR B (R AU 22 005
SR R — B AT T8 0T 58, I R X 2 6K
A G SE P REREAT G BB ST . AR TARSE T
SCRRLTTTRYAIE T, 2R FH P9 58038 R 3 B8, X AS [7]

WA 2014-07-16; & E A : 2014-09-24
fEE R A B (1988-) % W LAk, ERNH IS R G e 5 H A
BF5% ., e-mail. jiangshuyuan910@ 126. com

CHINESE JOURNAL OF ENERGETIC MATERIALS

JERBH R HURS A5 IO Y R AL KRR AT TR
(EASEAEL, I 45 & AR A A% OB DL 6 e B o 1) 3
ZEL R E AT TR R S AR R R B AR R T
OB e i AT B AR P s g i B 0 o) S M
S5 75 AL, AR TR AR K 2 % A N 2
fe k&gt it T =% .

2 ZRANENRENRERE

ABIEFE T 09 56 F AR i 1 25 25 % AR K R G
WE N R 2Rk RGEM 6 WL JCE TR 5w
PRI o BN AL kAF K 0.5 m, R B g T K
0.51 mRNE SMEERLH, WK 2, AER MK
YERT, SMERAL K II8E, N AME R L. 25 CH
PRGN 257 SR P AT 49K 245 F o o, SIS 3 T ) A K L, Y
PR i SR /I R R a2 R v TR B Ok PR K
A0 KA (R 254%) , R K 2 Gl ML R KR 7 R
9 I TR R K 254 (TR 2454%) R 2l SR 24k e
7R A L e TR UM A K 2R R TADRE AE 3 o Ak
AL K ALAG i 2 A S 25 300, iR A G 2

BT R AL KERE BT T 2 R R KB
e 3 R WG A R Oy TR
Al R A, A1 e A LT A R AL, T2 3 TR
TR IERAR o WS B4 A e AR BOTH A B ER L TR R
RS A, e 2 — v 1) 0 ) JBRE A R A . iR R

o K 2015 % % 23 & H 5 (477-483)



478

FE, FmeRy, £, THEE

I Z 5 A KRG A 12 4S5 KR, 7 A s kA
B, NEEAKKRERIE N PO-P6, 454 /5 i N1 4 fir
™o IR E WK 5 R

1 SO R R

T—rik#g, 2—R 2y, 3S—hoff ki, 4—iL, 5—F
LIRS

Fig.1 Schematic diagram of the charge of the gun
1—ignition box, 2—propellant, 3—center igniter tube,

4—projectile, 5—the counterpoise
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Fig. 2  Schematic diagram of the single center igniter tube
construction

1—ignition wire, 2—nozzle hole, 3—snake-shaped powder

bag, 4—ignition box and igniter
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Fig.3  Schematic diagram of the multi-point ignition/flame
spreading analog device

1,4—piezometric holes, 2,3 ,8—ignition boxes, 5—relief dia-

phragm, 6—center igniter tube, 7—coupling
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Fig.4 Diagram of the position of the igniters

1—center igniter tube, 2—coupling
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Fig.5 Photo of the multi-point ignition/flame spreading ana-

log device
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Fig.6 Pressure distribution along axis of the single point ignition
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Fig.7 Void ratio distribution along axis of the single point ignition
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Fig.8 Pressure distribution along axis of the two-point igni-
tion (P2 and P4 intermediate points)
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Fig. 9 Gas velocity distribution along axis of the two-point ig-

nition( P2 and P4 intermediate points)
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Fig. 10  Gas velocity ratio distribution along axis of the two-
point ignition( P2 and P4 intermediate points)

1.0

09 Y
Y4 t=023ms
A" t=068ms

£=1.39ms

0.8
< t=2.33ms
07
06
t=3.32ms
05 1 1 1 1 1 1
0.0 0.5 1.0 15 20 25 30 35

xim

B 11 P2, P4 vl P s R 2 B il i g A
Fig.11  Void ratio distribution along axis of the two-point ig-

nition( P2 and P4 intermediate points)
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Fig.13 Void ratio distribution along axis of the two-point ig-
nition(P1 and P5 end points)
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Fig. 14 Gas velocity distribution along axis of the two-point

ignition (P1 and P5 end points)
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Multi-point Ignition Characteristics in Large Caliber Balance Gun Propellant with Long-chamber Charges

JIANG Shu-yuan', JI Xiao-song’, WANG Hao', NING Hui-jun’
(1. School of Energy Power Engineering, Nanjing University of Science Technology,Nanjing 210094, China; 2. Nanjing Branch, Artillery Institute Nanjing ,
Nanjing 211132, China)

Abstract: Aiming at the problem of the large mass of the powder, the long ignition/flame spreading distance along axis and many
complex ignition/flame spreading conditions in the large caliber balance guns with long-chamber charges, a two-phase flow model
was developed for the designed multi-point ignition/flame spreading construction. By controlling the number of the igniters, the
flow process and rules of gas releasing in the igniter tube with different numbers of igniter were obtained. A comparison of charac-
teristic quantity of ignition characteristics including ignition/flame spreading time, ignition/flame spreading pressure and void ratio
etc obtained by the single-point ignition, the two-point ignition and the multi-point ignition in the same specification igniters under
the same amount of charge was performed. Combined with the test results of multi-point ignition in large caliber balance gun, the
calculated results of the multi-point technology were verified. Results show a lot of gunpowder still do not burnt and appear an ob-
vious accumulation phenomenon at about 3.3 ms when the single-point ignition or two-point ignition is used , but almost all the
propellants are burned out at about 2.43 ms when the multi-point ignition is used and the distribution of the characteristic quantity
is relatively uniform. Therefore, use of the multi-point ignition technology in the large caliber balance guns with long-chamber
charges and the other big charges with heavy propellant can effectively improve the ignition/flame spreading time, increase the ig-
nition/ flame spreading stability and restrain the gunpowder accumulation.

Key words: interior ballistics; two-phase flow; ignition/ flame spreading; multi-point ignition; numerical simulation

CLC number. T)41 Document code: A DOI:; 10.11943/j.issn. 1006-9941.2015.05.014

CHINESE JOURNAL OF ENERGETIC MATERIALS bt A A 2015 % # 234 %54 (477-483)



