848

RS AR MR LR B R B S

XEHS:1006-9941(2024)08-0848-07

&GRS I & E R 6% =
EAE L HEMG dAAT IR,
woE
ik B 57 T B 20 5 1 SR

s () B 0, RS e il A |

A BE R 1) IR 25

R IR
B 9 MER BET

(1. HZARAFFE, Bk WZE 710065; 2. PEZEZT V& — O N A,

JdE 102202)

S g A 5 S B il SR B4 S 2 be b M RE VT M MR R, B2 B A R R AR BRI A S 5 ﬂ%ﬂ:‘i’*&’m“%ﬂﬁﬂﬁ&ilﬁiﬂﬂip-t
S Op AT ST T e AR AR SR R
e A S 8 A B A A Dy S SR DR 1 TSR 06 X B ol R AR B B AT T AT
(i3] 140 A 1750 3 A T S B A T AR AT, 8 A TR T8 B 0 8 50 0k 2 5 B8 o 8 A 8y 457, A2 55 24 Dy St R 3L

BEESER o KRR K
ZEREW :Fﬁ%?ﬁ%%%%ﬁ%iﬁ%@ﬁﬂ

F 2 (WT5-3) B, 0 A6 15 21 e ok 38 2 (1% 5 1 IR 18 L5 AL B8 43971 ° 0.3403 s7' 11 134.6 kJ-mol™ , BB i 2% R EX(E ANl 3.0x107°,

Al N H T B R AT B e R S TR
KGRI : LW Kt RS2 b o R AL I 4
FESES: T)55

MERARET: A

DOI:10.11943/CJEM2024036

0 5 8§

B 8 70 B I o ok R b 25 52 B A S 25 R 7 A 1
Wk i e PR e iR AR o B R B R g 0y e Bl he 5 A
AW L RO 2R RO B A R e kIl B 25
ST S 2 A TR R A A R e e e B )
Lawton 45 AFF 53 3¢ B B 45 58 bl it 55 N M IR B B A8 B
X & s Kimura % & B E R & E & 44 F CO,.CO H,
ST B R ELA A R N X B A A R U 3]
—ERIVE T o XTI, R AT TR M AR S A A IR
ba i & 5t 25 0 & ka5 — Oy T, B RORE AT LA i
DAY i % T A R v B A X K S 2 R AR TR el B
ot 238 i & i 2 E O BRI R S 25 A B p e il vk I R
M Ao B A T AL B bR Y T ek | R 2 R R
YR AR T AT e b T
2 55 P 3 e e Jo L 3 D e o A8 7 i S 25 AR
PEFIR (14 9% 75 556 J2 A5 G5 (0 b bk DF ¢ 48 d 7, HL J B

Yt BEI: 2024-01-23; & E HH#: 2024-03-12

o4& H kit B #3: 2024-05-23

EE® A BRI (1995-) , 3 B FAF 5 51, 3 50 R e 5 1% 34
B AL & 5 25 M B IEAS T %5 o e-mail : isyuanmb@163.com
BEBERAN: Urafi(1981-), 5,058 51, £ 2N F K 4 25 P IT
fi 5% . e-mail: jjw204@126.com

Sl RS R, Wl ok s, 5

SRS 2RS0T B BB 1Y e il A Y

R L R 2 AR R A N R A e TR R TR R Y
R R 25 8 R 0 88 AL g, AR vk e ol A P i o
I B Y RERE R F B bl s 1 A5 3 Y 2k FE R
DL N T 358 A7 & B e As w . B s
Z B F a5 RS KRR i R R
Z BT IR AR X ERIEC A R T
TE 548 10 VR SO 43 Ak B2 380, b 20 % i 25 &
BRI R SRS . 8 a2 P Bl A S
ST R S 2GRN B R R 1 e A TR g R e 4 2R
R A G
BT 48 JE 2 1 (Arrhenius) 5 #2 J2: 4 i & 51 25 <4k
XiF B R Rk 2 B ol g 2 AR B S IR B R
ol 3ok R R IR R RN WIS AL BE RO VIR & L W
T3 BT 21 5 P AR R e I S B B L SR A R
i e ot SI 50 S LA SI 000 A O R L 68 okt 2
LTS AL REME LT3 . AR 8l 12 (CFD) LA &
B AR Ty 2 RV T 1 O SRl )k s S A
Ui Bl A ) R AT AT BRAL R A ST T AR B
m%i%%&&ﬂvﬂnmwﬁﬁhfﬁTmﬁﬁ
WY . SR AT %R FH ABAQUS #4144 57 b ih 1)
;@w&mﬁﬁﬁmmﬁzfﬁﬁmﬁ$&ﬂﬁ%@
AR o8 il i, (E LA oA 4 (L 458 ol ol S B Y 1) 2 800t
S, K T AR AR X AN 0 OR [ B A R R

BB ). e RL, 2024 ,32(8):848-854.

YUAN Mao-bo, JIN Jian-wei, QU Yong-jie,et al. Transient Erosion Rate Model of Propellant on Gun Barrel[J]. Chinese Journal of Energetic Materials(Hanneng

Cailiao),2024,32(8):848-854.

Chinese Journal of Energetic Materials, Vol.32, No.8, 2024 (848—854)

Sttt

www.energetic-materials.org.cn



S 5F 25 R X B A8 AR BE i R 3 SRR R

849

PR [A] 4 5 25 0 B 48 s 6 .

AW ST BT 21 % DA KR e e e b A S 0, AR A e
B IU T RF gy AR AT g 5 e Bt A AR,
WOE 5 IR A A AT I 3 B B A A 1 i R
Y s Ak -5 (7 A5 750 A5 7 A AU A5 31 b ok A ) T UL
I o iE— 2 BT Arrhenius J7 i 8 7 B8 b i R T
BERY , 25 G B (E A 400 B 3 el 3T R il R A R S R
WF A5 be T ik (I R o B 4 A AR R T A 1 e ol o
VE SR 36, SR FORL 7 8 B30 7 6 458 ol okt S35 80 S 00 AT
PeAl it 5, DA B A2 & 565 245 08 %8 B 48 1 4 1) e okt
R SH

1 FEARRFEHELR

1.1 XRHER5IEE

LA Ml T80 S 24 LTS -3 A Ry R G 24 S g R L 24
LA R A K2 — Gt R, WU -3 i 3
LS BN E R o B IS AR AR R R (B AR |
ReT2hh - 25 R, LB LA E
WE s AR TR R 200 mL, B R4 5 4250 |, )R

R1 3P SR

Table 1 Thermo-chemical parameters of propellant sample
frKkg™ T, /K Qu/kkg™  v/im’kgT M, /g mol™
1001.4 2580 3199.0 1.025 21.85

Note: fis powder impetus, T is explosion temperature at constant volume,

Q. is explosion heat at constant volume, v is specific volume, Mg“

is average molecular weight of gas.
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Fig. 1 Diagram of semi-closed bomb

1—ignition plug, 2—bracket, 3—ignition pack,4—bomb body,

5—propellant, 6—erosion tube,7—pressure relief plug
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Table 2 Test results in semi-closed bomb

test Poax / MPa mg /g m,/g Am/g
1 239.3 11.6386 11.0347 0.6039
2 239.6 11.3686 10.7672 0.6014
average — — — 0.6027

Note: p, - is maximum pressure, m, is mass of erosion tube before experi-
ment, m, is mass of erosion tube after experiment, Am is mass loss of

erosion tube.
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Fig.2 p-tcurve of semi-closed bomb experiment
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Fig.3 Computational grid for erosion tube
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Computers & Fluids,

Transient Erosion Rate Model of Propellant on Gun Barrel

YUAN Mao-bo', JIN Jian-wei', QU Yong-jie’, LIU Ji-hua', XUE Jun’, HE Chang-hui', ZHAO Hong-li'
(1. Xi’an Modern Chemistry Research Institute, Xi'an 710065, China; 2. No.208 Research Institute of China Ordnance Industries , Beijing 102202, China)

Abstract: A semi-closed bomb experiment was designed to construct a system for evaluating the erosion performance of propel-
lant according to actual requirements. A transient numerical simulation model was established based on the geometric dimen-
sions of the erosion tube and the measured p-t curve. The relationship between the transient erosion rate model parameters and
the total mass loss of erosion tube was established through the space-time distribution of wall temperature of the erosion tube.
Based on the mass loss of the semi-closed bomb experiment, the parameters of erosion reaction were optimized by particle
swarm algorithm. The results showed that both the temperature of the interface between the propellant gas and the erosion tube
wall and the growth rate of melting depth decreased with the increase of erosion time. The 45" steel and double base powder
(Shuang-fang 3) were selected as the material sample and propellant sample. The optimized pre-factor and apparent activation
energy values were 0.3403 s™' and 134.6 kJ-mol™, respectively. At this time, the value of loss function was only 3.0x107°. Thus,
the transient erosion rate model is a promising tool to evaluate the erosion status of the barrel weapon.

Key words: semi-closed bomb;gun propellant;erosion rate;numerical simulation;optimizing
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