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Fig.2 Smulation and test results of breech pressure vs. time



298 30

[1.,6,17-20]

, DCD
: , 2 (1
(2) :
2
(APFSDY , 2
, DCD 1
Pm Pm d 3 1 4
4(a) (b) (o) 567 : P P
700 (a) Mode 5
d’f
=
ISH
‘7 7
8001 (b) Mode 6
3 1 4 t
Fig.3 Computational results of breech pressure vs. time g 600: P
under fracture mode 1~ 4 % a00r
200} D,
1 b
Table 1 Influence of fracture degree of 0
propellant charge on launch sfety 800
m/ MPa  pm.a/ MPa r
P .o 6001
0 548.1 318.1 g r
1 7009 7/8 566.6  332.1 g 100p
2 700 g 6/8 583.5 344.0 2001
3 700 g 5/8 606.2 364.0 [
4 700 g 4/8 621.1 390.2 0
5 500 g 584.0 436.4
6 72809 71;. 9 522 0 4 5 7
7 553.5 766.1
g Fg.4 Computationa resultsof barrel pressure vs. time
1 3 ) )
1 4 ) )

6 717.9 MPa,



3 : DCD 299

500 7 766.1 M Pa
400} . 4(b) (o)
£ 3001 [21] 76 mm
S
X 200 , 3
1001 6
0 :
DCD
5 76 mm f21] ' '
Fig.5 Pressure measured in a breechblow of 76 mm gun
, DCD ,
, ) ;o [J]. ,2005 ,26(5) :690-696.

[1]

[2]
[3]
[4]
(5]

[6]
[7]

(8]

[9]

[10]

[11]

[12]

[13]

RUI Xieo-ting, YUN La-feng, SHA Nan-sheng, et a. Advance on launch safety for gun propelant charge[J].
Acta Armamentarii , 2005 ,26(5) :690-696.

, . [M]. : ,2003.

) . [M]. : ,1990.
Harten A. A high resolution schemefor the computation of weak solution of hyperbolic conservation laws[J]. Jour-
nal of Computational Physics, 1983 ,49:357-393.

[M]. : ,1998 :364-370.

, . [M]. : ,2001.

, , . TVD [31. ,2000,21 (6) :654-
660.
GUO Yong hui, TIAN Zhou, HAO Bao-tian. Implicit TVD schemes applied to gasdroplet detonation calculation
[J]. Applied Mathematics and Mechanics, 2000 ,21(6) :654-660.

, . [J71. ,2004 ,24(3) :193-200.

HONG Tao, QIN Cheng-sen. Numerica smulation of dust detonation of aluminum powder in explosive tubes[J].
Explosion and Shock Waves, 2004 ,24(3) :193-200.
JIANG Zonglin, Takayama K, CHEN Yao-song. Disperson conditions for nonroscillatory shock capturing
schemes and its applications[J]. Computationa Fluid Dynamics Journal , 1995 ,4(2) :137-150.
JIANG Zonglin, HUAN G Yong hui, Takayama K. Shocked flows induced by super sonic projectiles moving in
tubes[J]. Computers & Fluids, 2004 ,33(7) :953-966.

, , : [J]. ,2004 ,21(5) :408-414.
HU Zong-min, MU Qiarrhui, ZHANG Deliang. Numerical smulation of gaseous detonation wave propagation
through bends with a detailed chemical reaction model[J]. ChinsesJournaof Computational Physics, 2004 ,21(5) :
408-414.

, , .. [J]. ,2004 ,36(4) :385-392.
HU Zong-min, GAO Yurrliang, ZHANG Deliang. Numerical smulation of gaseous detonation reflection over
wedges with a detailed chemical reaction model[J]. Chinese Journal of Theoretica and Applied Mechanics, 2004 ,
36(4) :385-392.

, , .. [3]. ,2004 ,24(5) :385
390.
SUN Yufeng, ZHANG Deliang, HU Zong-min, et a. Numericad smulation of hydrogen2oxygen detonation



300 30

wave propagation in an expanson chamber[J]. Explosion and Shock Waves, 2004 ,24(5) :385-390.

[14] , ) [3]. ,2006 ,38(3) :296-301.
CHANGLi-na, JIANG Zong-lin. Numerical investigation on propagation of spherically imploding gas detonation
[J]. Chinese Journal of Theoretical and Applied Mechanics, 2006 ,38(3) :296-301.

[15] JIANG Zonglin. On dispersorrcontrolled principles for non-oscillatory shock-capturing schemes[J]. Acta Me
chanica Snica, 2004 ,20(1) :1-15.

[16] Steger L, Warming R F. Hux vector splitting of the inviscid gas dynamic equations with application to finite
difference methods[J]. Journa of Computational Physics, 1981 ,40:263-293.

[17] , , .- [J]. ,2004 ,25(4) :498-502.
RUI Xieo-ting, YUN La-feng, WANG Heo, et a. A study on the experimental smulation for bursting of the
charge bed[J]. Acta Armamentarii , 2004 ,24(4) :498-502.

[18] , , ) [31. ,1999 ,11(4) :92-96.

YAN GJunyun, YUAN Yaxiong, ZHAN G Xiao-bing. Research survey of the effect of grainfractureon thefire

safety in solid propellant gun[J]. Journal of Balistics, 1999 ,11(4) :92-96.
, ) .. [3]. ,2007 ,27(2) :153-157.

YUN Lai-feng, RUI Xiao-ting, WANG Heo, et a. Discusson about mechanism of breech-blow caused by gun

propellant charge[J]. Acta Armamentarii , 2007 ,27(2) :153-157.

[20] Zimmermann G, Ciitlin E. Experimenta study of the response of gun propellant charges to shaped charge Jet im-
pact loading[C] 17th International Symposium on Ballistics Midrand. South Africa, 1998.

[21] \ [J]. ,1990(2) :47-56.

[19]

Application of DCD scheme to computation of two-phase flow
interior ballisticsfor fractured propelant bed”

YUN Lai-feng*?, RUI Xiao-ting' , WANG Guo-ping' , CHEN Tao'
(1. Nanjing University of Science & Technology, Nanjing 210094, Jiangsu, China;
2. Military Agency Bureau in Nanjng, Nanjng 210024, Jiangsu, China)

Abgtract : A new computational method of two-phase flow interior ballistics which can be used to study
the launch saf ety problem of propellant chargeis put forward based on the DCD scheme. By rewriting
the form of items about pressure in dynamics equation group of gas solid two-phase flow , the uniform
disposal of gasand solidswith the same scheme are realized , and it does not need to treat them respec-
tively. It does not need artificial filtering or numerical viscosty while usng the DCD scheme, s the
computational accuracy isimproved. In aninstance the two-phaseflow interior ballistics of a howitzer
iscomputed, the computational results agree with the test results. Theinfluence of different fracture
degree of propellant charge on launch safety is numerically smulated by the DCD scheme, in which
fractured propellant charge bed is considered as a mixed charge configuration. The barrel pressure
evolvement and dangerous barrel pressure, which are difficult to be reflected by the computational
methods, appear in the computational resultsfor interior ballistic of fractured propellant charge bed.
Key words: fluid mechanics; two-phase flow; propellant charge; DCD scheme; interior ballistic;
launch safety ; finite difference scheme
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