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Fig.1  Convergent detonation(a) and the sketch of cross  

section(b) 

 

�d*+,pQab��&fq©è 

2 2

0 0

r rρ ρ=

                             (4) 

©[è

0

( , )

s

r r r∈

�

2

0 0s s

r rρ ρ=

�

s

ρ

ÈEF�Ç�

r

s

È�8abÈEF�Çµä�³´�r

0

È�8J5

³´�ρ

0

È�8J5�ÇY 

©(4)-ë©(2)¶Q"ÛÚÈè 

0

v v

r r

∂

− =

∂

                             (5) 

©(5)N r.G&ÑÇG��C�è 

( )

, ( )v r t C t r= ⋅

/

( )

,

( )

v r t

r

C t

r r

= =

�

      (6) 

©[èC(t)�01�µê2óY 

©(6)Nµê t
GQ&è 

2

2

( )

r r

C t

r r

= −

�� �

�

                          (7) 

©(4)�(6)�(7)-ë©(3)&è 

2

2

0 0

2 3

rr

r r

r

r r r r

θ

σ σσ

ρ

 

−∂

+ = +

 

∂

 

�� �

             (8) 

���������	
������

�8:�\]^¥�_`���¸34º56

Ñüb�v3}7§8.��z9�¹:;,6Ñe

`�S<}���êº5�q=�>a����?Û�

@�k��DZ�AB��êCD�EF�LÎÁG

��8.

[9,10]

Y�,AB�8³´�übHZ�LI

�J�AB�\]^��u�8übe`�K�YÈ

�âãK�$Z�XLM�¸34%¹�}��at

GHë�Y 

ÜÓ 2 %Ô�:�\]^atUwµ�N c

j

�p

j

GïÈ�\�O¸�PÑpat�c�p�k�DGïÈ

]^PÑ�at=$Róp�Ò�Ñè 

c

j

=kD/(k+1)                             (9) 

p

j

=ρ

e

D

2

/(k+1)                           (10) 

p=p

j

(c/c

j

)

)

2

1

k

k

j j

p p c c

+

                            (11) 

±²JQ³´¥¦�\_`µ�¾¿[6]��RS

È�·¸ Taylor��"TU£�* αI����¸V

PÑ cÈè 

α=mD/n                                (12) 

( )

1

2

k

c rα

−

= +

�

                       (13) 

©[� m=h/r

0

È�Ò5ÒWÇu��³´ �

n=t/(h/D)Y����¸V´ðXtk!�\]^¨2

!����¸at�!è 

2

2

2

2

1

1

1

1

1 2

k

k

k

k

e

r

D k mD nr

k k nD

ρ

σ

−

−

 

− +

 

=

 

 

+

 

 

�

        (14) 

}�¸´ðXt σ

r0

�yz:¹:;abµ´ð

Xtu v�@ífq σ

r0

=σ

r0

(v)XY�"$ðÜÓ 2

%ÔY12¾¿[2]¯° pîα¼½ÚÛ&Z���no

$Zè 

9

0

0

10

ln

5 9.4

s

r y

s

V V

N V V

σ σ

−

= −

− −

  

9

0

1 0

ln

5 9 .4

s

y

s

r r

N r r

σ

−

= −

− −

            (15) 

©[ V

0

�V

s

GïÈ�8�JQ vp�L8� v�

VÈ[aLDZ[�'. v�NÈ MeyerÆÛRó�

σ

y

È�8ÚÛÈÞ�\�÷ø�ÇY 

©(14)�(15)]ã-ë©(8)[çÛÚQ&è 

2 2

2

0 0

2

r

r r K

r

r r r r

σ

ρ

∂

 

= − + +

 

∂

 

�

��

            (16) 

"[è 

2

1

2

1

1

2

2 1

1 2

k

k

k

k

er

k D k mD nr r

r k k nD r

ρσ

+

−

−

 

∂ − +

 

= ⋅ +

 

 

∂ −

 

 

� �

 

( )( )

9

1 0

5 9 .4

s

N r r− −

 

©(16)�^_ò
G$Z�"ÛÈ`a�_
G$ 

Steel shell 

δ 

h 

Shell 

Explosive 

Powders 

l’e 

l’l 

l’o 

a 

b 



� 2 �                                   ������	
����������                                �359� 

 

 

 

 

 

 

 

 

 

 

 

� 2  ������� 

Fig.2  Stress acting on tube 
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Fig.3  History curve: (a)velocity history curve, (b) displacement history curve, and (c) average density history curve 
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Fig.4  Samples of double tubes
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Fig.5  Samples of single tube
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Comparison of Compressed Powders in Single and Double Tubes Designs Driven by 

Convergent Detonation 

 

Fu Yanshu, Sun Yuxin

 

 (National Key Laboratory of Transient Physics, Nanjing University of Science and Technology, Nanjing 210094, China) 

 

Abstract: According to the material compressed conditions and the hypothesis of detonation drive, and based on the conservation of mass 

and momentum, the motion differential equation of compressible powder was obtained. Combined with the planar Taylor wave and the 

equation of state of powder, the coupling relationship between the convergent flow filed and the shrinking of powders can be gained, and 

then the copper powder explosive consolidation was calculated. The results indicate that the velocity and average density history curves 

agree with the reported reference values. It was convincing that the displacement history curve is satisfied with physical fact because the 

displacement history curve is derived from the velocity. By comparison, it can be known that in double-tubes, the pressure is higher at the 

same ratio of explosive mass because the external tube is performed as shape charge, so the density is higher. Besides, the experiment 

results show that the equipment of double-tubes fits with central pole can avoid the Mach pores and enlarge the size of the sintered body. 

As a conclusion, the double-tubes design is better. 

Key words: explosive consolidation; cylindrical shrinkage; Runge-Kutta method; compressible powders 
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