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摘  要

    提出了一个由圆筒试验结果确定炸药爆轰产物γ 状态方程

中多方指数γ 的方法，这样得出的γ 值与用自由面速度法测出的

结果虽不一定一致，但它却能可靠地用于计算炸药爆轰产物加

速金属的做功能力。
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Determination of γγγγ Value in Equation of State
 of Detonation Products by Cylinder Test
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ABSTRACT

    A method for the determination of γ value in γ law equation of state (EOS) of
detonation products (DP) by cylinder test (CT) is provided. The γ values determined
by this method are not surely in agreement with that determined by free-surface
velocity method (FVM), but they can be used to satisfactorily calculate DP’s ability
to do work.
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    INTRODUCTION

    γ  EOS

p=Aρ γ                              (1)

is used to calculate DP’s ability to do work. Using this EOS, the ability of DP to do
work according to the expansion isentrope (EI) can be determined by integration in
the range from v to ∞.

E= ∫ vpd  =pv/(γ −1)                         (2)

In formulae (1) and (2),
    p——pressure of DP, GPa;
    A——coefficient to be determined;
    ρ——density of DP, g/cm3;
    γ——polytropic index;
    v——specific volume of DP, cm3/g.
    Whereas the total available energy of DP is

E0=ρ0(ECJ−pCJ(v0−vCJ)/2)

 =ρ0D2/2(γ 
2−1)                            (3)

Where,
    E0——total available energy of DP, kJ/cm3;
    ρ0——initial density of explosive, g/cm3;
    ECJ——energy of DP at CJ (Chapman-Jouguet) state, kJ/g;
    pCJ——pressure of DP at CJ state, GPa;
    v0——initial specific volume of explosive, cm3/g;
    vCJ——specific volume of DP at CJ state, cm3/g;
    D——detonation velocity of explosive, km/s.
    There are many experimental methods to determine γ, such as FVM, aquarium
method, electromagnetic method, etc. Although the reproducibility in each method
is rather good, the differences between the results of various methods are obvious,
even up to 15%[1]. For example, the γ value of TNT is 2.727 given in Ref. [2], 3.01
in Ref. [3], 3.17 given by Deal[4], and 3.12 by FVM in our case.
    About 10 kg explosives are needed to get a γ value in FVM, and it is very
expensive. Obviously, this method can not be used to many explosives. Thus, there
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are two questions: first, if the parameter determined by FVM is not available, can we
get it by any other methods? Second, the correlation between the results of CT and
E0 derived from γ obtained by FVM is not satisfactory, what about the γ obtained by
other methods? This paper will answer these two questions.

1  SHORTCOMINGS OF γ DETERMINED BY FVM

It is known that CT is a precise test in which the wall of a copper tube is driven
by DP, and by this test the ability of explosive to do work can be determined directly.
This method is considered as the best one among the methods to evaluate the energy
of explosives. Therefore, as energy indication of explosives, E0 would agree with the
results of CT. In other words, an explosive possessing higher E0 would give the tube
wall more energy in CT. Unfortunately, there are many reversements in fact. The E0

of some explosives, for example, JOB-948 and RHT-901 are rather high, but these
explosives can not transfer more energy to the tube wall in CT. The data of available
energy E0 and specific kinetic energy E19 in CT of some explosives are listed in
Table 1 and shown in Fig. 1.

Table 1  E0, E0c and E19 of some explosives

No Explosive ρ0

g·cm−3

D

km·s−1

γ E0

kJ·cm−3

E19

kJ·g−1

γc E0c

 kJ·cm−3

1 TNT 1.634 6.932 3.12 4.49 0.974 2.95 5.10

2 CD-901 1.671 8.308 3.10 6.70 1.277 3.10 6.70

3 JOB-948 1.844 8.200 2.80 9.06 1.312 3.17 6.85

4 RHT-901 1.703 7.848 2.61 9.02 1.324 2.92 6.97

5 JH-9105 1.754 8.583 3.02 7.96 1.484 3.05 7.78

6 JOB-9003 1.859 8.747 2.99 8.96 1.558 3.12 8.14

7 JO-9110 1.839 8.826 3.07 8.50 1.593 3.10 8.32

8 PBX-9404 1.852 8.852 2.94 9.49 1.612 3.10 8.43

9 JO-9159 1.863 8.872 2.97 9.37 1.655 3.08 8.64

10 JE-9159 1.802 8.676 2.79 10.00 1.722 2.91 9.08

    The fact that E0 does not correlate with E19 has been reported by Dr. Dong
Haishan et al. many years ago. This phenomenon can be explained as follows: E0 is
determined by parameters ρ0, D and γ. As mentioned above, γ is determined by FVM,
and is intimately related to the CJ state, but can not describe the EI of DP fairly.
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Although the expression of E0 is obtained by integration along the EI, γ is considered
as a constant. In fact, the value of γ decreases gradually with the expansion of DP.
Therefore, the EI should be taken into account in determination of γ.
    There is another reason for the irrelevance between E0 and E19. E0 is related to
the expansion of DP up to ∞, while E19 is only the specific kinetic energy of metal
wall given by DP expansion up to v/v0≈7.
    It is better to use E0-E7 instead of E0,where E7 is the ability to do work of DP
when expanding up to v/v0 ≈7. For γ law EOS, the E0-E7 is as follows:

E0−E7=E0[1−2(γ/(γ+1)) γ/7.218(γ −1)]                  (4)

E0-E7 of some explosives have been calculated. It is known that the order of E0-E7 is
not surely in agreement with that of E19.

      

   

 Fig. 1  Relationship between E0 and E19      Fig. 2  Relationship between E0c and E19

     for some explosives                          for some explosives

2  THE METHOD OF DETERMINATION OF γ BY CT

To distinguish, we symbolize the γ from CT as γc. It can be obtained from
formula (5) by iterative calculation.

(5)

    The principle to determine formula (5) is as follows: the expansion of DP obeys
γ law, the energy difference E0c−Ec is approximately equal to E0−E from the EI
described by JWL EOS, and the transformation efficiency of energy is the same at
the point v/v0=7.218 (corresponds to R−R0=19 mm in CT), namely
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η =4.03E19/(E0c−Ec)=78%                      (6)

3  γc OF SOME EXPLOSIVES DETERMINED BY CT

    For explosives listed in Table 1,the polytropic indexes have been calculated by
formula (5) and listed in Table 1. For comparison, E0 and E0c (they are calculated
from γ and γc respectively) are also listed in Table 1. E0c is the available energy of
explosives determined by CT.

E0c=ρ0D2/2 (γ 2
c −1)                       (7)

4  DISCUSSIONS

    (1) It is shown in Table 1 that the polytropic indexes determined by CT are not
surely in agreement with γ determined by FVM. Sometimes the difference is very
obvious. For explosive JOB-948, the difference is even 0.37 (about 13%). The
discrepancy between γ and γc does not purport that γc is unreliable; on the contrary, it
just indicates the advantage of our method. As mentioned above, in the
determination of γc, not only the CJ state but also the EI have been considered.
Therefore, the E0c derived from γc can agree with the specific kinetic energy E19 in
CT very well. This can be seen from the data listed in Table 1 and the correlation
between E0c and E19 in Fig. 2. The correlation between E0c and E19 can be expressed
as

E0c= 5.24E19                            (8)

In this case, the correlative coefficient is 0.9998. The E0-E7 is symbolized with E0c-

E7c while γ is replaced with γc. The order of E0c-E7c is fully in agreement with that of
E19. This is inevitable because these γcs are just calculated according to this
agreement.
    Besides CT, the one-dimensional flying plate test (ODFP) is used to determine
the ability to do work of explosives[5]. It is known that the relationship between the
results of ODFP and E0c is also very good.
    (2) If γc is used as the polytropic index of DP, the energy difference E0c−Ec

calculated from EI described with γ law is almost equivalent to that of JWL EOS.
Explosive PBX-9404 could be taken as an example. Its γc is obviously different from
its γ determined by FVM. When γ determined by FVM is used, the ability to do
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work of DP calculated with γ law is obviously different from that with JWL EOS.
But this difference may be reduced remarkably if the values of γ are replaced with γc

determined by CT.
    (3) The γ derived from FVM is used to determine the JWL EOS, and it is
different from γc ever so often, but why the γ law EOS is almost equivalent to JWL
EOS in determination of explosive ability to accelerate metal? The reason is that
although γ plays a role in determination of JWL EOS, the expansion process of tube
wall in CT is the decisive factor, while the γc is just determined by this expansion
process.
    (4) The method to determine γ and pCJ by CT is mentioned also in Ref. [1, 6],
but it is different from our method in principle. The γ and pCJ given in those papers
are just related to the initial stage of expansion process of the tube wall.

5  CONCLUSION

    Whether the polytropic index determined by the result of CT is consistent with
that determined by FVM or not, the available energy E0c can correlate with the
specific kinetic energy E19 in CT very well. If the values of γ are replaced with γc, the
ability of DP to do work based on EI described by the simple γ law is almost
equivalent to that determined by the precise JWL EOS.
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