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Fig. 4 The second virial coefficients of water
at high temperatures.

~ 10F
~
B
o 1; RWK2
£ 8r
. 2; Stockmayer
L 6 3; Lennard-Jones
5 R
X
S
o
- 4 L
2
2 1 2 3 1 1
1000 3000 5000
T (K)
Fig. 5 The third virial coefficients of water at
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Table 1 Contributions of various region of intermolecular
distances to the second virial coefficients calculat-
ed with the RWK2 potential at selected tempera-
tures. (in em®/mol)

T r<2A 2<r<5A r<5A B (T)

(k) ) (cm3/mol)

873 9.93 —33.1 —8.86 —32.0

1500 9. 94 —2.33 —4.39 3.28
3000 9.94 8.50 —~1.76 16.7
4500 $.93 9.84 -1.12 18.7
5000 9.92 9.94 —0.82 18.6
Table 2 Contributions of various region of intermolecular

distances to the third

virial coefficients calculated

with the RWK2 pontential at selected temperatur-

es (in cm®%/mol?)

T=823 K, C(T)=1366 (cm%/mol?)
' T |1 I m v
rs (r<2)  (2<r<5) (6<r<10)  (r>10 A)
I 80.3
I 148. 842
m 6.78 17.0 78.6
v 0.06 —1.89 3.89 16. 75
T=2000K, C(T)=341
Is I I m v
r3
I 101.2
I 69.0 85.05
m 0.61 3.89 6.34
v 0.01 -0.07 0.33 1. 49
T=5000 K, C (T)=297
rs
rs
I 99,15
I 67.05 61.07
III 0.09 0.49 0.53
v 0.00 -0.004 0.03 0.19

r3 is the distance between molecule 1 and 2, r; is the distance

between molecule 1 and 3. Note

Fig. 6i AR LASRUORWK2 £ 7 v & » L %5
Fo SHF v o A RAEEHTHLLIEF v oy
NE—FTH, BRICEFBIL]ESHF vy 2R
L3V 7 A RBE—HTIHLHBRRCLET v
e PORFEGEECRR AL, RWK2HEF v oy
ANOBEFIRRC L YT v F L e AT
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that above matrix is symmetric.
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The Estimation of Detonation Properties using
Virial Equation of State

I. The virial coefficients of water

by Mitsuo KOSHI* and Hiroyuki MATSUI*

In order to obtain the equation of state for the calculation of detonation properties
at high temperatures, the virial coefficients of water molecule, which is important as a
main detonation product, have been calculated by a Monte—Carlo technique based on
the intermolecular interactions. Various potential functions including recent results of
the ab initio calculations have been used to obtain the virial coefficients. It was found
that the long range attractive force had significant influence on the virial coefficients
at temperatures lower than 1100K, but this long range interaction could be negligible
at temperatures above 3000 K. It was confirmed that the molecular diameter and the
descent of the repulsive part of the potential were essential for the coefficients at high
temperatures.
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