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Abstract: We have suggested two empirical nitrogen equivalent equations for predicting the detonation velocity ( D) and detonation pressure (p) of
CHNO explosives with more approaching the results of Kamlet-Jacobs equations than common used nitrogen equivalent equations
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In 1964 ,Guo Yuxian proposed a nitrogen equivalent (NE) equation for predicting the detonation velocity (D) of CHNO explo-
sives. In the early 1980's, Guo Yuxian and Zhang Housheng!' ™' proposed two NE equations for predicting the D and detonation
pressure (p) of CHNO explosives. Here we plan to propose two empirical NE equations for predicting the values of D and p with
more approaching the values of D and p in Kamlet-Jacobs equations than Guo Yuxian-Zhang Housheng'’s NE equations.

By substituting the 1631 sets of original data (Table S2), D,, M,, p,and x,, i=1,2, --- , 1631, for 324 CHNO single-com-
pound explosives (Table S1) into eqns. (1), (3), (5) and (7), eqns. (2), (4), (6) and (8) are obtained via solution of
eqns. (1), (3), (5) and (7) using the trust region approach.
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0.7800 < N¢, <0.7801, 0.2900 < N, <0.2901, 0.5000< N, <0.5001, 0.1500 <N <0.1501 (1)
D=1%(690+1160p) (1.00x +0.54x, 5 +1.35Xco +0.78Xco+0.29x,, +0.50x, +0.15x.) (2)

where D is the detonation velocity, m « s™'; M is the mole weight of explosive, g - mol™ ; 690 and 1160 are constants; p is the in-
itial densities of explosives, g - cm™; 1.00, 0.54, 1.35, 0.78, 0.29, 0.50, 0. 15 are the nitrogen equivalent coefficient of gase-
ous detonation products N,, H,O, CO,, CO, H,, O,, C of explosive; x,(i = N,, H,0, CO,, CO, H,, O,, C) is the numbers
of moles of gaseous detonation products.

Equation (2) is known as Guo Yuxian-Zhang Housheng’s NE equation for predicting the value of D of CHNO explosives.

The relative error (A8) of eqn. (2) is:
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5.t 1.09200<¢<1.09201, 1.000< N, <1.001,0.5400 < N,, ,<0.5401, 1.3500< N, <1.3501, 0.7800 < N, <0.7801,
0.2900 < N, <0.2901, 0.5000< N, <0.5001, 0.1500 <N, <0.1501, 0.57400 < d<0.57401 (3)
2
p=1.092 [p%(1.OOXN2+0.54XHZO+1.35XCO2+O.78Xco+0.29XH2+0.50X02+0.15XC) -0.574 (4)

where p is the detonation pressure, GPa; 1.092 and 0.574 are constants.
Equation (4) is known as Guo Yuxian-Zhang Housheng's NE equation for predicting the value of p of CHNO explosives.
The relative error (A8) of eqn. (4) is:
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5.1 650<a<695, 1150<bh<1165, 0.800< N, <1.001, 0.340< N,  ,<0.640, 1.150< N, <1.350,
0.250 <N <0.780, 0.110< N, <0.290, 0.010< N, <0.500, 0.110 <N <0.150 (5)
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D—m(695+1150p) (1.00x, +0.64x,, o+1.34Xco +0.72Xco+0.18x, +0.50x, +0.12x) (6)

where 695 and 1150 are constants; 1.00, 0.64, 1.34, 0.72,0.18, 0.50, 0.12 are the nitrogen equivalent coefficient of gaseous
detonation products N,, H,0, CO,, CO, H,, O,, C of explosive.

Equation (6) is known as the empirical NE equation for predicting the value of D of CHNO explosives

The relative error (A8) of eqn. (6) is:
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5.t 1.060<a<1.500, 1.000<N, <1.001, 0.6400 <N, ,<0.6401, 1.3400< Nc, <1.3401, 0.7200 <N, <0.7201,
0.1800< N, =<0.1801, 0.0.500< N, <0.501, 0.1200 < N, <0.1201, 0.001 <d<0.874 (7)

2
p=1.060 [p@U 000, +0.64x, 5 +1.34xco +0.72xco+0. 18X, +0.50x, +o.12xc)] -0.619 (8)

c,N

where 1.060 and 0.619 are constants.
Equation (8) is known as the empirical NE equation for predicting the value of p of CHNO explosives
The relative error (A8) of eqn. (8) is:

Aa:\/; [ Peata,i=Pa,i] ’ /;p»zq.i =0.0682

Compared with the values of A§ of eqns. (2) and (4), the ones of AS of eqns. (6) and (8) decrease by 25.2% and 23.
0% , respectively, indicating that eqns. (6) and (8) can be used to predict the values of D and p of CHNO explosives with more
approaching the values of D and p in Kamlet-Jacobs equations than common used nitrogen equivalent equations.

Associated Content: Supporting information
The supporting information of the structure formula (Table S1) and original data ( Table S2) is available free of charge on the website of Chinese
Journal of Energetic Materials.
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