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Development of a new model for the calculation of the 
detonation parameters of high explosives 
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Abstract: A simple semi-empirical model for the calculation of the detonation 
pressure and velocity for CHNO explosives has been developed, which is based 
on experimental values of the detonation parameters. Model uses the Avakyan 
method for the determination of the chemical composition of the detonation 
products, and is applicable over a wide range of densities. Compared with the 
well-known Kamlet method and the numerical model of detonation based on 
the Becker–Kistiakowsky–Wilson Equation of state (BKW EOS), the calcul-
ated values from the proposed model have significantly better accuracy. 

Keywords: detonation modeling; detonation velocity; detonation pressure; CHNO 
high explosives. 

INTRODUCTION 

The possibility of accurate prediction of their detonation characteristics sig-
nificantly shortens the process of the development of new explosives, conse-
quently lowering the development costs. 

Two approaches are usually used in this issue. The first is based on numeri-
cal modeling of detonation and the second on much simpler empirical and semi-
empirical models. 

Laboratories in developed countries, especially in the USA, developed the 
first computer programs for numerical modeling of detonation more than 40 years 
ago. In the last years, they have work on improvements of the numerical models 
for non-stationary detonation. 

Mader and his co-workers from the Los Alamos National Laboratory, using 
the Becker-Kistiakowsky-Wilson Equation of state (BKW EOS), developed the 
program STRETCH BKW for the calculation of detonation parameters in 1961.1,2 
For that time, the program had a high rate of calculations with acceptably accu-
rate results. The program used only one set of parameters of the BKW Equation 
of state for all explosives. 
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Mader also developed computer program Fortran BKW in 1967, which has 
been used in research institutions in many countries. Up to now, the program was 
modified several times to be compatible with modern computer software.1-4 

Other programs using the BKW EOS, such as Arpage and La Mineur, were 
also developed.4 The program Tiger used the Jacobs–Cowperthwaite–Zwisler 
Equation of state (JCZ EOS).5 

The numerical models are not always suitable for engineering purposes, 
mainly because of their complexity. Therefore, many different empirical and se-
mi-empirical methods of calculation have been developed, which are much simp-
ler for use. The most famous is the Kamlet method, which gives acceptably accu-
rate results for CHNO high explosives with an initial density above 1000 kg m–3.6 

A new simple semi-empirical method for the prediction of the detonation 
parameters of CHNO high explosives is presented in this work. The differences 
between experimental values and calculation results obtained with this new me-
thod are significantly smaller when compared to the numerical model and the 
Kamlet method. 

THEORETICAL BASICS OF THE METHOD 

The relations between the detonation pressure p (in the Chapman-Jouguet or C-J point), 
detonation velocity D, initial density of explosive ρ0 and heat of detonation Q are known from 
the hydrodynamic theory of detonation:7 

 22( 1)D Qγ= −  (1) 

 2
0

1
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p Dρ

γ
=

+
 (2) 

where γ is the polytropic exponent. 
Combining Eqs. (1) and (2), it follows: 

 02( 1)p Qγ ρ= −  (3) 

Considering the fact that the experimental values of the detonation parameters are 
proportional to the initial density of the explosive1,2 and that, based on the EOS of gases, the 
pressure is proportional to the number of moles of gaseous detonation products, n, Eq. (3) can 
be written in the following general form: 

 2
0p A nQρ=  (4) 

where A is an empirical constant. 
Numerous experiments showed that the dependence of the detonation velocity on the 

initial density is linear for all explosive charges above a critical diameter, which can be repre-
sented as:7 

 1 1( )D D M ρ ρ= + −  (5) 

where D1 is the detonation velocity for an initial density ρ1 and M is an empirical constant. 
Combination of the Eqs. (4) and (2) and considering Eq. (5) the following general equa-

tion for calculation of detonation velocity can be written as: 
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 0D B C nQρ= +  (6) 

where B and C are empirical constants. 
The empirical constants in Eqs. (4) and (6) can be obtained using regression analysis of 

the experimental data for the dependence of detonation pressure and velocity on the initial 
density of the explosive. 

The number of moles of gaseous detonation products, n, can be easily calculated using 
the Avakyan method.7 According to Avakyan’s experimental data, the coefficient of realiza-
tion (K) can be calculated from the oxygen coefficient (Kk) using the following equation: 

 K = 0.32 Kk
0.24 (7) 

in which the oxygen coefficient should be expressed in percents. 
If the presence of ammoniac in the detonation products is neglected, the summary che-

mical reaction of detonation can be written as: 

 1 2 2 2 3 2 4 5 2 6 2 7C H N O  H O+ H + CO + CO+ O + N + Cx y z u n n n n n n n→  (8) 

The calculation of the chemical composition of the detonation products is based on the 
assumption that the coefficient of realization K determines the degree of hydrogen oxidation 
and formation of water. In other words, it is assumed that from y/2 (maximal possible value) 
moles of hydrogen, Ky/2 moles of water are formed during the explosion, while (1 − K)y/2 
moles remain as H2. According to this: 

 n1 = Ky/2, 
 n2 = (1 − K)y/2 

The number of moles of nitrogen can be calculated as: 

 n6 = z/2 

For the remaining detonation products, it is necessary to solve a system of equations, 
representing the mass and energy balance, considering the ratio of oxygen, carbon and hyd-
rogen in the composition of the explosive. Depending on this ratio, three characteristic cases 
should be considered. 

Case 1. Kk > 100 %: It is assumed that there is no formation of free carbon in the deto-
nation products, i.e., n7 = 0. The following equations are used for the calculation of n3–n5: 

 n3 = (1.4K − 0.4)x 
 n4 = x − n3 = 1.4x(1 − K) 
 n5 = (x − 2n3 − n4 − n1)/2 

Case 2. Kk < 100 %: It is assumed that there is no formation of free oxygen in the 
detonation products, i.e. n5 = 0. The remaining detonation products are determined using the 
following equations: 

 n3 = 1.16u (K − 0.568) − 0.5n1 
 n4 = u−(2n3+n1) = u (1 − 2.32 (K − 0.568)) 
 n7 = x − (n3 + n4) 

Case 3. Kk < 100 % and u > (x + y/2): The following equations are used: 

 n3 = 0.7 (u − y/2)K − 0.4x 
 n4 = 1.4x − 0.7 (u − y/2)K 
 n5 = 0 and n7 = 0 
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In the next step, the total heat of formation for the determined detonation products is 
calculated. The heat of explosion is then determined using the Hess Law as: 

 
i iprod EM

0 0
f f

1 1
Δ Δ

n m

i j
Q U U

= =
= −   (9) 

where i =1,…, n is the index of a particular detonation product, while j = 1,…, m is the index 
number of the individual components of the explosion. 

The heat of formation data for components of the explosion and the detonation products 
can be found in thermochemical tables.2,4,7,10 

It should be noted that the Avakyan method predicts the chemical composition of the 
detonation products after expansion and cooling. 

APPLICATION AND EVALUATION OF THE MODEL 

The proposed model was applied for the calculation of the detonation para-
meters of 72 explosive compositions (25 different explosives with various initial 
densities), the detonation pressures and velocities of which had previously been 
experimentally determined (Table I). The amounts of the individual detonation 
products were first calculated using the Avakyan method. 

The empirical constants in Eqs. (4) and (6) were determined using the regres-
sion analysis of the results (Figs. 1 and 2): 

 2
00.00048 nQρ ρ=  (10) 

 02264.1 7.7072D nQρ= +  (11) 

In the previous equations, the initial density, ρ0, is expressed in g cm–3, the 
total quantity of gaseous detonation products, n, is in mol kg–1 and the heat of 
explosion, Q, is in kJ kg–1. The calculated detonation pressure p is in kbar, and 
the detonation velocity D is in m s–1. 

Comparisons of the calculated detonation parameters with their differences 
from the appropriate experimental values are presented in Tables I–III. The high 
value of the correlation coefficient (R2 > 0.98) for the 74 considered explosive 
compositions shows that the proposed model could be successfully employed in 
the theoretical determination of the detonation parameters. 

The average differences between the calculated detonation parameters and 
the experimental values are presented in Table IV. Compared with the BKW EOS 
or the Kamlet method, the proposed model gives significantly more precise cal-
culation results. In addition, the calculation results have a similar precision to those 
obtained using the numerical model XWizard.11 The proposed model is also ap-
plicable over a much wider range of initial densities, which is not possible with 
the other models. The precision of calculation results for explosives with high va-
lues of initial density are also acceptable, as presented in Tables I–III. 

The obtained differences between the calculated results and the experimental 
values are within the expected experimental error. It should be mentioned that ex-
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Fig. 1. Calculated and experimental values of the detonation velocity. 

 
Fig. 2. Calculated and experimental values of the detonation pressure. 
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TABLE IV. Comparison of the average differences of the calculated detonation parameters 

Type of explosivecomposition 
Number of considered 

compositions 

Difference, % 
BKW Kamlet Model 

Δp
kbar

ΔD
m·s-1

Δp
kbar

ΔD 
m·s-1 

Δp 
kbar 

ΔD 
m·s-1 

Explosives 27 12.2 3.5 8.0 3.0 6.9 2.8 
Explosive mixtures with TNT 32 7.0 2.4 6.4 1.9 1.8 0.6 
Plastic-bonded explosives 15 5.7 2.6 3.3 4.5 6.0 3.0 
Average difference of results, % 8.6 2.9 6.4 2.8 4.5 1.9 

perimental values of detonation pressure and velocity in literature are quite diffe-
rent, mainly due to the low accuracy of the experimental methods. While modern 
experimental methods can determine detonation velocities with an accuracy below 
1 %, the experimental values of the detonation pressure are expected to have an 
error above 10 %.7 

CONCLUSIONS 

A new, simple semi-empirical model for the calculation detonation pressure 
and velocity of CHNO high explosives is presented in this paper. The model is 
based on the theoretical model of an ideal detonation. The Avakyan method was 
used for the determination of the chemical composition of the detonation pro-
ducts. A good correlation between the calculated and experimental detonation pa-
rameters over a wide range of initial densities was achieved, and the results are 
within the degree of experimental error. In addition, the proposed model can be 
used for the calculation of the detonation pressure and velocity for explosives 
with the maximum initial density. The average difference of the calculation re-
sults was approximately 50 % smaller than the results obtained from a numerical 
model and by the Kamlet method. 

И З В О Д  

РАЗВОЈ НОВОГ МОДЕЛА ЗА ПРОРАЧУН ДЕТОНАЦИОНИХ ПАРАМЕТАРА 
БРИЗАНТНИХ ЕКСПЛОЗИВА  

РАДУН ЈЕРЕМИЋ и ЈОВИЦА БОГДАНОВ 

Vojna akademija Beograd, Generala Pavla Juri{i}a [turma 33, 11000 Beograd 

У складу са теоријом идеалне детонације, а на основу експерименталних вредности де-
тонационих параметара већег броја бризантних експлозива и различитих експлозивних сас-
тава, развијен је једноставан полуемпиријски модел за прорачун притиска и брзине дето-
нације експлозива типа “CHNO“. Модел је заснован на Авакјановој методи за прорачун са-
става гасовитих продуката детонације и применљив је у широком опсегу густина. Добијене 
вредности притиска и брзине детонације много мање одступају од експерименталних вред-
ности у односу на познату Камлетову методу и нумерички модел заснован на БКW једна-
чини стања. 

(Примљено 6. децембра 2010) 
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