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Abstract 

Output of an explosive is most commonly judged based on detonation velocity, detonation 
pressure and detonation heat. These parameters can be relatively easily determined 
experimentally or calculated by thermochemical codes. However, they do not answer the 
question how fast an explosive can propel surrounding metal liner. R.W. Gurney developed 
the model that provides the answers to this question. The Gurney’s model predicts the 
terminal velocity of explosively-propelled metal liner on the bases the ratio of the mass of 
metal to the mass of explosive and so-called Gurney velocity ( (2E_G )), which is a 
characteristic for a given explosive. Reliable determination of the Gurney velocity is 
subject of numerous studies. 

The Gurney velocity is commonly determined experimentally by measuring velocity of 
cylinder wall, in so-called copper cylinder expansion test. Alternatively, it can be 
estimated based on certain detonation parameters. In this paper, we have analysed the 
accuracy of several simple empirical methods that are commonly used to predict the 
Gurney velocity based on detonation velocity, detonation pressure, detonation heat or 
detonation energy. The detonation parameters used in the analysis are calculated by 
thermochemical code EXPLO5. The Gurney velocities obtained experimentally are used to 
calibrate parameters in the models, as well as to validate the accuracy of prediction.  

We found that the method based on evaluation of the Gurney velocity from the detonation 
energy along the expansion isentrope is superior to all empirical methods studied. This 
method predicts the Gurney velocity with the RMS error of 3.28%, while empirical 
methods predict the Gurney velocity with RMS error=4.9% - 7.8 %. 
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1 Introduction  
Measurement of explosive output is usually given in the values of detonation velocity, 

detonation pressure and heat of detonation. As it is true these values give a great understanding 
of explosive output in comparison one to another, but they do not give a measure of how fast 
an explosive drive can its surrounding material. This question is of major interest in the field of 
application and safety of explosives. First to deal with this problem was Gurney in his work 
from 1943 [1]. 

Gurney (1943) developed semi-empirical model that predicts fragment velocity from a 
metal cased explosive. The model assumes a) there is no gradient in density of detonation 
products and b) the distribution of detonation products velocity is linear and relates the ratio of 
the mass of metal to the mass of explosive (MC/ME) and the Gurney energy (EG). Under the 
assumption of homogeneity of the density of detonation products, velocity of metal casing (vs) 
for circular cylinder is given by [2]. 

(1)



where vs is terminal velocity of driven metal,  
µ is the ratio of the mass of metal to the mass of explosive,  
EG is the Gurney energy,  

 is the Gurney velocity (in m/s). 

The Gurney energy (EG) corresponds to the fraction of the chemical energy available for 
driving metal, and it is given by equation [2]: 

(2)

where E0 is detonation energy at infinite volume,  
Es is the internal energy remaining in the detonation products at any stage in expansion. 

The Gurney velocity clearly depends on many factors including the geometry of the system 
(e.g. symmetric sandwich, sphere, etc.) and the ratio of the mass of metal to the mass of 
explosive [3]. However, the most frequently circular cylinder is used for experimental 
determination of the Gurney velocity. In addition, it must be noted that the Gurney velocity 
depends on the expansion ratio considered [2]. Assumption of Gurney model is taking 
detonation products as homogenous, which may produce a lack in precision when describing a 
system at short times but corresponds sufficiently when observed at late times in the real 
system [4].  

The Gurney equation is valid for high mass of metal to the mass of explosive ratio ( )  
where the metal is accelerated slowly so that the detonation products have almost 
homogeneous density at any stage of the expansion [2]. 

1.1. Experimental determination of the Gurney velocity 
The Gurney velocity is experimentally derived from measured a metal cylinder wall 

velocity, typically through standard cylinder expansion tests, with assumption that the 
detonation energy is proportional to the square of the measured velocities. The cylinder 
expansion test gives information on wall acceleration vs. time, which are used along with the 
JWL (Jones-Wilkins-Lee) model for the evaluation of pressure and energy vs. time data [5, 6].  

The experimental set-up is described by several authors [7-11]. Basically, the experiment 
consists of a copper cylinder, filled with a certain explosive and primed at the upper end, and 
mostly optical measuring equipment. In some cases, there is a metal disk at the end of the 
cylinder that is accelerated by the energy of the detonation, for a specific flying plate test [9]. 
Once the charge is ignited and detonation is onset, the expanding gaseous detonation products 
force a radial motion of the cylinder walls, which is measured by optical measurement 
equipment. The wall expansion and the detonation velocity are measured simultaneously. 

 Apart from optical measuring equipment, streak camera and PDV probe can also be 
used. The time-dependent displacement of the cylinder wall can be measured by recording the 
backlit silhouette of a horizontal slice of the cylinder viewed through a slit with a streak camera 
[7,8]. On the other hand, PDV technique has the advantages of measuring the wall velocity 
directly (as opposed to the displacement observed in the streak image) and in having a higher 
resolution but captures data over a shorter time window (only about 15 s).  PDV technique for 
measuring wall velocity was used by Robbins et al. [12], Kunzel et al. [10], and Anderson et al. 
[11].  

The Gurney velocity is derived from the cylinder expansion test results by measuring 
terminal cylinder wall velocity (typically at expansion ratio corresponding to 7 relative 
volumes, V/V0 = 7) and using Eq.1 to calculate . Danel and Kazandijan [2] reported 
higher values of measured Gurney velocities at an expansion ratio V/V0 = 7, compared to 
values obtained with hydrocodes, typically by 8%. Hardesty and Kennedy [13] found a good 



correlation of experimental data measured at expansion ratio V/V0 =7 and calculated data (by 
thermochemical codes) at expansion ratio 0/  = 3. This indicates that the Gurney model does 
not give accurate predictions of the case velocity in standard cylinder tests but overestimates it 
typically by 8% at V/V0 = 7. As discussed by Hardesty and Kennedy, this may be related by the 
fact that end losses (in the case of short tubes, open ends) or early fracturing of driven metal 
may decrease effective value of Gurney velocity. In addition, some of the energy remains as 
potential energy (due to pressure of gas) at the time when the driven metal fragments or when 
the gas escapes out of the ends of the cylinder. 

1.2. Theoretical Estimation of the Gurney velocity 
Experimental determination of wall velocity in cylinder expansion test is very expensive 

and therefore different empirical methods are developed for the estimation of the Gurney 
velocity. Different approaches, based on mechanics, thermodynamics and shock theory, use 
different detonation parameters as inputs for the Gurney velocity predictions. Mostly used 
detonation parameters are detonation pressure (p), detonation velocity (D), and the adiabatic 
exponent ( ) [14]. While detonation pressure and velocity can be either measured or calculated 
by thermochemical codes, adiabatic exponent is often determined indirectly. 

Based on the theories that have been used, the methods for estimation of the Gurney 
velocity may be classified as empirical or theoretical. Mostly used empirical methods are given 
below, along with the author’s names, taken from Locking [15]:  

Hardesty & 
Kennedy (H&K) 

(3)

Kamlet & Finger 
(K&F) 

(4)

Cooper (5)

Koch (6)

Roth (7)

Locking & Dolman 
(L&D) 

(8)

Locking (9)

where vG is Gurney velocity ( , 
 is Kamlet-Jacobs parameter [16], 

fx is velocity reduction factor found in Locking (2016): 

   (10)



Hardesty and Kennedy [13] and Kamlet and Finger [17] both proposed the Gurney velocity 
equations that require Kamlet-Jacobs parameter . This  value can be calculated in a couple 
of ways: as an original derivation 0, from detonation pressure as p, from detonation velocity 
as D or as a simple mean of p and D or M. The possibility of slightly different variations 
of the Gurney velocity calculations can be done using various derivations of  ( 0, p, D, 

M) in Eq. (3) and (4), H&K and K&F equations respectively. In this paper we did not 
consider the methods based on Kamlet-Jacobs parameter 

Practically all the methods of theoretical estimation of the Gurney velocity use 
experimentally determined detonation velocity or pressure and assume constant adiabatic 
exponent. Our aim in this paper is to examine the accuracy of these methods using theoretically 
calculated detonation parameters by EXPLO5 thermochemical code, as well as to check 
possibility of prediction of the Gurney velocity from theoretically calculated equilibrium 
expansion isentrope.  

A measure of energy output from an explosive may be related to the internal energy states 
obtained during the expansion of the detonation products from the C-J state down to the 
atmospheric pressure and the room temperature. The limited duration of a process (such is, for 
example, metal acceleration) can be taken into account by limiting the degree of expansion of 
detonation products (Figure 1) to that which is considered to occur within the effective interval 
[13].

Figure 1. Expansion isentrope of detonation products and detonation energy  

It follows from the Gurney theory, that the Gurney energy corresponds to the difference 
between the internal energy at the CJ state and the internal energy remaining in the detonation 
products at any stage in their isentropic expansion. This difference corresponds to amount of 
internal energy converted to kinetic energy and it may serve as a measure of the energy 
available for driving metal. Same as the Gurney model, such approach ignores the wave 
dynamics in the flow of the product gases. 

It was discussed by Hardesty and Kennedy [13] and Danel and Kazandijan [2] that the 
effective energy of an explosive in metal acceleration applications is less than detonation heat 
obtained by detonation calorimetry measurements. The reason lies in the fact that the internal 
energy remaining in the product gases late in their expansion does not take part in the 
acceleration. In cylindrical geometries, which are typically used for experimental determination 
of Gurney velocity, acceleration of the tube wall stops soon after the wall is strained to the 
point of rupture, since the gases leak out between the fragments. Thus, any internal energy 
remaining in the detonation products does not contribute to the value of the Gurney energy. 
These are the reason why the Gurney energy is significantly less than the chemical energy of 
the unreacted explosive.  The study of Hardesty and Kennedy has shown that metal 
acceleration is essentially complete after the detonation products have expanded by a certain 
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factor. Their calculation has shown that calculated energy output at expansion ratio 0/ = 3 
correlates well with the experimentally determined Gurney energies. Such expansion ratio is 
consistent with the fact that energy transfer between the detonation products and the driven 
metal is limited in many cases by the rupturing of the metal rather than by side losses. 

In this study we have used EXPLO5 thermochemical code to calculate detonation states 
and detonation products isentropes for studied explosives.  Calculated values of detonation 
energy, as a function of the isentropic expansion, have been compared with experimental data 
on Gurney velocity. 

2 Results and discussion 
For analysis we have chosen 39 explosives for which experimental Gurney velocities are 

available in literature [14,15,18]. Studied explosives have mainly CHNO composition and 
some of them exhibit non-ideal behaviour (e.g. PBX explosives, DATB, AN-based mixtures, 
etc.). Metalized explosives are not considered in this analysis. Detonation parameters of these 
explosives at the CJ point and along the expansion isentrope are calculated using EXPLO5 
thermochemical code. The code is based on the steady state Chapman-Jouguet detonation 
models and uses Becker-Kistiakowsky-Wilson (BKW) EOS for gaseous detonation products, 
and Murnaghan EOS for condensed products. It predicts detonation velocity with RMS error = 
2.3% and detonation pressure with RMS error = 8.2% [19].   

2.1. Prediction of Gurney velocity by empirical methods 
The majority of empirical methods for evaluation of the Gurney velocity are based on 

experimental values of detonation velocity, and they predict a liner vG  = f(D) relationship (Eqs. 
5 and 6). We have done the same correlation using detonation velocities calculated by 
EXPLO5 and experimental Gurney velocities of tested explosives. A linear relationship is 
found, with the ratio of D/vG = 2.95 (Eq. 11, Fig. 2a).  Cooper [20] obtained almost the same 
value using experimental detonation velocities (D/vG = 2.97), while Koch et al. [4] report 
slightly higher ratio (D/vG = 3.08). Souers et al. [6] found different D/vG rations at different 
expansion ratios; D/vG = 3.33 at V/V0 = 2.2, D/vG = 2.94 at V/V0 = 7 and D/vG = 2.85 at 
maximum wall velocity. In general, all methods based on D/vG  relationship give similar 
results:  poor correlation coefficient (R =0.4601), too scattered data, RMS error equals 6.6%-
7.8%, minimum error  -17% maximum error 17% ), Table 1: 

,      R = 0.4601 (11)

We also tested the accuracy of the methods based on relationship of vG = f(D, )  (Eq. 7, 
Eq. 8), as well as the method of Locking (Eq. 9) which is based on relationship vG = f(D) but 
introduces a correction factor fx related to initial density of explosives. It was found that the 
method of Locking & Dolman (Eq. 8) gives slightly better accuracy than the methods based on 
D solely (R = 0.5489), but scattering of data is still too high (RMS error equals 7.36%, 
minimum error  -17%, maximum error 12% ), Table 1. Roth’s method (Eq. 7) gives poor 
accuracy (predict systematically lower values of Gurney velocity for about 16%), which is 
probably related to differences in values of  in Rooth’s and our analysis. However, the 
accuracy may be rectified by adjusting the constant in Eq.7 to be 0.73 instead of 0.605. This 
decrease average error, but the RMS error remains in the range of other methods based on 
detonation velocity (RMS error = 7.7%). The Locking’s method (Eq. 9) gives only slightly 
better accuracy comparing to the Locking & Dolman’s method (Eq. 8); R=0.7526, RMS error 
equals 4.97%, minimum error  -16%, maximum error 10% ). 



a) b) 

c) 

Figure 2. Relationships between calculated detonation parameters and experimental  
Gurney velocity

We have also correlated experimental Gurney velocity and calculated detonation heat (Qd) 
and detonation pressure (pCJ) of tested explosives (Table 1). The results of correlation are given 
in Eqs. 12 and 13, Fig. 2,3:  

,      R=0.6262 (12)

,      R=0.6881 (13)

Figure 3. Accuracy of empirical methods for prediction of Gurney velocity  
(Legend: MAE is mean average error; RMSE is root mean square error) 
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Fig. 3 shows that vG = f(Qd) relationship is liner, while vG = f(pCJ) can be better described 
by power low model (liner correlation does not seem realistic since it predicts vG 2 km/s at pCJ 

= 0 GPa). The accuracy of prediction of Gurney velocities based on Qd and pCJ is slightly better 
comparing to the methods based on D solely, but slightly poorer comparing to the Locking’s 
methods.  

The ration of Gurney velocity to detonation heat equals 0.523 (Qd/vG = 0.523, Eq.12).  If 
one put in correlation Gurney energy instead of Gurney velocity (where:  and 
detonation heat, than the following ratio obtains: Qd/EG = 0.674.  That means, 67.4% chemical 
energy of explosives is transferred to cylinder wall as kinetic energy. This value agrees with 
the value reported by Kennedy [21] for several high explosives (Qd/EG = 0.6 - 0.7).  Such quite 
high value of the efficiency of high explosives is related to very high energy generation rate in 
chemical reaction and transfer to surroundings by detonation products. In the case of 
propellants, for example, where energy generation and transfer are slower, the efficiency is 0.2-
0.3. In general, all the methods described here predict Gurney velocity with significant error 
(RMS error = 4.97-7.8%; MAE = 3.5-6%) and large scattering of the data (minimum error up 
to -17%, maximum up to 20%). It seems that the methods that use more input parameters (such 
as adiabatic exponent or initial density) have slightly better accuracy. However, in any case the 
methods described can be used for rough estimation of the Gurney velocity of explosives. 

It should be emphasised that the accuracy of empirical methods reported by different 
authors is different. This is highly related to range and type of explosives used in analysis and 
reliability of experimental Gurney velocities. Our analysis covers some explosives (e.g. PBXs, 
AN-based, etc.) which exhibit non-ideal behaviour, which certainly affects the accuracy of 
prediction of Gurney velocity by empirical methods.

2.2. Prediction of Gurney velocity from EXPLO5 code calculation 
The thermodynamic parameters of state of detonation products, as well as detonation 

parameters, are calculated by thermochemical code EXPLO5 [19]. EXPLO5 enables 
calculation of chemical equilibrium composition and thermodynamic parameters of state along 
the shock adiabat of detonation products, the C-J state and the detonation parameters at the C-J 
state, as well as the parameters of state along the expansion isentrope. The program has non-
linear curve fitting program built in to fit relative volume-pressure data along the expansion 
isentrope according to the Jones-Wilkins-Lee (JWL) model [19,22], enabling the calculation of 
the detonation energy available for performing mechanical work. 

Once the C-J point is calculated, the products are allowed to expand isentropically until 
their pressure drops to 1 bar or temperature to 298 K (whichever condition comes first). 
Thermodynamic parameters along the isentrope are calculated assuming the state of 
equilibrium in the products establishes above 2250 K, while below this temperature all product 
concentrations were frozen and equilibrium chemistry ceased, with only PdV energy released 
afterwards. Based on the calculated p,Es-Vr data along the expansion isentrope, the detonation 
energy is calculated applying the JWL model. The model assumes that the detonation of an 
explosive may be completely described in pressure-volume space. It also assumes that the 
detonating explosive compresses instantly from the room temperature and pressure up to 
Rayleigh line to the C-J point (Fig 1). Then it expands down the isentrope given by the JWL 
equation of state. 

, (14)

where Vr=V/V0 (or 0/ ) is the relative volume (or expansion ratio), A, B, C, R1, R2 and  are 
JWL coefficients. 



The internal energy of detonation products along the isentrope (Es) as a function of relative 
volume is then calculated by the integration of Eq. 14 [6,22]: 

(15)

(16)

The energy of detonation products (i.e. energy available for mechanical work) at any 
relative volume (Ed(Vr)) is given by Eq. 17 [6]: 

(17)

Since at infinite volume the energy on isentrope equals zero, detonation energy at infinite 
volume ( ) is: 

(18)

Thus, the detonation energy at any relative volume will be: 

(19)

Note that in this study E0 is negative since in chemical thermodynamic exothermic reaction 
is negative, Ed is positive near CJ and negative at larger volume, Es is positive. This is opposite 
to physics convention which set exothermic reaction as positive. 

The evaluation of detonation energy from EXPLO5 code results is described in detail in 
[22], and illustrated in Figs. 1 and 4.  The procedure involves determination of the JWL 
coefficients from p, Es – Vr data (Eq. 14, 16), calculation of internal energy (Es(Vr)) along the 
isentrope by Eq. 16, calculation of detonation energy (Ed(Vr) by Eq. 19, and calculation of the 
Gurney velocities from detonation energies by Eq. 20 (assuming all detonation energies 
transforms to kinetic energy of cylinder wall):  

(20)

So obtained detonation energies and Gurney velocities, at three different expansion ratios 
(Vr = 2.9, Vr = 7, and Vr = infinite), are correlated with experimental Gurney velocity and 
Gurney energy (Fig. 5).  

Figure 4. Calculated pressure, internal energy and detonation energy along expansion of PETN, 
0=1.77 g/cm3
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Figure 5. Correlation of experimental Gurney energies and calculated detonation 
energies (left) and calculated and experimental Gurney velocities (right)

Figure 6. Accuracy of prediction of Gurney velocity from calculated detonation energy

Fig. 5 shows good linear correlation between detonation energy and Gurney energy and 
between experimental Gurney velocity and velocity calculated from detonation energy. The 
calculation has shown that measured Gurney energy matches calculated detonation energy at Vr

= 2.9. It should be born in mind that Gurney velocity (and Gurney energy) is typically 
measured at Vr = 7. At larger volumes detonation energy is higher than Gurney energy; for 
illustration, at Vr = 7 ratio [EG/Ed (Vr =7)] = 0.86 and [vG/vG(Vr =7)] = 0.927. Very similar 
results are reported by Danel and Kazandijan [2] and Hardesty and Kennedy [13]. Such results 
indicate that the Gurney model does not give accurate predictions of cylinder velocity in 
standard cylinder tests but overestimates it typically by 8% at Vr = 7. This may be related by 
the fact that end losses (through open ends) or early fracturing of driven metal may decrease 
effective value of Gurney velocity. Also, some of the energy remains as potential energy at the 
time when the driven metal fragments or when the gas escapes out of the ends of the cylinder 
[13]. 

Detonation energies at Vr  are much higher than measured Gurney energies; the ratio 
[EG/Ed (Vr =7)] = 0.696. That means that only 69.6% of available energy of an explosive is 
transformed to kinetic energy of cylinder wall. This is consistent with previous discussion that 
only 60-70% chemical energy of explosives (i.e. detonation heat) is transformed to kinetic 
energy of cylinder wall.  It is obvious from Figs. 5 and 6 that this method of evaluation of 
Gurney velocity is significantly more accurate comparing to empirical methods (Figs. 2, and3). 
The Gurney velocity calculated from detonation energy at Vr = 2.9 matches experimental 
Gurney velocity (R=0.9013, RMS error = 3.281%), while at Vr = 7 calculated Gurney velocity 
is 7.8% higher than experimental (R=0.9203, RMS error = 3.45%).  
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Table 1. Summary of experimental and calculated Gurney velocities

Explosive 0, 
g/cm3

VG, 
km/s 

EXPLO5 results Empirical methods This work 

D, 
m/s 

Qd, 
MJ/kg

pCJ, 
GPa 

Cooper 
(Eq. 5)

Koch 
(Eq. 6)

Roth 
(Eq. 7)

L&D 
(Eq. 8)

Lock. 
(Eq. 9)

From 
D

From 
Qd

From 
pCJ  

From 
Ed

Comp A3 1.59 2.63 7.76 5.19 23.36 3.10 2.61 2.52 2.24 2.60 2.67 2.64 2.72 2.65 2.71

Comp B 1.71 2.70 7.87 5.15 25.60 3.14 2.65 2.56 2.23 2.61 2.66 2.68 2.70 2.70 2.70

Comp B 1.72 2.79 7.90 5.15 25.85 3.14 2.66 2.56 2.23 2.62 2.66 2.69 2.70 2.70 2.70

Comp B 1.72 2.71 7.90 5.15 25.85 3.14 2.66 2.56 2.23 2.62 2.66 2.69 2.70 2.70 2.70

Comp B 1.65 2.68* 7.66 5.12 23.96 3.05 2.58 2.49 2.27 2.60 2.61 2.61 2.68 2.67 2.67

Comp B 1.72 2.80* 7.91 5.16 25.96 3.14 2.66 2.57 2.23 2.62 2.67 2.69 2.70 2.71 2.71

Comp B 1.73 2.83* 7.94 5.16 26.32 3.15 2.67 2.58 2.24 2.63 2.67 2.70 2.70 2.71 2.71

Comp C-3 1.60 2.68 7.66 5.18 23.43 3.01 2.58 2.49 2.31 2.62 2.64 2.61 2.71 2.65 2.68

C-4 1.60 2.66 7.78 5.17 23.62 3.10 2.62 2.53 2.24 2.60 2.68 2.65 2.71 2.66 2.71

Cyclotol 77/23  1.75 2.79 8.30 5.43 29.28 3.13 2.80 2.70 2.36 2.76 2.78 2.83 2.84 2.77 2.83

Cyclotol 75/25 1.75 2.86* 8.24 5.40 28.72 3.13 2.78 2.68 2.34 2.74 2.77 2.81 2.83 2.76 2.81

DATB 1.79 2.56 7.51 4.12 22.85 3.42 2.53 2.44 1.88 2.34 2.50 2.56 2.16 2.64 2.44

HMX 1.84 2.8 8.92 5.69 34.79 3.19 3.00 2.89 2.46 2.92 2.95 3.04 2.98 2.86 2.96

HMX 1.89 2.97 9.13 5.70 37.14 3.24 3.07 2.97 2.46 2.96 2.99 3.11 2.98 2.90 2.98

LX-04 1.87 2.78 8.62 5.05 32.77 3.22 2.90 2.80 2.34 2.80 2.83 2.93 2.65 2.83 2.79

LX-09 1.84 2.89 8.88 5.61 34.57 3.20 2.99 2.88 2.45 2.91 2.93 3.02 2.94 2.86 2.94

LX-10 1.86 2.92 8.90 5.48 34.86 3.22 3.00 2.89 2.42 2.89 2.93 3.03 2.87 2.86 2.91

LX-14 1.83 2.8 8.77 5.43 33.16 3.24 2.95 2.85 2.37 2.84 2.90 2.98 2.84 2.84 2.89

LX-14 1.89 2.97 9.01 5.44 35.45 3.33 3.03 2.93 2.34 2.86 2.95 3.07 2.85 2.87 2.92

NM 1.14 2.41 6.49 4.74 13.19 2.64 2.19 2.11 2.39 2.46 2.42 2.21 2.48 2.38 2.43

Octol 75/25  1.81 2.80 8.47 5.38 31.04 3.18 2.85 2.75 2.35 2.78 2.81 2.88 2.82 2.80 2.83

Octol 78/22  1.82 2.83 8.55 5.42 31.63 3.21 2.88 2.78 2.34 2.79 2.83 2.91 2.84 2.81 2.85

PBX-9011 1.77 2.82 8.37 5.11 28.98 3.28 2.82 2.72 2.22 2.69 2.80 2.85 2.67 2.76 2.77

PBX-9404 1.84 2.90 8.74 5.52 33.60 3.18 2.94 2.84 2.43 2.87 2.89 2.97 2.89 2.84 2.89

PBX-9501 1.84 2.89 8.84 5.51 33.86 3.25 2.98 2.87 2.38 2.86 2.92 3.01 2.89 2.85 2.91

PBX-9502 1.89 2.38 7.84 3.73 25.00 3.63 2.64 2.55 1.80 2.34 2.57 2.67 1.95 2.69 2.39

Pentolite 50/50  1.67 2.56 7.48 5.05 23.62 2.96 2.52 2.43 2.31 2.59 2.54 2.55 2.64 2.66 2.63

PETN 1.76 2.93 8.36 6.01 30.40 3.05 2.82 2.72 2.47 2.83 2.80 2.85 3.15 2.79 2.87

RDX 1.77 2.93 8.69 5.73 32.51 3.11 2.93 2.82 2.49 2.90 2.91 2.96 3.00 2.83 2.93

TACOT 1.61 2.12 6.70 4.39 19.36 2.73 2.26 2.18 2.34 2.47 2.30 2.28 2.30 2.56 2.34

Tetryl 1.62 2.50 7.34 5.04 21.95 2.98 2.47 2.38 2.25 2.53 2.52 2.50 2.64 2.62 2.59

TNT 1.63 2.37 6.72 4.39 17.94 3.11 2.26 2.18 1.93 2.25 2.30 2.29 2.30 2.52 2.38

TNT 1.63 2.44 6.72 4.39 17.94 3.11 2.26 2.18 1.93 2.25 2.30 2.29 2.30 2.52 2.38

TNT 1.63 2.46 6.72 4.39 17.94 3.11 2.26 2.18 1.93 2.25 2.30 2.29 2.30 2.52 2.38

PETN 1.50 2.90* 7.45 5.96 21.44 2.89 2.51 2.42 2.39 2.63 2.61 2.54 3.12 2.61 2.71

PETN  1.27 2.69* 6.64 5.91 14.62 2.84 2.23 2.15 2.19 2.38 2.42 2.26 3.09 2.42 2.55

HMX 1.20 2.74* 6.75 5.30 14.34 2.81 2.27 2.19 2.25 2.43 2.49 2.30 2.78 2.42 2.56

RDX/AN-40/60  1.72 2.54* 8.73 4.56 28.88 3.54 2.94 2.83 2.08 2.66 2.94 2.97 2.39 2.76 2.65
TNT/RDX/AN-
40/20/40 

1.61 2.50* 7.65 4.48 22.92 3.11 2.57 2.48 2.19 2.55 2.63 2.60 2.34 2.64 2.58

Legend: * Gurney velocities taken from Fedoroff [18], other data are from Locking [14]



3 Conclusion 
Two approaches of theoretical evaluation of the Gurney velocity of a series of ideal 

explosives are discussed in the paper. The first approach is empirical, and it is based on 
equations that correlate the Gurney energy and some detonation property of an explosive; like 
D, Qd, p, and . The second approach is theoretical, and it is based on evaluation of the Gurney 
energy and the Gurney velocity from theoretically calculated expansion isentrope of detonation 
products. Detonation properties and the expansion isentrope of detonation products are 
calculated theoretically using EXPLO5 thermochemical code. 

The results of calculations have shown that empirical methods based on detonation 
velocity (e.g. Cooper’s and Roth’s methods) predict the Gurney velocity with significant error 
(R = 0.46-0.51, RMSE=6.6%-7.8%). The method that uses detonation velocity and adiabatic 
exponent is slightly more accurate (R = 0.7661, RMSE=5.4%), but it is still rather large.  The 
method of Locking that uses D and correction parameter fx predicts the Gurney velocity most 
consistently than other tested empirical methods (R = 0.7519, RMSE=4.97%).  In general, 
empirical methods are rather simple but predicts the Gurney velocity with large error. Thus, 
such methods should be used only as a first indication. 

Prediction of the Gurney velocity from the calculated expansion isentrope of detonation 
products, i.e. detonation energy along the isentrope, is superior to empirical methods (R = 
0.9013, RMSE=3.28%). Maximum difference between predicted and experimental Gurney 
velocity is 6.6%, except for TACOT for which the error is 10.2%.  It is also found that 
calculated detonation energy matches experimentally measured Gurney energy when 
expansion ratio (V/V0) equals 2.9. At V/V0 = 7 calculated detonation energy is about 16% 
higher than experimental Gurney energy, and calculated Gurney velocity is 7.8% higher than 
experimental. At infinite volume (V/V0 ) the Gurney energy equals about 69.6% detonation 
energy, which means that 69.6% of total detonation energy is transformed to kinetic energy of 
cylinder wall. 

Our results are consistent with Hardesty and Kennedy’s [13] results, and they can be 
explained by the fact that end losses and fracturing of metal cylinder limit energy transfer 
between the detonation products and the driven metal. This decreases effective value of Gurney 
velocity. Consequently, some of the energy remains as potential energy at the time when the 
driven metal fragments. 
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