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Abstract 

This article investigates into dynamics of detonation 

waves in chemically active bubble liquid with 

consideration for relative slip of phases using 

numerical analysis. The influence of initial pressure 

and volumetric gas content of medium on velocity 

and amplitude of detonation waves has been 

analyzed.  
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1 Introduction  
Occurrence of detonation waves in liquid with 

bubbles of flammable gas is stipulated by energy 

release in gas phase which supports the mode of 

bubble detonation compensating energy loss of wave 

upon its propagation in medium [1, 2]. The structure 

and properties of detonation waves are determined by 

physicochemical properties and parameters of bubble 

gas liquid mixture, its initial state [2-5]. It has been 

demonstrated in [6] that heat loss in detonation wave 

depends significantly on relative motion of phases of 

gas liquid system, herewith, displacement of bubbles 

with regard to liquid phase can exceed characteristic 

sizes of the bubbles.  

This work analyzes the features of propagation 

of detonation waves in chemically active bubble 

medium at various initial conditions (pressure, 

volumetric gas content) with consideration for slip of 

phases in the course of interphase heat exchange. 

 

2 Formulation Of The Problem  
In order to solve the problem, let us write the 

set of macroscopic equations of mass conservation, 

amount of bubbles and pulses, with consideration for 

relative motion of phases as follows [7]: 
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where 
0

i , αi, υi are the density, volumetric content 

and velocity of the i-th phase, respectively; a, n are the 

radius and concentration of bubbles, respectively; pl is 

the pressure of carrier liquid; w is the radial velocity of 

bubbles, f is the force of viscous friction. The 

subscripts i = l, g denote the parameters of liquid and 

gas phases. 

The force of viscous friction can be written as 

follows: 
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where υlg is the relative velocity of phases. 

The resistance coefficient СD can be written as 

follows [6]: 
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where vl is the viscosity of liquid, Re is the Reynolds 

number. 

For radial motion of bubbles in accordance 

with correction given in [8], we assume that 

w = wR + wA, where wR is determined using the 

Rayleigh–Lamb equation: 
2
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and wA is determined from the solution of spherical 

discharge problem on sphere with the radius a in 

carrier liquid in acoustic approximation: 
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where Cl is the sound velocity in pure liquid. 

Let us write the equation for gas pressure in 

bubbles as follows: 
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where γ is the adiabatic index for gas; q is the 

intensity of heat exchange or heat flow from gas to 

liquid per interphase unit surface area. 

We assume that the liquid is acoustically 

compressible and the gas is calorically perfect: 
2 0 0

0 0( ),l l l lp p C    
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where B is the reduced gas constant. Here and below 

the subscript 0 denotes initial undisturbed medium 
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state. 

Let us set the interphase heat exchange by 

approximate finite correlation [7]. Herewith, it is 

assumed that as a consequence of relative slip of 

phases the bubble surface is completely regenerated [6]. 

In this case the heat flow will be determined by heat 

conductance of liquid: 
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It should be mentioned that in the frames of 

model without consideration of two-velocity effects, the 

heat flow q is limited by the heat conductance of gas 

phase: 
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where T0 = const is the temperature of liquid; Nui and 

Pei are the Nusselt number and the Peclet number, 

respectively; ci, λi and ki are the heat capacity, heat 

conductivity, and thermal diffusivity of liquid (i = l) 
and gas (i = g), respectively. 

In this work oxyacetylene stoichiometric 

mixture C2H2 + 2.5O2 was considered as gas phase and 

50% mixture of glycerol and water as liquid. Gas 

inflammation inside bubbles are considered in the 

frames of instant flowchart according to which the gas  

 

temperature is varied by ΔT [9] upon reaching certain 

critical value T*.  

 

3 Results And Discussion  
In this work the impact on stationary bubble 

liquid was performed by instant pressure increase by 

ΔP at initial boundary (x = 0) of the considered area. 

The parameter ΔР was selected so that to provide 

origination of detonation wave on initial boundary at 

any parameters of medium initial state. The 

thermophysical properties of carrier liquid were as 

follows: 0

l  = 1130 kg/m3, vl = 6·10-6 m2/s, cl = 

3.3 kJ/(kg·K), λl = 0.42 W/(m·K), Сl = 1700 m/s, T0 = 

293 K, and of the gas phase: a = 1.25 mm, 0

l  = 

1.26 kg/m3, λl = 2.49·10-2 W/(m·K), γ = 1.35, cg = 

1.14 kJ/(kg·K), T* = 1000 K, ΔT = 3200 K. 

Figure 1 illustrates calculated curves of 

amplitude of detonation wave, relative bubble radius 

and gas temperature in the bubbles in 80 ms after 

initiation of impact of boundary pressure on bubble 

liquid. The solid line corresponds to calculation with 

consideration for relative motion of bubbles, the 

dashed line – to one-velocity model. Initial parameters 

of medium are as follows: р0 = 0.1 MPa, αg0 = 4%.  

It can be seen in the plots that calculations 

with consideration for two-velocity effects give rapid 

decrease in gas temperature in bubbles and pressure 

in liquid after detonation wave nearly to initial values, 

whereas calculation according to one-velocity model 

corresponds to high temperature of gas phase and 

increased pressure in liquid in the region after 

detonation wave. 

 
Fig. 1: Distribution of pressure in liquid, relative bubble radius and gas phase temperature. 

 

Increase in relative bubble radius and 

volumetric gas content near initial boundary (x = 0) of 

the considered region is related with the fact that in 

the calculations at this boundary after short pulsed 

impact on liquid the gas pressure in bubbles after 

detonation wave is assumed to be equal to that of 

initial state of bubble liquid whereas the gas pressure 

in bubbles after detonation wave is somewhat higher 

than р0. As a consequence, at the boundary of the 

considered region there appears area of bubble growth 

with its subsequent penetration in the considered 

region. 

It is known that the propagation velocity of 

detonation wave in bubble liquid is higher than the 

equilibrium sound velocity in this medium, though, it 

is lower than the sound velocity in pure liquid. Figure 

2 illustrates the speed of detonation wave D as a 

function of initial volumetric gas content of bubble 
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liquid. The medium parameters are the same as in 

Fig. 1. The symbols correspond to experimental data 
[4], the solid line corresponds to calculations with 

consideration for two-velocity effects, the dashed line – 

to calculations according to one-velocity model. It is  

 

seen that the obtained results of velocity of detonation 

wave on the basis of two-velocity model agree better 

with experimental results. 

 

 
Fig. 2: D(αg0) as a function of gas content. Symbols are experiments, lines – calculations. 

 

The properties of detonation waves occurring in bubble 

liquid also depend on initial state of gas liquid system, 

on initial pressure in particular. With decrease in 

initial pressure in bubble liquid, the amplitude and 

velocity of detonation waves decrease as a consequence 

of accompanying decrease in calorific capacity of the 

system. Figure 3 illustrates velocity and amplitude of 

detonation wave as a function of initial pressure of 

medium. The symbols denote experimental data [4], the 

lines – calculations according to two-velocity model. 

Points 1, 4 in Fig. 3a correspond to initial volumetric 

content of gas phase αg0 = 0.5%, points 2, 5 – αg0 = 1%, 

points 3, 6 – αg0 = 2%. It can be seen that the velocity 

of detonation wave as a function of initial pressure of 

bubble system is nearly linear, and at low volumetric 

gas content (αg0 = 0.5%), the velocity of detonation 

wave approaches the sound velocity in liquid. The 

amplitude of detonation wave as a function of initial 

pressure of bubble liquid is also nearly linear and 

increases with increase in volumetric gas content (Fig. 

3b). Line 1 corresponds to initial volumetric content of 

gas phase αg0 = 0.5%, line 2 – to αg0 = 1%, line 3 – to 

αg0 = 2%. 

 

a) b) 

  
 

Fig. 3: Velocity (a) and amplitude (b) of detonation wave as a function of initial pressure of bubble liquid. Symbols are 

experiments, lines – calculations. 

 

4 Conclusion 
This article analyzed the influence of two-

velocity effects on peculiar feature of propagation of 

detonation wave in bubble liquid. It is demonstrated 

that simulated calculations with consideration for 

relative motion of phases provide results which 

correspond to experiments to a higher extent than 

those without consideration for two-velocity effects. In 

particular, gas temperature rapidly decreases in 

bubbles and pressure drops in liquid after detonation 

wave nearly to initial state of the medium. In addition, 

it is demonstrated that calculation of velocity of 

detonation wave provides results which are closer to 

experimental. The influence of initial pressure of 

bubble medium on velocity and amplitude of 

detonation wave has been analyzed. It has been 

detected that with the increase in pressure of initial 

state of gas liquid system, the velocity and amplitude 

of detonation wave increase nearly linearly which also 

agrees with experimental results. 
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