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Abstract. Mathematical model developed on basis of experimental data 
about processes of deformation organohydrocarbon drops of fuel in stream of 
oxidant. Numerical investigation of integral characteristics of deformation of 
droplet organohydrocarbon fuel with size of drops – 4.5 mm , speed of 
oxidant – 2 m / s, temperature of 298 K has been completed (in accordance 
with the conditions of the experiment). Specific change of surface longitudinal 
and cross section and of organohydrocarbon drops of fuel during its gravity 
precipitation in time has been shown. It showed satisfactory agreement 
theoretical and experimental data. The developed model is the basis for 
solving problem of collapse (crushing) of drops of coal-water and 
organohydrocarbon slurry during their motion in a gaseous medium at a 
subsonic speed. 

1 Introduction 
Behavior form droplets in the gas stream is important for practical applications is pleased, for 
example in the field of medical diagnostics, agriculture, improvement and optimization of 
burners nozzles, inkjet printing, etc. 

Exists numerous publications which are devoted, for example, to the investigation of 
droplet formation, their deformation, breakage, collisions, and evaporation [1-4]. Continuous 
change of shape and area occurs at the droplet surface drops deformation in flight. Therefore, 
the integral characteristics of heat and mass transfer between the droplet surface and the 
surrounding air are changed. 

The review [5], published on the use of numbers only Weber and Reynolds does not allow 
to fully describe the patterns of strain drops. Main characteristics of the “deformation cycles” 
drops depend on the initial droplet size, droplet velocity, gas temperature and fluid properties 
(density, viscosity and surface tension). This feature should be considered in simulating the 
deformation of droplets in the gas stream. 

The aim of this study was to: testing of numerical methods and research of features of 
deformation processes of water droplets as they move into a gas stream (air), which takes into 
account the impact of the initial droplet size, velocity, liquid properties and gaseous medium. 
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2 Mathematical model  
Numerical methods are used in this paper to simulate two-phase flows in a T- microchannel,
based on the volume of fluid method in the cells. This works well for the calculation of 
macroscopic flows with free surface [6-9]. The idea of the method is that the liquid and gas are 
treated as a single two-component medium and the spatial distribution of the phases within the 
computational domain is determined using a marker function F(x,y,z,t,), which value specifies 
the volume fraction of the liquid phase in the computational cell as follows: 

0, if  the cell is empty
F(x, y, z) =

1, if  the cell is completely filled with the liquid 

�
�
�

0<F(x,y,z,t)<1 – if the phase boundary passes through the cell. 
Since the free surface moves together with the liquid, tracking of the free boundary in 

space is performed by solving the transport equation for the volume fraction of the liquid 
phase in the cell: 

�     (1)

Here V is the velocity vector of the two-phase medium obtained by solving the 
hydrodynamic equations, consisting of the equations of conservation of mass, or the continuity 
equation: 

ρ
+ (ρ ) = 0

t

V
    (2)

and the equations of motion and the law of conservation of momentum: 

  (3)

Where τ - viscous stress tensor, F – vector of body forces, p - static pressure, ρ - the 
density of the two-phase medium. 

The components of the viscous stress tensor τij  defined as: 

U UU 2ji kτ = μ( + - δ )
ij ij

x x 3 x
j i k

  (4)

Where μ - viscosity coefficient of the liquid, Uij – the components of the velocity vector. 
The density and viscosity coefficient of the two-component medium considered obtained 

from the volume fraction of liquid in the cell: 

ρ = ρ F +(1- F)μ
1 2

    (5) 

μ = μ F +(1- F)μ
1 2

    (6) 
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Here, ρ1, μ1 - density and viscosity coefficient of the liquid, ρ2, μ2 - the density and 
viscosity coefficient of the second fluid. 

Thus obtained density values ρ and viscosity μ are included in the equation of motion and 
determine the physical properties of the two-phase medium. The phenomenon of surface 
tension occurs when considering the fluid flows with the interface, which cannot be ignored in 
the case of flow in microchannels. Surface tension plays a key role in microchannels. The 
study of currents, controlled by surface tension, is a very difficult task. VOF method makes it 
relatively easy to take into account the effect of surface tension forces. Most often, the VOF 
method uses the so-called continuum surface force (CSF) algorithm to model surface tension 
[10,11]. The essence of this algorithm is that the equations of motion include an additional 
volume force Fs whose magnitude is given by the relation: 

F = σk F
s

     (7)

Where σ is the surface tension coefficient and k is the curvature of the free surface 
determined by the divergence of the normal vector: 

n

k =

n

� �
� 	

 �

     (8)

The normal to the free surface is in turn calculated as the gradient of the volume fraction of 
the liquid phase in the cell: 

n = F      (9) 

On the solid wall, the magnitude of the normal vector is determined from the contact angle 
θ : 

n = n cosθ + τ sinθ
w w    (10) 

Where nw, τw – are the normal and tangential vectors to the wall. 

3 Formulation of the problem. Results
In this study, a numerical method of calculation of two-phase flows with a free surface was 
tested. Experimental data were taken from a paper [5]. The geometry of the task is shown in 
figure 1. Geometry is a rectangle with a tube from which the water flows at a speed of 0.12 m / 
s. axisymmetric formulation used. The inner diameter of the nozzle of the dispenser is 2.5 mm. 

Fig. 1. Geometry of the case. 

A drop of water moving with a certain “deformation cycles” sequence. The complexity is 
the simulation of the formation of the expiry of the jet of droplets from a nozzle at the initial 
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stage. Nozzle geometry, fluid dispensing speed and the contact angle must be taken into 
account for an adequate description of this process. 

Comparison of simulation results with experimental data [5] presented in figure 2 at the 
stage of the formation of drops. As can be seen, the agreement between calculation and 
experiment shows good dynamics for the formation of drops and form of the free surface. 

 
Fig. 2. Evolution of  behavior of drop at initial stage. Black and white image - experiment, color images - 
the simulation results.

Movement of droplets in the stream is accompanied by periodic oscillations of its form, 
after the drop formed a comparison of the dynamics of the behavior of a drop in the 
calculation and the experiment shown in figure 3. It may be noted, the form of droplets in the 
experiment and the calculation agrees well. 

Comparison of the calculated drop shape with experimental photographs shown in 
figure 4. at various times .we visualize droplet sectional while the experiment is presented in a 
three-dimensional droplet shape in perspective. However, in the main points, the calculated 
drop shape similar to experimental photos. 

Fig. 3. Typical shapes of water drops a) The 
results of the calculation; b) The actual shape of 
the drop [5]; c) The ideal form of drops [5].

Fig. 4. Form of  droplet surface in calculation 
and experiment at various time. Black and white 
image - experiment, color images - the 
simulation results. 

Quantitative comparison of calculation and experiment is shown in figure 5. The graph 
shows the behavior of the relative amplitude of the vertical oscillations drops in time, related 
to the period of oscillations. As can be seen, the oscillation amplitude decays with time. The 
frequency and amplitude of the oscillations in the same experiment and calculation. 
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Fig. 5. Dependence of the relative vertical oscillation amplitude drops in the stream. Red facilities -
calculation results.

4 Conclusion 
Mathematical model and numerical method of calculating the deformation of droplets in the 
gas flow is developed. The model is based on the Volume of fluid method and algorithm CSF 
(continuum surface force) to calculate the surface tension. A series of calculations was 
performed fall and deformation of water droplets. The simulation results are compared with 
experimental data a satisfactory agreement. In the future, we plan to develop this model to the 
problem of deformation of drops coal-water slurry.
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