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The equation for the calculation of a mean size of liquid drops and a kind of a dimensional distribution function of 
the drops formed at a liquid dispersion in a regular-packed scrubber have been suggested in the present article. 
The proposed technique is based on the maximum entropy principle (MEP) with use of a dissipative approach. It 
was established that the distribution of drops according to their sizes in a regular-packed scrubber is described by 
the Rosin-Rambler equation. The influence of a turbulent gas flow’s energy on a liquid’s dispersion process is 
taken into consideration by application of the Kolmogorov-Obukhov law. The article contains the comparison of 
the calculation and experimental results. Despite the application of a number of simplifications at the modelling 
the experimental data have shown a satisfactory correspondence to the calculated results. The results obtained 
can be useful at engineering design of chemical apparatuses.  

1. Introduction 

Mass transfer processes in gas-liquid systems are often carried out at intensive regimes of fully developed 
turbulence at high gas rates (Bird, et al., 2007). Such regime is realised in apparatuses with a regular packing 
(Volnenko, et al., 2015) at the expense of introduction of discretely distributed or movable solid bodies in a 
contact zone. This regime promotes the growth of turbulent diffusion of the components (Shakirova, et al., 2014) 
and development of a drop surface of the phase contact (Serikuli, et al., 2014).  
A liquid phase in the packing volume is as a film on the packing elements and as drops in the space between the 
elements. Owing to high rates of a gas stream that is accelerated at flow over the packing elements the film is 
sprayed; it leads to formation of a large quantity of fine drops of various sizes. Dispersion of the formed liquid 
drops depends on the gas-liquid interaction regimes and design parameters of the packing. 
Prediction of the drops’ dispersion and size distribution is of great importance for the fundamental analysis 
(Maćkowiak J., 2018) and practical calculations (Flagiello, et al., 2018) of heat and mass transfer processes in 
apparatuses with a drop structure of a gas-liquid interaction. 
Classical models for prediction of the drops’ diameters and rates distribution in turbulent gas flows were obtained 
on the basis of experimental data. In this case the distribution curves are constructed on the basis of the 
experiments carried out at various regime and design parameters. Such the approach is a foundation for Rosin-
Rambler, Nukiyama-Tanasawa, log-normal and other distributions (Ashgriz, 2011). 
The basic problem of empirical distributions is a fact that they are applicable for a certain narrow set of 
experimental data and are not suitable for description of the distributions with a wide change limit of drops’ sizes 
(Paloposki, 1994). 
On the basis of the statistical approaches based on the maximum entropy principle (MEP) it is possible to obtain a 
more general view of the drops’ size distribution (Babinsky, et al., 2002). The MEP approach allows us to predict 
the most probable drops’ size distributions taking into account the accessible information about the liquid 
dispersion mechanism (Movahednejad, et al., 2010).  
The purpose of the given work was to obtain a kind of the drops’ size distribution function on the basis of the MEP 
approach taking into consideration the turbulent mechanism of liquid dispersion in a regular-packed scrubber. 
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2. Governing Equations 

Formation of the drop stream in a regular packed bed occurs after disintegration of the film and jet streams at 
the expense of the disturbances caused by influence of turbulent pulsations of the medium (Serikuli, et al., 
2014). Dispersion of the liquid is accompanied by formation of quite coarse drops with a diameter of сD  that 

is proportional, according to Rayleigh (Kolev, 2011), to the disturbance wave length. Conceding that a volume 
of the formed coarse drop is equal to a volume of the initial (undisturbed) part of the jet which length is equal 
to the disturbance wave length, it is possible to obtain a formula for calculation of the coarse drops’ diameter: 
 

jmjc dBD 89,1= , (1) 

 
where jB - an experimental coefficient depending on the hydrodynamic regime of gas-liquid interaction in the 

packing bed; jmd - the jet mean diameter. 

The coarse drops formed at the jet disintegration are unstable in the turbulent gas flow and have the ability to 
secondary dispersion and formation of an ensemble of the drops with smaller diameter of mD ; these drops are 

steady (equilibrium) in the gas flow with the given dynamic pressure. 
On the basis of solution of a balance equation of the forces operating on a unit drop and using the dissipative 
approach (Shakirova, et al., 2014) the following formula for determination of the mean drop diameter has been 
obtained: 
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here A - an experimental coefficient depending on a type of the packing element, σ - a surface tension 

coefficient, pψ - a resistance coefficient of the packing element, gρ - the gas density, lρ - the liquid density,

gu - the gas rate. 

The intensive turbulence of the continuous flow in a regular-packed bed, which structure is close to a 
homogeneous structure, predetermines the equiprobable existence of the pulsation spectrum in the scale of 

ll Δ± responsible for formation of the drops in the size of DD Δ± in all the flow volume under the stipulation 
that Dl ~ .  
The dispersion process is a relaxation one, then the dispersed phase can be represented as the closed macro 
system with generalized coordinates generally equal to spatial coordinates (pulsation rates, sizes, impulses 
etc.) of all the drops.  
Using basic provisions of equilibrium statistical physics for a closed macro system, for which a set of possible 
states is discrete, it can be written (Shannon, et al., 1949): 

 

 =Gp ii ε ,                   (3) 

 

 = 1ip  .                        (4) 

 
Here −ip detection probability of a closed macro system in i state; −iε energy of a macro system in i  

state; G – the average value of dispersed phase’s total energy. 
Entropy of the micro system under discussion, characterized by a discrete set of its possible states, is: 
 

{ } −= iii pppS ln)(   (5) 

According to the maximum entropy principle in case of the equilibrium distribution of { }ip not only the fulfillment 

of conditions (3) and (4) takes place but also the entropy value is maximized.  
Some researchers (Van der Geld, et al., 1994) stated that the Shannon entropy is not a relevant criterion if to 
use a drop volume instead of a drop diameter. This fact was considered in the paper (Cousin, et al., 1996). 
The authors specified that the MEP should be used for prognostication of the size distribution if it is known that 
the drops are spherical. They suggested new adequate approaches to the choice of the restrictions based on 
some representative diameters of the obtained distribution: 
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Here q is an order of a restriction; it is analogous to the distribution parameter in the Rosin-Rambler formula,  

( )qε  - representative energy of a drop. It produces: 

 

( )( )q
100 expf ελλ −−= ,                    (8)  

 
where −10 ,λλ Lagrangian arbitrary multipliers. 

Thus, the equilibrium probability distribution of the closed macro system is determined in accordance with 
equation (8) as the most probable distribution from all the distributions satisfying conditions (6) and (7). 
Being based on formula (8) it is possible to calculate the energy distribution probability of an individual drop: 
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Assuming that the drops are in the thermodynamic and hydrodynamic equilibrium with the gas surrounding 
them and have a spherical form, it is possible to connect the energy with the drops’ sizes and pass to the size 
distribution function. For this purpose let us represent the drop energy as a sum of its internal vε and surface

sε energies: 

 

( ) 232
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The average value of the pulsation rate can be determined on the basis of the Kolmogorov-Obukhov law 
(Kolmogorov A.N., 1991): 
 

3131 lBEu =′ ,                                           (11)  
 
here l  - a scale of the vortexes (pulsations) effectively influencing on the coarse drops, E - dissipation 
energy, B - a special coefficient. 
The dissipation of energy in the liquid mass is determined as a ratio of the power of the vortex vP formed at 

flow of the packing element to the liquid mass lm  (Hanna, et al., 1982): 
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The vortex power and the mass in this formula are calculated by the following way: 
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lll Vm ρ= ,                        (14) 

 
where pψ - a resistance coefficient of the packing element, pS - cross-section area of the packing element, 

lV - the liquid volume on the packing element. 

The energy distribution function ( )εf  and the drops’ size distribution function ( )Df  are connected by the 
following relation: 

( ) ( ) ( )D
D

d
dff εε= .                                                          (15) 

 
Solving equation (15) in view of (9) – (14) gives the following expression: 
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For the cases when gl ρρ >> expression (16) can be represented as: 
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Here mD - the mean equilibrium drop diameter.   

Equations (16) and (17) are analogous to the Rosin-Rambler equation but they were obtained on the basis of 
the MEP approach taking into consideration the turbulent mechanism of liquid dispersion in a regular-packed 
apparatus.  
The test of equations (16-17) was implemented at the experimental setup represented in Figure 1. 

Figure 1: Schematic diagram of the experimental setup 
1 – a column; 2 – a packing; 3 – a liquid distributor; 4 – a gate valve; 5 – a fan; 6 – a pump; 7 – a valve; 8 – a 
circulating (discharge) tank; 9 – a drop catcher; 10 – a laser with telescopic expanders and a cylindrical lens; 
11 – a camera. 

Regular packing 2 was located in glass square-section column 1 with the side of 450 mm. The packing 
elements producing the turbulence represented square metal plates with a side of )(. mb 10=  placed on a 

thin metal core with a vertical step of btv 2= . The plates on the next cores were fixed in the staggered order. 

The step between the cores was bt g = . 

The experimental setup works in the following way. An air flow due to the vacuum induced by fan 5 is fed in a 
vertical working channel of glass column 1. Water for spraying is fed in the column through distributor 3. The 
air and water discharge rates are regulated by way of gate valve 4 and valve 7. The installation operates 
according to a counterflow regime of phase interaction.  
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During the experiment the gas (air) rate in the free column area changed in limits of )( smu g 61 ÷= , the 

specific mass discharge of water was in interval of s )mkg(

2205 ÷=L . The dispersion of drops was 

measured by the Doppler laser anemometric technique (Albrecht, et al., 2003). 
The essence of the method consists that the flow under consideration at full absence of any external lighting is 
illuminated with the narrow laser radiation beam produced in the demanded direction by means of laser 10 
with telescopic expanders and a cylindrical lens. In the process the flow under study is cut by the light plane 
that provides visualisation of any particles or, generally, any interphase boundaries passing through this plane 
owing to refraction and dispersion of the laser radiation on these interphase boundaries. Registration of the 
observed picture is made by means of camera 11.  
Some experimental results (the step line) and the calculated distribution curve (the solid line) are represented 
in Figure 2.  

Figure 2: Comparison of theoretical (solid line) and experimental (step line) drop size distribution. 

Gas rate )(4 smu g = ; specific mass water discharge s )mkg(12 2=L ;  

horizontal and vertical steps –  b2

As follows from the figure, in the area of fine and average drops there is the satisfactory correspondence 
between the theoretical and experimental results. In the field of coarse drops there is the insignificant 
disagreement of the results. 

3. Conclusion

The kind of the size distribution function of the drops in a regular-packed scrubber was determined in the work 
using the maximum entropy principle. For taking into account of the turbulence effect on the liquid’s dispersion 
process the dissipative approach was used. 
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It was established that the distribution of drops in accordance with their sizes in a regular-packed scrubber is 
determined by the Rosin-Rambler equation. However, in this work the empirical coefficients characteristic for 
the Rosin-Rambler equation were determined analytically on the basis of consideration of the liquid dispersion 
mechanism in a regular-packed bed.   
In spite of the application of some simplifications at the modelling the experiment data showed the satisfactory 
conformity to the calculation results. 
The above permits us to draw a conclusion that the application of the MEP for prediction of the drops’ size 
distribution in a regular packed bed has shown the most adequate identification satisfying to laws of 
conservation of mass, momentum and energy. The results obtained can be useful for calculation of intensity of 
mass transfer processes in chemical apparatuses and for optimum designing purposes. 
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