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Abstract. Disinfection of beehives and beekeeping equipment plays an important role in beekeeping. How it will 

be produced influences not only the health of the bee family, but also the productivity of the apiary. In this case, 

the use of environmentally friendly methods of obtaining disinfectant solutions is most important. In our opinion, 

one of these methods is the method of obtaining disinfecting aqueous solutions of ozone by bubbling. Ozone is a 

strong oxidizer, even greater than oxygen. Ozone has a disinfecting effect and unlike chlorine does not form 

toxins. Ozone-air mixture has been successfully used for the prevention and treatment of bacteriosis of bees. The 

use of ozone to produce disinfectant solutions will further expand the scope of its application in the apiary. It is 

first necessary to simulate the process of bubbling water with ozone in order to justify the parameters and modes 

of operation of the installation for production of disinfecting aqueous solutions of ozone. The simulation of this 

process is made in the program Comsol Multiphysics 5.4. In this program the 2D model of the installation was 

created and the physical modules responsible for modeling the motion of gas bubbles in liquid were configured, 

as well as with regard of the chemical reactions occurring in water during ozone bubbling. The simulation results 

can justify the bubbling parameters: concentration of ozone at the entrance to the setting and time of receiving of 

the solution. It is proposed to conduct its electric activation in the diaphragm of the electrolyzer before bubbling 

with ozone to enhance the action of the disinfectant solution. The purpose of this research is to develop a model 

of the process of water bubbling with ozone, which substantiates the time of bubbling sufficient to obtain a 

disinfectant solution used in disinfection of bee hives. 
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Introduction 

Disinfection of beehives and all other beekeeping equipment is one of the most important 

activities carried out by a beekeeper at the apiary. Not only the health of the bee colonies, the 

marketable amount of the bee products, but also the survival of bees directly depend on the proper 

processing of bee housing during the season. So, the experienced beekeepers spare neither time nor 

money for disinfection of bee equipment. To carry out this technological operation, we propose to use 

water bubbled with ozone O3 as a means of reducing the seeding with pathogenic microorganisms. 

Ozone itself is a strong disinfectant and is able to kill even viruses. When bubbling water with this gas, 

additional oxidizers are formed in the water such as oxygen O2, hydroperoxyl radical HO2, hydrogen 

peroxide H2O2, which increase the disinfecting properties of the resulting solution. Currently, water 

bubbling with ozone is widely used in medicine for preparation of physiological solutions, for 

wastewater treatment [1-3]. Despite this, the parameters of the process of water bubbling with ozone 

to produce disinfectant solutions have not yet been determined. In order to recommend the most 

optimal parameters of water bubbling with ozone it is necessary to carry out mathematical modeling of 

this process. Thus, the purpose of this research is to develop a model of the process of water bubbling 

with ozone, which substantiates the time of bubbling sufficient to obtain a disinfectant solution used in 

disinfection of bee hives. 

Materials and methods 

At present there are two generally accepted models of ozone decomposition: SBH and TFG. 

According to [4], the former is the appropriate one. We present some chemical reactions from the SBH 

model that are directly related to ozone decomposition: 

 223 OHOOHO +→+   (1) 

 33 HOHO →+    (2) 

 43 HOOHO →+  (3) 

 OHHOOHO +→+ 323   (4) 
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The production of hydrogen peroxide Н2О2 is also worth mentioning: 

 222 OHHHO →+   (5) 

These are not all reactions of ozone decomposition in water, but they can give a picture of what is 

happening and what compounds are obtained. 

The following assumptions are made to model ozone bubbling: 

• density of gas is negligible compared to the density of liquid; 

• movement of gas bubbles relative to the liquid is determined by the balance between the 

forces of viscous resistance and pressure; 

• liquid and gas phases having the same pressure field; 

• volume fraction of gas does not exceed 10 %; 

• diameter of the gas bubbles from 1 to 2 mm. 

In general, with regard to the assumptions made, the system of equations for the process under 

consideration will be [5]: 
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where ul – velocity vector for water, m·s
-1

; 

  p – pressure, Pa; 

 ϕ1 – volume fraction of water, m
3
·m

-3
; 

 ρl – the density of water, kg·m
-3

; 

 g – gravity vector, m·s
-2

; 

 F – any additional volume force, N·m
-3

; 

 µl – dynamic viscosity of water, Pa·s; 

 µT – turbulent viscosity, Pa·s. 

In our case, the dynamic viscosity µT is absent. Velocity of gas ug is a total of the velocity of the 

liquid phase ul and the velocity between the phases uslip: 

 sliplg uuu +=     (8) 

The balance between the viscous drag force, fD and the pressure gradient is used as a slip model 

[6]: 

 Dg fp =∇φ     (9) 
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where db – bubble diameter, m; 

 Сd – viscous drag coefficient. 

Since we have assumed that the diameter of the gas bubbles will be in the range from 1 to 2 mm, 

we can use the model of Hadamard-Rybczynski to determine Cd [7]: 
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Mass exchange between liquid and gas is calculated on two-film theory: 

 NMamgl =    (12) 

where mgl – mass transfer from gas to liquid, kg·(m
3
·c)

-1
; 

 N – Henry’s constant, mol·(s·m
2
)

-1
; 

 а – interfacial surface area per unit of volume, m
2
·m

-3
; 
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 M – molecular mass of ozone, kg·mol
-1

. 

The Henry’s constant can be found by the formula:  

 )( * cckN −=    (13) 

where  k – mass transfer coefficient, m·s
-1

; 

 c – dissolved gas concentration in liquid, mol·m
-3

; 

 c
*
 – equilibrium concentration of gas dissolved in liquid, mol·m

-3
; 

 
H

pp
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   (14) 

where  pref – reference pressure, Pa; 

 H – Henry constant, (Paˑm
3
)·mol

-1
. 

The coefficient of mass exchange k and the Henry’s constant were found in scientific literature 

and are equal to 2.5·10
-3

 m·s
-1

 and 0.220 kPa·L·m
-1

 respectively [8]. 

The modeling was made in the program Comsol Multiphysics 5.4. There were used 2 physical 

modules: Bubble Flow and Transport of Diluted Species. The obtained model is similar to the model 

of water bubbled with carbon dioxide, this process was described in detail in [9]. The general view of 

the geometric model is shown in Fig. 1. 
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Fig. 1. Geometric model of ozone bubbled water: 1 – wall; 2 – ozone outlet;  

3 – ozone supply tube; 4 – water; 5 – ozone inlet; 6 – axis of symmetry 

For water bubbling with ozone it is advisable to use the same ozonizers that are used for the 

prevention and treatment of bee diseases. The concentration of the ozone – air mixture in the hive, 

which is supplied by such ozonizers, is 50 mg·m
-3 

[10]. The ozone concentration entering the liquid is 

the same. The hole of the ozone supply tube has a diameter of 4 mm. The bubbling time is 

100 seconds. The tank for bubbling is a cylinder with a diameter of 15 cm and a height of 12.5 cm. 

Results and discussion 

The graph of the change of the mean ozone concentration over time is presented in Fig. 2 during 

the modeling. The ozone concentration fields were obtained at different time intervals, some of them 

were shown in Fig. 3. 

It can be concluded from Figure 2 that the concentration of ozone in water will be above 

0.001 mol·m
-3

 (50 mg·m
-3

) after 50 seconds, and it is sufficient for treatment and disinfection of 

beehives by spraying them with the obtained solution [10]. 
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Fig. 2. Change of mean ozone concentration over time 

  

Fig. 3. Ozone concentration fields after 20 seconds (left) and after 120 seconds (right) 

The fields of liquid phase velocities due to convective transport of dissolved ozone during the 

simulation were obtained, which are shown in Fig. 4. 

  

Fig. 4. Liquid phase velocity fields after 20 seconds (left) and after 120 seconds (right) 

Since after termination of the bubbling process the ozone concentration in the water will be 

reduced due to the interaction of ozone with water molecules and hydroxyl ions, it is proposed to 

increase the bubbling time to 120 seconds to have time to pour the solution into the sprayer and treat 

the hive. 
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In 2017 the patent was obtained using such diaphragm in the electric activator [11]. 

Conclusions 

Thus, it is possible to recommend the following parameters for experimental studies on the effect 

of the solution bubbled with ozone on the bacterial contamination of sprayed hives and bee equipment: 

• concentration of ozone at the entrance to water is 50 mg·m
-3

; 

• time of barbotage for 2 minutes. 

In our opinion, the process of bubbling of water with ozone and saturation of water with such 

oxidants as O2, HO2 and H2O2 can be combined with the process of water electrolysis in the diaphragm 

electric activator. This can be achieved by replacing the diaphragm of the electric activator with the 

flow of ozone bubbles between the anode and the cathode. This will reduce the time to obtain the 

disinfectant solution, as well as increase the operational properties of the electric activator due to the 

lack of the diaphragm and inabilities to clog its pores with salts. In 2017 the patent was obtained using 

such diaphragm in the electric activator. Our further researches will be directed to the research and 

improvement of such installations.  
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