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ANNOTATION 

The article presents the research work carried out on the determination of the hydraulic resistance and cleaning 

efficiency of the industrial secondary exhaust gas scrubber. The equation for determining the hydraulic resistance and 

resistance coefficients in the working bodies of the device is recommended. 
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Introduction: 

Globally, technological processes and devices for the prevention of pollution of the atmosphere with secondary 

emissions have been introduced. At the same time, it is important to solve environmental problems and regulate their 

recycling through the treatment of secondary emissions generated in the food, chemical and other industries [1,2,3]. 

Today, a lot of research is being done in the world in priority areas such as chemical, building materials production and 

intensive treatment of secondary emissions in other industries [1,2,3 and others]. In recent years, our country has also 

conducted research aimed at creating processes and devices in this area [1,4,5,6,7, etc.]. However, as a result of 

growing human demand for natural and man-made products, industrial enterprises are introducing a new range of 

products, as well as accelerating the level of environmental pollution. Therefore, on additional measures to improve the 

system of public administration in the field of ecology and environmental protection, 

Research methods: 

Based on the above, a modern design scheme of an intensive cleaning scrubber and a laboratory device for the 

distribution of industrial secondary gases in the working fluid on the basis of rotational motion was developed [7] 

(Figure 1).  

The secondary exhaust gas to be cleaned in the device passes through the gas pipe 6 to the guide pipe 8, increasing the 

gas velocity. In the middle of the pipe 8 there is a conical device 9, which increases the gas velocity to the maximum 

value, which in turn connects the pipe 8 and the puller 2, which transmits gas in the liquid. The number of gas 

transmission pipes of Puller 2 is 4 and their intermediate degrees are located at 900. Common openings are drilled in 

the pipelines, through which the purified gas passes into the liquid medium and is in the process of mass transfer in the 

liquid. During the transition of the purified gas to the liquid medium, it moves the syringe in a circular motion within 

the liquid and ensures that the gas moves on the entire inner surface of the liquid. A grid nozzle 4 is mounted on the 

upper part of the apparatus body to improve the mass transfer process and to keep the purified gas in the liquid medium 

for a longer period of time. The purified gas is released into the atmosphere through a tube 3 mounted on the upper part 

of the apparatus body. The sludge pipe 10 and the liquid pipe 5 serve to constantly change the sludge water inside the 

apparatus. The device uses an adjusting device 7 to ensure the continuous movement of the syringe and the 

transmission pipe in the liquid. 
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1-scrubber body; 2-secondary gas distribution puller; 3-purified gas outlet pipe; 

4-lattice attachment; 5-fluid transmission pipe; 6-clean gas pipeline; 7-trestle; 

8-reference pipe; 9-gas conical plug; 10-liquid sludge. 

Figure 1. Scheme of a scrubber that cleans gases by circulating them in a liquid. 

Research has been conducted to evaluate the effect of device hydraulic resistance on cleaning efficiency. 

In devices for neutralizing secondary exhaust gases, it is important to study the loads that affect the gas velocity in the 

working bodies of the device and to correctly calculate the equations. This condition is the main factor determining the 

hydraulic resistance of the device, the coefficient of resistance in the working bodies and the optimal parameters of 

work efficiency.While an increase in hydraulic resistance in the working bodies of the device has a positive effect on 

cleaning efficiency, it leads to a decrease in work efficiency. This es in turn increases the energy consumption used for 

cleaning. Taking into account the above and using the design scheme of the device, we consider the optimal method for 

determining the hydraulic resistance and cleaning efficiency. 

Research results: 

The scrubber under study consists of a secondary gas guide tube (8) and a distributor syringe (2) that circulates the gas 

flow in the liquid medium under the influence of flow energy. In this case, the equation determining the total hydraulic 

resistance of the device can be constructed as follows, Pa; 

��um = �yk + �ts + ��    (1) 

where Pyk– the pressure lost during the movement of the secondary gas in the directing pipe, which is determined using 

the Darcy-Weisbach equation [1,3,8,9]. Then the equation can be written as, Pa; 

�yk = �yk

�ar⋅	
yk

�
     (2) 

where υyk– the velocity of the secondary gas in the pipeline, m / s; ξyk– the local resistance coefficient of the guide tube, 

which is determined by the following equation; 
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�yk = � 

��      (3) 

where l is the length of the pipe, m; de is the equivalent diameter of the pipe, m; λ – Darcy coefficient is found to 

depend on many factors in the expression of its law of change by empirical equations. Based on the structure of the 

experimental device, the determination of the Darcy coefficient in the equation by Blazius's law was introduced 

[5,10,11]. In this case, equation (3) looks like this; 

�yk = �,3164

�� √Re

�       (4) 

If you put Equation (4) into Equation (4), then Equation (2) looks like this, Pa. 

�yk = �,3164
�ar	
yk

��� √Re
�

     (5) 

Pts– the pressure lost when the gas flows through the guide hole of the distributor, which is determined by the following 

equation, Pa; 

�ts = �ts

�ar⋅	
ts

�
     (6) 

where υts is the velocity of the gas flow through the puller hole, m / s; ξts– the coefficient of resistance of the borehole, 

which is determined using the experimental method of B.A. Alimatov and I.T. Karimov on the change of the 

coefficient of resistance of the borehole depending on the ratio of the thickness of the borehole to the diameter of the 

borehole. [12,13]. In this case, the calculation equation can be written as follows; 

�ts = �
��      (7) 

where δ– the thickness of the puller hole, mm; diameter of dt – puller hole, mm 

If you put equation (7) into equation (6), then equation (6) looks like this, Pa. 

�ts = �⋅�at⋅	
ts

���
     (8) 

Pts– is the pressure lost by the gas flow through the liquid medium, which is determined by the following equation, Pa; 

�� = �� �ar⋅	
�
�

     (9) 

where υs– thelost velocity of the gas flow through the liquid medium, m / s; ξs– the coefficient of resistance of the 

working fluid to the gas flow, which can only be determined experimentally. 

ρar – the density of a mixture of secondary gas and air, which is determined by the following equation. kg / m
3
; 

�ar = �� + ��� ⋅ ��     (10) 

where ρg– the density of the secondary gas, kg / m3; ρx– airdensity, kg / m
3
; ρ– amount of secondary gas in the air,%. 

If we put Equations (8) and (9) into Equation (1), we get the following, Pa 

��um = �ar ��,3164
	
yk

��� √Re
� + δυ
ts

��� + ��	
�
�      (10) 

Using the resulting equation (10), we are able to determine the total hydraulic resistance in the device. 

Determining the resistance coefficient ξs in equation (9) is complex and requires different deviations. Therefore, we 

introduce the equation for determining the coefficient of resistance by the ratio of the number of revolutions in the open 

cycle and in the liquid under the influence of the gas flow force of the syringe. 

�� = !xb

!sb
     (11) 

where nxb– the number of revolutions of the puller under the influence of natural air pressure, times / minute; nsb– the 

number of revolutions of the syringe under the influence of water pressure, times / minute; 

It can be seen from this equation that an increase in water pressure or viscosity leads to an increase in the coefficient of 

resistance.  
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Based on the above factors, by modifying Equation (10), it will be possible to determine the total hydraulic resistance 

of the device as follows, Pa. 

��um = �ar ��,3164
	
yk

��� √Re
� + δυ
ts

��� + !xb	
�
�!sb

    (12) 

The cleaning efficiency of secondary exhaust gas washing devices is determined by the energy expended to carry out 

the process. It is known from K.T. Semrau’s research work that the cleaning efficiency depends on the hydraulic 

resistance of the device and not on the size and design of the device. In this case, the total energy consumption should 

be spent on the purification of dusty gases using liquids [1,14,15]. 

The energy consumption in the proposed device also includes the energy expended due to friction in the secondary 

exhaust gas inlet and outlet part of the device, injectors, liquid gas washing, pump and fans. 

Since it is a complex process to calculate the exact amount of energy expended on the friction of a liquid and gas 

stream in a device as it passes through the device, we introduce the calculation of total energy consumption using the 

following equation using K.T. Semrau’s research work. This method of calculation gives an ± 10% error when applied 

to gas treatment plants with different design and working principle. The total energy consumption of the device is 

determined by the following equation, kJ /1000m
3
; 

К� = ��um + ��kb

"suy

"gas
+ #�

"gas
     (13) 

where ∆Ps is the hydraulic resistance of the device, Pa; ∆Pkb is the pressure depending on the viscosity of the liquid, Pa; 

Vsuy - volume consumption of liquid, m3; Volume consumption of gas, m
3
; Ns - power consumption for liquid and gas 

transmission, W; 

The relationship between gas cleaning efficiency and energy consumption is expressed as follows,%; 

$%&' = 1-()*+,-./
     (14) 

where V and x– invariant numbers, which are determined experimentally by the dispersed composition of the powder. 

To determine the exact value of the cleaning efficiency, ηs is expressed as the number of substances transferred. The 

number of substance transfers is determined by the following equation; 

01 = ln( 3
345�)     (15) 

When the numerical value obtained in the equation is in the range of 0.5 ÷ 10, the determined value is compared 

according to Table 1 and the cleaning efficiency of the device is determined. 

1-table 

Cleaning efficiency depending on the number of substance transfers 

Number of item transfers 

Nm 

Cleaning efficiency 

ηs 

Number of item transfers 

Nm 

Cleaning efficiency 

ηs 

0.5 39.35 4.0 98.17 

1.0 63.21 6.0 99,752 

2.0 86.47 10.0 99,9953 

Conclusion: 
According to the theoretical research, the hydraulic resistances acting on the working bodies of the dusty gas device, 

the coefficients of friction and local resistance in the working bodies, as well as the analytical connections that allow to 

conduct the cleaning efficiency were considered. On the basis of theoretical studies, an equation was determined to 

determine the coefficient of resistance of the device in the circuit. 

It was determined that the minimum value of liquid consumption for cleaning 1m
3
 of dusty gas during the cleaning of 

dust gases should not be less than 0.1 liters and the maximum value should not exceed 0.2 liters. 
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