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Introduction. 

By regenerating cardboard filter elements, their original aerodynamic drag cannot be completely 

restored. However, depending on the method of regeneration, it is possible to significantly reduce the 

resistance of the filter element close to the original [1]. 

At the nominal air flow resistance of the new filter element is less than the resistance of the restored 

at 0.15-0.25 kPa. Moreover, the lower resistance value corresponds to the wet cleaning method, and the 

higher value-to dry (purge with compressed air at a pressure of 0.3-0.4 MPa) method for cleaning the filter 

element. 

The regularity of changes in air resistance from the operating time of the filter element is nonlinear, 

i.e. in the form of a parabolic dependence [2]. This dependency can be described as: 

∆𝑃𝑖 = 𝑎 ∗ 𝐿2 + 𝑏 ∗ 𝐿 + 𝑐 

where:  

∆Pi - resistance of the air filter depending on its operating time L, kPa; 

a, b - values depending on the complexity of the air filter design; 

C  - initial filter resistance in kPa. 

 

This means that the parabolic dependence of the change in air resistance passes through the origin. 

From the requirements of the standard it is known that the initial resistance of the new air filter at the 

nominal air flow rate consumed by the engine should not exceed 0.08 - 0.12 kPa. The maximum permissible 

value of the clogged air filter should be 5.0-6.0 kPa. Further increase in the resistance of the air filter will 

lead to difficult engine start, unstable operation, fuel overruns and other negative consequences. 

Research analysis. 

We have studied the operating conditions and modes of maintenance of air filters of Mercedes-Benz 

buses in the conditions of Tashkent [3]. 

Currently, the filter elements of air filters in bus fleets are replaced with new ones after 75-90 

thousand km of run taking into account their real condition. During this time, the bus power supply system is 

subjected to five or six times the service, respectively. 
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Table 1. 

Changing the aerodynamic resistance of air filters depending on their operating time. 

Number of 

recoveries 

Bus mileage, 

thousand km 

Aerodynamic drag, kPa 
Results of external inspection of 

the filter element 
A clogged 

filter 

Restored 

filter 

New 0 - 1.20  
New condition, meets the 

requirements of the standard 

1 15.0±0.3 4.50 1.40 Normal state 

2 30.0±0.3 4.70 1.65 Normal state 

3 45.0±0.3 4.85 1.8 Normal state 

4 60.0±0.3 5.05 2.05 
Traces of violation of the structure 

of the filter material 

5 75.0±0.3 5.6 2.40 
Noticeable disruption of the 

structure of the filter material 

 

For air filter elements, the service is to remove the dust settled on the surface and pores of the filter 

material under the pressure of 0.3 - 0.4 MPa in special installations. 

Table 1 shows the increase in filter resistance during operation every 15 thousand km, which shows 

that the aerodynamic resistance of the new air filter on the run after the first recovery is reduced from 4.5 to 

1.4 kPa.(at nominal air flow rate). 

External inspection of the filter element after three times of recovery found that changes or violations 

on the surface of the filtration material were not observed. It can be assumed that the dust transmission 

coefficients of the filtration material did not deteriorate. 

After the fourth restoration, the external examination revealed traces of violation of the structure of 

the filtration material, after the fifth restoration, noticeable violations of the structure of the filtration 

material were found, which allowed moisture to penetrate into the filtration material. After the sixth 

restoration of the filter element on the surface of the filtration material, it was easy to detect local swelling of 

the filtration material and changes in the geometric shape of the element due to the prolonged effect of 

moisture and fatigue. 

The average values of the measured resistances of the air filters every 3.0 thousand km of run is 

given in table 2. The table data shows that the lowest aerodynamic resistance has a new filter: initial 

resistance 1.03 kPa, the ultimate resistance, i.e. 15.0 thousand km mileage – 5.05 kPa. 

Table 2 

Change in the aerodynamic drag of the air filter depending on the mileage of the bus and the number 

of regenerations 

The mileage of 

buses, after which 

resistance was 

measured, thousand 

km. 

The value of the aerodynamic drag from the number of regenerations, kPa 

New filter 

element 
1 2 3 4 5 

0 1.03 1.15 1.20 1.32 1.5 1.65 

3.0 1.50 1.70 1.85 1.85 2.05 2.35 

6.0 2.2 2.50 2.50 2.55 2,70 3.05 

9.0 30 3.30 3.40 3.20 3.40 3.70 

12.0 4.05 4.15 4.35 4.20 4.50 4.70 

15.0 5.05 5.15 5.20 5.33 5.40 5.62 

 

The table shows that each regeneration increases both the initial and final resistance of the air filter. 

For example, the initial resistance of a new filter after five times regeneration increases from 1.03 to 1.65 

kPa (by 60%). 
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At the same time, the final resistance increases from 5.05 to 5.62 kPa (approximately 12%) after five 

times regeneration. 

These data indicate the need to limit the number of regenerations of air filter elements in the 

operation of buses in terms of aerodynamic drag, cleaning efficiency, dust capacity, mechanical properties 

and others. 

The average data of table 2 are processed by the least square method and formulas for predicting the 

aerodynamic resistance of the air filter depending on its operating time and the number of regenerations are 

obtained. 

With the help of the obtained formulas it is possible to calculate the aerodynamic resistance of the 

new (R0) or regenerated (R1,R2,R3,R4,R5) filters. The dynamics of changes in the resistance of the air filter 

and the resulting formulas are shown in Fig.1.;2.; 3. 

∆𝑃 = 0.008 ∗ 𝐿2 + 0.1514 ∗ 𝐿 + 1.0068 

The following formulas are obtained for regenerated filters: 

𝑅1: ∆𝑃 = 0.0044 ∗ 𝐿2 + 0.074 ∗ 𝐿 − 0.9071; 
𝑅2: ∆𝑃 = 0.0044 ∗ 𝐿2 + 0.0569 ∗ 𝐿 − 1.0357; 
𝑅3: ∆𝑃 = 0.0083 ∗ 𝐿2 − 0.6107 ∗ 𝐿 + 11.95; 
𝑅4: ∆𝑃 = 0.007 ∗ 𝐿2 − 0.6885 ∗ 𝐿 + 17.455; 
𝑅5: ∆𝑃 = 0.0046 ∗ 𝐿2 − 0.4906 ∗ 𝐿 + 12.806; 

R1 ,R2, R3, R4, R5-filter element after the first, second, third, fourth and fifth regeneration. 

The error did not exceed 1.0%, more precisely R2 =0.9983, when describing the aerodynamic drag by 

the least squares method. 

The obtained formulas can be used to predict the state of air filter elements depending on the 

operating time, as well as to determine the required amount of filter elements stock for a certain period of 

time of operation of buses. 

Changing the initial and final aerodynamic resistance of air filters in the direction of increasing, in 

turn, will lead to a decrease in their life. 
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Figure 1. Aerodynamic resistance of new (R0) and regenerated (R1) filters. 

Based on the data obtained in the conditions of operation of buses and observations of the state of air 

filter elements (especially for physical and mechanical indicators, such as the geometric shape, the presence 

of shrinkage of the element and the state of the filter material, violations of the structure, etc.), we offer three 

or four times the regeneration of the filter element. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Aerodynamic resistance of filters after the second (R2) and third (R3)regeneration. 
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Based on the results of the operational tests and the description of their polynomials of the 2nd 

degree, it is possible to give recommendations on the permissible number of regenerations, dynamics of 

changes in the aerodynamic resistance of filter elements. Three or four times regeneration of filter elements 

in the conditions of bus fleets is offered.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Aerodynamic resistance of filters after the fourth (R4) and fifth (R5) regeneration. 

 

The formulas in the form of a second-order polynomial for the calculation of aerodynamic drag 

depending on the operating time for both new and restored filters are proposed.   

The proposed polynomials can be used to predict the aerodynamic drag of air filters of buses during 

their operating time or resource. 

 

Conclusions. 

It can be seen from these figures that the resistance of air filters varies depending on the mileage in a 

parabolic dependence, i.e. in a nonlinear dependence: it is known from the literature review that the 

aerodynamic resistance of cardboard filtration materials varies linearly with the filtration rate. 

Changing the initial and final aerodynamic drag of air filters in the direction of increase, in turn, will 

lead to a decrease in their resource, i.e. dust capacity. Based on the data obtained under bus operating 

conditions and observations of the condition of air filter elements (especially physical and mechanical 

parameters such as geometric shape, the presence of shrinkage of the element and the condition of the filter 

material, structural disorders, etc.), we propose a three-fold regeneration of the filter element, 

Based on the results of the operational tests carried out, it is possible to give recommendations on the 

use of regenerated filter elements for hot climatic operating conditions: 
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1. For the regeneration of spent cardboard filter elements, it is advisable to use a dry air purification 

method with a compressed air pressure of no more than 0.5 MPa. 

2. Formulas are recommended for calculating aerodynamic drag depending on mileage for both new 

and refurbished filters. 

3. It should be noted that these formulas are derived from hot climatic operating conditions: buses . 

They can also be used to predict the number of filter elements for a certain period of time of the bus fleet. 
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