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Abstract - The particle concentration above the city road  caused by the exhaust gases of the internal combustion engine and 

particles resulting from the wear of the tire. The pollutant particles kept for hours over city roads, especial within the 
canyons and have a different negative impact on human health. This paper analyzes the extent of functions of a motor 
vehicle with a tvifim system. The aim of this system is to continuously purify the polluted air above the road. The tvifim 
system  installed on each vehicle. Its capacity depends on the vehicle type. The efficiency of this system will be particular 
useful in the so-called street canyons. Installing the tvifim system on all vehicles can significantly reduce air pollution above 
the city's roads. 
 

Index Terms - Mobile Filter, Trafic Vehicle, Particulate Matter, Street Canyon. 

 

I. INTRODUCTION 

 

Particulate matter (PM) has a major impact on 

people's health, especial in urban areas. The intensity 

of these pollutants is particular large within the so-

called street canyon and intersections with traffic 
lights. In practice, mostly carried out monitoring of 

these particles in two categories: fine particles are 

less than 2μm and particles between 2 ÷ 10μm. 

Generally, particles in the atmosphere have 

dimensions of 0.002 ÷ 100μm. The size of aerosol 

particles in the range of 0.002μm to 10μm is most 

important from the point of view of affecting human 

health. Due to their small dimensions, they penetrate 

deep into the human organism by breathing. These 

particles can be in a liquid or solid state, while their 

origin can be natural or anthropogenic. In urban areas 

and near urban roads origin of these particles is 
mainly anthropogenic. Various authors conducted 

research and analysis of pollutant particles within 

cities and their impact on human health. Thus, the 

results of the aerosol particle measurement in urban 

environments reported in [1] to [5]. The PM particle 

distribution within street canyons included in the 

studies from [6] to (8). An innovative solution for 

installing filter units on motor vehicles for the 

purpose of cleaning the polluted air patented by the 

author [9]. 

 

II. POLYGON RESEARCH-STREET CANYON 

 

The PM particle concentration above city roads 

depends on the number and type of vehicle, the 

weather conditions,  and the traffic configuration. For 

these reasons, the results obtained by experimental 

testing of  particle matter concentrations above a city 

road cannot  used quantitatively on other urban roads. 

In this paper, the polygon measurement of the particle 

matter concentration is the street canyon, Figure 1. 

Closed type of city road between two buildings 

usually referred as  the "street canyon". Measurement 

places marked with D0.7, E0.7, and F0.7 at a height of  

0.7m, as well as D1.5, E1.5, and  F1.5  at a height of 

1.5m above the sidewalk. 

 

The height of buildings within a street canyon is 10m, 

while their length is 45m. The influence of wind 
inside the canyon neglected. The objective of this test 

is to measure the concentration of particles at random 

the number of vehicles and weather conditions. 

Namely, particle matter of different dimensions 

remains for hours over the city's roads.The  particular 

long, these particles remain within the "street 

canyon". 

 

 
Figure 1:  External polygon testing - street canyon 

 

III. SYSTEM TVIFIM  

 

Each vehicle with internal combustion engine emits 

different amounts of pollutant gases. The exhaust gas 

content is variable and depends on many factors: the 

vehicle type, its age as well as its speed of movement. 

In principle function of the tvifim system, we will 

analyze two vehicles, vehicle A, and vehicle B within 

street canyons. Basically, we can analyze the mode of 

the tvifim system by observing two vehicles, vehicle 

A, and vehicle B within the  street canyon, Figure 2. 
A vehicle emits pollutant gases as well as a large 

number of PM particles. PM particles distributed 
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along the x, y, and z-axes and indicated by C (x),      

F (y), and C (z). 
 

 
Figure: 2  Cleaning particle matter (PM) by tvifim mobile filter 

 

Vehicle A emits particulate matters in concentration  

and volume flow pgV , while vehicle B sucks and the 

flow. PM particles of concentration )(yC  with flow 

clV . In this way the particles faster remove from the 

tvifim system. The natural decay depends on the 

pollution mixing conditions within  the street canyon. 

Figure 3 shows one of the tvifim solutions, systems  

install inside of  the bus or passenger vehicles. In the 

bus tvifim system, there a possibility of installing the 

additional solar photovoltaic panel on its roof. In this 

way, tvifim system can powered independent and be 

in operation even when the bus is out of order in the 

parking  or bus station. 

 
Figure: 3  TVIFIM system-functional prototype 

 

The power supply tvifim system is 12V DC for 

passenger vehicles and 24V DC for buses. The power 

consumption of the this system for the car is 20W 

while for the bus is 30W. 

 

IV. TVIFIM SYSTEM WITHIN THE STREET 

CANYON 

 
A special possibility of using the tvifim system is 

within the street canyons. A street canyon represents 

a road between buildings. The concentration of 

particle matter in the street canyon depends on many 

factors; number and type of vehicles,  and building 

height, the influence of wind above buildings, 

ambient conditions etc. In any case,  particle matter 

held long within the street canyons. For these reasons, 

motor vehicle with tvifim installed will have a greater 

efficiency within street canyons. The tvifim filtering 

capacity depends on the type and category of the 
vehicle, as the available space inside the vehicle. 

Inside the buses can install a larger capacity of the 

tvifim system in relation with passenger vehicles, 

Figure 4. As this figure shows vehicles, sucking and 

filtering particulate matter direct above the road. 

      

 
Figure: 4  Cleaning particulate matter (PM) by vehicles with 

the tvifim system installed 

 

The bus cleans cleanbusV .  the particulate matter while 

the passenger vehicle  filtered cleancarV . . 

 

V. THEORETICAL BACKGRAUND 

 

In this theoretical analysis, we introduce the 

following limitations: 

 in each car is instal the same tvifim system of 

the capacity cleancarV . ; 

 each bus is instal with two tvifim systems in 

the front and rear of the bus, each capacity 

cleanbusV . ; 

 the total vehicles number n within the street 

channel represents the average value of the 

vehicles during the day; 

 the total length of the street channel is L , 

width is S , while the height is H ; 

 

The effective air volume within the canyon reduced 

by the volume of vehicles, equation 1. 

busbuscarcarscef VnVnHLScV .                         (1) 

The volume of filtered air inside the canyon during 

the time  is 
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where is a volume flow rates are; of the car 

cartvifimV . and bus bustvifimV . , natur .clV the natural decay of 

particle matter, and carexhV . , of exhaust gas from cars 

carexhV . and buses busexhV . , and of air flow needed to 

burn fuel inside the car carcomV .  and bus buscomV . . 
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Particle removal efficiency can write as the ratio of 

the total filtered and effective air volume in the street 
canyon. 

..

.
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                                                (3)   

On the other hand, the particle removal efficiency can 

write in another form  
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The particle matter concentration )( pdC within the 

street canyon analyzed during the time h20 . 

During this time, occur two simultaneous processes: 

natural decay and tvifim air filtering. We consider all 

these processes to last as long as the presence of the 

vehicle inside the street channel is the same, carn  and 

busn . A quantitative measure of the removal 

efficiency of particle matter using tvifim system, can 

be represent by introducing the tvifim cleaning factor 
(TCF) 
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VI. STREET CANYON - LAB MODEL 

 

The tvifim system is laboratory tested in this paper 

has the purpose of filtering  particle matter of the 

polluted air. The central part of this system is a filter 

element made of a cylindrical- ultrafine filter, Figure 

5. Through which axial-radial blower sucks and 

purifies the particulate matter. The sample volume of 

the polluted air taken from the street canyon. This 

sample sucked and purified, Figure 5. The PM 

concentration measurement before and after filtration  
carried out using PM counter 1 and PM counter 2, 

respectively. The fan operated using the DC 12V 

mode and the volume flow is 150 m3h-1. 

 

 
Figure: 5  The control, measurement set up of the tvifim system 

 

Investigation of the tvifim system, shown in Figure 5, 

shows high efficiency removal particles, more of  

96%. The direct examination efficiency of the tvifim 

system is no possible because the existing motor 

vehicles have installed tvifim system. For these 
reasons, street canyon investigate on the reduce lab 

model, the scale of 1:50, Figure 6. The dimensions of 

this street canyon model are: building height 0.2m, 

canyon length 0.9m, while the distance between 
buildings is 0.3m. Within laboratory model installed 

12 pipes,  with a diameter of 1.5mm and which 

represent reduced exhaust pipes of vehicles. These 

pipes connected to a pollutant generator, Figure 6. 

Within model canyon installed 12 pipes with a 

diameter of 2mm, and represent the tvifim systems. 

The pipes distance is 120mm which corresponds for 

distance between the vehicles in a real canyon. The 

volume flow rate  in the street canyon model obtained 

by establishing a hydraulic similarity among the real 

and laboratory street canyon, Figures 1 and 5. These 

pipes connected with the particulate filter fan. Above 
the street canyon installed an auxiliary fan that 

generates 1ms-1 air velocity (as wind flow). 

 

 
Figure: 6  The control, measurement set up of the laboratory 

model of street canyons with simulated tvifim systems. 

 

Measuring the number of particles, PM03, PM0.5, 

PM1, PM2.5, PM5, and PM10 performed using a 

particle counter Cem DT 9881. Within this street 

canyon model, conditions have achieved that 

approximate the actual conditions within the real 

canyon, Figure 1. 

 

VII.  RESULTS AND DISCUSSION 

 

7.1. Concentration PM within the street canyon  

As an external polygon used city road  within the 
street canyon Figure 1. The mean obtained results 

values by multiple measurements shown in Figure 7. 

 

 
Figure: 7  The concentration of particle matter (PM) within the 

external street canyon 
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The highest concentration of particles is PM 0.3, 

while the smallest is for PM10 particles. The results  
show a multiple increase concentration of all particles 

from PM0.3 to PM10 compared to conventional 

concentrations of the clean air. 

 

7.2. Efficiency removal concentration of PM 

particles within the street canyon model 

  

Immediately after measuring the particle 

concentration within the canyon, Figure 6, the 

volume sample of air from the canyon taken. With 

this air sample of the real street canyon fills the 

model of a laboratory street canyon. The axial fan 
above the canyon model causes slow circular 

movement of the air inside the canyon. Under these 

conditions, the PM03, PM0.5, PM1, PM2.5, PM5, 

and PM10 concentrations measured over time  . The 

obtained changes of the concentration of particle 
matter represent a natural decay. In the next 

experimental procedure, the measurement repeated in 

the same manner as the 12 pipes which suck air and 

purify it through the particulate filter. In this way 

simulated by stopping vehicles, within street canyons 

that have installed tvifim system. The results of 

multiple measurements of the particle matter 

concentration within the canyon model during 20min 

shown in Figure 8. The results obtained showed that 

the greatest decrease in concentration is happening 

for PM10, while PM0.3 is the smallest drop in 

concentration. 
 

 
Figure: 8  Comparison of filtering PM particulate natural 

decay and using tvifim system 

Based on the concentration change, the coefficient of 

removal of particle matter can be indirect determined, 
Figure 9 and equation (4). 

 

 
Figure: 9  Removal efficiency of the cleaning  particle matter 

(PM) within street canyon 

 

The test results can represented by the introduced 

cleaning tvifim factor (TCF)  shown on Figure 10, 

based on the equation (5). The results of this test can 

represented by the introduce cleaning tvifim factor 

(TCF) shown on Figure 10.  

 

 
Figure: 10  Tvifim cleaning factor within the street canyon 

 

For reducing the number of the pipes on 9 and 6 

vehicles, the removal efficiency decreases. 

The reason for this decrease of the removal efficiency 

is that the greater number of vehicles has a higher 

volume flow rate filtering. This flow is several times 
higher than the total exhaust gas flow of all vehicles 

in the street canyon. 

 

 
Figure: 11  The removal efficiency comparasion in function of 

number vehicles within street canyon 
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FURTHER INVESTIGATIONS 

 
This paper analyzes use a tvifim system to clean 

particle matter from PM03 to PM10 within the street 

canyon. On the other hand, there the possibility  make 

different versions tvifim system and various filtering 

options of all types pollutant gases above the city 

roads.The tvifim application justified on open city 

traffic roads, in front of the traffic lights, on parks and 

so on. For these reasons, the future research tvifim 

system will be focuse in these directions. 

 

CONCLUSION 

 
A large vehicle number, particular within city areas, 

is the main generators of high concentrations of PM 

particles within the urban environment. The impact of 

these particles on human health, specifical 

pronounced on sidewalks within street canyons. This 

paper analyzes the new filter system impact,  called 

TVIFIM system with the possibility of air cleaning 

above the city roads, and within street canyons. The 

innovation solution; transformation vehicle in filter 

mobile (TVIFIM) as a constituent unit of the vehicle 

extends its function in the ecological sense. The high 
efficiency of this system gets ecological importance 

in the case of installing a large number  of different 

categories vehicles. Per day presence pollutant gases 

and particulate material above the city roads provide 

justification  installing TVIFIM system on motor 

vehicles. Some of the main results obtained in this 

research area: 

 

1. The TVIFIM system can install on any vehicle, 

especially on the buses, trams, and trolleybuses. 

2. Fuel consumption no increased to achieve the 

functioning of this system. So with buses, trolley 
buses, etc. it is possible to connect this system 

with a photovoltaic panel. 

3. The this system efficiency depends on many 

factors; state of the environment,  configuration 

of the road,  the distance among the vehicles, etc. 

4. Experimental testing has established the highest 

removal efficiency of the PM10.  
5. A large number of vehicles cause faster cleaning 

of the canyon, even though they generate more 

pollutant gases. 
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