
 

 

Modeling of air pollution in urban 
environments 

 

   

Background 
Urban air pollution is a severe problem with effects on human health and ecosystems. Emissons from 

combustion and industry are harmful themselves, but also give secondary air pollutants produced in chemical 

processes. In urban environment emissions from traffic in combination with the city's structures in the form of 

high houses result in high levels of unhealthy substances. Ambient air simulations are used to increase 

understanding and to predict levels of hazardous substances in the air. To get reliable simulation results, models 

with a complex interaction between different physical and chemical aspects are sometimes required. Proper 

design of the chemical models is important for simulations to provide reliable forecast of, for example, ground-

level ozone. 

 

Our research 

In a collaboration between researchers at the division of Combustion Physics, and Department of Energy 

Sciences, we are running a research project involving modeling of so called ”street canyons”, which are confined 

street environments where air quality can become really bad. Simple 1D models as well as computationally 

demanding Computational Fluid Dynamics (CFD) are used to increase the understanding of the mentioned air 

quality issues. We are now in a stage where we characterize and refine our modeling approach, and taking part in 

that work is suitable for a Master level student with skills in programming and data processing, and a wish to 

work on a ”real world problem” 

and its solution. 

 

CFD modeling 

The picture to the right present 

preliminary results of 

concentrations of harmful pollutant 

ozone, atomic oxygen and oxides 

of nitrogen in a slice of a narrow 

street environment. From this we 

can see that concentrations of NOx 

are high between the houses, while 

ozone concentrations are high in 

the above-rooftop layer. The 

dynamics of air movements and its 

influence on concentration of 

pollutants is obvious at the rooftop 

level. These results are from an 

initial test of a new method, which 

proved to be very successful. To continue the work we are now looking for students. 

Are you skilled in PROGRAMMING and like to help mitigate AIR POLLUTION? 

Master students: 

science or engineering 

NO2 NO Ozone Oxygen 



Sub-projects suitable for Master level students 
A range of aspects of urban air pollution dynamics and chemistry will be investigated. Several aspects of the 

methodology need to be investigated to allow further improvement of the predictive capacity of the modeling. 

Projects can focus on the air pollutant chemistry, or on the CFD, depending on the interest of the student. 

Projects can be suitable for 30 or 60 hp MSc project. Here we list a few (but not all) topics we like to investigate: 

1. Complexity of the modeling approach. Assuming that modeling results will be used to investigate 

human exposure to air pollution you will adress the following questions: is it necessary to use a CFD 

modeling approach, or are the same air pollution levels predicted with a simple box model? Different 

types of modeling will be performed on the same cases and results will be evaluated. 

2. Effect of including buoyancy. CFD modeling of street canyons commonly use constant density flow 

solvers to model the flow field and the effect of temperature are neglected. We are about to significantly 

improve this using new methods where temperature effects are included. 

3. Modeling with various composition of emissions. The level of complexity of the chemistry included in 

the models depend on the composition of the emissions. We want to investigate how a simple model 

without hydrocarbon chemistry compare to a more complex model including hydrocarbons. 

Prerequisites 
The project is of theoretical nature, and will mainly consist of modeling and data evaluation. A background in 

engineering with mathematics, physics or chemistry is beneficial, or the correspondning educations at the 

Faculty of Science. A basic understanding of numerical methods and programing skill are required. For the 

student with significant skills and interest in programming the project can include development of the code. 

 

Contact 

If you are interested in one of our MSc projects, please contact Elna or Hesam: 

 

 

 
 

 

Associate professor Elna Heimdal Nilsson 

Combustion Physics, Department of Physics 

Office: E414 (Fysicum) 

elna.heimdal_nilsson@forbrf.lth.se 

 
Assistant professor Hesameddin Fatehi 

Fluid Dynamics, Department of Energy Sciences 

Office: 5135 (M-huset)  

hesameddin.fatehi@energy.lth.se 


