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Introduction
Ç Impactof Air Pollutionon HumanHealth

Ç Air PollutionĄ largestenvironmentalhealthrisk in Europe(EEA,2017)

2) Reduced ventilation and traffic
emissionsin urban environmentsĄ
Highpollution in cities(NO2, PM10,Χ).

How can the concentration representative of 
the amount of pollutant to which people are 

exposed be estimated ?

Urban Environment

1) High percentageof population
livesin cities(e.g. > 70%in Europe)

Population are exposed to pollutant concentrations exceeding the AQ 
standards Ą Impact on human health



Introduction

1) ComplexAtmosphereςUrbanSurfacesInteractions

2) ReducedStreetVentilation

3) Complex temporal and spatial variability of traffic
emissions

High pollutant concentration and 
strong gradient of concentration

(spatial and temporal)

+ Street Scale

High Spatial 
Resolution Needed

Air Pollution in Urban Environments



Introduction

Street Scale and outdoor-indoor 
pollutant exchange

Modelling at High Spatial Resolution 
Needed

Indoor concentration

People spend the most time 
inside building

Necessary:

1) Indoor Concentration

2) Concentrationin the streets



Main Objective

To investigate the relationship between concentration of 
traffic-related pollutant at pedestrian level and indoor 

concentration inside a standard building of apartments in an 
urban environment. 

Studyfocusedon:

ÇTraffic-relatedpollutants

ÇNaturalventilationof the rooms

Objective



Methodology
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Ç Arrayof building: Height=35m (10 floors); Streetwidth= 35m

Ç Interior of target building:

o Fourindoor roomsat eachfloor with windowsin the facades.

o Percentageof windows=30%

Ç Trafficemissions(in red)

CFD modelling covers the whole urban environment
aroundthe buildingandthe indoor of the target building.



Descriptionof Scenarios

Ç Configuration1: All the windowsclosed(Closed)

Ç Configuration2: All the windowsopen(100Open)

Ç Configuration3: Onlywindowsof the X-facadeopen(50OpenX)

Ç Configuration4: Onlywindowsof the Y-facadeopen(50OpenY)

Configuration of open windows

Y

100Open

Y

50OpenX

Y

50OpenY

Assumption: No infiltration of pollutants through closed windows 



Model Description

Ç CFDmodel: RANSwith Realizablek-ʶ

Ç Non-reactive pollutant. Only traffic emissions
considered.

Ç Domainfollowingbestpracticeguidelines.

Ç Mesh: 12.3 x 106 cellswith refinements0.5 m. A
gridsensitivitytest wasperformed.

Ç Unsteadysimulationsof 1 hour

Ç Neutralinlet verticalprofilesfor wind flow

Ç Twowind directions

Ç Flow around building for closed windows
scenarios evaluated by using wind-tunnel
measurements



Results

Ç Twowind directionsand4 window configurations

Ç Assumptions:

o Traffic-related pollutants

o Only wind-driven ventilation across the windows is
considered(No infiltration of pollutants through closed
windows)

How much would the indoor concentration be (something that we 
normally do not know) compared to ground-level concentration outside 

(something it is usually estimated)?

Average concentration of 
traffic-related pollutants in 

the street at pedestrian level

Average indoor concentration in different rooms 
of different floor of a standard building of 

apartments in an urban environment



Perpendicular Wind Scenarios

Ç Concentration of traffic-related pollutants in
the street at pedestrianlevel is NOTaffectedby
the openingof windows.

Ç Roomsreceivepollutantsfrom outdoor through
the open windows Ą indoor concentration
dependson flow through open windows and
concentrationcloseto them.

Ç Highestindoor concentrationsareobtained:

1) high concentration in at least one façade
of the room with openwindows.

2) The wind-induced flow across the open
windows enters the room from highly-
polluted façades.

Normalized concentration at pedestrian level 
(1st floor in the buildings)
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Perpendicular Wind Scenarios

Ç Cout: spatially-averagedconcentrationin the streetat pedestrianlevel.

Ç Croom: concentrationinsideeachroom.

Ç Croom/Coutdecreaseswith height.

Ç Indoor concentrationsdependon the room location and the arrangementof open/closedwindows.

Ç Lowerconcentrationsare found in roomslocatedat windward facades.



Wind Flow and IndoorConcentration(0º)

Ç FlowpatternsĄ Pollutantdistribution

Ç High concentration NOT in facadesĄ
Croom/Cout< 1

Ç HigherCroomfor leewardrooms.

Ç Room A: Concentration Y-façade >
ConcentrationX-façade.

o 100Open: air mainly enters across
X-façade and flows out across Y-
façade

o 50OpenXand 50OpenY: air flows in
and out across windows of the
samefaçade.

o Then,highestCroomfor 50OpenY

Ç Room C: Pollutant concentrationsimilar
in both facadesĄ Indoor concentration
similarin all configurations.

Pedestrianlevel (1st floor in the buildings)

100Open 50OpenX 50OpenY



50OpenY50OpenX

100Open

45º Wind DirectionScenarios
Ç Rooms receive pollutants from outdoor

through the open windows Ą indoor
concentration depends on flow through
open windows and concentration close to
them.

Ç Large differences in comparison with 0º
dueto:

o Differencesof the wind flow patterns
aroundthe building andair flow across
the windows

o Differences in the distribution of
traffic-related pollutants around the
target building.

Normalized concentration at pedestrian level 
(1st floor in the buildings)
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