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More than half of the world’s population today live in cities and this number is projected to
increase to more than two thirds over the next decades. This rapid growth presents challenges
in creating a sustainable and clean urban environment. On the forefront of the issues with the
progressing urbanisation is the difficult task of improving the urban air quality, both outdoors
and indoors, which is a crucial factor for human health, well-being and productivity. Further-
more, humans spend about 90% of their times indoors, and in order to maintain comfortable
indoor environment (heating, cooling etc.) buildings consume about 30% of the total energy;
imperatively, reducing energy consumption is crucial to limit the climate crisis. Covid-19 has
exposed our vulnerability to poor indoor environment. The current pandemic is not a onetime
exception but pandemics are ever-present and the next pandemic is matter of ‘when’ and not
‘if’.

This course aims at discussing air flows occurring in an urban environment and the associated
challenges that exist across different length scales. By their nature, urban air flows are turbulent
flows at a high Reynolds number. They are often buoyancy- or wind-driven and are accompanied
by a transport of contaminants or mixing.

We shall start by introducing the basic concepts of the theory of turbulent flows. In particular,
we will discuss here different methods for turbulence modelling as well as the law of the wall
and how it applies to large-scale flows above the cities. We will then turn our attention to air
flows on a smaller street level. Here, flows in street canyons as well as pollution dispersion in
cities shall be considered. We will proceed by examining air flows around an individual building
including pressure distribution on the building facade and vortex shedding. External conditions
around a building directly influence the indoor ventilation patterns. Hence, we will finish the
first part of the course by discussing the coupling between the indoor and outdoor environments.

In the second part of the course, we will discuss the fluid dynamics of indoor environments. We
will start with basic theories of plumes and jets. We will carry out scaling analyses to iden-
tify the dominant forces in action in indoor environments. Subsequently, we will examine the
modelling approaches for building ventilation; in particular, we will look into buoyancy-driven
displacement, and mixing ventilation. We will also investigate the relative effect of wind and
buoyancy. We will then turn our attention to the question of indoor airborne disease transmis-
sion. We will discuss the fluid mechanical aspects of coughing and sneezing, and the origin of the
two-meter rule – advised by the governments across the globe – in order to prevent close-range
droplet transmission, and the famous Wells Riley Model of airborne disease transmission and
their limitations. Finally, we will end the course by drawing a summary of the course and the
known unknowns of the field.

Prerequisites

Undergraduate fluid dynamics is desirable for some topics.

Literature

Reading to complement course material:

1. D. Etheridge, M. Sandberg, Building Ventilation: Theory and Measurements. Wiley, 1996

2. D. C. Wilcox, Turbulence modelling for CFD. DCW, 1993
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3. T. Chenvidyakarn, Buoyancy Effects on Natural Ventilation. CUP, 2013

Further reading suggestions will be given during the lectures.
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