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Chapter 4

Guidelines for Minimising the
Ingress of Urban Pollution

Paul Ajiboye*

UCTION S
}lgeT:{ich))f this Chapter is to breakdown barriers to concept§ of natural ventllatloq. The
study is part of a Pan European project titled NatVent, that' involves seven couptnes 1;1
the north of Europe. The project leaders are tht? UK Building Res.ear.ch estabhshmexf1u 1
Urban pollution is a major barrier to the adoption of natural ventilation, so success
ways of avoiding these problems need to be found.

The traditional approach to ventilating non domestic buildings located in urban areas is
to specify mechanical ventilation. This strategy can seal buildings from pollution along
facades, and where necessary draw air via cleaning filters to remove contaminants; the
pressure drop associated with this process is nota practical option for passive ventilation.
The draw back in relying upon air conditioning systems is in the amount of energy
required to run them, hence the negative environmental impact. If natural ventilation
systems are not adversely affected by external pollution then it offers an ideal alternative.

*Paul Ajiboye is an Environmental Scientist, Willan Building Services, Tonbridge,Kent
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SOURCES OF POLLUTION IN URBAN ENVIRONMENTS

Urbgq pollution arises from a range of sources, all of which should be considered wh
Qe01d1ng upon the ventilation strategy for non domestic buildings. Pollution so o
mf:l.ude local 1n§ustn'es, cooling towers, building exhaust vents ana traffic emis:rces
arising from velpcles including aircraft and trains (1). Vehicles pollutants have the larloni
Impact on ambient air quality. Particles (PMyy) and noise are the primary polluta tgesf
concern, although other forms of pollution include the gases NO,, NO CO%O a I:isOo
All sources should be identified prior to positioning air intakes 0;1 bui’ldings S

Bu1ld1qgs in .close proximity to busy roads are exposed to noise and contaminants. A
rgcent mvestlgatipn revealed that in one of two naturally ventilated buildings hadn_’:s.;a‘V
l;lg?gr concentratron of CO; this building was beside a busy road, whereas the ‘cleaner?
t u;ﬂfflm-g was 400m away (2). Ambient pollution derived from vehicles emissions reflect
Tattic intensity and mobility, hence durin g rush hour periods when vehicles are stati

or congested, air quality will be at it poorest (3). o

Q;tf:raﬁ agd Fral.ns generate poi_se pollution. for buildings located near airports and railway
lons. Emissions from building exhaust vents and industrial stacks may also negatively

impact on air quality within buildings. Wind directio iti
. : ‘ y n and speed
will affect air quality at air intakes, (4). S
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The effect of height on ambient concentrations of pollutants
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MINIMISING THE IMPACT OF URBAN POLLUTION

A number of simple steps can be taken to reduce the impact of external polfution on air

quality within non domestic buildings. These involve the intelligent location of air intakes

to office blocks. Sheltered facades such as courtyards and enclosures are ideal for locating

airinlets, asthey are protected from pollutants derived from busy roads. Both contaminant

pollutants and noise exposure are significantly reduced by this strategy (5). See Figure

4.1. Buildings with central air inlets athigh level are less exposed to pollutants generated
atroad level, particularly in the case of PM;¢ (6), and also in the case of gaseous pollutants
such as CO and the oxides of N (7). Figure 4.1 is an example of the dilution of pollutants
observed along a building facade situated besides a busy London road.

Rooflevel installation of central air inlets may have some drawbacks if noise fromplanes
is a local problem. If exhaust vents from host or neighbouring buildings are close to air
intakes problems will arise. A simple model has been developed to evaluate the effect of
exhaust vent emissions on air quality at air intakes (8). The model is defined by equation

4.1.

mun

D = 0.11(%) 41

e

Although wind direction is not important in the model wind speed is. The value of Uy
should closely reflect typical local conditions. Figure 4.2 indicates minimum dilution
factors that have been calculated for a range of conditions, and can be used to determine
suitable distances between exhaust emmissions and building air intakes.

Rush hour traffic generates high levels of pollution along roads. A sensible control option
is to shut down passive ventilation systems and use mechanical alternatives on a temporary
basis where polluted air can be drawn across filtration devices. This approach is best
applied between 07.00h and 10.00h and also from 16.00h onwards.

Car parking reflects rush hour traffic flows so in dedicated zones air quality can be poor.
It is essential that air intakes are located away from these areas.

WIND FLOWS AROUND BUILDINGS

Buildings downwind of pollution sources are more exposed to contaminants than those
upwind (4). However the situation is made complex by the way neighbouring buiidings
also affect air flow patterns. National meteorological wind flows are often not reflected
on a local scale (9), so even buildings perceived to be downwind from pollution sources
are subjected to re-ingestion of exhaust emissions. In a similar way relying on prevailing
winds to avoid and / dilute exhaust emissions ignotes the fact that significant sub prevailing
winds may be derived from the opposite direction.
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Air inlet pollution control strategies, suitable for non domestic
buildings

Table 4.1

type pollution control strategy
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Dilution factors for gas emissions between exhaust vents and air
intakes. ;

Wind forces acting on building generate leeward and windward facades as well as down-
wash and up-wash zones (8). Air intakes and exhausts should be positioned on buildings
so that are located in different zones. This will minimise the possibility of exhaust fumes
re-entering the building. The size of the down-wash and up-wash zones depends on the
size and shape of the building. A good design practice is to distance air intakes from
exhaust vents by at least a third of the building height.

SQITABLE AIR II‘{LETS FOR URBAN ENVIRONMENTS
It is not always possible to prevent outdoor pollution entering air inlets. To reduce the

negative impact on indoor air quality airinlets will need to offer some means of attenuating

pollution levels. A range of pollution attenuation strategi iri i
) ies fo i i
Table 4.1. The aim of the design , s e

tool is to suggest suitable air inlets f ildi i
: : : or buildings in
relation to their environment. The tool is fully i i .
tic . illy interactive, so allows t i
their inlet requirements. ’ *fheserto determine

inlets without pollution control features

inlets that can be closed during peak traffic periods

1

2

3 inlets with noise attenuation features alone

4 inlets with particle attenuation features alone
5

inlets with both noise and particle attenuation features

SIZING AIR INLETS
A minimum ventilation rate of 5 air changes per hour should ensure “sensible cooling”

for most of the summer, in temperate climates (10). This requirement partly influences
the size of air inlets suitable for non domestic buildings, as will the natural ventilation
strategy adopted. Three models have been developed based on three approaches to natural
veatilation (1 1). The models are based upon stack, wind and combined stack-wind driven
ventilation. Equations 4.2 and 4.3 describe the models available in the design tool.

Stack Driven Ventilation

Q ‘/ 2 T, -T:=t )
A= =[(— ! h- 105 . oul> 4.2
( Cd (pins ) ok ( hNPL) ( Tins )
Wind Driven Ventilation
A= Q 43
(8, ———2 )
af ( Yo ACP
where;
ACP = {CP(O'Splesz)inlel} - {Cp(o'spwlvzxef)ouua} 4.4

The combined stack-wind ventilation model draws on both equations 4.2 and 4.3. The
models can be used for buildings of any number of floors and each can have different
ventilation rates if so required. The design temperature can be selected to reflect local
meteorological conditions, the same applies to the choice of reference wind speed. Other
data inputs relate to the dimensions of a building.
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CONCLUSIONS

All issues that have been raised in this review are contained within the interactive design
tool. Information can be accessed as a simple summary schematic, or if more detail is
required, as a series of tables that address the full range of pollution issues associated
with urban environments. The goal is to suggest the most suitable type of air inlet given
the environment surrounding a building, and then to size them in order to provide adequate
ventilation for most of the year. In appendix 1 the start options of the design tool are
shown. These amount to the option of entering the full checklist by table format, or
referring to the schematics that summarise all noise and contaminant pollution issues.
Appendix 2 summarises the air inlet pollution attenuating options that are available,
whilst appendix 3 outlines data inputs and outputs relevant to sizing inlets.
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LIST OF SYMBOLS
NO, nitrogen dioxide.
NO nitrogen monoxide.
CcO carbon monoxide.
SO, sulphur dioxide.
O3 ozone.
Dmin minimum dilution factor at a fixed distance from an exhaust vent.
Uy reference wind velocity (m/s) at height H.
Qe volume flow rate of exhaust emissions (mys).
r distance between exhaust vent and air intake (m).
A area of inlet (m®).
Q air flow rate (m’s ).
Cq discharge coefficient. ;
Pinss Pout  Air density inside and outside a building, respectively (kg/m’).
g acceleration due to gravity (m/s2).
k, hner height of inlet and height of neutral pressure level, respectively (m).
Tins, Tout ~ temperature inside and outside building, respectively X).
vsz reference wind velocity (m/sl),
AC, difference in pressure coefficient between inlet and outlet.
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Contaminant pollution

Fronte
nd of interactive design tool, for locating and sizing air inlets Sources
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APPENDIX 2
Air inlet options for naturally ventilated buildings in urban areas
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Figure 4.9 Data inputs and outputs of the combined wind-
stack ventilation model
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Figure 4.8 Check list for the location of air inlets to buildings
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