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Project background and objectives

A EPSRC Grand Challenge Project, 261020

A To promote natural ventilation in urban areas

ADevelop o6practical d
methods for outdoor and indoor conditions
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The MAGIC Circle of activities

Water
Tank

Qutdoor condition = = = Indoor condition

ADMS: Urban flow model
DA: Data Assimilation

ROM: Reduced order model
Energy+: EnergyPlus

Outdoor boundary conditions
Comparison of indoor temperature and
pollutant concentration

Comparison of outdoor tracer gas
concentration

Comparisan of profiles of indoaor
temperature

Incorporate sensor data into models for
increased accuracy of predictions
Improved accuracy of ROM predictions
Comparison of outdoor velocity field and
tracer gas concentration distribution
Comparison of indoor tracer gas
concentration distribution

Comparison of outdoor pollution
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Wind tunnel work objectives

A Provide boundary conditions for EnergyPlus
and Fluidity
A Provide detailed data in controlled conditions for
model development and evaluation
A Develop underlying knowledge
- physics
- sensitivities




The EnFlo Meteorological wind tunnel

Working section:
3.5mx1.5mx 20
m

(WxHxL

Wind speed range:
1.0t0 3.0 ms

Heating and cooling
T | for stable/unstable
= — ——= BL flow simulation

{owirsll angth 272 mh
Side elovation
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Velocity measurement-u / u+w

Laser Doppler Anemometry (LDA):
Pointwise timeresolved sampling of two air
velocity components
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Concentration measuremeny

Fast Response FID

High voltage
ion collector — Vacuum
Flame
chamber
Mozzle
— Air
— Fuel gas
Sample
capillary

‘Fast Flame Ionization Detection (FFID):
Pointwise timeresolved sampling of
hydrocarbon tracer concentration ~200Hz

MNational Centre for
9 Atmospheric Science




Surface pressure measurement

Clarence Centre shell

Pressure scanner and lines

Flexible tube
Surface pressure
[ atatap |
Tap
Eight AP transducers ‘
Steel tube »
at each tap Reference pressure (P,.) 3 | Pressure (Pa) Py - |
T

WM = o —

Time (500 samples)
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Velocity, concentration and pressure field
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London model at two scales

1:500 Scale
Lower blockage
Ease of Modification

1:200 Scale
Better access for probes

A Derived from Ordnance Survey maps, aerial images and site Vi
A Base model of 160 buildings with flat roofs at eaves height



1:200 Scale Model

Concentrations at two scales

Data: C*=CU(h)h?2/Qatzh= 2. 17, site
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Dispersion of Air Pollution & its
Penetration into the Local Environment

(20022010) DAPPLE
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Concentralion, (4

Comparison with DAPPLE (206210)

EnFlo DAPPLE London Marylebone EnFlo Magic
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Effect of model extent on street canyon

4 cases with varying neighbour extent
1 case with height-based criterion

Case 2
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Model detaild Roofs

I Bl itz WT-modal Measuring Pointe along London Rd
-Fm‘r's- WT.model
Frofles saclion &
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Effect of roof shape on wind

Point 2: Downstream of rounded roof

(Hpuilg = 123 mm; H, o = 20 mm)
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Upwind dispersion effect of moving vehicle

Wind speed Vehicle speed
U \Y

Recirculation region -
- - concentration C

" I residence time, T

Vehicle passes through pollutant cloud at t = 0. Then by analogy with
building wake-theory:

t
X C b c=cer
dt T °
and

h V .
19 T~ U+V b L=TV-~ U +V h @ Rﬁéﬁﬁﬁ‘hﬁﬁﬂﬁiﬁa
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Extent of traffieinduced upwind spread
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Conclusions

A

EnFlo wind tunnel fully automated system including
simultaneous velocity, pressure, concentration measurement

Practical to use models at range of scales to further different
aspects of experimental programme

Comparisons with previous DAPPLE work show a degree of
similarity in dispersion behaviour

Vehicle motion can generate significant upwind dispersion.
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Future Plans

C-u-p correlations, isolated building
More sensitivity studies

Upwind dispersion
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Future Plans

Non-Neutral Stability

Marucci, D., Carpentieri, M., & Hayden, P. (2018)

z {(rnme)

International Journal of Heat and Fluid Flow, 72, 37-51.
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