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INTRODUCTION TO PHYSICAL PHENOMENON

(URBAN CANYON) HArmo'17

Aspect ratio: AR =W/H
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FLAT ROOFS DUAL-PITCHED ROOFS
Skimming flow (W/H <1.5) Wake interference (1.5<W/H <3.5)
< - - -

(Oke 1988)



URBAN CANYON: EXPERIENCES AND OBJECTIVES
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Aspect ratio: AR =W/H

W

FLAT ROOFS DUAL-PITCHED ROOFS

/ FOCUS \

a) Are simple Numerical simulations able to reproduce Laboratory experiments?

b) How the Dual-pitched roofs could influence the air exchanges in street canyons?
[@=0° ,45° ]

¢) How different Aspect Ratios could modify the flow regimes between inner and outer flows?

\ [AR=1,2, 3, 4,6] /
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Velocity upstream profile
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FTV (Feature Tracking Velocimetry) compares windows only
where the motion detection may be successful: tracking of
regions with high luminosity gradients (i.e. features).

Feature identification iHarris corner detection‘

Comparison of a window centered on a feature in image i with windows
around its position in the image i+1 within a range of displacements (dx,
dy), with a measure of the dissimilarity computed using the robust
(insensitive to outliers) Lorentzian estimator (Black & Anandan, 1991)

Validation with an algorithm based on Gaussian filtering of first neighbors
(defined by the Delaunay triangulations).
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MEAN FIELD CALCULATION HArmo'17
aniirio 1,

/Calculation of elementar componenb
in each cell (i,j), e.g x-axis
Ax =Ay =2mm
\ Mean velocity
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COMPUTATIONAL FLUID DYNAMICS:

NUMERICAL MODELS AND SOFTWARE
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4 RANS )
Reynolds Averaged Navier-Stokes equations
- K- model model
Ui+ + U U; Z;— —P +vV2%4;
\ Lt J [j —9 ot 2 2 « TRij = ZVtT-U 2 kaij )
( OPEN FOAM )
Open Source Field Operation and Manipolation (OpenFOAM) C++Library
9 (H. G. Weller, G. Tabor, H. Jasak, C. Fureby, 1998) )

COMPUTATIONAL DOMAIN (bidimensional)

Simmetry Plane

{ COMPUTATIONAL GRID

- Starting cell size H/6

\Outflow Flow Direction
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- Stretching factor = 1.3

\- On roof and inside canyons H/48j
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Re =Uy H/v=43200 > 15000 =

(Snyder, 1981)
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All G. (Tominaga et al.. 2008)
(Blocken, 2015)

(Takano and Moonen, 2013)



RESULTS:
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Skimming flow
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Wake interference
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WE HAVE SEEN MEAN VELOCITY FIELDS. LABORATORY (1)

BUT (UN)FORTUNATELY THE FLOW REGIME IS NOT STEADY
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NON-DIMENSIONAL TOTAL KINETIC ENERGY FIELDS harmo’17
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Flat roof

Piched roof
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HArmo'17

RANS numerical simulations are able to properly reproduce Iaboratory\

investigations only in some cases. Difficulties arise where topology of flow

regimes becomes complex.

) Comparisons with more accurate computational techniques (e.g. L.E.S.) are

desiderable, and are currently in progress.

—) The experiences have highlighted the meaningful role of dual-pitched roofs on
natural ventilation inside urban canyons: both through the topology of the

mean velocity fields and through an apparent turbulence enhancement.

The canyon ventilation has been also quantified using an integral parameter, i.e.

|

ACH. Results confirm a clear improvement in the air exchange rate using dual-

\ pitched roofs, mostly for the lower aspect ratios. j




