
Accepted Manuscript

A simplified benchmark of ultrafine particle dispersion in idealized urban street
canyons: a wind tunnel study

L. Stabile, PhD, Assistant professor, F. Arpino, G. Buonanno, A. Russi, A. Frattolillo

PII: S0360-1323(15)00258-9

DOI: 10.1016/j.buildenv.2015.05.045

Reference: BAE 4149

To appear in: Building and Environment

Received Date: 10 February 2015

Revised Date: 14 May 2015

Accepted Date: 16 May 2015

Please cite this article as: Stabile L, Arpino F, Buonanno G, Russi A, Frattolillo A, A simplified
benchmark of ultrafine particle dispersion in idealized urban street canyons: a wind tunnel study,
Building and Environment (2015), doi: 10.1016/j.buildenv.2015.05.045.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.buildenv.2015.05.045


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

A SIMPLIFIED BENCHMARK OF ULTRAFINE PARTICLE DISPERSION IN IDEALIZED 

URBAN STREET CANYONS: A WIND TUNNEL STUDY 
 

L. Stabile1, F. Arpino1, G. Buonanno1,2, A. Russi1, A. Frattolillo1 
  

1Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio, Cassino (FR), 
Italy 

2Queensland University of Technology, Brisbane, Australia 

Equation Chapter 1 Section 1 

*corresponding author 

Luca Stabile, PhD 
Assistant professor 
Department of Civil and Mechanical Engineering - University of Cassino and Southern Lazio (Italy) 
Via Di Biasio 43, 03043 Cassino (FR) 
Ph.  ++39(0) 7762993668 
Fax.  ++39(0) 7762995502 
Email: l.stabile@unicas.it 

 

Abstract 

The paper proposes a benchmark for computational fluid-dynamic models of ultrafine particle (particles’ 
diameter lower than 100 nm) dispersion in urban street canyons. In particular, an on-scale symmetric street 
canyon was designed and settled in a wind tunnel considering a perpendicular wind condition. An 
experimental campaign was carried out to: i) investigate the fluid-dynamic conditions inside the canyon 
through a Particle Image Velocimetry (PIV), ii) evaluate the uncertainty budget of the PIV measurements, 
iii) design proper particle injection and sampling systems in the street canyon not influencing the fluid-
dynamic conditions of the canyon itself; iv) provide particle number concentration profiles at different 
sections of the canyon (at different heights on both the canyon facades and at a background level) through 
ultrafine particle generation (Submicrometer Aerosol Generator 3940, TSI Inc.) and measuring devices (CPC 
3775 and SMPS 3936, TSI Inc.). 

The study can be considered the very first attempt to set a benchmark for ultrafine particle dispersion in 
street canyons through wind tunnel systems. 
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1. Introduction 

The specialized cancer agency of the World Health Organization, the International Agency for Research 

on Cancer (IARC), recently classified outdoor air pollution as carcinogenic to humans [1]. In particular, for 

the first time, particulate matter (PM), a major component of outdoor air pollution, was “evaluated separately 

and classified as carcinogenic to humans” (Group 1, Beelen, Raaschou-Nielsen [2]) since an increasing risk 

of lung cancer with increasing levels of exposure to PM and air pollution was found whatsoever the PM 

chemical composition. Moreover, scientific evidences also allowed to recognize the PM as responsible of 

cardiovascular death due to long-term exposures [3, 4]. 
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