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ABSTRACT

The Reynolds number in an Urban Street Canyon, Re = UrefH/ν (Uref is the velocity at 2H , H is the building

height, ν is the kinematic viscosity) is a difficult parameter to match between reduced-scale experiments and full-scale

measurements. It is possible to overcome this mismatch in Reynolds numbers by satisfying the Reynolds number in-

dependence criterion, which states that above a certain critical Reynolds number, Rec, the flow field remains invariant

with increasing Reynolds numbers. For an urban canyon with an aspect ratio 1, this critical Reynolds number is often

reported to be Rec = 12000 for the mean flow quantities. This critical Reynolds number, however, is not applicable for

higher-order quantities such as turbulence intensity and Reynolds stresses. In this study, 3D robotic particle tracking

velocimetry was used to study the flow in an urban street canyon with an aspect ratio of 1 at several Reynolds num-

bers to estimate the critical Reynolds number for mean flow quantities and turbulence quantities. It was found that

the critical Reynolds number for mean flow quantities was between Re = 13000 and Re = 17000. For the higher-order

quantities, it was found that the critical Reynolds number was above 22000.

1. Introduction

An Urban Street Canyon is the space between two buildings. Urban canyon aerodynamics is
important in the field of urban comfort and design because urban canyons have a poor self-
ventilating capability and therefore tend to trap heat and pollutants (Chew et al. (2018); Britter
& Hanna (2003)). In the context of experimental urban aerodynamics, the geometry of an urban
street canyon is often simplified to rectangular blocks of length L, height H , and canyon width
W . The aspect ratio of the canyon is defined as AR = H/W . Oke (1988) defines three different
flow regimes within the Urban Canyon based on the aspect ratio. The worst-case scenario for the
street canyon ventilation is the so-called skimming-flow regime, AR>0.65. In this scenario, there
is a pronounced ’sheltering effect’ resulting in high concentrations of pollutants at the pedestrian
level (Li et al. (2006)). For canyons with L/W>7 and incoming wind perpendicular to the canyon
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axis, the flow at the center plane of the canyon can be considered to be 2D, free from the 3D effects
at the ends of the canyon (Hunter et al. (1990)).

The Reynolds number, Re = UrefH/ν is an important parameter to determine if the flow is fully
turbulent within the canyon, where Uref is the reference velocity defined as the freestream velocity
at height 2H from the canyon floor and ν is the kinematic viscosity of air. In wind tunnel experi-
ments, the building height is of the order 10−2 � 10−1 m compared to full-scale field measurements
with buildings of the order of 101m. The corresponding Reynolds numbers between the wind
tunnel experiments and the field studies have a difference of 2 orders of magnitude (Table 1 from
Chew et al. (2018)). This mismatch of Reynolds numbers can be justified by the Reynolds number
independence hypothesis, which states that as long as the Reynolds number in the reduced-scale
experiment exceeds a certain critical value Rec, the normalized flow field remains invariant with
increasing Reynolds numbers. There is, however, no clear agreement on the value of the critical
Reynolds number. Chew et al. (2018) state that a generally acceptable critical Reynolds number
is Rec � 12000 for Urban Street Canyons with AR=1. They state that this value increases as the
aspect ratio of the canyon is increased. For Canyons with AR=1, only a single stable vortex is
observed for all Reynolds numbers tested ranging from reduced-scale tests at Re=1000 up to full-
scale field studies at Re = 105 � 106 (Caton et al. (2003); Kovar-Panskus et al. (2002); Meroney et al.
(1996)). However, the critical Reynolds number mentioned in most of the literature is applicable
only for mean flow quantities. There are relatively fewer studies analyzing turbulence quantities
and higher-order statistics.

The goal of the present study is to confirm the range of the critical Reynolds number for an Urban
Street Canyon in the skimming-flow regime and to estimate the critical Reynolds number for tur-
bulence quantities in the 2D and 3D flow regions using 3D robotic Particle Tracking Velocimetry
(3D-PTV).

2. Experimental Setup

2.1. Wind Tunnel Setup

The experiment was performed in an open circuit, open jet wind tunnel with a contraction ratio
of 4:1 and an outlet cross-section of 60cm�60cm. A series of six simplified building models were
mounted on an aluminium base-plate immediately downstream of the outlet. The experimental
setup is presented in figure 1. To minimize reflections, the entire region illuminated by the laser
is painted black. The first building is placed 500mm from the leading edge of the base-plate. All
the canyons have an aspect ratio of 1. The canyon studied in the present experiment is in between
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buildings 4 and 5 (figure 1b). The coordinate system of the canyon system is as follows: the x-axis
is along the span of the canyon, the y-axis is pointing upwind, and the z-axis is oriented vertically.
Reynolds numbers tested were Re = 10000, 13000, 17000, 20000, 22000, covering the ranges of the
critical Reynolds number (Rec) as reported in the literature (Shu et al. (2020); Chew et al. (2018)).

(a) Aluminium Base-plate and buildings (b) Schematic of the Experiment

Figure 1. Experimental Setup

2.2. Measurement System

The PTV (Particle Tracking Velocimetry) setup is shown in figure 2. Helium-filled soap bubbles
(HFSB) are used as high-intensity tracer particles in the wind tunnel test section. The HFSB seed-
ing system consists of 200 nozzles arranged as 10 parallel wing rakes of 1m, each consisting of 20
nozzles spaced 5cm apart. The seeding surface area covers approximately 0.95�0.50 m2. The bub-
ble generator supplying the seeding rake is operated by a fluid supply unit (FSU), which controls
the pressure of air, helium, and soap. The pressure is set and kept constant for the experiment. The
pressures set were 2.0, 1.5, 2.0 bar for air, helium, and soap respectively. The nominal diameter
of the tracer particles is 300µm with a maximum expected dispersion of 50µm (Kim et al. (2020);
Faleiros et al. (2019)).
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