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ARTICLE INFO ABSTRACT

This paper investigates the single-sided wind driven natural ventilation with two apertures on the rear wall,
regarding different horizontal aperture separations, magnitudes of incoming wind speed and various side ratios
(L/D, length/width). In the present work, CFD simulations are performed with Reynolds-Averaged Navier-Stokes
(RANS) approach, and pressure correction linked equation is adopted to provide closure. The simulation results
indicate that wind flow behind the rear wall is essentially driven by the pumping mechanism due to vortex
shedding, in which wind flow direction alternates at a mean rate. The frequency of the “pumping” flow increases
dramatically with the wind flow velocity at a wide range of Reynolds numbers. The decrease of free aperture
separation reduces the enclosure flow rate whilst the frequency of the wind flow almost maintains at a constant
value. The increase of sidewall length has similar impacts on the ventilation frequency and the dimensionless
ventilation flow rate. Numerical investigations further demonstrate that non-dimensional ventilation rate can be
promoted by increasing incoming wind velocities when the wind speed is less than 5 m/s. This promotion will be
restrained when the wind speed is further increased. The simulation results of built enclosure flow rate, frequency
of enclosure flow can be applied to improve the ventilation performance of buildings merely with rear wall
openings.
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1. Introduction temperature differences are large enough. In this paper, since the wind

pressure effect is dominant, only wind-driven natural ventilation is

Energy demand and consumption have been increasing worldwide,
which has resulted in huge negative impacts on our dwelling environ-
ment. In the contemporary world, buildings are one of the largest con-
tributors to energy consumption due to lighting, ventilation, air
conditioning, domestic and commercial appliances. Natural ventilation
could be an efficient way to save the energy consumption of buildings
and to provide better thermal comfort and good indoor air quality for
people (Chenari et al., 2016).

The two main predominant mechanisms for natural ventilation are
wind pressure and temperature differences. Wind-driven flow is domi-
nant in building ventilation unless the wind is negligible and/or the

considered and buoyancy driven ventilation or the interaction between
buoyancy and wind is not discussed.

Regarding wind driven natural ventilation, cross ventilation and
single-sided ventilation are two representative ventilation configura-
tions. Many former published investigations focused on cross ventilation
due to its effective ventilation configurations, which ensure relatively
large flow rates (Ayad, 1999; Ohba et al., 2001; Chu et al., 2009; Visa-
gavel and Srinivasan, 2009; Cheung and Liu, 2011; Bangalee et al., 2012;
Ramponi and Blocken, 2012). However, in modern city, large and thick
building shapes, security requirement and privacy concerns often impede
the design of cross ventilation. Thus, in some situations when the rooms
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(a) 2-D profile of building sketch
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(b) Computational domain of natural ventilation

Fig. 1. General presentation of the investigated building arrangement and its numerical wind tunnel domain, (a) 2-D profile of the building sketch and (b) the

computational domain of natural ventilation.

do not have opposing windows, single-sided ventilation becomes an
acceptable mode in spite of its lower efficiency (Allocca et al., 2003).

In terms of the physical configurations, single-sided ventilation can be
divided into single-aperture ventilation (SS1) and multiple-aperture
ventilation (SSn). For SS1, the unique opening serves as inlet and
outlet simultaneously; whereas, for the situation of SSn, inlet and outlet
can be clearly divided, and this configuration will probably give a more
efficient supply of fresh air.

There exist some researches on the SS1 (Cockroft and Robertson,
1976; Dascalaki et al., 1995, 1996; Yamanaka et al., 2006). Cockroft and
Robertson proposed a theoretical model to predict the airflow rate of an
enclosure through a single opening (Cockroft and Robertson, 1976).
Dascalaki et al. (1995) experimentally investigated 52 single sided
ventilation configurations and compared their airflow rates with the
predictions of natural ventilation models. They also carried out four
single sided natural ventilation experiments to derive the average airflow
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rate through the opening by the technique of tracer gas decay (Dascalaki
et al., 1996). Yamanaka et al. (2006) validated the pulsation theory and
mixing layer theory by a wind tunnel test and they correlated an equation
from their experimental results to predict air flow rate through an
opening. The airflow rate of the single sided ventilation has been pre-
dicted by a numerical model, theoretical definition, or on-site experi-
ment. In addition to analytical and experimental methods, CFD approach
has also been widely applied to predict SS1 flow due to its acceptable
accuracy and convenience. Caciolo et al. (2012) used both LES and RANS
methods to predict the complex flow generated by the interaction of
buoyancy and wind in single side-sided ventilation with only one open-
ing. Their simulation results were compared with experimental data and
there was little discrepancy for LES method. Ai et al. utilized RANS
method with RNG k - ¢ model to provide a sensitivity analysis of some
important computational parameters that may affect the prediction ac-
curacy of SS1 flow (Ai and Mak, 2014a).
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