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a b s t r a c t

An eaves is a roof extension that can protect the indoor environment from direct solar radiation, the
exterior facade from wetting of by wind-driven rain and can be useful to enhance cross-ventilation. This
paper evaluates the impact of eaves configuration on wind-driven cross-ventilation of a generic leeward
sawtooth roof building. Both the type of eaves (windward versus leeward) and the eaves inclination
angles are investigated. Isothermal Computational Fluid Dynamics (CFD) simulations are performed
using the 3D steady Reynolds-Averaged NaviereStokes (RANS) approach. A grid-sensitivity analysis is
performed and validation of the CFD results is conducted based on wind-tunnel measurements with
Particle Image Velocimetry from literature. The ventilation evaluation is based on the volume flow rates
and the indoor mean velocities. The eaves length is 1/4 of the building depth and the inclination is varied
between 90� and �45� for both the windward and leeward eaves. The results show that windward eaves
with an inclination of 27� (equal to roof inclination) result in the highest increase of the volume flow rate
(15%) compared to the building without eaves. Furthermore, the flow through the occupied zone is more
horizontally directed. Leeward eaves have a smaller influence on the ventilation volume flow rate than
windward eaves; the maximum increase in volume flow rate is only 6% when a 90� inclination is
employed. Application of both (windward and leeward eaves) results in an increase of the volume flow
rate of 24%, which is 3% more than the sum of the increases by the two eaves separately.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

An eaves is a roof overhang which can be seen as a multi-
purpose building component. As an extension of the roof con-
struction, it can protect the building from solar radiation and wind-
driven rain. As a result, eaves are commonly used in tropical cli-
mates. The solar shading that is provided by eaves can reduce the
energy consumption for cooling significantly. Depending on the
building, climate and other factors, this reduction can range from
5.3% [1] to higher than 10% [2,3]. In addition to their known effects

on solar radiation and wind-driven rain, eaves can be employed to
increase cross-ventilation flow (e.g. Ref. [4]).

Several studies focused on the effects of eaves (e.g. Refs. [5e7])
and parapets (vertical extension on a roof top) (e.g. Refs. [8,9]) on
wind loads. Other studies evaluated the protection from wind-
driven rain (e.g. Ref. [10]), snow loads (e.g. Refs. [11,12]) and the
influence of eaves on convective heat transfer in a roof (e.g.
Ref. [13]). The majority of the studies focusing on wind loads
highlighted the potential of eaves and parapets to reduce the
underpressure near the roof edges, where flow separation occurs.

Regarding the potential of eaves to reduce the heat gains due to
solar radiation some studies analyzed the shading effects of eaves
in for example high-rise residential buildings (e.g. Ref. [1]), and
school buildings (e.g. Ref. [4]). However, to the best of our knowl-
edge, only two studies focused on the impact of eaves on the
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ventilation flow (e.g. Refs. [14,15]). Kindangen [14,15] performed
Computational Fluid Dynamics (CFD) simulations and observed
that in buildings with symmetric opening locations (inlet and
outlet openings located at the same height) the use of eaves can
increase the cross-ventilation flow rate. Unfortunately, the cases in
these studies combined the effect of the eaves with other param-
eters such as the roof inclination angle, roof shape, roof height and
roof orientation, whichmakes it difficult to isolate the impact of the
eaves on the ventilation flow from the impact of other parameters.
Furthermore, these studies only considered the impact of eaves
with a 0� inclination (horizontal eaves).

There is a clear lack of research on the impact of the eaves
configuration (both eaves at the windward and the leeward side of
the building) on wind-driven cross-ventilation. This holds partic-
ularly for leeward sawtooth roof buildings. In previous studies by
the authors [16,17], the impact of the roof inclination angle [16] and
the roof shape [17] on cross-ventilation of leeward sawtooth roof
buildings were assessed. The present study builds further on these
achievements by reporting a detailed and systematic study on the
impact of both windward and leeward eaves on wind-driven up-
ward cross-ventilation of a leeward sawtooth roof building. The
study is based on isothermal CFD simulations with the 3D steady
Reynolds-Averaged NaviereStokes (RANS) approach. The perfor-
mance of each eaves configuration (windward, leeward or the
combination of both) is evaluated based on the volume flow rate
through the building and the mean air velocity ratios in the occu-
pied zone, measured at four different heights: h ¼ 0.1 m, 0.6 m,
1.1 m and 1.7 m, which are considered as reference for the evalu-
ation of thermal comfort conditions of a seated or standing person,
at a steady-state and moderate environment, i.e. where the

environmental conditions are close to the thermal comfort stan-
dards proposed by ISO 7730/2005 [18]. As mentioned above, the
results presented in this paper are part of a large research project
on the enhancement of wind-driven cross-ventilation of residential
buildings by adjusting the roof geometry. For the sake of brevity
and to enable a detailed assessment of the flow behavior in and
around the building resulting from the addition of eaves, this paper
will only focus on this part of the results obtained in this larger
research project.

In the past 50 years, CFD has been increasingly developed and
applied as a powerful assessment tool in urban physics and wind
engineering [19e23], including natural ventilation in buildings
[24e28]. While Large Eddy Simulation (LES) is intrinsically superior
to steady RANS simulations, due to the higher computational cost
and increased model complexity of LES, a detailed review of the
literature [19] shows that RANS simulations still constitute the
most frequently used computational approach in urban physics and
wind engineering, especially in natural ventilation studies
[22,24,26e28].

The paper is structured as follows. The building geometry of the
reference case is presented in Section 2. Section 3 presents a brief
overview of the CFD validation study using wind-tunnel experi-
ments from literature. The computational settings and parameters
for the current study are presented in Section 4. The CFD simulation
results of the different eaves configurations are analyzed for a
windward eaves and subsequently for a leeward eave, the results of
which are outlined in Section 5. Section 6 shows the effect of the
simultaneous application of both a windward eaves and a leeward
eave. Discussion and conclusions are given in Sections 7 and 8,
respectively.

Fig. 1. Overview of geometry of the reference case (geometry A) (dimensions in meter). (a) Front view (windward facade) with opening size and dimensions. (b) Vertical cross-
section with opening size and dimensions. Perspective views: (c) windward facade, (d) leeward facade.
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