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Abstract 

Windcatchers are known as environment-friendly 
architectural elements that provide buildings with 
effective wind-induced natural ventilation. Air short-
circuit is an unintended air path that should be 
prevented due to the negative impact on the ventilation 
performance of windcatchers. This study aims to 
numerically evaluate the effect of five different cross-
section shapes of the anti-short-circuit device (ASCD) 
including triangular, circular, rectangular, elliptical, 
and straight on short-circuiting reduction in two-sided 
windcatchers. According to the obtained results, the 
triangular shape shows the best performance among 
all cases while the elliptical shape leads to the worst 
short-circuiting condition in comparison with other 
shapes.  

Introduction 

Windcatchers are architectural modules that are 
mounted on the roof of buildings to guide the fresh air 
of wind flow to the inside of the building (Nejat et al., 
2019). They are silent (due to no moving parts), zero-
emission, environment-friendly. This makes them 
appropriate for the development of green buildings.  

One of the drawbacks of multi-channel windcatchers 
is the formation of air short-circuiting, which is 
reported in several previous studies (Calautit and 
Hughes, 2014; Calautit et al., 2014, Montazeri et al., 
2010). It reduces the ventilation capacity and the 
efficiency of windcatchers. Air short-circuit is an 
unintended air path that directly connects the supply 
channel to the exhaust part due to the closeness of 
entering and exhausting air passages (Nejat et al., 
2020). The formation of such a path forces the 

entering fresh air to immediately leave the building 
without making any circulation inside the confined 
space.      

The dominant negative impact of air short-circuiting 
on the ventilation performance of windcatchers is 
claimed by Montazeri (2011). Sami (2003) 
implemented CFD simulations to investigate the 
thermal and ventilation function of two-sided 
windcatcher with and without evaporative cooling 
pads in two different wind speeds of 2 m/s and 4.5 m/s. 
Results showed evaporative pads placed inside the 
channel of windcatcher, reduced the air flow velocity; 
however, they were able to minimize the air short-
circuiting. That was due to the increase of flow 
resistance because of the embedded evaporative 
screens which function as a barrier to the negative air 
pressure zone of the leeward side. Hughes and Ghani 
(2009) numerically evaluated the ventilation 
performance of a commercial windcatcher in 
comparison with the British Standard BS5952:1991. 
The study also surveyed the potential of windcatcher 
dampers to prevent the air short-circuiting 
phenomenon. The output of the CFD simulations 
revealed that the presence of dampers can decrease the 
short-circuit of air flow to some extent and their 
utilization is essential for air flow control, specifically 
at high blowing wind velocities. Wind tunnel 
experiments, CFD, and analytical models were 
involved in the investigation carried out by Montazeri 
et al., (2010) to study the natural ventilation 
performance of a two-sided windcatcher in the hot and 
dry climate of Iran. Various approaching flow incident 
angles, pressure coefficients on the surfaces of the 
model and volumetric flow rates were measured. It 
was found that short-circuits start to develop as air 



incident angle increases and reaches its highest value 
at the angle of 60°. 

Although several investigations have been conducted 
to study the details of the short-circuit phenomenon, 
they were not concentrated on the shape effect of the 
anti-short-circuit-devices (ASCD), add-on modules 
used to deal with the air-short-circuiting challenges. 
To cover the mentioned gap, this paper presents the 
results of 3D steady RANS simulations performed to 
examine the influence of the geometrical shape of the 
ASCD on short-circuit prevention in a two-sided 
windcatcher. Five different shapes were studied: 
triangular, circular, rectangular, elliptical, and 
straight. Velocity field details were depicted to 
compare how each one affects the air-short-circuiting.  

Methodology 

Several wind tunnel experiments and CFD simulations 
were conducted by Nejat et al., (2016) to introduce the 
anti-short-circuit device as a new solution to overcome 
the air-short-circuiting challenge in two-sided 
windcatchers. Details of the scaled building (1:10) 
involved in their experiments can be found in 
Figure 1.  

Figure 1: Geometrical details of the scaled building 

The comparison of numerical simulations 
with experimental data was done comprehensively 
by Nejat et al., (2016b) to assure that the CFD 
solution is able to reproduce the velocity field inside 
and around the building with the two-sided 
windcatcher with the triangular ASCD. A side 
view of the built building model is shown in Figure 
2. 

Figure 2: Side view of the building integrated two-
sided windcatcher with triangular ASCD inside the 

wind tunnel (Nejat et al., 2016) 

As a next step to further extension of previous studies, 
present simulations were performed to reveal more 
details of ASCD function. Full-scale building with 
dimensions of 6 m (Length) ൈ 4 m (Width)ൈ 3 m 
(Height), equipped with a two-sided windcatcher with 
an opening of 0.1 ൈ 0.1 m and a height of 0.15 m is 
used in all simulations.  

Five different cross-section shapes of ASCD are 
simulated including triangle, circular, rectangular, 
elliptical, and straight. The target is to compare the 
performance of each shape and its effect on the short 
circuit reduction as well as air flow inside the room. 
Figure 3 displays the different ASCD shapes in front 
view. The dimension of shape of ASCD are fixed to 
15 cm in this study to be able to compare the 
performance of the shapes (a circular ASCD with 
15 cm diameter, a rectangular ASCD with the length 
and width of 15 cm, a straight ASCD with the length 
of 15 cm, and an elliptical ASCD with the length of 
15 cm).  



Figure 3: The front view of the five different cross-
section shapes of simulated ASCD 

The commercial CFD package Fluent 16 (ANSYS 
Inc.) was used to run all simulations. Governing 
equations of continuity and momentum conservation 
equation were used as follows: 

( u) 0      (1) 

t

( uu) p ( u)       (2) 

Where 𝑝 is the static pressure, 𝜇 represents molecular 
dynamic viscosity and 𝑢 is flow field velocity vector. 
Symbol 𝜌 denotes fluid density and 𝜏௧ is divergence of 
the turbulence stress tensor. 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑘 െ 𝜀 model 
was selected to solve the turbulence closure problem. 

In all simulations, it is pre-assumed that the fluid is 
Newtonian and flow is incompressible. Also, the 
temperature was constant (isothermal condition) in all 
solutions. The pressure-based approach was 
implemented to solve the governing equations.  

For the simulations, the building and the windcatcher 
were embedded within a cuboid 
computational domain, the details can be seen in  
Figure 4. The flow inlet, sides, and upper part of 
the domain are placed (5H) far from building walls 
while the outlet is located (15H) far from the 
leeward of the building to ensure that the 
outflow region is enough away from the flow 
separation and recirculating regions right behind the 
building. This domain size was selected with respect 
to  the recommendations of the relevant standard of 
COST 732 to ensure get correct results from 
CFD simulations.

Figure 4: Schematic view of the computational 
domain 

For boundary conditions, Atmospheric Boundary 
Layer (ABL) profile was imposed on the inlet while 
the zero-gauge pressure was set at the outlet of the 
domain. The sides and upper boundary of the domain 
were defined as symmetry. The ground and walls of 
the building were treated as stationary walls while a 
no-slip condition was applied. Macro-climate and 
Micro-climate were treated as a fluid zone. 

A fully unstructured and conformal computational 
grid was constructed. The size of the cells was refined 
enough near the solid walls to reduce the values of 𝑦ା 
to below 30 so that the standard wall function becomes 
compatible to be used. 

The convergence criteria were defined as 10ିହ for 
𝑥, 𝑦 𝑎𝑛𝑑 𝑧 momentum, 10ିସ for 𝑘 𝑎𝑛𝑑 𝜀 and 10ିଷ for 
continuity. Simulations were stopped manually after 
more than 4000 iterative solutions, when it was 
assured that scaled residuals meet the criteria 
mentioned above. 

Simulation results and discussion 

Figure 5 compares the velocity contours and cvectors 
of a cross-sectional plane inside the computational 
domain in the normal windcahcer and windcahcer 
integarted with ASCD. As seen, in both cases the 
approaching airflow entered the domain from the left 
side and as approching the room the velocity of the 
flow decrseaes. The Separation zone is created on the 
front edge of the roof which directlt impacts on the 
approaching airflow entering the windcatcher. Next, 
the air insidfe the inlet duct the windcatcher 
isredirected toward the room (downwards) when 
hitting the partition wall which causes an increase in 
airflow speed close to partition. Apart from the 
previous sectiuon which is similar in both model, after 
entring the room, two different trend can be osreved in 
normal windcatcher a considerable of flow tends to 
exit channel witout circulation inside the room which 
as decribed is shgort circuit phenamenon which 
directly mitigates the ventilation efficiency of 
windcatcher. However, in other model, the ASCD 
could direct the flow toward left side the room in 
contrrast to normal windcatcher which proves the 
successfulness of the ASCD concept and application. 



Figure 5: Contour and vector of velocity of mid-plane 
inside the domain with normal windcatcher and model 
integrated with ASCD 

Moreover, to compare the ventilation performance of 
the windcatcher, the air velocity inside the occupied 
zone was calculated in two different horizontal planes 
which are elevated at 1.1 m (breathing height at sitting 
position) and 1.7 m height (breathing height at 
standing position) from the floor with respect to 
ASHRAE (2019) standard recommendation. The 
contours of this air velocity planes are demonstrated 
in Figure 5 and Figure 6, respectively.  

It is clear from Figure 6 and Figure 7 that the air flows 
in two regions that have high velocity values. The high 
velocity field at the central part shows the path of high 
momentum wall-jet that is formed near the leeward 
side of the windcatcher entrance channel and 
continues toward the building floor. Another high 
momentum flow region is seen near the internal walls 
of the building that are due to the formation of large 
recirculating zones near these zones.  

As it can be seen in the contours of Figure 6, the 
highest velocity average at this horizontal plane 
belongs to the straight and triangular shapes while the 
elliptical and circular shapes produce the minimum 
average value. The rectangular-shaped ASCD 
increased the average velocity at this height (1.1 m) to 
some extent but not as much as the triangular and 
straight ones. The relatively high velocity values from 
the triangular and straight shapes are due to their 
geometrical details specifically sharp edges which 
direct the high-momentum entering jet in a straight 
path so the entering air flow is not able to bypass the 
ASCD easily. 

Figure 6: The air velocity contours in the 1.1 m 
horizontal plane inside the room (average value is 

stated above each color map) 

Figure 7: The air velocity contours in 1.7 m 
horizontal plane inside the room (average value is 

stated above each contour) 

As it is depicted in Figure 7, velocity distribution trend 
at the height of 1.7 m is approximately similar for all 
shapes except for the circular one. Horizontal plane at 
this height is relatively far from air passages of the 
windcatcher so the velocity gradients are not so 
extreme at this zone and produced velocity 
distribution for all five shapes are approximately the 
same. Figure 6 reveals that velocity distribution trend 
at the height of 1.7 m is different for each shape. This 
is caused by the existence of severe velocity gradients 
at this horizontal plane because it is near the main core 
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of the windcatcher wall-jet. Compared to other ASCD 
shapes, the triangular shape does not produce high 
velocity average value at this height because the sharp 
and inclined edge redirects the high velocity flow to 
the corners of the building. Thus this alternation 
reduces the strength of the wall-jet core flow and 
results in a lower velocity average value. 

The yellow dashed line in Figure 7 (upper picture) 
denotes the air flow crossing the gray plane (1.5 m × 
1 m) perpendicularly which is the short-circuit (SC) 
plane towards the outlet side of the windcatcher. If the 
air passes this plane and exits the outlet channel 
(instead of entering the space) it means that short-
circuit happened. Hence, the air speed was measured 
in the SC plane to quantify the short circuit among all 
ASCD shapes. 

Figure 8: The air velocity (normal component) 
contours in short circuit (SC) planes  

The lower part of Figure 8 shows the velocity 
contours of the air flow inside the short-circuit 
plane; The contour comparison revealed that the 
rectangular and triangle shapes have better 
performance than the others. The worst case 
belongs to the elliptical shape which has the most 
short-circuit. This can be due to its special shape 
which leads to directing more air toward the outlet 
channel (gray plane). Conversely, the triangle 
and rectangular shapes can push the air toward 

the corner of the room which leads to better ventilation 
performance. 

Circular ASCD is not able to prevent the formation of 
short-circuit because of its curvature that smoothly 
guides the airflow along its surface and makes a bridge 
between the air entrance and exhaust part. For 
elliptical shape condition is even worse than the 
circular one because of the smoother curvature of the 
surface which results in more tendency of the high 
momentum jet to remain attached to the solid surface 
(which is known as Coanda effect). 

 Table 1 summarizes the results of different shapes for 
easier selection of optimum shape. As it was known 
from the air velocity contours, the triangular and 
rectangular were more successful than the other 
shapes since their air velocity in the short-circuit plane 
was lower than others.  

Table 1: The performance of different ASCD shapes 

ASCD shape 

Air 

velocity 

in SC 

plane 

(m/s) 

Air 

velocity 

in inlet 

plane 

(m/s) 

Air  

flow 

rate 

(l/s) 

Air 

change 

rate 

(1/h) 

Air 

velocity 

in 1.1 m 

plane 

(m/s) 

Air 

velocity 

in 1.7 m 

plane 

(m/s) 

Elliptical 0.52 0.47 470 23.6 0.12 0.12 

Triangle 0.09 0.48 480 23.9 0.13 0.12 

Circular 0.45 0.47 467 23.3 0.12 0.11 

Rectangular 0.11 0.47 468 23.4 0.12 0.13 

Straight 0.42 0.47 468 23.4 0.13 0.13 

Conclusion 

The findings of this study highlight that the triangle 
shape was slightly better than the other shapes in terms 
of three indoor air quality parameters (air velocity in 
inlet, air flow rate, and air change rate) while the other 
shapes had almost the same performance. On the other 
side, the triangle could not surpass the others in air 
velocity in the 1.1 m horizontal plane and 1.7 m 
horizontal plane. Therefore, the triangle was selected 
due to the lowest occurring short-circuit because this 
factor is much more important than other factors 
which shows the ability of the ASCD shape to prevent 
the short-circuit and increase the ventilation efficiency 
of the windcatcher. 
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