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Abstract 
This paper studies the impact of changing layering 
configurations, cavity widths and shading apertures of a 
shading system on the inner cavity surface temperatures 
of a double skin façade (DSF) in a hot arid climate. 
Computational fluid dynamics (CFD) thermo-fluid-
dynamics modelling is used by coupling RNG k-epsilon 
turbulence model with Discrete Ordinate (DO) radiation 
and solar ray-tracing model. The optimized DSF is tested 
on a peak summer and winter day, at 9:00am, 12:00pm 
and 15:00pm. A flat-shading with 3 aperture sizes (30%, 
50% & 70%) is tested to reduce internal surface heat 
gains.  

Key Innovations 
 The paper presents a validation methodology 

using coupled radiation and turbulence sub-
models. CFD combines solar load and radiation 
models in a 3D section to study the turbulent 
mixing in the cavity with reduced computational 
cost. 

 The paper highlights the potential of kinetic 
solar shading systems, which can be operated 
with thermo-responsive actuators. These 
actuators are passively activated by the stratified 
heat in the Double Skin Façade cavity.  

Practical Implications 
In a DSF, the reduction of the inner surface temperatures 
and interception of direct solar radiation are directly 
correlated to reducing cooling loads in indoor 
environments. Simulation results lead to guidelines of 
constructing an optimized configuration with a DSF 
cavity 1 m wide, with internal double glazing and with an 
internal shading system of 30% aperture around peak 
solar radiation is expected. 

Introduction 

Double-skin facades (DSF) are aesthetically appealing 
and effective in cooling energy demand reductions in hot 
arid areas. The DSF configuration also offers direct solar 
radiation interception providing  a shading system;, an 
acoustic barrier, and for nocturnal ventilation in buildings 
in hot arid climates (Hamza & Qian, 2016; Hashemi, 
Fayaz, & Sarshar, 2010). A reduction between 12-30% 
of indoor cooling loads can be achieved by applying DSF 
systems based on the building size and configuration 
(Hamza & Qian, 2016). A movable solar-shading device 

is usually installed at the DSF cavity for thermal controls 
(Baldinelli, 2009; Gratia & De Herde, 2007). 

Previous research on DSF examined  the influence of the 
position and the colour of the solar-shading device 
integrated in the cavity on indoor cooling demand  Gratia 
and De Herde (2007). The results of Gratia and De Herde 
(2007) and Baldinelli (2009) demonstrated that the use of 
light colored and high reflection shading devices reduces 
cooling loads in summer and allows a satisfactory solar 
gain in winter in warm climates. Moreover, Baldinelli 
(2009) tested a DSF equipped with integrated movable 
solar-shading devices and found that it significantly 
improves the building energy behaviour throughout the 
year. The proposed system recorded improvements that 
reaches up to 60 kWh/m2 per year compared to opaque 
facades. All types of DSF allow better integration with 
external views compared to opaque walls with small 
windows. This research will study the thermal conditions 
of an empty cavity and then integrate a solar-shading 
screen with different apertures. The empty DSF 
configuration offers a level of solar shading, however, 
internal shading devices would further intercept direct 
solar radiation and offer control over indoors daylight 
levels. The opening and closing mechanisms being 
protected by the DSF configuration. This research 
followed n methodology to simulate DSF by coupling 
turbulence and radiation modelling. 

The behaviour of DSF is complex due to the multiple 
coupled physical phenomena that takes place inside the 
cavity. These phenomena are air movement, heat 
convection, conduction, short- and long-wave radiation 
(Safer, Woloszyn, & Roux, 2005). This coupled physical 
phenomena results in a buoyancy-driven flow in the DSF 
cavity. Although DSF can act as a shading system 
depending on the cavity width, and solar interceptions 
properties of the external glazing, the large exposed glass 
areas are dominated by transmitted solar radiation, with 
a small contribution from the conduction and convection 
fluxes (Mei et al., 2007). Therefore, the turbulence 
modelling should be coupled with radiation modelling.  

Computational Fluid Dynamics have achieved success 
in predicting airflow and thermal comfort in DSF 
cavities. For the airflow study in DSF, the mean air 
parameters are more effective than instantaneous 
turbulent-flow parameters. Hence, the interest is stronger 
in solving the RANS equations with turbulence models 
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that can quickly predict air distributions with less 
computational resource than other methods (i.e.LES) . 
The “standard” k-ε model is commonly chosen for indoor 
airflow simulation due to its simple format, robust 
performance, and wide validations (Pasut & De Carli, 
2012). Thus, RNG k-epsilon (𝒌 − 𝜺) is applied as it 
achieves balance between accuracy and computing time. 

The usage of large exposed glass areas in DSF in hot 
climates increases the total transmitted solar radiation 
gains. Literature review has shown many different 
approaches in numerical simulations of DSF equipped 
with solar shadings. Some researchers couple Building 
Performance Simulation with Computational Fluid 
Dynamics (CFD) (Wang & Wong, 2009) while others 
depend on coupled thermo-fluid-dynamics problems 
using sub-models of radiation and turbulence to capture 
the various thermo-physical properties of DSF 
configurations and turbulence models (Coussirat et al., 
2008).  Velasco, Jiménez García, Guardo, Fontanals, and 
Egusquiza (2017) used P1 radiation model for coupling 
radiation in Ansys. This research couples turbulence 
modelling with Discrete Ordinates (DO) radiation 
modelling. DO model transforms the radiative transfer 
equation into a transport equation for radiation intensity 
in the spatial coordinates, solving as many transport 
equations as there are direction vectors associated with a 
number of discrete solid angles. The solution method is 
identical to that used for the fluid flow and energy 
equations (Coussirat et al., 2008). DO radiation model 
has been used widely as it suits both low and high optical 
thickness. Furthermore, DO model proved its superiority 
in solving Radiative Transfer Equation with participating 
medium with spectral absorption coefficient, at semi-
transparent walls, by using non-gray model and at a 
moderate computational cost (Amaireh, 2017; Hazem, 
Ameghchouche, & Bougriou, 2015). The DO model is 
used to simulate the effect of incident solar radiation on 
the glazing surfaces, grills and solar-shading.  

Numerical Modelling 
 The analysis of a DSF with and without shading devices 
is presented. The study is conducted using CFD to 
simulate the airflow and associated heat transfer (coupled 
convective, conductive and radiative) through the DSF.  
Navier-Stokes equations together with the energy 
conservation equation are solved using CFD code Ansys 
Fluent® v18.1. 3D modelling is adopted mainly for its 
ability to use the solar load model, which is available in 
the 3D solver of ANSYS Fluent; and it allows assessment 
of more complex solar-shading forms.  

Solution Method Setup 

All the cases are solved using Fluent code with double 
precision for better accuracy. The SIMPLE algorithm 
(Semi-Implicit Method for Pressure Linked Equations), 
was used for coupled pressure and velocity. The 
PRESTO! discretization scheme was adopted for 
pressure and Second order upwind discretization 
schemes were imposed on all the transport equations. The 
model’s numerical convergence was checked based on 

the normalized numerical residuals of all computed 
variables. The criteria used for defining convergence are: 
i) all the maximum residuals for each equation are lower 
than 5×10-4 for the last 100 time steps and ii) All residuals 
dropped for less than 1x10-3 for all solved equations 
except energy to 1x10-6.  

Due to the complexity of some hybrid meshes, it was 
recommended to test the cases under the zero-equation 
model as initial condition (Zhang, Zhang, Zhai, & Chen, 
2007) or Under Relaxation Factors (URF) initial 
conditions (Amaireh, 2017; Iyi, Hasan, Underwood, & 
Penlington, 2014) to achieve convergence. Moreover, Ji 
et al. (2007) recommended running the simulations under 
a small relaxation factor (URF=0.2) for the energy 
equations to achieve good solution stability.  

Table 1: Set-up for solution methods in fluent; URF and 
Discretization scheme (Amaireh, 2017; Iyi, 2013) 

Parameters Discretization Initial 
URF 

Default 
URF 

Pressure  PRESTO! 0.2 0.3 

Density - 0.8 1 

Body Forces - 0.8 1 

Momentum Second Order 
Upwind 

0.5 0.7 

Turbulent 
Kinetic Energy 

Second Order 
Upwind 

0.5 0.8 

Specific 
Dissipation Rate 

Second Order 
Upwind 

0.5 0.8 

Turbulent 
Viscosity 

Second Order 
Upwind 

0.8 1 

Energy Second Order 
Upwind 

0.9 1 

Discrete 
ordinates 

Second Order 
Upwind 

0.8 1 

Materials 

Semi-transparent solids are set for all glazing materials in 
the simulations while opaque solids are set for blinds and 
passive walls. Physical properties for solid materials are 
set as shown in Table 2.The air is set as a transparent 
media and air density is set as a function of temperature 
using the Boussinesq approximation method.  

Table 2: Physical properties of DSF elements 

** For wavelength 0–2.7 micrometers and * for 
wavelength 2.7–1000 micrometers 

 Outer 
glazing  

Inner 
glazing  

Grills Passive 
walls 

ρ (kg/m3) 2500 2500 2719 2100 

Cp  (J/kgꞏK) 840 840 871 1100 

K (W/mꞏK) 1.7 1.7 202.4 0.8 

Absorption 
coefficient 

30* 30* - 0.58 

3000** 1285.7** -  

Emissivity 0.84 0.84 0.7 0.58 

Refractive index 1.5 1.5 1.4 1 
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Validation 
This study used a cross validation with experimental data 
from Mei et al. (2007) for its similarity with the current 
research configuration variables. Mei et al. (2007) 
investigated the performance of a box window DSF in a 
full-scale solar simulator which is located in front of the 
facade to generate the solar heat flux. The DSF consists 
of a single outer glazing element (12mm thick clear glass 
pane); venetian blinds and double inner glazing each is 
6mm thick, separated by an air cavity of 16mm wide. 
Both the air intake and exhaust of the DSF are 
commercial grille (0.24m high and 1.45m wide) to permit 
air flow through the cavity. 715 W/m2 fixed solar 
radiation and 20°C fixed inner and outer temperatures 
were set to validate the numerical method. Full detailed 
model is simulated using RNG k – ε turbulence model 
and DO non-gray model with two bands, solar and 
thermal, from 0-2.7mm and 2.7-1000mm (Figure 1).  

 
Figure 1: Temperature & air velocity of simulated shaded case 
The simulation results are compared with Mei et al. 
(2007)  results as well as Ji et al. (2007) and Pasut and De 
Carli (2012)  simulation results as shown in Figure 2. 

 
Figure 2: Mid cavity temperatures of shaded case compared to 
Mei et al. (2007) Ji et al. (2007) and Pasut and De Carli (2012). 

The simulated CFD results from this research record 
surface temperature 40.7°C on the external single glazing 
compared to 41.85°C recorded by Mei and 21.4°C for the  
internal glazing compared to 23.3°C recorded by Mei as 
shown in Figure 2. The computed air temperature 

generally agree well with the measured data of Mei et al. 
(2007).  All the results matched Pasut and De Carli 
(2012). Less than 5% discrepancy was found on the 
external glazing and around 10% on the internal glazing. 
20% discrepancy was found on the front inner glazing 
(27°C) compared to (35°C) experimental data which is 
the acceptable margin of discrepancy between CFD and 
experimental results in enclosed environments according 
to (Zhang et al., 2007) and  Pasut and De Carli (2012). 

Case descriptions 
A naturally ventilated corridor single storey south-
oriented DSF located in Cairo, Egypt is studied 
numerically. Non-shaded and flat-shaded cases are 
modelled in AutoCAD and exported as step files to be 
processed in Ansys to examine the cavity thermal 
performance. 3D approach is adopted to enable the use of 
solar load model, and assess complex forms. 

Geometrical model 

The cavity is naturally ventilated through the inlet and 
outlet. The position of inlet/outlet on the outer DSF 
surface provides homogeneous horizontal ventilation 
(Guardo, Coussirat, Valero, Egusquiza, & Alavedra, 
2011). Based on Guardo et al. (2011), this configuration 
indicated better performance in buoyancy induced air 
movement over bottom/top arrangements. The outside air 
is drawn from the bottom inlet of the cavity at 0.2m and 
the outlet of 0.2m at the top of the façade configuration 
as shown in Figure 3.  The system consists of an external 
single glass surface of 12 mm thickness of toughened 
clear glass, a main air cavity (0.4, 0.6, 0.8, 1m), a single 
inner glass of 6 mm thickness or double panels glass each 
pane is 6 mm thickness with 16 mm air gap in between. 

   
Figure 3: Full width model of 3.2m 

The non-shaded cavity simulations (Scenario 1) analyses 
the impact of cavity width, inner glazing type, and domain 
size on DSF system performance and temperature profiles.  

 The impact of cavity width is studied on the surface 
temperature of the inner wall. It was stated in the 
literature that decreasing the cavity width, increases 
the heat gains on the inner  surface as it reduces the 
global heat transfer coefficient (Velasco et al., 
2017). As seen in Figure 4, temperature and velocity 
fields of four cavity depths (0.4, 0.6, 0.8, 1m) are 
compared 

 The impact of the type of inner glazing is studied 
on the surface temperature of the inner wall. Elarga, 
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Zarrella, and De Carli (2016) reported that double 
inner glass layer with ventilation technique attained 
the lowest daily cooling sensible energy needs 669 
kWh/day, on the other hand using single inner layer 
has increased the sensible cooling energy to 826 
kWh/day. Accordingly, the study hypothesized that 
increasing inner glazing layers can improve 
conduction to the indoor environment. Two inner 
skin configurations; single and double inner 
glazing; are compared. A single glass panel with 6 
mm thickness is compared to double-pane glass 
each pane is 6 mm thickness with 16 mm air gap. 

 The impact of domain size is studied on the surface 
temperature of the inner glazing. Initially, a 3D 
vertical segment of 0.4m deep which represents the 
width of one solar shading module is modelled. This 
depth represents the solar shading module which 
can have more complex forms rather than an 
extruded solar-shading section. Further modelling 
of a full DSF cavity (3.2m deep) which includes 
eight solar shading modules is modelled to compare 
the two methods, as shown in Figure 4. 

 

 

 
Figure 4: The study parameters 

The shading devices 

The solar shading device within the DSF separates the 
cavity into two vertical zones, ‘Frontal Zone’ and ‘Back 
Zone’. The solar-shadings have a significant influence on 
the thermal and airflow performance of the façade 
(Amaireh, 2017; Mei et al., 2007). Three aperture sizes 
(30%, 50% & 70%) are modelled to represent the 
different states of a simplified kinetic solar-shadings for 
the simulations. Flat squares with aperture sizes of; 30%, 
50% & 70%, are used to cut down the computational cost. 
The full cavity model is composed of an array of the 
module (0.4m X 0.4m). Seven shading modules are 
arrayed vertically, and eight shading modules are arrayed 
horizontally, as shown in Figure 4.   

Boundary conditions 
Thermal boundary conditions for the exterior and interior 
layers are imposed as a mixed condition (radiation and 
convection). Convection coefficients are set to 12 
W/m2K and 8 W/m2K for the external and internal 
glazing surfaces respectively similar to previous research 
carried in the Mediterranean region in Barcelona (Spain) 
(Coussirat et al., 2008; Velasco et al., 2017). The upper 
and lateral walls are considered adiabatic in the solar ray 
tracing. The temperature of internal air conditioned office 
was set to 22 °C during winter and 24°C during the 
summer following Egypt’s regulations on energy 
efficiency in buildings. The ambient temperatures were 
set to 31°C at 9h and 35°C at 12h and 15h of (15th of July) 
or 12°C at 9h and 17°C at 12h and 15h of (15th of 
January) as per the selected dates with weather data.At 
the inlet, the boundary condition was set as velocity inlet 
in which the air enters the channel with a constant 
velocity (V = 0.4 m/s). This is an average velocity value 
for inlet condition which would change relative to inlet 
height as reported by Hamza and Qian (2016). A similar 
study carried in china (Li, Darkwa, & Kokogiannakis, 
2017) set a velocity inlet for DSF equal to 0.45 m/s for 
the hottest month (July). At the outlet of the domain, the 
outflow boundary condition was set as pressure outlet 
and the flow rate weighting factor was set to 1. The inlet 
and outlet specification method for turbulence was set 
using Intensity and hydraulic diameter (Hydraulic 
diameter= 0.3765m and Intensity= 0.05065).   

Results 

Results are recorded for two scenarios, non-shaded and 
Flat-shaded cavities. Results were integrated and area-
weighted averaged to compute the surface temperatures.  

Scenario 1: Non-shaded DSF  

The geometrical variables of the non-shaded DSF cavity 
are the DSF cavity width, the façade layering, and the 
domain size. These geometrical variables are compared 
at the Midday of the 15th of July (peak summer day). 

DSF cavity width 
Temperature and velocity profiles inside the cavity are 
obtained to assess the DSF thermal performance. The 
results show that the 1 m cavity width resulted in a drop 
of 17.5°C between single external glazing with 
temperature 47.8°C and internal double glazing with 
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temperature 29.5°C as shown in Figure 5. All the smaller 
cavities recorded higher internal glazing temperatures. 
The 0.8, 0.6 and 0.4m cavities resulted in 30°C, 30.3°C 
and 30.5°C internal double glazing surface temperature. 
The results of this section indicate that increasing the 
cavity width can improve the thermal performance of the 
DSF where the 1m cavity reduces the heat gain by 15%. 
By analysing the airflow, it is found that the successive 
decrease in cavity width, leads to a significant increase in 
the average air velocity. The 0.4m wide cavity recorded 
0.22 m/s average air velocity compared to 0.16 m/s 
recorded by the 1m wide cavity. Although the increase of 
air velocity in narrow cavities can extract warmer air to 
outlet section, it doesn’t offset the impact of the direct 
radiation heating on the inner glazing surface. Therefore, 
the 1 m wide DSF cavity is recommended. 

 

Figure 5: Inner and outer surface temperatures comparing 
the four cavity widths at 15th July (12:00 pm) 

 
Figure 6: Volume-average air velocity comparing the four 

cavity widths at 15th July (12:00 pm) 

DSF Façade layering 
Temperature and velocity profiles inside the cavity are 
obtained for the single and double inner glazing to 
compare their impact on the DSF thermal performance 
qualitatively at 12:00 pm on the 15th of July. The internal 
double glazing lowered the internal surface temperature 
by 24% from 39.4°C recorded by single glazing to 
30.08°C recorded by the double glazing. 

DSF domain size. 
Two 3D models are compared; 0.4 m vertical segment 
model and full DSF cavity (3.2m deep). Similar to the 
validated case, the 3D approach is adopted. Initially, a 
vertical section with 0.4 m deep was used to fit the 
average dimension of  light-weight shading. The bottom 

and the top boundary conditions are set as adiabatic walls 
while the lateral walls are set as a symmetric boundary as 
recommended by (Coussirat et al., 2008).  
As shown in Figure 7, the temperature profile at the mid 
cavity of both methods is similar with less than 5% 
variation. Both methods are valid for summer middays, 
but full cavity model is used in case of side components 
of sun angles at morning times and late afternoon times; 
(9:00 am) and (3:00 pm). Accordingly, a full cavity 3.2m 
deep is used for further experimentation of DSF with and 
without shading. One major drawback of this full cavity 
model is the extra computational power demand.  

 
Figure 7: Temperature profile of non-shaded 1m DSF 
comparing Full width and 0.4 m vertical segment model.  

The 1m wide cavity glazing is selected as it reduces the 
heat gain by 15% compared to the 0.4m wide cavity. The 
inner double glazing is selected as it decreased the 
internal surface temperature by 24% compared to single 
glazing. Full DSF cavity (3.2m deep) is recommended as 
the symmetry boundary condition of the 0.4 m vertical 
segment model let the solar radiation directly into the 
DSF domain at morning and late afternoon times. Having 
discussed the effect of geometrical variables on the non-
shaded case, it is necessary to simulate the non-shaded 
DSF at different times of peak summer and winter day. 

Non-shaded DSF with time 
This set of analysis examines the non-shaded DSF cavity 
as a base case on 15th of July and 15th of January at 9:00, 
12:00 pm and 3:00 pm respectively. Temperature profiles 
inside the cavity are obtained to qualitatively assess the 
non-shaded DSF thermal performance at different times 
of a peak summer and winter day. Both external and 
internal surface temperatures, and mid cavity 
temperature are calculated for the non-shaded cavity, as 
shown in Figure 8. 

 Figure 8 shows the cavity temperature evolution during 
the 15th of July and 15th of January. The temperature 
inside the cavity increases until the peak solar radiation. 
After midday, the cavity temperature decreases due to the 
lower solar radiation level. Temperature profiles indicate 
that the interior glazing is consistently lower than the 
exterior glazing. In summer, the highest profiles are 
found to be at 12:00 and 15:00 pm of the summer’s peak 
day. In the midday of July, the external glazing reached 
a maximum temperature of 48°C. The non-shaded DSF 
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obtains a difference in temperature between the external 
glazing and the internal double glazing facing the cavity 
by around 11°C (22.5%) to be 27.59 °C. The internal 
double glazing facing the room resulted in an extra 
temperature drop of 7°C, which represents 37.6% in total 
and reaches a temperature of 30°C. In winter, the low 
solar angles in the south direction resulted in increasing 
the external glazing temperature to reach 54.2°C at 12:00 
pm, and the internal glazing reaches a temperature of 
28.21° resulting in a 26°C difference in temperature.  

 
Figure 8: Mid cavity temperature for non-shaded DSF 

 
Figure 9: Velocities profiles of non-shaded DSF 

Velocity profiles and Air velocity average inside the 
cavity are obtained at different times of a peak summer 
and winter day. Results are recorded in Figure 9. Air 
velocity average reaches a maximum of 0.15 m/s and a 
minimum of 0.11 m/s for the non-shaded cavity (3.2m-
high and 1.00m-wide). Figure 9 shows the velocity 
profile at mid cavity. The maximum airflow for all cases 
is close to the internal glazing surface and their peaks are 
at 0.08m away from the glazing element, as shown in 
Figure 9. The highest velocity is 0.41m/s occurs at 12:00 
h and 15:00 h of 15th of July corresponding to solar 
radiation 1320.36 W/m². The lowest peak of 0.30 m/s 
occurs at 9:00 h, which corresponds to solar radiation 
832.57 W/m². The range of mean velocities concurs with 
Hamza and Underwood (2005) DSF studies in hot arid 
areas. Hamza and Underwood (2005) found that mean 
velocities ranges between 0.045 m/s – 0.84 m/s. 

Having discussed the non-shaded DSF cavity, the coming 
section will study the performance of the DSF with 
integrated flat solar shadings. 

Scenario 2: Flat solar shading 

The proximity of the solar shading devices to the external 
glazing is chosen to block the direct solar radiation from 
affecting the back zone. This position creates a large 
buffer space between the solar shading and the internal 
glazing resulting in negligible effect of the heated solar 
shading on internal surfaces. This decision concurs with 
Safer et al. (2005) and Gratia and De Herde (2007) findings. 

Temperature Contours  
Surface and air temperatures inside the flat-shaded cavity 
are tested numerically with the three aperture sizes (30%, 
50%, & 70%) and compared with the non-shaded case at 
15th of July and 15th of Jan. at 9:00, 12:00 pm and 3:00pm.  

The obtained average inner surfaces and cavity 
temperatures for the integrated DSF are in all cases lower 
than non-shaded DSF in the same dates. The proximity 
of the solar-shading devices to the external glazing 
resulted in increasing the temperature in the frontal zone. 
In midday of peak summer, the solar-shading devices 
result in 1°C increase in the external glazing temperature, 
which varies according to the aperture size. The (30%) 
screen aperture raised the ‘frontal zone’ and external 
glazing temperatures due to the heat trapped in the frontal 
zone compared to the (70%) screen aperture. On the other 
hand, the ‘back zone’ and internal glazing temperatures 
are reduced as the closed configuration contained the heat 
in the frontal zone.  The small apertures reduced the ‘back 
zone’ air temperature, and the surface temperature of the 
internal glazing as the closed configuration tends to 
contain the heat in front of the shading device. In 
contrast, the opened configuration (70%) resulted in a 
higher air temperature in the ‘back zone’. The external 
glazing surface temperature increases proportionally 
with the aperture size. This section revealed an apparent 
correlation between aperture size and external glazing 
temperature. The smaller the aperture size, the more heat 
trapped in the outer chamber, hence the external glazing 
temperature increased while the internal decreased. 

On the 15th of July at 15:00h, the integration of the 30% 
aperture flat shading reduced the surface temperature of 
the internal glazing facing the cavity from 34.8°C to 
32.3°C and surface temperature for the internal glazing 
facing the room from 28.9°C to 27.8°C. The other 
aperture sizes of 50% and 70% achieved less reductions 
on the internal glazing facing the room, which are 28.6°C 
and 28.8°C respectively. In summer, the integration of 
30% aperture flat shading resulted in 15.4°C reductions 
in temperature between the external glazing (43.2°C) and 
the internal double glazing (27.8°C) which represents 
40%. These lower surface and cavity temperatures have 
a direct impact on the heat transfer toward the building.  

Airflow rates and Velocity Profiles 
Velocity profiles inside the flat-shaded cavity are 
obtained at 9:00, 12:00 pm and 3:00 pm of peak summer 
and winter day for the three aperture sizes (30%, 50%, & 
70%) and compared with the non-shaded cases. 
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The solar shadings increase the airflow in the frontal zone 
due to its high surface temperature and high air 
temperature in the frontal zone. The flow velocities 
obtained are low for all cases. At high temperatures, the 
solar-shadings reduced the air velocity close to the 
internal glazing surface from 0.41m/s to 0.39 m/s at 
12:00h and 15:00h of 15th of July and 15:00 of 15th of Jan. 
On the other hand, the solar-shading raised the lowest 
peak of 0.30 m/s recorded by the non-shaded cavity to 
0.39 m/s occurs at 9:00h of 15th of July and 9:00h and 
12:00h of 15th of Jan. Solar shading enhance the airflow 
around the shadings system. However, the enhancement 
of the solar-shading in the 1m wide DSF cavity is 
relatively minimal due to the large air volume. 

The velocity fields indicate that the shading has little 
effect on the back zone. The solar shading devices 
increase the airflow in the frontal zone compared to the 
non-shaded cases. Also, the solar shading results in an 
increase in the airflow due to its high surface temperature.  

The significant role of solar shading devices appears at 
lower sun angles. This finding is consistent with Mei et 
al. (2007) who used the solar simulator  normal to 
external glazing. The solar shading shows high efficiency 
at lower solar angles occurring at 15:00 pm, while the 
DSF ventilated cavity plays a bigger role as a shading 
device in higher solar angles as shown in  . In summary, 
a closed aperture is highly recommended at 12:00 h and 
15:00 h of summertime when the solar irradiance has 
maximum values. 
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Figure 10:  Temperature profile at mid-cavity for Flat-Shaded Cavities Vs non-shaded cavities 
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 indicates there is minimum effect on mid cavity 
temperatures which suggests that the air flow of an empty 
cavity can be maintained in shaded cases. Reductions in 
internal glazing temperatures lead to a decrease of the 
buildings’ energy consumption and improving its carbon 
footprint. 

Conclusion 
The paper studied the DSF as an enclosure that could 
provide the thermal conditions to actuate a kinetic solar 
shading system passively without recourse to an 
electrical pulse. The paper also presents a simplified 
methodology to simulate DSF by coupling turbulence 
and radiation modelling. The effects of DSF cavity’s 
width, façade layering, and domain size, showed a 
significant role in DSFs’ thermal performance.  

Increasing the cavity width can improve the thermal 
performance of the DSF. Narrow cavities allow the direct 
radiation to substantially affect the inner glazing surface. 
The 1m wide cavity reduces the heat gain by 15% 
compared to the 0.4m wide cavity. The internal double 
glazing lowered the internal surface temperature by 24% 
compared to single glazing when studied at 12:00 pm 
15th of July. The inner double glazing is recommended 
as it allows considerable cooling load reduction in 
summer. The 0.4m 3D vertical section allows for 
complex form assessment with reduced computational 
cost, but it has some limitations. The temperature profile 
at mid cavity of 0.4 vertical section and full cavity 
methods were similar with less than 5% variation. Both 
methods are valid for summer middays but full cavity 
model is used in case of side components of sun angles.  

Ventilated DSF is effective in summer in reducing 
irradiation and surface temperatures on the inner cavity 
surface, and the integration of flat-solar shading has an 
added value of 12 and 15 %. The net heat gain to the 
indoor environment is reduced considerably with solar 
shading devices in DSF. A 30% aperture is highly 
recommended when the solar irradiance has maximum 
values of 1320 W/m2 in summertime and at 12:00h of 
wintertime to protect the inner space from glare effect. 
The 70% aperture should be maintained at direct 
radiation values below 850 W/m2  to afford view to the 
outside. The effect of the integrated DSF system on the 
building’s energy balance, the thermal and visual comfort 
need to be further tested for the system efficiency.  
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