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Abstract—In this work the application of a building dynamic 

simulation in the development of horizontal shading device 

passive solution applied in an university canteen is studied. The 

building dynamic simulation, that simulates simultaneously 

buildings or groups of buildings, with complex topologies, in 

transient conditions, considers the solar radiation, the HVAC 

system, glass radiative proprieties, radiative heat exchanges, 

thermal solutions, occupants’ comfort and air quality, and others. 

In the horizontal shading devices passive solutions the numerical 

model, using a sun trajectory and window position, developed 

efficient external shading devices. The canteen considers three 

levels and is divided in 37 spaces. In the simulation, 100 

transparent surfaces and 773 opaque surfaces are considered. 

Special attention is given in the students’ main canteen, 

professors’ main canteen and university bar. The simulation is 

made in summer conditions. A simulation without and with 

horizontal shading devices and without and with HVAC system 

on, controlled by PMV index, is considered. In the simulation, the 

occupation and the ventilation are considered. In accordance 

with the obtained results the horizontal shading derives reduce 

the interval air temperature and improve slightly the thermal 

comfort level that the occupants are subjected. 
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I. Introduction 
In order to evaluate the comfort, air quality, energy, and 

others, in buildings, the building dynamic response was 
applied in the last years by several authors. Examples of 
application of these methodologies can be seen in, Yang et al. 
[1] or Balagi et al. [2]. 

In this study a numerical software that simulates the 
building dynamics response is used. This software, using 
energy and mass integral equations, was developed by the 
authors in the last decades and was applied in vehicles and 
buildings. In vehicles, as example, in Conceição et al. [3] the 
simulation of the passengers’ compartment is developed. In 
buildings, different works were developed. As example, some 
applications of the present software were made in Conceição 
et al. [4] (study of school Buildings in winter conditions); 
Conceição and Lúcio [5] (study of shading devices promoted 
by external trees in summer conditions) or in Conceição and 
Lúcio [6] (numerical study of a school building subjected to 
solar radiation with different orientations). 

In the evaluation of thermal comfort that the occupants are 
subjected, it is an important topic which software should be 
used. In this study, using the indoor air temperature, indoor air 
velocity, indoor air relative humidity, clothing level and 
activity level, the software calculates the PMV (Predicted 
Mean Vote) and the PPD (Predicted Percentage of 
Dissatisfied) indexes (see Fanger [7], ANSI/ASHRAE 
Standard 55 [8] and ISO 7730 [9]). In the thermal comfort, the 
integral or detailed evaluation can be performed.  

In the integral comfort evaluation, using the building 
dynamic response numerical model and evaluating the comfort 
level that all occupants are subjected, in Conceição et al. [4], 
Conceição and Lúcio [5] or Conceição and Lúcio [6] are 
presented some examples. 

In the detailed comfort evaluation is used the human 
thermal response numerical model that evaluates the comfort 
level that each occupant is subjected. Conceição and Lúcio 
[10], studied the evaluation of thermal comfort level in 
classroom equipped with radiant cooling systems and 
subjected to uniform convective Environment. Conceição e 
Lúcio [11], made the evaluation of thermal comfort level in 
students subjected to radiant system, located in front and 
behind, and warmed curtains. In this kind of study a coupling 
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of the human thermal response with a Computational Fluids 
Dynamics is applied in Conceição et al. [12]. 

The air quality evaluation is made using the carbon dioxide 
concentration, in accordance with ASHRAE 65 [13]. In this 
study the airflow rate of exchanging air with the external 
environment is made. Examples of studies that use techniques 
to evaluate the airflow rate can be analysed in Conceição et al. 
[14] or in Conceição et al. [15]. 

In spaces equipped with HVAC systems, the control 
systems should be used. These kinds of control systems can be 
analysed, as example, in Mathews et al. [16] or Mirinejad et 
al. [17]. In this control different techniques can be used: the 
control using preferred air temperature is showed in Conceição 
et al. [18], using thermal comfort level that the occupants are 
subjected is applied in Conceição et al. [19] and using the 
adaptive thermal comfort level, that the occupants are 
subjected, is showed in Conceição et al. [20]. 

In this study an university canteen thermal response is 
made. The study considers a building dynamic response 
software, developed by the authors, used to evaluate a passive 
solution applied in an university canteen. In this numerical 
solution the software considers a numerical model that 
integrates the passive solar strategies, the solar radiation, the 
shading devices placed above the window surface, the integral 
thermal comfort level and the HVAC control based in the 
thermal comfort that the occupants are subjected. The study is 
made in a summer typical day and considers, in specifying 
occupied spaces, the developing of special shading devices, 
placed above the window level, which guarantees, in specific 
instant, any passage of solar radiation through the window. 

II. Numerical Model 
In this work a building dynamic numerical model, 

developed by the authors, is used in the numerical simulation 
of an university canteen. The software, that is analysed and 
develops new passive solutions, uses energy and mass balance 
integral equations and uses as input data the: 

- Buildings geometry (opaque, transparent and interior 
surfaces and interior spaces) and surfaces and spaces 
thermal variables; 

- Building geographical information; 

- External surroundings thermal variables; 

- Internal HVAC systems; 

- Internal ventilation; 

- Occupancy information; 

- Radiative and convective empirical models. 

 

The software considers the followings numerical models: 

- Building thermal response; 

- Passive and active solar strategies; 

- Solar radiation and window radiative proprieties; 

- Shading devices placed above the window surface; 

- Air quality (D.L. [21] and ASHRAE 65 [13]) and thermal 
comfort (ANSI/ASHRAE Standard 55 [8] and ISO 7730 
[9]) levels; 

- HVAC control system, based in temperature, thermal 
comfort, adaptive thermal comfort and surface 
temperature; 

 

The output of the numerical models are: 

- Incident solar radiation that each opaque and transparent 
surface are subjected; 

- Indoor environmental variables (air temperature, relative 
humidity, air velocity and mean radiant temperature) inside 
each space; 

- Internal air quality and thermal comfort level; 

- Temperature of the layers of the opaque, transparent 
(windows glasses) and interior surfaces; 

- Mass contaminants inside the spaces and in the surfaces 
(carbon dioxide and water vapour concentration). 

 

More details about this Building Dynamics Software can 
be analysed in Conceição et al. [22]. Some applications can be 
seen in Conceição et al. [4], Conceição and Lúcio [5] and 
Conceição and Lúcio [6]. 

The development of a new passive solution is made in this 
work. The external passive solution (see in figure 1), 
developed in this work, considers a vertical shading device 
located above the window. The development of this shading 
device is made, it self, by the software. The software, after 
identifying the more uncomfortable spaces and the main 
windows that should be added additional shading devices, 
considers the window divided in two parts: The West side and 
the East side. In both sides, the software considers the upper 
and the lower window level. The dimension of the vertical 
shading device is calculated through the intersection of a 
horizontal line (with origin in the upper window level) with an 
oblique line (with origin in the lower window level with the 
direction of the sun location). In the calculation the software 
considers the day and hour that the shading device should 
guarantee that no radiation enters through the window. In this 
calculus the 12 hours of the 21

th
 June were considered. 

III. Numerical Metodology 
The passive solar strategies, using numerical simulation, 

applied in an university canteen is made in this study. In 
passive strategies the university canteen is equipped with 
multiple vertical shading devices.  

The university canteen (see figure 1) is divided in 37 
spaces and considers three levels. 100 transparent surfaces and 
773 opaque surfaces are considered in the simulation. 

https://icetm.theired.org/
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In this study two cases, without (see figure 1) and with (see 
figure 2) horizontal shading devices placed above the window, 
are analysed. In each case, without and with HVAC system 
with control based in PMV index, is used.  

In the figure 1 the grey is associated to opaque surfaces, 
blue is associated to transparent surfaces (windows) and green 
is associated to doors. In figure 2 the The grey color is 
associated to opaque surfaces, blue is associated to transparent 
surfaces (windows), green is associated to doors and magenta 
is associated to shading systems. 

The control of the HVAC system considers the value of 
PMV of 0.5 in summer conditions. 

In the numerical simulation all spaces are considered. 
However, in the present work special attention is given to the 
occupation in three spaces, namely: 

- the students’ main canteen (room 23), with a maximum 
occupation with 510 occupants. However, in this 
simulation an occupation with 250 students was 
considered; 

- the Professors’ main canteen (room 29), with a maximum 
occupation with 60 occupants. However, in this simulation 
an occupation with 32 persons was considered; 

- the university bar, with a maximum occupation with 96 
persons (room 11). However, in this simulation an 
occupation with 60 persons was considered. 

 

In the numerical simulation, in accordance with Conceição 
et al. [23], using experimental tests, when the space is not 
occupied, a natural air renovation rate of 2.42 1/h is 
considered, while when the space is occupied a natural air 
renovation rate of 5.36 1/h is used. 

In Figures 1 and 2 is presented the University Canteen 
used in the study, respectively, without horizontal external 
shading devices. In this study 13 shading devices are 
developed: 

- In room 23, located in right side of the first level of 

the building, are considered 2 shading devices in the 

space; 

- In room 29, located in the central area of the second 

level of the building, are considered 8 shading devices 

in the space; 

- In room 11, located in the left side of the first level of 

the building, are considered 3 shading devices in the 

windows of the space. 
 

 
Figure 1.  University Canteen used in the study (South-East view) without 

horizontal external shading devices. The grey color is associated to opaque 

surfaces, blue is associated to transparent surfaces (windows) and green is 

associated to doors. 

 

Figure 2.  University Canteen used in the study (South-East view) without 

horizontal external shading devices. The grey color is associated to opaque 
surfaces, blue is associated to transparent surfaces (windows), green is 

associated to doors and magenta is associated to shading systems. 

IV. Results and Discussion 
In this section, after being presented the 3D view of the 

university canteen, without and with horizontal shading 
devices, the evolution, in a summer typical days, of the 
window transmittance solar radiation, air temperature and 
PMV index, is presented. 

In Figures 1 and 2 the 3D view of the University Canteen, 
respectively, without and with horizontal external shading 
devices, is presented. In these Figures, the camera is placed in 
the sun location at the 12 hours of the 21

th
 June and is possible 

to show the effect of the shading device in the solar radiation 
in the window. 
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Figure 3.  3D view of the University Canteen without horizontal external 

shading devices. 

 

 
Figure 4.  3D view of the University Canteen without horizontal external 

shading devices. 

In accordance with Figures 3 and 4 is possible to see, at 12 
hours of the 21

th
 June, the shading system guaranteeing no 

radiation entering through the window, because the shading 
device is placed exactly in the trajectory between the sun and 
the window. 

In Figures 5 and 6, the evolution of transmitted solar 
radiation in windows, respectively, without and with 
horizontal shading devices, of the Professors’ main Canteen 
(room 29) is presented. Red colours are associated to three 
windows facing East, green colours are associated to one 
window facing South and blue colours are associated to three 
windows facing West. 
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Figure 5.  Evolution of transmitted solar radiation in windows, not equipped 

with horizontal shading devices, of the Professors’ main Canteen (room 29). 
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Figure 6.  Evolution of transmitted solar radiation in windows, equipped with 

horizontal shading devices, of the Professors’ main Canteen (room 29). 

The shading device, in accordance with the numerical 
model, guarantees, at the 12 hours of 21

th
 June, that no 

radiation enters through the window. However, before and 
after 12 hours, the shading device only reduces the transmitted 
solar radiation.  

From Figure 5 to Figure 8 is presented the evolution of air 
temperature in room 11 (university bar), room 23 (students’ 
main Canteen) and room 29 (Professors’ main Canteen). In 
Figures 5 and 6 are not considered shading devices, while in 
Figures 7 and 8 are considered shading devices. In Figures 5 
and 7 are not considered HVAC systems, while in Figures 6 
and 8 are considered the HVAC systems. 

In accordance with the obtained results, without HVAC 
systems, the shading devices in room 11 and in room 23 
reduce around 1 ºC the air temperature and in room 29 reduce 
around 0.5 ºC the air temperature. The shading devices in the 
first situation reduce more the internal air temperature than in 
the second situation. This conclusion is associated to the fact 
that in the second one the windows are turned Southwest and 
Southeast direction and in the first one the window are mainly 
turn towards South.  
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Figure 7.  Evolution of air temperature in room 11 (University Bar), room 23 

(Students’ main Canteen) and room 29 (Professors’ main Canteen), without 
shading devices and without HVAC system. 
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Figure 8.  Evolution of air temperature in room 11 (University Bar), room 23 

(Students’ main Canteen) and room 29 (Professors’ main Canteen), without 

shading devices and with HVAC system. 

Thus, in the future is suggested the development of 
shading devices guaranteeing that no radiation enters through 
the window, except at 12 hours. 
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Figure 9.  Evolution of air temperature in room 11 (University Bar), room 23 

(Students’ main Canteen) and room 29 (Professors’ main Canteen), with 
shading devices and without HVAC system. 
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Figure 10.  Evolution of air temperature in room 11 (University Bar), room 23 

(Students’ main Canteen) and room 29 (Professors’ main Canteen), with 

shading devices and with HVAC system. 

In accordance with the obtained results, when the spaces 
are occupied, in general, the HVAC system guarantees the 
same internal air temperature, either when shading is not 
considered, or when shading is considered. 

The air temperature, in accordance with the Figures, when 
the HVAC system is on and when the spaces are occupied, 
inside each space, decreases slightly during the day. This fact 
is associated to the increase of the value of the Mean Radiant 
Temperature, due to the increase during the day of the 
surrounding opaque and transparent surfaces. 

The evolution of PMV index, in the Professors’ main 
Canteen (room 29), without and with shading devices, when 
the HVAC system is on, is presented in Figure 11. The HVAC 
control, based in PMV index, guarantees, during the 
occupation time, acceptable thermal comfort levels. The PMV 
index is in accordance with the Category B of ISO 7730 [9] 
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Figure 11.  Evolution of PMV index in room 29 (Professors’ main Canteen), 

without and with shading devices and with HVAC system. 

 

In future works, in accordance with the present results, is 
suggested to develop new shading devices installed above the 
window levels, which guarantee no entrance of solar radiation 
after and before the 12 hours. In these shadings devices, that 
can be horizontal or inclined, the rectangular shape should be 
replaced by a trapezoidal configuration or other shape 
configuration. 

V. Conclusions 
In this work a numerical model that evaluates the buildings 

thermal behaviour is presented. The model was used in the 
thermal study of an University Canteen, with three floors, 
located in the South of Portugal in a typical summer day with 
clean sky. The shading devices system, developed in windows 
of three spaces, guarantee that no radiation enters through the 
window, at the 12 hours of 21th June. 

In accordance with the virtual design of the shading 
devices, developed by the Building Dynamic Software, at 12 
hours of the 21th June, no radiation enters through the 
window, because the shading devices are placed exactly in the 
trajectory between the sun and the window. Using the 
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evolution of solar radiation, is possible to confirm these results 
and verify that before and after 12 hours, the shading devices 
reduce the transmitted solar radiation. 

Without HVAC system, the shading devices in room 11 
and in room 23 reduce around 1 ºC the air temperature and in 
room 29 reduce around 0.5 ºC the air temperature.  

The HVAC system, when the space is occupied, guarantee 
the same internal air temperature, either when shading is not 
considered, or when shading is considered. In these cases, the 
air temperature decreases slightly during the day, in order to 
the increase of the value of the Mean Radiant Temperature, 
due the increase during the day of the surrounding opaque and 
transparent surfaces. 

The HVAC control, based in PMV index, guarantees, 
during the occupation time, acceptable thermal comfort levels, 
in accordance with the Category B of ISO 7730 [9] 

In future works is suggested to develop new shading 
devices installed above the window levels, that guarantee no 
entrance of solar radiation after and before the 12 hours. 
Trapezoidal configuration or other shape configuration will be 
used as shading devices. 
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