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Abstract: Due to rapid urbanisation, there is tremendous increase in global warming which has forced 
architects to design spaces that are ambient to users with strategies that are climate responsive. 
Particular to the Climatic comfort in buildings of tropical context are very much influenced by their 
sensitivity towards thermal conditions. The design of buildings is based on spatial organization specific 
to its need. There are many classifications of spaces in building design of which ' COURTYARDS' are 
unique, specifically in designing a building that is climatically responsive. This study tries to understand 
the impact of courtyard geometry towards thermal comfort of occupants in an institutional building that 
is located in the warm humid climate of Tiruchirappalli. The geometry of the courtyard was analysed by 
studying the shadow pattern and through field measurements of surfaces for specific time period. This 
study was carried on with the hypothesis that the shadow of the building plays a major role in modifying 
the temperature of courtyard spaces in the building, but the study suggested that the influence caused 
by the courtyard geometry was negligible as the impact of the shadow on temperature reduction was 
less.  
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1. Introduction 

Recent report from Ministry of Human Resources and Development (MHRD) India, indicates that 
majority of the student population who have completed their graduate degree, prefer stipendiary 
postgraduate courses or temporary project assistant positions (Khare2014, Wadhwa et al 2007, Lall 
1987 and Parikh 2004). Among the graduated students only 40% of them are placed last year (2018), 
having no option left before them the remaining 60% of the students are being forced to pursue post-
graduate studies (Sengupta 2006 and Ara 1998). Shocking news is that employment opportunity for 
Indians in India are expected to decline by ≥3.5 % in the fiscal year, 2019 (Singh 2018). Considering the 
unemployment rate and growing demand for post-graduate courses, many interdisciplinary post-
graduate courses are being offered to students (Bertrand et al. 2010, Banerjee et al 2007, Agarwal 2007 
and Bhattacharya 2008). As the number of courses offered by an institution increases, the contemporary 
infrastructure and advanced facilities required for establishing the same also increases. Eventually the 
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energy required to build, run and maintain the mentioned facilities steps-up considerably, leading to 
global warming and a hole in the ozone layer (De Castro et al. 2013 and Singh et al. 2009). When you 
look at the electricity loading pattern of educational institution, ≈35 to 40% of the total energy 
consumption goes to human comfort viz., lighting, fan, air-conditioning, refrigeration, etc., If you take a 
look at the educational institutions that are located in tropical climatic condition, major portion of the 
electrical energy is consumed for running air-conditioning system (De Abreu et al. 2018).  

According to World Meteorological Organization (WMO), the last 22 years encompass the 20 
warmest years on record. A combined effect of climate change and an evolving El Nino could possibly 
make coming years, the hottest ever. This motivated climate and building scientists to reinvent possible 
solutions for achieving self-sustainable or low energy building. Self-sustainable or low energy buildings is 
a concept used by architects to build structures that can provide superior thermal comfort to users by 
consuming minimal renewable energy sources. Recent studies have reported that a classroom’s thermal 
comfort and air quality decide the student’s performance and wellbeing (Wong et al. 2003, Corgnati et 
al. 2007, Kwok et al. 1998 and Buratti et al 2009). Temperature distribution inside the classrooms 
located in tropical climatic condition depends on variables such as sun-path, location, wind, rainfall, 
humidity, precipitation, shadow of surrounding elements etc (Kruger et al. 2004 and Humphreys 1981). 
Building possess different types of open spaces; among them courtyard plays a significant role in 
altering the temperature of the buildings to suit the thermal comfort of the users. Based on the recent 
experimental studies, experts suggest that introducing a courtyard in a classroom complex with an 
appropriate aspect-ratio, geometry and orientation could possibly enhance the thermal comfort and air-
quality of the classrooms in tropical/sub-tropical climatic conditions (Canton et al2014, Sadafi et al. 2011 
and Chatzidimitriou 2016. When it comes to an educational institution, the number of floors and 
classrooms per floor is relatively higher. By introducing a courtyard with optimal shape, orientation and 
aspect ratio (Almhafdy et al 2013), the effective shadow area can be ensured during the day as a 
function of sun-path and wind direction. When shadow area during the day is maintained, eventually 
the surface temperature of the building goes down. When the surface temperature is lower, then the 
residual heating of the subsequent floor levels becomes minimal resulting in superior thermal comfort in 
tropical area. On other hand, cross ventilation attributed by stack effect phenomenon ensures superior 
air quality. Ascribed merits offered by a courtyard makes it inevitable when it comes to educational 
institutions, as the courtyard spaces can be used as a recreational area for the students wherein the 
economics of the building is also equally taken care off. Conversely, if the guiding parameters while 
designing a courtyard are taken lightly then whole purpose behind the courtyard gets lost (Berkovic et al 
2012).   

This study tries to understand the role of courtyard in a classroom complex located in a tropical 
climatic condition. The role of aspect ratio of courtyard on the incurred shadow area and surface 
temperature of a classroom complex in National Institute of Technology, Trichy is extensively studied. 

2. Methodology  

         In order to understand the effect of courtyard space on the thermal comfort of an institutional 
building, the surface temperature of ground, first and second floor level was recorded using a non-

courtyard geometry the change in shadow area yield was recorded by taking photographic image of 
shadow for every hour from 6:30 am to 17:30 pm. The surface temperature of building and shadow 
area on courtyard space were recorded to analyse the impact of courtyard on thermal comfort of 
an institutional building. The data obtained is further taken to the comparative analysis of regional 
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temperature of Trichy. Shadow area yield is defined as the total shadow area that a particular space 
encompasses as a function of (a) orientation of building, (b) geometry of the building, (c) geometry 
of the courtyard, (d) sun path of the region of study etc., Shadow area in the courtyard was 
captured using a digital camera (Nikon D500) for every hour (from 6.30 am to 17.30 pm) .The 
shadow area in the photograph was used as a basis to mimic the building and shadow model using 
SketchUp 2014 which was further  imported in AutoCAD 2014 software to original length scale of 
the building. The imported model was superimposed on the building model drafted in AutoCAD 
2014 software which gives the area of Shadow. 

2.1 Study Area Description 

        The study was conducted in a classroom complex of an institutional building located in tropical 
climatic condition, on 5th September 2018 from 6:30 am to 17:30 pm. The Institute complex is located 
in Trichy-Tanjore National Highway, Tamilnadu,India (Figure 1) . Trichy has latitude of 10.7905° N and 
longitude of  78.7047° E. 

 

 

 

Figure 1: Location of the site discussed in this study  

(Source : https://www.mapsofindia.com,https://bharatmaps.gov.in/map.aspx) 

 

The topology of Trichy is almost flat, with an average elevation of 88 metres (289 ft). According to 
Koppen climate classification Trichy experiences tropical savanna climate—designated "Aw” without 
major change in temperature between summer and winter. Trichy experiences almost hot dry climatic 
condition .  According to Indian Metrological Department the average climatic condition of Trichy is 
tabulated in Figure 2 and 3. 

NIT,Trichy 

    North 

Scale: 1:577791 Scale: Not to Scale 

https://en.wikipedia.org/wiki/Tropical_savanna_climate
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Figure 2: Climate data of Trichy 

(Source : https://energyplus.net/weather, Climate Consultant) 

 

 
 

Figure 3: Climate data of Trichy (Source : https://energyplus.net/weather, Climate Consultant) 

 

https://energyplus.net/weather
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Figure 4: Orientation of institutional building with respect to east-west axis 

 

The building is oriented at 33º to east-west axis (Figure 4). The building has three floors and the height 
of the building is approximately 12m. The building has a rectangular courtyard with dimension of 44.1m 
x 76.4m and is enclosed by built-up space on all four sides. The exterior length of the building is 
approximately 102.2 m x 104.5 m.  

 

3. Results and Discussion  

The role of building aspect ratio (length/width) as a function of sun path on the shadow area yield of an 
institutional building located in tropical climatic condition is shown in Figure 5. Variation in the shadow 
area from morning to evening can be clearly understood from Figure 5. If we carefully see Figure 5, the 
shadow area from 12.30 pm to 17.30 pm is a nothing but a mirror image of the shadow area 
corresponding to 6.30 am to 11.30 am. The effective shadow area of the courtyard space decreases 
considerably from 6.30 am to 11.30 am, thereby the exposing both courtyard space and the western 
wing of the discussed building to direct sunlight. As the sun path changes from 11.30 am to 12.30 pm, 
the effective shadow area becomes nearly zero which eventually exposes west wing, east wing and the 
courtyard to direct sunlight. At 12.30 pm, the effective shadow area increases steadily from west to east 
wing (at 5.30 pm). So from 6.30 am to 12.30 pm the shadow area of west wing of the courtyard goes up, 
while post noon session (from 12.30 pm to 5.30 pm) the shadow area increases across east wing of the 
building. Figure 5 undoubtedly shows that the discussed building experiences a differential heating 
phenomenon in the west and east wings of courtyard surface during the day. This differential heating 
phenomenon tends to build a steep thermal gradient across different floor levels, which may eventually 
increase the surface temperature of the users in subsequent floors. 
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Figure 5: The role of building aspect ratio as a function of sun path on the shadow area yield of an 
institutional building located in tropical climatic condition 

 

Quantitative shadow area analysis of the courtyard space from 6.30 am to 17.30 pm is presented 
in Table 1. The shadow area yield of the courtyard for every hour is calculated by subtracting the 
shadow region from the building plan (Figure 5). When it comes to shadow area yield calculation (Table 
1), the exterior shadow area of the building is not considered in this study. The shadow area computed 
from Figure 5 is confined to courtyard space only. Table 1 clearly shows that the apparent shadow area 
yield decreases from 6.30 am to 11.30 am, whereas from 12.30 pm to 17.30 pm the shadow area yield 
increases steadily. Since the source of sunlight is at acute angle to building geometry at 6:30 am and 
17:30 pm, the built space around the courtyard tends to restrict sunlight to enter inside the courtyard. 
That is why the shadow area yield is higher at 6:30 am and 17:30 pm (Figure 5 and Table 1). At 7:30 am, 
the sun's angle slowly increases because of which a part of the courtyard receives direct sunlight. At 
7:30 am and 16:30 pm, almost 3/4th of the courtyard space is covered with shadow while the remaining 
space receives direct sunlight. The shadow area corresponding to 8:30 am and 15:30 pm is almost a 
mirror image of the shadow area representing 7:30 am and 16:30 pm.  The shadow area yield is found to 
be minimal in between 10.30 am to 13.30 pm. The rate at which shadow area decreases (from 6.30 am 
to 11.30 am) and increases (from 12.30 pm to 5.30 pm) in the courtyard is nearly similar. Thus the 
discussions pertaining to the shadow area yield from Figure 5 concedes with the quantitative analysis 
presented in Table 1. 
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Table 1: Quantitative shadow area analysis of the courtyard space from 6.30 am to 17.30 pm 
 

      Time 
(hours:mins) 

Shadow area of courtyard space (m2) 
Apparent shadow area yield (%) 

6:30 3205.99 100 
7:30 2717.07 85 
8:30 1656.53 52 
9:30 934.12 29 

10:30 520.77 16 
11:30 477.86 15 
12:30 575.74 18 
13:30 866.26 27 
14:30 982.34 31 
15:30 1283.11 40 
16:30 2226.02 70 
17:30 3205.99 100 

 
The effect of shadow area yield on the mean surface temperature of courtyard space/ground 

floor, first floor and second floor of the discussed institutional building is shown in Figure 6. The mean 
regional temperature of Trichy on 10th Sep 2018 is superimposed with experimental results, so that the 
variation in mean surface temperature of different floor levels can be compared with regional 
temperature later. If we compare mean regional temperature of Trichy with the mean surface 
temperature of ground floor, first floor and second floor; it can be seen that after 15.30 pm the mean 
temperature of Trichy gradually decreases. But the mean surface temperature of different floor level 
increases steadily, which is naturally not an expected phenomenon. Possible reason behind the steady 
increase in the mean surface temperature of all three-floor levels is due to stack effect. Since the 
courtyard’s aspect ratio is incorrect, the courtyard is simply exposed to direct sunlight during the day. 
This eventually heats up the courtyard space considerably, thereby levitating the hot air up to 
subsequent floor levels. The residual heat wave that moves up is being carried across every possible 
room in the building, leading to a substantial thermal discomfort among the users. Ascribed 
phenomenon can be witnessed in the form of a steep linear curve (Figure 6) corresponding to the mean 
surface temperature of three distinct floor levels. The surface temperature of all the floor level increases 
steadily from 6.30 am to 17.30 pm, which clearly indicates that the role of courtyard has clearly 
outplayed in this design. If the courtyard design would have been nearly correct, then the mean surface 
temperature of discussed floor levels should have followed an inverse parabolic trend of shadow yield 
curve. If you break the trend lines (green, blue and magenta) corresponding to the mean surface 
temperature of three floors and compare it with parabolic trend line corresponding to shadow are yield 
curve (black). In between the time frame 6.30 am to 12.30 pm, as the shadow area decreases there is a 
steep increase in the mean surface temperature of three floors. But in between the time frame 15.30 
pm to 17.30 pm the trend line corresponding to the mean surface temperature of three floor should 
decrease, but Figure 6 shows an increasing trend. The mean surface temperature of the three floors 
follow a linear trend after 15.30 pm due to stack effect. Among the three floors, the mean surface 
temperature of second floor is relatively higher than the first and ground floor. But during 13:30pm and 
15:30pm the stack effect has disturbed surface temperature of the building to such an extent that the 
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temperature of the ground floor becomes even more higher than the first floor due to radiation of hot 
air from the courtyard surface. At 14:30 due to hazy sky condition, there was drop down of surface 
temperature of courtyard that had its impact on surface temperature of ground floor even. Ascribed 
discussions elucidating the relationship between the surface temperature of three floor levels and 
shadow area yield acknowledges our earlier discussions pertaining to Figure 5 and Table 1. 

 

 

Figure 6: The effect of shadow area yield on the mean surface temperature of three-floor level  

5. Conclusions 

The effect of courtyard geometry on the thermal comfort of an institutional building located in tropical 
climatic conditions is studied. The thermal comfort of the users in an institutional building depends on 
the aspect ratio of the building and courtyard. The aspect ratio of the building dictates the degree of 
differential heating phenomenon along the courtyard and builds up a steep thermal gradient across the 
different floor levels. Wherein the aspect ratio of the courtyard decides the shadow area yield of a 
particular floor level. Improper courtyard aspect ratio selection can expose the open space to direct 
sunlight and generate heat wave from courtyard space. This heat wave can levitate across the different 
floor levels, leading to considerable increment in the mean surface temperatures of building. 
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