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Abstract

In many developing countries in Asia, hundreds of millions of people live in houses with natural ventilation basically because they cannot afford luxurious living with AC. It is believed that in India, only a very small percentage of people can actually meet the expense of installing AC system

in their houses. The relationship between architecture and the climate is always a hotspot in the recent architecture studies. Architecture is considered as a mirror of a civilization that is shaped up by needs, society, technology, culture and climate.Except climate these factors are modifiable and changeable with respect to time. Climate is a fixed environmental factor affecting architecture and its built environment. Thus, different climatic conditions pertaining to the countries force them to take special architectural precautions to create more comfortable living spaces. In Tamilnadu along the coastal belts typical vernacular houses which are designed to provide adequate natural ventilation. In their living environment, people naturally tend to be more tolerant to any  uncomfortable thermal conditions.  The purpose of this paper is to qualitatively and quantitatively analyse the ventilation techniques in various typologies of traditional houses like wind catcher houses, courtyard houses, clear storey houses using the custom made instruments called Architectural Evaluation system.The results show that traditional houses made use of a natural ventilation system during the summer. The principles of this system could be helpful in constructing environmentally friendly and sustainable residences.
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1. Introduction

The most commonly understood meaning of vernacular architecture is that which has been by the owners and the accupaiers or by the community itself based on the local system and traditional knowledge of generation,using loacly available building materials.( rudofsky 1987) 
Vernacular architecture compress the dwelling and all other buildings of the people related to a environmental contacts and available resources they are customely owner or community built using traditional technologies. Architecture which is sensitive to site, sustainability, climate the teachings of simplicity and beauty to be learnt from common sense lessons of Vernacular and the needs and aspirations of Human beings. Natural ventilation has the potential to reduce energy consumption and operating costs compared with mechanical ventilation. Because of these potential benefits, several natural ventilation systems are being increasingly proposed to save energy and also to improve indoor environment. Natural ventilation is a well-known technique from ancient times, and it was used in buildings as early as 3000 BC to control thermal comfort and indoor environment of residential spaces [1].Buildings in hot and humid climates have been traditionally cooled by ventilation. Wind catcher or what is called Baud-Geer in Persian language has been employed

in arid central regions of Iran and the neighboring countries to provide natural ventilation and passive cooling. The wind towers of the middle east are the more sophisticated passive cooloing system in the world.they demosterd stack and reverse stack to draw air up and down to towers and through the building.for example hot summer afternoon little wind will be hot inside because of the stack effect the draws the wamer year up the tower which is replace the summer room below by cool air from the courtyard.on summer windless of the morning inside of the tower cooled by the night air will draw infrom the wamer outside reverse stack effect pushing the not uncomfortable a through  the summer room in reverse.Wind tower was used to caught the faster flowing air the roofscapes channely down into the buildings below. Most of the vernacular houses in these areas have huge openings above the courtyards which are oriented towards the south direction so as to receive the breeze inside their home and these are called as wind catchers, (Figure 1) which are typical of its kind in India, It is believed that it is a traditional Persian architectural device, which was used for many centuries, but there is evidence that the idea of the wind-catcher dates back to the early Pharaonic periods (Abdel-moniem et al 2010). Examples can be found in the Eighteenth Dynasty houses of Tal Al-Amarna. The Pharaonic house of Neb-Amun  was depicted from a painting on his tomb of the Nineteenth Dynasty (1300 BC). Wind catcher is one of the important elements of hot and humid architecture which is used for cooling and ventilation of internal spaces.
2. Research Methodology

	STEPS
	Methods
	Materials
	Results Achieved

	I
	Climate Zoning
	Nagappattinam , Tharangambadi and Tuticorin
	Climatic Analysis

	II
	Documentation and collection and analysis  of data’s
	House with wind tower

Courtyard house

Clear storey house
	Arrived at Architectural Typology-Vernacular, Traditional, Colonial etc

	III
	Systematic Analysis
	Investigation on Natural Ventilation Techniques
	Qualitative Evaluation

	IV
	Systematic Analysis
	Comparison, Analysis and Discussions
	Concluding Remarks

	V
	Systematic Analysis
	Wind Velocity
	Quantitative Evaluation


3. Climate Analysis

Coastal regions of Tamilnadu is quite hot and during monsoon it experiences heavy rainfall. The presence of high amount of moisture in the atmosphere due to geographical setting for major parts of the year causes thermal discomfort. The coastal region experiences a tropical dry climate, quite similar to the other towns in the area. Summers in the town of Tranquebar are hot and humid, due to its proximity to the sea. The summer months are the months of March, April, May and June. These months will normally experience a maximum temperature of around 39°C and a minimum temperature of 29°C. The winter or post monsoon season does not necessarily witness a drop in temperature. The maximum temperature in the region during winter will be around 35°C and the minimum temperature will range around 22°C.
4. General Strategies of the buildings in coastal region

     Vernacular houses in coastal regions of Tamil Nadu are successful examples of buildings constructed in warm humid climate. The coastal belt of Tamil Nadu can be segregated into three parts; the first part is the coast from Chennai to Pondicherry, the second coast is from Pondicherry to Rameswaram and the third coast is from Rameswaram to Kanyakumari. In the coastal stretch i.e., from Chennai to Pondicherry, the settlements were found to be temporary and fragile in nature and there is no evidence of traditional or vernacular settlements. But in second part, the vernacular settlements are found in Parangaipettai of Cuddalore district, and Tharangampadi and Nagore of Nagappattinam district. Subsequently in third part, the vernacular settlements were found in the Thoothukkudi district of Tamil Nadu          
	Typology
	House description
	View of the house

	Type -1
	Vernacular houses with country made tile in sloped roof with wind catcher
	[image: image1.emf]

	Type -2
	Vernacular houses with country made tile in sloped roof with courtyard
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	Type -3
	Vernacular houses with country made tile in sloped roof with sky vent (clear storey window) and sky lighting
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4.1 Basic form and Planning Principles of the Study House- I

Vernacular settlement pattern of Nagapattinam has narrow streets and common wall structures which forms a dense urban fabric that breathes through the smaller indoor open spaces like courtyards. The overall urban form is very compact with a combination of flat and sloping roof forms. These houses were built on a linear rectangular plot, which forms a linear pattern along the coastline. These houses were generally oriented towards east-west directions. A floor plan of a typical vernacular house illustrates with an outside veranda for guests in the front of the house, which leads to courtyard(s) that is mainly used for carrying out their day-to-day activities and ceremonial functions (Figure 1). These linearly designed houses form a dominant axis from the front entrance door connecting the courtyards and corridors which finally ends in the rear door. This 
axis is mainly to allow the sun and air to enter into the house and to facilitate better air flow throughout the house. As we enter the house through the veranda, the raised platform (thinnai) becomes the front sit out for the occupiers and the guests 
(Figure 1). The wind catcher (Figure-1) is located at the top of the courtyard, thereby bringing ventilation (air movement) in to the house.The function of the wind catcher in these regions is to pull wind from external air stream and induce it to the building and courtyard in order to cool the occupant directly by increasing the convective and evaporative heat transfer from the body surface. It cools the occupant indirectly by removing the heat stored in the building structure. When wind is blowing towards the catcher and the building it serves; a wind pressure develops on various apertures. Air enters from the windward openings, with positive wind pressure coefficient, and leaves the leeward openings, with negative or lower values of the pressure coefficients.
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  Figure – 1 ( Windcatcher House)
4.2
Basic form and Planning Principles of the Study House- II
The shape of the building is in such a way that it makes most of the surface area exposed to prevailing wind direction. This helps in excess heat loss for thermal comfort and enhances natural ventilation to the building which is one of the essential requirements to overcome the high humidity of this climatic zone.  It has a “Thalvaram” in the front along the width of the house which leads to a foyer followed by a central courtyard (2mx 4.5m) which is also the benevolent social extension of the house and it provides shade and protection for the passers. Thalvaram protects the building wall from sun and rain. It acts as a transition space between house and street. It has 3 rooms surrounding the central courtyard. 
The corridor around the central courtyard is 2m wide. The kitchen and the store room are placed at the east end. Behind the house there is rear yard with well, bathroom and toilet. The house has a strict axial arrangement with doors, the one that opens inward from the street to the backyard are perfectly aligned one behind the other to ensure an easy passage, outwards of negative energy entering the building. The courtyard (2m x 4.5m) present in this house plays an important role in natural ventilation and in enhancing air circulation. 
During the day, as the courtyard gets heated up with the direct sunlight falling into it, the cool air is pushed into the neighbouring spaces through doors, windows and ventilators (Figure 2). As the cool air enters from a large space through smaller openings, the pressure of the air gets increased and flows through a higher velocity. This helps in good air flow movement within the indoor spaces and also enhances thermal comfort and makes the day cooler. 
During night the temperature falls and the hot air in the indoor space rises up and the cold air flows through the outdoor and settles down as it is heavier due to the moisture content in it (Figure 2). The hot air being of lower density rises up and escapes through the vents present above the lintel as well on the roofs.
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Figure -2 ( Courtyard House)
4.3
Basic form and Planning Principles of the Study House- III

The order of the spaces lies as public, semi private, private space and most private. It is a typical single storied traditional house of floor area1245 sq.ft. The public space and the semi- private, private spaces are connected directly without any transition space. The living room has two tiered roofing to support stack effect. There is an open ventilator at the central roof which helps the hot air to escape. The ventilators are about 2’ height and are on all the four sides supported by wooden frames and fines to protect the building from rain. The roof hangs out to about 6” with decorated eaves which acts functionally incorporating traditional characteristics – and add to the carpentry art, which is one of the major characteristics of this place. The rooms are located at the either side of the living room. Each room within the building is well lit with the provision of window.(Figure-3)
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Figure 3- House with clear storey

5. Experimental Investigation

The varied typology of houses were qualitatively and quantitatively evaluated. The instruments used for the investigation known as mini meterological station. The air movement was recorded by fixing the wind velocity sensors inside and outside the building and in the courtyard and wind catchers (to understand the movement of air during day and night time) and the data was recorded continuously for a period between May 2010 and February 2011, since these periods (May, June and July) were considered as the hottest month and November, December and January were considered as the coldest months from the climatic analysis. The data from various sensors were taken at an interval of 30 minutes with the windows kept open for unobstructed air flow through the courtyard and wind catchers. The artificial means of ventilation like fans (presence of fans indicated the adaptive behaviour of the occupants to adjust their thermal environment), were kept off and unoperated till the experiment was over. 
6. Results and Analysis
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Figure -4  Wind velocity (House Typology – I)
From Figure 4 it is clear that, the building enclosure allows a restricted and uninterrupted air movement through the building in both summer and winter seasons. While the outdoor wind velocity varies from 1m/s to 8m/s, the indoor wind velocity is maintained around 0m/s to 1.5 m/s and the wind velocity at wind catchers is maintained around 0.5m/s to 5m/sec.
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Figure -5  Wind velocity (House Typology – II)
From Figure 5, it was found continuous air flow is achieved in the building (around 1m/s). Cross ventilation is achieved in the buildings with the help of windows, doors and courtyards which is studied by the experimental analysis in order to achieve the thermal comfort inside the buildings.
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Figure -5  Wind velocity (House Typology –III)
Continuous Air Movement throughout the buildings is evident through the experimental Investigation since there are so significant barriers between the entry and exit of the openings.From Figure 5 it is clear that, the building enclosure allows a restricted and uninterrupted air movement through the building in both summer and winter seasons. While the outdoor wind velocity varies from 1m/s to 10m/s, the indoor wind velocity is maintained around 0m/s to 1 m/s and the wind velocity at the clear storey windows is maintained around 0.5m/s to 1.5 m/sec.
 In this building natural ventilation is accomplished by three different various ways:

The first one includes the simultaneous opening of windows placed on two vertical walls of a living space. The second one is actually the cross-ventilation in the living spaces, as well as in the common spaces, and is created by the simultaneous opening of a window and a ventilation aperture placed on parallel walls. The third one concerns the exploitation of openings (double storey height windows, clear storey windows) placed below the roof (stack-effect ventilation), and is depicted in the presented house sections.
7. Comparison and analysis of results:
	
	House with wind catcher
	House with courtyard
	Clear storey house 

	Average AT in deg. C (room)

	27
	29
	30

	Average AT in Wind Catcher
	32
	-
	-

	Average Temperature in bottom of courtyard
	26
	25
	-

	Average RH (%) in room
	73
	74
	78

	Diurnal Variation


	3̊  C
	4̊  C
	5̊  C

	Time Lag
	Nil
	Nil
	3 hours

	Decrement Factor
	0.27
	0.30
	0.35

	Wind Velocity (m/sec)
	0.5 to 2m/sec (uninterrupted and continuous)
	0.5- 0.8m/sec ((uninterrupted and continuous)
	0.4m/sec (continuous)

	MRT in deg. C in room
	25
	27
	28

	Windows to wall ratio 


	0.22 (large no. of openings)

Windows, doors, courtyards – 50% of the total floor area
	0. 23

Windows, doors, courtyards – 50% of the total floor area
	0.23

Windows, doors,  – 30% of the total floor area

	Natural ventilation Cross ventilation, stack ventilation 
	stalk and reverse stalk ventilation
	stalk ventilation

cross ventilation
	stalk ventilation

cross ventilation


Discussion of results :
In windcatcher houses, uninterrupted air movement maintained inside the building. Due to the uninterrupted heat exchange process from outside to inside the building, the higher air temperature from outside will loss the heat and the air temperature is lowered when it comes in contact with the courtyard. In courtyard houses, Cross ventilation is achieved in the buildings with the help of windows, doors and courtyards etc. which is studied by the experimental analysis in order to achieve the thermal comfort inside the buildings. In clear storey houses the cross ventilation is achieved in the buildings with the help of windows, doors clear storey, and roof vents etc. which was studied by the experimental analysis in order to achieve the thermal comfort inside the buildings.
Conclusions:
This study thoroughly assessed the design principles employed in simple, durable and eco-friendly vernacular dwellings in the coastal region of Tamil Nadu and their effectiveness by qualitatively and quantitatively assessing their performance. The houses of courtyards with wind catchers, clear storey windows, thick external walls, verandas and sloping roofs are clear examples of eco friendly and climate responsive architecture. The openings such as windows, ventilators and skylight provided cross ventilation by creating stack effect. This would help us in reducing the energy consumption level at national and global level. In coastal region, vernacular buildings utilised the sea breezes for achieving thermal comfort.
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