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PASSIVE .METHODS FOR- COOLING:INDOOR ENVIRONMENT 

1.o INTRODUCTION  : 

In 1973, the oil prices were increased by 'OPEC. 

countries, which created a great impact on economic condi-

tion of developed countries like U.S.A., Japan, etc. Then 

they started thinking Of alternative' to substitute for the 

costly oil. While searching this, they realized the impor-

tante of energy conservation, in all'spheres including '- 

Building activity. The present topic passive cooling 

nethods' is a part of energy conservation techniques. 

• 
The main diffeience *ween'aCtiye and passive coot— ' 

ing (or heating) is, in active method — heat transfer takes 

alace with the help of soMe auxiliary forces but whereas.  in 

)assive methods .‘ heat transfer takes 'place by itself. Some 

>cientists argue that there is no harM in using a small 
mount of mechanical energy, for example fans, etc. (2 to 5 X .  

the total energy required by an active method), which can 

;till be called as passive method. So the line of separation 

etween active and passive methods is till not clear. 

In traditional buildings, our a cients took so much 

nterest and gave considerable importan e.to climatic condi— 

ions while constructing their houses,  ow people are 

either aware of the importance of tradi onal way of cons—

ruction nor they . _ere in a position to instal coolers, to 

achieve comfort conditions inside a building. 



The rapid advancement in industrialization and intro-

duction of motor Vehicles have made considerable impact on 

life style of human habitat as in terms of width of the roads 

and open spaces. Very fzw buildings which are constructed 

aware of the climatic conditions, while selecting materials 

and in town planning systems. 

It is economical to design a building with climate 

rather than against. So I fell that it is the duty of _an 

architect to convincs people about the existing comfort con-

dition and suggest them the different methods in making their 

house confortable by the use of simple techniques. 

Some scientists in international Oforkshop on energy 

conservation held in cart' expressed opinion that architects 

hav:i an important role to play in energy conservation in 

buildings by applying different techniques according to the 

climatic conditions. 

This study is limited to Khammam which falls under 
hot—dry climate. The study will be based on existing 

construction methods and on local material. The building 

types which are under study are of single storey type and . 

double storey type. The selection of passive .cooling 

techniques will be dependent on economic condition of 

the in habitants, and available resources around. 

In very ftv houses, the passive cooling techniques 

are used, like shading and evaporative, but they are not 

effective, because they do not know the way in which it can 
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be used.effectively. People are suffering from excessive 

ventilation and light, as they ars fascinated by western 

type of construction, which is absolutely not feasible in 

this type of climates. 

In the second chapter the climatic condition of 

Khammam is discUssed along with some case studies of buildings 

of different nature ie traditional, contemporary and rural. 

The study of the traditional building is done on about 12 

buildings in the Khammam old town. As the contemporary 

buildiAeg 4onsetructed of conrent are about 70/ of the total 
housing 

a typical house is taken for casestudy. Similarly 

rural house is done on different places of the town and 

its surrounding villages also. 

By comparing the existing Khammam r,sidential 

building'S characteristic to that specificalions given 

Olgyay and others, it gives clear picture of the entire 

housing conditions and how far it is from comfort conditions 

inside a building. 

In the same chapter general information of Khammam 

is given to Show the back ground of peopl.? and their resour-

ces. How heat transfer takes place in a typical existing 

contempory building is discussed in the 3rd chapter. 

In the fourth chapter the factors affecting indoor 

environment, other than solar radiation is discussed. 

General discription of each passive cooling techniques are 



given, except those which were selected for specific study. 

The three techniques selected were (i) gain prevention 

techniques (ii) evaporative cooling (iii) ground cooling. 

The first two cooling techniques can be used for both 

existing and proposed building. But the1:st techniques 

is for proposed buildings only, because there are no earth—

shelter structures existing in Khammam along with the 

possibility of implimenting each techniques. 

In the last chapter recommendation are given to 

suite the case study requirement. 

After seeing the condition of houses in Khammam 

this topic 'passive methods for cooling indoor environment' 

it taken so as to give some solution to the people living 

in houses in Khammam and should feel comfortable within 

their financial capacities. It will simultaneously 

increase their efficiency of work. 

The main objective is to arrive at a comfortable 

temperatures inside the residential buildings in Khammam 

by applying passive coiling techniques. 

4 
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2.o .CASE STUDY OF KHAMMAM : 

Location : 

Khammam is one of the hottest places of Andhra Pradesh. 

It is situated on latitude 17°15' N, longitude is 80°09' E and 

its height from M.S.L. is 112 m. 

21 Climate : 

As the climate of Khammam is hot dry, the daytime 

air temperature in most of the days,•especially in summer 

months (i.e. from March to July, nearly 5 months in average) 

varies from 35 to 45°C with low humidity varying from 310 

to 50./. In peak of the summer i.e. May-June one would feel 

hot winds even at the nights. The minimum"temperature in 

summer months lies nearer to comfort temperature range, i.e. 

from 25°  to 30°C. 

The prevailing wind directions in most of the summer 

months are West and Southeast direction with almost equal 

velocities, 

The average rain fall is very less (950 mm), occa-

sionally it exceeds, otherwise in most of the years it 

faces deficit. 

The average direct solar radiation in summer months 

are as follows, in decending order. 

(i) Horizontal surface - 581.2  M.Cal/cm2/bay 

(ii) East/West 
 - 231.4 

(iii) NW/NE 
 

- 180.0 
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(iv) SW/SE 	 - 155.2 

(v) North 	 - 84.4 

(vi) South 	 - 49.6 

	

It is observed from 	graphs ( 	) that in the month 

of March, the solar radiation (direct) received by East/West 

and SE/SW walls are more that, in the month of June, 

similarly the radiation received by NE/NW wall in month of 

June is more than that of March. 

Sun Movement at latitude 17°15' N : 
enra•MOIrle ISINSItgaml 

The sun's movement in Summer creates shadow on both 

north and south sides of the building. The rise takes in 

between East and northeast (22.1/2°  N of East). Similarly 

in the evening it sets between West and Northwest (22.1/2°  

N of West). Sunshines on the northside of the building in 

the months of May, June and July i.e. peak summer months 

and the rest of the months sun shows inclination towards 

south, as indicated in the chart. 

At noon, in the summer months, the sun angles 1°  

i.e. altitude, varies from 73°C to 90 + 6°  (84°  from North). 

It clearly indicates that the roof receives most of the 

solar radiation and radiation receive by north and south 

walls is very less because the angle of incidence on 

these walls is low, and it is to cover the walls by roof 

projection. 



The average of hours of sunshine on each surface of the 

building walls and roof in Khammam during the day is : 

north is 8.86 hours, south is 3.84 hours, East/West is 

6.36 hrs, NE/NW is 6.56 hrs., SE/SW is 6.54 and hori- 

zontgl surfaces (roof) is 12.66 hrs. (Table No.  ). 

From the above reading it is evident that the walls 

oriented towards East, West, Northeast, southwest, southeast, 

Northwest is receiving almost equal number of sunshining 

hours. The maximum duration of sunshine is on roof then 

comes north. Even though north wall receives maximum number 

of sunshine hours, the radiation received by that wall is 

less because, its angle of incidence is low. 

2.2 Case Study of Buildings 

eA 

2.24 
Traditional Buildng$:  

Thirty per cent of the residential buildings in 

Khammam are of traditional nature, constructed of mud or 

lime as chief binding material. It is interesting to observe, 

the traditional houses are still serving one of the main 

purposes, i.e. comfort when compared to present contemporary 

buildings which are no where near to comfort conditions 

inside the building. 

In connection the case study, a dozen traditional 

houses were studied. It was observed that even in these 

traditional buildings, a few techniques are followed which 

will suite the climatic requirement. In most of the 

13 
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traditional houses, the common things we can find are : 

roof and walls are massive, shutters of the openings are 

thick, every door opening has carpet strip, with high 

ceiling (more than 111-10"), roofs are of two types, flat 

and inclined. The houses are both independent and row 

houses. All buildings have verandah infront and in most of 

the houses has rear verandah also. The plinth height is 

higher in case of traditional buildings. Surprisingly the 

two main elements which are very popular in hot-dry climate 

the courtyard and underground rooms are almost not existing 

in the traditional buildings in Khammam. 

In some of the houses, the windows are small in size, 

well protected, cross ventilation to sleeping areas, row 

houses, kitchen is seperated from main building, vegetation 

in the site, double purpose doors which can satisfy both 

daytime and night time ventilation requirements, mat of 

which one door is louvored and another is solid. The 

building walls are white washed both externally and inter-

nally. The openings are not properly shaded. The ventila-

tors, in most of the cases are near to the ceiling. During 

the day time in summers the openings are kept closed. In 

the traditional building the parapet walls are grilled, to 

avoid. stagnation of hot air above the roof. 

The building material that are used are brick, stone, 

lime, mud, shabad stone, teak wood, bamboo, clay tiles, 

etc. 



2.2.2 Contemporary Buildings  

The contemporary buildings are neither stick to the 

traditional way of construction nor one could see any 

modernization in the building structure. The psychological 

feelings and the economic conditions of the people domina-

ted the constructions. YeeNes wanted to construct their 

buildings with (costly) cement for better strength and 

durability, that too within the reach of their economic 

conditions thereby loosing the basic requirement of a 

house that is comfort I 

Usually buildings are constructed into two portions, 

Each portion has it's rooms in straight line having three 

side open, instead of four as in the case of a single 

portion unit. The fourth and the longer side in most•of 

the cases, is overshadowed by the other portion of the 

building. Due to limited space around the building, the 

wind movement inside the building is adversely effected. 

Usually the height of the compound wall is slightly higher 

than window sill level, which is also another factor. 

Even now, very few houses are designed by architects. 

In most of the cases owner himself decideds design to his 

house. Whenever his economic condition is good he keeps 

on adding some—thing to the building as an extension. 

15 
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Usually room size varias between 10' and 11' as one 

o f its sides. Height will be at about 10' and width of the 

windows vary from 3' to 5' having a lintel height about 7' 

from floor level. Now—a—days people are not constructing 

inclined roof i.e. mangalore tile etc. The usuage of lime 

and mud is also declining. As wood is available, the 

shutters of door and windows are thick. But the size of 

window is bigger than required. 

, The chajjas are ment to protect-Window both from sun 

and rain. But here the window chajjas are not designed 

according to sun, it is serving the later purpose only. 

Now—a—days the area division for each unit of house is 

hot—dry climate. So every house is built in a seperate plot, 

having set—back of atleast 5' in sides and 10' in the 

front and rear. 

The building are usually unpainted on its external 

surface but internally painted with different mono colours 

according the owner's choice. 

Even in some contemporary buildings one can see toilet 

block is seperate from the main building, usually in the 

rear side. May be due to inadequate site around the 

building and water, people are not showing interest in growing 
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vegetation in their site. Besides they prefer to pave 

the surrounds to achicva neat and beautiful surrounding 

with less mainten:•nce. 

One can rarely see the verandah in these buildings. 

The new buildings are giving chant:: to outdoor sleeping 

only to man and children but not for ladies. It would 

be batter to have courtyard house where all family 

members including ladies can have outdoor sleep. One can 

hardly see a underground house in Khammam. 

2.2.3 Rural House 

The rural house, which is made out of indigeneous 

naterial like mud, stone, thatch, bamboo,the inside tempera-

ture is relatively cooler than our contemporary buildings. 

he houses constructed with mud is having wall thickness 

arying from 9" to 2'-0" with stone or from brick as 

'Rid building material. The roof is constructed of differ=ant 
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varieties, i.e. mud, thatch, grass, tiled, reeds of red 

gram dry plants etc. It depends upon the economic condi-

tion of the owner. The chief supporting material of the 

roof frame consists of bamboo and for lintels and doors, 

mango tree wood is used. 

The foundation depth is only 1', the plinth height 

is varying from 3" to 6" from ground level. Flooring is 

done with mud layer, smoothly plastered with the cowdung. 

The houses planned, are small in size, with maximum 

inclined roof height of 8' and the lower portion of the 

roof is 3' from ground level. Openings are relatively small 

i.e. door size is 4' x 2' and window 	x 1'. In these 

houses roof acts as ventilator, hot air can escape through 

porous roof. Sometimes doors are made out of dry plant 

with a bamboo frame. They leave small gap on the top of 

the shorter side wall to get light (sky light). 

Most of the rural houses are having front portion 

is shaded, either by extending roof or a special roof is 

constructed. Almost in every house premises, there is a 

tree 	Sometimes they grow creeper on the roof of their 

house. They try to protect their house external wall from 

rain, which also protectsfrom direct solar radiation. As 

roof is of light colour and it is made up of leaves, it 

would not absorb heat from the Sun, so the effect of solar 

radiation on indoor environment is diluted up-to some extent. 
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As the walls are thick, the heat transfer from outside to 

inside is reduced. But the only drawback is, that convec-

tive currents it can pass through doors and openings. They 

prefer to sleep outside in nights, especially in summers. 

They do not follow any specific orientation for their 

houses, If the door is facing the sun they put shelter 

against it. 



g3 KHAMAM IN GENERAL 

Location : 

Khamam township is about 250 km from Hyderabad, it is 

situated between Kazipat and Vijayawada railway line. 

According to 1981 Census the population of Khammam 

town is 98,757 and area is about 8.7 sq.km. The total 

number of buildings are 12,000 in number, out of which resi-

dential buildings are 10,000. About 70X of residential 

buildings are constructed with cement as chief building mate-

rial. 

Z3.1 Socio-economic Conditions : 

As most of the people are dependent either on some jobs 

or on a small business, as there is no agricultural land in 

town very few people are dependent on agriculture. People are 

not rich enough to purchase cooler or air-conditioned to keep 

their houses cool during summers. 

Now-a-days people are almost deprived of combined 

family system. They prefer to live in independent houses. 

Mass gatherings are very rare. The only places where people 

regularly meet, are religious places and cinema halls. Most 

of the people are migrated to this Khammam town during the 

construction of Nagarjuna Sager left canal project. This 

place is a big business center also. As it is being a district 

headquarters, it has good transportation facilities both by 

rail and road. People prefer to live in Khammam even they 

are working in nearby villages. 
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2.3.2 Locally available building materials 

There are lime deposits near Ellandu about 30 km from 

Khammam and timber is available from nearby forests in 

Bhadrachalam, Ellandu and Mahaboobabad forest. Sand is 

from river Maneru. Brick and tile are manufactured locally 

and s tone (granite) is available within the town itself. 

Shabad stone is available in the neighbouring districts. 

2.3.3 Water Sources : 

There is a big drinking water reservoir about 20 Km 

from Khammam which supplies water for entire township through-

out the year. There is one small river (Maneru) passing by 

rural areas. It would not get dry even in summer. There is 

one irrigation canal passing through the town, but it only 

flows seasonally. 	There is one water body in the outskirts of 

the town, usually get dried during the summer. 

Most of the people are dependent on groundwater so that 

bore wells were dug at most of the places. And there is the 

municipal water supply about 3 hrs even in peak summer months. 

The water table is about 15 to 201  below the ground level. 

Frequently they will get dried in summer months except a few. 

2.34 Soil Conditions : 

According to local agricultural research centre, the . 

quality of soil is sandy loam, sandy clay loam. It is good 

for vegetation but not for cultivation usually dry in nature. 

Hard strata occures at the depth varying from 45 cm to 60 cm 

below ground level. 
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2.35 Vegetation  

There are very few trees seen an the road side. In 

very few houses people are showing interest in planliation. The 

locally available or seen trees are neem (at about 70%), 

coconut trees (1o%), Tamarind (10%) and rest of the plant 

varieties are 10$. In the creepers boganvilla is mostly 

seen. Gulmohar tree is recently introduced in one of the 

Govt. offices. As a matter of fact, no public garden 

is seen in the town. 

2.3.6 Mode of Constructi9ndin Practice : 

In almost all constructions, cement replaces limo, 

including the building industry which is fully dominated 

the other building materials. As cement has better strength 

and stability, the thickness of building envelope has got to 

reduce to a minimum which is absolutely against the one of 

the fundamental requirements of building in the hot—dry 

climate where thick walls and roof are preferred. 

In general, the external walls of abuilding is of 

13.1/2/1  thick and internal wals usually 9" and in some 

cases it is 4.5" thick also. Coming to the slab, it is 

constructed of 10 cm thick R.C.C. slab, without any insula-

tion layer above or below it. 

Ono .interesting feature is that in construction 

of building, especially residential is : in any type of 
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residential building, whether it is big or small, people 

are trying to construct two portions, one for him and one 

for hiring within the limited site and money. By doing so, 

he is sacrificing the comfort condition, due to lack of 

cross ventilation, proper care and financial support. 
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2.5 POINTS MOTE1ORTHY.FROCI. CASE.STUDY: 

During the case study of Khammam residential 

buildings, it was observed that very few things which 

they follow are suitable to that climate. Out of 55 

points list only in 3 cases they are effectively used, 

in the case of 10 point they are not effectively used, 

rest of them 42 are not at all in practice. This figure 

shows the people live in Khammam arc how ignorant of the 

.comfort condition. 

The points in favour to the climate are 

(0 The shutters of the opening are closed 

(ii) 'people prefer to sleep outdoor. 

(iii) Ventilators are nearer to the ceiling and 

points where are not effective but in practice 

are 

(a) It was observed at one place roof is 

painted with white wash. 

(b) In most of the cases the parapet wall is 

grilled. 

(c) The concept of row housing can be 

observed in some traditional buildings. 

(d) in traditional building walls are 

massive but in contemporary building wall 

thickness is less than required. 

(e) Even the evaporative cooling technique is 

not effectively used and night heat loss 

is also not effective due improper cross 
ventilation. 
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(f) except in some traditional building the 

rest of the seperate from the main building: 

(g) In some buildings interior walls are 

painted with cool colours 

(h) some of the residential buildings are 

painted with white wash, some are left 
unpainted for number of years, the rest 

are having unpainted external building 

surfaces. 

(i) In some of the traditional and rural 
houses the opening are small but the 

contemporary buildings are having big 

windows. 

(5) The openings are shaded but not effectively 

shaded from Sun. 
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5.0 CAUSE OF UNCOMFORTABLE CONDITIONS INSIDE THE BUILDING 

The general condition of house in Khammam, in 

summer is - the outside temperature is high and the inside 

temperature is unbearable, body comfort is absolutely 

intolerable. At this time even though one has work to do, 

disgust and tiredness will retard his work's progress. 

There are many cases, where people got 'Sun stroke' even 

though they stayed inside their house. The unfortunate 

thing is that, even though people are suffering from Sun's 

impact, they are not taking any precautionary measures 

while constructing their building. 

The houses constructed are neither insulated nor 

properly designed to suite the climatic conditions. Even 

though the external wall thickness is 131/2" may be because 

sof the sand content in the brick, itsthermal conductivity 

is more. 	Similarly roof, it is made out of 10 cm R.C.C. 

slab, plastered On both sides. It does not have any insu-

lation above or below the slab to prevent the heat transfer. 

The windows designed are bigger than required and are not 

properly shaded from direct sun. The jointing between 

frame and shutter and between two shutters is not proper. 

In the openings, they are allowing infiltration of heat 

from outside to inside through convection. Similarly the 

position of the windows are not encouraging the cross 

ventilation during the night. 
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Now-ardays people are paving the surrounding; 

with shabad stone, rather than giving preference to home 

gardens. Even trees which were planted are not giving .  

any shade to building during the summers. Very few 

buildings are externally painted with white wash. 

It was •bserved, when the effective temperatures 

are plottoi for throughout the year it is showing that : 

percentage of comfort is only 23.5% (20 and below), 

warmness is 32% (between 2Q and 25), hotness is 39% 

(between 25 and above). It (Table No. 	) slearly shows 

that, only during the winters it is in and around comfort 

zone, rest of the year is warm to hot. 

And the temperature readings that are taken in a 

sontemporary building (on which case study is done), gives 

surprizing results that indoor temperature is closely 

following the outdoor temperature. At two instances the 

readings are taken one on March 30th at 1 pm in all rooms 

the maximum difference that is observed between indoor and 

outdoor temperatures is only 3°C. In the second instance, 

the temperature readings are taken for daytime starting 

from 8 am to 5 pm (21.9.84), the maximum difference 

between indoor and outdoor temperatures (in a room) is 

4°C only : 	So this is the state of comfort in buildings 

of Khammam. 

The present study is done on heat transfer in a 
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Contemporary Building : 

This building is of two room deep, facing towards 

east and its orientation is almost in north-south orienta-

tion (The building line is slightly towards north of east). 

The material used in the construction are : walls are with 

brick and cement mortar, roof is of R.C.C., windows and 

doors are of thick teak wood, flooring is with C.C. bed and 

shabad stone, plinth is of CRS masonary. The building 

envelope is plastered both internally and externally. 

The whole building is made into two portions,' the 

three rooms facing north is one family portion and three 

rooms facing south is other family portion. The toilet 

block (bath and W.C.) is seperated from the main building. 

The front room of each house is living room, the second one 

is bed room and the third is kitchen. 

The width of windows varies from 3'-6" to 5,-0" . 

It seems windows are designed of good strength in security 

point of view rather than climatic point of view. The 

window size is bigger than required. The window shutters 

are solid and good but the jointing of two planks and the gap 

between sill and shutter is not perfectly sealed. It is 

giving way to infiltration of heat from outside to inside. 

Windows are not fully shaded from direct sun even in early 

afternoons. Sunshade is not designed according to Sun's 

movement. Similar situation is for doors also. One good 



41 

thing in this door design, each has a carpet strip, which 

upto some extent stops infiltration. Ventilators are 

directly under the ceiling, except one ventilator (0-6" 

x l'-3") rest of them are small size (2" x 2'-6" ). The 

two sides in which wind is coming, got big obstruction. 

Staircase at South east corner 

Toilet block on west side. 

Front and rear open place of the building is got 

shabad stone paving, which is creating glare and stores the 

heat in it. There are some trees in the northern side and 

in Northeast corner of the plot, they are neither preventing 

sun from falling on the building nor it is giving elevation 

effect to the building. 

Roof is made out of R.C.C. 10 cm thick, this flat roof 

is radiating high amount of heat to interior along the walls, 

whose contribution still worsening the indoor comfort. The 

quality of brick is also poor, it has some sand content in 

it. There is about 2'-0" wide roof overhang infront 

(eastern side) covering the big ventilator.. There is a 

portico (10' x 15') in N.E. corner of the building, it 

protects building from morning sun and glare in the late 

morning hours. 	Flooring is constructed of rough shabad 

stone, cement mortar and cement concrete creating discomfort 

upto some extent by absorbing both from roof and ground. 

The plinth height is about 2,-0" , exposed sun during mid 
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window facing admeasures 3'-6" x 4'-0" and the other is 

5' x 4'. It has a big ventilator " and a small ventilatOr 

The big one creates lot of discomfort during summer daytime. 

The air flow into the building is being obstructed in the 

most crucial times (i.e. morning times, in evenings and in 

night times) by the staircase and toilet block situated in 

south eastern side and western side respectively, which is 

ironically the prevailed wind direction too. During the day 

time the paved portion and the staircase railing infront of 

the buildings are creating glare and make air above hot, from 

which heat is being radiated to the room, besides the direct 

sofa radiation. If both the windows are opened, we can have 

a cool breeze from southern window into the room during 

night time. 

Room - (facing South) 

This room has 4 doors and one big window with two 

ventilators on the top. One door is permanently closed. 

Because it has only one window, the ventilation rate is very 

poor, the doors and windows are not perfectly shaded in south 

side, they are exposed to direct sun for most of the time. 

If door on south side is opened it will have good ventilation 

effect on indoor, except in overheated hours. 

Room (On SW corner facing West) 

This room has two doors and a window with two 

ventilators on top. The door and window facing west side 
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is badly effected by strong solar radiation between early 

afternoon and late afternoon hours. It is directly 

exposed to sin. As the rear yard is paved, it is creating 

same effect as it is in the case of Room at S-E corner of 

the building. The toilet block is obstructing the western 

winds which ventilate the rooms. Due ti usual usage of 

water in the kitchen, it is cooler in the above said rooms. 

Room (facing north) 

It is seriously affected in summer due to very less 

amount of air which will come from north. As it got only 

one window, there is a little chance of ventilation, windows . 

are protected from sun. 

Room (NE corner) , 

This is the coolest room in the building. 

It has satisfactory cross ventilation. Eventhough it has 

got paving infront, the portico is protecting the room both 

from direct sun and glare. 
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In this latitude, the average direct, solar radia-

tion in summer months, on the building envelope is as 

(decending order) follows : roof, East/west walls, NW/NE 

walls, SW/SE walls, north and then comes south walls. 

Roof receives more radiation in this case, that 

too it has a thin roof section instead of thick, these two 

together effecting the indoor environment. As roof 

receives the solar radiation from the sun, and gets heated 

up it conducts heat to the internal surface, from there 

heat is emitted to the indoor space by radiation (longwave) 

and by convection as well. 	In some places, where roof is 

in contact with walls, conduction of heat takes place into 

the wall wbether internal or external. As the roofls 

external surface temperature sometimes reaches upto 10°  to 

15°C more than the ambient air temperature, the air imme-

diately above the roof gets heated up and makes the 

surrounding air hot. Similarly inside the surface of the 

roof losses its heat to the air in contact with it, thereby 

making the air still hotter. Due to stack effect the hot 

air tends to move out through the Ventilation, the replace-

ment of air in this place is done by air near floor level. 

This void is filled by the air outside, which is already 

hot, through infiltration. This infiltration generally 

occurs through the gaps in the joints of doors and window 

shutters and frame. 
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As already mentioned above roof also emitts heat 

to indoor space through longwave radiation. This radiation 

is readily absorbed by floor which is opposite to it. The 

Shabad stones on the floor get-heated up .and store it. 

Actually the floor should be coolest part of the room but 

here the case is different. The flooring is getting heat 

not only from the roof, but also from ground and plinth. 

The surface expose on plinth, which is constructed of 

granite stone of 1,-6" height, absorbs heat during the day-

time and conducts heat to the wall and to the flooring. The 

contribution of ground in heat transfer to indoor environ-

ment is there upto some extent. Here the bare ground heats 

up during the sunshine hours and tries to lose heat to the 

cool surfaces nearby. The indoor floor surface temperature 

will naturally be cooler than that of sun exposed bare 

ground. So heat tends to travel from outside to inside 

through ground. 

coming to the walls, it is interesting to observe 

that in summer months almost all, except north and south 

wall, receives same amount of sunshine hours. But since 

the angle of incidence of solar radiation is different, 

the quantity of radiation received will differ. 

According to latitude, the average amount of solar 

radiation received in summer months by wall is given in 

Table No. 	. Among the walls East/West walls receive 

more solar radiation during early morning and in late 



afternoons. Then comes NE/NW walls, SE/SW, north and 

south respectively. 

The walls are not externally painted. So, its 

colour is grey and its texture is also not smooth (cement 

plastering). First the surface of the wall exposed to sun 

receives heat and it transfers heat to the inner surface by 

conduction, then after making it hot, it transmits heat to 

the interior by longwave radiation. Walls also get heat 

from roof, sunshade and plinth. The roof conducts heat to 

the walls, especially to internal walls. As the walls get 

heated they radiate heat to indoor environment through 

longwave radiation. Similarly in case of sunshades 

(Horizontal surface) heat is received from direct solar 

radiation and conducts that heat to wall, from there it 

reacts to indoor space. The contribution of plinth is 

already explained. 

As the openings are not properly shaded, they impact 

direct solar radiation, on the window and door making them 

hot. The gaps at jointing of two planks in shutters and 

the gaps between frame and shutters are not properly 

sealed. Through these gaps infiltration of heat from 

outside to inside is taking place, through convection. 

Another uncomfortable condition is created by the 

glare. The front and rear sides of the building are 

paved with shabad stones. The tendency of the shabad 

stone is to absorb heat quickly and store; and its surface 
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which is smoothened by regular walking over it, Reflects 

light from early morning to noon, the paved surface on 

eastern side receives heat, part it stores and rest it 

reflects to the wall surface. It stores heat in it and 

.makes the air above it, hot. Then in the afternoons it 

will start reradiating, but by that time the ambient tempe-

rature also gets increased, so there will not be so much 

heat loss from it till late evening and night. But here 

due to constant usage of water its effect is reduced 

/7642/6 
irnfl ii"^— 

Atrigiatilaams 
One of the main reasons for uncomfortable condi-

tions inside the building is utilisation of fan in the day 

time. People, so as to control hot winds coming inside, 

usually close the openings in the day time. For getting 

enough air circulation to make their body comfortable 

through evaporation of sweat,they use fans. By doing this, 

the air accumulated at the ceiling level, which is in fact 

too hot, is dragged down to living level, making the 

indoor temperature uniform, may be more or less equal to 

ambient temperature (outside). Then what is the difference 

between living inside and living outside the building, 

when comfort is considered 7 The answer is 'absolutely 

nothing'. This is the case in the existing buildings in 

the Khammam. 

The comfort temperatures suggested by CBRI, is 

achieved during the winters only in this place. Even the 

considerably. 



people are accustomed to feel comfortable even at 40°C 

(outside air temperature). 

The thermal performance index suggests that in hot 

dry climate 10 cm R.C.C. is the worst among the roof sec-

tions and 13V2" wall is also considered as bad. It clearly 

indicates all problems of discomfort are due to roof itself, 

which should be controlled to achieve comfort conditions in-

side the buildings. 

Two types of indoor temperature measurements were 

taken. One is, temperature reading in all rooms at one 

time (March 30th) daytime. Temperature reading in a room 

(NE corner). In the first reading the temperature diffe-

rence is at the maximum 3°C, from inside and outside. In 

SE corner the temperature difference measured is only 1°C. 

Surprisingly in the second case the indoor tempera-

ture reading followed the outdoor temperature. May be at 

that time, all openings are opened. 

As already stated the rooms are not properly 

ventilated for night time cooling. In the night time, the 

temperature comes to comfort range, that too the minimum 

temperature only lies in the comfort temp. range. Due to 

lack of cross ventilation the stored heat in the building 

envelope is unable to lose their heat to the surroundings. 

If all the doors are opened the ventilation is very good. 

Opening all windows resulted in adequate ventilation. 
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There is another obstruction to cross in meeting wentila-

tion requirement, i.e. the bottom portion of the window is 

always kept close. If it is opened, residents lose 

privacy. The same is in case of opening the door, espe-

cially in nights. Because of this reason, the indoor 

temperature in this case is higher than surrounding air 

temperature. 

If the building has cross ventilation the heat is 

transferred to outside air through convection besides by 

the longwave radiation emitted by roof and walls. From 

case study of this building it is understood that cross 

ventilation of the rooms is essential specifically during 

the evenings and nights. 

Generally in the kitchens, cooking of food is done 

using either gas stove or kerosene. Thus there will be 

considerable heat loss to surrounding indoor air, making 

it hot. But due to constant usage of water this room is 

relatively cool. 



4.0 FACTOR AFFECTING INDOOR ENVIRONMENT :  

41 Effect of Ceiling Height on Indoor Environment : 

One of the features traditionally associated with 

housing in hot climates is high ceilings. A ceiling 

height suggested by Le Corbusier as 2.26 m but this 

varies among nations according to the people's average 

height, and it also depends on the type of electrical 

fittings like fans etc., and several other factors. 

High ceilings might be expected to create cooler 

conditions : high heated ceiling would transmit less 

radiation to the occupant than lower ceilings, assume 

the same room area, since the solid angle of the ceiling 

subtended by the occupant would be less than that with 

the lower ceiling. The convected heat transfer would 

have less effect with high ceilings as the heated air 

would form a layer under the ceiling above the heads of 

occupants. 

The hot ceiling will transfer most heat directly 

to opposite surfaces and occupants by radiation, unless 

internal air movement is high. 

Rooms with high ceiling height would have largent 

surface areas, any heat gain would result in a smaller 

rise in temperature spread over a large surface, rather 

than a large rise with a smaller space. (This is true 

in case of shaded walls). But due to high ceiling the 

external walls area will also get increased resulting in 
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larger heat gain. High ceilings increase the volume of 

air within the room, ventilation rate can therefore be 

reduced when outdoor temperatures are high, as the larger 

volume of air will not become 'Stale' so quickly. 

It is also observed that ceiling has an indirect 

influence on ventilation (stack effect) and but on light-

ing it has quantitatively insignificant effect because 

both are more dependent on other factors like area, 

position, orientation of opening, reflectivity of surface 

to light and microclimatic conditions. 

The heat exchange process depends mainly on 

longwave infra-red radiation, invisible, but highly 

perceptible to the skin, and, to a lesser degree, on 

conduction to the air immediately below. In the latter 

case ceiling height does have a certain influence on air 

temperature as the ratio of ceiling area to air volume 

varies. In practice, this influence is limited by the 

poor thermal conductivity of air and by the continuous 

air changes that normally occures in non-air-tight rooms. 

The human body exchanges radiant heat with the 

ceiling or any other surface depends upon the tempera-

ture, longwave emissivity of the ceiling and the angle 
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factor* between two bodies. As far as ceilings are 

concerned it is the resultant rise in mean radiant tempe-

rature in relation to the body that is the major contri-

butor to thermal discomfort. 

Taking different ceiling height, we can calculate 

the mean radiant temperature in each-case in relation to 

the person by the following simplified expression. 

Tmrt 	4 TwFw  T1Ff  + TcFc  

where Tw' Tf° T, are the temperatures of walls (assumed 

identical), floor and ceiling respectively (°1C) and 

Fw'  Ff, Fc ate the angle factor between these surfaces 

and the person. 

A study of the thermal effect of ceiling height 

is computed when a person seated in the middle of a room 

with the following parameters : room dimension is 3.0 m x 

3.0 m with all the walls and floor surfaces assumed iso-

thermally at 27°C and with the ceiling at 35°C (Figure 

*The angle factor between the human body and a surface 
denotes that proportion of the body area, projected on 
to aplane perpendicular to the direction of radiation 
from the surface, which is expected to the surface. The 
sum of angle factor is equal to unity. The angle 
factor depends on height of ceiling and on the location, 
orientation and posture of the human body. 
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It is clearly understood that the increase in the 

ceiling height is not proportional to the decrease in the 

mrt. A 0.90 m increase in height produces a reduction in 

mrt of 0.58 °C while further increase of three metres  

produces a subsequent reduction of no more than 0.51°C. 

It is observed at the same conditions when eeiling 

height is fixed at 2.7 m but the temperature rises 

progressively from 27°  to 47°C (Figure 	), and it is 

giving clear sign that the rise in mrt is directly 

proportional to the ceiling temperature. But when it was 

done experimentally the rise in mrt is much higher, 

because it is highly unlike 	that all other surfaces 

maintained at constant temp, of 27°C when the ceiling is 

at 35°C and wild heat is being evolved contin ously from 

the occupants, 

In Australia Lee found that a reduction of a 

ceiling height at 35°C by 1.2 m i.e. from 3.60 to 2.40 m, 

produced an increase in radiation load 2 KCa1/hr which is 

negligible. In India 2,70 m was fixed as the height above 

which no useful improvement was obtained, the drop in air 

temperature du4 to increasing the ceiling height to 3.0 m 

and 3,30 m being less than 0.25°C. It is observed that at 

a height of 2.40 m higher maximum air temperature were 

obtained i.e. up to 1°C rise, but the globe temperature 

remained consistently unchanged. A difference of less 

than 0.25°C is observed by Givoni in the rooms of different 
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ceiling height (2.50, 2.80, 3.00 m). Still interesting 

observation is done at the National Building Research 

Institute, that no significant difference was affected by 

altering the ceiling height from 2.70 to 2.25 with surface 

temperature at 43.3 or 49°C. 

A low ceiling is often associated with definite 

notions of economy in space and cost and a pleasant 

feeling of comfort. 

Conclusion : 

The effect of ceiling height on the indoor environ-

ment tends to be grossly over-estimated. It is the ceiling 

heat and its height which is the cause for discomfort*. 

As the ceiling height is limited factor on indoor climate, 

the choice of select of ceiling can be on economic, aes-

thetic or purely psychological grounds. A height upto 

2.70 m is recommended, the effect of further increase in 

height is thermally insignificant. 

*Ahmad, A. M. on ceiling heights and human 
comfort, Building in hot climates, Building 
Research Establishment 1980. 
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4.2 EFFECT OF ORIENTATION ON INDOOR ENVIRONMENT 

The orientation is the direction,perpendicular to the 

axis of the building block. In case of square building, 

each room has a different orientation and in accordance 

with those individual room requirement, the.,- building 

orientation is decided. While deciding an orientation, 

the demands of the natural agencies should be fulfilled as 

far as possible. There are some other factors which influence 

the orientation: Contours of the site, zoning, - Building 

Code practice, the relative humidity, the surrounding 

buildings, surface cover such as trees and shrubs etc. 

Before going into several aspects of design and orientation, 

it is necessary to decide what kind of comfort needs should 

be given more attention, summer or winter. In the areas 

where ambient.temperature has greater physiological 

influence than ventilation (places like Khammam with low 

humidity), orientation with respect to the sun is an 

important consideration. If the place comes under humid 

climate, in building orientation wind should be given more 

preference 	to sun. 

Under condition of excessive heat, the orientation 

of a  building should be such that the heat impact of sun 

is mitigated as far as possible. The maximum radiant heat 

is gained by the roof (horizontal surfaces) and in walls 

facing east and west, receive the highest intensities of 

radiation. They should normally be kept as short as possible. 
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The thermal effect of orientation is meaningless, 

unless reference is made to the external colour of the 

surface . It was observed that external surface temperatures 

of lightweight curtain walls facing the four cordinal 

directions having two external colour grey and white. 

Difference in temperature of different Orientation of grey 

surfaced walls is as much as :23°C and that of white surfaced 

is less than 3°C S (1)  

The magnitude of thermal effect of wall Orientation on 

the interior is dependent on many design and construction 

characteristics. It varies from a negligible to a very 

significant factor. 

Consider a building with rooms facing several directions, 

externally whitelthe thermal resistance is medium to high 

and windows are effectively shaded. Because the low absorpti-

vity all surfaces, the indoor temperature will closely follow 

the external air pattern, showing little variations, with 

orientation and the internal surface temperature will be 

virtually uniform, "with adequately insulated walls of light 

external colour, and effectively shrill ivindot4s, - internal 

differentiation with orientation may be negligible". 

(1) Givoni, B. Man, Climate & Architecture 
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The magnitude of the temperature elevation above the 

ambient level also depends on the wind direction. For 

.example, in an area where prevailing winds are westernly 

infect both East and West side walls should receive equal 

amount of radiation, but because prevailing wind in the 

west, the elevation of surface temperature'in west wall is 

less than east. 

The wall thickness of building envelope have consi-

derable effect on indoors temperature pattern. The maximum 

difference between the warmest (East and West) and the 

.Coolest'(northe) walls were again larger for the thinner 

than for the thicker. Lightweight walls of low conductiVity, 

the internal temperatures will be higher than high capacity 

heavyweight walls, which absorb appreciable quantities of 

heat without significant increase in tempetature. In 

addition to it surface colour has its own impact on it. 
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TABLE - 1 

* Internal surface temperature of walls of West(North) 

orientation, thickness and external colour. 

Wall Thick-; 
ness 

Type , 'Ambient 
;Temp. C 

'Internal wall 
isurface(recor- 
'ded) 

'Temp. 	West 
'(North) 

' °C differrnce 
Woet (North) 

1 Colour 

10 cm max. 29 38 (33) +9 (+4) 
grey min 23 26 (24) +3 (+1) 

10 cm 
white . 

max. 
min. 

29 
23 

28 
23 

(26) 
(22) -10 0 

20 cm max. 29 33 (30) +4 (+1) 
Grey min. 23 28 (28) 5 (+5) 

20 cm max. 29 26 (25) —3 (-4) 
White min. 23 24 (24) +1 (+1) 

North wall 

Greater than ambient temperature. 

Less than ambient temperature. 
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The effect of window orientation on indoor temperature 

is largely determined by ventilation conditions and the 

degree and efficiency of the window shading. When shading 

is not effective building interior, the temperatures will 

be influenced by the orientation of the windows. 

A set of four identical models of front Wall of eaeh 

has a window and rear has a small opening with insulated 

shutter. Models were orientated so that the window of•eash 

face one of the four cardinal directions, fort experiment(1) 

Immediately after sunrise, the model with the eastern 

window showed a.steep rise in temperature, 13°C in four 

hours when compared with 5°C outdoor during the same period. 

In the west-.window model the temperature rise was moderate 

until noon, but on exposed to direct radiation in the after-

noon thislise accelerated and a maximum about 11°C above 

the outdoor level was recorded. The south-window heating 

pattern is slightly above that of north-facing model, 

the maximum temperature 3.5°C above that outside temperature. 

Window orientation with respect to prevailing wind 

direction is likely to here a considerable influence on the 

ventilation of interior, The openings should be both at the 

windward and the leeward side of the building. Wall having 

(I) Givnni, B men, Climate and Architecture. 

63 



0.1 004AMJJ A40 ND 

64 

FIG. Nb. 4.2 IMPACT OF SHAPE AND ORIENTATION 

ON THE DAILY INSOLATION OF A e• VI I. 171 FIG 

THROUGHOUT THE NEAR. 



inlet peed not directly face prevailing wind incidents to 

wall upto 45°  angle can provide satisfactory ventilation 

without much depletion in wind speed. 

4 3 Surface...Aral? Floor Area Ratio : 

The solar heat gain to the building interior takes 

place through the external surfaces exposed to the environ-

ment and get distributed more or less evenly by various 

heat exchange processes throughout the enclosed volume. 

Therefore the relationship of the external heat breathing, 

surface area to the floor area enclosed or to the volume 

enclosed is of significant importance. In a single storeyed 

building when perimeter increases, the surface area to floor , 

area ratio (SA/FA) decrease considerably. This is because 

surface area decreases with respect to floor area when peri-

meter increased, it can be said that the heat gain per unit 

area reduces-considerably as the perimeter of the building,.  

envolcpe increases. In case of multistoreyed building the 

SA/FA ratio will get smaller when number of floors are 

increased. 

4-4 Infiltration 

Heat tends to travel from higher to lower, temperatures 

in the process. of heat transfer. It modifies its form to 

reach the cool area. Due to the pressure differential in 

outside and inside, the air through the gaps and cracks in the 
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building envelope. This process is called infiltration. 

This infact is very difficult to be controlled. It needs 

perfect workmanship, good dewign of openings etc. usually 

heat transfer takes place through the gaps between shutters 

and frame. If the temperature difference between inside 

and outside is more, the heat transfer through infiltration 

will be more. Hoat transfer takes place through convection 

air currents. 

4.5 riet er 4,1 : 

Right from the ancient times mud is popular as one of 

the building materials, then comes lime. In recent times 

cement dominated the earlier two, due to.its high strength 

and durability. We do not observe any sort of discomfort 

reported by our ancients and forefathers been pointed out. 

Now this discomfort is a common complaint of each and every 

house especially in hot-dry climates like Khammam. But 

cement does not give good thermal performance. While mud 

and lime got better thermal performance, to the buildings. 

Building materials definetely has rote to play in achieving 

comfort inside the building. 

I..5.) 

 

Mud 	: 

Earth construction has continued to be the principal 

building process in the non-industrialised countries, it has 

undergone a steady decline, mainly over the last century 
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and it is virtually disappeared from some western countries. 

The reasons for this decrease are manifold and have their roots 

in the profound socio-economic changes which the industrialised 

countries have experienced. The large-scale urbanisation, 

increasing centralisation; the predominance of the monetary 

system as the principal method of exchange and break down of 

collective forms of organisation. Industrialisation intro-

duced competitive new building techniques, products of easy 

transportation, the increased division of labour and change 

in the pace of life, rendered people, even in the country-

side, which ultimately reduced the usage of indegeneous 

materials like mud which is very relevant in achieving 

comfort condition at that particular climate. People are 

not that free to build their own houses and feel deprived 

of the time needed for the regular maintenance . 

Some of famous architects like Le corbusier„Frank 

Lloyd wright, Hassan fathy, did to implement mud in their 

project,but only Hassan Fathy did achieve success in imple-

menting their proposals. Now architects are considering. 

earth construction in the light of the additional advantages 

provided by modern techniques. The preparation of earth 

construction requires a minimal amount of energy not only 

for the production adobe bricks and earth mixtures but also 

for heating and cooling the completed buildings, of course, 

the thermal inertia of earth building is due to the thickness 



of the walls, rather than the property of the material. 

It is interesting to observe that inhabitant in an earth 

house feels warm in winter and cool in summer. 

4..5.2 Lime Construction 

Lime has been the binding material used in construction 

such as the Agra Fort, Golconda Fort, etc. which have stood 

the test of lime. But lime has gradually replaced by cement. 

Scientists are•now focussing the importance of lime, to 

replace costly cement, once again as the ideal binding 

material for construction of houses. As lime-plastered 

houses do not develop cracks and are ideally suited for 

tropical climates to take much expansion and contractions. 

It keeps low temperature inside the building than those 

buildings built with reinforced cement concrete.
* 

Scientists 

feel that lime is good for mortars, plasters and foundations 

but not for columns and lintels. 

Brick can be made out of hydrated lime for construction 

of walls. Rapid setting lime plaster adheres wall to wall 

faces and is resistant to water, has good accoustical proper-

ties and also fire resistant. The plaster which is mixed 

with sand and applied to the wall starts setting in two 

hours and become fairly hard it 24 hrs. CBRI has experi-

mented on lime bricks 4.h Hyeeribad. 
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In the graph No.  it is clearly shown that how the 

lime plastering is effecting in cooling the indoor environ 

ment. 

453 Concrete Construction : 

The general thickness of concrete structure in resi-

dential building envelope won't be more than 15 cms in 

some places it only 10 cm. But according to CBRI reports, 

thFt even 15 cm thick roof. of the building are not suitable 

to the hot dry climates until unless it is insulated above 

(roof is the only one where most of the concrete is used 

in building which is exposed to atmosphere). As B.S. Saini 

from Austrialia has presented in the table below :- 

'Time log Temperature in 
concrete roof slabs 
(air temp. 26.7°C) 

Upper 
surface 

Lower 
Surface.  

anemarlvilmi• 

Mean 

4■014•1111a0111WSIM. 

85 min 2 n  conc. 

•ISIMASS01■111• 

49.4 46.1 46.7 

150 min 411  conc. 40.0 36.4 . 36.9 

360 min 80  conc. 38.3 28.9 31.1 

300 min 8" hollow conc. 37.5 31.1 32.2 

But due to high strength, it entered into most of the 

parts of the building envelope, like, it replaced wood in 

terms .offrame a opening, thin partition walls for show cases 

etc. Apart from strength, it has durability, weather resis-

tance,fire resistanceand good binding capacity. 
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4.6 Surface Treatment 

Surface treatment has considerable effect on thermal 

behaviour of the building and on comfort conditions. The 

surface of building envelope can be treated with different 

materials having different absorption and reflection 

co-efficients. 

The bright surfaces like Aluminium sheets, white washed 

surface will show less absorliance toward radiation, in faot 

• bright metal are better than other. treatments in reflecting 

the solar radiation. Dark colours are not at all advisable 

in this climates. Different material will have different 

values of absorption and emission which are given in 

Appendix No. 

4.7 Colour t 

It is well knownfact that colour can create psychologi-

cal effect, in different ways, it can create a feeling of 

comfort, nurves•_strain, either increases or decreases the 

physical activity. 

The temperature of a colour plays a large part in its 

applications. Red, orange, yellow are warm colours. Where 

Blue, greens  are classified as cool colours. 

Yellow is the lightest of the major colours. It is pleasant 

on the wall and ceiling, because it fillsthe room with 
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sunshine and brightness. But one thing, should be remembered 

that yellow looks twice brighter than the sample when painted 

on the wall. Orange is used to brighten surface and these 

type of colours look even brighter in direct sunlight. One 

should choose colour scheme that combine cool and warm 

colours to complement the changing light. 

A colour like red might infect the feeling of hottess 

where as greens and blues bring the'freshness to nature and 

living thing into the room.. Green cools the eye and many 

shades of it work well together. 

The places where, the outdoor temperature is more often 

greater titan indoor temperature, there interior are advisable 

to use cool colour to get some sort of comfort feeling.  

(apparent). 
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5•D PASSIVE COOLING TECHNIQUES IN PRACTICE : 

Introduction : 

Even though cooling is much more complicated, 

diversified and climate related than heating, especially 

in passive systems. There are different methods of cooling 

indoor environment was invented in different countries and 

for different climates. Thanks to William W. Holmes, who 

classified the entire passive cooling techniques into 10 simple 

comprehensive categories on the basis of applications over 

theory. Those are gain prevention techniques, site cooling, 

earth cooling, skycooling, ventilative cooling, vapor 

cooling, flywheel cooling, solar cooling, venturi cooling 

and hybrid cooling. Even after this broad classification, 

sometimes it will be difficult to say on which type of the 

cooling does  method belongs. For example, windscoop, 

it comes in both evaporative cooling and ventilative cooling. 

Coming to thd traditional way of cooling, which we generally 

observe in old palaces and building are : water wall (Agra 

fort), windcatcher (Golconda fort), underground living 

(Rajasthan desert area), courtyard houses, etc. 

94 Courtyards : 

This is one of the traditional cooling method for indoor 

environment, in the tropical climates which is still existing 

in some countries but in most of the areas it disappeared, may 

be due to rapid urbanisation and high land prices. 

The concept of the courtyard house was developed in the hot 

dry regions. Examples of the traditional courtyards house shows 

that design of houses which include social, cultural, technical, 

and enviromental factors. The concept of arranging rooms 
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rooms around an open'space to solve climatic problems was 

continuously maintained from our forefathers. In courtyard 

houses, it is observed that the interaction between external 

climatic condition and thermal condition of the indoor 

environment passing through the envelope of the courtyard, 

is well banced in achieving thermal comfort. 

The present problem is how to reduce the heat loads 

which are effecting the indoor comfort in hot dry climates. 

Internal courtyards and a compact layout for a group of 

buildings would provide mutual shading between surfaces with 

the consequence of reducing the thermal load on them. 

In summer a pleasant continuous circulation of moistened 

air is kept up through by using grass, trees; vines and 

water bodies in a courtyard which acts as 'cooling well'. 

Trees have been planted in alternate rows of, courts 

which is being 'shaded, have cooler air. This air at lower 

temperature circulated from the shades to the sunny courts, 

where the rising hot air creates lower pressure. In its 

passage the moving cool air from shaded courts ventilates 

the rooms, which are located between the sunny and shaded 

courts via perforated gates and louvered walls. Compact 

planning based on the courtyard concept has proved successful 

because courtyard is an excellent thermal regulator. 
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Courtyard having tress in it reduces heat load on 

exposed surface by obstructing the passage of direct solar 

radiation, which is achieved by'using high percentage of 

energy through the process of photosynthesis and also because 

of reflective nature Of some foliage. The cooler surfaces 

on the ground will draw heat from the surrounding areas, 

remitting it to open sky during the night. 

The purpose of the courtyard pool, is to serve the 

purpose of air humidification as well as water is an excellent 

thermal regulator when it is enclosed. During the hottest 

hours of the day an average of 90% of total solar radiation 

is absorbed, at that area, by the pool surface. 	As it 

increases the humidity by evaporation the dry bulb tempera-

ture drops. At night time, the relay of heat from the pool 

to the outer air, aids convertive movement and allow cool 

air from roof (explained in the later paragraph). 

It is better• if the courtyard's size is kept small 

enough to achieve shade during day, it will allow less 

thermal impact and more heat dissipation from surrounding 

indoor spaces. It is suggested that the courtyard's dimen-

sion in plan should not exceed its height* and oriented to 

East-West.** 
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It is observed that increasing the courtyards height . 

from one storey to two, showed a decrease of 2 or 3 hrs of 

solar penetration. The shading of courtyard can be done 

by covering with purgola carrying creepers or by louvers. 

It was also suggested that the roof of the courtyard house 

should be surrounded by a parapet at the outer edges to 

restrict heating of air layer above the roof by the warmer 

external air and the roof should slope towards the-courtyard 

to channel the air cooled by night into the courtyard space; 
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5.2 Ventilative Cooling 

Ventilation effects have directinfluenc, on humcn body 

comfort, which depends on air purity and movement and has an 

indirect effect on indoor air and surface temperatures by 

influencing its temperature and humidity. 

Ventilation serves three purposes : One is' to maintain 

the quality of the air in the building above a certain mini-

mum level by replacing indoor air. Second one is to provide 

thermal comfort by increasing the heat loss from the body and 

preventing discomfort due to sweating. And the third one is 

to cool the building structure, when the indoor temperature 

is above that of outdoor(Structural cooling). The later two 

comes under ventilative coding so we discuss in detail about 

them. 

This process will be different for different climates, 

seasons and wind speed etc. 	The purpose of thermal comfort 

ventilation (convective cooling) is to provide comfortable 

thermal condition inside, this prefents the discomfort 

created by sweating. 	It mainly depends on the temperature 

and vapour pressure within the building. Ventilation in 

terms of air velocity should be specific for a particular 

period. Excess and less ventilation rates create discomfort. 
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The relation between air flow rate and velocity 

depends also on geometry of the space, location and sill height 
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of the window, orientation of window according to preVailing 

wind, overhang at window top (lintel level) both internal 

and external etc., which is explained in detail (appendix 

No. 	) in the building digests No. 100 and 121 of CBRI. 

The air velocity required to attain comfort increases 

with air temperature because the same cooling effects must 

be obtained through a small temperature difference between 

body and environment until 35°C, irrespective of humidity. 

But above 35°C the increase in air velocity elevates the 

convective heat gain which ultimately lends to discomfort, 

here it depends on humidity, clothing conditions etc. 

As air has a very low heat capacity and therefore 

when a building is not ventilated the temperature of the 

indoor air attains that of the surrounding internal surfaces 

and fluctuates nearly about the average external surface 

temperature which is dependent on external surface colour 

structure's heat capacity, thermal resistance and temperature 

difference between inside and outside. 

It was observed that when external colour is grey,_ 

ventilation reduced the indoor air and western.  surface 

(temperature) momma and minima. When the same surface is 

treated with white, the maximum temperature is lower or 

increased depending upon wall material. Ventilation 

lowered the minima in all cases considerably. 
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Even the night time ventilation, which is most 

important in hot dry climates, is affected by external 

surface colour. When it is grey, the permanent ventila tion 

had a much greater cooling effect than night ventilation, 

but with white exterior 	night ventilation had 4 great 

cooling effect. There is a chance that indoor air tempe-

ratures were even elevated when the experiment models were 

ventilated during the day. Thus, grey painted concrete 

walls were more affected by ventilation than lightweight 

concrete walls of the same thickness. 

When indoor temperature is above the outdoor level, 

ventilation lowers the indoor temperature, but in reverse 

conditions the' effect is opposite. During the evening and 

night the indoor temperatures are above the outdoor level 

in all ordinary conditions so the ventila tion at this time 

always has a cooling effect. 

It may be predicted that building with light 

external colour, medium to high thermal resistance and heat 

capacity, relatively small and shaded window, have daytime 

indoor temperatures lower than the outdoor. 

In hot dry climate it is desirable to reduce to a 

minimum the ventilation required during the daytime and 

windows are generally opened in the evening, especially 

in the summers. 

Rate of ventilation can be accelerated by different 



methods like : Solar induced ventilation system, wind 

catchers etc. 

In the first system, a solar radiation trapper is 

a special envelope on the roof and it makes the air below 

it hot and allows it to go out, then this places is replaced 

by hot air near ceiling, and by allowing room to get air 

from outside which is cooled on the way (Fig. No.  ). 

Iranian wind tower (Fig. No.  ) are best example 

to this method of cooling. This wind tower is built on 

massive walls, facing prevailing wind direction. During 

the night, when no wind movement is there outside, the tower 

acts as chimney. The hot air passes through the tower 

taking the heat of massive wall along with it to outside. 

Then the building get air from outside. In case windy 

night, the air moves inside through the tower and make the 

indoor space cool. 

During the dayl  time, wind is allowed to pass through 

the tower (which is cooled in the previous night) got 

cooled when it come in touch with wall surface, then the 

air will get cooled. The air movement can be controlled by 

the doors,  By arranging some water body or a fountain in 

the passage of air, the air is further cooled by evaporation. 

There are number of other designs in the wind towers which 

are working on the same principle. 
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Induced ventilation can be achieved by projecting, 

the building envelope in the direction of prevailing wind 

(Fig. No. 	) and can be controlled by special arrangement 

like Louvers end shutters etc. 
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0.s Solar Cooling : 

The use of solar energy for cooling of building 

seems most appropriate for tropical and subtropical climates. 

There are some techniques which are used for cooling with 

solar energy but most of these were too technical to 

implement. Even then those techniques come under hybride 

cooling but not passive cooling. 

In passive solar cooling one method we trace, which 

can be easily implemented is as shown in Fig. No.-  . This 

system can be used for both roof and walls-. In this process 

the surface which is facing sun will have two layers, one is 

a thin sheet and other one is building surface (wall/roof) 

with a gap in between them. The thin member will have an 

opening at the top and for the structural member at the 

bottom. When the external thin sheet, either it is metal 

or asbestos, exposed to direct sun, it gets heated rapidly 

and make the air in between hot. The general tendency of 

hot air is moves up, due to stack effect, to replace this 

void, the indoor air moves into this gap. Then to replace 

air void inside the room, air oomes from outside, before it 

enters the room it is necessary to make it cool either by 

allowing it over water surface or from a courtyard, otherwise 

the outside air temperature, in summer will be hotter than 

inside temperature. 



0.4 Site Cooling : 

Besides the effect of building envelope and different-- 

arrangement like surface treatment, placement of opening and' 

air flow iflside the building, there are enme more factors 

which will have considerable influence on indoor envAron-

ment like vegetation, water and the surroundings. These 

factors are particularly important in the places like 

Khammam which comes under a hotedry climate. 

Due to excessive radiant heat, high air temperature, 

glare, low humidity and inadequate water, the microclimate 

Will show definite variation in summer indoor Comfort when 

compared to other seasons. In some of the places of our 

traditional Architecture we can observe the landscape had 

definite provision in their designs, like water, vegetation 

and Landforms etc. 

(1) Water : 

Water pool acts as a heat reservoir in an enclosed 

space and during the hottest hours of the day:An average 

of 9DX of the total radiation absorption is obtained by the 

pool surface. The water placed in the surroundings of a 

building can be a still pool, a falling stream,or a 

fountain. Water increases the humidity content in the 

surrounding air by evaporation and decreases the dry bulb 

temperation.  Air is made to pass over a wet surface before 

it enters the building. The rate of'evaporation of water 
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depends on the velocity of air which is passing over it and 

also depends upon the area of exposer of water to the air. 

If farmer is increased the later also will get increased. 

Water creates glare too which leads to uncomfortable 

conditions if it is not shaded property. There are some places 

where people grow water hycinth (or any water plant) to avoid 

glare without loosing its purpose. 

(ii) Vegetation: 

The growth of vegetation results in immediate and 

drastic changes in microclimate, because the plant like 

humanbeings evaporate moisture for maintaining their foliage 

temperatures. This unique Sun breaker provides surface shad-

ing without getting heated like concrete and other building 

materials. 

Vegetation (Trees, shrubs and grass) in any form, 

ameliorate air temperature in urban environment by controlling 

solar radiation. Tree leaves intercept, reflect, absorb 

and transmit solar radiation. The effectiveness depends on 

the density of species foliage, leaf shape and branching pa-

tterns. Trees and other vegetation also aid in ameliorating 

summer air temperature through evapotranspiration by orient-

ing their leaves towards sun. Because trees screen sunlight 

and transpire moisture, the air below the forest canopy 

can be asmuch as  14°C cooler on a still summer day 



than in an open area plants can be used to screen and 

soften both primary and secondary glare (direct and 

reflected excess light). 

The area under thick and large foliage cover take 

more time to cool. The cooling takes place due to process 

of photosynthesis and upto some extent the reflective 

quality of some foliage, within the vegetation. 

Similarly grass preserves moisture in the root 

system and mitigates thermal transmission. It creates 4 

thick, heat absorbing layer and gives shade to the soil 

below, thereby preventing a large amount of heat absorption 

and re—radiation. All the vegetational cover also prevents 

soil erosion created by winds, and glare due to excess 

light. 

If a tree is too close to the building, it may 

damage the foundation, by absorbing the moisture which is 

underneath the foundation. But the vegetation like 

shrubs and plant do not possess this problem. If they 

are placed well in position, they can cool the incoming 

air (Fig. 	). Sometime due to improper placement of 

trees, may obstruct the incoming air. Even by putting the 

trees in a line we can achieve higher wind velocities if 

required.. Trees need time to grow in achietidg the 

effective shading height and in the initial stage it needs 

maintenance also. Meanwhile, it is possible to plant some 
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quick growing creeper as a temporary measure. It is better 

to select a native tree rather than introducing a new tree 

at a particular place. It was observed that speed of cooling 

which took place over an area that on bare ground the 

temperature was reduced by as much as 22.2°C in 5 minutes 

after it got shaded*. 

To get maximum benefit out of trees in getting 

maximum shading, their best position are on east, south 

east, south west and west in the northern latitude. Low 

sun• rays in early mornings and late afternoons are difficult 

to control but using shrub it can be minimised. Trees are 

classified by Dr. Datta K. L.** into three groups like 

round, oval-shaped, vertical and he recommended their 

position like round shaped trees (spread and height are 

almost same) may be located on south east, south and 

south-west side in northern latitudes. In the second type 

(oval-shaped) of trees (spread is nearly half the height) 

can be used on east and west a little away from the building. 

The third type (vertical) of trees (spread is not wide) 

@An protect the south wall and some part of the roof if 

it is placed nearer to the wall. 

Mr. Everest, in Lesotho, built a tree house (not 

houses in trees) in which he did not use any building 

*Saini, B. S., Building in hot-dry climates, John Wiley 
and Sons Ltd., U.K. 1980. 

**Datta, K. L. Contribution of Landscape to building 
comfort. Indian Construction news, December, 1961. 
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material at all but he shaped it entirely by natural means. 

He bent the growing branches so they had no choice but to 

grow. He cut off trunk to stop the tree growing too tall and 

also to make it grow bushier. This slow process took him 

eight years. Except in heavy rains and severe cold, he is 

spending his whole life on the tree, since 1967*. Similarly 

there is a chance of bending trees to get more shade on the 

building, but itnecd's  patience. 

The creepers require a certain amount of support and 

spread in accordance with the available space and facilities, 

selection of ereeper should 'be on the basis of coverage 

and growth. 

Land forms : 

The effect of surrounding surfaces of a building 

has a definite impact on indoor environment as well as the 

environment of the town as a whole. All surfaces which are 

exposed to solar radiation for a considerable time will 

absorb heat and reradiate to the surrounding especially 

the surface like, concrete, pavings, bare ground and roads 

etc. This effect 'is severe in the afternoon. Solar radiation 

varies considerably according to topography and physical 

. characteristics of the land. It was observed that by 

*Everst Kabelo, Home on top of a tree, 
Life style abroad, THE HINDU, Sunday, July 1, 1984 
(A South Indian newspaper) 
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increasing the slope with respect to south at different 

angle 0°, 30°, 60°  it was recorded a decrease in the solar 

load of 293, 267.6 and 172 W/m 2 °C respectively*, when 

measured on June 22nd noon at Roorkee. 

Heat transfer takes place in four ways, in the ground 

that is: by absorption, conduction, convection, evaporation 

(Fig.  ). The thermal behaviour will depend upon the 

conductivity, absorptivity, texture, density, moisture content 

and colour of the soil, 

The air temperature near the ground depends on the 

surface treatment. The surfaces like concrete, asphalt, 

heat the air above it hot 3nd  which is carried into 

the building, ultimately creating uncomfortable conditions 

inside the building (Fig.  ). The surfaces like sand, 

paving, and water will create glare too, besides it reradiation. 

The surfaces which are well shaded and ground covers like 

grass will minimise the air temperature above it. 

Now—a—days, people prefer to construct their houses 

as an individual block instead of compact and row housing. 

In case of individual isolated building the area exposed to 

atmosphere is more (5 surfaces) when compared (3 surfaces) 

to row houses, naturally the more area expose to the environ-

ment, the more heat transfer takes place from outside to inside. 

Saini, B. S. Building in hot dry climates 
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In compact or row houses as much as 2/5 surface is not 

exposed to environment which certainly will have great 

reduction in the temperature of the surroundings. Simi-

larly roads should be properly shaded by encouraging the 

road side plantation. 

Conclusion : 

By treating the surroundings, the micro-climate 

around the building will considerably be improved. It 

not only keeps cool surrounding of the building but also 

can change the town climate itself when every one's 

contribution is there. Here method adopted is by elimina-

ting heat storing bodies from surrounding and adding the 

non-heat absorbing material to achieve cooling effect. 
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5.5 Venturi Cooling : 

When a hole is made at the apex of a dome or 

cylindrical roof the low pressure created at this point 

vents the hot air under the roof. In areas where wind 

direction is predominantly constant the roof are cylindri-

cal with axis normal to this direction, whereas when wind 

blows in almost all directions then one finds dome type 

roofs. This principle is based on Bernoulli pressure 

velocity — temperature cooling effect. 
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5.6 Sky Cooling : 

Any element of the external envelope of the 

building which sees the sky, loses heat continuously by 

the emission of longwave radiation. As th.e roof is the 

building element, most exposed to the sky, it is the mos t 

effective longwave radiator, especially during the evening 

and night. 

Sometimes, the sky will have cloud, water vapour, 

CO2' dust which will absorb and emit longwave radiation. 

Thus at night, there is a balance between the radiation 

emitted by the -roof towards the sky and the downward 

radiation from the atmosphere. Only the net radiant heat 

loss is effective in cooling the building. This in turn 

depends Upon the temperature difference between the 

emitting surface, which closely follows the temperature of 

the ambient air, and effective temperature of the atmosphere 

(it depends on cloudiness conditions and ambient humidity) 

The net radiant heat loss decreases greatly with cloudiness. 

While utilizing outgoing longwave radiation to cool building, 

when the radiative surface is below the ambient air tempera-

ture, the overall heat loss depends not only on the net 

radiant loss, but also on the convective heat gain from the 

ambient warmer air which, in turn, depends on wind velocity 

near radiating surface. This wind reduces the temperature 

depression of the radiation and its cooling potential. One 

way to increase the efficiency of radiant cooling is to 
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protect the radiating surfacecfrom-th-e.•wind-effect-bysa 

screen transparent to longwave radiation. 

Even in a humid region, Givoni observed, depression 

of a radiation made of ordinary material under clear sky 

condition, is about 4 to 7°C, depending mainly on wind 

speed at night. This temperature depression forms a potential 

for utilizing the longwave nocturnal radiation as a source 

of natural energy for cooling the building. 

The relationship between the temperature of the 

radiating surface and the ambient air depends on the heat 

capacity of the radiation. When a roof with a high heat 

capacitpserves as the radiator (concrete roof) its external 

surface will usually be above the ambient night temperature, 

because the heat absorbed in it during the daytime. But 

in case of lightweight radiation, its temperature drops below,  

the ambient air immediately after sunset and sometimes even 

before it. 

For high mass roof, which are to be used for 

nocturnal radiative cooling, does not require windscreen__ 

above the roof but convection helps the night cooling 

process together with the longwave radiation. Windscreen 

should be used only in case of lightweight radiation. 

A radiative surface with high emissivity and 

reflectivity, combined with specially treated polyethylene 

windscreen, a stagnated temperature depression of 16°C 
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below ambient temperatura has been recorded. These 

observed no difference between an ordinary and a selective 

radiation, both recorded 8.5
oC, when ventilated. 

The places where dew takes place, the temperature 

still drops, radiative heat loss will be more. 

There are two methods in practice in the building, 

those are : sky therm and radiation roof trapip which 

are explained in the later chapter in detail. 
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6.0 SELECTED  PASSIVE COOLING TECHNInUES 

Some time using one passive cooling technique may not 

be fruitful, there we have to use a combination of two or 

three techniques to achieve comfort conditions inside the 

building. So here three passive cooling techniques are 

studied in detail. Those are (i) gain prevention techniques 

(ii) Evaporative cooling, (iii) earth cooling. Among these 

the. , first two cooling techniques can be used ,for both 

existing and proposed building. But the third cooling 

technique is studied for proposed building, as this system 

is not in practice at Khammam. 

6.1 (i) GAIN PREVENTION TECHNIQUES  

This system is based on principle 'prevention is better 

than cure'. Different building elements are taken individually 

and their performance. The building elements which are 

taken are roof, walls, openings and flooring respectively. 

More emphasis is given to the roof as it receives more solar 

radiation than other building elements. The main element 

of discussion is prevention of heat transfer from outside 

to inside by shading or by other methods, like surface 

treatment etc. 

8 



9 

6.I.1 (II ROOFS 

(-Introduction) 

Like other building components, roofs often do not 

receive adequate attention to their thermal performance at 

the design stage. Careful designing, planning and selective 

use of materials of walls and opening will not improve thermal 

performance of a_building, if the roof is not Properly 

designed. Most of the solar radiation is received by the 

roof than any other envelope in a building, especially in 

the tropics. Roof also loses the greatest amount of stored 

heat by longwave radiation to nightsky, for the same reason. 

a 

Roofs are not meant only to possess the structural • 

safety but also should protect from the direct sun grid rain, 

in attaining the thermal comfort and minimise maintenance 

cost of a building. An average of about 41% of the total 

cost of a single storey building is taket up by the roof 

construction alone. Even then people • are not comfortable 

inside the building due to inadequate design measures that 

are taken while designing a roof. The design is mostly 

based on experience of the architects, as there are no 

building regulations as such for determining the minimum 

thermal insulation nor enough knowledge about the thermal 

performance of different roof construction to make design 

decisions relative to roof performance. 
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The traditional type of. roof construction is basically 

heavy with thick layer of material which give high degree 

of resistance and modifies the diurnal variation in tempera-

ture. But application of this type of roof is practically 

difficult to apply. Modern roof construction are generally 

not heavy as traditional roofs. They may have high thermal 

insulation value than the traditional materials but they 

lack adequate thermal capacity resulting into rapid flue- 

' tuetions in•internal conditions, due to non-steady state 

of heat flow in hot dry climates in the calculation cora 

become complex. 

Dr. Ahmed has conducted a study at the University of 

Khartoum, duri-g -1973 a half scale model building comisting 

of 10 rooms of equal dimensions (2m x 2m x 1.5m high) all 

facing the north/south, to determine the thermal performance 

of roofs and their surface finishes on internal air tempera-

tures. 

The experiment took place in four different stages as 

given in the Table-1. The point that are observed; 

I. Initial Roof Construction : 

(i) The r.c, roof slab (Roof No.3) With a 50 mm thick 

expanded polystyrene layer on top, achieved the greatest 

reduction in both maximum slab temperature and its 

diurnal variation. Temperature of black roofing felt 
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reached 79°C and internal conditions were almost stable 

with very little fluctuations in temperature. The average 

delay in internal air temperature is about 4 hours. 

(ii) The shaded roof slab (Roof No.5).and the roof with 

cement, sand lime mix (Roof No.4) are having similar thermal 

efficiency as Roof No.3. They have nearly similar roof 

temperature curves and time lag. 

The shaded reinforced roof had recorded a comparatively 

low ni.at temperatures because slab is cooled due to con — 

vectsion. 

The IR-hafqir roof had a slightly higher temperatures in 

the daytime and due to its thickness minimum temperatures were 

recorded later than others. 

(ill) Both brick Jack—arch (Roof No.7) and hallow tiles 

roof (Roof No.6) had shown a reasonable reduction in maximum 

temperatures and diurnal variation. Beside both.are heavy 

and have similar temperature curves. 

The lower surface and internal temperatures of the hollow 

.files roof were slightly higher than the other roof but had 

lower upper surface temperature. Its maximum internal 

temperature is also an hour earlier. 

In both these roofs reduction in maximum air temperature.  

is small and internal temperatures are above average at night. 
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(iv) The corrugated glavanised steel roofs (Roof,No.8 and 9) 

with 20 mm fibre board) had recorded a reduction in maximum 

temperatures and diurnal variation but with very short time 

log of about one hour. 

Internal air teMperature follows the corresponding 

external ate temperature very closely. 

Temperature turves are similar. 

Effect of the ventilation o1 air space is not giving 

significant, result (0.5 °C), 

(v) (v) Both bare concrete roof slab (Roof No.2) and the modi-

fied traditional mud roof (No.10), were offering very little 

resistance to heat flow. 

Their diurnal range was the greatest (10 °O. 

Maximum internal air temperatures were higher than 

the corresponding external shade air temperature. 

TeMperature curve,  has steep riseand fall at maximum 

and minimum temperatures. 

R.C.,  roof slab having white washed above had its maxi-

mum surface temperaturd about the same time as that of external 

air. 

R.C. roof,slab having black roofing 161t had its 

maximum surface temperature about the same time as that of the 

maximum solar radiation, 
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II. Effect of Ventilation 

Ventilation of rooms only during the night time . 

(i) reduced the maximum internal air temperatures 

(ii) increased the diurnal range (iii) delay the time of 

their occurrence. This was found more effective in heavy 

roof construction;  shaded and top insulated roof construction,' 

Ventilation only during daytime hours in summers, 

offsetting the thermal , protection property due to rod! 

itself. When the openings were closed after sunset the heat 

gained by the internal structure during day had an adVerse 

effect on night temperature and temperature of the following . 

day. 

It was noticed that continuous ventilation was a little 

more.effective in improving the thermal condition, compared 

with the .unventilated condition and with the ventilation at 

daytime. 

Ventilation of the roof or ceiling air space:(Roof N0,8) 

had very little advantage over tnventilated roof (No.9) 

the difference is 0.5 °C lower in maximum internal air 

temperature and also lower by 3 °C at internal surface 

temperature. Both rooms had same diurnal range and time 

of peak. 
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Ventilation of the roof of hollow tiles, air space 

proved little advantage over unventilated one (Roof No.6). 

Due to convection these observed a quick heat lose Pt night 

and by closing at day time the air acts as insulation. 

III. Effect of Surface Treatment  

A considerable reduction internal air temperature and 

external surface temperature when a white-wash applied to the 

external surface of roofs and also improved the diurnal range 

and delay in time of peak temperatures. A great improvement 

is observed when it was applied to bare concrete slab and 

modified traditional room (See Figure No. ). The main 

draw back is the problem of maintenance of whitenesS of the 

surface. 

When a layer of white gravel (5 cms) is applied on top 

of bare concrete slab showed very little effect on the thermal 

performance of roof and the time of peak temperatures were 

delayed an hour, An addition of 25 mm more white gravel 

showed a considerable effect by achieving a lower temperature, 

minimum diurnal range, and delay the time of maximum tempera-

ture readings. Its .main disadvantage is its weight. 

Reference : Mukhtar, Y.A., Roofs in hot-dry climates, with 

special reference to Northern Sudan. Building in Hot climates; 

Building Research Establishment,. U.K. 1980. 
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The observed no special advantage by putting white 

cement tiles over the Roof No.3, than that nf same roof 

white washed. 

Thermal Performance of  Shaded Concrete Roof and the ;  

wsitagonersitatizararansiCanditions : 

An experiment carried out in University of Khartoum 

(Sudan), in an existing binding (Figure-1) on a typical 

summer day i.e. May 21. 

The reading were taken when doors kept closed practi-

cally all days and open for the rest of the time. The roof 

is shaded 2/3 portion of the surface and rest is unshaded 

i.e. exposed to sun. The reed panels are locally available 

and found fairly standard and its cost is also low. 

Comparison between Unshaded and Shaded Roof : (Surface is of 

light colour) 

Unshaded  Shaded 

1. A rapid rise in ceiling 
temperature from 31.5°C 
(07.00 hrs) to max.44.7 
(16.30 hrs.) which is.  
4.8°C greater than am-
bient temperature. 

A steady rise in o2iling temp. 
from 32.5°C (7.30 hrs) to max. 
39.6°C (17.30 hrs) the diff-
erence is 5.1°C at 17.30 hrs. 
Because after sunset the shad-
ing devioa obstruct to heat 
loss in two ways : it obstruct 
the longwave radiation acting 
as opaque barrier and by res-
tricting air movement it obstructs 
the convective heat loss. 

Reference : Adil Mustafa Ahmed, The thermal performance of 
concrete roofs and reed shading panels underatid summer condi-
tions. Building in hot climates, Building Research Establish-
ment, U.K. 1980. 



Unshaded 

2. Ceiling temp. is alway 
above the inside air 
temp. except at 11,00 
when it equal(touches). 

3. Outside air temp. is 
exceeds the ceiling 
temp. only between 
7.00 hrs to 13.00 hrs, 
after that it drops con-
siderably. Minimum 
occurs at 4.00 hrs 

. (80C lower than selling 
temp.).At this time 
convective cooling is 
effective. 

Shaded 

During most of the daytime 
internal surface temp. below 
the shaded part is below the 
inside air temp, and for all 
the nighttime it is above it 
by maximum 2°C. 

The outside air temp. rises , 
above this ceiling temp. from 
07.00 hrs to 17.00 hrs(max. 
difference is 6.5 °C), rest of 
the time it is well below it 
(max. difference is 8°C at 
o4.00 hrs.). 

4. Its time log is 4.5 hrs. 	The time lqg is increased to 
about 5.5 hrs. 

Conclusions : 

This experiments shows that how a concrete roof surface 

temperature is reduced to a minimum by applying different 

insula tions and shading by light reflecting material on top 

of the Mel. To achieve at a low cost, locally available 

material are used for shading and insulation. Sometimes a 

single or a combination of methods should be adopted to 

achieve comfort conditions. In those methods applying white 

wash to the external surface of the roof, Ventilating the roof 

when external temperature is lower than internal. It is 

better to allow shaded roof, to be opened to the sky during 

the night time. By minimising the temperature difference 
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between indoor and outdoor air, the life period of 

material above the roof also get increased. The material 

which is to be applied on top of the roof should have 

some thermal insulation, otherwise it may not possess 
0°64 

 results, 
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6.1.2 (II). WALLS : 

The walls plays importact role in the building [envelope .  

in controlling high temperature differential and high solar 

radiation, glare controls dust and hot winds. It should 

have capacity to store the nighttime coolness in it. 

The walls of daytime living areas should be made of heat 

storing material, while walls of rooms like bedrooms, wall 

Material can be of light heat capacity. 

There are number of wall design are propOsed for both 

for passive heating and cooling purposes. But most of the 

walls are first designed for heating then by doing little 

modification to the previous one. But the results in cooling 

are not as encouraging as in the case of heating. The 

different methods which are now in practice are massive wall ' 

(traditional), trombe walls, water walls, cavity walls, etc. 

In India the massive walls are in practice in the rural areas, 

and in some special occasions the cavity walls were also 

used. 

Walls can be treated externally to achieve good thermal 

performance, like applying insulation and by different sur- 

face treatments etc. 
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(i) Irombe Wall 

This wall is actually got popular while using it for 

passive heating purposes. Then it is modified to suite for 

getting benefit out of it for r,:ooling. Actually trombe wall 

consists of a massive wall and a glazing/insulation with 

an air gap in between. In heating purposes heat is traped 

by using glass in mass wall, but in cooling purposes, heat is 

not allowed to fall on the wall and in case any heat transfer 

takes placetom external insulting shutter, it is absorbed 

by the mass wall and stored in it ( heat transfer won't takeS 

place into the building). The gap between the external 

building envelope and mass wall is used for convective venti 

lation. In case of heating the mass wall will be provided 

with two openings at the top and bottom, to circulate hot 

air with he building constantly. But for cooling purposes, 

the external insulating shutter will be provided a ventila-

tion at the top and the massive wall will have opening at 

the bottom. When air in the gap is not heated up it looses 

its density and goes out through ''he ventilation on top and 

the gap is replace by the air from the room. Here special 

arrangements should be made in the way, from which the 

external air is coming it to the building, tb fill the air 

gap created by stack effect in the gap. 
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While during the evenings and nightsthe mass wall will 

be exposed to the environment by opening the insulation 

shutters. Then the mass wall will loss all that heat, which 

it stored during the daytime and get cooled still, will can 

be used in the day time for daytime cooling. 

Water Wall (Drum Wall) : 

This wall is also called 'water trombe wall' it works 

on the same principle of mass trombe wall which is explained' 

earlier. Here the water tank (water wall) works the same 

-.as mass wall. In this process, water wall get more cooled 

during the nights and can be effectively used for daytime 

cooling. The drum should be painted with white colour on 

the external side when it is used for cooling purposes, 

Massive Walls : 

In hot-dry climates, larger the daily variations in out-

door air temperature with intense solar radiation will create 

uncomfortable condition inside the building. That is why 

in our traditional buildings we observe massive building 

structure. One of the functional requirement is to control 

and prevent heat from transferring into indoor space. The 

massive walls will have good insulation value, high heat 

storage capacity, greater time-log, and fairly good value, 

which are well suited for hot climates. The massive walled 
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house will be relatively cooler than ordinary thick walled 

house. The massive walls will take more time to heat and 

similarly more time to cool down. By the time heat is about 

get inside surface of the wall, the outdoor temperature 

should be reducing (evenings) so that heat tries to travel. 

back to the atmosphere. 

Cavity Wall  

Air space between two walls will offer another barrier, . 

besides the walls,to the passage of heat. The optimum width 

of the cavity in a wall is 50 mm. If it is less than that 

strong convection currents can takes place in it and it's - 

effectiveness will be reduced. Suppose.if the width is 

more than that, also looses its resistance. As the distance 

is increased the inner wall tends to behave like ordinary 

single wall in heat transfer. 

Cavity works as insulator when it is unventilated. The 

two walls in the cavity wall are can be of different thick-

ness, thin wall (light weight) is preferably the outer skin. 

It also observed that ventilation in day time is undesirable 

and in` the nights it gives cooling effect to the building. 

In case openings are provided, they should be on same 

side. To enhance the thermal resistivity the cavity can be 

filled with an insulating. material, 
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Conclusions : 

There is some technical data available on cavity 

wall and its thermal performance in C.B.R.I., but the 

rest do not possess enough data which can be used by 

architects in their practice. 
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G.I.3 III. OPENINGS : 

Generally in hot-dry climates the openings are closed 

during,the day time and are opened in evening till mornings: 

Thermal conditions in this climate indicates that, window 

size should be minimum and will be sufficient to give 

enough lighting during the daytime. The opening of window 

shutter will encourage heat loss from the building envelope 

which is gained during the daytime. It is better to have 

big windows, which should be tightly closed during day-time 

and open it to sky during evening and . night to quicken the 

process of cooling, the indoor environment. 

If the window is big, the problems like shading and 

infiltration takes place to transfer heat from outside to 

inside, if the window is small enough, these problems are 

limited. Air movement inside the building, when desired, 

will have considerable effect due to the placement of window 

orientation, position and size of a window in a room and 

projections above the window. Some times it is effected 

by the surroundings also. These things are clearly 

explained Appendix No. 

Due to influence of Western architecture in our country, 

made buildings with large windows and full) glazed curtain 

wall, without looking into the climatic demands of a building. 
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In some cases, this can be controlled by reducing the 

solar light and heat through the openings . The building 

having large opening needs C special kind of sun protdction. 

There are number of sun shading devices varying from s imple 

curtains to automatically operated blinds. 

The building oreintation and type of sun protection 

will depend on the climatic condition of that particular 

place. A typical house in hot-dry climates is required to 

be protected from direct sun.- According to our traditional 

architecture, we came to know the importance of shaded 

courtyards, verandah around the building and their necessity 

at present. The amount of sunshine can be minimise through 

careful study of sun's movement. 

Sun shades can be classified into two groups, like 

fixed and movable devices for fixed shade, it should clear 

that on what time and period the sun should be shaded. It 

is slightly expensive and needs little maintenance(There is 

a chance, when you require more lighting in the room; one 

would feel slightly dark interior, when you do not require 

sun protection). But in case of movable devices it requires 

certain amount of maintenance slinually. It can be said that 

these devices are more effective than fixed, both in preven-

ting direct solar radiation and encouraging longwave radia-

tion during the evening and night. The effectiveness of 

shading devices, when it is 	internally placed, is limited 

and may lead to additional expenditure 



The size and the type of sun shading device will 

depend on the orientation of wall in which it is installed. 

Generally sun shading d evice is placed near the window, 

but in tropical climates, the entire facade is required 

to shade, this can be done by using grills. There should 

be some gap between the shading C.,  evice, and the building 

envelope, so as to enable the air can pass through grills 

or blends and do not allow a stagnated hot air at the 

building surface. This will excert a cooling effect on 

the facade. 

While choosing the material for shading is to be 

considered thermal conductivity which will have great 

effect on the design itself. The shading device can be 

painted keeping the need of heat by reflection and 

absorption. 

Shading can be done by the vegetation different 

ways with different kinds i.e. trees, creepers, shrubs 

etc. 

Shutters of the Openings : 

The material used for shutter either window or door, 

should have enough insulating value to prevent heat from 

transferring from outside to inside the building. These 

shutters play important role in preventing infiltration 
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of heat. But their construction detailing should be 

good and it also depends on the workmanship. This 

infiltration occures due to bad workmanship in most of 

the times rather than bad designing. The intensity of 

infiltration will also depends on the, temperattire 

differenice between indoor and outdoor environment. 

If the difference is more, the intensity of infiltxa tion 

will also be more effective. Usually heat transfer in 

terms of nnntreati nn takes n1 at-Fti n1 of i l tffi MOM. 
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6.1.4 IV. FLOORING 2 

In hot-dry climates, g enerally floors are raised 

by oge to two feet high above the ground level. In case 

any cavity in underspace of floor is advisable to close 

in this climates, otherwise the floor will get heated by 

the ambient hot air. The floors which are laid directly 

on the floor will have considerable effect on foot coin.. 

fort, during the summer day time.  

It was observed that ooncrete floors are much cooler 

than timber, at about 5°C, when the indoor temperature 

is a t 35 °C. Floors also get heat from the vertical 

building envelope as well as from g round itself, but 

major heat gained is due to roof radiation. 

It was observed from the case s tudies that flooring 

done with concrete is cooler than Shabad store flooring, 

A careful detailing is to he given to the flooring 

so as to prevent heat flow from outside to the flooring. 

The foundation can be of in different layers instead of 

thick mass. 
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6.1.5 THERMAL PERFORMANCE  : 

To have comfort condition inside a building, it is 

necessary to prevent the penetration of solar radiation 

and minimise the flow of heat into the building. This 

could be accomplished by the proper choice of building 

materials. In order to choose the correct combination 

of building materials from thermal considerations the 

thermal performance characteristics must be known. 

Due to the large diurnal swings of temperature a high 

solar radiation, the thermal problems of a building,get 

more complicated. Here both roof and walls play major 

role and a proper selection of these cross sections should 

be received attention in the design stage itself. A 

building not only should possess the protection from sun 

and rain, stability and durability but also should have com-

fort conditions indoors. In hot—dry climate the thermal 

capacity of a section is more reliable than light—weight 

constructions in case of thermal performance. That is why, 

the traditional buildings are better than present light-

weight and sandwitch constructions in their thermal 

performance. So as you increase the thickness of a 

material you get better thermal performance. 

T.P.I. is a method adopted by CBRI for finding out 

the thermal performance rating for different roof and 

wall sections. Thermal performance Index (T.P.I.) is 

nothing but the enlarged form of internal surface tempera-

ture is equal to 100 T.P.I., i.e. 1°C is equivalent 12.5 of 
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T.P.I., for the temperatures above 30°C (assumed base 

temperature). If one know the T.P.I., can find out the 

internal surfoce temperature and the vise-versa. 

For thermal comfort should ensure lower internal 

surface temperature to minimize the radiant heat load to 

the occupants. Higher the ceiling temperatures also Con-

tribue indirectly in raising the indoor temperature. That 

is why inside surface temperature is taken as a criteria 

for thermal performance rating of roofs and walls. 

TABLE - 1 Basis for Thermal Performance Rating of 
Roofs 

(Unconditioned Buildings) 

S. 
No. 

, 

eak Degree 
Hot  (P.D.H.).  
Deg.C. above 
30oc 

Thermal 
perfor- 
mance 
IndeZ 
(T.P.I.) 

CLASS 
. 

Quality 
of  . 
perfor-
mance 

Remarks 

1. < 6°C <75 A Good 

2. >6°<10°C >75(125.  B Fair 

3. >10°<14°C >125<175 C Poor 

4. >14°<18°C >175<225 D Very 

5. >18°C >225 Extre- 
mely 
poor 

poor 
 

Prefelable where bette 
standards are aimed at 

Acceptable though 
not adequate. 

Unsatisfactory. 
Requires moderate 
treatment to upgrade 
to B. 

Very unsatisfactory 

Requires high degree 
of insulation to up-
grade to B. 

,B. o P.D.H. 8°C corresponds to 100 in T.P.I. 
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In traditional roof oD nstruc tons, lime concrete and 

mud phuska, which are believed to act as thermal insula-

tion, are common. Thers are number of roof and wall section 

given in the following tables, which are mostly of local 

materials. The thermal performance of a wall or roof can 

be improved in save:rel ways viz., white washing, shading 

and insulation treatments. The effective trGatment also 

depends on the type and thicknews of the basic structural 

elements Though fresh white wash brings the T.P.I. to 

practically half of its untreated value but its effect 

won't long last due to dust collection, etc. 

The thermal performance index for a particular 

section depends on many factors, such as place, orientation, 

surface colour and indoor air temperature. For different 

places the T.P.I. value incfoases or d3croases depending 

upon climate and location. 
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G•2 EVAPORATIVE COOLING  : 

Introduction:  

Evaporative cooling is the cheap and best method of 

cooling with the less efforts as far as hot—dry climate is 

concerned. The evaporative cooling functions through a 

process known as adiabatic process. Evaporative cooling 

units work on the principle of passing' air over a constantly 

wetted surface, thereby increasing relative humidity and 

decreases the dry bulb temperature of the air. Evaporation 

process can be achieved by allowing air to pass over an open 

pond or thin film or flow, of water over a surface (let us 

say roof). 

It can be observed in the summer that a mat, which is 

weaved with some plant's roots, hung infront of the openings 

of the buildings, in the path of the natural air flow and 

kept it damp. The matting humidifies and cools the air as 

well as filters out the dust. In countries like Egypt, they 

use a large porous earthernware pots filled with water which 

seeps through the walls of the pot moistening the outsideair • 

and cools ,whop it 	passing over it. Similarly windscoops 

are used to cool indoor environment. It is similar to the 

design of a chimney but functions in a reverse way (Fig. 	). 

The windscoops catches the prevailing wind by diverting air 

on a porous water pot subsequently to the surface of a wet 

charcoal on to which water drips. It ultimately results 

in the reduction of the temperature of the air. It was 
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observed,  that this process reduced the indoor temperature by 7* 

to 10 oC  **. Sometimes air which is coming through windscaops 

is 	directed towards deep wolls, air is cooled when it 

passes through absorptive reed mats suspended with their 

bottom edge in water. 

The farmers in South Africa, make a wall of 4" 

thickness with pieces of coke which is guided by two chicken 

wire meshes on either side. A water supply pipe, having 

hol.e-s at regular_inte-rvrtl-s which is conneeted to a,r_a_ised 

storage tank is placed above it. This makes the well 

continuously damp and the air which is coming through it 

will get cooled. In the similar fashion architects,  at Esrel 

made wall with brisk jolly. Rest remains the same. 

A spray pond is more effective than a still pool 

of the same size and has the additional advantage that, it 

not only cools the air, but also washes it from dust particles. 

6.2.I EvaPo—transpiration : 

Vegetation is an excellent natural humidifier. 

Like human beings, vegetation also maintain certain constant 

body temperature. To keep that temp. they lose moisture by 

evaporation to surrouddings. In the day time frees have a 

* Varshney B.S., evaporative cooling, Course—cum-
workshop on solar architecture, CBRI, India. 

Hassan Fathy, Architecture for the poor, The 
University of Chicago Press, London, 1973. 



130 

greater cooling effect because the rate of evaporation in 

day tilde is more. Air passing over leaves will not only 

get cooled but also freshened. Broad leafed plants are 

better humidifiers than other type of plants. The plants 

or creepers grown in the way of incoming air, reduces the 

temperature to certain extent. Similarly the indoor plants 

reduce the room temperature to a little extent but there 

should not have excess number of plants in a room, which may 

cause r0ise in room temperature, and also injurious to 

health, especially in sleeping beneath them in night times. 

6.2.2 Roof Surface Evaporation : 

It is a well known fact that roof in tropical climates 

receive greatest amount of the solar radiation than other 

surfaces of the building envelope. 

The conventional methods of reduction of heat flux 

into a building through _the roof are : by increasing the 

thickness, provision of insulation, false-ceiling, by 

reflective surface treatment and by shading. An unconven-

tional and highly effective method to the problem in hot 

dry climates is 'open evaporation of water from roof surface.' 

It satisfies the demands like effectiveness, economical 

practicality and indegenous and implementation. The roof 

surface evaporation process can be divided into two parts: 

Open pond and spray of water on roof. It was observed that 

both the methods were highly effective in reducing the 

heat flux through all types of roofs. 
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Roof Spraying System : 

In this system, water sprayer is put for constant 

wetting the surface of the roof, thereby encouraging, the rate 

of evaporation at the top of the roof slab, sd, as to decrease 

the temperature of the ceiling. 

It is effective and as well as economic to cool a 

building by using the process of evaporation at roof surface 

especially in the tropical climates where roof receives more 

heat than other building envelope. 

Before, installation of roof spraying system, the 

roof surface should be treated with waterproofing material. 

And the material which is spread over the roof should be able 

to absorb sufficient amount of water and allow quick evapora-

tion. CBRI Roorkee suggested a number of materials which can 

' be used for this purpose, which are easily available and 

durability is also good. For example : 4:,5 cm brick ballast 

and gunny bags. The same institute developed a system that 

sprinkles water in its movement i.e. rotation. 

This spray with uniform and constant wetting arrange-

ment and cover a large area. Here, chief regulating factors 

are sprayer's angle and on water pressure. In the peak hours 

of solar radiation the rate of evaporation will move. The 

total consumption of water per square meter is 9.0 litres 

in 24 hours. 
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Due to high rate of evaporation during dayctime, 

better comfort conditions are achieved in the indoor environ-

ment. It was observed that, it can maintain a surface 

temperature of about 28°C on the roof. Another significant 

reduction is upto about 8°C in untreated building is 

recorded* (Graph No.  ). 

Roof Pond : 

The roof pond system requires a water body on the roof 

which is protected from direct solar radiation by exterior 

movable insulation. These movable shutters will control the 

rate of evaporation of water during the summer daytime. The 

movable shutters are put on the top of the roof pond at day- 

time and will be removed in the evening till the morning. By 

exposing roof pond to the atmosphere it loses the gained 

heat during the daytime and also this water mass can draw the 

unwanted heat from the building which is heated during the 

daytime by different building envelopes other than roof. 

Similarly in the day time, as the water is a good thermal 

regulator, water absorbs heat from ambient air and it stores 

the heat (this amount of heat is very little as the top of 

the water is already covered with movable shutters). If the • 

shutters are not perfectly closed there is a chance to water 

to get evaporated. This loss can be controlled by some sort 

*Building Digest 124 
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of river, provided for water mass. Of course as water (Jets 

evaporn.ted its temperature will drop but due to scarcity of 

water in hz t--dry climates this should be avoided. It was 

observed that there was no significant change in the ceiling 

temperature when the depth of the roof pond was increased from 

0.05 to 0.15 ra., the maximum difference is 3°C. 

This system can be effectively used for passive heating 

purposes also. 

The cooling of the roof, the air above the roof also 

gets cooled and being heavier than the hot air, slides down 

the walls of the building, much of this chilled air drifts in 

the building due to unfiltration and ventilation*. It was 

observed that due to the roof spray, the peak roof temperature 

had been decreased from 55°C to 28°C as compared to redUstion 

from 55°C to 32°C in case of roof pond. The drop in ceiling 

surface temperature is 15°C and 13°C respectively. Similarly 

indoor air temperature suffered a drop in case roof spray is 

3.5 and 3°C in case of roof pond. This is due to more 

effective evaporation of water at the roof surface. It is 

found effective with lightlyconstructed, poorly 	insulated .  

roofs (Graph No. 	). 

• 

*State of Art, Passive Solar Building, T.I.T., 
HAUZ KHAS. 
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6.3 EARTH COOLING 

1. Introduction : 

The field of passive cooling techniques has 

received a great deal of attention over past few years 

with much of this work being directed toward prediction 

and evaluation methods for energy conservation. The 

idea of making use of the earth's natural stored cool-

ness has become increasing popular under energy conser- 

vation of techniques. boany  countries are installing, 

testing and making use of earth as a natural space 

conditioning agent. This rediscovered truth is now—a-

days branching in different way to achieve the goal. 

The different types of earth cooling techniques 

can broadly be divided into 3 parts : 

(i) Underground structures 

(ii) Earth covered building surfaces 

(iii) Earth cooling pipes 

6.3.1 (4 Underground Structures : 

The increased interest in building houses partially 

or entirely underground has prompted many questions about 

the physical and sociological factors associated with 

such housing. There is no reliable information available 

regarding, how much heat is lost to the soil ? One of the 

reasons for this may be due to extreme variability of 

soils with regard to texture, moisture and compaction. 
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It is well known fact, that the earth's tempe-

rature will be almost constant at certain depth. It is 

generally lying between 6' - 8' from the ground level. 

The earth will act as barrier to heat which is coming 

from ambient ground temperature to the building. 

Generally, the underground rooms will be cooler than 

rooms above ground level (Fig. No. 	).  

Underground structures are very common require-

ment in most of the houses till the initial stages of 

nineteenth century. We can still observe these in some 

old buildings. They use to provide at least one room 

in cellar in a house. As the modern trend is advanc-

ing towards development, this system is completely 

getting vanished. But recent necessity of conservation 

of energy movement, which again lime lighting the 

importance of earth cooling in every Seminar both at 

,national and International levels. 

At present, the existing underground 'rooms in 

old buildings, the people are using it as a store room. 

Actually if one can observe the fact, that these rooms 

are well ventilated and relatively cooler than 	ground 

floor rooms. But because, the ventilators are closed 

and lot of unwanted goods are stored inside, we feel 

suffocation because there is no air movement inside. 

In this type of rooms the openings which are 

left out for ventilation plays an important role in 
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controlling the indoor temperature. The openings 

should be small and should be located on windward side. 

It gives better results when the underground room is 

narrow and elongated in the direction of wind. The 

incoming ambient air will get underground tunnel 

effect, which ultimately reduces the indoor tempe-

rature by loosing temperature to surrounding walls. 

There will be lot of difference in indoor 

temperatures, between ventilated and unventilated 

Cellar rooms. The difference that found out was as 

much as 7°C and more which created a good and important 

position in passive cooling techniques. The thermal 

comfort inside will be maintained throughout the day 

and will be ulitic).3b constant. This is because earth 

acts as barrier for thermal balance. 

3.2 (3) Earth covered structures  : 

In rural areas, we can observe that the most 

of the houses are constructed of mud. In some houses 

roof also made out of thick mud slab. There the 

indoor environment will be very comfortable when 

compared to our present buildings. The thick mud 

layer will have high time lag than that of ordinary 

brick wall of 30 cm thick (Fig. No.  ). 

In modern times, may be due to sanitary problem, 

the people instead of going deep into earth, they are 
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. constructing their houses as usual with a thick mud 

layer above the slab and started growing ground covers 

on it. Because slab will absorb more radiation than 

the walls. The thick soil above the slab will act as 

an insulator besides this the ground cover above it, 

will enhanCe the effect of cooling in the indoor envi-

ronment. It maintains relatively constant temperature 

throughout the day (Fig. No.  ).  It was observed 

that a slab of 10 cm is covered with 10 cm mud layer, 

which reduced the ceiling temperature by 10°C. 

 

Experiments were carried out in U.S. Dept. of  . 

Agriculture on earth embarked wall, produced some inte- 

resting information regarding this method (Fig No.  ). 

The temperature reading taken adjacent to house 

walls in different regions shows considerable variation. 

The variation was greater near the surface level and 

decreases with depth below grade. 

It is observed through experiments heat loss through 

the embarked wall section was greater in December than 

February and also house temperatures were lower in June 

than in September. 

The heat transfer through the uninsulated crawl 

space portion of the foundation wall was greater than 

through the insulated portion of the wall being as much 

as 10 times that through insulated portion of the wall. 
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The temperature differentials measured indicated 

that the potential for heat decreases with depth below 

grade. If it is required to maintain a nearly uniform 

heat loss at all depths, wall insulation would vary as 

a function of depth. 

During the summer, soil temperatures have remained 

very close to the human cimfort zone and heat transfer to 

the house has been small. 

G.3.3(41 Underground pipe system 

As the temperature of soil at about 6' or more 

below the surface of the earth stays fairly constant 

through the year and is very closely approximated by the 

animal average air temperature. If a pipe is buried 

underground at this depth atmospheric air is passed or 

circulated through it, the air will lose or gain heat 

depending upon whether it is summer or winter. This 

method of environmental control is practical, economical 

and energy efficient. Experiments were carried out in 

environmental study laboratory in State University. Four 

pipes were burried 6' to 8' deep. Two pipes were made 

out of corrugated galvanized steel with diameters 18" 

and 12" and lengths of 60' and 80' respectively. The 

other pipes were of plastic each 12" and 8" diameter 

and a length of 80' each. 
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(i) 	Ambient and exit air temperatures at 
different times during a continuous 
operation for 12" plastic pipe when 3  
air flow is kept constant at 56.39 x 10 
ft3/hr. 

Table — I 

Time after 
start 

Ambient 	, 
temp. (0F) 

Exit 
temp.(0F) 

Difference 
(°F) 

1/2 84.0 71.2 12.8 

1 87.0 69.0 18.0 

2 89.0 75.0 14.0 

2.1/2 93.0 78.2 14.8 

7 85.6 84.2 11.4 

18 881,8 70.0 12.8 

Temperature of air through 12'' plastic 
and 18" galvanised steel pipe 

Table — II 

Material Ambient air Air temp. Difference 
temp. (oF) (°F) (°F) 

Galvanized 
steel 

89 75 14 

Plastic 87  74 13 

*Flow Rate = 56.5 x 103 ft3/hr. 

It is evident from this table that material of the 

pipe has very little effect on heat transfer because the 

thicknesses are very small (1/16 to 1/8). 
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(iii) Effect of pipe diameter on air temperature 
difference. Material used was galvanized 1  
iron sheet and air flow rate is 42.39 x 110'" 

ft3/hr. 

Table - III 

Diameter Ambient temp. Exit temp. Difference 

(°F) (°r) (°F) 

18" • 89.2 80.2 9.0 

12' 90.0 74.6 15.4 

* Flow rate = 42.39 x 103  ft3  /hr.. 

* material - Galvanized steel. 

We can observe from this table that 12" pipe is 

more effective in heat transfer from the air than 18'1  pipe. 

(iv) Effect of flow rate on air temperature 
difference, material used is plastic, 
diameter is 12". 

Table - IV 

Ambient temp. Exit temp. Diff. Flow rate 

(°F) (°F) (°F) (ft3/hr.) 

82.6 70.2 12.4 5.88 x 103 

83.6 75.4 8.2 4(.03 x 103) 

*Material - plastic 

This table is clearly showing that if air flow is 

increased the air temperature difference is decreasing. 
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It is also observed during the experiments that 

heat transfer and hence the temperature difference becomes 

very small after a length of 50 feet. It is also stated 

that, it is better to use More than one pipe of length 

50 feet in parallel than using one long pipe of equiva-

lent length. The distance between the parallel pipe may be 

of 4 to 5 times the pipe diameter. 

Table - v 

Distance 	Temp. 	Temp. 
from inlet 	ocDB 	o WB 

Ambient 	35 

	

3 	m 	30 

	

6 	26 

	

9 	25 

	

12 	24 

	

30 	23 

	

60 	20..5 

	

90 	18.3 

	

120 	18.3 

31.6 

■■■ 

.■• 

IMO 

* Air velocity = 3.48 m/S 

Another experiment was carried out in a Church 

building located in Normal, Illinois. This system 

consists of two cast-in-place concrete tanks which 

is 2 m x 2 m in cross section. The effective length 
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of earth cooling tank is approximately 18 m. The tank 

is filled with 82 m tons of dolomite rock. Dolomite was 

used since it is locally available material and does not 

readily support biological growth. In order to wash the 

dust that is formed on dolomite, water is sprayed on it 

periodically. The tank is burried approximately 2 m 

below ground level (Fig. No. 	). 

In operation, ambient air is shown through the 

dolomite while cooling the air approximately 11°C. The 

tanks are slightly slope away from the Church, thus 

condensated drains to a sump. After exiting the cooling 

tanks, the conditioned air is brought into the building, 

through underground course to tubes which are approxi-

mately 1 111 in diameter by 30 m long. An ordinary forced 

air distribution system is used to distribute conditioned 

air throughout the building. It was recorded that the 

indoor temperature is 26.5°C when ambient temp. is at 

32.2°C. 

4 General Considerations.: 

For underground structure, especially where water 

table is near to ground level, the problem of water seepage 

into the room is very common. So, necessary precautions 

should be taken for waterproofing the external wall of 

the Cellar room. 

Similarly in the case of terrace garden, the 

roof should be properly waterproofed and proper slope 
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should be maintained to drain out the excess water from 

the slab. Another important thing one should note is 

that the structure should be designed such a way keeping 

in the load of soil above the slab. 

The material used for underground piping depends 

upon the moisture content of the soil. If the soil has 

low moisture, we can use porous material like clay and 

if the soil contains high moisture content the material 

used for underground pipe should be nonporous material 

like PVC, Conc. pipes.  And in underground structure 

system if the inside quantity of heat is more than out-

side, it has to be exhausted by mechanical means, because 

heat would not get transfer to outside through earth 

barrier. The soil in which the structure is built should 

provide good load bearing strength, good drainage 

characteristics and a sufficient distance from ground 

water table. Care must be taken so that no adjacent 

structure should shade the site. 

The stresses produced on an earth - sheltered 

building greater than that of convention, above ground 

structures, so care should be taken while doing struc-

tural design, shear walls could be one solution and 

arches and shell shapes can transfer heavy loads very 

efficiently. A compromise between a large thermal mass 

and structural considerations can be made by using 1.5 

to 27 ft of soil seems optimum. 
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An earth is a very poor insulator, it requires 

proper insulation under it to reduce the steady -.state 

conductive heat transfer. 

Mechanical air-cooling is not required in a 

properly designed, earth-sheltered house, because the 

temperature of the surrounding earth is almost always 

cooler than in inside of the house, so if any excess 

heat, will flow from house to the surroundings, general 

fear of condensation and high relative humidity in fact 

would not exist as people think about it. By keeping 

good cross ventilation inside the building can control 

the excess humidity. Waterproofing should be of good 

material and laying should be perfect. The insulation 

is placed outside of the waterproofing system because 

most waterproofing systems need a smooth, dry and stable 

base like concrete structure. 

It is surprising that the comparative cost of an 

earth-sheltered house and an above-grade house are as 

close as they are. 
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6.4 Justification of each technique : 

As it is already discussed about some passive 

cooling techniques, and how far those techniques are 

successful to implement in Khammam conditions. 

(i) Ventilative cooling : 

In this Khammam climate daytime ventilation is not 

required but night time it is very essential.-So, it is 

very important and easy way of cooling the building, just 

by allowing air to pass through the house. This system is 

not only applicable to new buildings in design stage but 

also effectively can be utilized in the existing buildings 

with less. expenditure. 

(ii) Solar Cooling : 

This can be implemented to both in proposed build-

ing and existing building. It need some initial expenditure 

and regular maintenance. The material used at the outer 

skin, can be of asbestos painted white on the external side. 

But the one disadvantage is that the cavity can give room 

to the insects and lizards. Another thing is fixing of the 

thin external member to the main wall may need good work-

manship and proper jointing. 

North-sky radiation type can be implemented in 

proposed building with a little projection on the north-

side. 
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(iii) Site Cooling : 

It requires patience to get maximum benefit out 

of it. This method of cooling can be well implemented 

in large area plot rather than small, where its effect 

is limited. It will be further reduced while it is app-

lied in the existing building, where the area is restricted 

and we have to consider the neighbours also, while imple-

menting. If the surrounding surface area of the building 

is not heat storing or reflecting, it is well and good, 

otherwise we have to think other alternatives. Certainly 

if the surroundings are treated with some type of vege-

tation. One can achieve maximum benefit out of it. But 

water is not abandant during the summer, the used water in 

the house shoe' :1 	properly utilized. 

(iv) Venturi Cooling : 

This is almost not practicable in Khammam, where 

not even a sinyle residential building is haVing domed 

roof. Its construction requires good workmanship and 

expensive also. 

(v) Gain Prevention technique : 

There are different ways to prevent heat gain to 

the different building envelope. The people know some 

techniques but those techniques also not effective in 

implementing and sometimes implementing one technique may 

not give good result. It is the combined effect of 
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different building elements which are to be taken care 

in different ways. 

This process requires some interest to be created 

in the people about the importance of gain prevention of 

heat, implementation won't take P much time and money, 

only this people have spare sometime to their house and 

their comfort condition, which is almost not existing in 

the people of Khammam..  

There are number of simple ways to prevent Sun. 

But most of the information is confined to only libraries • 

and no one is there to give good designs. By demonstration 

of these techniques are can be easily made popular in 

these areas. 

(vi) Evaporative Cooling  : 

People are aware of the importance of water in 

cooling indoor environment. But they are not effectively 

utilizing it. This system can be used for both proposed 

and existing buildings. The building in proposal stage 

will have advantage over the existing buildings. Water 

should be properly utilized. This system is more effective 

in climates like Khammam. 

(vii) Earth Cooling : 

At present earth-sheltered structures are not 

important in Khammam. This system may be one of the best 
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solution in achieving comfort condition inside the building, 

especially in a place like Khammam, where soil conditions 

are in favour of this type of constructions. As the soil 

has low moisture content in it, and fairly hard after 3' 

depth, no condensation takes places. In rainy season, the 

rains were not heavy, so waterproofing is also limited. 

Water table is about 15' to 2D' from the ground level. 

In this case initial cost will be more for excavation. 

The only question is whether it is sociologically accepted 

or not, it depends on the reaction of people after one 

building is built. Lt present people live in this type of 

climate are prefering this to ordinary building, in most 

of the countries are getting benefit out of it, so we 

also can expect same thing here also. 

(viii) Sky Cooling : 

This system, in fact unknowingly is in practice in 

the buildings of Khammam. Even this is not effectively 

used by other building elements like doors and windows except 

the roof and walls. Due to privacy, people do not open 

their opening shutter to allow the longwave radiation in 

sky, they keep the opening closed and sometime half closed. 

But radiation from roof and walls are effective, to get 

good cooling effect, the opening should be opened comple- 

tely at least for sometime during the nights. 
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7.0 PROPOSAL FOR EXISTING : 

It is very tough job to give a good proposal to an 

existing building, rather than to .a building which is at 

planning stage. • While designing.a new building, the archi-

tect will have liberty to do any thing to achieve comfort 

conditions inside the building, but where as for existing, 

he has to think twice or thrice before giving a solution. 

There should not have major changes in building. 

This'proposal is given to the building on which detailed 

case study is done. 

As it is already mentioned that, stair-case ( SE corner) 

and, toilet block (west side) is obstructing the night time 

convective cooling effect. Now to get that cooling effect, 

there'should have some arrangement in the staircase as well 

as toilet block; to allow some wind through it. 

In the staircase a vertical slit in the wall (compound 

wall), which is facing East, can be provided of 1 1 -6" width. 

The same technique cannot be applied on south wall of 

staircase, because it is facing neighbouring plot. So in 

the south side under staircase three slits can be provided 

to get wind to building, at 4' ,height of 1 1.0" width and 

2'-0" height. 

Similarly, the space between two toilet blocks in the 

western side can be modified to allow incoming wind. For 

the compound wall height at that place should be reduced to 
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41-10 11  and slab is cut to avail place for small tree. 

Coming to building, as it is already said that, not 

even single room is having good cross ventilation. To enhance 

the cross ventilation, doors should have some opening in it. 

And it is observed that when all windows are opened the cross 

ventilation is not good. So a special arrangement is made 

to door, The bottom portion of door is to be arranged with 

two., shutter one is louvered and the other is thick. At the 

daytime the solid shutter is closed and during night this 

shutter is 01) -nd, Yith " -nog 	,.curity m 	the 

louvers are opened. This arrangement can definetely give 

good results in achieving night time cooling. As the 10 cm 

R.C.C. roof in this climate is very undesirable, so the roof 

should be .protected from sun, by applying a layer of mud 

phoska on the top of the slab with clay tile. lining over 

it. This arrangement can show considerable reduction in 

heat transfer from out side to inside. 

The window should be properly shaded from direct sun. 

The window and door shutter should be sealed properly to 

prevent infiltration. The walls can be shaded by vegetation 

i.e. in south side row of ashoka trees can be planted, in 

the SW corner (space between building and toilet block) can 

have a medium size tree, in the place of water tank. Similarly 

in the western side, a medium size tree can be planted between 

two toilet blocks.. The walls should be painted With white 

washed externally. 
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• The big ventilators in the front rooms can be mini-

mized it's size to 3" x 1'-6" . 

In the surroundings, paving should be removed except on 

the North eastern corner, where purgola is laid above 

(As the owner is a lecturer, he usually takes tution 

class outside in the evenings and mornings). 

• 	

The water tank on the ground can be placed near to 

the building to get humidified cool air. 

• On the front portion of SE corner should have a purgola 

at portico level, over it creepers can be grown. 

• The sunshade should be treated with creepers. 

Shading of windows can be with white canvas cloth, 

which can be opened to sky during evenings and nights 

for getting wind movement inside the building. 

• The weillt of the compound wall has different heights 

at different places, except in eastern side, its height 

is more than 8t—On from the ground level and higher 

than sill height. So the height of the compound wall 

is reduced to atleast to the sill heights. In the 

western side wall which is reduced, should have some 

grill for security reasons. 

• Using ceiling fan during daytime is not advisable, 

instead of that, table fan can be used to serve the 

purpose. 
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To avoid glare, it is better to grow plants near 

to the building by utilising the used water from 

the house. 

Drying of wet cloths, the summers can be done inside 

the building, for that,a portion of the room is left 

out where dripped water do not possess any problem. 

This method can increase the humidity content in the 

room and there takes place a drop in room temperature. 

1.! PASSIVE COOLING TECHNIQUES FOR EXISTING BUILDINGS : 

(i) A combination of induced ventilation and evaporative 

cooling can be provided in the bed room. A hole of 

1'-0" x 1'-011  is made on wall. Some wind diverting 

arrangements should be made to catch wind, on the 

soutside surface of wall.  This opening will have two 

shutters, one is louvered and the other is solid 

shutter. The window consists a porous straw board, 

which is constantly wetted by connecting it to a 

water tank (which is situated on the wind diverters) 

through a pipe. In case there is no wind, the table 

fan can be used in front to suck wind from outside 

through this openings (Fig.No.  ). 

(ii) As already said roof should b0 treated with mud 

phuska with clay tile line over it. 

(iii) The other techniques are indirectly coming into 

picture are : (a) gain prevention techniques 

(b) ventilative cooling (c) nocturanal cooling etc. 
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8.0 REODMMENDATIONS 

Here are the recommendations for achieving comfort 

conditions inside a house in Khammam, in relation to existing 

conditions, of the town. 

I. BUILDING ENVELOPE  : 

(1) Roof : (a) Roofs can be treated on their external 

member with mud phaska along with the brick 

tile lining over it. 

(b) Roof can be shaded with red gram 

dry plants during summers, which can be 

used as firewood during winters. 

(c) Roof can be treated with waste white 

ceramic tiles (or white washing), to 

encourage reflection of incoming solar 

radiation. 

(ii) Walls :(a) Walls can be white washed externally, and 

with cool colours internally. 

(b) Cavity wall, externally painted white. 

(iii) Openings  : 

(a)  Windows : The window to—gether with its control 

device as a complete unit, must satisfy the 

requirements of (i) ventilation and air movement, 

(ii) closure for exclusion of air at times, 



(iii) Daylight admission and glare control, 

(iv) Solar exclusion, (v) insects pest and 

burglar proofing, (vi) view and visual effects. 

The openings give the most complicated and difficult 

design task. Instead of trying to design a window that 

fulfils the above six functions, one might provide four 

sets of openings, one for daylight, a second for view, 

a third for air movement and fourth for ventilation with 

adequate protection against direct solar radiation, bur-

glars and insects. 

The gaps, which are encouraging the infiltration of 

heat, should be sealed properly at the window design stage 

itself. 

The shading of windows according to orientation is 

as follows: North - Vertical shading, south - horizontal, 

E/W - egg-trete, NE/NW - Vertical, SE/SE - Eggcrete. 

The shutter should be thick enough to resist to heat 

transfer from inside to outside, both in case of doors 

and windows. 

(b) doors : door shguld have carpet strip with 

proper workmanship, to avoid infiltration 

heat. 

(c) Ventilator : This size of the ventilator 

should be small, and nearer to ceiling is 

preferred. 
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(iv) Flooring : Flooring pacca flooring with cement 

plastering on cement concrete bed. 

(vi) Sunshade : Sunshade, the horizontal surface, is to be 

avoided. Some treatment should be made 

or creeper can be used to prevent heat 

gain. 

II. Surroundings : 

(i) paving should be avoided and surrounding should 

not possess glare to building. 

(ii) Selection of vegetation can be of local 

(iii) Location of trees to shade the building should 

be specified as mentioned earlier. 

(iv) Water tank should be nearer to the building 

to improve building content thereby reducing 

ambient temperatures. 

(v) As water is scarce in this place, waste water 

from kitchen and toilets should be properly 

utilized for growing vegetation around the 

house. 

(vi) No obstruction should be tneee, in the prevailing 

wind direction. 

(vii) The canopy of the tree should not affect the 

incoming air, so its height should be more 

than lintel level. 
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PASSIVE  COOLING TECHNIQUES  : 

1. VENTILATIVE COOLING : 

The places like Khammam needs ventilation into the 

houses during the night time. During this process the heat 

accumulated during daytime in the building is taken out and 

also takes the cool air from the surroundings to the inside 

of the building for physical comfort. 

(a) Louvered Doors and Windows  : 

The lower portion of the door/window should allow air 

to pass through it, It also provides privacy also which is 

an essential requirement of the people. The Louvers can be 

closed when wind movement is not necessary. This device 

can solve the problem of cross ventilation. This system can 

be used for existing buildings also (See Fig, No. 	). 

(b) Roof  Projection : 

By projecting a portion of the roof, we can achieve 

good cross ventilation and cool the indoor environment by 

removing hot air, which is accumulated at ceiling level. 

This system also consist of louvers, at the two sides of 

the opening. This system can be controlled by the two 

shutters which are tied to a rope through a pully 

(See Fig.No. 	). 



41 

r. 

( C
)  

P
R
O

JE
C

TE
D

 

a 

tc 
O 

VI 

0 

2 

FS 

St 30 

1 c1 

•••lcollh,‘WlikInk, NAN 	\ , 

ce ILI 1.- 1- 
inin 
L 
71 
0 
cr) 

1  1 	rrOlhirawyrson nanospamoirzytezaAnl.091,111kan ^ ... ^ a 



162 

(c) Wall Projection : 

This system is similar to above said system, but 

here is a portion wall that is to be projected out to get 

good cool air movement during the night times. The projection 

can be of 6'-0" (a cot length) in length and at about 2'-6" 

in width. Two windows can be provided at two side, with 

proper shading can be closed during daytime. It not only 

provides air movement to that projected area, but also helps 

in providing good cross ventilation to the entire room 

(See Fig.No. 	). 

2. VENTURI COOLING : 

This system can be used/experimented by putting a 

half sphere shape structure above roof of the building. As 

in this process, at the apex of the half sphere air pressure 

will be. minimum. So the pipe connected from different rooms, 

sucks the air from inside and takes it out. The diameter 

can be of 61 -0". The inside portion of the half sphere can 

be filled with poor cement mortar and covered with tiles 

plastered (smooth) externally.(See Fig. No. 	). 

3. SKY COOLING : 

In this system, a cut out is provided, at about 2'-0" 

dia, on the roof to accelerate the heat loss, both from the 

building internal envelope and from indoor air. Scientist 

believe that this process is very effective for achieving 

comfort condition inside the building in shorter span of time, 
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after sun set.. At day time the hole is closed with well 

insulated shutter and is opened during evening, night and 

morning hours (Fig.No. ). 

4. GAIN PREVENTION TECHNIQUES  : 

(a) Generally, roof gets heated first and it transfers 

heat to indoor environment in different way, in that one 

way is conduction of heat to the walls. The heat stored 

in the wall during daytime cannot go back in the same route.  

during nights. 	It re-radiates that stored heat to the indoor 

environment. For taking out this stored heat will not be 

possible in a shorter period of span, it takes 4 to 5 hours at 

least. To avoid this if we can stop conduction of heat to 

the wall from roof by providing some insulation (wooden 

plank) can solve the problem at starting point itself 

(See Fig.No. 	). 

(b) It is better to have indirect window especially in the 

eastern and western side walls. As shown in the Fig.No. 

the windows should hot directly face to neither of the two 

side; i.e. east and west. Similarly in the case of doors. 

In general plans, door are not properly shaded from sun, 

which ultimately creating discomfort to occupants, but in 

this indirect door system, the doors are fully well shaded 

from the sun. 
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5. EVAPORATIVE COOLING : 

(a) The evaporative roof pond can be used on a small room, 

haviug minimum dimensions, like 6'x8', can be used for living 

and sleeping room. Usually during daytime ladies and small 

children stay in their houses. This system can give enough 

comfort during hot summers. Here water consumption is also 

minimum. In case water is not available for few day, the 

shade provided for roof pond can prevent solar radiation 

from falling on the roof which ultimately donot raise the 

indoor temperature. 

(b) In this system a water tank is provided at a level of 

abaut31-0" and its height is 4,-0", having the dimension 

2'x4'. This tank be placed between two rooms, with two 

small fans on either side of the tank. The walls which 

are facing room and be made some conbrollable arrangement 

to get seepage of water from the tank. The air in :contact 

with this wet surface will naturally be cooler and it is 

taken out for circulation by the fans. Necessary arrange-

ments shall be made to drain the water out. The tater 

tank's cap can be opened from outside for regular main- 

tenance(.see Fig. No. 	). 

(c) In this system entire wall height is made into three 

parts, the top one is a water tank middle one is a fixed glaze 

window for lighting and the bottom portion is having a small 

fan infront of which porus straw board is placed which is 
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constantly wetted by the water from tank above. Here in this 
the window 

L is divided into two for two purposes one is for lighting 
another is for cross ventilation. The used water in this 

system can be utilised to grow grass at the bottom which 

will be useful in case of water scarcity. 

EARTH 030LING 

(a) Atleast a small room in the underground will give some 

sort of relief from the hot summer months. As the 

underground room temperature does not posses a wide 

difference between maximum and minimum temperatures. 

(b) While constructing foundation a house if a earthen 

_pipe is laid along the circumference of the building or 

compound wall, at a depth of about 41 -0" from ground 

level. The end point of this can be put in a living 

room with an exhaust fan in front. The starting part 

of this earthen pipe can at least 6" above the ground 

level well protected from rain, insects. The ambient 

hot air which is passing through the pipe will loose its 

heat to earth and ultimately get cooled when it reaches 

the end (room) (See Fig.No.  ). 

(c) A room in the centre of the building which is surrounded 

by different rent rooms having low ceiling height than the rest 

of the room can possess good indoor comfort. The ventilation 

to this room can be given by arranging an earthen pipe passing 
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through the bottom portion of the surrounding room flooring 

which is let to outside at about 6" above ground level with 

a protection mesh cap. The other end of the pipe which is 

in the central room can have a small exhaust fan which 

drags air from outside to inside, through this pipe. 

The necessary arrangement should be made to get cool air 

inside the room. 

Traditional Methods of Cooling  : 

Reintroduction of Verandah and courtyard houses is 

strongly recommended. A courtyard need not be a big one, 

a small one can also serve the purpose very efficiently. 

While at design stage of 3 building itself these two things 

pust be kept in mind, before finalising the plan. 



8.1 CONCLUSIONS : 

Research in energy conservation in buildings is 

being conducted throughout the world. In that more 

emphasis is given to passive systems without using 

mechanical means. So lot of investigation and research is 

going on both traditional and proposed building designs. 

Some of the successful passive techniques are derived from 

traditional methods. Still some are unidentified. 

Givoni feels 'that research in passive cooling techni-

ques in hot—dry climates is almost has come to saturation. 

point and he tells that only necessary M6difiCation can be 

done to the existing techniques to suite a partiCular cli-

mate'. At orie end this saturation taking place but on the 

other end people are-suffering from solar intensity due to 

unawareness of the existing passive cooling techniques. 

The two contradictory states clearly indicate that there lies 

a communication gap between research and implementation. 

People should be made to think interms of energy conserva-

tion and to get bettern environment inside the building. 

There are two methods to achieve the goal, one is by demons-

tration, another one is by showing documentary movies. 

In some of the papers, the passive cooling techniques 

are shown and with complicated calculation along with it. 

But they are too technical to understand. In my opinion 

the suggested techniques should be simple, easy to understand 

and implement. Also they should be less costly and easy to 

maintain. 

c3 
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The following are some of the broad conclusions arrived 

at out of this study. 

— A place' s climatic character can be determined by two 

parameters i.e. air temperature and humidity but not 

rainfall. 

— Moro emphasis is given to the roof and it's treatment 

than walls of the building envelopes, to reduce or to 

prevent heat transfer from outside to inside. 

- Theciling height can be 91 —On there wonet be any consi- 

derable advantage in increasing its height further and 

it is costly too. 

— The orientation can be of N—S, with well shaded windows. 

Main emphasis should be given to solar radiation rather 

than wind. Any way the windows are closed during day-

time and opened during night time. So there will not be 

much of loss if wind direction is from SW or West. 

— As surface area to floor area increases the heat gain 

also gets increased. So while a t design stage itself 

care should be taken to minimise the exposed wall area 

and the space enclosed. 

— For controlling the infiltration, avoid using too many 

shutters in a window with proper workmanship and minimise 

the heat transfer from outside to inside. 
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— Using indegeneous material aiway better to that particular 

area to achieve comfort conditions inside the building. 

Imported material from different places may not be 

economical and suitable to that climate. The study also 

showing the importance of using lime and mud as a chief 

building material. 

— Surface treatment has considerable effect on the indoor 

environment it can reduce or increase both ventilation 

rate 'and indoor temperature. Using white wash to the 

external envelope of the building will always good with 

respect to ventilation rate and for reducing indoor air 

temperature. 

— In our general living style colour has got great impact 

on psycholggical feeling of the people. Cool colour will 

give some sort of imaginary feeling of coolness. So using 

cool colour in the interior will give psychological relief 

in summer. 

The passive cooling techniques which are discussed 

earlier are based on the availability of building material 

and from implementation point of view also. And in the 

recommendations it is suggested, some modified passive 

cooling techniques which can be implemented in both existing 

and proposed buildings. 
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One thing which is understood during this study is, 

it is not easy to estimate the indoor air temperature, when 

there applied one or more passive cooling techniques, because 

number of variable parameters are involved in these calcula-

tions. But it will definetely be better than previous 

building's in terms of indoor air temperature. Thus it 

can be conclusively looked upon that progressive research 

in near future may reduce gulf between formulation and 

implementation, and a pragmatic treatment to the passive 

cooling techniques as suggested may be established. 
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APPENDIX NO. 521- 
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FOR AIR CIRCULATION. 

APPENDIX NO. 2C 4 



I 

SL 



• 

APPENDIX No. 5 

The following are the reflection levels of certain 

building materials : 

* White Cement — Fresh 507: 

* White Cement — After a year 3DX. 

* White Washed Surface 75$ 

* New Galvanised iron 30% 

* Bare ground—dry 10-25S 

* Bare ground—wet 9-18$ 

* Rock 12-15$ 

* Dry grass 32$ 

* Green fields 3-15$ 

* Green leaves 25-32X 

* Brick(depends on colour) 23-48X 

* Asphalt 15$. 

* Sand dry 18-30./ 

* Sand wet 9718$ 

* Red clay tiles 40$ 

* Concrete tiles 35$ 

* Asbestos Cement—white 58 

* Copper—polished 82/. 

* Mortar Screed — Cement finish 27$ 

Ref. : 1. Konya Allan, Design Primer for hot climates. 

2. Kukreja, Tropical Architecture. 

:1!) 
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APPENDIX NO. 6 	 
Calculation  of Thermal Performance Index of Roof  and 

Wall Section of a  Contemporary Building in Khammam 

The outdoor air temperature in peak summer will 

be 45°, then the inside surface temperature of roof at 

that time will, atleast 10°C more than the external air 

temperature (please see Table No. 	and Table No. 	). 

The internal surface temperature will be 55°C. 

The peak internal surface temperature = 

base temperature + peak degree hours 

55°C = 30°C + P.D.H. 

P.D.H. = 25°C 

to get T.P.I. of the roof section will be 25 x 12.5 = 312.5 

the recommended value for roof is 100 only. So it comes 

under class 'E' which is very unsatisfactory for this 

climate of Khammam. 

Similarly when calculated the external wall section 

(13 1/2") which of brick with cement mortar, is came 

Under Class 'A' i.e. it has good -thermal performance. 

From this it is evident that main cause of discomfort 

is due to roof. 
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APPENDIX NO.  7 

Designing a  Shading Device : 

Direct entry of solar radiation through window 

opening causes a large increase in the indoor tempera-

ture, there are number of methods to calculate the 

effective shading device. Here the design of the Sun-

shade to a particular size window, i.e: 4' x3', is taken 

as an example. The calculations are based on CBRI 

Building Digest 119. In this, there are three type of 

shading devices are used 1. Horizontal, 2. Vertical, and 

3. Egg—crate (combination of 1 and 2). See Figure No. 

and Table No. 	to get clear idea about it. 

The letter 'P' represents the outward projection of 

Louver perpendicular to wall. B is the angle of inclina-

tion of the louver away from the normal to, the wall. 

Usually width of louver in inclination will be greater 

than P. 

For 0°  15°  30°  45°  60°  

Width P 1.04P 1.15P 1.41P 2P 

Shading of Windows of different orientations : 

While designing the sunshade, one has to decide how 

much period that sunshade should cut the direct sun 

in the year. L  Designer has choice of fixing the outward 

projection of louver according to the conveniences and 

elevation. Similarly in case of louver inclination. 
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(a) North : Vertical member normal to the wall, 

capped by a horizontal member of the same projection 

are adequate. 

Let us have the vertical louver which cuts off sun 

completely at all times, without louver inclination. 

Here we take two vertical members at extreme ends 

of the window. 

2.15P = 90 cms (From table No. 

.•. p 	41.86 	42 cms. 

(b) South : One or more horizontal members (can be 

inclined) together with vertical members of the same 

outward projection at the extremities are needed. 

Let us choose a louver without inclination which 

cuts off all summer sun after 15th March to 30th Sept. 

2.75P = 120 cms (From Table) 

	

P = 43.63 	44 cms. 

(c) East/West : These facades are very critical and 

are very essential to be shaded from sun. Here any 

one of the three types can be used. If the first two 

i.e. vertical and horizontal are used the louver 

inclination will be more with less spacing. So it is 

recommended to use both in combination. Hotizontal 

members should have B = 00  where as vertical member 

should have B = 30°  towards south from normal to 

the wall. 



Here we are getting advantage of letting in winter 

sun during early mornings and during late evenings 

which also cuts of the summer sun from morning to 

evening. 

take horizontal member first 

0.84P = 123 (for one louver on top) 

P = 142 (better have 2 louvers one in the middle) 

0.84P = 60 

P = 71.42  72 cms. 

Now for vertical member the required spacing 0.31P, 

here we know 'P' so the spacing 0.31 x P = 0.31 x 72 

22.5 ans. 

(d) North—East/North—West 

For the orientations, either vertical or horizontal 

type can be used. The vertical members capped by a 

horizontal members of the same width will cut of all 

summer and winter sun completely. 

Let us take vertical type with 300  inclination towards 

north (with horizontal member on top). 

0.94P = 90 cms. 

P = 95 cms. 

here 1 P,  is too large, so let us fix 'P' as 45 cm 

Then the spacing will be 0.94 x 45 = 47 ams. 

Here we have to consider the thickness of the louver 

as 5 cm, then each spacing will be 45+5 = 50 cm. Then, 
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number of spacing are 90/50 = 1.8 (It is not a whole 

number). 

Let us make number of spacing as 2, then each spacing 

will be 45, 

45-5* 
••• P - 	0 	

* Louver thickness 

= 42.5 cm. 

(0) South-East South-West : These orientation are 

critical ones, here only egg-crate type of louvers 

should be used. In this horizontal member should 

have B = 0°  and vertical to  inclined towards south. 

It permits sun winter sun upto mid-day on the south-

east and during late afternoon on the south-west 

orientations. It intercepts all" summer sun. 

Here decide, intended outward projection (P) 

as 40 cm for horizontal member spacing 

1 x P = 40 cm, when height is 120 cm. 

120 number of louvers = 	= 3 40 

For vertical members, the spacing 

= 1.15F = 1.15 x 40 = 46 

.°. number of spacingS = 	9°  46 2 

If the number of spacing are two, then number of 

louver will be three, but louver one the southern 

extremity of the window is not needed as it does not 

serve any useful purpose. 
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