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PASSIVE-METHODS FOR- €OOL ING- INDOOR. ENVIRONMENT

e

1.0 INTRODUCTION :

In 2973, the 0il prices were-incrqased by 'OPEC*.
_countries, which created a great impact on economic condi-
tion of developed countries like U.S.A., Japan, etc. fhéh
they started thinking of alternative: to substitute for the
céstly oil. While searching this, they realized the impor-
tance of energy cqnservétion, in all'sphexes including
Building activity.. The present topic 'paséfve cleing

nethods' is a part Qf energy conservation techniqgues.
0 ] \ ' . . .

The main difference between active and passive cool-
ing {or heating) is, in active method.— heat trgnsfér,takeé |
slace with the help of sohg auxillary forces but whereas in
>assive methods = heat tréhsfer takes place by itself. Some
;cientiéts argueé fhat the:e is no harm in using a small
mount of mechanical cnergy, for example fans, etc. {2 to 5 X
£ thé total energy required by an.aétive method), which can
itill be called as passive method. Sé the line of separation

etween active and passive methods is $till not clear.

5

In tfaditional buildings, our arcients taok so much

nterest and gave considerable importance.to climatic condi-
ions while constructing their houses. Now people are
either aware of tho importance of tradi ﬁonal way of cons-

ruction nor they _are in a position to instal coolers, o

achieve comfort conditions inside a building.



The rapid advancement in industrialization and intro=-
duction of motor vehicles have ﬁade considerable impact on
life style of human habitat as in temms of width of the roads
and open spac=ss. Very f.w buildings which are constructed
aware of the climatic conditions, while selecting materials

and in town planning systems.

+ 1s economical to design a huilding with c¢limate
ratnar than against. So I fall that it is the duﬁy of .anh
architzct to convincz people about the existing comfart con-
dition and suggést them the different methods in making their

house confortable by the use of simple techniqguss.

Seme sciesniists in International wWorkshop on anzrgy
conservation held in CBRI expressed opinion that arcnitects
havs an imporfant role to play in energy ¢onscrvation in
bulldings by applying different techniquas according to the
climatic conditions.

This study is limitzd to Khamwam which falls under
hotudiy climate. The study will be based on existing
construction methods and on local material. The building
types'which are under study axre of singlé s$torey type and
double storey type. The selection of passive .cooling
cechniques wil) be dependszn® on economic concdition of

the in habitants, and available resources azound.

In very f:w houses, th2 passive cooling techniques
are used, like shading and evaporative, but they are no%

effective, because they do not know the way in which it can
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be usecd effectively. People are suffering from excessive
ventilation and light, as they ars fascinated by westizrn
type of construction, which is absolutizly 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 dons on about 12
buildings in the Khammam old fown. Ag the contemporaiy
hpilding gonsﬁructed-of csment are about W4 of the total
housing

., a typical house is taken for casestudy. Similzyly

rural house is done on diffarent places of the town and

its surrounding villages also.

By comparing thé existing Khammam residential

' _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 c¢eneral information of Khammam
" is given to ghow the back ground of psopl: and their rasour-
ces. How heat transfer takes plage in a typical existing

contempory bpilding is discussed in the 3rd chapter.

In the fourth chapter the factors affecting indoorx
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 wefe (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 the lzst techniques

is for proposed huildings only, because there are no sarth-
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 reguirement.

After seeing theg condition of houses in Khammam
this topic 'passive methods for cooling indoor environmeﬁt'
1s taken so as to give some solution fo the people living
in heuses in Khammam and should feel comfortable within
their financial capacities. It will simul tanecusly

increase their efficiency of work.

The main objective is to arrive at a comfortable
temperatures inside the residential buildings in Khammam

by applying passive colling techniques.
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2.0 .CASE STUDY OF KHAMMAM :

21

Location :

Khammam is one of the hottest places of Aqdhra Pradesh.
It is situated on latitude 17°15' N, Jongitude is 80°09' E and
its height from M:S5.L. is 112 m.

Climate :

As the climate of Khammam is hot dry, the daytime
air temperature in most of the days, respecially in summer
months {i.e. from March to July, nearly 5 months in avérage)
varies from 35 to 45°C with low humidity varying from 30
to 50%. In peak of the summer i.e. May-June one would feel
hot winds even at the nights. TheAminimﬁm“temperature in
summer months lies nearer to comfort temperature range, i.e.

from 25° to OC.

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 selar radiation in summer months

.are s follows, in deg¢ending order.

(i) Horizontal surface - 581,2 M.Cal/ch/bay
(1i) East/West - 231,4
(1ii) NW/NE - 180.0
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(iv) SW/SE - 155.2

{v) North - 84.4
(vi) South | - 49.6
It is obsaved 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 :
w-m———-

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° ffbm North).
It clearly in@icates that the roof receives most of.the
golar radiation and radiation receive by north and south:
walls‘is véry less because the angle of incidence on
these walls is low, and it is to cover the walls by roof

projection.
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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-

rzontg;gsurfaces (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 fhough north wall receiyes 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
221 Traditignal Buildinge:

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 tﬁé main
- purposes, i.e. comfort when compared to present conlemporary
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
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traditional houses, the common things we can find are :
roof and wa}ls are massive, shutters of the openings are
thick, every door opening has‘carpet strip, with high
ceiling (more than il'uﬂ"), 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
twp 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 purpoée doors which can satisfy both
daytime and night time ventiiation requirements, ofit of
which one door is louvcred and another is solide. The
building walls are white washed both externally and inter-
nally. The openings are not properly shadeds The ventilaw
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,

etg.



22.2 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. Peeples 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 !

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 cas2 of a single
portion unit. The fourth and the loRger side in most: of

the cases, 1s overshadowed by the other portion of the
building., Duc. to limited space around the building, the
wind movement inside the building is acversely effected,
Usually the height of the compcund 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 cesicgn to his
houses Whenever his economic condition is good he keeps

on adding some-thipg to the building as an extension,
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Usually -room size varizs between 10! and 11! as one
of 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
ihclined roof i.e. mangalore tile etces The usuage of 1ihe
and mud is also declining. As wood is availablé, the
shutters of door and windows arc 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 puzrpcse only,

Nowea~days thé area division for each unit cf house is
hot«dry climate. So every house is built in a szperate 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 tollet
block 1s seperate from the main building, usually in the
rear side. May be due to inadequate site arcund the

building and water, pecple are not showing interest in growing
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vegetation in their site. Besides they prefer to pave
the surrounds to achicve neat and beautiful surrounding

with less maintenance.

One can rarely sceé the varandzh in these bQildings.
The new buildings are giving‘chanca to outdodr sleceping
onhly to men and children but not for ladies. It would
be better to have courtyard.house where all family
members including ladies can have outdoor sleep. One caﬁ

hardly see a underground house in Khammam.

2.2.2 Rural House

The rural houss, which is made out of indigeneous
naterial like mud, stone, thatch, bamboo,the inside tempera-
ture is relatively cooler than our contemporary buiidings.
'he houses constructed with mud is having wall thickness
arying from 9" to 2'~0" with stonec or from brick as

nicf building material. The roof is constructed of different



varieties, i.e. mud, thatch, grass, tiled, reeds of red

gram dry plants etc. It depends upon the cconomic condi-
tion of the owner. The chief supporting material of the
roof frame consists of bamboo and for lintels and doo s,

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 lavyer, smoothlyAplastered with the cowdung.

'The houses planned, are small in size, wi th 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 windo& 1' x1's 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 hbuses are having front portion
is shaded, either by extending roof or a special roof is
constructed. Almost in every house premises, there is a
troe  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.l 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 enviromment is diluted upto some extent.
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As the walls are thick, the heat trénsfe; from outside to
inside is reduced., But the only drawback is, thét convec—
tive currents ¢ can pass through doorsfand openiﬁgs. They
érefer 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,



.2 KHANAM IN GENERAL _

2.2.

Location :
Khamam township is about 230 km from Hyderabad, it is

situated between Kazipet 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 toial
number of buildings are 12,000 in number, out of which resi-
dential buildings are 10,000. About 70#% of residéntial
buildings aze construéted with cement as chief building mate-

rial,
Socio~-eonomic Conditions :

As most of the pecple 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 encugh to purchase cooler or ailr-conditiomed to keep

their houses cool during summers.

Now-a-days people are almost deprived of cOmbihed
family system. They prefer to live in independent houses.
Mass gatherings are very rare., The only places where people
regularly meet, are religioﬁs prlaces and cinema halls. Most
of the people are migrated to this Khammam town during the

construction of Nagarjuna Sagar left cgnal project., This

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

headquarters, it has good transportatioﬂ facilities both by

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

~are working in nearby viliages.
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222 Locally available building materials

~ There are lime deposifs near Ellandu about Sd km from
Kh ammam and timber is available from nearby forests in
- Bhadrachalam, Ellandu and Mahaboobabad forest. Sand is
from river Maneru. Brick and tile aré manufaﬁtured locally
-and s tone (granite) is available within the town itself.

Shabad stone is available in the neighbouring districts.

2.%2.2 Water Sources :

There is a big drinking water reservoir about 20 Km
from Khammam which supplies water for entire township through
out the yea#. There is one small river (Maneru) passing by
rural areas. It would not get dry even in summer. There is
one irrigation canal passing tﬁrough the town, but it only:
flows seasonaily. 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
boré wells were dug at mest of the places. And there is the
municipal water supply about 3 hrs even in peak summer months.
The water table is about l5vto 20' below the ground level.

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

2.%.4 S¢il Conditions :

According to local agricultural rescarch 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 em to 60 om

below ground level.



2.2.5 Vegetation -
Tﬁere are very few trees seen 6n ihe road side. In

Qery few houses people are showing interest in plandation. The
locally availablé'or seen trees are neem {at about 70¥),
coconut trees (lo¥X), 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 faét, no public gardeﬁ

is seen in the town.

2.%.6 Mode of Construction in Practice :

In almost all constructions, cement replaces lime,
including the bﬁilding industry whiéh is fully dominated
the other building materials. As cement has better strength
and stability, the thickness of buildihg‘envelope has got to
reduce to a minimum which is absolutely against the one of
the funﬁaﬁental,requirements of building in the hot-dry

climate where thick walls and roof are preferred.

In general, the external walls of abuilding is of
13.1/21% thick and internal wills usually 9" and in some
‘cases it i1s 4,51 thick also. Coming to the slab, it is
constructed of 10 em thick R.C.C. slab, without any insula-

tion layer above or below it.

One 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 gsite and n;éney. By doing ‘so,
he is sacrificing the comfort aondition, due to lack of

cross ventilation, proper care and financial support.
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2.5 POINTIS MOTE'ORTAY FROLi 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. Qut of 55
points list only in 3 cases they are effectively used,
in the case of 10 point they are not effectively uéed,
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

(i) 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 pérapet 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 huilding 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 c¢ross
ventilation.



[

(f) except in some traditional building the
[
rest of the seperate from the main building.

(g) In some buildings interior walls are
painted with cocl coleours

(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.

(35) The openings are shaded but not effectively
shaded from Sun.
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2.0 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 nelther insulated nor -
properly designed to suite the climatic conditions. Even
though the external wall thickness is 13Y2" may be because
ef the sand content in the brick its thermal conductivity
is more. Similarly roof, it is made out of 10 em R.C.C.

slab, plastered o6n both sides. It does not have any insu-
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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 nhot 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—aedays; people are paving the surroundings
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 ebserved, when the effective temparatures
are plottnifor.throughout the year it is showing that @
percentage of comfort is only 23.5% (20 and below),
warmness is 32% (between 2@ 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 whiech case study is done), gives
surprizing results that indoor temperature is closely
following the outdoor temﬁérature. At two instances the
readings are taken one on March 30th at 1 pm in 2ll rooms
the maximum difference that is observed betweén 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 t  So this is the state of comfort in buildings

0of Khammam,

The present study is done on heat transfer in a



TABLE NO. 3.1
(_

Hrs, J F M A M J J A = (] N )

0.0 211 (232|282 212 (288 (218 {2¢.0 (287 | 26.0|264 228 204

o8 | 229|249 §270|287 | 276 } 263 |25-6 | 2569|263 22.3 §202

203 |22.7 | 247 {267 |28.8 | 218 {253 254|288 |25.2 | 221
4-00

2025|229 [24.4 {266 {283 | 213 | 259|253 |25.7 {250 |220 IO
6.00 .

20.5122.8 248 268|207 (217 | 289|284 |26.6 2582|222 J0-0}

228|248 |265 {284 |29.4 | 28.4 268 | 264 | 267 |25 0235
1000 | ] .
1

240|298} 215 24.2| 299|290 (212 |210|269]263 24223 .41]
12.00 , : |

oa6 |2¢3 |28.0 [201 | 301 | 298|213 |212|21) [26.6| 246|241 |
14.00 1 ‘

24.2 |26-0]717 {29.6] 200|291 | 272 (21 |270 {26 4|24 3 |23.7
16-00]

o 23.2 (281 {269 | 208|297 | 287 | 269 | 267 |26 {262 {227 |22.6
18.-00 ) .

220|241 |2e0 219 202|219 | 24| 26.2]| 263 2_5-3' 231 {24
20-00 : . | _

518 |2ag | 258 215 | 200|218 |2e2|259]|2¢2 285 | 228|209
gzool | . 4 : R

COMFORT 235
SHAPING 717  (WARM 32% + HOTHESS 29%)
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Contemgorarx Building'£

This building is of two -room deep, facing towards

eaét and its orientation is almost in north-south orienta-
tién (The building line is slightly towards north of east) «

-The material used in the donstruction‘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 stbne, plinth is of CRS masonary;' The buiiding

envelope is plastered both internally and externally.

The whole buildiné is made into two portions,’the
three rooms facing north islone 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. 1t is
giving way to infiltration of heat from outside to inside.
Windows are not fully shaded from direct sun even in early |
afternoohs.r Sunshade is not designed according to Sun's

movement. Similar situation is for doors also. One good
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thing in this door design, each has a carpet strip, which
upto some extent stops infiltration. V;htilators are
directly under the ceiling, except one ventilator (4'-6"1
x 1'=3't) rest of them are small size (2'* x 2'-6'" ). The

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

q. Staircase at South east corner

« Toilet block on west side.

Front and reaxr open place of the building is got

shabad stone paving, which is créating 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 tﬁick, this flat roof
is radiating high amount of heat to interior along the walls,
whose contribution still worsening the indoor comfort. The
guality 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'-0'1, exposed sun during mid



window facing admeasures 3'=6'' x 4'-0'* and the other is

5t x 4!, It has a big ventilator and a small ventilator
The big one creates lot of disgomfort 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 hof, from
which heat is being radiated to the room, bésides the direct
solx radiation. If both the windows are opened, we can have
a cool breeze from southern window inte the room during

night time.

Room - (facing South)

This room has 4 doors and one big window with two
ventilators‘oh 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 perfecfly shadéd 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 sun. 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 bloék is obstructing the western
winds which ventilate the rooms. Due ' usual usage of

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

Room {facing north)

It is seriously affectgd 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

aie protected from sun,

Room (NE corner)'

This is the coolest room in the builging.
It has satisfaétory 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
foo it has a thin roof section instead of thick, these two
together effecting the indoor environment. As roof
receives the solar radiation from the sdn, 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 whether internal or external. As the roof's
external surface temperature sometimes reaches upto 10° to
lSOC more thah the ambient air temperature, the air imme-
diately above the roof gets heated up and makes the
surrounding air hot. Similarly inside thé 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 Vventilation, 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 gencrally
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 ipdoor 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 goolest 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
granité stone of 1'-6" height, =zbsorbs 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 upfo 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 o inside

through ground.

Coming to the walls, it is interesting to observe
that in summer months almoest 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
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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 longwéve radiation.  Walls also get heat
from roof, sunshade and plinth. The roof conducts heat to
the walls, especially to internel 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/rdd;ation, 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 uncomfortablg condition is created by the
glare. The front and rear sides of the building are
paved with shabad sEones. The tendency of the shabad

stone is to absorb heat gquickly and store; and its surface



which is smobthened'by regular walking over it, Reflects
light from early morning to noon, the paved surface on
eastern sidé receives heat, part it stores and rest it
reflecté to the wall surface, It stores heat in it and
.Jakes 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

considerably. (787216

!smft i:‘w!nq -lv--ru.q-{-_-ﬂ ﬁ": ‘I,nluu,
L I 1]

One of the main reasons for.uncomfort;gfgugghdi-
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 ﬁake'their body comfortable
through evaporafion of sweat,théy 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 ease in the existing buildings in

the Khemmam.

The comfort temperatures suggested by CBRI, is

achieved during the winters only in this place., Even the



people are accustomed to feel coﬁfortable even at 40°C

(outside air temperature).

The thermal performance index suggests that in hot
drg climate 10 cm R.C.C. is the worst among the roof sec-
tions and 13Y2" 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. pne is, temperature reading in all rooms at one
time (March 30th) daytime. Temperature reading in a room
(NE corner). 1In the first reading the temperature diffe-
rence is at the maximum BOC, 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. Inh the night time, the
temperature comeé to comfort range, that too the migimum
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.



" 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 caée‘of opening the door;_espe-
cially in nights. Because of this reason, the indobr
temperature in this case is higher thah 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 siudy of this building it is understood that oross
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 éurrounding indoor air, making
it hot., " But due to constant usage of water this room is

relatively cool,



4.0 FACTOR AFFECTING INDOOR ENVIRONMENT :

4.1 Effect of Celling Height on Indoor Environment 3

One of the features traditioﬁally associated with
housing in hot climateg is high ceilings. A ceiling
height suggested by :Le Corbusier as 2.26 m but this
varies among naﬁions 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 soiid 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 ceilinds 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 larger
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



larger heat gain. High ceilings increase the volume of
air within the room, ventilation rate can therefore be
reduced when outdoor. temperatures are hich, 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 microeclimatic 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 exchandes radiant heat with the
ceiling or any other surface depends upon the tempera-

ture, longwave emissivity of the ceiling and the angle



i
i

factor* between two bodies. As far as ceilings are
concerned it is the resultant rise in mean radiant tempe-
rature in relaticn to the body that is the major contri-

butor to thermal discomfort.

Taking different ceiling height, we can calculate
the mean radiant tempersture in each-case in relation to

the person by the following simplified expression.

Taryr = 4 TFy+ Tefp + T.F

where T, T¢, T, aTe the temperatures of walls { assumed
identical), floor and ceiling respeetively (°1C) and

Fw' Ff, F. are the angle factor between these surfaces

c
and the perspn.
A study of the thermal effect of ceiling height
is computed when a person seated in the middle of a room
with the fgllowing parameters : room dimension is 3.0 m x
3.0 m with all the wallé and floor surfaces assumed iso-~

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

o |

5

——— v - e

*The apgle factor between the human body and a surface
denotes that proportion of the body area, projected on
te a plane perpendicular to the direction of radiation
from e surface, which is expected to the surface. The
sum of angle faetor is equal to unity. The angle
factor depends on height of ceiling and on the location,
orientation and posture of the human body.

oy



It is clearlylupderstood that the increase in the -
ceiling height is not proportionél 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%,

It is observed at the same conditions when eeiling
height is fixed at 2.7 m but the femperature rises '
| progressively from 27° to 47°C (Figure ), and it is
giving clear sign that the rise in mrt is difectly
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 t:ﬁp. 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 KCal/hr which -is
negligible. In India 2,70 m @as fixed as the heigﬁt above
which no useful improvement was obtained, the drop in air
temperature du¢ to increasing the ceiling height to 3.0 m
ahd 3,0 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.a, up to 1°C rise, but the globe temperature
remained consistantly unchanged. A difference of less

than 0.25°C 1s 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.%; to 2.25 with surface

temperature at 43.3 or 49°c,

A low ceiling is often associated with definite
notiohs of economy in space and cost and a pleasant

feeling of comfort.

anclusion :

| 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 fhe 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
2.7 m is recommended, the.effect of further increase in

_height is themmally insignificant.

*Ahmad, A. M. on ceiling heights and human
comfort, Building in hot climates, Building
Research Establishment 1980.



4.2 EFFECT OF ORIENTATION ON INDOCR ENVIRONMENT

The orientation'is theAdirection,perpéndiculér to tﬁe
axis.cf.the building block. In case of sguare builqing,
_each room hgs a different orientation and in accordance
with those individual room requirement, tie. building -
orfentation 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 influenee
the orientation: Contours of the site, zoning,  Building
Code practice, the relative humidity, the surrounding.
buildings, surface cover guch 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.tempefature has greater physiological
influence than ventilation {places like Khammgm 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

{5 gained by the rocf (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 cclour of the

surface . It was observed that external surface temperatures
of-lightweighf curtain walls facing the four cordinal
directions haviﬁg two eﬁternal céléur grey and white.
Difference in temperéture of difierent'oriehtation of. grey
surfaced walls 16 as much as 23°C and that of white surfaced

is less than 3% 1 (1)

. The magnitude of thermai effect of wall orientation on
the interior is dependent on many design and construction
characteristics. It varies from a negligible to a very

‘ signifiéant factor.

: Coﬁsider a building with rooms faéiﬁg several directions,
externally white, the thermal resistance is medium to high
and g%ndows are effectively shaded. Because the low gbsorpti-
vity all surfaces, the indoor temperature will closely follow
the external air pattern, showing little variations, with
orientation and thé‘internal surface temperature will be
virtually uniform, "with adequately insulated walls of light
. external colour, and effectively sh~"~d Windows,'iﬁt?rnal

differentiation with orientation may be negligible",

(1) ¢ivoni, B, Man, Climate & Architecture
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The mazgnitude of'the temperature elevation above the
:ambient level also depends on the wind direction, ﬁbr
.example, in an area where prevailing winds are westernly
infact 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 Qest wall 1s

less than east.

The wall thickness of building envelope have consi-
derable effect on indoors temperature petfern. The maximua
difference betwsen the warmest (East and Yest) and the
,COoléSt'(norths) walls were again larger for the thifner
than for %he thicker. Lightweight walls of low conductivity,
the internal tempefatures will be higher than ‘high capacity
heavyweight walls, Wthh absorb apprec;able guantities of
| heat without significant increase in temperature. 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-{ Type, 'Aﬁbient 'Internal wall : OC differrnce
' : - . '
mess iomp,°c  18uEfaee(recor= | yrogt (owtn)
B t - | 4
: o "Temp. OC West
¢ 7y :(North) !
‘10 em . max. 29 - 38 (33) +9 (+4)
grey  min 23 26 (24) +3 (+1)
10 cm max. 29 . 28 §26} -1 %-3}
white min, 23 23 (22 , 0 (~1
20.¢cm . .,  MaX. 29 .33 (30) +4 (+1)
Grey - min, 23 28 (28) 5 (+5)
20 com " max. 29 26 (25) w3 (=h)
Wpite  min, 23 24 (24) +1 (+1)
0 ( ) North wall
e (+) Greater than ambient temperature,

.o (=) Less than ambient temperature,
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The effect of window orientation on indoor témperaturé_
is-lafgély determinedlby ventilatioﬁ conditions and the
degree and cfficiency of the Qindow shadling, IWhen shadiﬁg
is not effective building interior, the temperatures widl

be influencéd by the orlentation of the windows,

A set of four identidal models of front #all of eaéh'

't-has.a window and rear has a ‘small opening with insulated

shutter., _Models'were orientated so that the window qf-eash

face one of the four cardinal directions, for experiment.(9)

Immediately after sumrise, the model with the eastern
window showed #.steep rise in temperature, 13°¢ in four |
- hours when compared with 500 outdoor during the same period.,
In the west;window model the temperature rise Was‘moderate
until noon,-but on expoéed to direct radiation in the after-
| noon this pise accelerated and a meximum about 11°C' aPove
fhe outdooy level was recorded. The south-window heating
pattern is slightly above that of north-facing model,

the maximum temperature 3,5°C gbove that cutside temperature.

ﬁindow orientation wﬁth respect to prevéiling wind
direetion is likely to have a donsiderable_influence on the
ventilation of interior, The opeﬁings should be both at the
windward end the leewayd side of the building. Will having

_‘_ I .
— "y s . g

{1) CGivoni, B Man, Climgte and Architecture,
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FIG.ND. 4.2 IMPACT OF SHAPE AND ORIENTATION
ON THE DALY INSOLATION OF A BULDING

THROUGHOUT THE YEAR.
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inlet Boed not directly face prevailing wind incidents to
wall upto ASO angle can provide satisfactory ventilation f .

without much depletion in wind speed.

Surface Area to Floor Area Ratio 3

The gsolar heat gain to the building interior takes
place through the exterﬁal surfaces exposed to the environ-
ment'énd get distributed mdfe or less evenly by various |
heat exéhange proceéses throughout the enclosed volume. _
Therefore the felatiqnship 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

44

area ratio (SA/FA) decrease censiderably. This is because
surface area decresses with respect to floor area when peri=
meter increased, it can be said that the heat gain per unit
erea reduces semsiderably as the perimeter of the building
enveloepe increases. in case of multistoreyed bﬁilding the
SA/FA ratio will get smaller when number of floors are

increased,

Infiltration

Heat tends to fTrawel 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 ingide, the air through the gaps and ¢racks in the



building envelope. This process is called infiltration.

This infact is very difficult to be controlled, It needs

perfect workmanship, good dewign of openings etc, usuélly
heat transfer takes place through the gaps between shutters
end frame. If the temperature difference between inside
and ocutside is more, the heat transfer through infiltration
will be more., Heat transfer takes place through convection

alr currents.

4.5 Material :

b5

Right from the ancient times mud is popular as one of
the building materials, then comes lime, In‘recent-ti@es
cement dominated the earlier two, due to 1ts 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
cementldoes not give good thermal performance. While mud
and lime got better thermal performanée, to the buildings.
Building materials definetely has role to play in achieving
comfort inside the buildinge.

e

Mud gonstrdction :

" Earth construction has contimfed to be the principal
building process in the non—induatrialiséd countries, it has

undergone a steady decline, mainly over the last century

66
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and it is virtually dismppeared fromisome western countries,
ThE'reésons for this decrease are manifold and have thelr rﬁots
in the profound socioweconomic changes which fhe industrialisec
countries have experienced. The large-scale urbanigation,
~increasing centralisation; the predominance of the monetary
system as the principalrmethod of exchange and break down of
collective forms of organisation. Industrialisation intro;
duced competitive new building techq}ques, products of easy
transportgtion, the increased division of labour and change

in the pace of lifg,rrendered people, even in the country-
éide, Which ultimateiy reduced the usage of indegenéous
‘materials like mud which is very relevant in achleving

éomfort condition at that particular climate. People are

not that free tc build their own houses and feel deprived
of the time needed for the regular maintenance ‘.

Scme of famous architects like Le corbusier,. Frank
Lloyd wright, Hassan fathy, did to implement mud in their
project,but only Hassan Fathy‘did'achieve succegs in imple-
menting their proposalé. New architects are ;onsidering.

earth construction in the light of the additional advantages
-provided by modern technigues. The preparation of earth |
constrﬁctiOn 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,

452 Lime Construction

Lime has been the binding materiezl used in construction
such as the Agra Fort, Golcdn@a Fort, efc. 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 cemeht, once again as thé ideal bindiné
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 iow temperature'inside the b&ilding than those
buildings;builtwith reinforced cemgnt;concrete.* Scientists
feel that lime 1s gocd for mortars, plaéters and foundations

but not for colums and lintels,

Brick can be made out of hydrated lime for construction

of walls. Rapid setting lime plaster adheres wall 1o 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 ir 24 hrs. CBRI has experi=

mented on lime bricks ln Hycerabad.

bty

*  The Hindu, July 13th, 1984,
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In the graph No. it is ¢lenrly shown that how the
lime plastering is effecting in cooling the indoor environ=-

ment.

toncrete Construction @

The general thickness of concretelstructure in resi-
dential building envelope won't be more than 15 ems in
some places it only 10 cm., But according to CBRI reports,
the t even 15 cm thick roof.bf the building are not suitable
to the hot dry climates until unless it is insulated above
(rbpf is the only one where most of tﬁe concrete 1s used

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

from Austrialia has presented in the table below 1-

' Time log Temperature in Upper Lower Mean

concrete rcof slabs  surface Surface.
{(air temp. 26,7°C)

85 min 2 " conc. 49,4 46,1 46,7
150 min 4" cone, - 4040 36.4 . 36.9
360 min 8" conc, _ 3843 28.9 31.1

300 min . - 8" hollow conc, 375 31,1 32,2

Eut due to high strength, it entered into most of the
parts of the building envelope, like, it repiaced wood in
terms .of frame a openiﬁg, thin partition walis for show cases
etc, Aparf from strength, it has durability, weather resis-

tance, fire resistanceand good binding capacity.
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4.4 Surface Treatment ¢

4

Surface treatment has considerable effect on thermal
behaviour of the building and on comfort conditions. The
surface of building énvelope can be treated with different
materials héving.different absorption and reflection

co~efficients,

The bright surfaces like Aluminium sheets, white washed

surface will show less absorbance toward radiation, in faot

5bright metal are better than other.tfeatments in reflecting

the solar radiation. Dark colours are not at all advisable

in this climates. Diiferent material will have different

values of absorption and emission which are given in

Appendix No.

Colour ¢

It is well knownfact that colour can create psychologi-
cal effect, in different ways, it cen create a feeling of
comfort, nurves . strain, either increases or decreases the

physical activity;‘.

~ The temperature of g colour plays a large part in its
applications. Red, 0Tange, yellow ars warm colours. Where
Blue, greené . are classified as cool colours,
Yellow is the lightest of the major colours. It is pleasent

on the wall and ceiling, because it fills the room with



sunshine and brightﬁess. But one thing, should be remembered
that yellow 1ooks twice brighter than the sample when painted
on the wall. Orange is used to brighten surface and these
type of colours look even hrighter in direct sunlight. One
should choose cﬁlour scheme that combine cocl and warm

colours to complement the changing light.

A colour like red might infact the feeling of hothess
where as greens and blues bring the freshness to nature =nd
living thing into the room., Green cools the eye and many

shades of it work well togethef.

The places where, the outdoor temperaturec is more often
greater than indoor temperature, therc interior are advisable

to use ¢ool colcur te get some sort of comfort feeling

(apparent).
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5.0 PASSLVE COOLING TECHNIQUES IN PRACTICE :

&1

Igﬁroduction : \

Even though c¢ooling is much more complicated,
diversified and climate.related than heating, especially
in passive systems. There are different methods of cooling

indgor enviranment 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 gategories on the basis of applications over
theorye Those are gain preventioh techniques, site cooling,
earth cooling, skycooling, ventilative ¢coling, vapor
cooling, flywheel cooling, solar cooling, venturi c¢ooling
and hybrid cooling. Even after this proad classification,
sometimes it will be difficult to sav on which type of the
coolipg does :8 method belongs. For example, windscoop,

it comes in both evaporative cooling and ventilative cooling,
Coming to thé traditional way of cooling, which we ganerally
observe in old palaces and building are : water wall (Agra
fort), windcatcher (Golconda fort), underground living -

(Rajasthan desert area), courtyard houses, etc,

Cogrtyards H

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 tc rapid urbanisation and high land prices.
The concept of the courtyard housc was developed in the hot

dry regions. Exmmples 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
hoﬁ;es, 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 healt loads
which are effecting the indoor comfort in hot dry climates,
Internal courtyards and a comwpact layout for a group of
buildings would provide mutual shading between surfaces with
‘the conseqguence of reducing the tharmal load on them,

In summer a pleasant continuous circulation of moistencd
air is kept up through by using grass, trees, vines and

water bodiles in a courtyard which acts as 'cooling welll.

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 te the sunny comrts,
- where the rising hot alr creates lower pressure. In its

passage the moving cool air from shaded courts ventilates
the rooms, which are located between the sunmny and shaded
courts via perforated gates and louvered wzlls. Compact
planning based on the courtyard concept has proved successful

because courtyard is an excellent thermal regulator,



76

Courtyard having trees in it reduces heat load on
exposed surface by cbstructing the paszage of direet solar
radiaticn, whith is achieved by using high percentage of
energy through the process of photosynthesis and a2lso because
of reflective nature of scme foliage. The cooler surfaces
on the ground will drav heat from the surrounding areas,

remitting it to open sky during the night,

The purpose of the courtyard pool, is to serve the

purpcose of zir humidification as well as water isg an excellent
thermal regulator when it is enclosed, During the hottest

hours of the day an average of 90% of total sola; radiation
is absorbed, at that area, by the pool surface. As it
increases the humidity by evaporation the dry bulb fempera-
ture drops. Af night time, the relay of heat from the_pool
to the outer air, aids conventive movement and allow ¢ool

air from roof (explained in the later paragraph).

It is better if the courtyard’s size 1t kept small
enough t¢ 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 helght® ana oriented to

EaSt-We St . *x



It is observed that increasing the ccurtyards height
from one storey to two, showed a decrease of 2 or 3 hrs of
sﬁlar penetration, The shading of courtyard can be done
by covering with purgola carrying creepers or by louvers,

I+ 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 rcof should slope towards the .courtyard

to channel the air cooled by night into the courtyard space.

7’7
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PASSIVE-GOOLING TECHNIQUES FN-PRAGTLCE

Ventilative Cooling 1

Ventilation effects have direct influenc.. on humin 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 onhe 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 tﬁat of outdoor(Structural cooling). The later two

comes under ventilative cooling 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.

The relation between air flow rate and velocity

depends also on geometry of the space, Jocation and sill height
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of fhe 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 ulfimately leads 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 intermal surfaces
and fluctuates nearly about the average external surface
temperature which is dependent on external surface colour
strucéure'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
(témperature} mazima 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 veﬁtilation, 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 ventklation,
but with white exterior _night ventilation had a grest
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 6utdoor level,
ventilation lowerw the indoor temperature, but”in reverse
“conditions the effect is opposite. During the evening and
night the indoor temperatures ;fe 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 c¢olour, 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
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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 cocoled 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 fower
taking the heat of massive wall along with it to outside.
Then the builgingﬂaet air from outside. In case windy
night, the air moves inside through the tower and make the

indoor space cool.

During the dayhtime, wind is allowed to pass through
the tower (which is céoled 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 prévailing wind
(Fig. No. ) and can be controlled by special arrangement

like Louvers and shutters etc.
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5.2 Solar Cooling :

The use of solar energy for cooling of building
seems most appropriate for tropical and subtropical climates.
There are some téchniquég which are used for cooling with
solar ene;g§ but most of these were foo technical to
implement. Even then those techniques come under hybride

cooling but not passive cooling.

In passive solar cooling one method we trace, which
¢an be easily implemented is as shown in Fig. No.- . This
system can be used-for both roof and walls. {In this process
the surféée 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 ocomes 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 bé hotfer than

inside temperature.



5.4 Site Cooling :

Besides.the'effect of building envelope and differentﬂi
arrangement like surface treatment, placement of opening and
alr flow ipside the building, there are s~me more factors
which will have considerable influence on indoor environe
ment like vegetation, water and the surroundings. These
factors are particularly important in the places like

Khammam which c¢omes under a hotedry climate.

- Due to éxcessive 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 placesréf 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 rese;voir'in an enclosed
space and during the hottest hours of the day.An'average
of 90K 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
fouhtain. Water increases the humidity content in the
surrounding air by evaporation and decreaées'the dry b;lb
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 glarc too which leads to uncomfortable
conditions if it is not shaded property. There are some plabes
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 moisfure for maintaining their foliage -~
temperatures. This unique Sun b:eakef provides surface shad-
ing without getting heated like concrete and other building |

materials.,

Vegetation (Trées, shrubs and grass) in any form,
ameliorate air temperature in urban environment by controlling
solar radiation. Tree leaveé intercept, reflect, absorb
and transmit solar tadiation. 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, thco air below the forést canopy

can be asmuch as 14°C cooler on a still summer day
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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 themal transmission. It creates a
thick heat absorbing layer and gives shade to the soil.
below, thereby preventing a large amount of heat absorption
and re-radiation. All the vegetationazl cover also preventsu
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
ars placed well in position, they can cool the incoming
air (Fig. ). Sometime due to improper placement of
trees, may obstruct the incoming air, Lven by putting the
trees in a line we can achieve highér wind velocities if
required., . Trees need time to grow in achievipg the
effective shading height and in the initial stage it needs

maintenance .alsp. Meanwhilc, it is possible to plant some
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quick growing creeper as a temporary measure. -It is better
tb select a native tree rather than introducing a new tree

at a particular place. It was observéd that speed of cocling
which took place over an areca 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 eut of trees in getting
maximum shéding, their best position are on east, south
east, south west and west in the northern latitude. Low
sun rays in'earl} 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 iocated 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

*S5aini, 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 tre¢ growing foo 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 itpe.cs 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 foms ¢

The effect of surrounding surfaces of a building
has a definite impact on indocor environment as well as the
environment of the town as a whole. All surfaces which are
exposed to solar rédiation for a considerable time will
absorb heat and :eradiate to the surrounding especially
the surface like, c¢oncrete, 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 dif ferent
angle OO, 300, 6Q° it was recorded a decrease in the solar
load of 293, 267.6 and 172 W/m2 Oc 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. o The themmal 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 and which is carried into
the building, ultimately creating uncomfortable conditions
inside the building (Fig. ). The surfaces like sand,
paving, gnd water will create glare too, besides it re;adiation.
The sﬁrfaces 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 envim nment which certainly will have great

reduction in the temperature of the surroundings. Simi-
larly rcads 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,



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 thig 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.



EXAMPLES

FIGURE NoO. 53



5.6 Sky gooling :

Any element of the external envelobe of the

building which sees the sky, loses heat continuously by

the emission of longwave radiation. As the roof is the
building element, most éxpo§ed to the sky, it is the most
effective longwave raaiator,‘especially during the evening
and night.

| Sometimes, the sky will have cloud, water vapour,
,, dust which will absorb and emit longwave radiation.
Thus at night, there is a bal ance between the radiation
emitted by the roof towards the sky and the downward
radiation from the atmesphere. Only the net radiant heat
loss is effective in cooling the building. This in turn
depends upon the témperature difference between the

emitting surface, which closely follows the temperature of
the ambient ;ir, 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 radiéting surface_from.the~wind=effect=by—a—

'screen transparent to longwave radiation.

Even in a humid region, Givoni observed, depreséion
of a radiation made of ordinary material under clear sky
conaition, is about 4 1o 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 relatignship between the temperature of the
radiating surface and the ambient air-dépends on the heat
capacity of the radiation. When a roof with a high heat
capacityserves 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 radiétion, 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 .
. e
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°¢



below ambient temperature has been recorded. These

observed no difference between an ordinary and a selective

radiation, both recorded 8.5°C, when ventilated.
P s

The places where dew takes place, the temperature

still drops, radiative heat loss will be mdre.

There are two methods in practice in the building,
those are : sky therm and radiation roof trdgp which

are egxplained in the later chépter in detaif.
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.0 SELECTED PASSIVE COOLING TECHNINUES :

©.]

Some time using one passive cooling technigque 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 technigues
(ii) Evaporative cooling, {(iii) earth cocling. 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.

(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 clements 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,
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Like other bullding components, rcofs often do not.

receive adequate atfention to their thermal performance at

the design steges Careful designins, planning and selective
use of materials of walls‘and_Opening will not improve thernmal
performance of a.building, if the rcof is not peoperly
designed, Most ofrthe sclar radiation is received by the
roof than any other envelope in a building, especially in

the tropics., Roof also loseé the greatest amount of stored

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

Roofs are not meant only to posgess the structural
safety but also should protect from the direct sun and rain,
in attaining the thermsl camf5rt and minimise maintensnce
cost of & bullding., An average of about 41% of the total

cost of 2z single storey buidding is taken up by the roof
construetion alcne. Even then people - are not comfortable
inside the building due to inadequate design measures that

- are taken while @esigning a raof, The design is mostly
based on experience of fhe=architects, as there are no
building regulations as such for determining the minimum
thermal insuiation nor enough knovledge aﬁout the thermal
‘performance of different roof constructicn te 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 degfee
0f resistance and modifies the diurnal variation in tempera=-
ture. ' But application of this type of rocf is practically
difficult to apply. Modern roof construction aré 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 fluc-

" tuations in internal conditions, due to non~steady state
of ﬁeat flow in hot dry climates in the calculation com

beccme complex.

| Dr. Ahmad has conducted a study at the University of
Khartoun, duriag’1973'a half scale medel building cons isting
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 2ook place in four different stages as

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

I. Initial Reoof Qpnstruction :

(i) The r.c. roof slab (Roof No.3) with a 50 mm thick
expanded polystyrenc layer on top,‘achieved'the greatest
reduction in both maximum slab temperature and its

diurnal variation, Temperatufe of black roofing felt
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TABLE.¢ THE INITIAL ROOF CONSTRUCTION AND THE MODIFICATION
PURING THREE STAGES OF THE EXPERIMENT -

.. STAGE NO.1  ~  |STAGE N2Z| STAGE No.3|STAGE No.4
(INITIAL CONSTRUCTION) ' .

ICOmwmm THK. R.C. SLAP

S0rmm LAYER | 75mm LATER

OOmn THS RC SLAB +INSULATION + . |WHITE PCTE
ROOFING FELT .

I00mm THH R.C.SLAB+ ROOFING

FELT + KHAFGL" WHITE WasH v
I00mm THK B.C.BLAB +CONUGATED |- 1
GALY. STEEL SHEETING (Vertlgted. ..
ar _epece in betoeger)
HOLLOW TILES + ROOFING FELT + UNVENTILATED
SCREED TOFAL (Verdilated &% spocke AR SPACE ”
TJACK APCH ROOF +ROJFING FELT+KHAFGI T .
CONUGATED GAL. STEEL GHEETS4 UN VENT.
CELING (Verdiiated ar sps.e AP SPACE
CORBUGATED GALV. STTEL SHEETS +

CELING [Unvent. air cpace) WHITE WhsH
0| TRAPITIONAL M7 ROOF +Z1BWLA FNISH') WHITE WigH

*Khofgi 6 8 iz of cement, Sand end ltme wIf Smell chlongs of ordinary red bl
 Zebels is @ miz of afimal dung, strew and mud for rercerig wil's Sod roofs.
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reached 79°C and internal conditions were almost stable
with very little fluctuaticns in temberaturee The average

delay in internsl air temperature is about 4 hours,

(1i) The shaded roof slab (Roof No,5) and the roof with
cement, sand lime mix (Réof No.4) are having similar thermal

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

temperature curves and tine lag,

The shaded reinforged roof had recorded a comparatively

- low night Lemperatures because slab is cooled due to con=-
vection,

v

The 'Khafgi' roof had a slightly higher temperatures in
the daytime and due to its thickness minimum temperatures were

recorded later than others.

(iii)} Both brick Jack—arch (Roof No.7) znd hallow tiles
roof (Roof No.6) had shown a reasonable rcduction in meximum
" temperatures and diurnagl variation, Beside both are heavy

and have similar temperature rurves,

- 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

" 1s small and internal temperatures are above average at night;
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(1v) The corrugated glavanised steel roofs (Roof.No,8 and 9)
with 20 mm fibre board) hed recorded a reduction in maximum
-temperatures and diurnal variation but with very short time

log of about one hour.

Internal air témperature‘follows the corresponding

external air temperature very closely,
Temperature curves are similer,

" Effect of the ventiletion of alr space is not giving

significent result (0.5 °C),

(v) Both bare concrete roof Slab {(Roof Ne.2) and the modi-
fied traditional mud roof'(No.10), Weré offaring very iittle

resistance to heat flow,

Their diurnal rangc was the greestest (10 °c).

Maximum internal air temperatures were higher than

the corresponding externél shade air temperature.

Temperature curve has steep rise:snd fall at maximum

and minimum temperatures.

R.C. roof slaB having white washed above had its maxi-
mum surface temperature about.thé‘same time as tlrt of external
air,

R.C. roof slab having black roofing f2lt had its

maximum surface temperature about the same time as that of the
maximum solar rediation,
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I1. Effect of Ventilation %

Ventilation of ro;ms only during the night time .
(1) reduced the maximum internal air temperatures
(11) inereased the diurnel range (iii) delay the time of
‘théir accurrence. This was-found more effective in heavy

roof construction; shaded and top insulated roof construcfion{

Ventilation only during daytime ﬁours in summers, -
offsetting the thermal. protection property due to roof
Itself. ﬂheﬁ the openingé were closed after sunset the heat
gained by the internsl structurc during dsy had s adverse
effeét on nigh‘t temperature a:nd temperature of the following

day .

It was noticed that contirmuous ventilation was a little
more effective in inproving the thermal condition, compared
.with the unventilated condition and with the ventilation at

daytinme,

Vemtilation of the roof of ceiling air space. (Roof No;a)
had very little advantage over tnventilated roof (No.9)
the difference is 0,5 °C 1OWEr'in“maximum internél air
temperature and also lower by 3 °C at internal surface
temperature, Both rocms had same diurnel range and time

of peak,
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Ventilation of the roof of hollow files, air space
proved little advantage over unventilated one (Roof No.6).
Dye to convection these observed a guick heat lose 2 t night

and by closing at day time the air acts as insulation;
III. Effect of Surface Treetment :

A considerable reduction internal air temperature and
external surface temperaturce when a white-wash apﬁlied to the
external surfase of rocfs and alsc improved the diurnal renge
and delay in time of peak temperatures, A great improvement
is observed when it was applied to ﬁére concrete slab and
modified traditional room (See Figure No. ). The main

draw back is the problem of maintenance of whiteness of the

surface.

Wnen a layer of white gravel (5 cms) is'applied on top
of bare concrete slab showed very litflé effect on the thermaj
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 achicving a lower temperature,

minimum diurnal range, an? delay the time of maximum tempera-

ture readings., Its main disadvantage is its weight;'

Referenee ¢ Mukhtar, Y.A., Roofs in hot-dry climates, with
special reference to Nerthern Sudan. Buitding in Hot climates,

Building Research Establishment, U,K, 1980.
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The observed no special adventage by putting white
cement tiles over the Roof No.3, than that of same roof

white waghed.

Thermal Performance of Reed Shaded Concrete Roof and the -

Exposed Céncrete Roof in Arid Summer Conditions :

An experiment carried out in University of Khartounm
(Sudan), in an existing bhilding (Figure-1) on @ typical

sumprer day i.e. May 21.

The reading were taken when doors‘kept ¢losed practi-
cally all days ard open for the rest of fhe 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
1light colour)

Unshaded | Shaded

1. A rapid rige in ceiling A steady rise in ecziling temp.
temperature from 31,5°C from 32.5°C (7.30 hrs) to max.
Eo7.oo hrs) to max.4h.7 39.6°C {17.3C hrs) the diff=
16,30 hrs,) vhich is erence is 5.,1°C at 17.30 hrs.
4,8°C greater than am=- Because after sunset the shadw

bient temperature, ing deviez chstruct to heat
. loss in two ways : it obstruct
the longwave radiation acting
as opague barrier and by res-
tricting air movement it obstructs
the convective heat loss.

Reference ¢ Adil Mugtafa Ahmad, The thermal performancsz of
dénérefe roofs and reed shading panels underatrid summer condi~
tions, Building in hot climates, Building Research Establishe
ment, U,K, 1980,
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Unshaded Shaded

2, Ceiling temp. is alway During most of the daytime
sbove the inside air internal surface temp., below
temp. except at 11,00 the shaded part is below the

when 1t equal(touches). inside air temp. and for all
, the nighttime it is above it
by maximum 2°C,

3, Oytside air temp. is The outside air temp. rises

exceeds the ceiling ebove this ceiling temp. from
temp, only between 07.00 hrs to 17.00 hrs(max.
7.80 hrs to 13,00 hrs, difference is 6.5 °C), rest of
after that it drops con~ the time it is well below it
siderably. Minimum (max, difference is 8°C at
oscurs at 4,00 hrs 04,00 hrs.).

- (802C lower than seiling
temp, ) .At this time
sonvective sooling is
effective. -

4, Tts time lag is 4.5 hrs. The time lag is increased to
about 5.5 hrs. _

Conclusions

This experiments shows that how é concrete roof surface
tenperature ic reduced to a minimum by applying different
insula tions and shading by light reflecting material on top
of the fdof, To achieve at a low cost, locally available
material are used ibr shadiﬁé and insulation. Sqmetimes a

single or a combination of methods should be sdopted 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

betﬁer to allow shaded roof, to be opened to the sky during
the night time, By minimising the temperature diffcrence
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between indoor »nd outdoor air, the lifc period of
material above the roof also get increased. The material

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

solle thermal insulation, otherwise it mmy not possess

. results,
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12 Ik VALLS

The walls plays impertant role in the building ‘envelope-

in controlling high temporature differential and high solar
radiation, glare coentrols dust and hot winds, It should

have capacity to store the nighttime coolness in it,

The walls of daytime 1iving areas should be made of heat
storing material, while‘walls of raomg like bedrooms, wall

materizl can be of light heat capacity.

There are number of.wall design are DfopOSed for both
for passive heating and cooling purposes. But mogt of the
walls are firs£ designed for heating then by doing littie
modificetion tQ the previous one; But the reéults in coolihg

~are not as encouraging as in the case of heating. The |
different methods which are now in practice are hassive wall.
(traditional), trombe walls, water walls, cavity walls, etec,
In Indiz the massive walls ére in practice in the rural areas,

and in some spegial cccasions the cavity walls were also

used,

Walls can be treated externally to achieve geod thermal

performance, like applying insulation and by different sur-
face treatments ete,
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(i) Trombe Wall

This wall is actually got popular while using it for
passive'heating purposes. Then it is modified to suité‘for
getting benefit out of it for scoling. Actuslly trombe wall
consists of a massive wall and a glazing/insulation with
an air gap in between., In heating purposes heat is‘tréped
by using glass in mass wall, but in cooling pmrposes, heat is
ndt allowed to fall on the wall and in case any heat transie?
takes place from external insulding shutter, it is absorbed
by the mass wall and stored in it ( heat transfer won’t takeé
place into the building). The gap between the external
building envelope and mass-wall is used for convective venti-
lation. 1In case of heating the mass wall will be pfovided
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 véntilé--
tion at the top and the massive wall will have Openinglat
the bottom, When air in the gap is hot heated up it looses
its density and goes out through *he ventilation on t op and
the gap is replace by the air from the room, Here special
arrangementé should be made in the way, from which the
external air is coming it to the building, td fill the air

gap created by stack effect in the gap.
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Yhile 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) 3

This wall is also called 'water trombe wall' it works -
on the same principle of mass trombe wall which is éxplained’
" earlier. Here the water tank (water wall) works thg same |
| .as mass wall, In this process, water wall get more:cooléd
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 pufposesq,

Massive Walls :

In hot-dry climates, 1arger the daily ﬁariations 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 confrol |
and prevent heat from transferring into indoor space. The
massive walis 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 walléd
house. The massive walls will take more time to heat and
similerly more time to cool down. By the time heat is gbaut
get inside surface of the wall, the outdoor temperature
should be reducing (évenings) so that heaf tries to tnave1 .

back to the a tmosphere,

Cavity Wall 3

Air spade between tﬁo walls will offér anofher barrier, .
besides the walls,to the passage of heat.. fhe optimum width
of the cavity in a wall is 50 mm. If it is less than that
sfrong convection currents can takes plaes in it and it7s E
effectiveness will be reduced. Suppose if the width is
mofe-thén that, elso looses its resistance. As the distance
is inereased the inner wall tends to behavé like brdinary

single wall in heat transfer, -

Cavity works as insulator when it is wnventilated. 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,

Inh case openhings are provided, they should be on same
side. To ehhance 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 pbssess enough data which can be used by

-Iarchitects in their practiée.
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6.1.% III, QPENINGS 3

Generally in hot-dry climates the openings are closed
during ,the day time and ere opened in evening till mornings.
Thermal conditions in this climate indicates that, Mdnaow
size should be minimum . and will be sufficient to give 7
enough lighting during the daytime. The opening of window
shutter will encourage Eeat loss from the building'envélope
which is gained during ﬁhe daytime. It is better to have
EE%_HEEEEEE' which should be tightly closed during day-time
and open it to sky duriﬁg 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 aroom apd
‘projections‘above the window., Some times it is effected
by the surroundings a2lso, These things are clearly

explained Appendix No,

Due to influence of Westernarchitecture in our country,
. made buildings with large windows and fuld glazed curtain

wall, without looking into the clime tic demands of a building.
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In some cases, this cah be controlled by refucing the

solar light and heat through the openings . The buildin.g .
having large opening negds‘é specl al kind of sun prot@ction. -
There are number of sun shading devices varying from s imple

curtains to automatically operated blindé.

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.. Acéording to our traditional
.architecture, we came to know the importance of shaded
courtyards, verandah around the building and their necessity
at present. The ambunt of sunshine can be minimise through

careful study of sun's movement,

Sun shades can be classified into two groups, like
fixed and movable devi ces for fixed shade, it should clear
that on what time and period the sun should be shaded, It
. 1s slightly expensive and needs little maintenhance(There is
a chance, when you require more lighting in the room, one
would feel slightly dark interiof,'when you do not require
sun protection). But in case of movable devices it requires
certain amount of maintenance annually. It can be said that
these devices‘are more efiectiﬁe than fiﬁed, both in preven=
ting direct solar radiation and encouraging longwave régia-
tion during the evening and night. The effectiveness of
shading devices, when it is internally placed, is limited

and may lead to additional expenditure
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The size and the type of sun shading device will
dépénd on the ofientatfon of wall in which it is installed,
Genegally 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. Thereshold
be some gap between the shading ¢ evice, and the building
envelope, 20 as to enable the air can pass through grills
or blends and do not allow a stagnateé hot air at the
building ﬁuriace. This will excert a éooling effect on

the facade.

While choosing the material Hr shading is to be
considered thermal conductivity which'will have great
effedf on the design itself, The shading device can be
painted keepling 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 3

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 importnt 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 temperatdre
differen#e between indoor and outdoor environment,

If the differenge is more, the intensity of infiltm tilon
will also be more effective. Usually heat transfer in

‘terms of conveetiaon takes nlace in infiltmtion.,
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614 1V, FLOORING :

Inl hot=-dry climates, g enerally fioors arer aiséd
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 byi
the ambient hot air. The floors which are laid directly
on the floor will have considerable effect on foot com-

fort, during the summer day time,

It was observeci that oomr,efe floorg are much c¢ooley
than timher, at about SOC, when the indoor temperature
isat 35 °C. Floors also get heat f rom the verticai
bullding envelope as well as from ground itself, but

major heat gained is due to roof radiation.

It was observed from the case ¢ tudies that flooring

done with concrete is cooler than Shabad storme floorinmg, -

A careful detailing is to be 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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6.5 THERMAL PERFORMANCE

To have comfort condition 1inside a bullding, it is
ne¢essary to prevent the penetration of solar radiation
and minimise the flow of heat into the building. This
could be aécomplished by the proper choice of building
materials. In order to Ehoose the correct combination
of building materials from thermal considerations the

thermal performance characferistics musi 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 majdr
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‘ié more reliable than light-weight
constructions in case of thermal performance. That is why,
the traditional buildi ngs are better than present light-
weight and sandwitch constructicns in their themmal
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 perfomance rating for different roof and
wall sections. Thermal performance Index {T.P.I.) is
nothing but the enlarged form of iﬁternal 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 2°C (assuned base
temperature), If one know the T.P.I., can find sut the

internal suxface temperature and the vise~versa.

For thermal comfort should ensure lower internal
surface temperature to minimizs the radiant heat load to
the cccupants, HigherAthe ceiling temperatures also ¢on=
tribue indirectly in raising the indcor temperature. That
is why inside surface temperature is taken as a criteria

for thermal performance rating of ronfs and walls.

IABLE -~ 1 Basis for Thermal Performance Rating of
Roof s '

+ (Unconditioned Buildings)

Se |Peak Degree |iRermal JGLASS|QUALILY | Remarks
" No,{Hous(P.D.H.) |perfor- of ‘
Deg.Cs azbove |mance " {perfor-
30°C Ingdex ~ imance
(T.P.I1.)
1. < 6°¢ <75 A Good Preferable where bette
standards are aimed at
2. »6°<10°¢ >75¢125° B Fair Acceptable though

not adequate,

3. »10%¢14°c . >125175 C  Poor Unsatisfactory.
‘ - Requires moderate
treatment to upgrade

to B
4, >14°a8%c >175¢225 D Very  {Very unsatisfactory
_ poor  § . :
5. >18°C >225 E  Extre- f[Requires high degree
mely (of insulation t¢ up-
poor (grade to B,

,Bs ¢ P.D.He 8°C corresponds to 100 in T.P.I.
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In traditional roof o nstruciions, lime ;oncrate and

mud phuska, which are believed to act as themmal insula-
tion, arercommon. Thers are numbe¢r of zoof and wall section
given in the fqllowing'tables, which are mostly of local
materials. The themrmal performance of a wall or reof can

be improved in saveral ways viz., white washing, shading
‘and insulation.treatments. The effective trsatment also
depends on the type and thicknews of the baéic structural
eléﬁent. Though fresh white wash brings the T.P.I. to
practically half of its untreated value but its cffect

wontt long last due 1o dust collection, ctc.

The thermal performanee index for a particular
segtion depends on many factors, such 2s place, orientation,
surfaee ¢clour and indoor air temperature. For different
plages the>T.PaI. value in¢¥$eases oOrT decreascs dépending_;

upon ¢limate and location,
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.2 EVAPORATIVE COOLING :

~Introduction:

Evéporétive 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 thfough a

,pfocess known as adiabatic process. Evaporative cooling
'units work on the principle of passing air over a constantly
wetted Surface, thereby incre;sing relative humidity and
decreaﬁés the dry bulb temperature of the air. Evaporation
process baﬁ be aéhievgd by allowing air to pass over an open
pond or thin film 6r 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 dpenihgs
of the buildings, in tho 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 Egyp%, they
use a large perous earthernware pots filled with water which
seeps throﬁgh the walls of the pot moistening the outsideair

" and cools whon it passing over it. Similarly windscoops
are used to cool indoor environmeht.. It is similar to the
design of a chimney but functions ih a reverse way {Fig. ' ).

- The windscoops catches the prévailing wind by diverting air
on a porous water pot subsequently to the surface of a wet
charcoal on to which water drips. It ulfimately results

in the reduction of the témperature of the 2ir. It was
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observed that this process reduced the indoor temperature by T
to 10°Cc*** Sometimes air which is coming through windscrops

is directed towards decp waolls, air is cooled when it

passes'through 2bsorptive rced mats suspended with their

bottom edge in water.

" The farmers in South Africa, make a wall of 49
thickness with pieces of coke which is guided by two chicken

wire meshes on gither sides A water supply pipe, having

holes at neguLar“inteavalsfwhich is conneeted to a.raised

storage iznk is placed above it, ~This makes the wall
continuously damp and the 2ir which is coming through it
will get cooled. In the similar fashion azehitects at Esrel

made wall with brirk jally. Rest remains the same.

A spray pond is more effective than a still pool
of the same size and has the additiohal advantage that, it

not only cools the air but 2lso washes it from dust particies.

Evapo=transpiraticon :

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 ttees have a

b ,
* Varshney B.S5., evaporative c¢ooling, Course-cum-
workshcp on solar architecture, CBRI, India.

*# Hassan Fathy, Architecture for the poor, The
University of Chicago Press, London, 1973.
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greater cooling effect because the rate of evaporation in
day tigie is more. Alir 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 riot have excess number of plants in a room, which may
cause ragise in room temperature, and alsc injurious to

health especially in sleeping beneafh them in night times,

Roof Surface Evaporation :

It is a well known fact that roof in tropical climates

recelve greatest amount of the solar radiation than other

~surfaces of the building envelopc.

The conventional methods of reduction of heat flux
into a building through the rof are : by increasing fhe
thickness, provision of insulation, false-ceiling, by |
reflective surface treatment and by shading. An unconven-~
tional and highly effective method 1o 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 implementétion. The roof
surface evaporation process can be divided into two parts:
Open.pond and spray of watér on roof. It was observed that
both the methods were highly effective in reducing the
heat flux through all types of rocfs.
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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, s as to decrease

the temperaiure 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 wiith 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 suggesied a number of materials which can
" be used for this purpose, which are cawily available and
durability is also good. For cxample : 4i5 cm brick ballast
and gunny bags. The same institute developed a system that |

~sprinkles water in its movement i.e. retation.

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 evaporétion will move., The
'total consumption ¢f water per square meter is 9.0 litres

in 24 hours.
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Due to high rate of evaporation during daystime,
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. Anotherrsignif;cént
reduction is upfo about 8°C in ﬁntreated building is

recorded* (Graph No. Y.

Roof Pond :

The roof pond‘syétem requirés a water body on the roof |
which is protected from direct solat radiation by exterior
movable insulation. These movable shutters will control the
rate of evaporation of water duiing the summer daytime. The
movable shutters are put on the top of ﬁ1e roof pond at day-
time and will be removed in the evening till the morning{'ByA
exposing roof pond t the atmosphere it‘lcnses 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 envelspes other than rocf.
Similarly in the day time, as.the water is a good thermal
regulatcr, water absorbs heat from ambient air and it stores '
the heat (this amcunt of heat is very little as thé top of
the water is already covered wiéh movable shutters). If the -
~ shutters are not perfectly clbsed there is a chance to water .

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

*Building Digest 124
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~f cover, provided for water mass. Of course aslwatgr gets -
evaporated its temperature will drop but due tc scarcity of
water in hot-dry climates this should be avoided, If ﬁaS'.
observed that there was no significant change in theiceiling
temperature when the depth of the wmof pond was increased from

0.05 to 0.15 m:, the maximum diffcrence isr3qc.

This system can be effectively used for passive heating

purpcses also.

The coollng of the roof the air above the roof also
gets cosled and being hesvier than the hot air, slides down
the walls of the building, much of this chilled air drifts in
the building due to unfiltration and vehtilation*. It was
observed that due to the roof spray, the peak roof témperatur§
had been decreaseé from 55°C to 28°C as compared to reddetion-
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 temperatﬁre suffered a drop in case roof sﬁray is
3.5 and 3°C in case of mof pond. This is due to more
effective evéporatign of:water at the roof surface. It is
found effective with lightly constructed, poorly insulated
roofs (Graph No. Y. “

*

*State of Art, Passive Solar éaglglng, 1.1, T., Delhl,"
HAUZ KHAS.
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-2 EARTH COOLING

1. Introduction :

The field of passive cooling techniques has
Teceived a great deal of attention over past few yéars
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. Many 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

©-2.1 (2) Underground Structures :

The increased interest in building houses partially
or entirely underground has prompted many questions about
the physical and sociological factors associated wi th |
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 reqguire-
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 carth cooling in every Seminar both_gt

.national and ‘nternational levels.

“At present, the existing underground “rocoms in
old buildings, the pcople are using it as a store room.
Actually if one can observe the fact, that these rooms
are well ventilated and relatively cocler 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

137
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controlling the indoor temperature. The openiﬁgs
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
tempefaturest between ventilated and unventilated
Cellar rooms. The difference that found out was és
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 wiuwst constant. This is because earth

acts as barrier for thermal balance.

©-2.2 (3) Earth covered structures :

In rural areas, we can observe that the most
of thé houses are constructed of mud., In some houses
rocof 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 18g than that of ordinary
brick wall of 30 cm thick (Fig. Nos ).

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 g;ound covers
on it. Because slab will absorb moTe 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 relaﬁively constant temperature
throughout the day (Fig.'No. Yo It was observed |
that a slab of 10 cm is covered with 10 cm ﬁud lavyer,
which reduced the ceiling femperature by'IOOC.
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 insulatéd portion of the wall.
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The temperature differentials measured indicated
that the potential for heat decreases with depth below
grade. [f it is required to maintain a nearly unifomm

‘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 ¢emfort zone and heat transfer to

the house has been small.

6224 Underground pipe'system :

As the temperature of so0il at about 6' or more
bélow'the surface of the earth stays fairly constant
through fhe year and is very closely épproximated by the
apppg) average air temperature. If a pipe is buried
unéerground 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 Qalvanized 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 8)' 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

£t3/hr. |
Table - I
Time after Ambient . Exit Difference

start temp. (OF) temp.(OF) (OF)
/2 84,0 71.2 12.8
1 87.0 69.0 18.0
2 89.0 75.0 14,0
‘241/2‘ 93.0 78.2 14,8
7 85.6 84.2 11,4
18 88«8 70.0 12.8

(ii) Temperature of air through 12'!' plastic
and 18'' galvanised steel pipe

Table = II
- . Ambient air Air temp. Difference
Material temp. (oF) (OF) (°F)
Galvanized 8% 75 14
steel ,
Plastic 87 | : 74 13

*Flow Rate = 56.5 x 10° ft3/hr.
It is evident from this table #hat 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 3
iron sheet and air flow rate is 42.39 x 10

££3/he,
Table - III
Diameter Ambient temp. Exit temp. Difference
(°F) - (°F) (°F)
18" . 89.2 ‘ . &)‘2 9‘0
121 90,0 74.6 - 15.4
% Flow rate = 42,39 x 10° 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" 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) (£t3/nr.)
82,6 0.2 12.4 5.88 x 10°
%)

83.6 79.4 8s2 4(.03 x 10°

*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 obéerved during the experiments that
heat transfer and hence the temperature difference bécomes
very small after a length of S0 feet. It is also étated
that, it is better to use more than one pipe of length
%0 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 31.6
3m 30 -
6 | 26 -
9 | 25 -
12 24 -
30 23 ' -
€0 0.5 -
%0 18.3 -
120 18.3 _ -
* Air velocity = 3.48 m/S

Another experiment was carried out in a Church
building located in Nommal, Illinois. This system
consists of two cast-in~place concrete tanks which

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

is filled with 82 m tons of dolomite rock. Dolomite was
used since it is locally avallable material and does no£
readily support biological growth. 1In 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. Y

In operation, ambient air is shown through the
dolomi te 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 aie approxi-
mately 1 m in diameter by 30 m lbng. An ordinary forced
alr 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.

©-2.4 General Congiderations :

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 ioad 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 2 ft of soil seems gptimum.



An earth is a very poor insulator, it reguires
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 cbndansation 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 pérfect. The insulation
ié blaced outside of the waterproofing system because
mést 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

¢lose as they are,
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64 Justification of each technigue :

As 1t is already discussed about some passive
cooling technigues, and how far those technigues are

successful to implament 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 cooiing 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 proﬁosed 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
{hin external member fo 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 reguires paticnce 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.consid@r 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 shov!: : properly utilized.

(iv) venturi Cooling :

This is almost not practicable in Khammam, where
not even a sinnle residential building is having domed
roof. Its construction requires good workmanship and

expensive also.

(v) Gain Prevention technigue :

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 techhigue 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 Khammanm.

There are number of simple ways to prévent Sun.
But most of the information is confihed to only libraries
and no one is there to give good designs. By demonstration
of these techniques are can be easiiy made popular in

these areas.

(vi) Evaporative Cooling :

People are agware of the importance of water in
cooling indoor 2nvironment. But they are not effectively
utilizing it. This system can be used for both pioposed
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 cliﬁates like Khammam.

(vii) Earth Cooling :
At present carth-sheltered structures are not

important in Khammam. This system may be one of the best



solution in achieving comfort condition inside the building,
especially in a place like Khammam, where soil conditions
are in favour of this type of éonstructions. As the soil
has low moisture content in it, and fairly hard after 3'
depth, no condensation takes places. 1In réiny season, the
rains were not heavy, so waterproofing is also limited.

Water table is about 15' to 20' 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. it 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 1s 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 longwavelradiation o]
sky, they keep the opening cleosed 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 té-a building which_is at
planning stage. - While desighing.a new building, the archi-
tect will have libérty-to do any thing to achieve comfoft
conditions inside the building, but whgré as'for existing,
he has to think twice or thrice before giving a solution.
There should not.have major changes in building.

Ihis'proposallis given to the puildiﬁg.on which detailed
case ;tudy is done. |

As it is alféady mentioned that, stair-case ( SE corner)
and toilet block (west side) is dbstructing_tﬁe night time
_con#ective cooling effect. Now to get that cocling efféct,
there shauld have some arrangement in-the staircase as well

as toilet block, to allow some wind through it.

In theAstaircase a vertical slit in the wall (compound
wall}, which is facing past, can be provided of 1'-6'' width,
The same technique cannot be applied on south wall of
staircase, besause 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 L'-0'' width and
2'-0"' height. |

Similarly, the space between two toilet blocks in the
western side can be modifig¢d: +o aliow ihcoming wind. For

_ the compound wall height at that place should be reduced to
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4'-0'' and slab is cut to avail place for small tree.

Coming to building, as it is already said that, not
rven single room is having good cross ventilation. To enhancé
the cross ventilation, doors should have some opzsning in it,
And it is observed that when all windows are opened the cross
vontilation is not good. So a speclal arrangement is made
to door.. The bottom portion of door is to be arranged with
two, shutter one is louvered and the other is thiék.' At the
- daytime the solid shuiter is clgsed and during night this
shutter is op.nd, ith .nough soeurity m.~oun.s the
loﬁvefs are 6pened. This arrangement can definetely give
goo& results in achjeving night. time cooling. As the 10 cm
R.C.C. roof in this climate is very undesirable, so the roof
shoyld be protected from sun, by applving a2 layer of ﬁud
phaska on the top of the slab wi th clay tileA lining over
it. This arrangement can show considerable reduction in

heat transfer from out side to inside.

The window should be properiy shaded from direct sun.
The window and door shutter should be sealed properly to
prevent infiltration. The walls can be shaded by vegetation.
i‘g.) in south side row of ashoka trees can be planted, in
'the SW_cornér { space between building and toilst block) can
have a medium size txee, 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 exterhally.



The big ventilators in the front rooms can be mini=-

mized itts size fto 3% x 1'-6t,

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

¢lass outside in the evenings and mornings).

The water tank on the ground can be placed near to

the building to get humidified cool aire.

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 weicht of the compound wall has different heights
at different places, except in eastern sice, its height
is more than 8'-0' from the ground level and higher
than s5ill heights So te heicht of the compound wall
is reduced to atleast to the sill heights., In the
.western side wall which is reduced, should have scme

grill for security rcasons,

Using ceiling fan during daytime is not advisable,
instead of that, table fan can be used to serve the

RPUIPOSCe



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 drippéd water do not possess any problem.
This method can increase the humidi ty content in the

room and there takes place a drop in room temperature.

7.1 PASSIVE COOLING TECHNIQUES FOR EXISTING BUILDINGS

(1)

(i1)

(ii1)

A combinétion of induced ventilation and evaporative
cooling can be provided in the bed room. A hole of
170" x 1'<0" 1is made on wall. Soﬁe wind diverting
arrangements should be made to catch wind, on the
soutside surface of wall, Tnis opening will have iwo
shutters, one is louvered and the other is solid
shutter, The window consists a porous straw board,
which is constantly wetted by conneeting 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. ).
As already said roof should bg treated with mud

phuska with clay tile line over it,

The other techniques are indirectly coming into
picture are : (a) gain prevention techniques

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

(o0 |



8.0 RECOMMENDATIONS :

1

Here arc the recommendations for achieving comfort

conditions inside a house in Khammam, in relation to existing

conditions, of the town.

I. BUILDING ENVECOPE :

(1) BRoof : (a)

(b)

(c)

(ii) Walls :(a)

(b)

(iii) Openings :

Roofs can be treated on their external
member with mud phaska along with the brick

tile lining over it.

Roof c¢an be shaded with red gram
dry plants during summers, which can be

used as firewood during winters.

Roof can be trecated with waste white
ceramic tiles (or white washing), to
encourage reflection of incoming solar

radiation.

Walls can be white washed externally, and

with cool colours internally.

Cavity wall, externally painted white,

(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,

1

6



(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 tryin? 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 aecording 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 doorsy

and windows.

(b) doors : doa shquld haveg carpet strip with
proper workmanship, to avoid infiltration

heato

(¢} Ventilator : This size of the ventilator
should be smal]l and nearer to ceiling is

preferred.



7'(19) Flod:iné ¢ 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 :

- (4)

(1)

- {$11)

(iv)

K

(vi)

l(vii)

paving should be avoided and surrounding should

not poséess glare to bhuilding.

Selection of 'vegetation can be of local
Location of trees to shade the building should
be specified as mentioned earlier.

Water tank should be nearer to the building

to improve building content thereby reducing

ambient temperatures.

As water is scarce in this place, waste water
from kitchen and toilets should he properly
utilized for growing wegetation around the

house,

No obstruction should be thece, in the prevailing

wind direction.

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 2lso 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 ysed for existing buildings also (Se¢ 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 tiod to a rope thfough a pully
(See Fig.ﬁo. Yo |

160
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{c) MWall 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. wa windows can be provided at two side, with
proper shading can be closed during daytime. It not only
provides eir movement to that projected area, but also helps
in‘providing good cross ventilation to the entire room

(See FigeNo. ).

2. VENTURI COOLING :

This system can be used/experimented by putiing 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 outs The diameter
can be of 6'-D'', The inside portion of the half sphere can
be filled with poor cement mortar and covered with tiles

plastered {smooth) externally.(See Fig. Nc. e

3. SKY OOOLING :

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 envelecpe and from indoor air. Scientist
believe that this process is very efféciive for achieving

comfort condition inside the building in shorter span of time,
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after sun sets” At day time the hole is closed with well
insulated shutter and is opened during ebening, night and

morning hougs (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 1s conduction of heat to the walls. The heat stored

in the wall during daytime cannot go back in the same route,
during nights,. It rewradiates 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
leasts 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 Pig.NO. )-

(b} It is better to have indirect window especially in the
gastern 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.s 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 aré fully well shaded

from the suns
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s WINDOWSZ POORS ARE FULLY SHADED BY WALLS TTSELF

KITCHEN
CUM ' MASTER |
PINING - BED BOOM N

B Y. L T

LIVING
ROOM

CHILDRENS
BER ROOM

INDIRECT LOCATION OF DooBRS & WNDOWS
TO AVOIL? PIBECT SOLAR RADIATION FROM
ENTERING INTO THE BUILDING.

s

— g@im prevention



166

5. . EVAPORATIVE QOOLING

(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 consumpticn 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
about 3'~0" and its height is 4'-Q", having the dimension
2'x4's 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 confirollable arrangement
to get seepage of water from the tank. The air in montact
with this wet surface wiil 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 water
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 2 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 b# the water from tank above. Here in this
the window o .

is divided inte twe for two purposes one is for lighting
ancther is for cross ventilation., The used water in this
system can be utilised to grow grass at the bottom which

will be useful in c¢ase of water scarcity.

EARTH QOOLING

(a) Atleast a small room in the underground will give some
scrt of relief from the hot summer months. As the
underground room temperature does not passes a wide

difference between maximum and minimum temperatures.

(b) While constructing foundation a house if a earthen
wpipe.is laid 2long the circumference of the building or
compound wall, at a depth of about 4'-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 cnd (room) (See Fig.Nos. ).

(¢) 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 indocr 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 cape The other end of the pipe which is
in the centrél room can have a small exhaust fan which
.drags alr from sutside to inside, through this pipe,

The necessary arrangement should be made to get coocl air

inside the room.

Traditional Methods of Cooling :

Reintrocduction 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 a2 building itself these two things

must be kept in mind, before finalising the plan,
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CONCLUSIONS

Rescarch in energy conservation in buildings is

‘being conducted throughout the world. In that more

emphasis is given to passive systems without using
mechanical meaﬁs. 50 lot of investigation and rescarch 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-
gques in hot=dry climates is almost has come to saturation:
point and he tells that only necessary modification can be
done to the existing techniques to suite a particular oli- -
mate'. At one end this saturation taking ﬁlace but on the
other end people are-suffering from solar intensity due to
unawareness of the existiing passive eocling techniques.

The two contradictory states c¢learly indicate that there lies
a communication gap between research and implementation.
Pgople should be made to think interms of encrgy cénserva-
tion and to get bettern environment inside the building.
There are two methods to achieve the goal, one is by demons-

tration, ancther one is by showing decumentary movies.

In some of the papers, the passive cooling technigues
are shown anc with complicated calculation along with it,
But they are too technical to understand. In my opinion
the suggested techniques should bz simple, easy'to understand
and implements Alsco they should be less costly and easy to

maintain.



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

I‘ainfall.

- Moré emphasis is given to the roof and it's treatment
than walls of the building envelopeés, to reduce or to

prevent heat transfer from outside to inside.

~ Theweiling height can be 9'-=Q' , there won't be any consi~-
derable advantage in increasing it's height further and

it is costly too.

-~ The orientaticn 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 arca to floor areca increases the heat gain
also gets increased. S0 whilea t design stage itself
care should be taken to minimise the exposed wzll 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,



175

- Using indegeneous material alway 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 temperafure. 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 fecling 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 mcre passive cooling technigues, because
number of variagbhle parameters are involved in these calcula=
tions. But it will definetely be better than previous
buildingts in terms of indoor air tcemperature, Thus it
can be conclusively looked upon that progressive research
in near future may Teduce gulf between formul ation and
implementation, and a pragmatic treatment to the passive

cooling techniques as suggested may be established,

5
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1

HORIZONTAL SHADE , INTEGRATED *;0: SHAPE qcmcuw FROM
\\ TO THE FACADE E FACAPE.

HORIZONTAL SHAVES =~ WITH INCLINEC SHORT 9“759

UPRIGHT HOR. ©HAPE

iV

VERTICAL GHAPE PLACEPD AT 1
AN ANGLE COMBINATION oF HOR.AVER. GHADES

& | | J




.r_AFPEme NO. 1P L

AN

HINGED
HORIZONTAL
BLIND N\

HOR. BLIND
WITH APJST
_ABLE LEVEL. \

/

e

LATERALLY MOVABLE
VERTICAL BLIND.

HINGED VERTICAL BLIND
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APPENDIX NO. 1C

HORIZONTAL LOUVER,
FIXED OR HINGED.

HOR. LOUVER , FIXED oR
- HOR. MOVABLE g

UPRIGHT - HOR . LOUVER
WITH FIXED OR PIVOTEP SLATS.

\f

"y g

>
VERTICAL FIXED LOUWER WITH—‘J

- UPRIGHT -HOR. PIVOTED

LOUVER WITH EIXED/MOVABLE
; SLATE.

FIXEV [MOVABLE SLATS. m __m
- . ” / /:
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APPENDIX NO. 2A 4 .

A COOL GREEN AWNING

OVER WINDOW OF A BED-
ROOM, LIVING ROOM, OR :
A PINING ROOM N SUMMER,

HEAVIER GTRUCTURE |, A ¥ -
HEAVIER VINE GIVES L o
THICK SHALE. j i
| ]
— i e oo

IT GUTe GLARE,WIND:
INSULATE AGAINST BUMMER
SUN.VINE CAN BE EVER-
GREEN F You PO NOT
WANT WINTER SUN.GOooP
AT PORCH OR TERRACE
WALL. :
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- BEST PLANTIHG FOR HOUSE
1T SHADE IN A TYPICAL SITUATION
ARE HIGH - BRANCHING DECIPUOUS
TREES RELATIVELY CLOSE TO THE
HOUSE ON THE EAST AND SOUTH,

r~-.. - . 4 FOR VERTICAL SHAPE MORNING
| S * / AN AFTERNOON. j
~~ - LOW BRANCHING EVERGREEN TREES ONTHE

N 4 / WEST & NW HILL

1./ PROVIDE LATE AFIER
b -NOON @ EARLY EVENNG

HORIZONTAL GHAPE.

WITH A CAREFUL SUPPORT
A TREE CAN PE SHAPED

TO FORM iN ALMOST SOUP

OVERHEAD CANOPY. B .

PORTABLE SUN CONTROL .BOXED
BAMBOO, PLACED CLOSE TOGETHER
CAeTS FILTERED? AFTERNOON SHADE
ON WINDOW WALL.
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IT SHIELPS OUTtooR

- OPENING EROM THE
PIRECT RAYS OF LOW LATE-
AFTERNOON WESTERN SUN
WITHOUT SHUTTING QUT LIGHT |

OR STOPPING AIR CIRCULATION

.:,‘ - ;?.,' ?:: ?;' s
LIVING AREA OR GLASS el i
Je gt Bl i

" INGULATION  AGAINGT
AFTERNOON SUN IN HOT
SUMMER CLIMATE , BUT
WITH ePACE BETWEEN
PARRIER ANP HOUSE WALL
FOR AIR CIRCULATION.

T STOPS GLARE IN THE

MORNING ANP AFTERNOON
AND CUTS DIRECT GOLAR
RADIATION IN LLATE WEGSTERN
SUN.
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APPENDIX No. &5

The following are the reflection levels of certain

building matcrials 3

* White Cement - Fresh 0%

¥ White Cement - After a year - A

* White Washed Surface T5%

* New Galvanised i:on' 0%

* Bare ground-dry 10-254
* Bare ground-wet . | 9-18x
* Rock | 12-15x%
* Dry grass | - 324

* QGreen fields ,' . 3=15%
* Green leaves | 25-32%
* Brick(depends on cclour) 23-48%
* Asphalt ‘ 154,

* Sand dry | 18-30y
*  Sand wet 9-18x
* Red clay tiles 40

* Concrete tiles 35%

* Asbestos Cement-white . 584

* Copper-polished 824

* Mortar Screed - Cement finish 2T

Ref. ¢+ 1l. Konya Allan, Design Primer for hot climates,

2. Kukreja, Tropical Architecture.
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APPENDIX NO. &

Calculation of Thermal Performance Index of Roof and

Wall Section of a Contemporary Building in Khammam :

The outdoor alr 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 5%°C.

The peak internal surface temperature =

base temperature + peak degree hours

55°C = 30°C + P.D.H.

‘e P.DH. = 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 scction
(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,



APPENDIX NO. 7

Designing s 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 anexample. The calculations are based on CBRI
Building Digest 119. 1In 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 noxmal to the wall.

Usually width of louver in inclination will be greater

than P.
For.B o° 15° - 450 60°
wWidth 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. Designer has choice of fixing the outward
projecti&n of louver according to the conveniences and

elevation. Similarly in case of louver inclination.
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S YYPE ~m
. (FOM AL} FACADES EXCEPY N)

% SECTION - " (nonMaL)

FIG. |

TYPE- V¥
(FOR ALL FACADES ENCEPT 8)

LY

. PLAN ) (NORMALYD . {NCUNED)
‘ROTE™ SHOULD [T EF NECEABARY TO TNCLINE THE VERTICAL MEMBERS  THE LAST -
MEMBER AT THE EKTBEMITY TOWANDS WHIGH THEY MAY BE INCLINED, 15
MOY HEEDED.
¢ LT
TYPE -G ° ' -

(POR EW."SE, 5W, PACADES)

. 'r//”‘di w':mu oF LOUYER "
CRATE._TYSE : vl :
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" 1

mapa Th MLt

P

a
‘(mmrrﬂn AP CLINETIoN St
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e 3
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EE0- CRATE LOUVERS

SECTION (ECO - CRATE)
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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.

2.1%P = 90 cms (From table No. )

"e 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.
(¢) East/West : These facades arc 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, Horizontal
members should have B = 0° where as vertical member
should have B = 30° towards south from normal to

the wall.
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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 = 120 (for one louver on top)

P = 142 (better have 2 louvers one in the middle)
0084P = 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
22.3 cms.

(d) North-East/North-west :

For the orientations, either vertical or horizontal
type can be used. The vertical members capped by a
norizontal members of the same width will cut of all

summer and winter sun completely.
1 )
Let us take vertical type with 30° inclination towards

north (with horizontal member on top).
0.94P = 90 cms.

P 95 cms.

here P! is too large, so let us fix 'P' as 45 cm
Then the spacing will be 0.94 x 45 = 47 cms.
Here we have to consider the thickness of the louver

as 5 cm, then each spacing will be 455 = 9% cm. Then,
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number of spacing are 90/50 = 1.8 (It is not a whole

numb er) N

Let us make number of spacing as 2, then each spacing

will be 45,
e e P = g5f5* * Louver thickness
= 42-5 Cmg

(e) South-East/South-West : These orientation are

critical ones, here only egg~crate type of louvers
should be used. In_thié horizontal member should
have B = 0° and vertical 30° ihclined towards south.
It permits sun winter sun upto mid-day on the south-
east and during late aftefnoon on the south-west

orientations. It intercepts all summer sun,

Here decide, intended outward projection (P)
as 40 cm for horizontal member spacing
l x P =40 cm, when height is 120 cm.

<"+ number of louvers = 230 = 3

For vertical members, the spacing
= 1.15F = 1.15 x 40 = 46

«*« pumber of spacings = J%%— 2 '

I1f 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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