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ABSTRACT

One of the characteristics of to.lloffice building:; in nhah city i< the extensive uoe of
glazing on d,e bwlding facades. This inct~a,ing U3e of glaS3 has cau3ed con:;iderable
changes in the relation3hip b~tv.'een interior and ambient dimate, where the problem of
overheating ha3 become a major concern. So facades of tall building< need protection
from soJar heat gam to achieve desitable indoor env;ron.meot and to reduce the enetgy
consumption ill the building" by the air conditioning "ystem. External shading devices
c.~n be utili,ed to block the ,olar rac.ltltion before it teaches the window surface and
hence more effective than intetrull shading deviccs.

The ptoblem was approached by performance evaluation of sclccted commonly used
shadIng devices of tall office buildings through simulation study_ Shadow simulation
alIo", stud)' of the effect of changes in one aspect, keeping other factots con,tant. The
observations of simulated performancc that occurs due to changing parametcrs allow the
identifiotion of elements, the reduction or introduction of which in the design
contnbute to solar heat gain. Through simulation study, it is possible 10 analyse the
performance of shading devic~' for any period of the yeat. The simulation .luille. were
conducted fot the months from March to September repcc.enring hot-dry and warm-
humid period, which is mo,t .ignificant in term. of dimatic severity. Th~ .imuffition
studics were performed tu evaluate perfonnances of .hading devices and identifY thc
effects of different par-Mneter3 and correffition among parametet' in tcrm. of reducing
soIM heat gain. 1Oi•• tudy also helped to understand the influence of window orientation
on the performance of shading dcvices,

Aftet all the imTstig.J.tions and critical ",-aluanons, a parametric srudy to explore the
strategies fot optimL1m shading wa3 pursued through a series of .,imulations a, solar
geomet'}. is a I'teructable phe<lomenon and much of its impact is quantifiable. Parametric
3rudy allow, "tud)' of various a1t~rnatives ",~th reference to perfoonance of the model
and identifying thc best one. Rased on the parametric study, desj~ reconuncndauons
and de,i~ gmdelines W~rt,derived.

The findings of thl3 thesis ar~ concerned with the problem of soht heat gain jn tall office
buildings in tropical climate hke Dhaka eity. 'Ine rc,uh, of the simulation 3rudies and
patametnc srudic" ha,e been expr~,«ed in tern" of " number of climate re3poll.i,-c
shading d~,ign guidelines. It is expected that th~ application of these gwdelincs ",ill
reduce solar h,'at gain in comparison to that of pres en, ptactices.

" '\,
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PREAMBLE

1.1 Introduction

'ihe trend of recent develupment has shifted from low to high-nse buildings due to the

pressure of popllbtion in much of the world, and Dhaka is no excepnon (Ahmed, 2003).

Coustmction of tan office building; in urban areas of Dhaka i. characterized by cxtt::mi,'e

use of glass. 'These glas' facades remaID ""protected or barc1y protected from the

scordung sobr radiation of the tropic" lnese often lead to green hou,~ like ,;matlon

(Givoni,1969).

Along with the high out door air tempernture, wlar ndmtion is a major source of heat

gilln for building in tropics (Koerug"bcrget tf at, 1973). Vast vertical surfal;c$ of tall

huildings are exposed to .obr radiation and gbss facades may :tct a< heat trap for

incoming solar radi"tion (Ahmed, 2003)_ S" facades of tall bWldings need protoction in

\'iew of generating dc~itllble indoor en,ironment. Solar radiation transmitted through

unpwtcc!cd windows or tran"patCllt walls also cau'C " gre"t inCI~a,c in the cooling

teqrurcmcnts of an air_conditioned building or high air tempcraturcs in buildings ".;thc>ut

mechanical cooling systems (S,eph~n30n tt al. 1961; Gc>ulding ,I ai, 1992). Thi, heat 1S

particularly un"anted in 3tlffiIller~nd has to be expelled hy the cooling 3ystem.

Solar radiation gain m"y be reduced by intercepting th~ radiation before it reache, th~

building "urf~~~. J.'.xternal solar 3hading can be beneficial in p<ewnting unwanted solar

h~at gain thus reducl1lg cooling load and thus can enhatlce thertllill comfort. Motcnv~r,

the thermal df,.~t of " glazed wall s~~tion dcpends on the ,hading provided ~nd the

spectral properties of glass (Gi,'oru, 1969). Shading the gla" affects the property of

incident rndiation and hen~e modifies both the heat flow to the intenor and th~ indoor

temperntut~.

Limitation of energ,vresources and evet in~r~a,ing energy price, and the global ,,-arming,

the necessity to reduce the energy consumption in the buildings can be an important

lssue in a <ie,-eioping cc>untry like Bangladesh. In 3uch a context the need to ,kvdop

passive ow.n3 of solar control is impou"nl and efficient design of shading d~vice" rnay

"dille" dus issue significantly.
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1.2 St'J.temcnt of the Problem

.A good answer to overheating problems IS controlling solae radiation incident on the

builJings. Using so!a.t:-protectiv<;glazing is one simple solution which can be easily

integrated into the building design (Olgyay and Olgra)' 1957). One major drawback of

sow-protective glass is that it reduces solar gain. in the building even during winter-time.

Therefore, in countries Wlth dominant heating requirements, a moveable dc.nce i, a

bener salunoa (Dubois 1999). Bur again manu~l control of moo-able shadIng devices IS

not reliable and may cawe a constant dIsruption for the occupants and most of the

pmpl<: of our country can't afford the system of dynamic control of motorized shading

de'~ccs_ Shading pro"ision should be c(lIlsidcred as an integrul part of fenestration

system design, especially for facades with high ,olar gains. Shading devices may control

,,,lat gains, block direct sunlight and rnmmit diffuse daylight in the room, eliminating

glare and high contrast and eteatlflg a pleasant lumi"ous environment (Haque, 2004). It IS

ncces,'ary, 00 the one hand, to cla"ify the shadiog devices by their g<:utnett1c

charactcristic,; un the other hand, to allalpe their energy and luminous performance

through the definition of man made parnmeters and calculation medlOdolugy.

In the context of Dbaka, there is no tested rule for .hading de\,ices. AccorJing to

constructiun act, 1952 (HoB. Act II of 1953) .cction 18, (R"luk, 1996) which is enforced

hy RAJUK, it is said that maximum deprh of shading device wtll not exceed 0.5 m u,-er

compulsory se,back areas. But thi, rulc mal' not have comc from any illvestigation or

anal)"i, of shading I'ctfornlance nor any comparati,-e srudy and e,-aluation for different

climatic situations. Thcreforc, buildings are being constructed without proper attcntion

to the perfcimlance of shading deViCes.

Due to our increased conccm about energy efficient buildings and thermal comfort as

well, expem:nents and anaIy,is ,hould he made for dlffcrent types of s""ding deviccs. By

thorough study of the relationship between depth and othcr par:ameters of shading

device and amount of shade that cast on the windowpanc, which is essential fot th~nnal

comfort and exclude heat gain (energy consumption) from solar r:aruatton should be

established and e,'entuaIIy incorporated in the design process.
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1.3 Objectives of the Study

The study is :>nattempt to investigate the performance of commonly applied shading

devices on facade" of 1.,,11office buildings as a method of passive cooling with the

following objectives:

1. To evaluate the c~i,ting shading devices "s solar control tool 11-,,,din lill

office builJings.

2. 1'0 assess the impact of shading device on indoor environment as they relate

to the solar heat.

3. To propose a guideline for designing efficient shading device for control of

solar r:ad..i..tionin tall office buildings.

1,4 Methodology

To acmc'-c the above objectlves the methodology that wa' followed for the entirc w()tk

is stated below.

The problem was approached first by a Sll!'Vey of published information that prov,ded

the knowledge b~,c for the research and inforrtlatioll about the sble of the art regarding

solar shading systems. By theoretical srudies the meaning and purpose of solar shading

device w:ls explored. Moreover, this study helped in analyzing facrors mfluencing soiar

heat gain_ The climatic charocteristics of Dhaka Ciry were studied to set the climatic

llllperative, with regard to wlar heat gain in tall office bWldings in Dhaka City_

A physical suncey wa, co"duct~d to record and to identify the characteristics and

petfonnance of commonly applicd shading devices ill refctenee to tall office bwldings. It

helped in forming the models for simulation srudy.

The simulation process "la, plUsued in two phase,. The first on~ was conducted to

a,certain the perfonnanee of commonly used ;ajar shading devices in redLlcing solar

radtation gain. Simulation model, with the external shading devices similar to thc Ical

oncs jn tall office bLlildi"gs were simulated for different orientation". By the simulation

srudy filldmgs and results was analpcd to identify the dfects of different parametcrs ~nd

correlation amon~ parameters in terms of reducmg solar heat gain. The second ,tage

.0 ,



involved a par:atn~ttk study p=ucd through :;ene.' of simulation, to explore possible

elimati~ally "~nsitive design guideline for solar shading d~vice.

l'ecfonnan~c ~'valuati"n of
shading (kvi~~$

Literature Simulati"n Mudy"f commonly
srudy u,ed ,hading d"",ices •

Evaluation "f performance
against a set criteria

Parametric study
of mo<hlied shading de,eice,

Identifi~ation of df~~tive
d~,ign/geometric features

Recommendations (>rde"ign
guideline,

Figure 1.2: Structurc of thc work.

Field study



•

1.5 Scope and Limitations

The •.esearch work prc:;cnu.d in this study concenlJ:atcs on performance evaluation of

various ,hading devices in reducing som heat gain ill the taU offkc buildings in Dhaka

city. Although solar heat gain is " combined effect of direct radiation from the Sun and

diffuse radiation reflected from surrounding environment, most of the solar he"t g:>into

buildings is caused by direct radiation rhIough windows. The ,tudy is limited to the role

of geometry of the shading device. to Cut off dIrect sobr radiation hence reducing solar

heat gain. Recommendation, and design guidelines are made regarding geometry of

shading devices. Other aspect, like tllilteruu of the devices, installation DC construction

systems are not considered in this research.

Bcsid"s, shading device ha' impact on day~ght, ventilation and "iew through window.

Tbe performance of ,hading de"-1ccsregarding daylight, ventilation and uther aspects are

beyond the scope of thi, re,cuch.

WIth these opportunities and con3trains, reseftlch on performance of ,hading devices

",-ith special reference to Dhab city wa, carried out and described ill the f,,!lo,,-ing

chapter,.

References

Ahmed, Z. N. (1994), Assmmmt of 1Vsid<arialSil,s i" lJhakLJ with ",sped to Solar Rnd",rin

Gams, PhD. lbesis (unpubli,hed), De Montfort University in collaboration with the

University ofShdfidd, u.K.

Duboi3 lvL"C (1999), Th, D,si!/' of S ,asMal Awnings fir Low Co.ting and Heari,,}!,J,fladf in

0ffi'", Proc~edings of the fifth 3)'mpos.ium un Building Phy,ies in the Nordic Countrie"

Gothenbutg, Sweden.

Goulding, JR., Lewis, J 0., SteemeI3, T.e., cd. (1992), E",,;gy fa /Jrchlfectwr (11" Erm:ptan

P(wiw Solar H«ndbtMk), B.T. Bat!; ford [.imited.

Gi.oni, B, (1969), Man, OimoN «nd Archilectwr, EI,e"ier Publishing Company.

...'



Haque, A.M.M. (2004), Eva!Hati." 0/th, peljortltan" if commonlJ used ,hadil/g device apptied otJer

wil/dow! in liM ronuxf '!f Dhaka diy, Plan Plus \'olume 1 No.2 (60-69), Urban and Rural

Plaoning Discipline lUmina Uni,'ersity.

Koel~berger, 0.1-1-, Ingersoll, TG., l>byhew, A, Szokolay, S.\'. (1973), Manual of

T ropkal Ho"ring and Buildi"g Design, Part 1,Oricnt Long man.

Glgy"y, A. "nd V. GIg}'"y (1957), Jotar Controt tlI1d Shadil<g Demces, Princeton University

Press, Pnnceton, Ncw Jeroey.

Rajdh,,,,i Unny'!>'a"Kmtripakhya (RAJUK) (/996), Building cOI"truction roles (Imarat

j\;ttnan Btdhimala),building regulations for buildmgs in the g[Catcr metropolitan arca of

Dh"ka.

Stephenson, D. G, Mitalas, G. P. (1962), 'An a"atog n"(l/uatio" '!fmethods for COf/froflmg,,"far

I~at !,ml/ through windoll's; Journal, American Sr>ClCtyof Heating, Refrigerating and Air

Conditioning, Engineers, VoL 4.



CHAPTER: TWO
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THE CUMATIC CONTEXT: DHAKA CITY

Amongst the innumerable con'traint.' that the Architect faces during the design of

buildings, climate probably is considered a, one of the major factors. 'inc clunate of a

region p,e3cms a set of conditions, which need t() be addressed adequately in order tu

produce ditnatc,rcsponsive building<. Climate-responsiveness results in comfortable,

encrgy-dfici~nl, em"irorunentalJy friendly buildings_ Building' constructed ,,~thout regard

to surrounding climate can, no doubt, apecatc give" enough energy i"pm w correct

resulting pt()hbns, whether they concern over heating, or darkn" ••. But access to such

energy is beyond the teach of much of the popwation of developing countries.

The cho,en location for this work i" Dhaka, the capital city of Bangladesh. The country

is surrounded by Indio.on the we"" north and north-east. The Bay of Bengal bounds it ill

the south and with Myanmar on irs south-ea,tem part. 1he geogrnphic location ofDhoka

i" longitude", 9()0 East- 90°30' F--'l'{and latitudes: 23°40' North _n° 55' North.

'the follOWIngsection is concerned with the analy,is of climate of Dhaka city in terms of

its ehalkng" and potentials. This analy"i, will help to determine the duttltic force, to be

rn.IUpulated to provide satisf.ctory design solutions for till structure, in tropical

,ituauons from the View point of energy effieJency_

2.1 Climate of Bangladesh _General Overview

The climate of Bangladesh is categorized a, w<tnn-humid, based on the widely used

classlficanon of tropical climate by Atkinson (Koerngshetgcr et aI, 1973). 1bere are three

distincti,"e seasons, the hot humid, the hot dry and the cool dry ,eason (Reported in,

Mallick, 1994). Generally, the winter is short and dry while the sununer is long and wel

"{be hot dry period IS between March aml ,\lay, the hot hrunid period cove" June to

September and the cold dry seasons starts from mid October to February.'.

Again, meteorologically the dimate ofIlangbdesh;,; cla"ified into four distinct seasons-

winter, pre-monsoon, monsoon and post~ monsoon (Reported in, Ahmed, 1995), where

the wioter is cool .nd dry, the pre-monsoon is hot and dry; mon,oon and post-monsoon

are hot llod wet.
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The winter months, December to February, are chamctcmcd by infrequent rains, cold

northerly wind" mean temperature 21°C and mean maxllnU!n below 26°C. The pre-

monsoon period covers the months March, April and May and is char:u;tcrized by

occa,uoruU thunderstorms, and an avernge maximum temperature of 34°C. '1be monsoon

is the long",r season covering the months June to September, a period with torrenllitl

rains, with the ave11lg<'relative humidlry above 80% and all average temperature of 31°C.

'the post-monsuon scason ranges between tbe munth. October and November. It is abo

tcg.uded as a transitional (tu winter) penod with infrequent rain,:md tempe:rntw:es below

300C.

2.2 Microclimate: of Dhaka City

The climanc ch=lctenstics of Dhaka city differ from that of other cilles of tbe country

due to itll dcnse phy"'cal development!> and lucat1'ill. Again, within the same city these

characteristics ate further modifted m different location, (Ahrn<..d, 1995). It is due to the

surface quahty of the area _ h.~td or soft, denSIty of built environmcnt, building type,

building h.eight and their orientation., pt<J~imity between buildings, material used for

construction, <.kpcndcnce on electrical and mechanical ~ppw.nccs and other rehlted

facrors.

Figure 2.1: Dhill<acity: view ofDillrnsha commercial area.
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Table 2.1: Cli"",tk daUlof Dhob.

",""oc - Hoc.lm- Worm.Humid ~:g;:
M",,"'_ ~b«h••'ltl J-"'" (kt.N•••• UK.Feb

a.m.li< FO<ton (M""""",) (!'oI1 ••\to..!IOOI1) (Wi"'")

I.i\i. 'l~""" ("e)

a. ,\brim"", 31.110 ,." ~.., 32.(0

h. Minim"", n.1!O "'., "'" '.M

cA_ "''' "" 2HZ lUJ

d. Diu"'" ••••••"'''' 1''''''''1:''1 \l.W 7.12 " "
2. Rrb ••.•.•.,,~. ".I>=2f:<l 69,91 M." .,." 76.70

3. R2in.UlI (mm) j'''''''l':CJ 156.70 317..'itl '" 2UJ

•. m"l"dlUo,ho ••.•••~'/m')1""~1 ." m m '"S.Sunshi:r Ii_R (Wilynn>g<) , ., , •
6. \\'"..1Sr«d (mI.) I"'~ 2' U >5 >5

7. 'IV"'"' Dif'Krion 5,S.1! S,S-E,S.\\' S,S.li N,N.W

.

'"~ -.,.,••.•••:i-'~..!..___~ " "

" ...• , ;" .'. ,, •• ,.
• •

'. , .. ,, • , , ,..

"
, "

"

, • •, " , ••

" .", ,
L.'-' , , ~.. - _. - , --, ..
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'•..•.~~.,- •.<•• ,.,.>.•

Figu~ 2.2: Yearly,,'other <bill. .bowing l<mrcnuu", profile and !lOb. radi:u;on ((_
!V_Tool.."..,)

2.2.1TempcnlU~

On thO'bo,i3 of ~=roIogia.1 dull, the temperature profik of Dh.ka ciry ~h()\l."

.imilWry wilh Ihat of the n-gkm.l ""oem. 1be highe'll tcmpcnl.lurc i. l't'Cordffi in the



month of March, Apnl and May, wruch reachc. to 37.8°C maximum in April. In thc

monsoon ami po,t mon~;oon period, from JillIe to October the temperntuJ:e remains

steady at an a\'erage of28.8"C. In cool period it drops to 19.43"C on ~verage (rable 2.2).

Table 2.2: Air teffiperntuJ:e in Dhaka city.

i- '"' M., 'eo M, J,e J" A~ ,~0" N~ ~

Mem maximum air 26.2 '" 32.3 '" JJO 31.8 31.2 31.1 31,7 '" •., u.,

temp (,leg q

Avcrngc 19-0 21.2 '00 '00 no 28,3 23,7 '" 2M ". 2.'-1 """" '-e -'.'
(dog q

!',!em minimum air 11.8 '" m "" 2;;,0 2.\.3 20.2 •., 25.9 2},7 ,"' 13.2

temp (dog C)

O,'erheatlng due to inexorable urban gwwth of Dhaka city;. now a major environmental

concern (Ahmed, 1995), Meteorological obsetvation in p,e-monsoon period records a

maximum t,'mpcratutc of 37.8°C, illdicating a possible trend towards the inctcase of

tempemnue and overheating.

2.2.2 Solar Radiation

Solar mdtation can be considcred a, a single most dcciding factor for asses,ing thc

dim",e of an atea, becal1se it affects the tcmperature and d~nS1tyof alI and thus ~ffects

the wind "elocity, direction and humiJity (Ahmed, 1994). Renewable Energy Research

Center ofDhah University collects radiation data for Dhaka city.

Figure 23 ;.hows that in thc hot dry period, particularly in the months of March, April

and May solar mdiarion i, high ill comparison with that in the rest of the year and it is

maximum in April (5.5 KWh/sqm/day). From July to Novcmbcr (munsoon to POSt_

mo",uon) the radiation remain, fait-lyconstant.

From Figure 2.4 it h~s been observed that, the horizontal surface (commonly the roof

surface of ~ built form) receivcs the maximum amount of solar radiation round the yca,

in comp.ri,on with other ,-,ommon external vertical facadc,. But thi, i, true for low rise

buildings onl}'. Fat taU bui.ldings, horizontal surface i, very negUgiblc in comparison to

other four vertical "utfaces and only the top flout> of the tan buildings are affected by
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As overheating i, orre of the key problems for the glVen climate, the issue of heat gain

from solae radiation is highly signific~nt and the vertical surfaces are observed a, more

impormnt than horizontal sutfaces of the built fotTns (fot l::l.llbuildings, specially when

the suo is at a low angle).

2.2.3 Relative Humidity

The humidity of Dhaka city 13 lligh ami the mean annual relative humidity is 77% (Table

2.4). If aU conditions remain the same, then the tcbri,-" humiduy is inversely

proportional to the temperature. So, higher temperature yields lower ",htive hUffildlty

breI,. Since "it tcmpernture and radiation depend on the density of the built fotm, the

humidity ,"aries ,'nth the density of the surrotmding built environment.

Table 2.4: Rclati\T hllmidity ill Dhaka city.

].n "0 'ill A" M. J- J" '"' S.p 0" N~ 0<,

Rebave HumidJlj' 69% 63% "loy. 70% 79% 8,% 86% 85% 86% 81% 75% 7>%

2.2.4 Cloud Coverage

The doud cover is only 38% for the wholc prc.mon,oon anJ po<t.mollsooll perlOd

(f.ble 2.5)_ This dear sky condition cnhanccs the dIrect solar mdiarion to rcach on

building surfaces. 1be doud covcrage i, very high in monsoon penod and is alma,! 7[)%.

The c!<)uJy atrno'pheric conilltion during this period hdps in decreasing the incoming

solar radiatioll to t.heearth surface.

Table 2.5: Sky conilltion in respect tu eluud cover for "-l'~ar.

Type "fSky Hot_Dry Hot-Humid Cool_Dry

PIe_Mon.,.,,,n Mon,oon Po,,_Mon,o"n (Dee-Fcb)

(l'<f.n;h -""',) Oune-Sept) (Oa-Nov)

Clear Sky (,7% 31% (,4% 85%

Ovcrc," Sky 33% 69'% 36% 15%



'00
High oobr inflm:

80,0

7~_O,WO, ,, 50,0
0
0

"
.,

0
0a 3N!

mo

wo I JJ0.0
)- Fob ~f" 'Co hb)' )"' ),,1 Aug " Oct No'- ~<

Figure 2,5: I\Ionthly average cloud c,wct rrww: Cbmal, D;,;;, ••• &mgldtsh Me/rom/op,-"I

V'pari",,"I, Dhak", 2i)()5).

2.2.5 Sunshine Houts

'lbe amount of $Olarradiation received by the ;urfaces also depends oil the duration of

_'unslune (Reported in, Ahmed, 1994). 'lhe sunshine hour in pre-monsoon and po,r"

monsoon i, quite long than that of monsoon period (Figure 2.6).
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2.2.6 Wind Flow and Diw::tion

Wind speed in Dhaka in Hot period is relati,-ely high and the direction is predominantly

southerly and south-e'-'Jt:<:tly(rable 2.5). I'or winter period the direction of wind was

found mostly from north and nonh-west. A~c<)tding to the dIUrnalpartern of wind flow,

in summer (except April) the Willd speed is low between .12:00 and 15:00 hours

(Reported in, Ahmed, 1995). During that period airflow may not be considered as

reliable resource for cooling, rather depending on shadmg of surface from 80lar radiation

would be more preferable,

Table 2.5: Monthly aver..,gewind speed and direction,

l>lonth, ond ,e.,on, \V,nd ,~dinm/. Wind dttecuoo

J""""o/ (Cool-Dry) U N\'"

Feb,,,,,, (Cool_Dry) .., N

l>Jar~h([Jot-Dry) '" SW

'\pnJ (Hot-D')-') " 'W
l>by (lIot-Dry) H ,
Jutle (Wann-Hurmd) " SE
Jw; ('iXf=n_HwWd) '" "
.AugI'" (lX'.rm-Hum;d) .D SF;
~cp'{"ffibc[ (lX',,,,,,-1 [nm,J) H SE
OClObe, CW'am,.H,unid) H ,
,':o"ember (lVarm.HumiJ) U NW
Dooember (CooJ_D')-') 1.5 N\\;i

2.3 Problems in Designing in the Hnt-Hnmid Climate

'lhe hm-humid climatic zone is ~hara~tetizcd by high ambient temperatures, high

hUffildity,high and fairly evenly distributed rainfall, small diurnal and annual variation, of

temperarnre, little seasonal variation, light wind" and long periods of slill air.

The phpi"logical thermal requirement3 and hence the building charncteristic3 are the

Same for the whole year, as the seawnal climatic variation, are low (Yeang, 1990).lhe

main GaLL,eof discomfort is the subjective feeling of _,kinwerness (Koenigsbcrger (I ai,

•



1973). Continuous vcntilation is, therefore required to ensure a sweat evaporation rate

sufficient to maintain thermal equilibrium and minimum SW~""taccumulation of th" skin.

R",liation suw heat gain should be prevcnted.

The hot-humid zoncs ptesent two problems to designers:

• Avoidan~e of e"cessi,"e solar •.••mation, and

• Provision for moisture evaporation by breezes.

To cope with these, the structures and settlements need to be built to allow free aU:

mo,-ernent. The roofs need to be insulated and provided with large overhangs to protect

apinst sun and rain.

Under hot conditions, the thennal controls in the building should,

• Prevent heat gain.

• Maximise h,'at 10"

• ReIno'-e any exec", h~""tbr mechanical or p""iye cooling.

2.4 Conclusion

Although for mu,t of the pcnod, overheanng is a major environmental concern for

Dhaka, the n.ture of the problem is dictated by the combination of th~ en'~H)"mentai

factors in the ambiance during those periods. from March to May there 13 high aIr

tetnp~r:HLll"eassoci.1ledwith "'gh sohl[ radiation, while from June to October, concin;oos

,,--ith high humidi,y is as'ociated with high air tempetflmre. So from March to May,

reducing the impact of solar tadiation can potentially modetatt: the oyerh~ated condition

and optimizing shadIng can playa vital rok towards moderation. "ot a tropiC'll wann

humid dimate like Dhaka city the minimrun solar heat gam with the help of adequate

shading is th" major ~onsiJerations to achic,-e thermal comfort.
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CHAPTER: THREE
TAll.. BUILDING AND SOLAR HEAT GAIN



TALL BUILDING AND SOLAR HEAT GAIN

Incrca,cd land value, limitcd urban acc",_,ibility, expanding urban population,

globalization of national economy and locational preferences of busincss m.1ke the mll

building inevitable. In addition to accomm<>dating lJving space for the purpose of

habitati<>n, tall buildings ate now extensively u<"d as working 'p"cc. Although the

principle, of designing with climate are rel.nvdy advanced for low-rise and rmd-nse

buildings, adequate attention and rcscarch yct to be directcd towards the tali building

type (Ycang, 1990). A brief discussion on t~tl =d high-risc buildings, with special

reference to thci, climatic characteristics has heen presented in the follo",-ing section,.

3.1 Tall Building

3.1.1 Definicion

The expcm Jiffer in defining thc physical pa.rameters of tall buildings. Accotding t<>the

Council for Tall Building. "nd Urban Habirat (CI1lUH), a tall bwlding is not strictly

defined by the number of stones or its height. It also depends upon the context in wruch

it stands. CTHUH dcfincs tall building< as " building who,e bllilt form, by virtue of its

height, requires its own special cngineering systems (Yeang, 1997). The important

criterion i, whethcr or not the design, use or operation of tIle building is influenced by

30me a3pects of tallness.

A, stated by fili Atttl in ru3 seminar P~l'er in 'fOurtil World c.ongress on TaIl Building'

2000 and beyond' David Fishcr defines the tall buildings ~s We build tall building3 of

nL"<,:,,,,ity;hOI"wc build them is a reflection of society. Tall buildmgs do not have to be

beautiful, they ,imply must be functional; ," it is the degr~~ of our concern for their

beauty that sences as a measutt of Ol\[ humalllty' (Atria, 1990).

According 10Ken Yeang (Yeang, 1997)," tall buildJng can be cha.t~cteristics by

a) A small foot-prim in comp~ti,on to its total built_up 'pace

b) Tall facadcs due to il<he'Bht

c) Small roof-area in comparison to external-wall area

d) Special enginecring 'yMcms, dIfferent ftom the low bwlding

type simply h~cau'c of it, height.



"

According to Taunath, to define taU building from structural a'pec!s, from structurnl

design and construction point of view, it is simpler to consider a building tall when its

structural analyses and design arc in wme way affected by the lateral loads ([aranath,

1998).

3.1.2Justifications for Designing wich Climate

Ken Ycang (Yeang, 1990) justifies the reasons [or designing the lftll buildings with

climate very dearly. The most ub"ious justification must be the !<>wccingof costs as "-

result of lowering the energy consumption in the operatiun of the building_ Thi, carl be

by as mud, "-, 4D% of the o>"crAllhEe-cycle energy costs of the bu..ilding.Significant

sa,"ings in operational costs would justify incorporation of c1inllltically-rooponsivc design

feamres despite a higher initial capital CDnstruction costs.

Another ratio""l" is from the impact on the user> of the tall building_ The dimate-

Ic'ponsive lill.lbuilding would enhance its mcr>;' ac,thetic well-being wlule erulbhng them

rn be aware of and to expetience th~ external climatc of the place. Tho climate-

respon,ive design would ptu,~dc the building's uScr' with the opportunity to expenence

the external c<lvironment (and the diurnal and ,easonal change, where existent) and avert

the blindness of spending their worlung bour- mcer a significant part of their dflYin an

artificial em-ironment that Icmains constant through'Jllt the year.

A fullher juStlficfltion is the ecological one, Designing with c1Jmatew"uld re,ult in the

reducnon of the overall energy consumption of the building by the use of passi,'e

structllnll devices (i.e. non_mechanical), Cost sflving' in the operational cosl, mea.n, less

use of elcctrical ellergy resource, which i, umally derived from the burning of lion

reo,"';ablc fossil-fuels. 'The lowering of energy consumption would further reduce the

O\'emll emission of wa,te heat thereby lowering the O\'erall heat-island cff~ct on the

locality.

:U.3 Fa"ade Design of Tall Buildings in Tropical Climate"

In pa,,uve low-energy tall building deslf,!l, attention ,hould be given to the facade deS1J;ll.

For low v"lllme-t0-surface muo, tall buildings have more external surface thall same

volume of low nse bmlding, In case of tall bUildings, genernlly facade, d" not get mutual



shading from its surrounding like low rise buildIngs. TIm!', why; external surfaees of tall

btuldings should be designed flSan environmentally-responsive filter.

'Ine fa'i"'de shuuld be multi-functional in its design_ For in,tance, it can provide for

ttdllcing solar heat pin to the space through external shading devices, fresh :ur

ventilation, fleousllc barrier, mainterulflce flccess and" contribntiun to the 11l1ilding's

aesthetic_

Tall buildings are exposed more directly than others to the full impact of external

temperature, and direcl sunlIght. The greatest source of h""t gain in the tropIcal climate

C<lnbe the solar radiation entering through the window. This solar helll gam can be

reduced by using shading de"ices. 1bese shading de"ices cut the huge solar heat gai"s

dir~ctly through window. TIus enables the designer to use dear-glass, to give bett~!

dayllght entering the i"temal ,paces, which then "duces the lighting energy-load (Yeang,

1997).

3.2 Solar Radiation

Solar radiation influence, rhe indoor thermal climate by direct heating on penetrating the

windows, and imhrectly by heating the external envelope of the btulding. Heal flo,",

through the wall and roof then determinc. the i"door slltface and air tcmperaturcs_ The

effect of solar radlahon o" imcrnal remperarures, as mcntioned at th~ beginning, may be

divided mto two parts: 1) t~e effect on the temperanlfes of thc cxlenlal surfaces and roof

and the n"ulting heat £low and mdoor heating, 2) heating caused by penetration of

radianon thTOUghgla>cd or "pen areas (Gi,'oni, 1969)_

Solar radiation is an c1ectromagnetic radiation emitted £rom Sun (McMullan, 1992). lne

Spectrum is broadly divided into two regions i.e. the visible radiation and non-visible

radi.tion. Solar radiation leaching the earth's surface consists of about 47 percent visible,

48 pecccnt shurt-w:n-e infta-tcd (heat), and .bout 5 percent ultra ,",olet radiation

Q .echocr, 2001).

Sunlight contalllS no heat, both in the visible region and in the non-vi.ii,1c region (mainl)'

infra-red with some ultra-violet) in about equal propomons. It i, onl)' when r~diation

faU, on "<lIf"ce, that it is converred into heat. The non.vi,ible part of the spectrum often



referred to as 'thennal rndiation', implying that only this part is the cause of heating. But

the v;sible part still came" half the energy that potent:iillly can become heat (Steemcr< ,t

a~2002).

3.2.1 Visible Radiation

1he wavelcngth, Df c!cci;tomagneric raru.tion that arc visible to tk cyc range from

approximately 380 run to 760 nm [1 nanometre (run) i, 10-9 meter]. If all the wavelengths

of light arc seen at the same time thc cye cannm distingmsh thc individual wavelength,

and the brain has the sensation of white light (McMullan, 1992).
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Figure 3.1: Electromagnetic spectrum (S,"",: M~\I~llan,1912).

'OC'lutelight lS the effect on sight of combining all the visible wavelengths of light. W'lute

light can be sepamted into irs component wavelengths. One method is to use the

differcnt refractions of light that occur ill a gbss prism. The ICSUltis a ,peetturn of light,

WillCh15 traditionally dcscribed in the seven colour, of the rainbow although, in fact,

there i, a continuous range of hues (colours) whose different wa"elength, cau,c different

sensallons tn the brain. Monochromatic light is light of one particubr wavelength and

colour If the col"u," of th~ spectrLltn are recombined then white light is again rtOdll~cd.

V~r}'lng the proportions of the individllal wlow:s = produce differcnt qu.alities of

'white' light.



3.2.2 Non-Visible R2diation

Electromagnetic radiations with wa\'clengths outside the range of visible wavelengths

cannot, bv definition, be detected by the human eye. However, those radiations

imlnedlately auj,""cnt to the vi'llhle range of wave lengths are emitted by the Sun, along

with light, and are often relev<l.ntto lighting processes (McMullin, 19<)2).

Infra-Red

Wavelength range of infra-red i, from 760 om to above. Infra-ted (IR) rauiation has

",ave1engths slightly greater than th""e of rcd light and can be felt as heat ndiation from

the Sun and from other heated bodies. Infra-red radiation is made use of in radiant

heating devices, fOTuet~-ctingpatterns of heat emissions, for 'seeing' in the dark, and for

conunurucation links.
, ,
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Figure 3.2: Sol"" "pecrrum (.f"""", of",,,,,,,, t1 at, 2OO1f

Ultta- Violet

Wavelength range of ultra-violet i, below 380 nm. Ultra_\.;olet (lIV) radiation ha,

wavelengths "tightly less than those of violet light. 11i, emitted hy the Sun and also by

other object, at high t~-mpctature. Ultra-violet radiation helps keep the hody healthy hut

excessive amounts can damage the skin and the eyes. The composinon of the Earth's

atmosphere nonm.lly protects the planet from excessive UV radiation erniued by the

Sun. Ultra-violet radiation can be ",,~-d to kill harmful hacrcria io kitchen" aou in



hospitals. Certain chemicals can convert UV energy to visible light and the effect IS made

use of in fluores<::entlamps.

3.2.3 Direet, Indirect Solar Radiation

Solar radiation is a domin.ting influence on all climatic phenomena. Of the total energy

r:ad.tlted by the sun 1O",,,rds the earth, p"rt is reflected off clouds outwards, part is

absorbed by water v~pour, po!lut<lnts, dust particles and other ~ttnnspheric conditions,

belftg re-emittcd as diffuse radiation, and the rest of it is dIrectly transmitted to the

e"rth'" surface.

Figure 3.3: DiTect, indiren sola, r:adifltion (fijier AlJ""", /987)

W'hereas direct radiatIOn is dependent only on the altitude of the sun, and is independent

of gcogtaphi",,1 position, diffuse radifltion varies with the time of the day, the weather,

the cloud cover and the portinn of the sky ftom which it is received. AccordIng to Jones,

no specific Jit~'<::ti()ncan be assigned to diffuse radiation and therefore there is no

directional sha.dow a"ociated with it. Diffuse radifltioll also varies with solar alnrude, as

direct jnten.itie< reach their highest v"lue. at midday, and there IS much more radiation

a\'aihble for scattering than when the sun is low in the sky (Reported in, Ahmed, 19H7).

3.3 Solar Heat Gain

The heat g:>inin a builrung by raruatio" from the Sun depends upon the following factors

(McMullan, 1992):



• The geogro.phieal htimde of the site, which detemllnes the height of the Sun in

the sky.

• The orientation of the building on tho site, such as whether COomsare facing

south or north.

• The s=,on of the year, whieh al,o affect, the height of the Sun in the sky.

• The local cloud condition" wluch can block sohlr radiation.

• The angles between the Sun and the building ,urfaces, because maximum gain

occurs when surfaces arc at right =gles to the rays frOIn the Sun.

• 'Inc nature of the windo"" glass and whether it absorbs or reflects any radianon.

• lbe nature of thc roof and walls, becau,e heavyweight rnaten.is beha,'c

differently to hghtweight ntltenals.

Solar radiaHun falls on a sllfface varies throughout the day and the year. Most ;olar heat

gain t<l buildings IS by Meet radiation through windows. Thc In~xilnuln gains through

south-facing winduw, tend to occur lfl pre-monsoon and po,t-monsoon period when the

lowcr angle of the Sun e.use, radiation to fall more dIrectly onto vertkal surface,. lne

solar heat gains for a parl1cL1hrbuilding at • 'pecific time are relatively compheated to

calculate, although it IS important to do w when preructing summer he.t gains In

cutnmerdal buildings.

-
Figure 3.4: Typical proportion, "f incident s"lat raruation, reflected, absorbed,

transmitted ~nd rctrammitt<:d by glass (;,,,,,,,Stlli/hela/, 198Z).



1be solar radiation falling upon a de"" glass surface is rcflected, ab,orbed and

transmitted in proportions simila:r to those iodic:lteci in Figure 3.4. These quantities

depend upon the angle of mcidcncc (i) and the proportion of direct and diffuse radiation,

The angle of incidence (i) is the angle rnea,ured between the incident light beam and the

nonnal to the plane of the glass (Smith ,I ai, 1982).

The absorbed radiation heat, the gla05and patt of this heat reaches the room surfaces by

convection and radiation from the inside surface of the gla". 'lbe .omr heat gain is

obtai'lCd by adding this in",=ds rdea.ed heat ro the directly transmitted cnmponent of

the incident solar radiation. Ab.orption of this solar heat gain by the internal surfaces

rai<es their temperature. TI,ese hcated ",,,faces behave a' low temperature, I"ng wave

radiators. Since glass transmits sh"rtwa,ce radiation in the range 0.3 to 2,8 fUll but is

opaque to long wa'-c radi~non from l"w tempernture surface" the solar hcat gained is

tr~l'ped within the endo,llIC causing .n internal temperature ris,.. -nUs phenomcnon,

frequently referred to as the gn:cnhouse dfect, may give rise to solar oyctheating. He.t

gain is directly proportional to the arc~ of glass expo,ed to ,olar radi.tion ~nd therefute

large gla7ed areas will pennit a large and rapid heat gain.

3.4 ConclusioD

lbe extemive use of glazing in the building fao;ades i, one of thc charactenstics of

modern architecture. Thi3, and the lDcreasing use of lighm.eight sttucOlre3 has cau,cd

conSIderable changes in the relatiunship bet\ve~n interior and ambient climates and the

problem of oyerheating has bccome a maJur concern. To face this problem, in rno,t of

the cases mechanically cooling system 1S the solution. But this becomc; ~ hLtlden on total

encrgy load of thc country. Thc idea of a cUma!e.responsivc tall building-tllill' change the

preference to one away from the present fWly arnficial working cnvironment. TaU

bwlding' designing with ditrulte arc evidently justified on the ground of recurring savings

in coS[ and eneTgy use in the operation of the building.
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CHAPTER: FOUR
SOLAR CONTROL AND SHADING DEVICES



SOLAR CONTROL AND SHADING DEVICES

Tall buildings ""e exposed to the full impact of direct ,ob.r ",furion, which is the greatest

SOllICeof heat gain in the tropical climate. Heat gain through window i" direetly

proportional to the :ttL""of glass exposed to solae radiation and therefore large glaud

areas permit a large and rapid heat gain_Shading i<a key stnltegy to reduce solar heat gain

in overheated p<:riOO,.The most efficient solar control is provided by external shadJng

devices. This chapter presents a brief di,cussion on methods and principlcs of ~obr

control emphasising on external shading dC"-1"e,. It helps to develop a dcar

llndefSt:1tIdmgof thc i,,"CS involved for the further dL'vdopment of deSlgtJ strategies of

shading devices in the bter sections of this work

4.1 Solar Control

Direct solar radiation can be pr<:,"<:ntcdfrom reaching all or part of the wall." te)Ofor

WIndows of a building by the use of shading. Shading can be provided by namrnl

vegetation, neighbouring buildings or the surrounding bndscape. Shading devices on the

btulding (fixed or m<lVable,the latter being manu.lly or automatically controlled) can

pTe,-em direct radiation reaching critical part" .'uch as windows, doors and ""en roofs_

Indir<:~t sobr gmn from the sky, or reflected from the surroundmg buildings or the

ground and air heat<:d by irradiated sw:faces also enhance significantly to tbe cooling

load.

4.2 Method ofSol.ar Control

The greatest source of heat gain can be the solar rndiation entering through a willdow.

Tilli could, in fuct, increase the indoor tcmperature far above the out-door air

temperature, even ill m"dtr~t<: climatcs, which is known as the 'greenhouse effect'

(Koenigsbergcr d a~1973). Window gb-,,,es are prnctically transparent for short-wave

infra_ted t"~diationemitted by the sun, but almost opaque for long_"''''c~ r~diatio" emitted

by objects in the room. The consequence of thi, i, thot the ramant heat, once it has

CIltered through a window, is trapped inside the building.



There arc four methods available for the reductioa of sobr h~t gain through windows:

1.Window Orientation

2. Interrutl blinds, curtains

3. He.t absorbing/reflecting glasses

4. External shading device.

4.2.1 Window Orientation

Building orient.tion affects thc indoor clim.te in two respects, by ll5 regulation of the

influence of two dJstinct climate factors (G1VOru, 1969):

a. Solar radiation and il' heanng effect Oil walls and room, facing different

directions.

b. Ve[\nlation problems assod~ted with the relanon between the direction of the

prevailing ",--indsand the orientation of the bWiding.

TI,e effect of window orientation on the indoor tempmtutes is largely detemuned by the

ventilanon con<1iti"m and the degree and efficiency of the ,,--indow ,hading. 1X'hen

,hading is not effective, solar rndi~tion emets through the windows and directly he.!s d,e

building interior, the t<ompernrures of whkh will obviously be influcnced by tk

orientation of the ,,--indow". The he.ting effect of ",lar energy penetrating a glazed waH

or elosed unshaded ,,--indowsi, magnified, as the energy i, trnndom,ed in the e"tenor or

by longwave rndiatinn, to which the glass is opaque.

In the equ:itorial location, if solar he.t gain is to be avoided, the main windows should

f.ce north or south (Koeni!5'berger ,till, 1973). At higher l~titude, an oriem.tion aw.y

from the equator would receive the leaS! sunshine, but here it m.y be desirnble to have

some sobr heat gain in the winter, when the SUll i, low - so .n onentauon to""-,,,ds the

eq=t<>r m.y be prefernble. In both lootion, oniy minor opening; of unimportant r<loms

should be placed on the c~~t and west SIde. Solar he~t gain on the west side can be

parlicl1larly troublesome as its maximum intensity coincides with the hottest part of the

d.y.



4.2.2 Internal Blinds and Cunains

From an e?ergy-rejection point of VICW, the external shading devices are the most

effective. But for a nun,ber of practical reasons, the interior devices, such as curtains,

Toller shades, venetian blinds, and shutters, are also very important. Interior devices are

often less expensive than external shading devices, Slllce thcr do not have to resist the

elements_ They are also ,"cry adjustable and movable, whieh enables them 10 ea,lly

respond to changing requirements, Besides shading, the,e devices provide numerous

other benefil', such as privacy, gl,.,-econtrol, insuhtion, and interior aesthetics (Lechner,

2001).

~ince internal devices are usu~lli' included whether or not external devices are supplied,

we ,hould use them to our advanmge. They should be used to ,top the sun when i[ olit

flanb the exterior shading device,. They are also useful for those exceptionally hot day>

during the transition or under heated period" of the ye"r, wkn exterior sh~ding is not

de,igned to work. In the fonn of venetian blinds or ligh[ shelves, they c.n also produce

fine day lighting_

CURfAIN

'I'I' :, I

ROI.! ER
SHADE

SHUTTER

Figure 4.1: Interior ,hading device, for solar control (fe=<' u<'h.". 2001),

One uf the main oowbacks of interior shading de"ices is that they atc not o.l",,,)'s

di,cerning. They cannot bluck the sun while admitting the view, something that can be

effectively dOllc with all external overhang. Smce they block the solar rndiation on the

lllSjdeof the glazing, much of the heat tttllilins indoor>_



It is true that they stop the passage of radiation, but they themselves absorb the solar

heat and can reach a very high tcmperamre (Koenigsbergcr et aI, 1973). 'lbe absorbed

heat will be portly com"ected to the indoor air and partly reradiated. Significant portion of

this reradIation i. outwards, but as it is of a long wavelength, it is stopped b)' the window

gla". The usual narcow space between the window and the blind will thus be quite

substantially overheated. lbe hot surface of the blind causes the indoor MRT to rise far

above the air tomperature.

As a broad generalIzation the dail)' avero.ge solar gull factor of a single glazed window

will be:

tl == 72% without an)' solar cOlltrol device, and

tl = 55% ",th an internal venetian blind Ii.c. tho reduction is oaly 1 7% I

4.2.3 Heat Absllrbing/ RcOccting Glasses

E,"en the cleare.t and thinnest glass does not transmit 100 percent of the inCIdent solar

radIation. The radiation that is not tran.mitted is eIther absorbed or reflected off the

surface. Tho amount that is absorbed depends on the r)'1,eand thickness of the glaZlflg.

The amount that i, reflected depends on the nature of the surface and the angle of

incidcnce of rhe radiation (Lechner, 2001).

One lype of tinted glazing is called heat absorbing because it absorb, the shorm'"ve

infra-red paT! of ,olat radiatiol1 much more than the visible parI. But e\/el1 this type of

glazing reduces the solar heat gail1 hy o"ly a small amount. Although tinted glazi"g

redllces the light transmission, it usually does not <.k~re""ethe heat gam by much bec.use

the absorbed.radiation is then retad..iated indoors (Givoni, 1998).

Glazing also blocks solar radiation by rdk"tinn. '!be amount of solar radlation that is

refle~ted from glazing can be increased signifiC:lntlyby adding" reflccti,cc co.ting. One

surface of the gIaZillg is covered with a metalli~ ~o.ting thin ~nough that some solar

radiatiol1 <tiUpenetrates. The percentage reflectance dq,ends on the thicknegs of thi,

coating, and a mirror is nothing mote than a coating that is thick enough '0 that no light

is transmitted. RefleCTIveglazing can be extremely ~ffe~tive in blocking ,olar radiatio"

while still allowing a view.
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Figure 4.2; Heat gain through different types of glaz;ng rl'••""..whn<r, 2/J01).

Wben reflective gla~ing became anilable in the 1970" it quickly becam,- popu1lr for

se,-era! reasolls. It blocked solar mdiation better than heat.absorbmg glass, and did "0

",i,h out any color disf<>rtion.

Ahhough tinted and [dleetiv~ gmzmg system>;cao be effective ,h~diog devices, they are

1ret}'undiscerning. They do not differentiate betweeo hght from thc "Un and ligh, from

the view. Th~i' filter out hght whethcr J~ylight is dc,ircd or not. And they block the

desirable winter sun a, much as the undesirablc summer sun. Thus, tinted or ref1ecnve

gla7ing ;, not appropnate wh~tc either day lighting or sohr heanng 15desired. It ;, al,o

not ~I'prol'nate when only thc ,'1<1 should b~ excluded, but not the view. \Vhen gla"ing i,

cxpccted to do all the shading, it has to be of a vcry low llilnsnutUnee typc. Th~ ,~~w

through thts kind of gb7ing tru\kes even the sunn;e,t day look dark and gloomy. The",

~xtema! overhangs, fins, etc. which are ,nore discerning, are usually still the be"t ,hadi"g

devices. Tinted or reflectiH gla7.ing is ~xcellent, however, for blocking diffuse sky

radiation in vcry humid regions, and for glare wntrol (Lechner, 2(01).

When daylighting is desired and sohr hcating is not, having the ,~sible component of

solar udistion pas" through while heat radiation is blocked would be advantageous,

Certain "specially sckctive" glazing- systems elln do that to a limitcd extent:. Sp~c;..l1y

selective low-e-glazing transmil, cooler daylight than other glazing materials, I",cause it

tr~mmits a much hJgher rati" of visib1c_l:(>_infraredradiation (G1VOru, 1998).

In the neat flltllre, ther~ might be even bcttcr gla~;ng system than th~ "selective" types

mentioned above. 'Il,ese are known a" rcsponsive glazing "ystems because they change in

response ro light, heat, aud c1ectricil}.



Responsive gla"ing can be either the passive or the active kind. Passive glazing respond,

directly to environmental conditions, such as ~ght le;-el or temperaUlre (photochromics

or thennoch:romics, resp,-.'<:tivcly).'lhe active system can be controlled as needed and can

include sllch dc,'ices as liquid crystal, dispersed panide, and e1ectrochromics.

Phol.,hm",i,,: Thcsc materials change their transparency in response to light illtenSlt)'.

'lhey are ideal for autr>maticaliy controlling the quantity of daylight allowed into a

building. 1he goal is to let in just enough light to eliminate the need for electric lighting,

but not "0 much that the cr>olingload would increase.

Th",no,hromi,s-. Thesc materials change transparency in response tu temper.llure, They are

transparent when cold and rdkctive, white wh~n hot. lhey can be used in skylights,

where the los> "f tran3parenc)' all a hot d~yi, not a problem ~, ;t ,,"ollid be in a,,,,,,,"'

window. These materials <.:ouldalso be used to p",,'ent passive 3ystems from o,-erhe::tnng

in the summer

liquid-Crystal G/m(jng: 'When electric power;3 applied, the tran3parent liquid crystals ahgn

and become translucent. lhus, liquid-cry,tal glazing has ,om~ applkat10n for sllildJng,

but its rca] potential is in pri,-ac)' control.

D/spm,d-Pm1id, Cla,,'ng: Although similat to liquid-crystal g!a"ing, this material i, more

promising fot solar conrrol because the applied pOIN-ercan change the transmittance of

the material in a range between clear and dark stateS, thereby pre3ernng the view.

Ekcfro,hrom/(' G!a:;j"g: ThJs is the most proIlliilllg material be~au"e it can change

transl'arcnc)'-not ttansluc=cy--conlinuously ovCt a wide range (about 10 percent to 70

pcrcent) and can be easily controlled. Consequently, either a computer, a photocell, a

therrno'tat, or the occupant c= adjust the transparency as the local conditions require,

4.2.4 External Shading Devices

Blocking the sun before il rcache3 the buildJng, patticularly the glazed, but also the

opaque surface3 (mcludmg the r"of) and rdlccting the ""lat radiation, i< fundamental to

the pre,-ention of heat gain (GouldIng, 1992). The appropriate chOlce from a wide range

of fixed and movable shadIng 3j'stem3 will depend on location, orientation, building type



and the overall coohng, heanng and daylighting strategies adopted in the design pha,c of

the building.

\XIhil~shading systems must proVlde good solar protection in sununcr, they should not

reduce solar g:ll1lSin winter, OhSlrtlct n.tumllighting or impede natural venti.Lltion. Wdl

designed shading Si'slems can actually ~nhance narura! ventilation and daylighcing.

Shading systems can block the d1r~ct component of solar radiation but are usually not '"

effective in reducing the diffuse and rdkcted components.

4.3 Shading Devices

Once the window size has been e"ab1i<h~d the mo,t effective method of reducing sol::u:

heat gain i, to pt~'vent the transmission of shortwa,"e radian',,' rhrough the g11ss by

external ,hading.

"Ihe effectiveness of a lypical g11zing and shading "ystem my b~ mea,ur~d in tenns of

lh~ solar gain factor. '1his is the proportion of mcident ,,,lar radmtlon transmirted by the

v,'indow and shading devlce to the intenot of an enclosure. The solar gain factor for an

ungb.2ed unshaded aperture i, uniL Thi, factor decrease' a, the shadJng system becomes

mote dfc"ti •.e in reducing so11r heat gain (Smith ,t aI, 1982).

The requiremenL< for daylight and v£I\olaoon may well conflkt with the need to provide

shadmg devices to control ;olar heat gain, reduce glare and prevenr direct radiation

falling upon the occupants of an enclosure. Traditional heavyweight building with ,mall

winduws is unlikd)' to ~xperience the sobr ovcrheating problems, which may occur in

the excessively glazed Lightweight mod~m office block.

4.3.1 Objective of Shading

Shading the gla" aff""t< the qnantity of incident radiation and hence modifies both the

heat £low to the interior and the indoor temperatures, It is useful to 'lOtout the purpo,e

of .hading in ,orne detail (Steemers ,I a!, 2002). They are mentiooed as follows,

• To minimJ,e the total solar enngy entenng a room and thereby reduce the average

tempet::lture of the room



• To prevent sun.!Jght from falling direedy ont<) occupants, resulting in an efb;ti,"c

i"crease of temperature of between 3°e and T'c

• To reduce the local ilillmination of sutfaccs that may present glue sOutees to the

oeeupanl'

• To prevent the view ofbrighdy Iit.outside surfaces, or douds, or the sun it.df

4.3.2 Types of Shading Devices

Shading devices arc broadly ebssified into thtee categories based on its intcgruuon ",ith

the window (Gouldmg, 1992; Steemers " p/, 2002; Lechner, 2001). They are classified

again withi" these catcgones by theit morphological charaetenstic. and physi",,! forms.

The broad Cltegories of sha<ii"g deVlces are:

• Retractable or removable shadi"g dence

• Movable or adjustable shadmg device

• FL,<edshadmg device

Reuaclable Shading Device,

Retractable rn~a"S that these elements can be completely or partially remo,'able from the

window aperture (Steeme" d of, 2002). It is important to oote that ,hading devices of

this type do not influcnce thc a"illlability of daylight in the room. That is, thcy will not

mfluence sWltch-on time, becau.c at times of low ught a'.".1Iabiliryd,ey can be removc-J

from the a1'ermre. Clearly this property reconciles the conflict between allo"•.ing useful

light in "nd keeping ullwanted radiation out. Jf correcdy operated, <kvices of this type

will not lead to an IDcrca,e in artificial lighting energy.

Movable Shading Devices

i\tm"able shadlng is used extetrlaU}'or internally. Control can be either manual or power

a"i,too ~lld tmly be automated to respond to ch=gIflg condition" sLlch as current

,..~diation lenl, ~nd daylighting or thermal requirements (Goulding, 1992) .• The

eonfigut:ltion of O1'"",[,le shading device, can be ch.aged, and therefore their

performance Cln be much bette[ than that of fixed devices. Howe...-er,their position has



to be adjusted, dillll' oc seasonally, to the changing patterns uf the sun's relative morion

and the ,hading needs (Givoni, 1998). They usually need maintenance to keep them in

good condition,

;. ",', " -,
,

Figure 4.3: Some of rnonble shading deVlces (5,,,,,,_I~d;n",2001).

The mov~rnent of ,hading devices can be very simple or very complex. An adju,tment

twice a yea, <;anbe 'Illite effective and yet simple. I.ate in spring, at the beginning of th~

overheated period, the shading d~vice" would be manually ~xtended. At the end of the

overheated period in late fall, the device would be retracted for fllll solar ~xp"sure

(Lechner,200l).

Then:: i. a general convlcnon that ,ince a building should he as low maintenance as

possible, movable shading d~vicc, are unacceptable. The use of existing technology and

careful detailing c.n ptoJllce trollble-free, Jow-m.intcn~nce mm"abie shading devices_



Fixed Sbading Devices

Fixed sbading _'y'terns include structural elements, such as balconies and projecting fins

or shelve' =d non-structural clements, such a, canopies, blind" 101lvers=d screens.

The onentati(m and shape of the opening to be shaded, relative to the p",ition of the sun

at differ=t rime, of day and year, i, critical to the de,ign of fixed systems (Goulding,

1992). Each orientation will need to be eX:unlled separately, taking account of direct and

diffuse or reflected componcnt!; of the overall solar radiation throughout the day and

ycar. Typically hoti~ontal shading i, u,ed for south facade" whereas '-crtica! or diagonal

fio, or louvers are often more efficient on the east Or west facadc, in northern

hemisphete.

Fixed ,hading systems ate most commonly used on thc external facades where they ean

prevent direct radiation from reaehing gla~ing or other openings and where heat

ab,orbed by the shading system can be russipated to the outside aIr. An ob".;ous

advantage of fIxed shading is that 1t need, no handling by th,' occupant, and is often

maintenance frce.

Fi.,ed shading devices are of three types bascd 0" their physical form, (Koenigsberger "

aI, 1973; Givoni, 1998). They ate horiwntill shading dc".;ce, \'ertical shading device and

combination of d,e two (eggcr~te), A brief di,cussion of these three til'e, of fIxed

,hading devlces are pre,enteu below:

Verlical devices consist of louver bL,des or projecting fins in a vertical po,irion. Narrow

blfldes Wlth c1o,e "pacing m"y gtve the same ,h"dow angle as broader blades with wider

,pacing (Koenigsberger ,t af, 1973). Vertical fin, arc often presented as the shading

dc'~ce, of choiCe for east and we,t.

\'erlical fins can be appropriate either when there is a desire to control the direction of

view OT when the ,ciew is not lmpottant. This type of ,kvice is most effective when the

sun 1Sat one side of the ekvarion, such as an ea,t~rn or westero elevation. A vertical

device to be effective when the sun IS oppo,ite to the wall comidered, would have to

gi,,'e almost complete cover of the whole window.
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Figure 4.4: Some of fixed sh~ding devices (5",m:1-,",.,",2001).



Holi'(!'nfal Shading V,vim

The horizontal overhang; and its variations are the best choice for suuth facade. Because

they are ditectionally selective, thc)' can allow thc luw wintcr Slln to enter while fully

shading the rugh summer sun with minimum obstruction of the view.

Horizuntal louvers have " number of advantages over sohd overhangs. Horizontal

louvers in a horizontal plane reULlce structural load, by aHowmg wind to pass right

through (Lechner, 2001). In the summer, the)' also minimize the collection of hot alI next

to the windows under the overhang, H0t17"ntal louvers in a vertical pw.ne are

appropriate when the projecting di.mnee from the waHmust be hnuted. This could be

important if a building is on or ncar the property line. Louvcr< can also be useful when

the architecture call. for small",calc element>;and a rich rcxture.

W'hen designing an overhang for the SOLlthfacade, une must remember that the sun

comes from the southeast before noon and from the southwest after noon. Therefore,

the sun ,,"11 outflank an overhang the same WIdth as a window. Narrow windows need

either aver}' widc ove,hang or vertical fin, in addinon to the ovcrhang. Wide strip

".;nd,,,,",,Me affected less bl' this problem.

Horizontal devices will be the most effective when the SUfl is opposite to the building

face considered and at a high angk, .uch as for north and south facing walls

(kocnigsb.rger ,I ai, 1973). In summe, the,. can block the tal" of the sun and in winter

they can admit radiation from the sun', l""er posItion. To excludc a low angle sun, this

type of device woLl1d ha,"e to eovcr tnc window completely, permitting a vicw

downwards only.

Egg-ua{,

Eggcratc ,hading devices are mainly for cast and west windows in hot climate, and for

the additionM50uthea,t and southwest orientations in ve,y hot climates (Lechner, 2001).

An cggcrate is a combination of hori7tJntal O,'erhangs (louver<) and ,"erueal fins. By

controlling sun pcnetrati",\ by both the altitude and azimuth angle of the sun, ,"ery

effective shadmg of windows can bc achieved. The De"igncr should first decide on the

general appe~'ancc of the eggcmte system. As far a. sun penetration i, concerned, the



scale of the egger.>te can be chang<:d ,tt any time as long as the ratio of height/depth and

width/depth are kLl't consmnl

4.4 Conclusion

Shading i, a key strlltegy of achieving thenn"l comfort in-the summer. Although.sl",ding

of the whole building is kndicial, slutdmg of the glazed areas i, crucial. Heat gain i,

directly proportional to the area of glass exposed to solar radiation and therefore large

glanxl areas will permit a large and rapid heat gain. Existing heat-absorbing gla"es can

protect only 20% of the total incident radiation and reE!eeti'-e glazing prevents solar

radiation up to 50%. Hence external shading dL-vtce5can be a good answer to control the

solar radiation. The most efficient solar control is provided by external shading de,~ecs,

the design of WhlCh can only come from understandIng the ,01"r geometry. Direct

radialion lS dependent nnly on the altitude of the sun and geographical po,itio". That's

why; direct radiation can be contr"lled effectively by proper external shading device •.
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PERFORMANCE EVALUATION OF SHADING DEVICES

The pcrfotmaoce of shading devices and its impact on solar heat gain Ihrough windows

can preciselybe evaluated by simulation study. Because in rc:l.1ity,due to the sunulroneous

influence of ffilIoydifferent conditions, it is difficult to isolate the =clusWe effect of One

single a'pect or the changes of it. Shadow simulation allows srudy of the effect of

changes in one aspect:,keeping other factor.; constant. The observations of simuhred

behaviour that occuts due to changing parameters allow the identification of clements,

the reduction or introduction of which in the design contribute to solar beat gain.

Another signifiCll.ntachievement of simulation study is that, it is possible to anal}'Sethe

performance of shading devices fot any period of the year simply by asSlgtllIlgsimulation

p"rameter. (e.g. temperamre, radiation, wind speed and direction, rdative humidity and

cloud cuver).

In this chapter, nine tall uffice buildings from different commeraal ateas in the Dhaka

city have been considered to evaluate perfurmance of their shading devices, in term. of

reducing solat heat gain through simulation study on the ba,,;, of set criteria. A dynmtie

computer simulation progtarn named 'Ecotee[' (version 5.20) has been used for thIs

simulation study.

5,1 Selection ofSbading Devices for Evaluation

Before making selection of shading device", tall office huildings are identified on the

basis of cer= consideratioll8 to be discu""ed in the fullowing section. These tall office

bruldmgs are located in different commercial a:rca' in the Dhaka city, such a. Motijheel,

Dillrusha, Karwan bazaar, Panthapath, Banani, Mohakhali etc. After that, buildings were

categorised consldering the typulogy (ba"ed un geumctry) of .hading devices installed on

their front fa~ade. Sketches of window sections with sru.ding device of these buildings

were prepared with detilil construction features, installation technique and geumetric

features. After analysing the sketches, nine sru.ding devices were selected to evaluate

performance in term. of r~-duciugsolar heat gain considering shading device cypology

and similiu:itiesin geometric features.



Tall Building Criteria

Tkn: is nn fixed parameter of height to d~'1lntctall and high-rise building. According to

the Council for TollBuildings and Urban Habitat (CTBUH), the number of stories or its

height does not strictlydefine a tan huilding. It also depends upon the context in which it

stand,. The Council for Toll Buildings and Urban Habiut (CfBUH) considers for

insmnce, tall buildings as being buildings of ten stoteys or m()lC.

a) Walk up limit I provision for lift:

• According to Building construction rules (2006), buildings of seven storicd and

above in height shollhave provision for lift.

• According to BangladeshNational BuildingCodes (1993), lifu shall be provided

ill buildingsmote tban six storied or 20m in height

b) f'ire escape provision:

• ACCOIdingto Fire Service and Civil Defence rules, buildings of seven storied and

above in height ,hall have provision for !'ire e<capel alternative staircase.

c) Structural analysisand design:

• According to Wolfgang Sbueller, buildings with height-to-width ratio abo,"e 5-7

are considered as high_risesttllCture.

In view of the above considerations, in the present context of Dhaka city, buildings

above six storeys ""'y be con.idcttd a' tall buildings.

Selection of Shading Devices

Following the above criteria, eighty-four tall office buildings of Dhab. city were

identified for investigation. Among them, forty buildings are Slmated ar Motijheel and

Oilkusha area; twenty-four buildings at Mob.kh.1i, GuI.han Avenue and Banaru Kemal

Ararnrk Avenue; fourteen buildings at Karwan Bazaar area and six buildings at

Panthapath.

Among these buildings, twenty two buildings have horizontal shading dcvic~>s,eleven

buildings have vertical shading devices, twenty bruldmgs have composite type

(combination of horizontal and venicoI) shading devices and thirty one buildings do not

have shading devices on their front fa"",de.Among these eighty~fourtall office buildings,
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nine buildings ""eft' sekaw 10rv1luo.le performsna of their shading dC\ic"- The Iisl of
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Figure 5.1(a): View of building HOI. Figure 5.1(b): Wmcktw J«tion of HOI.



Figure 5.2(a): Vicw of building H02,

Figure 5.3(a): Vicw of building HO.1.
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Figure 5.4(a): View of building VOl.

Figure 5.2(b): Window section of HOZ.
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Figure 5.3(b): Window section ofH03.

. ,

--.-L-

Figure 5.4(b): Window section of VOl.
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Figure 5.5(a): View ofbuildiog V02.
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Figure 5.6(a): View ofbuikling V03.
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Figme 5.7(a): View of building COt.

Figure 5.5(b): Window "~cnonofV02 .

"Figure 5.6(b): Window "tenOn ofV03 .
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Figure 5.7(b): Window "",,!ion of COl.



Figure 5.8(a): View of building C02.

Figure 5.9(••): View of building C03.

5.2 Performance Evaluation PrlK'C'SS

-

Figure 5.8(b): Window section ofeOZ.

-

Figure 5.9(b): Window section oiC03.

Pcr[onnance of the selected shading devices will be evaluated in terms of reducing sow

heat gam through simulation study ou the basis of set criteria to be discussed in the

following section. Simulation is a powerful technique for solving" variety of problems.

To simulate is to copy the behaviour of the phenomenon under study. It refers to some

reprcscntlltion or model of a system that can be studied in order to understand the

behaviour of the acrnal system itllclfand to tn1ke predictions about the future. It nwolves

devdopmg a model of a system and carrying out experiments on it. It helps am.lping the

effect of phenomenon and their interaction on one another (Suri,2005).



Evaluation process comprise, the following step"

• Setting criteria for performance ev21uation

• Preparing climate database

• Setting simulation parameters

• D",'c1oping simulation model

• Analysing results of simulation

In orJer to evaluate the perfotmilllce of shading devices in reducing solar hcat gain, a

hase-case situation is established by studying the unshaded window (without shading

d~'Vice)during the crincal ,hading period of the year at different orientations.

5.2.1 Criteria for PedOrmance Evaluation

• The percentage of the shade area, given hy vanous types of fixed shading devices

(Gr.-ani, 1969; Steemers et aI, 2002). The percent:lge of the shade areas refers to

pamon of the window area, which is not e"posed to the direct soht.r radiation. 'l his

also reflects the ability of a fixed shading device to protect the window areo at critic21

time.

• Compuration of the shading coefficient, which is the :ratio of the heat entering the

windOl,..-shading combination to that entering an unshaded window. Shading

coefficient (C,b )can be expressed as below.

Heat entering through the window with shading device
C,h =---------------------

Heat entering through the window without shading okvice

Shading coefficients basically refeJo to the fractiun of suht.r heat gain that passes

through a transparent solar aperture compared to the amount of solar nodiation

incident upon it. 'lbe shading coefficient is """pressed as a dimensionless number

from 0 to 1. A high shading coefficient means high solar gain, while a low shading

coeffiillot means low solar gain (Gr.-om, 1969; Gr.-oni, 1998; Steemers ,tal, 2002;

Lechner, 2001).

5.2.2 Simulation Program

Simulations regarding solar perfonnance an21ysis are carried out using building an21ysi.

software 'ECOTEcr v5.20'. It feature" a Ul;cr-friendly 30 modelling interface fully



integrated with a wiokrange of performance analysisand simulution fuuctions. lbe visual

nUme of calculation feedback makes 'HCOTEer' unique. "lbe process can be started

with a detillled clim&ticanalpis to calculate the potential effectiveness of various passive

design techniques or to optimise the use of availablesolar, light and wind ",sources.

lbe original 'ECOTECT' eoftwate was written as a demonstration of some of the ideas

pref>erltedm PhD thesis by Dr. Andrew Marsh at the School of .Architecture and Fine

Arts at The University of Western Australia. The software has undergone some major

changes since then. Venion 5.2 build. significantly on the functionality of prcviou..

versions introducing a range of new anal)"'i. functions and real-time hidden line and

sketch visuali7.ation.It also refines some of the major algorithms, such as the thettn.aland

daylight factor calculation•.

ECOlECf provides a range of thenna! and sow perfotrllilnce analysis options. At its

core, is the Chartered Institute of Building Services Engmeers (CmSE) Admittance

Method used to derennine heat loads. The Admittance Method is widely used around the

world and has been shown to be an extremely u."ful design-tool Tills thermal algorithm

is vcry flexible and hill;no restrictions on building geometry OI the number of thennal

zones tbat can be simultaneously analyzed. Most importantly, with only a few pre-

calculations for sbading and ovenhadowing, it is veJy quick method to calculate and can

be used to display a wide range of very useful infonnanon.

Whilst in summary it is a simplified method, the Admittance Method encapsulates the

effects of conductive hcat flow through building fabric, l1lfiltration and ventilation

through openings, direct solar gains through ttanspattnt materials, indirect sow gains

through opaque clements, internal heat gains from equipment, lights and people and the

effects of inter~zorutlheat flow.

Nicki Taylor validated ECOTECT as part of his research work for the degree of

Bachelor of Engineering (Hons.) from Department of Environmental Engineering at

Univen;ityof Wesrern Australia in 2002. He showed in his r",'carch that the mean error

of the estimated results is lcss than 2%, indicating a reasonable degree of accuracy

(Taylot,2002)_



5.2.3 Climate Database

The dinute database stores files containing hourly weather data. The weather fiJes
,upplied WlthEcotect cover different regions of the world and each represent, a typical
year's wcather fin a particuhr region. The weather file is not provided with the software.
But facilities arc provided to allow creating own wcathcr files and can be added to the
climate database.

The weather file 'Ban_Dbaka.wea' has been prepared for the research purpose by using
the Weather Tool, associated software of Eeotect, The Weather Tool is a visualization
and analysis prognm for hourly climate data. The weather file consists of a group of
parameters relating to the weather site and hourly value. of seven weather variables (dry-
bulb temperature, relatiw humidity, direct IlIdilmon, diffuse radiation, wind spocd and
direction and cloud cover). Hourly ta<fution data has been c"Uecrcd from Renewable
Energy Reseuch Centre nf Dhaka UniveIsity. Three hourly weathcr d2ta reg=ling dry-
bulb tempernture, relative humidity, wind speed md direction and cloud cover has been
collected from Oimate Division, Bonghdem Meteorological Department Agargaon,
Dhaka. Due to thc simulation requirements, all three hourly data have been converted to
hourly data by interpolation method. Hourly weathcr varia-ble. fm Dhakli have been
c"liecrcd for the year 2005.

The site parameter.;of Dhaka for weather file arc as f"llow",

Vanmeter.;

Gtirnde (degtees North)

Longitude (degreesEast)

Time Zone (hour.;ahead of GMT)

Detail.

23°50' North

90°20' East

GJ\IT +06.00

'Ibe combination of site panmetcr:; and hourly weather vamble. forms the weather file,

with which the simulation program Eeoteet is eapll<bleto analyse any climatic

chamcteristics of the .elected site.

5.2.4 Simulation Parametclll

Before starring the simulanon. a set of parnmeters are set. These are described below. To

inVC'5tig"-Iethe results of the simulations, a specific day has been .elected (from the

weather databal'c for a year) on the basis of some specific attributes to abseNe the

rerult•.



Considerations for Identifying the Simulation nay

For individllilldllilyprofile analysis,a day of the year has been sclected in consideration

of the typiCalchara.cteristicsof the given climate.

The test day is 21~ of:M=:h (Day: BO). Outdoor air temperature range of this day is

24.5"C -35.4"Cand sky condition is clear. From 0900-1700 hours the cloud cover is 1.l

out of 8.0 (13.8% covemge).This is a daywith considerable high outdoor air temperature

but nor the ex~me one and bear. a common character regarding the elimatic features

speciallyof the hot-dry season. '1he average tempemmre of this day (29"(.")is very dose

to the avernge temperature of the seasnn (2f!.02"C).It has been observed that the sky

condition in the given climate is cleat for 67 percent of the whole prc-mnoo/)Onperiod

(earlier ,hown in table 2.3) and the 'dear sky' condition prevail for the chosen day. This

'dear sky' condition of the chosen cia}'i, "Iso important to investigate the impacts of

sohr rad.i9.tionand thi, cleat sky condition enhances the dirc<;tsolar mdiation to reach on

building surfaces. Overeast sky condition impedes direct ndiation to reach the building

surfaces. Fixed ,bading deViCeare effectlve to reduce heat gain from direct wht

radi<l.tionThese are the reason. behind choosing" daywith ckar sky condinon.

For a fixed shading device, the shading period is .ymmetrical ahout June 21 (Lechner,

2001).This is bet;ause the position of the sun cycles through the sky on a seasonal basis.

Thus, the Sun willpass through the same path twice eveIj' year, the first time when going

from winter to summer and the second time when traveling b.lck to winter. Th"", any

shading d",-;ce will slways shade between v,vo dates. In the northern hemisphere, an

optimized shading device for the 21st of March will actulllly shade from the 21st of

March, right through June until the 2ht of September. Thus the whole overheated

period (hot-dry 2nd warm-humid) is taken into account for sllIlUhtion.

ConsideratioDs for Identifying the Time Period for Simulation

For simulation to investigate the pcrfonnancc of the shading devices, the time period is

cOfiSlderedwhen the space is only cofisiJer~d to be us~d Juring office hours. In gcn~raI,

the office time is from 0900 to 1700and thi5 time period is taken a5a critical time period

for shading requirement.



5.2.5 Simulation Model

Following models h""e been developed for simulation that represent the selccted shading

devices, These models refer to the high.rise buildings selected with identical facades with

a similar mared floor area with the shading devicc with single glazed clear glass. The

room size for simulaoon model is 6QO()mmx 6000nun which i, coru;ideredas located in

an intermediatc floor of a high-rise building. The room w:e is taken from the typical

high-rise column grid. A fixed window width 54DOmmhas been considered with single

glazed glass, as the window covers the whole span between two columns. Differenr

shadrng devices are attached with it for snnulation srudy. For the ease of calculation, a

study plane at the levelof the exterior surface of the window wall is considered.

In tc!"tn, of shitding analysis and solar heat gain, the simulations are done for the

followingoptions of model.:

• 'lbe \'lithout shading' option - which refcr to the high.rise models with ulentical

facades with a similar treated floor area without the shading d~;cicehut with clear

glass;

• The 'with shading' option which refer to the high-rise models with shading as

designed by the architcct.

Section of typical high rise building

!Oll---.-- --.----i I !
; I , , ,---.----.---'f--.---,----
. I I ' ;! ; I ;_• , , I • •

r~----b ! I , ,.-TI,--,.,.--.------.,.---,-----
:i i: ! iii
__r__
,
/

/,/
,,

c/
Typical floor plan ofhigh rise building

Figure 5.10: Schematic drawings ,hawing generation of simulation model from typical

high ri,e building.



The simulations are done for the following models genernted by 'Ecotect':

Parnm~rs:

"

• Office ro0m dimension:

6OO0mm x 6000mm

• Roor height 3000mm

• Window: Sill:60Omm,

Width: 54OOmm, Height 1800mm

• Overhang dLl'th: 450mm

Figure S.U: Simulation model of Shade HOt.

Parameters:

• Office room dimension:

6000mm " (,{lOOmm

• Floor height: 3000tnm

• Window: Sill: 600mm,

Width: 54OOmm, Height 2100mm

• Overhang depth: 750mm

Figutt 5.12: Simulation model of Shade H02.

,
Parameters:

6000mm " 6000mm
• Aoor heigh.., 3000mm

• Window: Sill: 750mm,

Width; 5400mm, Heigh" 2400mm

• Overhang depth: 450mm

Figure 5.13: Simulation model of Shade H03.



Parameters:

• OffICe room dImension:

6000mm x 6000mm

• F100I height 3000mm

• Window: Sill: 6OOmm,

Width: 5400mm, Height: 1950mm

• Vertical Fin: Dt.'Pth: 375mm,

Spacing: 600mm

Figure 5.14: Simulation model ofSlmde VOl.

Parameters:

• Office room dimen&ion:

6000mm ]I; 6000mm

• F100I height: 3000mm

• Window: Sill: 6OClmm,

WIdth: 5400mm, Height: 1950mm

:;- • Vertical Fin: Depth: 3OOmm,

Spacing: 60lhnm

Figure 5.15: Simulation model ofSltide V02.

---~

Figure 5.16: Simulation model of Shade V03.

Parameters:

• Office room dimension:

6000mm x 6oo0mm

• floor height: 3000mm

• Window: Sill: 6OOmm,

Width: 5400mm, Height: 1950mm

• Vertical Fin: Depth: 45Omm,

Spacing: 600mm



Fi~ 5.17: Simulation modd ofSho.d~ COl.

"

Plltll.metetB:

• Offie" mom dimett5ion:

6000mm , 6000mm

• Floor height JOOOmm

• Window: Sill: 600mm,

Wtdth: 5400mm, Height: 2400mm

• V=ical F"I11:Dcprn: 300rnm& 900mm,

Sr-Cng: 750mm

• <m:th.ng depth: 300mm & 900mm

,

Puramrlf:r'Il:

• Office room dimen,ion:

6fl()()rmn ~ (,()()()mm

• Aoot bright: 3000mm

• Wn1<lml.~ Sill.:75Omm,

Wldrh: 5(OOmm,H~l: 2250mm

• Vertiaol Fin; i)q>th: 4SOmm,

S""c:mg: ISOOmm

• Overhang dc:plh:225mm

Figure 5.18: Simubrion tn<>ddofSh~dt C02.

Figure 5.19: Simubtion modd ofS •••.de CO).

ParamCle1lI:

• Office room dimemion:

6000mm , 6000mm

• Floor hcigh" 3000mm

• Wmdmo.~ Sill: 600mm,

Wwth:5400mm,H~1: l800mm

• Verrial F"m:Depth: SOOmm,

Sl'"cing: IOSOmm

• Overhang dqllh: 375mm



5.3 Simulation Study for Performan~ Evaluation

Two studies about the perfoonaocc of shading devices on sow radiation protection are

carried out as under. The first study investigated the impact of orientation on the

performance of slmding devices whik the second study compared the performance

among the selected shadingdC"icesin llifferentorienmtions on the basis of previouslyset

criteria.

This study will help in iokntifying the effect of different parameters and interrelation

among parameters in terms of solar shading a'pect. This ,tudy will al,o assi.t to

undersmnd the influence of window orienmtion on the shading perfonnance of shading

devicc,.

5.3.1 Effect ofOrienmtion on Shading Performance

Ine efficiency of the window shading is latgdy deteonined by thc orientation of the

window. When shading i, not effective, solar rad.iiltionenters through the wllldows and

heats up the building interior directly. Hence the indoor temperarure will obviously be

influenced by the orientation of the ",'indows.

The quantimtive effect of window orientation ha5 been smdied by simulation technique

under different shading condition, which a1,o reveal whether ,hading devices used are

effective or not, a=rding to orientation in order to cut direct sunlight penetration at

critical times of the day.'Ine results of the ,tudy are surrunansed in the following ,ection.

5.3.1.1Performance of Horizontal Shading Devices

TIle three models with selected horizontal shading devices were orienred in the three

cardinal direction, (East, West & South) and two oblique directions soutb-east and

,outh-west. The results are given belowwith respect to inoo'idual cases.

Table 5.2 shows peto..'ntllgCof shaded uea with rcspoct to whole window area of Shade

HOt a.t every 30-minute interval from ,unrise to sunset. In the field investigation it was

found that th.is shading device was attached mostly with an eo.st-facingwindow. But

through sinlU1a.tion,it is found that this shading device is not efficient at east orienmoon.

It is capable to shade below 50% of the window..rea at east but up to 60%window area



"
II south ori..nlJlUon. The ~tfomtJ.ncc II south is more conmrcm wn rnl! of other

orirnbtion •. rJgUtt 5.20 .h~ the wding: perfol:lIWlCl' of ShJ.de HOI in diJTemlt

orimtanons and it ex!,""",=" I comistml ~ormsncc only in south orictlll'ttOO.

Tahir 5.2: PercentAge of ohackd.IaI by Shf.dc HOI ror 21K Mm::h.

! ! ~ ~
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Figure 5.20; P=lllf:" of d ••.<kd ....,. bj' Shade HOI fOl 21- March at diff=l

on.:ntatiom. '

In aoc of SMell' H02, simulation =u1r. th<:m.that tbe device Shadd mo.., window .res

at IlOUtb oricnltottnn. In the fidd in~tioo it "''U found that this shading devic" W'u

.ttached ",ith I oouth f.cing ",indo"', A. per simulation it is capo;b1.,10 .hade up CO5J~o

of window ~.1 .outb orientllOon. The pcrfom1llncc at routh is mo"" comntenl wn

I C>t'Uj,,",~ fth>eoof l'O""""og<of oMdcd ••.••.prim '0 bou>lo~ •••• 1>01indiaoted •• the ...,

do.. DDt ore the ~ prior lD thr limo '""<:' d>mrn pmoo..



that of other orient,uiom. ,\t !IOUth."..~1 orienlJ.rion it .hade.! up 10 560/. of ..-indo\\' &tell.

but the pcrlnnnan<;e n nOi con.n'llell.LTable 5.3 and F"lgUf'f:521 show the perfomwll:e

of Shade H02 It diffemlt nrienlllrion. and it india""" • conwlenl perfnrmanee only in

W\lth orienlJ.tion.

Table 5.3: PtteenlJ.ge of ,h.d..d am. by Shade H02 for 210 March.

Otimtoti<>ol ~ ! , ! , , ! ~ ~ ~
, I ! I I I !~ ,

,. ,. " • " " ~.• • • " ,. • " •• "' ".' .' • •
F,,<I " • " • • • • • • • • • • • • • •

,"",""" " " • • n " • • • • • • • • • • •
'""" " • " " • • " " " " • " " " " " ,
"","""" • • • • • • • " • " " " " " • • •
Wrn • • • • • • • • • " • " " • , • •

__ 1'.•0

•~$;~~~~;~~/~~~;~~

<:•
! •1•

Figure 5.21: P=tage of .h.ded Ifal by Sh.ck: H02 fot 21" Marcil .1 diffelellt

orienluinn •.' (P '0)

T.bk 5.4 and F"lgUf'f:5.22.show the perfomwlee of Shade H03 .1 differenl orieclJ.oons

and it e:<p~~ II.companu."elr brnet pctfomtlnee II &Gumorientlnon than thai fot

otl=c orienl'uions. II shad~ muimum -460/. window ~ .1 south and mo", or less

consistent for Ihe whole day"
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Tllble 5.4: PercmntgC' of ~Mdro ue;t by SItJ.<kHOl {or 21~M.rch.

o,;.., ••lioD ! ! ! ! , 5 ! I , ! I I ! I , I !, ,
" " " " " " ,. ,. ~.,. • ,. ,. ,. ,. , ,.•

llu, " " " • • • • • • • • • • • • • •
••••••• " " , " • •• • • • • • • • • • • •~." " .- .- " •• " " •• " •• " " • • " •
•••••••• • • • • • • • .- • " • " " " " , •
w_ • • • • • • • • • " " " •• •• • , ,
• 1'="", of thodcd lIn '" _ lIken Into 0CC<>\D1'•• ,he "'" doeo not ..., !b< ~.

~,-
--&.01"' •.•••
....•....~'"
--s-..1lI ••.••

,
~ ~ ~ ; e ~ ~ ~ ~ ~ i ~!~!;,.

T.

FiR""" 5.22: PnunUge of .ltI;ded ""'" by Shade HOl for 21" March II different
orlenmtion •..'(J. ll)

Findings

II has been ob3ervcd from the =113 of the oimulation. th.1 the penOmlllllC<: of

h0ri7nntal ,hading ~ r=Wn' quite ronri.t~t at $Outh orienllttion only. It "mrb

betttt ••.•hen the.un n "f'PO"';lc ttl the window p:onc.' • high altitude. Thn performance

drop:! ",hen the ~n i. in. lawn altitutk Ind obliqw. 10 the window p:mc. The hornontal

overhang j, not cal"'ble '0 ~ the window when the """ •••.imuth .nd .ltitude ate

lem', So &om th~ IllI;!)'Sn. nttd fOTmodification i. co-i<knt •••.hen the sun i. II low

azimuth and altitude.
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S.3.L2P~ormanc~ o(V"rtical Shading Devices

The tIuec: sckcted ,-.,meal shJ.ding dt:v'iu;s ,,-crt; oriented in the tIuec: cardinal din:<:tiom

(E•••t. West and South) .nd two obliqu<:dittctiom southonst and 5OUth.W~1 (0 enNlfC

their perform:ancc at diffctalt oric:ntatio= The =ults ll" given bdow with iclfKa to

indr.'idu.l 01=.

Tobie 5.5: p=~ of ~""dcd aro by Shad" VOl COl21- Mardi.

Orimllltioro ! • ! ! • ! I I ! ! I • ! ! ! ! ~, - ,
,. ,. ,. • • • • ., ,. ., ,. ,. ., ,. '. ~.,., .' • •.,. " " • " • • • • • • • • • • • • •

""" ••.., • •• •• " " •• • • • • • • • • • • •
..", •• " " •• •• " " " • " • " " • •• •• ••
Snuth~, • • • • • • • • n • " • • " " • "w~ • • • • • • • • • •• M • " M n •• "

""

•

__ s""", __-40-_.
--:<0 ••••.•••••
__ w•••

Figure 5.23: P=. of &hJ.ded&rei by Sbad" VOl for 21M Mnch u <liff••.•••.,

oDr:ntJ.tions. 'r. '1)

T.bk 5.5 ~ percenmg<: of .hadrd ami with ~t to whok window an::aof Shut.:

VOl II ~l'ry 30 minute illletn! from SIl1l!tl<: ro !lU1lileL In the lid<!im'~g:ltion it """

found t!Ult this slwiing device was .ttKhed with. south racing window. Bul through

.imubrion, it i. fO\lnd tho.! thi. .lwI.ing dmee is not only efficient DCsouth omnl::ltion, it



"
.lso "'om ••~u " eLll md "•••••L 1m" .hading d",-ic~ i'I apo.bk co .!rIde 60% of the

window .""" on .n .venge at eaot .nd ••...,,1 and up to 94~. wind..,••••ami It ..,."th

orienlllrion. Bul one thing i. '*"1 tlull the btg" m.e••••.ng tltsl holdl th" ...meal fim

lltlIkC'!the ",hoI<: ~hulin~ dr:via: effective: at muth. AetulI1Iyvenial fin. do not have

l.ignifialll role in prOle<:rionof ••.indow at south.

Table 5.6: P=mge of .Iuockd IlreI by Sh.de V02 for 21" Much.

i • ! ~
, ~ ! • ! l • • ! • , l ,0,;.., ••';"" , , , , , , ,
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"""" • •• •• •• " " • •• , " • • •• " • " "
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F~ 5.24:Pac=tl.g<'of .ho.eledam by ShJ.de V02 for 21~ March al diff~l

orientation •. 'II>''I

In ase of Shade \'02, simul:ttion rerul13 .how that tbe deric" .hades mo~ window are:I

u south orientl.tion only when the sun i. al .n angle with the windowpane.. Th.t is when

me ."n i. in SOUth".."l .nd southe.,t, thi, .hadinR <kvice i. eff«m.'c and <;I;p'bJco {O

.!:rIde up to 87% of window area. In the field investigation it ••••••.•found thJ.l tim .hading



drna W'II.' .m.cb.-d with. ",nt-facing ••.indow. ThrOllgh $Unubtion it i, found that thi,

wding d",icr i3 effl."Cm-e.1 "..,.t orienClltion .nd it .ho ~ha""" well at ean .nd west.

TIn. .luding drna i3 capo.ble to JhJ.de 52"/. of the win<:kJwUft. on In 1\.ttI~ .t ea.l

"'"=,
T.ble 5.7 ,hrn>." pereentl~ of ,haded.rea ••.ith =pcct to ,,'bole "indo", area of Sha.de

VO). In the field invatigaUon it \\'I.' found th.t this !!h.ding device ••.••• ttached with an

ea.t f.cing "indO<!'.Through .imubtion, it i3 found th.l this ,hading d.,.,ice is efficient.t

south orientation; it .00 worb ",ell.1 &OUth-e•• t .nd south-we-l.. 'Ibi •• hading <kvice i.

ta{"-bk to .hade 50"/0 of the window area on .n .nng<: lit east lind "'est. lbi. ~h.ding

device is effectWe in south f••••.de only \IO'he:nthe NIl is.t ID angle with the window.

Table 5.7: PercentAge of ,h.ded .n ..• by Shade VO) for 21- M.rch.
-
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F~ 5.25: P=llge of shaded U'CI by Shade VO)for 21- MII'Cb at different

onentlltiom.' lI'''l
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Findirtgll

The invang,otion d>ows thol vertial shading devitt5 an: clTt'Cti\'c on west lnd elI,1

fa9l'de. 'Ibe simulation resullll .how that .n these three ,-eni<::al,hJ.ding drnc"" are

Clpable to .hade .b<l\'e 50". of the window arelI on .n lIV<:n.gc II eul and "•.est Vcrtia.I

lhJ.ding d•.••.~ Itt .00 ClIpabk 10 .halk up to 94% window .~ at wuth orientation.

Bm one ming !w 10 be: noticed 1M' the mg., overh2ngs th.t hokb the venical fin,

rmkes the ,,'hole .h.Wng d•.••.m dr~e II lOuth.Actually \'errlal fin. do not have

significant role in wiling of window II ooulh. "Ibq ••-On ~ci"'Iltly when me ,un ~ II

an ao!\"lo.r IJ05ilion with the window. Thry Iltt not "ffrcth." when the $WI" altitude i!

low lnd pcrpendicubr with the r_,..de. It ha. a1", 10 be noticed thai vertical fin, Iltt not

dficklll at ClI.!and ••..CSlorientation ",11m the lun i, ju", in from of the window. 1m.
phr:norn=on oeMs furthu mvc:stigt.tion.

5.3.1.3 Perform'l>« ofCompo<!in: ShD.ding Devict'S

The threo:"deet~ co~le ~g devH;t$ (combimltion of vertia.lfin and horizontal

,,'-m-IOg) were oriffit~ in the five direction, - East, \Vest. South, Snulh-Qllt and South-

west IDd then simubtcd to inv=rigole lhe in(J~ of orientation on their ohading

perfotnWlce. The rt'SUltsIre gi\'m bdow .•.ith =p«t to indiriduo.l ClI~.

T.ble 5.8:PClttlltage of shaded area by Shode COl for 21~March.
-

Orirn ••rion
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T.ble 5.8 ~ho_ perc""~ of ••••aded area ••.~th =peet to who!<:window area of Shade

COl at eve." 30 minute mfn1"l1 from ""nrisc 10 ""n.et. In the field """."Y it ••..•••found

thaI tim lhading de\-lcc ••..•.••ttached with. muth fadog window. 'Iltrougb simulation, it

i:s found ,Iu, lhi:. ,hading ck\'ice is nOl only efficien, ., $O\Ith orir:ot::ltion;;, abo ",orb



"
""en .t ooum-nsl and !IOUlh•.••~I. TIm slwling ~ capable 10 shlde 60% of the "indO'"

."'" on .n '''c:l'lIge.t ~th..".n u>d 5OUlh."'=1 and up 10 1000/0window &not.II ooum

orinlmtion.

•

•

•

•
#$~~~~~~~~~~~~~;~,-

P~n: 5.26: Perccnl.lge of .h:llkd UCI by Shtile COl for 2'" M.rch .t differelll

orienlllrions. 1(p. OS)

In ClUeof Sluode C02, simulation m<u1ts show thll the d~ice ",'Qrb bC'tter ., south

orinlmrioo .peddIy when the $Ull ~ in an lllIgie with the ,,-indow pane. lbJ.l n when the

ron ~ in 5OUth-"'e'1 ond .outh •••••r, !his Ih.ding dn-i.", i!; "ffreth"., o.nda.po.bk lO .Mde

up [0 100% window area. In the fldd .,,"ver it ••••8 found thaI thill .hading c\el."icc: \n •
• tt::u:hnl wim. south C'cing window. But lhrough .imulation it ill found duol lhis .hJ.ding

derice j, aho effeem-e in easl, !lOuth.ea'1 and llOUlb-we!;! orientation.

Tllbl., 5.9: P=lIlge of .!ltIded Ire:. by Slude CO2 for 2'" March.
- - -
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1Jl
o Figurc 5.27: Pcm:n~ of $Mdro are> by Sho.<kCO2 {or 21~ Man;h at diff(ttJlt

"l orialmtions.'(p. '1)

0-
Table 5.10 .h"", •• percentAge ohhaded area ••ilh respect to whole ••ind"", _tel by Shade

CO). In the &Jd JUrvey it wa, found that !hi•• hllding devke WlI' amched with an •••51

rlcing "••",dow. Through .imubrion, it ;" found thai this .hading <kvicc i. cff..,m-e at
,

eo,landW~Iorientation, butnO!c;on.istr:nL 1be.~ ~orm:mce al louth""'1 .00

MlUth-""est is morc con.i,tent than oth<:t orU:nlJOtion•.

Table 5.10: Pctcc:nttge of.haded area by Shade C03 for 21- Marcil.
-
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Figure 5.28: Prrcetlmg-e of d••.ded llml by Shade C03 for 21- March II differml

orienlllUon. •• 1/:' II)

FindiRgll

The analysis.hows thol composite .hading d~ are elTectWcin .outh, south_em and

soulh''''C''Jt orientation. They.'" effective bmh wn..o run hi in perpendicuJ..r .nd .ngubr

position 'IlIIith the "lind"", pine. Horimntal ovnh •.og3 of the oomposite .hading are

err~rh'e {O pro«'Cl the sun ",11mit ill It perpendicular ~rion to lbe window. And

vertial fin. of me cotnp<'>8itCshading .rc dfecth-e to prnf«l the suO ",hen it is at an

.ngular position 10 dte .•.-indow.'. aut thcit performance in ctI~1and .•..elll oncm.lion i!! nOI

conmrenl.

5.3.2 Companun~ Annlysis of Shading Performance

To ~te dte ."'-dingperformmceon the buis of set cnteriJ. ofuamed earlier •

companm"c andy'lis among lht, seleele<! shading drnee. 1m. b=1 .urnrIIS1DM in the

folkming .ectinn. This nudy will hdp in identifying the effecc of different pt.mnctmI

lod oortdation .mong paramcten.



5.3.2.1Comparison among Homonw Shading De\'ic~

From lbov~ inv~tioD on influc!lCC'of orientation, ;1 WJ.$obu:rved thaI horizorttaJ

~hadiDgdevice:! w~ ~ff..rov~ on windm>'SII IlOUlhorientation IhaD other orientatlnl\$.

At south orienutiOD, all thm: shading <kviceowere capable 10 5haw, muimum ua of

••-indow pam II mid cb)'. Simulation m<ul~ show thaI Imortg the thr~ horizontal

shading <kvicc:<.ShJ.d~HOl caDwd~ mnimum 60"/. of the .mole windov.-pane, Shade

H02 caD ~had~ muimum 53% and ShJ.de H03 caD ,hoodem=imum 46% of the ".hole

windowpane.

Tahle 5.11: P~=tAge of shaded area II diffc=nt arienllltion, b)' horizOlllld lhading

<kvices (or 2,M March.
-

I
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0 •• • '. ". " -. •• • .- " " , •• .. ., •• ..• ..
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From tlbl~ 5.11 il ~ ome",'ed thaI II eUI. &OUlh...,.sl,"'~l lUld &OIIlh-••~1 orientltiom

an thm: $hading devius all' 001 ~ffean-e. Sometimes thde thm: shading devkes caD

$had~ up 10 630/. of the ••ind(Y<l.'ImI bul th~ efflcienc)' drops fmjuenlly. Considering all

these limitations, in comp::uiilOfllmorlJl !h.,.., th•••• horizontal lluodirlJldevio::ll. Shade



HOI is Oll"bl., In ilid., Ixttrr dwl ather Iwa !h.ding d~ic" at .n m'" ari.,m.rion,.
Sh.de: 1i01 performs brlt.,. in prolratng solar radiatian in comparison to other two

,hading d~ojco.

T.blr 5.12 sh()'<l."lIthat .t oouth OI;r:olaOOn,Shade: HOI all. block 3411 WlItt sob.r

mdiarioo v,'hich is 54". af the totlll incident radiarion (6314 wan). If il i, compa=!,..;th

ath.,. twa hanzoo.lIIl1!hJ.dingderices, il is found thaI Shade H02 can block <46'Yoaf the

incident ntdiarion and Shade:H03 an block 4101.of the incident mdiation.

T.ble 5.U: Amounl af dit=l solar radiJ.rioo. incident 00. windowpane .t diffemll

ShacIc HOI Shode 1102 """HM
0rim ••1ion ....., Un"'odtd ....., U•••••• ....., u••••••

it> Wo" it> w••• it> WOlf in \\'Olf in w••• in WOlf,_. ,~, "61 2151 "M "U 1761

"""" "'" ~.. 1011 .". ,,~ "'u
"""",", ~~

""" n" "'" '"" "'''"""",~ 1691 "" ,~ ,~, .., ,-
w~ "" Z" 1115 ,,~ 1421 ,,~

•
~

<••• ••••• ,,• ",

___ Ifill

--$Md<l/ot
__ ~llOl

•

•~~~;~~~;/~/~~¥/;~
TI_

F~ 5.29: Comparison af P"'=mge af .ha<kd un.1south orirntllrion by harizontal

.ba~ <kvkt:s far 21° Much .

•
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FiRul'e 5.30; '..ompui""" of pr:rt=lI;Jl'" of wded area at .,..t oriffitJ.lion by horizontal

shtding d",ice! for 21- Marcil. 1(p.'1)

~.
l
• __ st.drllOl•• •• --Shod< 1102•1 __ "'-1<110)

• ".. -~~;;~~;¥~~/~~~;;~
Figure 5.31: Compui30n of ~~ of lhJ,<kd areI 11.1~uth'Cl.$t orientation by

horixontil rJwling d<:\-i<:r:sfar 21- March.' \I' II)
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Figure S.J2; Compni..,n of pe=n1Jlll" of shaded .IaI at aouth-",~t oricnlJltion by

horizontal ~h.dinR<k\~ {rn: 21~MllrCh.' II>''l
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F~re S.J3: Comp2riwn of per=nlJlR'" of.h2ded area at west onentJItIDn by horizonw

aho.dinR <kric ••• ("" 21~ MlU"l:h.''" ''1)
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FiRun: 5.34; Co~n of shadingoocfficientof thftt hornontll1 shading devices at

different orientuiorM ..

Although Shade HOI L' mnn: dT""tn'e in ~ 10 Sluode H02 Ind H03, the

shaWnj1;perfDtlIllU1ce of Sh:tde HOI is nOl up to me rm.rk.. II can nal block .lmo!It 50"/.

of the total incident radiotio:n.nu. huge nodiarion enten through the unm..kd put of

me ",-inciowpme into the 'pace. So, horizontll1 projection of this Slade HOI is nat

enough to proteCt the windo'l.' from the wkr ••diuron~.

Findings

The in"csrig:ation shO'lli"!l WI the horizontal IlIwling devitt with Iatgct ~ ",ith

rel!pea to window height. .hades = wind"" •. ~ and reduc"" heat gain than other

type!.. If indiarel! that projection dt:plh of hon..OfIl1.1 U!ldinll dma:, i. the rrWn

determining faa'll for shading the window from direct sol ••• ndioDon.

5.3.2.2 ComparisOll unoog Venial Shading Devices

From .forel!1l.id in""tigltion on influmee of orkntlloon, it W'U 0.1", obllen-ed th.t

Verti<::aJ sluoding <kvia:s = eITeeu.-e on windOWl .1 south.e;u' Ill'1d lIOuth,WCSI

orientation. Sn fintty. the p"rfOmwl.«'S of the ,-errla.! shading <krict'S are C""&Iw.ted ••ith

reference 10 their P"JiOUlWlCe It thae ",'0 onmtlti<'>m.



At .outh..,..,t and ~outh-",,,,,,torienm.rion, a1nlost oam~ t:hu.cret of perfonm.nce of these

vertical sh~dinJl drnces h•• bC'en obsC'rved. An t/u"('(' shading dcvk"", are eapo.bk {O

shade maximum a= of window poOl' at the rime whr:n the fUll i. just tilted to eIl't Or

".= from south. Simulaoon =ults .how th~t among the t/u"('('nrticr.l shading d~

Shade HOI can .hack 5J~. of the ",hole ••.intkm-J>an<',Slude H02 can ,b~de 45% And

Shad<'HOJ can lhadc 42% of u." whole "ind""'J>lD.e on an nenge.

From m.ble 5.13 it i. obsern'd that at ea.t. aooth, "'t!!t orienlllliom all ~ .h..ding

deo.-Kes•.n: not con.i.trnt in their perlOrmllnee. Sometimes thcsr: thtt(: .hading device'!

an protCClalmost 90% of the window •••.••but the efficiency drop. frequently to 15%.

Considering all th~ limitations. in comparison with the.'\('thtt(: venica1 .hading devil=.

Shade VOl is ClIpoble {O .hade bener than other \11.'0 .rn.ding drnces at all five

orienmtiom. So Shad<:VOl givt!! bener protection from lOW radiation in compWwn (O

other two .hading devi«-s.

Table 5.13: Percenmge of .haded •.••.••.•.t different mic:nlJltiom by ,.ertig] shading

deo.-K:t!!for 21- March.
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TlIbk 5.14: Amount of diK'ClsoW ndiuion inc:idnu on "inl1ow pIlne at diffCTe'lll

oriemati<m'"
Shad< "Ill Shod< '112 ShMkvm

on.",tlli"" "..... """""'" """" u••••••• """" u•••••••
io. Won In \1:'011 '" W.n in Won inW.n inW.n

E•.•• ,~ "M "" "M ,~, 376)

"'"" n" "" ,m "" ,,~ ""
South.cn1 "00 "''' '''' "''' ",. "'''
"""'-' ,= "" "" "" ,,~ .-
w~ '" ~~ ~ ~~ '" ~~

Table 5.14 sh""" that at soulh.eut and JOulh.,.,e'I! OMntl.rion, Shade VOl an pre.-enl

almosl 70"/. of the total incidnl! cadiotioo. If it i. comp,ued with the otha two ,.errlal

sluoding device, it ~ found th.t Shade V02 I:In rem' 00.65% of the incident rsdiation

.nd Shade \'03 CUI pre.-enl 6()..65% of the incident radiation.
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Pigure 5.35: Compmwn of pen:entl.gc of slwkd .ret. at Cll-'I orientation br "arial

shading de-;te!l rOI21" Marcil.' (po '"
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Figure 5.36: Comparison or pcn:etIt1go: or malkd area .1 ,outh..,.,.t OIientltion br
•.cnial ohading de>ic~ for 21M Much.' (Jo .,.
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Figure 5.37: Compamon of pcremlllg<' of slndrd area .1 routh onn.tlI.rion br ,.cnicaI
ahading dc>ic"" for 21M Much.
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Figure 5.38: CotnpkrOOn of pcrttn~ of shaded area at iIOIIth_Wellt orientuion by

,-~ ,ho.dingd~ for21-Much.'''' Ii)

~~~~~~~~~~!~~~~~
T.

,

,ro

ro --,
• 00•,
i •••
•

Figure 5.39: CotnpariMm of pm:mmge of shJ.dccl Itc\I It WelltOrit':Ollllionby ,'mic:al

!lh.Wng dmoes for 21- Much.' ""OJ
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Figure 5.40: Comp..n'IOD of lhading coefficient of rhm: ,"(:ftjcal .ho.ding d....u:e. at

diffCrfflIOriena.tion"

AI!hough Sbtlde VOl is mon: effective in comJ'U"'otI 10 Shade VOl .nd V03. the

pe:rlon:nJ.neeof Shick VO I i, not up lO the rm.rk. Ae;tuallyit can nO! block 30"/0 of the

lotal incident mdioorion.1'hi! •••dianon enters through the un~hldod pan of the window

pane into the lJ"-ce. So the depth. .po.ciDgUld angk of the ,""meal tim of tim Shld ••VOl

are not enough 10 proll.'Ctthe wind"w from the ooW •.•diJ.rion p.operl).

Findi"W'

The investigation .hows mu the verrical .hlding d",iee with luger fin depth lIhJ.d•••

mote Ibn other .d«ted "errical <kIi<;n. It indictln the rok of "ffeem'c lkpth of

shading devices (w.tan<:e from window rlcc to outer fact: of f=) including the gap

bchl."«fl them on .hlding performance.

5.3.2.3 Comparison among Clmpmite Shading Devices

From cuIier in"ntig:otion on inlluence of orimtuion, ;, 1;W1I observed tho.! com?",i,,,

lluoding devi.:a! "'"ttl: dfectiv., on windowll It south, south_cut Ind !IOuth.west

orirnurion. So !he perfortlWlcc of the composite ~hWng dcvic.". is ",-aluatro ",ith

td"= to theirperfommnu t.[ ~ three otimtJ.oon •.



"
AI SQUm-ast and south.west orientation, the tlIJnC ch"mdct of pcrformo.ncc of th••••.

c:ornpmite sluoilingde<icClIhi. bttn obser\'ed. Simubti<:>nmluh. show tlm among the

dttte eompmilc sluoding de'licn, Shad•. COl OIn .h"de muimum 96% of the ",'hole

.••indou'J'Ul". Shadc C02 an sluode nwtim"m 83"1. lod Sluod•. C03 010 shade maximum

67% of the whole windowpane. 111•. P"=mge of shackd "indow area dcttel~ ,,-hen

!<\ID rn<WQ to om or west from south. Tablo:: 5.16 Ihows that at soum-ast and south-

"'nt orientlltion, ShaW,COl an block almost 80"/. of the totlll incident mdiation. If it ;.

oompued with the other two compmile .h"ding d~ it;" found that ShaW, CO2an

block 65-70"/. of the incident mdillrion Illld Slack C03 an alw block 60-65"1. of the

incident llldiJ.rion.

Table 5.15: Pem:nl::>g<'of .luckdlUQ. a' diff=t OrientllDom by romposilC shJ.iling

devi<:cs for 21" Mut:h.
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Table 5.16: Amount of di=:1 JOhr •.•.dio.rion indd"'lll on window psoe II difTctmt

•..•,," •••• an •••• an
Orlal ••rintI "''''''' "........ """'" "........ """'" """""'"

iDW.n in W.11 in Won inW••• inW.n hiW."
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Figutt 5.41:Compt.rimn of pcrcmmge of shwed I~ I' efl!1orientltion by compo!lilc

slroding d",okes for 21- MarclI.'. '1)

Thq can .hade up tn 100%of window1lf'<2. Althoughall lhrtt ~g dcvicd can

.hJ.d" up 10 100"/. of ",indo... ~ only ShJ.de COl j, consislett[ in irs p<:rfon:m.nCl'

throughout the <by. It is dcarly evident from flgUl': 5.43. At south orientation, Shade

COt an block 5960 Win, which is almost 95~. of the incident tldU.tion (6324 Witt).
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Figure 5.42: Co~D of pn'C=lI.ge of .hlded area II !lOuth-caSIooenanon by

composite shading devio::I Cm 2'" Much.'" 'i)

,ro
ro

•

Figure 5.0: Compa.riwn of ptteentagc of shaded ue;I. .1 south orienllltion by

composile ohJ.dingdevice for;W March.
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Figure 5.44: Compui50n of pac=mg<: of shJ.lkd attII al !lOUm.",-.:s1 orienlluion by

composite ~hading dC\ico for 21" M.Kh.' (l>"I
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FiJrUll' 5.45: Compsmon of per<:entlge of .h:u!ed area at """I orientation by composite

ahading de\~ca for 21" M:orch.'ljo.15I

From uble 5.15 it i:!ob!.c"..ed Iha' at east and WCStorimtltion •• ll lhf«' .hading de-ices

are om oonu,lcm in their performance. ~ these thttt shading devices CI.Il

protect aJmost 90"/. of me ••ind"",' ••.•••.but the effidr:ncy drop' f=jU=tIy to 15Y•.

Consiw,ring all th""" limit.tioo., in compuiron among ~ tl=c oompositl: shading



"
deo.;ces Sho.d~COl is .ble (0 shade bmer man other ",,"0 ~h1ding devic"" II all fi•.•,

mientllrion •. So Shade COl pcfnnrn !>mer in prott<:ring lOW mdilllion with cornpattd

10other two .hading devied.

FiJtutt 5.-46: Compari3on of .hlding c:ot;ffidetll of lhree eomposi~ .Iading de-.-iccs .t

dif(=tt orientation •••

Although Sh2de COl j" lJKIn: cffcett<'c in compamon to shade CO2 and COl. thr!

performance of COl ill not upto the •••••,k 111south>ft51 and south-",.",!. It an not bloclr.

almost 20"/••30"/. of the lottl inci<knl mdi'll;on.. n,i, ndiJoon ~Ir:n through d1e

un.haded pan of m., window po.ncinto the IpaCe. So the dq>th, '1"'cing 01 angle of the

vertict.l fin. "nd h0ri7.ontlll overhang of this Wd<: COl can be modified to protect the

"..indO'" from me .ob. rlld.,i>;tionpropcrl)'.

Findings

The im-esrigl.tion .b~ that me composite .hading dC\i~ Iltt .ignifiOlDlly eflicknt II

south orientJ.non •. The .luiding device with larger overhang and fin-depth Ind .malIer

.p.cing bern"tt:D fim perform. berm- than the othen. It indial~ the role of depth Ind

1P"'0ng of lin. Uld averlang on .hlding p<:tformance. With ume deplh Uld spacing of

fim .nd cwerh:mg. .Iwling ckvio::o lltt nO{IS dr~c u SOUth~1 and ooum-"'''CS!like

south orienbtion. Hen: Ingle of fin. may help to CUIoff the direct n.diJ.tion.1 wuth-ea.1

Ind south- .••.est.



5.4 Conclusion

The influences of orientations on performance of vanous shading devices are now dearly

evident. It is also evident that horizontal uvethangs are effective on facades facing south,

vertical fins on windows st cast and west orientation and composite shading devices are

effective on WIndows at south-cast and south-west. It has been also ObSC1Vedthat

vertical fins are not effective at east and west orient>orionwhen the sun i, In east or west

side,

Aftet investig:>tingthe perfotmance of commonly used shading devices it couid be st>otoo

that the design uf the shading device, are need to be esplored for ddircd perfonnance.

lbe resuits of buth the studies indicate that depth and spacing of overhang>and depth,

spacing and angle of v~'rtical fins has 5ignificant effect on shailing performance.

Modification of the.;e parameters may make the shading devices effective in d1fferent

orientations at the critical period,.
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CHAPTER: SIX
PARAMETRIC STUDY FOR OPTIMUM SHADING



PARAMETRIC STUDY FOR OPTIMUM SHADING

After investigating the selected commonly used shftding devices, it is found that the

petfortrulnces of these selected shading d~",'ice$arc not coru;istent through out the critical

penod of thc day. Heat gain is directly proportional to the area of glass expo=:! to solar

ra<fultion and, therefote, un~haded glazed areas pennit a large and rapid heat gain. Solar

heat gain ean be controlled effectively by optimising ,;hading. To achieve optimum

"hading, the oksign strategy of ,;hading d~-vicesi" needed to e"Plore further.

An investigation Ihro~h parametric srudy to explore the strategies fot optimum shading

is pte"ented in this chapter. Par:unetne srudy allows study of various specific alternative;

",ilh reference to performance of thc model and choosing the best one. Series of

param<.--rnc"tudie" ;lIC performed where different parameters of "hading devicc" arc

subjected to adjustment. Only onc pammetcr i, ch=ged at a time in oroer to determine

the telative intlu<.'tlccof each. On the basis of the investigation and analyS1Sthat has

been carried out in the previous chapte.t, "Omc pararnet<.-"tShave been chof\Ctl as variables

to invcstigate through computer simulation for opnmnm shading. The simulation

program 'Ecotect' (v=ion 5.20) has been u~cd for this panmetric "rudy.

6.1 Patameters fot Optimum Shading Analysis

Before starting the pammetric study, a set of pammeters are considered as variables and

some parameters are consideted as constant. Variables and constan18 are considered

"eparate1y for hO';70ntal, v<.--rti<;aland C(>tnp,,,,itc ~hading d~-vi<;<;s.Variabl~s that have

been taken into consideration as different alternatives for simulations are given below:

A. Cases with horizontal shading devices:

• Depth (0) ofhonzontal ovemallg"

• Side offset (W) of horizontal overhangs

• Minimizing the ~ffectiv~ height (1-1)
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Figure 6.1: Schematic dlagnims showi"i( panlmcters ofhonzontillshading device.
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Figure 6.2: Schematic dJagrams showing pammct<-'t>l uf horizont,,1 ,hading device.

B. Cases with vertical shadmg dev:!ce"

• Depth (D) lind spacing (S) o[,"ertical fins

• Hurizuntal angle of vertical fins {OJ

• E"u.n,uon (Xl of vertIcal fins above window
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Figure 6.3: Schematic dJagrarns shuwing different parameters of vertical shading device.

C. Case" with compmire sltftding devices:

• Depth (d) and spacing (h) ofhun:.onul overhangs

• Depth (d') and ,pacing (w) ofvcrtical fins

• Hurizunul angle of \,ertical fin, (0)

Section
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wr

Figure 6.4: Schc"ffCl.ticdiagrams showing different parameters of compo3ite ,h..ding

device.



6.2 Simulation Day and Time for the Paramctric Study

'Ine considered day for sllnu1mon is 21" of March (Day: 80). The time petioo is

considered from 0900 to 1700. The consid=tions behind selecting the day and time

period were mentIOned earheI.

6.3 Parametric Modelling

Models have been developed for the patllmetric study by 'F.eoteet' .. Ibe following aspects

have been considered for the parametric mooek

• The ronm .ue fm simulation model is 6000mm x 600Omm, which is considered a..

locat~-J in an intermediate flnor of a high-rise building. The room $i~e is taken fmm

the typlCalhigh-rise column grid.

• A fixed window size (540Omm x 2400tnm) has been coru;idered with single gla~ed

clear glass for the parametric study. 'Ibe wmdow width is determined by the column

'pan as it i. assumed that the window coveT" the whole span between tw() columns.

The maximum window height found in the field survey is taken as the height "f the

window for the parametric srudy. Different shading devices are attached with it for

sITnulation study.

• Fot e•.••e of calcubticm, thickness of the made has not been taken lilto account and a

study plane at the level of the exterior surface of the window wall has been

C<>tlsidered,

]ll order to L"Valuatethe shading performance of shadmg devices III reducing so1Mheat

pin a base case situation is established by studying the unshaded window (without

shading device) during the crincalshading period of the year at different onentations.

6.4 Parametric Snutica for Horill:ontal Shading Devices

Ftom ca"" studi"" and litemmre reviews it has been obset.ved that hori:wntal shading

devices are effective at south urientation. Through p:ltatnL1Ticstudy an attempt has heen

made to find out the size of the horizontal overhang for optimum shading at south

orientation ouly. Three parameter>; (overhang depth, side of{,;et of horizontal overhangs

and minimizing the effective hdght) ate consideted as variables for thi, parametric "rudy.



Only one parameter is ch=ged at a time in order to determine the effect of each

panm<:-tcr on the shading performance. "l11.eparametric study is started with a cetrAin

value of parame~rs and then an inaca,c in value of parameters has been considered to

assess the impact of parameter on the shading performance. In all the cases, the shading

perfonnance 15 increased to a cemin level with the increase in value of par.lmeters. After

that, the shading perfonnancc is not increased any more with the increase in value of

parameK"fS. "l11.i.,a1ue of parameter i, considered as optimum value for maxlmum

shading. The results of this study arc sununarised in the following seenons.

6.4.1 Effect of Depth of Horizontal O=rhangs

'Ine parametrie study is statt,,-..Ifor horizontal shading devices of varymg depth, started

from 750rnm up to 1350mm from the exterior sutface of the wall, OVCT the windmv

(modd "hown in figure 6.5). In each srep impact of 150mm increment has been studied,

" -' -- " "

"-" ..
i "

•
.1

Figure 6.5: View of the model with horizontal overhang (1050mrn depth) used for

paramenic study for 21~March (Ecotect output).
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1bc perccnr.g.: of .h ••led II!""'- of m" window ,..rie. for diff=t dq>u", of ",'erlung.

Table 6.1 .hows percentage of ••••.ded lU11" fur diffcf(:1Il ""o:rMng <kpth. 1M

percent.go: of .h.dffi. ••.•••i. mcm"ed with the inemooc of ••••.ding depth up to ""me

extt:lIl. For 150mm depth, ;1 ~h.deo mllIimum 7"~. of the window arc and for 900mm

dqnh il an .Iuock mnimurn 88"/. of the wind<r<varc;a. For I050mm depth, ;, .h.<k:s

ffillIimum \00% of w ••indow attII and .ft•••duolthe pttecn~ of .had..d am ~ not

inc=..ed with tm: ~e of dt2ding lkpth. BUIa1lhoughfor 10SOmmdqllh, it .had""

••••.rimum 100"10of the ,,-ind<:••••atea, the pcrttnbge of d ••.<kd ami is ~ along •••

time ~=""fOtt and .fl'" mid day (.hown in figure 6.6).

T.ble 6.1: I'erccnlag<:' of .h.ded ."'" by hornonlil ovrrh:lngo with different dqlth rot"

21~Marcb.

•••••• i ! i , , , , , , , ! ~ ; , i ! !, " " "
r~ mm ~." " " ~., , ~; , ,

" , , " " " ", ., , ., ., .,

"" " • " ., " " " " • " " " • " " •• "." " • " n , " • •• " , " • • • •• " ",~" , " " " •• ,m •• •• " •• •• , •• " ., "
"'" " •• • " " • " • •• " " " n m m ., "
1~'>O " " •• " " •• •• " •• ., • " " " • " "-

'00

00• -'-i --00 -,-J -,-
•• -'-
M

<" ~ .•~ " ,<" ,I' " ,I' ~f-
Fig""' 6.6: Prrc=12J.:<' of th.<kd am by horizonul overhangs ••-i,h difT=1 depth for

21" March.
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Frum l~ble 6.2,;1;...ri<kn1 tbs, more:mcrg,' i,A,-ed ""ilh rhe inc<n,,, of ~h3dinJ:dqnh,

which i~not alway" applicable •.•g. energy J:!,ing peri"UI'ln:loce of lOSOmm dn'ju i,•••me

to l200mm .nd l3SOmmdf:\.ic •.. High.".r per=n~ (810/.)of t"lIetgyi3 !.a,-nI by lhe

de-ice" h3VtnJ:';IOSOmm to 1350mmdepth, "••hiIe the 10"•.•"" """~ p=ttd by JOin<:h.",

dc-."ice, ",'hich """. only 6\"10.

Table 6.2: Shading codJiciem by hori~onllll O\'rn..nR' with diffcrnll depth for 2'"

March.

Sh~~h \Vilh .Iw:k W"hOlll .Mdt
No. m_ in W.ll in \l'." SMding CocfIicirnI

, ,~
"" om "., 000 1673 .,,' ~, '"'" "" "" 0.19

• ,~ nM "" 0-19, l.\SO

"" om ""

~'"
~ ,.,
J ""! ""I om
• om

._-_.-

,

Ii- r-, ,,-- . -,- _ .. - -
I

-- I- -fL -.J
Depth of.boding clMioo

Fi",.re 6.7: Sh.ding CO<"fficicnl1»' horimntal overhangs wilh diff-=:nt depth for 21"

Mnch.

From f'S:""" 6.7, it h., bto:n obo=,.ed thu Ih•. nri<> of 101Jl!energy tt"Cc:iv<:dbn.."ttI}

.h.ded and un,h.ded ,ill."'OOn •• lowC'1lt for 10SOmm to l3SOmm depth of .h..ding

de\';«. ~'hilc;, is highelll for 750mm deplh. Th •. lOSOmmdnrict- .howsllrn'.",r .h..ding

•.<x:fftcknt 0.19, ,,:hid> ;" <'<lui! In IMr of 1200mm .nd 1350mm d~-ice. Fm 1050mm

depth the ahading dcvtc:c tatdu::. the 1ow<3l .hading coefficient and .fler 1M! ;1 g<lQ



saIne for 1050mtn and l350mtn depth. 'Ibe lower the shading coeffICient i. beller agmmt

,alar radLarion gain.

Findings:

For 1050mm depth, horimntal ovcrhang shade, maximum window arca and .hows

lowest shading coefficient. So, for 2400mm window hcight, optimum depth of overhang

for maximum shading i, 1050mm which is 7/1(, of window height.

6.4.2 Effect of Side Offilet of Horizontal Overhangs

From the abm'e investigation, it ha, been observed that honzontal shading device with

1050mm depth can provide maximum 8haciing. Aftcr that, further in<.-Tea"cin depth has

no significant improvement to increase shading area. To improve the perfonnance of

1050mm depth device at morning and afternoon, the effect of side offset of horizontal

overhangs from window cdge is studied. The panltnctric study ig "tart<.--..!for horizontal

shading devices with varying side offset, started from 300mm up to 1200nun (model

shown in figure (,.8). In each step 300nun increment has heen considered

,',

'.'. 10

•

Figure 6.8: Vk-w of thc model with horizontal overhang (1050mm depth) with 1200mm

,ide "ffsct used for par~tnetric ,tudy for 21" March (Ecotect output).
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"lbe I"'rcalUge of .haded areaurlhe ••.'indo",,~ fordiff=t £i<koff"", of O\'.,m..ng.

T~hle 63 bdow .hOW'!! pert:nltlW' of .haded an:a. for different oide off:tCl. The

{XTttlltage of .Iu.<kd _rei j" ;rn:re:•• ed witb the inc:n:a.., of oidc offset. For 1200mm

dqnh. ;, ~hs<ks91". of the ",indow am at 9 am. ""hich i. 111%high~ m:.n that of

without ,.we o~ of I050mm devitt. 1'0t IOSOmmdepth, i, .hadel 84"10 of ,he wind"",'

a= .nd .fu" tNt. the pc:ro:ntage:of ,haded lU'O. is <kcro.~ n time 1""'50 (.hown in

f'l':'l"' 6.9). At Spm it a.n •.•••.dc «Y. of the ••in<Ju,r.. lroo, which is 13"1. higher than thaI

of"ilhoul,;de Orr~{of 1050mmd=ic:e.

Table 6.3: J'eKC1II.gc of .haded •••.•••by hornonlJ;] overh,mg! (105Omm dq>th) v;;th

diffcmll .ide offici from window edge rOt 21" March.,..
orr~ ! , ! , ! , ! ~ I I I I I , ! ; !, , ,-, .' " "

, ., .- " " .- " •• .- " " .- .-.mm ,> ,

, " " " " " • ,m • • " • " , • " •• "••• " " " " • ", ".. • • • " • " " " " n

~ • " " " • " ,m • ,m " " " • " • " •
'"' " m • • " "') " • It., ",' " " • •• " • ••
''''' " " " • • ,m ,m U" ,m ,m " " " • • " "

,ro

l ~ ~,
~"""'"•; ~.,."",••• ~"""'"••- ~ ••..•••• l:lOCkftm

n.,

F~", 6.9:l'ctcCf1tagc of .Iuoded at"" byharilOnt.t ovem..ngs with diffnnll .kk offlll'l

fnJm wind"", edge fur 21" March.



Findings:

For 1200mrn side offiet from window edge, honzont:ll overhang shadeB rn~xlmum

window area. So, for 2400mrn wmdow height, optimum side offset of overhang for

maximum shading is 1200rnm which is 1/2 of window height:. 900rnm side offset may

also be used.

6.4.2 Effect of Minimuing rhe Effective Height of rhe Window

From the abo,"e investigation it has bccn ob"crved that hoti~()ntal shading device with

1050mm depth with 1200mm side offuet from window edge can provide maximum

"hading.

•
'l ...' " ,

'. ".

"

Figure 6.10: View of the model with horizontal overhangs (525= depth) with 600mm

,ide offuct wed for p=etric srudy for 21" March (Ecotcct output).

Afrer that, to l1WCSrigatethe l1lIpactof rhe effcctive height of the Wlfldow on the <hading

performance of the devices, two optiom have bccn srudied. At first option, two

ov""rumg.>are comidercd, one at lintel k've! and another at mid pane of the window. The

depth Dfboth of the ovcrhang. is 525mm, which is half of the previOUSdepth (105Omm)

with 600mm side offuet from window edge (model shown in figure 6.10). At "ccond

option, four overhangs are considered, onc at lintel level ~nd the other three """

distributed evenly at 600mm inten:al>. The depth of both the overhangs is 262mm



"
ind>o, which is half of the pre-if"" depth (S25mm) "ilh 300m", ,.ide offset from

",inrlow wJ;C (modd ~hown in fitlure 6.11).

•••"t.,
\.,

,

Figure 6.11: Vi"",. of the modd wilh hori>'onw o'""rnang. (2"2mrn ckpth) with 300mm

.ilk offici ""cd for !""",rrn:trk .tudy for 21- Mardi (Hoott'C1output).

Tab\<: 6.4: P"n:entJ.gc of .h2<kd ""'" by hori7ontli overhangs with d.i{fetml "ff«ti"e

height! of the window for 21- MlU"Ch.
- -

,,,,,,. 0 ! ! I ! 5 ! , , I , I ! ~ ! ! ,! " • , ,
;" mm • • " • .;c- .;c-

" " ~. •• •• " "
., 1', " ,.• • • -i- i.;;''''' " " • • ,m " ,m "" " " " " • " "

m " • " •• •• •• ,m " ,m " " " " " " n "
= • • " v.; ii'r " "., "'j '"' Il" " " • • " • "- -

The J><'rccnlJlgc of .hsdnl area of the window ma",...,. with rninirninng the "ff~'e

height of the window. T.ble 6.4.~ pc:rcn!12f:'=of ••••ded """'" for diff<=flf option •.

For fin, option, it dud"" 95"1.of the wind" ••.•Ilt"<ll It 9 am and 6~/o of 1M window ,,=
u 5 pm whik for ""COf\rl "ptMm, it .hades ?8"/. of the window uea at 9 am and fl:2% of

t!K •••i.ndow:lrel "I 5 pm. AI 5pm tht p"runtiltC of .haded ImI for ll«OtKi option is

15% high~ than 1Ml of {or finll option.
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g • __ 11l5lh•••,
-- 2 DO !>ZIon ••,
__ • .....:262m",•• ••
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•
.#' ....f' ,.# " .....f .I' ~ ...of' ,,'$'
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Figure 6.12; I'~=tage of .""ded tUt"I. byhomonral overhang "~lh diff=, c«~vc

height! of wind.,.•.•for 21~Mllf'Ch.

From tlbk 6.5 it is rndcnl lh., 1'I'l<.n:cnetg)' is n\'M with rninimi7.ing me dr~
ht:iW'1 of the wind"",", Higb~l J>C'1'O"flhlgc (95'Y.) of energy is ",,'cd by """nod option

which i. 4'Y. higher dt2n d,u of 6 •.•1 option. The ratio rotal cnetg!-' """"ived betw...,,,

.hlUed lod un.haded situation i. Jo....r=<! for $tCOfId option. In the sn:ond option the

l""'"dl dueling co-efficicnl ;" 0,05. ,,,,, l"",~ the .""ding co-dfu:i=t i. ""ncr again.t

wlsr radiation g2in.

T.hk 6.5; Shading codflCintt by horizontal rnrcm..ngs with different depth at diffcrnll

h~1 for 21"Much.

EiJ..";,.,, hoiglI. of Wi,h thxk \\"nhout ahod<
No ,,,," wind<- in """ in \t',,, in \t'••• , ("'•••• ll\cio:ft,, = ,.. .m 0.11, ""' '" ,m '"', ~ '" "" ''''

Findi"W':

Minimu;ng cff.-cn\'c hright of •••indow i. btncfJci.1 to impr""c the performance of

.hlding det-ia: [uuher. lbi. could be done by •••sing Je\'cnl O\oem'0!l' on ,be •••indo....

pane m..l •••d of one mg., overhang.
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6.5 PaJ'llm~tric Studiell for Venical Shading Devittft

From ~ $rudi"" and IirfflllUrt" rc""ie->'Sit h,~ beo:n ob$erved that vertical .hading

devie"" arc effective" """"1-nd ""'., omnUltion. Through I"n.melric .tud)" an Ut~pl

hu betn mode 10 find out the me and flffi""'tt}" of 1M ,.erria.llim for optimum .h.ding

I, ea~l nd "''<:lItonenlJ.tion only. Pllramcttic atudy i. dnne Cot"optimum .hnding at ",""I

ODenllltion.A. run ~lh;. symmrtrialsboul12 pm, •••me.oIurioo willlx: Ipplialbk ror

CUI on=lJltKm.. n.r..-., pan.mc1CTS(depth and '1"'Cn& of vrrtic:ol fins and .nglc of

vertical fin,) uc co",i<krnI as ,.....rl/lbb for tim parametric s,udy. The resuh of this

study arc nmunarised in the following M:<:tions.

6.5.1Eff~1of DepthandSpacingofV~ PiD-\

"lbe puunetric.tudy has been started (Ofvcrria.l.h.ding deri<:eoof V'lI.pngdepth, from

600mm 10 l200mm from the exterior .orf.ce of th" Wllll OV~ tM window (model

.!>mI.••• in figure 6.13) while the sp:ocing hc:t",ttn the fin••• con.id~ as con.tlnt. In

each step UnP:O"1of ~ in<:rt:lnelllh•• bn:n obscr"...d.

Pigu'" 6.U: Vi=, nfthe modd with vntical fin, (GOOmrndepth 1I.t600mm inl=nJ) usN

for ,,",••metric.-rudy for 21- March (Ik<ll<:ct''''lput).

,



T Ilble 6.6: I'crttnt:l.f:"of .ho.<kdUCIby "~C111lim ".jlh diffete1ll&pth fot 21" March
- -

""'" ! ~ ! ~
, I "
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. - - - -
1ltc pc:rccnlll8"of .ho.drd lU'l2 of the "-ind",,. nri<os for diff=t depth~ of fin!. TRbl",

6.6 .h""", pcrcettl>lgcof ,ho.drd..-.:as for diff""""l fm-dq>th. Th", ~t:o.gc of .haded

Irc;o i. im:r"".cd ..-ith the irn=a.., of .luding depth bul nol ""'ry ,ignifiaontly. For

600mm depth, th", dc>'ice,hades mau.num 70"/. of th", wind"". 1m. Ind for 9O)mm

depth it can dw ,hide muimum 70"/. of lhe window UCI Ind for 1200mm depth it can

.ho.demaximum 710/.of th",wind"",' 1rt'L !'or 6OOmm,900mm, and 1200mm deplh, lh",

minimum ~tage of .haded area ;" 9'%, 14~. and 240/. =~dy. So, only

ifICtCI.mgof deplh of fms is 001 ",ffrcm-e10ohJ.dethe window from solar radiation.

•

1) ---".

,,<5' ••# ...# .,-# ~ .I' ~ .,..f' ,l"

Figure 6.14 P=t:o.ge of ,haded •••.••by ,.utial lin, ,,-ilh diff",renl deplh for 21"

M.n;h.'

, Coua~ nIua of pcrrrnl>f:< of ,had<d "..,. prio, 10how> ~ ..., "'" i...tla,ed •• the ••.•••

dnr. •••••••.•.,•••.••-ind"",' pti,,' I" l!l<Ii_ '""t<" ~ pnW.
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Findings:

lbe ~rceflt~ of shaded ."'" i. in<:mo.'Ied",ilb 1M in<=:l!;eof d,.,ding d~th hut not

ver)' si,l1;l1if.cmtly.So, only ina",,,ing of depth of rms is not .,ff""rive {O.ho.d., the

"indow from sob. radiotion.

6.5.2 Effl'Ct of Angle orVc:rtical Fil1ll

From the .bm.., im'''''tigo.tion it hI.~ Ix-cn obscrvt'd that for vl:";col ~h.ding only

increasing of depth of rms is nOt .,ffrclNe 10 proln:t !he window from sob. radiation.

After Iba. the:incn:a.c: in depth of fm. is not funht:r dfrcm'., to mc:mo...,.hading ••.•••..

To imp" •••., th" perfonm.ncc of vcrtial d",ico. the cffrxl (If different .ngIc: of «rtial

lin. ";Ih "inrlO\\' lurf."" i••rudiffi. 'Jbe p2lllIDdric study is done for 600mm, 900mm

and 1200mm deep vemc:ol fm. with 30" and 45° lngleo with the line perpendicular 10 the

,,:indow mruce (modd lh""on in figure 6.15, 6.16).

Figure 6.15: Vi",,' of the modd ",ilh ...,rtiaJ fun (9OOmmd~th 30" smued) u~ for

pusmetric study for 21~March (r'..coIt"C1output).
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Figure 6.16: vi"" •.of the ITl<><kl••ilk •.•:rtiClllfin. ('XlOmm depth 45° .bote<!) uYd for

pa,,"rn:lric: otudy for 2\ ~ March (HOOIl.'ctoutput).

T.ble 6.7: I'<=entage of.1uded afO by vertial .hading <krioes with differnll depth

.nd angle fm 21~ March.

H ! I ! , , , • ! • , ! , ! , ! , !t
, , , , • ,~n " ., •• " " " " •• " " " " ,. ., " ,. .,

~ "'" • • • • • • • • • " " " , n " " •
~ ". • • • • • • • . • • " " " " " • "- "'" • • • . . • • . • " " " • " " " "- ". • • • • • • • • • " " " " " " " ",~",. • • • • • • • • . " " " " " " " ",~••• • • • • • • • • . • " • " " " " •

• 1'<=tII>j;<of.hodcdami '" not tIk<n ",to oocounlu tb< .",,<1<><0not _Ibc~.

Th•• ptte:t"lItllgeof sludMi area of the "indow ,-.rir:s em difT<:n;n\depth. of fin. with

different angie. With changing th" angk from J""'T"'f'diculo.t to the windOlJ"surf..,., the

pcruntago:" of shaded ara uf the: windm.' is irn:mosed dgnifiantly. Table 6.7 .h~

pcro:ntage of .haded .<CIS for difJerml fm-d~th "i!h difTcr=1 .ogln. The highC'S1



perfurmance i~$C(:nby "ertiaI fin., 900mm depth with 45. Angle. Fur 900mm depth

with 45° angle vettiool lim, ;t .had"" m.rimum 97"/. of lhe "indow...,. and after th~t

the per=ntJ.gc of.haded a"", i. nnt ;fICt"C;Iscd"ith the increI..., of !!hading depth. Th"

pctfonmnee of9OOmm lkplh wilh 30" angle vertical lim io "cry cl•.••e In lhat "f 900mm

deplh with "S° angle .-ettical fm~.

__ ')(I')mm • Jl1'

•••••• 1Il.'lh><rl •• S'

__ llOOm", •• Jl1'

---llronm ot(S"

'00

Pi,I::mc6.17: Pen:cnt1lJi:<:"f .haded.,..". 1»' vertia.! .hading deo.-i<:C!"ith diff=t depth

and Ingle fnr 21- r.bn:h. I(r."')

Table 6.8: S"'ding cocfftcinlt by vcrtic:alwding ~ with diff=:nl depth and Ingk

for 21- March.

"". With 11udr \1:"tthnut.hade
N. .- ,.,. to W,,, inW." Sh.dlng <"..ilid"",

, ~ ••• '" "" ,-", ~ W 'M ,,~ 0.15

., ~ ••• ~ "~ 0.17

• ~ W '" ,,~ O.H, "'" ••• ". ,,~ 0.17

• ,,,, W ~, ,,~ 0,1.

From ••.bk 6.8, it i. ",idmt thaI more me'll:Yi••.• "cd with the increa"" of .hadinll; depth,

"'hielt iJ DO!am'll}""applicabk e.g. mergy ••.,ing pcrfOmtIII~ of 900mm depth with "5°
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angle '"crticll rom •• ntnl' {Om.1 of l200mm clcpth urilh 45G .nR!~ ~~rtia.llin,.Hij.:h~l

~"=I! .•R" (86%) of """rgy i. nvod by the d<"\'ico b•••irtg 900mm depth ,,-jlh45DIngle

"CTt;ClI1fins, while the lowest is p=cntcd b}' (,(JOmm <kpth with 30" angk •.c::rticaJ.fin"

"'hich iJlonly 78%.

'"',",•il
l 0.15
•• 0.10••• '"•
'"'

r- --~
=; r-I - , -
I -

I
---, 1- - ,- - -~.-,

I I-- --
1

- - _.- ! -I- L ~ -"- -CIJOmm.. 1iOOmm ••
30" 45.

Fj~re 6.18 Sh.di~ coefficient by vertical .h:Wing <Icrice. with diff.,n:nt depth and

Ingle fOf 21~ March.

PM 900rnm depth. vc:nical fin It 45" ,oJ:1c ,,~lh .he line 1''''1'<_"dicubr I" the .•.in<imu

SUtr.ce. ,h.de1 ",nimum MOdo" .• reo .nd .bows Iow""l .h.dinJ: codT"~,. So, for

(,()()mm .p:acing. optimum d'1'th of (m. for mnimum ,h.ding is 900mm which •• 3/2 of

spacing lxf',1.ttll fin •.

6.5.3 Effect of Extending o(Vertial Fim 1100veWindow

!'rom the .h<n.., inn"tigI;tion it h•• been ~'C'd !hI.! for ,-orlcal.hJ.ding incrtasing of

depth .nd .ngle of lin ••• <:freeth"" 10 protect ,he ••.-indow from llOlar radiuio". Aft~ lhJ.,

me inCl't"l.SCin d.-pth and angle of fin••• 001 further effective 10 incma.., shaded ••.•••. To

imprm'e further 1M pnfOrmsn<:l' of ,.mc.J <k\ico. the effect of ""'''''dint of "ertical

fin•• bm..~ ••-indow is studied for 900mm depth with ••sa .ngIe ,...,rtiaJ fin., The

panmenic .tudj' is al.ned fOf "CTtica! .h;ding Ikvices "ilh '''l}ing C'XI"".ion uf ""nia.!
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fun .bm'~ urinde",,', JWt."j from l50mm ID 600mm (model shown In fiJ::U!e6.19). In

each .lep 1SOmminaemc:nl "-' b.=t cowide=l.

Figutt 6.19: Vj"",' of the model •••.;th ,-enial r"", Il.ith 600mm el[len.iOfl .bo"e ••.indow

mftI for f'UUI"'uic .rudy for 21- Mitch (Ik01CCtoulpul).

'Ill" pacr:n11S" of .Iuodcd un. of the ",-indow ,••nell for difTCTmt ex,,~mion of "ertial

fin. above window. T.bk 6.9 .howt percentage of .h.ded .~. fot diffcKflI rlltrosion

of venial fin•• 1"""" window. 'In" high"l ~OfTI'IJn~ i. ilC'ttIby vcrtical fin. with

600mm ex!l:mion above •••-indow, which .hade.<comtantl)' 100"/. of the window are;>.

Tahle 6.9: P=UlR" of .h.dtd:oreo by vcnic:alfm. "••ith ''''YioR ext=.ion of vertical

6n •• 1>••••'(0 •••indow fot 21" March.

-
"'". i , ! ! , 5 ! ! , ~

, , ! , ! , ,, , , , • ,.~ ,. " ,. • ~... • ~. " ;;,- ;;,- ~ " • • " ,... • . .. •,~• • • • • • • • • "' " • • " • "' ",
~ • • • • • • • • • ..- ..- .- " '", ,,,' 'u' ,m.~• • • • • • • • • ..- "" n.> It.) "., "., It.) It.)

•• • • • • • . • • • "i(i'i' "" tl'l '" '" "" ,m '"-
• Pn.:m!al:< "f t111"'n1 ."'" " "'" IlIkm •• It>""""'" ., 11><••••• 6<><0"" ••••. II,. ~.

•
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Figun: 6.20: PCftt1ll::lK<:of ~h,dffi are:>.b)' "erti<;:al rm~",.jth ""ryinR exte",ion of verriaJ

fin •• bov~ window for 21~ March.' Io"'l

From lJ.bk 6.10bdou', it j" ~elll rhu mon. C:OeIgyj" sued with diff=t cnt'mion of

vertiai fin. "bo',,, ",indo" .., Highe<t pcm:nlllg<: (99%) of energy j" "",'ed by the <b"icc:,;

having 'XXhnm ckpth.nd 4S" ang'" ,'crtir:a! fin. with 600mrn Cl<tt:nunn "1M"',, ",-indo""

Tllbk 6.10: Shading codflCi<:nl by ,'<:ftio,.![ms with ''''ling eden"inn <If ,'"rtiaol fin,

.bove window for 21- March.

No. EXlen.ion With ohHk Without .!D<k ShHIing Cocffid"lt

••• in Won in W,••, "0 '" ~~ O~, "" '" ~~ 0",, .~ " Z~ 0"'
• ~ " ~~ 0.01

Findin2S:

F<>,6OOmm nll,fln,," .1.","" wind••••.••v~ fin .hade. m•.•:imum window are:o. and

.h{>';\'! kTwCfl .h.ding coefficient. So, for 600mm .""ring. optimum rxlemion of vemc..l

fin abov" window {Of fnllnmum .h.d~ ;" 600mm, v,'hich i. ft\ •••.1 !O the 'p"cing

hcN"ecn fin•.
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6.6 Patamcui<; Studies for Composite Shading Devices

Case studies antlliternmre Il.-"Vkw! SOfur d,mc, tWc:1.\that composite ,hading <.kviccsare

effective at south-east and south-west orientatiun. Through thi, panunetric study an

"!tempt ha, been made to find out the size and geometry of the horizontal overhangs

and the ,'crtieal fin, for uptimum shading at south_cast and ,ollth_we,t oricnt:l.tion onl}'_

Parametnc study is done for optimum shading at south-w~st orientation. As sun path IS

symmetrical about 12 pm, the same solution will be applicable for south.=,t on"ntarion

also. Two parame= (depth and 'pa<.--inguf hurizontal ov~-.-hangand vertical fins and

angle of vertical fins) are considered as variables for this parametric study. The results of

this ,rudy are summarised in the following sections.

6.6.1 Effect of Depth and Spacing of Horizontal Overhangs & Vemeal Fins

The p=>merric srudy 11ft" be= done for composite shadmg devices of varying "p"cing of

horoontal overhangs and vertical fim, while the depth of the fin. and overhangs is

con,idereci as constant. As composite shading devic"," are combination of horizontal

overhangs and vertical fins, spacinb'S of both devices have impact on the sllilding

performance of composite shading dcvlces.

Figure 6.21: View of the model with composire shading device used for parametric study

for 21" March (Ecotect output).
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T.,,,, opriOM have bt>r:n studi<:<!. A, fir51 option. spo.cing of ,.~ lim ~ consKkrnl u

constant ••long ••.ilh the depth of homonllil ""afu,ng- .0<1,'ertial fin.; only O('llcing of

horizontal overhauir' is • ""riabk. The {nflllt\CttK study is d<Jnefo, 600mm .0<1 1200mm

spacing of horimfltal O\'erh"n~. At =nd option, 'p2cing of horizonw .....,rh2flF;!' is

con5i<k=l at CODSWlI.long wilh the depth of horimmal O\'crh'ng.o .od vertical 6n~,

only "PO:c2ngof 1'"fftiaI fins is • ,""mble. The panllnmic study i, don" fOf 600mm Ind

t200mm opo.ring or-.-~ fim (modd Mwwn in figure 6.21). 10 holh ca~, dcpmof

Table 6.11: Pen:cntagc of .Iud<:d • ..,. hy cumpusilc .h.ding ~ with different

spocinp; for 21~ March.

--.. ! l ! l ! , ; ! , , , ; , j ! I ," , , , ,.- .-,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. '. '. ,. ,. '.
~ • -• • • • • • • "., '0' m n " • " • • •,~
~ • - -

• • • • • • • '" u.) "'j H.) ".j • » » m »~
,~• - -

• • • • • • • '" " If') " If.) • m n • "-,~• - -
• • • • • • • '" '" m • " • " • • •"" - -
---

,ro

ro

E ~
g

m

J ro I•
~ ~-i____
~

.f' #' ,,,~~ v<S' ./' ,of ,# <!'
n••

__ 6mmm.12OOmm

---_.6l'Xmm
___ 12lJ(Onm.6lXmm

--12lnnm,l2l":lmm

Figure 6.22: P=t2gc of w<kd 1U't:I.by composite shailing dcvi<:eo will, different

lJ'1cinJ':fn' 2]" M.n;h.'Ir~
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The pcrccnt:.ogc "f .haded area of the window varies for illfferent spacmg of fins and

()ve,ha"!\"_ Table 6.11 shows percentage of shaded areas for dIfferent spacing of fins and

overhang;;. lbe percentage of shaded area Is 1ncrr.asoowith the decrease of "pacing of fim

and overhangs. lbe highest performance is <cen bl' 6(Xlmm"pacing vertical fins with 6(Hlmm

spacIng horimnul "vctruu'g". For 600mm spacing vertical fins with 600mm spacing

h"rizonw overllitngs, it shades from 79 to 100'%of the window area at dIfferent time of the

day. The perfonnance of other alternahves is not con"i,t<;nt (shown in figure 6.22).

FlndinW',

I'or WOtnrn deplh of fins and ovemangs at 600mm interval, composite shadmg devices

,hade mamLllll window area and shows lowest shading coefficient. So, at 600mm interval,

optimum depth of vern""l fin' and overhangs for trulJ<imurn,haJi"M i, 600mm, which i,

equal to the 'pacing between lins and overhangs respectively.

6.6.2 ElIect of Angle of Vertical Fins

From the above inve,cigaci<ln it ha, been "b,erved that for coml'O<;w ,hading only

incr~a,i.Ilgof spacing of fins and overhangs is not effective to protect the window from solar

radiation throughout the day. To improve the performance of composite shading devices,

the effect of differt'nt angle of vertical fins with window surface is smilie<!in the following

section. The parametric study is done for 600rnm spacing horiMntal overhang and 600mm

'pacing vertical fin. wi,h 30° and 45° angie. with the line perpernlieulat to the window

surface (model shown in figure 6.23). ,
",! co'

-.,-:-i/-

1~.--_.

, q~_.:;':;-~}~,/;-~
:._--:</~:'</-

Figure 6.23: View of the model with composite shading device with ,Ianted fins used for

parametric study for 21" March_
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'Ibt p"=cagc of ohsd<:d U<ll of the: window ,~ for •.r:rriaJ. fin, of COtIlp<>Sile

,h~ding <kvioewith diffcn:ntangle.With cha~ the o.ngkfrom J"'rpt:ndicukrto the

.••indow .urf~~ the pcrumAIt" of shaded .teIl nf the window ;. in<=:o.sM signirlCll.nllJ.

T.ble 6.12 ,h()ll.~ ~efm.J.:C' of shsded 0""" for vcrtial fin. with difTct'tflt Jt1KIe'. For

600mm spo.cing horiwntil <I"ern.o&" with 600mm ~cing •.•.rtic:al fin. ",-jib 30" angle, it

•.•••de:! maximum 100"/. of the window atell. The pc:rformllnce of (tOOmm "I"'cing

hom:orlral ovcm.fIgI with 600mm .po.cing wnk:aI lin••• ilh <45•• ngk ~ lIlmO!lInlm to

thal of 600mm .pacing h"rimntJ.! (Wcrlungs •••ith 600mm "P'"cing vnticIaJ. fins ,,-jlh 30"

.nglt (.hown in figure 6.24).

Tobie 6.12; Per=ntlR'" of .h.<kd II"'" by COlnp<>.itc.lu.ding lbi<:r:s wilh diff=l.ngk

fOf 21" M.tch.

! I ! I , 5 ; , ,
~
,

~ ! , ! , £A"" , , , • •,. ", ,. '. •• ,. •• ,. •• •• •• ,. '. ,. • ,. ••..
~ • • • • • . . "" "" H'I "" H'I " " " " ".,. • • • • • • • "" ,. " ,. " " • ,.,. ".,. • • • • • • • ,. ,. " " • " " ,. ,. "

••i •
!

"

~'~~~~~~&~~$~~~~~or • -p"- ~ ,'" ," "'- ,v ,~ ~" " ,"f" ,'> "'- ,'" ~.-
Figure 6.24: I'crcCTltagcof shaded ara h)' OOfl'lPOSilC .h.ding dC\'icaI ••.ilb difTcmlt

.ngle for 21" March. '.>1)
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FoIluwing Table: 6.13 •••""'~ thJ.t, =ergy •••ring per(omI2nCe of GOOmm ~pt.cing

hori1:onlJll","crhangs ",.jib 600mm ~ venical fm. ",.jm 30'" angk ;. '-"'}" cIMt: to

that of 600mm opo.ciogh",uon",l ,,,'erhang; with 600mrn """ring ,.~ fm. ",.jib -4So

anlt'''. Hij.:I=' P"=tage (99''10) of e1le'ID'is ••.••ed by the da1ces h..-iog 600mm 1p2cing

horironlal <>verna0J:'",ilh f,(Xlmm"I"'cing "ertia.I fin. with 45° angle.

Tilble 6.13: Shading COCfficicnlby comp<»!;te .h.ding devico ••ilh different Ingle fOI

21" March.

\t~lh ,Iwk \t'ld'lOlll••••<It

N. .,,,,,. in Won in ••.••• SMdinll CodIici.."

, ~ M ~O15 n~, "'" " "''' 0.01, ". ,., .ull.\ 0-01

Findings:

For GOOmm dtpth of fin. and O\.~ u 600mm int.....u, eorl1J""'itc •••••ding ,boice at

45. ulgk with the line pap=dK:ubr «> the ",indo", mrU.cc wdes narimum •••ind" •••

lUQ.nd .h""", """...", .Ju.ding coefficient.

6.7 Conclu.ion

":l-'cd nO the oI..avati ••n mo.<kin the p'lnllnctri<: ll1udieo.,it call t... st,ued lhu ",ilh the

help of .orne .unple !rtr.llcogles.nd modifieuio"" of ,hading <k\'~. the optimum

ooIution concerning solar hot gIlln issue. within lIilloffice buildings an "" achicvw. fot

conoidc",bl" period of office hou", aI m-e critial orientation. for I""ri<><hrtquiring

wding. Iir pn>vidi"R • better pn>lt'Ctiooagain..t wur heu gain, the n1crgy co."umption

to di••ipst", tmt heal ",ouIdbe ro:duced.
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GUIDELINES FOR DESIGN OPTIMIZATION OF SHADING DEVICES

Shading is the major conSideration to reduce sobr heal g<1tnill overheated periods.

Shading of " window offers the first hne of defence against heat gains from solar

ndiauon. External shading device i, the most efficient solar control as it cuts off sow

radIation before reaching the window. The design uf ,hailing devices can primarily corne

fron, understanding the solar geometry. 'lhe efficiency of the ",~ndow shading devices is

Iatgely determined by the orientatiun of the window. Every orientation of the WIndow

requires appropriate ,hading strategy.

In the preVlOllSsectioDs, the theoretical basis and the tcsuh of the simulation Mudic,

were discl.L%cd.Based on the set criteria nine selected shading dC"ices were evaluated

through simulation. The evaluation of these selected shading device, in term, of solar

control helped in Identifying the factors that affect in reducing sow heat gain. To

explorc th" ,tTatcgics for optimum shading, a parametric srod)' waS pursued through

series of simulations. The obscrvauons of the simulated b"haviour that occurs due to

changing panltnetcr. allow the identification of geometric elements, thc rcduction <>t

introduction of which in thc design contribute to reduce solar heat gain. The following

sections prescnt reconunendations and guideline"

7.1 Proposed Guidelines for Efficient Shading System

I" ,~"'w of all the in1re,tigations and on the basts of findings outlined above, a set of

guidelines has been drawn for efficient shading to rcd"ce solar heat gain. Investigations

showed that different types of shading device, werc appropriate fm different

orient.tions, 'The follmving recommendations arCmade for chfferent orientations and for

chfferent types of sh~ding devices. The recommend:1tions and guidelines are particularly

applicable for tatl office buildings of Dhab Clty Oongiturlc", 90023' East and latitudes;

23046' North),

7.1.1 Guidelines for Horizontal Shading Device

• It has been fou"d ftOm the mvesr:.igo.tionthat horizuntal shading devices wcre

efficient al south orientation onI)'. Hence honwntal shading devices arc appropriate
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to protect the windows from solar heat gain at south orientation. Jt works efficiently

from 10 am to 2 pm when the sul) is opposite to the window pane and at a high

altitude.

• The depth of the overhang depends 00 the window height and is independent of the

window ,,~dth. 'lne perfurmance of horizontal shading device increases with the

increase of depth of the ove[h~ng, After a cert.ain depth, the performance does not

increase signific.~ntly with the increase of shading depth. 'Ine rmportant factor is the

rati" between d~pth of the overhang and hcight of the window.

• Fot optimum shading, the rntio between depth of overhang alld height of the

window is

D=7/16xH

Where, D= depth of overhang

H= Height of wind",,,

Q,,,,,,,,
,,,,,,,,,,,,,

• , • , • -' <-

Figure 7.1: Schematic diH~m showing l",rameters of horizontal shading device.



w,

• \'{'hen designing an overhang for the south fa~-:ulc,one must remember that the sun

travds from the southeast bef"re noon and to the southwest after noon. 'lberefore,

the sun will outfunk an overhang with the ",,-me width as window-width. Wind"ws

need wider overhang off,cl from the window edge (figure 7.2). "Theside offiet from

wind",,- edge also depends on the height of the Wllldow.

• The ratio between the side offset from window edge of overhang and height uf the

window 13

W'" H/2

Where, W= side off,,,t [",m window edge

H= Height of window

,,,,,,, H,,,,,,
L _

,,,,,,,,,,,,,

Figure 7.2: Schemati<- diagt:am "hOl,ring pammeters of h"tbmlla! shading deVIce.

• l'ot btgc height of windows, minimizing dfect;"c height of ",-indow is beneficial to

l1llPW"" the pctfottnancc of _,hading device further. Thi, could be done by using

several overhangs on the Willdow pane instead of one 1J..rgeo'-erhang (figure 7.3).

Installing ,cvc",! overhangs on the window panc i, also appropriate when the

projecting distance from thc wall is limited for structural or other reasons. '1'his could

be important if " building is on or ncar the property line or there are certain

restrictions by building re!,,,,larions. A, far as sun penetration i:; concerned, the scalc

of the overhangs can be changcd at any time as long as the ratio of DjH and W jH

are kept constanL
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Section Elcvauon

Figure 7.3: Schematic d.iitgrams showing parameters ofhonzontlll ,haJing d~,,-icc_

7.1.2 Guidelines fot Vertical Shading Device

• It has been found from the invesriganon that YCtti~alshading devices were efficIent

~tcast and west orientation only_ Hence yemcal shading dc,-iccs "rC appropriate to

protect the Wllldows from solar hear gJin at east flnd west orientation. It w",b

efficiently ",ith the sun at • low alcimde.

• The dq)th and spacing of vertical fill' is independent of window height and width.

'lbe performance of vettical shading deVices increases with the increase of depth of

vertical fins and with the decrea,e of spacmg between vertical fin". After achkving

certam depth, the performance does not increase with the increase of shading depth.

The depth of vertical fin depellds on the "pacing between vertic"l fi,," and vice versa.

The important fa~t"r is the ratio between the depth of vertical fin and the "pacing-

bcn.--ccn vertical fins.



• For optimum shading, the ratio betwc-en the depth and the "pacing of vertical fin is

D=1.5x S

Where, D= depth of vertical fin

S= spacing of the vertical fin

,,------

,,--------.~
5

(--------

,,-------- ---

Figure 7.4: SChellli\tiediagrams ,howing different parameters of vertical shading un-icc.

• This lype of d",-ice i, m,,,r effectlve when the ,un is at one side of the elevation. A

vertical device t<) be effective when the "m is opposite to rhe window considered

would have to give almost complete cover of the whole window. WIth changing the

angle from perpendicular to the window surface to dock-wise direction, the

performance of vertical fin increases g;gnificandy. Vertical fins at 45" angle with the

line perpendicular to the ",.-fidow surface .ue mOSt effective. Ibis type of vertical

,ianted fin can be appropriate either when there is a de"ire to control the dJIection of

view or when the view is not important.

• \Vhen despg a vertical fin for west facade, one must remember that the sun

travel. rc1ati,.c to earth from the southwcst. 'Therefore, the sun will outflank a vertical

fin with the same height as a window-height Windows need higher vertical fin

""tending over the window edge. The extension o""r the top edge of window

depends on spacing between ""rtlcal fins.
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• The ratio between extension of fins over the window edge and the spacing between

vertical fins is

x=s
\Vhere, X= e"tension of fin over the wind"w edge

S= spacing betv,'cen vertical fins

Figure 7.5: Schematic diagram showing different parameters of vertical shading device.

7.1.3 Guidelines fur Compo.ile Shading Device

•

•

"lllc invcsUgation showed that the composite ,hadIng device, werc efficient at south-

ca,! and ,outh-west oticnrarion. By controlling ,un penetr.tion by hoth the altitude

and a~ji-nuth angle of the sur>,vety effective shading of windows can he achieved.

The depth and spacing of n,rtical fins and hori7ontal overhang of composite ,hading

device is indq,endent of the "induw height and width. 'lbe performance of

composite shading de,";ce, increase with the increase of depth and with the decrease

of .pacing between vertical fin, and horizontal overhangs of c<"npn.itc ,hading

deviee. '1he depth of vertical fin and horizont"l o,.erhang depcnd tt:<pecu •.cly on the

,pacing betwccn vertic.l fins and hOD'onral overhang, and vice versa_ The important

f~ctot is the rntio behvccn the dcpth and the spacing between veruc,,] fin; ~nd

horizontal overhang'.



• For optimum shading, thc ratio between the dcpth and the spacing of the vertical fins

of composite shading device is

~d

Where, d= depth of vertical fin

w= spacing betwcen vertical fins

And the ratio between depth and spacing of horizontal overhangs of compo,ite

shading device is

h=d

Where, d= depth ofhoruontal overhang

h= spacing between horuonta1 o,.crhang;

It means that depth of ,"erncal fin, and depth of horiwntal m'erhangs has to be

equaL

,,,,, f-----

f-----
.~
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f-----

,,,,,
,,,,,
,,,,,
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,,,,,,,

Section Plan

Figure 7.6: Schematic diagrams showing dJfferent pa,..~meters of composlle ,hading

d~vk{".



• With changing angle of vertical fin from perpendicular to the window surface to anti-

clock-wise direction, the performance of composite shading device inctea,e~. Vertical

fin at 300 angle, with the line perpendicular to the window surface are most effective.

Figure 7.7: Schematic diagmm showing different parameters of compoS1te shading

device.

• The Designer should first decide on the gene",l appcarftnce of the composite system.

As far as snn penetration is concerned, the scale of the composite shading device can

be changed "I any time as long a, the ratio of hId and wId aTekept conslilllt.

7.2 Conclusion

This work was an attempt to explore design strategies of efficient shading uC"Vlces10

tropIcal urban climatic context with a focus to reduce solar heat gain in o,'erheated

periods. To "chie,"e th,. objeetlves, thwugh investigations a SN of strategies has been

drawn that could help to deSIgn an efficient shading device in place "f commonly

plCaeti,cd onts in Dhaka. This work may al,o instigate de,igners desIgll efficient shadJng

devices with a rcfe,ence to climate issues.
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At prc<cnt the necessity to reduce the energy COmlltnption in the buildings is an

important issue in Bangladesh. The design strategic" of efficient .hading devices that

have emerged as a direct outcome of dus study are imporu.nt in producing energy

cfficiellt design solutions. It may be extremely useful to have such strategies in mind

dL1ring the pre-dcsign and design stages of buildings, as passive 801,,tions allow buildings

to responsive with environment, thereby reducing energy consumption.

7.3 Suggestions for Future Research

Some of the most important ~teas that need to be explored further ate swmnanzed

lJdow:

• More research needed to as,ess the impact of shailing devices on daylight and

venti.LJ.tiunthrough the Mndow.

• P~rformance of sh"ding devices can be evalll~lcd in reducing heat g:un for diffu<cd

solo.rrad.lliti()".

• Perfonnance evaluation ~atl be done with vanous thickness of ~hading devices Wlth

dJffetent types of m"teri"ls. 1be u,e of shading trultcrials and tndhods of installation

with regard, to their thermal propertk, need to be mvestlg"-tcd for dctailed

recomtncndanon for th~it uses,

• Possibility of mechani,,~d movable shading device can be explored. The co,t

effectiveness of fixed shaulflg device Wlth comparison to mov"ble sh"ding device ~an

be done considering mainten •.n~e and con"troction cost.

• Combination of shading devices (interior and exteriot), movable <hading dcvices and

shading devicc" ~ombined with spccial (solar-protecti,.c, Jow-e) glazing ~houJd be

smdied.

• 'Dhaka Metropolis BLJildingConstruction Rule 2006' can be examined ~onsidering

sohlr ~hading in buildings.

• Impact of shading optimizanon on building ~"ctg}' constunption may be ,mdied in

view of energy saving potentials.
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