v
})étf YA-FM .. 9853 (ot (o )3 (635 o bl dins (6651 iV WAY liwnsj /02D Jlus [ YV o lois

J9230 (s (xS 55 (635 po bl diagy (69N s
bl cilises g (38U 43 b oo 1 485 U

&ubb .
x> ygy Loy e

BT SRVES WA R

s>

390 Olpl i (sbyjed 3 Mo LB job a9 039: (Sume jlo g Sl 13 (1S Hles o5 55 50 bl I erlata
bl cluls 51,8 S5 abls ol GLbI s il 10li5 5| (o ySome b b (lalisd yizmen b, 1,5 o3lisud
Sy Sl 9 srar ptalol bl dbml g bl ilises gsbaw )3 odada ol (5550l Glje o 50 lodes (i85 5555
il e > 555 lalllas plosl diojls ouiS calike Bblis 5 (635 5o bl atugy 6550 bt 48 o liy] oSl
e OSume 3 bl ilizie lusls oad (idsS dgalis (pl &y ) sl sl (155655 Sl b bl il (glagSl
2y5 13 bl 290 il glagSll )3 bl calis zolaw (8L 4l Gl g 0ad olulid J55

oSl amdn (g 5lwand jloolaol b g odd Cponi  Shise claciily y jl eoliinl b bla calises (sladiges ¢ 3aiod opl plodl Cos
2 jl el o (5 dulie b cunl odd (S ojlul Jlo (155695 (slaole )3 iliseo zghaw (59) 2 calizes sl I Jols 4l
blo & ol 55 ol od (8 ymo il gl 5l gdloo Jlai ) @iged (it (J5950 o ed oslBl Sl Sz b wiges
(bansgio 30s) MY BN elis)) p Jolo st cpizmamd 9 (USh (nipo 23 L bln) (1255 9 Jobo oo VI B s )l ]
lo GRal3l o e g @l 3l odlial ad salgs sloml ool 5 S (g9, 32 p)5 S 1 s (5o (sl iily
b alg Sl Glalul Gl g Gleble (silopw sl (EalS daoylie (slod (Ll ble zolaw

s o83l

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Ol el cydo Ca 3 oSN ¢y 2SI ¢ g jlomo (638> Sl

mhsntaban@yahoo.com

AYMIVEN i 0iaan 05 -5l ol el 35 ey yo S 3 ol&ils ¢ g jlomo 5y 0SGly dliawl o g3l pods (628> e
pourja_m@modares.ac.ir

.O‘)i‘ ‘Ol){ﬁ (e Canyd o Kiily d)l.«:.a 9y 0483l bl ‘Lﬁ)l‘”“ d)lfa Er
bemanian@modares.ac.ir

'd‘)i‘ ‘Ol)ﬁj ‘Ql)@' o Kiily ‘Lg)l.o.-.a ouSisly ;‘_;)‘915& 09)5 )L,...:';}b ‘d)L‘”‘" Lg)iifé SR

shheidary@ut.ac.ir

4

46
A3 (S5l ted g (gilome pim dmgds S pe gl - ele dellal


www.SID.ir

e

» .(Lee, DiBartolomeo & Selkowitz, 1998: 62) ¢l oas
b 3 lgls s da ozl s aslu Sl o)yt dine;
13 canlie g3 ) )l by Sy Sl (5l 0
(S0 el a5 o oo e » gy s
S5 sl il (iS5 leslil.Cand 1h)53 o gl o
Lol ol 2 28 3] el (g gk 2 (6 yidin ulio oS
Al 4y )8 ilus 3 pled a8 Jloj .ol 0393 4355 3550 5Ly 5|
Gl oo ol 55508 slo)S iz s ol ol (slod
Sl 5 3,90 o logus (i (55508 (552985 50 oS
Lsgio sndindd (clod sl aylus 3 g ool g Uil iy 3
S o il e (el gyt (tall g 292 amlis (0l l
dljgy slod a8 w0 i Slllas (Steele, 1988: 92-95)
¥ 4 S (HW) o0 4 gl cons b glagbls o Slals
S5 4w (HIW) (550 4 6l )] s b (glap bl |yt 4oy
skl (WY bsily 55 ol 2 .(Ahmed, 1994: 48) .l
P loals plosildie; oyl 13 (gdiedguw lalllas (VYAY) sSULE( \WAS)
P it adlas Jodis st (Sune (Slagsl g jaed CEUS 4o
bl 555 (T iy chsmsioy) S 38,5 0 5 sl
2 ilie (clmygdS sy g 4LBIS (g )lane 2 p)F @l 3 (639 50
odlizuly90( 55l b pan hlS 9 Sl ) > il el
Caz  ws) in § odlid 5 15,56 Lalye o 4z 5 )3
13,5 et i oy iz sona 9 ol L oo
39> I 3 9ol (slalad (gl (b y95 (el

b 93y ply p> clable g 4505 0l @

S b (gl e Sl @

ol PUlel Ca (i LB P agldod 3 lox e

1z
-
: -4
%
P4
3
v
'%) - ;Lé
w =————
g o ]
1 2 »
@ils (e 4 bl FF ] Cuw

Ahmed, 1994 : 35lo. o clod o gt o (bl odye g 1) loges
Diagram 1. Effect of north south street section on surface temperature.
Source: Am ed, 18

YAFAL .. J5855 (s (sSms 3 (635 yo bl dints (255 Lyasm FAY lians; /o Jo / VY 0)las

dodko
sl o &5 u~¢.5 Bl dﬁﬂ d}g)‘j glabls
ol 2 35 9 g dSesel gtz B3l Jlad o i
sep b SN ol pS S a3 S 5 oolitl 5,90
b Lulyd Joleo o eloinl 9 (Sin )3 Jole | 6y b
Lyl 5 el sl 0393 Cilisen 3ol asldl Lolos o cano
obedl 2 s pdbiolial g oy gy 5 (b sl e
5 tale)S Cundge 4y i b lazsls b o wl a8 1)
§ sl b plazsle shb 35,8 )8 g 3y9e sbsloyus
Blas 5 (odlll Cluogas 4 g olion 4 (guud )9 (555
Eguan ks ) u“"’L‘j byl JJ‘?';L;o i et le e
5,5 alss (KaS 35 (g5l G pae il 3 asly oS syl |,
315 clos s o ol ls (Yaglou CP, 1972: 251)
2 4 erdygs by clacSuiSS ) ool b g e |y L
sbrdiny p aloobol jdaia i loidlo ladin )l Gis
ceslio £ S s YU > b b | pdlias Jloslizasl o
.(Gandara, M., et al, 2002: 123) soisu dgus

2 iS55 S dies > (e ol o) sl
gk 9 ilisee (slabiasl Sl (S0 2y sladin Gl
Ll aler | oyl > a8 IS & las )l Sluogas
et b oy a8l b5 () (6658 4 5] S8 Ll s
4 Cuolabls ulas gy slalad cunlio Cluwls il cuwl
5 5 55 G Ll e 1y 3, 0as i o (S0s5
b b sl 4y 5L #8lse

bl il g )3 3y | G5 i b ]
O el lalis 5y 3,Shas iS5l Lol elys
Slop slod 5 gghaw (slod (38) YU s 00l > Ay
g bl Gl 38es 5 (il 381 o8 35500 gl L
Cae e et @ 0)b o Gl 568 slalad s o
s bl ayly bl alises ggbans 38l La 53,5 4t
Wl il 4 50 &8lae )0 Cygo pl e ) bl Cunlio dlal
3 o OB Lol 4 5l dlge )3 g 92 salgs oLl I i
ge dige) (pl 2 Sl Slllas S el 55, ol
I o OB plp 3 bl o jlcblis 5 (Sen o5 @S
42y 5 Clold coley b palie slash 39)5 1 655k 5 o)l
.(Muhaisen and Gadi, 2006: 246) 113,58 3.5 ¢y yguamo
9 ollopw logl 290 o loplaile o wlo s
Ole slaallas 3 0wl il g gy bl g (tole)S
GBan ialS Cuw lo d YV B 5l g (g5lulale Jpus oS ouss
A5l leidlo )3 (Gl 5 ile)S (2lidy)) (55
a5 ) (Tzempeliks and Ath enitis, 2007: 38 )
OB il (3l 59y G ) (ole s b gl SRl o)

A5 (il yted g (Sylome Y (g S pe w“e))—wk'“‘uﬁ 45


www.SID.ir

\ol.10/No.27/Winter 2014/Determining Optimal Courtyard Pattern in Dezful.../37-46

60

50 < /_—.“\'

40 -

= Jols

—— L Sl
— g aids

abpe I

oSy Lol : sl Jlo p)S slrols 3 lan (slod (ylwgi g STas ¢ J8las Y lyges

AYA Jg853 3Ll o ouwliiblgn
Diagram 2. Minimum and maximum temperatures and temperature fluc-
tuations in hot months of the year. Safiabad Metrological Station, 2010)

od (Bye 42 YVIVY g gughn 5 oddlduas | (B8 Jsbo 42
gyl 53 9 5> alag) S )5 Glul (2 wgi 53 gl Las
9 S glagliwe) (ghls a5 a8)5 )8 1)d waw gy VY-
ol 5 |9.tzs slod OL*’93 9 ).Sl» ¢J§|J> Lol P)§ Lgl.mdllwgb'
cowlslgn Jlol )3 ol oads odly Lisles ¥ lages 13 Jlo )5
Wl 00 ()35 bl )0 3 3, Kl 4> )3 OY &l > as >
W0 G il 3 9 203 7+ BYD (s (ltane )3 Cagho) bawgie
A JP5 o sred 13 Cugle, bausgio yS1 o Cosl 2y VEL
25 Jole ccawl 039 43S gl Jlo 50 2o 3 VY ] JBlas 4 A0

e

wsrd 5l ol Gl sl g 5oy Jsb 3 bl (adp)S e
9ol slaoyin s il cgs iSlen

srg) 9 Blo plawl 4 B Gy b )3 bl (j0doy @
b slad alig) clod (Slie (sl a9 4255 (IS
o ialS” el Wlazilo byt b Capenl 4y angi |
g sSug) » baglele (il g Gialepw slagsiyl
2 o3 e (slogS) 3,515 oy g Cal LD e
g b g glajlo g colo jl (230 )La5 ials e
$2935 Lo y9iS (5 lore 3 (2looSUl (i sl sl 3
S g oad QB! J5355 (SgSume (5)lone (131l (sladiges |l
el Slaslis polisl 2 ealBl gl 13 (35 30 bl i 595 (s
oabolasin] (glacioms Alodd (gaidiwd Caliste (glaog )5 50 bl
) sl 5 3)lge ol aalllao oyl jo

Sl @l L] Jobo 3 (W) bl 250 clan )N,
el (555 o bl p 8 (SatS 5

ble glaojlgs gl g8l o (L) bl Job ple cus )i N,
e ol b gee S(H) 55

ol 09,5 1 sl sie 4y diges Sy ¢ ilallas 09,5 ,m ]
ool 48,5 Syg0 o 69y 2 i lise Slusloe g o

J9850 (law s coaldl 5 (2 Ldl yi> CupnBge
YAXY O (SumBgo > @oyo yioghS YWe colua by Jo83 (lins o

AYAR (Jg850 .\\.g’lué..o cowlisilen o] Sl sl Jsd5> ailalo Lod do)d (0 3V g (5wl o Cugby (ke N Ji
Table 1. Mean monthly relative humidity, maximum and minimum temperatures of Dezful. Source: Safiabad Metrological Station, 2010.

Mean Monthly Relative Humidity (percentage)
Mean Month y Minimum Temperature (centigrade)
Mean month y mak mum temperature (centigrade)
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Mean monthly relative humidity(a.s,0) ailale o cusb, Sl
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Mean monthly minimum temperature(s! 5ulu) alale bs a0 uyd b 5ils
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Mean monthly maximum temperature(s! Xl alale Les as o oo WL Ko
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Table 6. The amount of shadow on the courtyard floor of Group A at 12 pm. Source: authors.
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Table 7. The amount of shadow on the courtyard floor of Group B at 12 pm. Source: authors.

B 8l oY Col 09 8 el (538 50 bl LS (59 4l A Jgx

Table 8. The amount of shadow on the courtyard floor of Group C at 12 pm. Source: authors.
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Determining Optimal Courtyard Pattern in Dezful Traditional Houses
By Relying on Shadow Analysis
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Abstract

Courtyard form is a very ancient element of a building structure in Iran and has been in place in Iranian houses for ages. A
look at the plan of old houses in Iran as well as other countries in the region show that the structure of buildings are formed
around the yard with several strategies. Solar radiation entering the courtyard space is received by different surfaces and will
affect the thermal conditions of the buildings. The amount of received radiation generally depends on several factors including
climatic conditions, location, orientation, the surrounding environment, proportion, the time during the year and the form of the
courtyard. The absorbed solar radiation will increase the surface temperaturesand consequently the temperature of the adjacent
zones will be affected. This effect on thermal conditions in the courtyard space is reflected on the thermal behavior of the sur-
rounding spaces. Therefore, it is necessary to ensure an optimum amount of shadow and irradiation in the courtyard space for
an efficient courtyard performance through the year. It is evident that this can be achieved through properly configuring and
proportioning the courtyard’s form and surfaces.

Using an improper pattern not only will cause poor courtyard performance but will also increase the cooling and heating
loads of th bi Iding b cause of th ek stence of too much sh dow wh n solar radiation is needed or receiv ng plenty of
irradiation wh n it is not desirabe. TR courtyard bi Iding is suitab e for use and enjoyab e if special arrangements are
made in the design of the building. This includes the internal envelope’s finishing and materials, as well as the proportions
of th pis ical parameters of th  courtyard form, wh ch are tb most important element and t  focus of tB present study.
Dezful is one of the cities of Khuzestan province in southwestern Iran which is located on latitude 32° 22' north and 48° 24'
east. Thscity B ssew re summer climate conditions and on some daysth temperature reack s3 degree centigrade. In
traditional bi 1dings of Dezful, different passig design strategiesh ® b en used to control climate conditions and ob ain
th rmal comfort inside ta bi Iding.

One of th se strategiesis creating a micro climate condition § using courtyards asa design pattern. For th present study,
15 cases of th  courtyards in traditional bi Idings of Dezful b ¥ b en selected. Generally, wh n more solar radiation is
receig d in bi Iding,solar b at gain would b greater.

Since solar radiation iste only th rmal factor considered inth s study, cooling loadsfor bi Iding isreferred to th & riation
inth obtained solar radiation. Two different indices & b en used to classify cases. Th se indicesh & b en introduced
as N1 (ratio of width to length of the courtyard) which defines elongation of form and N2 (ratio of length to height of court-
yard) which shows the depth of form. From each classification, one case is selected and used for this study. The investigated
cases h ® b en modeled using th ee-dimensional simulation § Townscope software. An image processing is used to
calculate th amount of sh dows in different proportions on courtyard surface lew Is$ Imagej software. T amounts of
sa dowshae b en measured in different monte of th year on ¥ rtical and br izontal surfaces. Generally, in summer, th
solar radiation receie d f br izontal surfacesis more th n th t ob ained wh nte surface is¥ rtical. Th refore, sh dows
on vertical and br izontal surfacesae b en measured separately. Th total amount of sh dows of each sample b s b en
compared in th research with t climate regi rement tab e of Dezful and ta b st sample regarding tB needed periods
for irradiation and shadow have been introduced. The optimum ratios of a courtyard building are defined as that which
ensures minimum energy requirement throughout the year to achieve comfort in the building. Results show that courtyards
with length to width ratio of 1 to 1.4 (near to sga re form) and b igh to length ratioof 1.1to 1.2 b d tb most proper sh de
on different courtyard surfaces. Results also showed that for the purpose of reducing the cooling load in summer, deep and
sga re sh pe courtyard forms were tb most preferabe. Te self-sh ding of th courtyard bi Iding actsto reduce th need
for cooling by an average of about 4%. By using this proportion, the amount of shadow on the courtyard will be optimized.
Th swill accordingly result in reducing th temperature of ta walls—wh t would b Ip th cooling load in summer and also
maintain warmth in winter. Courtyards with suggested proportion in bi Idingsmak great ade ntages for tb rmal condition
of bi Iding. Howew r, it must b mentioned th t th spassie strategy is not enough for ach e ng t rmal comfort in bi 1d-
ing. Rather, a series of other strategies must be used to create more favorable thermal condition. They include thermal mass,
proper insulation,good or ientation and ¥ ntilation.
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