W OIge

iy o)Laid

11€eP )lgy /eadde Jln /ogw g o

DOI: 10.30495/HOVIATSHAHR.2022.63836.12114

ISSN 17359562

slad Sl o pstas i (5,BA L sla S59 Cawleua il
Ol Sid 90 S aalSl ju (oaabs da 9gd b (slaaan dduugy 50
"“‘(QIJ.@S D189,y 90 4.9..|Ua.o)

005 5 ol 15 P pL Lay,y 10 sl Dol JU b edige

VN F Yol Gy i VEV Y Piallie el b

AN Ii
L pglae GRSy 50 5 gy aosysd slad o (Sajud slaaald Col (gpar Sl 5l Ol (g lone yate S atuggo glos
o=z 9 Obale aigly g Comdae iz doazy )3 ahalo e w08 Gas Jol b rnds 4 e5L (Sl Al gy g0 (sled
Bad ol (Al ann il g0 olo,S (L g lar b e i ISl aiid gled (Jolds ainly sla piie g lea il
39 b 505 Shld (Glaan diwgys sles I 8 Sles B gl i Sl alaS o 36 e ey i (]
ookl wols Hlas gl o plosl casgld li8le 5 5l oolannl b (g5lw s dad ()l Jl3, Jdow gl casl il Juad
thiio mhas g (VL) U3l il (5y0ee olo,S Lo g (AY,VB) Les &l s jol, 156 oy s bl ooliil pacl

...\S)L) (Z\\AL\) ‘5>L~c o),t‘l.>)~) |5Jb ulJJ} u.cjwju‘))..:i.: L}JW gLQA?u)Q

S35 slad)lg |
ool 5T ¢ Slasbone SVl Saaliys (K g o5 ol el A ccg] dan vgysd (glos o onmbs 4505

Kolpl Sas g 0,5 0Bl g ol slo LBl ;o atng 9o (sled dgr oI &l laie b Solow Slols U8 (6580 aab L 5l ais 5 5 allis oyl
el gz ol asly oDl ol5T olSls yo pad S H85k 13S0 0 j5liw 5 (LS Lay, ;iS0 pleal,y b
.Qlﬂl ‘Q\).Qﬁ ‘u’_a)l.J "')'T olRzils e O‘)’Q‘» A>|5 &G)LM.A 9 saSasls ‘Ls)Lo.u og)f ‘6):)3 )iw.sb”_. Sk
Email: faryal.siadati@gmail.com
(Slle Jgiua) 3l pl eyl 5 = i olK31S (g5l 1o g (5 lore 0uSils jluils s
Email: fayaz@art.ac.ir
Ol ey (ool ol5T olZzils cgiz o)l ja5 Ay o5 lore 5y 0SEils ¢(g lore 09,5 ¢, Loiils 4
Email: n_nikghadam@azad.ac.ir




25 Oype & dited Soe ol (SVhw Sealus 5 5l k8, p oS
:Jankovic & Goia, 2021) (\ JS&) axies gan aiws LB
Condgo dogdil dwain ¢ leo oyi ol I pwsin glo (Shs
Obasle agl;

Slad g 2le)F 5 (Senlsle (Shy Mllae glo (s
obasls

4 gy 90 Gbled (J)l > L8 a0 o (el 5l )l

w93 lod 6, slo (Shg 5l (S 40 S 55U (2
SRo iz 50 s g 430y o Gyl 8, b s L
B8y 5 RS ple Sy ol i Jlie 236 5 L LS
JAaNKOVIC) cowl atd 5 )18 o) 0550 oS dlwgrss sled )l
les i gla Shs 4alS 28,5 L ,5.(& Goia, 2021
Sl o Sles el ol (b plin 5 (ornb a5 agyg
sla Sy il o e b Gl 0 (o0 dwgrgo sles b
5 &S ol BB ol gyl 0 Shes p aigyss sles 5kl
el b3

slo (S i 26 Ol () S92l S
S 19 Jold ormb s Gl (sl e gy g0 slas 5 L
Sont Sl 50 ouind S5 llas la (T g (wiia slo
2 (OIRF —2) Glpl St g 05 @ldl o e ()l 9 Shee
5T 3l edole o (6 NS 31 e ()l sl el Gl Jad
ol dnr asgy 30 sled (6 L alo Sg . ool Copuli
s gy 2 od ()l 08k sl i S tgly cl y0 45
ST 9 5%9,9 S8 4z y0 gl gl o aid i Jel S
0y Goc g calizee sblg; b baslu 5l oolawl b oolazul pac oo
sl Sy ol 5l plS 2 5ot 256 Oliee <55 (a0 (Sl
(OF Gl Glwl; ,0) atwgge led )l 0 Skee (5 il
ol (o sled sl Glis e 5o Jlo 59, 2 e S 0L 50
0y o Sy o Sbasle Coadge (DYl Ao j0 00,8 et ie
T 9 S99y Sl Az )0 Cuxdge ()1 Adind Ceon (Sbe
Wi Crow) Sl gy g sles (7)1 (il o 0 150
Ban ol aid S s g 09 5198 (b2 e 5 (21
el 25 ey 2 Gl lie 0l 2l

b 5 sl dnz g po sl 5 L sla (S plos-
gh— 5l 2beS @55l e Rl o gt b S A
s il Y (S it s (glos LpalSY (LSl 4t
A 53 25 Glod Glp ]y g 90 sled (Sl 0ji> 3150 )L >

Eo,lo ol

@35 Gy 15015 )35 (060G Lo Y53 «3xkw Olslw JLd ywsigs

(YD .
a5l JSase (Slad el e wir Jlisle S gy ss sl
Sgben JS—i5 a¥ss ol G T Sle 0)i> 5 (JSb Y (2 >
U5 6yt izl gl o sonddl loiiio Lolul s ol (Ko a5
slales (Kim, 2020) ol 35 (2l 5 5,1, Gz g —a
T89S Tl amr Dglite (wain gla o gl agyg
xS S35 bl g oien Tatngy sl aib vz 5 fedls
O L R O e Ru
Wy (0§ e (S 5 (reb) S e 5 (S
4 A_wggo sl (Barbosa & Ip, 2014; Tao et al., 2021)
Slee 03> 55 Ol Glo e ;0 03y Sllanl el s
6Lad (rm Jolss o e sl a8 hn s G 5l Bl )
Slee 03 458 Oy o s Sl ploisle (A3 5 ()15
51 0% & 0959 3l (s 2509) "Dge & 9 ) st Jols
Sibign Tidlos oya 315 5 o 4 050 514 0950 & 9
Lol (Ahmed et al., 2016; Hachem-Vermette, 2020)
19 5 7 o ee wllgi oo culie (b Djgo )3 Atugygs
Gle bulpd sggr s )l Ghlel sy ol lio b
Shameri et al., 2011; Tao et al., ) o5 sl eyl & 1) oo
pae OBygo 40 5y gla i d pala w o bl ax g5 sl (2021
0Lz JrS 50 6)loy 000 0599 50 Lu o pas g el (b
Wl (oo cogene Dlakad (A9 g yeesd g Gl 53l JUad rge
Pasut & Di Carli,) o4 ai_wigr 95 slos (63,5kee lais el
4 4wy g0 slales (2012; Oh et al., 2012; Tao et al., 2021
W85 )13 (o 3550 SleSS U o) G plgre 40008 5k
(S, L a g sles g bl slo (Shg Ngy ]
&5 5 Pptiege sz JUl sl onzeg LT GV 5 )
5 e pyle Jalsd 5 5 Ligy s aigysd slad 0 ole)S
Gl oads ol Cum g Se o )5 g s sles b cos
b g (Sloe 0)—i> o L DS 5 Ll (59— 5 5999
s 3ed ol alds S 5l ey S 1A syl 1,8 SIbT 5L
sla Sy il ainge 9 LBl Jle plgie ) (b Ll
S35 1S3 oS ewiin sl (g Jeld L s il
los 50 Shae 5 55l 0 )2 sl (g3l sl 5 (7 (Sealizng ] 5
08k Blanl a4y s lp AlalST 5k 4y g o | atugyg
(Parraetal., 2015; Taoetal., 2021 ) s 5 53, 4ol p wgllas
ol 4565 L g9 sles M) iSle sla (Shg S 5k

W OIge

o)Laids

11€oP )lgy /oosbn L /egw g ol



Jelb O30

iy o)Laid

11€eP )lgy /eadde Jln /ogw g o

o b Sluses aimgygs sLas ()l syslacy )EaL slag,51y Cambuna jIGT

e g S35y SBeeisL o
lado oy

S5 ) Cuddys

dgh Gl
dagtg gligs s

[ B 1 13 anlnd

whlp Cladela

U‘K'*'i.l Wladkle

1l 0yl

8yda Gok

b s b g sles (53> )18 See lSle slo (S ) 5B
Figure 1.Structural features affecting the thermal behavior of a natural ventilated double skin facade
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Figure 2. Cross-sectional view of double skin facade of May et al. test and the location of thermal and velocity sensors
(Mei et al., 2007)
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Table 1. Comparison between simulation results with Fluent software for 3D model with 8 mm mesh size and various canopy
angles and laboratory measurements of May et al., Top table: Comparison of velocity comparison in the cavity and bottom

table: Temperature
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Table 2. Material specifications
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Figure 3. Simulation range and boundary conditions in 2D (a) and 3D (b), sample of temperature distribution output in 2D view

from Fluent software (c) and sample output of air flow velocity distribution in DSF from Fluent software (d)
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Figure 4. Airflow in the cavity to a depth of 90 cm, canopy angle of 45 degrees and ordinary glass for three cross sections 0.2, 0.4
and 0.8 m2
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Figure 5. Temperature distribution in the cavity of the DSF for the ¢
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Table 3. Percentage change of airflow velocity, temperature and heat flux variables passing through the interior glass (dependent

variables) by changing the

independent variables
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Table 4. Temperature, heat flux passing through the inner glass surface and air flow velocity for a DSF
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1.Double skin fagade
2. Cavity
3. Box Window
4. Corridor
5. Shaft-Box
6. Multi-Storey
7. Naturally
8. Hybrid
9. Outdoor air curtain
10. Indoor air curtain
11. Supply air
12. Exhaust air
13. Thermal buffer
14. Mass
15. Momentum
16. Heat energy

17. Aerodynamic
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Abstract

The function of the double-skin facade with natural ventilation is based on the thermal performance and airflow
of the cavity. Structural features of a naturally ventilated double-skin fagade that affect its thermal performance
and fluid dynamics include geometric features such as cavity dimensions, airflow path, air inlet, and outlet areas,
shading devices material and their location in the cavity, and material properties that are optical and thermal
characteristics of transparent skin. In this research, Fluent Software was used to simulate the computational fluid
dynamics, and by sensitivity analysis, the effect of changes in structural properties on thermal performance was
evaluated. For this aim, 144 simulation scenarios with cavity depths of 30, 60, 90, and 120 cm, inlet and outlet
cross-sections of 0.2, 0.4, and 0.8 m2, louver shadings with 0, 30, 45, 60, and 90 degree angles located at one third
distance close to the exterior wall of the fagade, the model without shading, exterior glass with regular and low
emission layer were investigated, and the following results were obtained:

- Cavity Depth: It was observed that as the depth increases, the velocity of airflow in the cavity decreases. Changing
the width of the hole changes the surface temperature of the inner glass up to a maximum of 0.80 ° C (up to 2%).
As the depth of the cavity increases, the heat flux transmitted through the inner glass surface decreases in most
cases (up to 6.5%).

- Cross-section: As the cross-section increases, the air velocity in the cavity increases the temperature of the inner
glass surface changes irregularly but, in most cases, decreases. In addition, the heat flux passing through the inner
glass surface often increases (up to a maximum of 16.3%).

- Shading: In the case without shading, the air velocity in the cavity is 0.30 to 0.70 m/s, and in the case with 45
degrees of shading, the air velocity in the cavity is between 0.30 and 0.92 m/s. In the case without shading, the
temperature of the inner glass surface changes from 39.3 to 41.0 ° C, and in the case with 45 degrees, changes are
between 38.65 to 39.5 ° C. In the case without shading, the heat flux transmitted through the inner glass surface
changes from 78.0 to 120.0 W/m2, and in the case with 45 degrees shading, differences between 43.0 to 48.2 W/
m2. The sensitivity of the heat flux transmitted through the inner glass surface to the presence or absence of shading
can lead to a reduction of the heat flux transmittance through the inner glass surface by up to 61.0%.

- Exterior glass type of DSF: In the case without shading, the reduction rate of heat flux from the inner glass surface
is 19.44% to 29.78%, and in the case with 45-degree shading is from 17.71% to 24.44%. By changing the exterior
glass's material (low emission or regular), the heat flux transmitted through the inner glass surface changes by 32.2
and 120 W/m2.

Keywords: Natural ventilation, Box window double skin fagade, Simulation, Hot and dry climate, Computational
Fluid Dynamics, Sensitivity analysis.
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