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Thermal behavior of a double skin facade with smart electro-chromic glasses
and its effects on the energy consumption of a high-rise building in Tehran
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ABSTRACT

One of the most effective methods for reducing the energy consumption of high-rise buildings, besides using appropriate building aspect ratios, is
employing double skin facades. Double skin facades always show desirable performance in cold seasons, however, in hot seasons, their performance
strongly depends on the facade components design and the climate of the building location. In hot climates, using double skin facades might increase
the energy consumption of the building. In order to solve this issue, the researchers suggested using smart glasses. In this paper, the performance of a
double skin facade with smart electro-chromic glasses was investigated in terms of the monthly and annual energy consumption in Tehran climate.
Results showed the superior performance of the selected double skin fagade with electro-chromic glasses, with respect to the regular single and
double skin facades. It was also found that employing double skin facades with electro-chromic glasses would result in a 25% reduction of the
building energy consumption in cold months and a 26% reduction in hot months, which have significant effects on the annual energy consumption of
the building.

Keywords: Double skin fagade, Electro-chromic glass, Optimization, Natural ventilation
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Fig. 2 The color change of electrochoromic and thermochromic
windows
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Fig. 1 The performance of double skin fagade in winter and summer
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Fig. 3 The test case of present study
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Table 1 The arrangement of layers and their thickness from outside to
inside
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Fig. 6 The comparison of annual energy consumption of building
ezl a¥ls (65, By im0 duylin B S

S5 4o 5
4 Seeg S g Sl slaasnd b atwgge slales o Sloe pil> Guiod 5o
Sp3e IS seelBl Lyt 8 VLo 5 wlale (351 Gpan e Ll
Gl a3 ol 3l eoliul &5 ol i gl .85 1wy

5 sled 3l oolaiwl a5 (g sy el lo 95 1 Jolaie diwgy 9o sbales 35

Iy gleisle 5,80 Bras Wl oo Song,Se xSl slaaind slyls aing
3y e zals Jle o5 slaole 10 00,026 5 0,0 sloole jo as,s 25

20,5 Gleisle 655 Brae 0 2y WB os2dd o cge 3k ol

cxln6

[1] H. Poirazis, Double skin facades for office buildings, Report EBD-
R--04/3, Department of Construction and Architecture, Lund
Institute of Technology, Lund University, pp. 1-192, 2004.

[2] G. Gan, Thermal transmittance of multiple glazing: computational
fluid dynamics prediction, Applied Thermal Engineering, Vol. 21,
No. 15, pp. 1583-1592, 2001.

[3] J. L. M. Hensen, M. Bartak, D. Frantisek, Modeling and simulation
of a double-skin facade system, ASHRAE Transactions, Vol. 108,
No. 2, pp. 1251-1259, 2002.

[4] H. Manz, Total solar energy transmittance of glass double facades
with free convection, Energy and Buildings, Vol. 36, No. 2, pp.
127-136, 2004.

[5] T.E.Jiru, F. Haghighat, Modeling ventilated double skin facade—
A zonal approach, Energy and Buildings, Vol. 40, No. 8, pp. 1567-
1576, 2008.

[6] N. Hashemi, R. Fayaz, M. Sarshar, Thermal behaviour of a
ventilated double skin facade in hot arid climate, Energy and
Buildings, Vol. 42, No. 10, pp. 1823-1832, 2010.

[7] M. Ghadimi, H. Ghadamian, A. A. Hamidi, M. Shakouri, S.
Ghahremanian, Numerical analysis and parametric study of the
thermal behavior in multiple-skin fagades, Energy and Buildings,
Vol. 67, pp. 44-55, 2013.

[8] I. Pe’rez-Grande, J. Meseguer, G. Alonsolnfluence of glass
properties on the performance of double-glazed facades, Applied
Thermal Engineering, Vol. 91, No. 0, pp. 355-365, 2007.

[9] M. G. Ignjatovic, B. D. Blagojevic, B. V. Stojanovic, M. M.
Stojiljkovic, Influence of glazing types and ventilation principles in
double skin facade on delivered heating and cooling energy during
heating season in an office building, Thermal Science, Vol. 16, No.
2, pp. 461-469, 2012.

[10] M. Pittaluga, The electrochromic wall, Energy and Buildings,
Vol. 66, No. 0, pp. 49-56, 2013.

[11]M. C. Skaff, L. Gosselin, Summer performance of ventilated
windows with absorbing or smart glazings, Solar Energy, Vol. 105,
pp. 2-13, 2014.

[12] EnergyPlus, EnergyPlus Engineering Reference - The Reference to
EnergyPlus Calculations, 2007.

[13]L.C. Chen, K.C. Ho, Design equations for complementary
electrochromic devices: application to the tungsten oxide— Prussian
blue system, Electrochimica Acta, Vol. 46, No. 0, pp. 2151-2158,
2001.

- = = — Reflective electrochoromic double skin facade

w

o

o
T

Common fagade

— — — Double skin facade
\ ~~~~~~~~~~~~~ Absorptive electrochromic double skin facade
200

100

Monthly energy consumption (MWh)

o

1 2 3 4 5 6 7 8 9 10 11 12

Fig. 4 The comparison of monthly energy consumption for four
different facade

dilizee slas oz slj) & alale 555 by anylio 4SS

100

B Double skin facade
OReflective electrochoromic double skin fagade
@ Absorptive electrochromic double skin facade

o]
o

60 |

40 f

20 |

Percent of monthly energy
consumption reduction

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 5 The comparison of reduction monthly energy consumption
wlale (65,50 B pas e (2alS do s aunlie 5 ST

DL 355 11, e SIS 5 Shae 05,0 Jpab 13 55, s pite Lo
Goore Gaiug 55 sled @ Cond 1) plasle 655 Brae g wlesls
DM S e saug 99 Sbales rizmes wlosls il L pals
dgax 8g5 ole jo Sdl> Sy (0 g Aoy 4 vgas CewsST ole 4o >
51 oolal Lol .l 00,8 a8l sl (65,5l Bras e 4 asye 20
L) e 3 8es (nl aidly Sieg )59 28Ul slaaind b vy 99 slales
Sga> ol olo yo Sl (e )3 9 03,5 Joos wolhae (63,See 4
calio 0,Sles e molS 1) sl (65,50 Brae e aoye 35
Sl 5oty 5 45l sl o5 (sloole 45 5 Sony 55 slales
Sl 00ls zalS ) (65,51 B pan ;ylie duoy0 26 350>

s ge ol [y Jlo 5 0 655l Bpae pall asys "6 JSS”
30 Jle Jsb 50 Jaene awg 50 slaled 5l eolatuwl a5 098 o cunlice
Byan gao,s 137 als 5 65, cels @lglss 131 G pas b oo
oaly las 0g5 5wl cenlinls 0 Slas g ailinn ) sl o Sl <6351
55 sbales jloolainl b aS s co ylis uli a5 el Jb> y0 cplcul
| algs oSles (nl Olioe Sy So Sl slaaiad b vy
3 sl 31 il o (5,9 & 55 s Jlo Jsb 3 ogllan (53,Shee
5 &l el SlgSe 121 G pns b Sinog S5 1S (gloaics (g5 atangs
B2 e Hlis 055 3l g Swlio o Slas (g00 )0 20.3 als

99 3902 5 S Sluuwl 5 ¢ sabedygud Slallyn (il paiS (yue9s wVlie dcgoze 13 o )leuis 16 ©)93 1395 Mo )3 Sl w e


https://dorl.net/dor/20.1001.1.10275940.1395.16.13.44.1
https://mme.modares.ac.ir/article-15-8396-fa.html
http://www.tcpdf.org

