Aghus po igb y0 9 0 )5 Bl SoSumo (SaLy ;3 025y (Ggui U g dlnyl dlage dlo Cymand

sase
S tale s 3 ol e3lital i Sy oISl srbtostd o3l e e Ll 9 ool et sl A g 5 Lod Lo &0 ogoye 5 .5 el o
Ll 5 oaloyes sl crgpm 9 0900 Ol ol SO eplazlis (sloo oty 05294 dtuogy S o 0085 ) W] Ceodls g pg o 3l (slom 1) L (iSTs
O sl Syl g (o)l Slel b, JBlis 4 Ban b oAl cplin Sl SeSl il Siagh 53 its IS 86 Sl ()l pislel 5 L (555
Dby b dos g & 0,500 dinge S 2 a0 oy (595 (651Mu Lo 09 g Ly (slaoyln i (631 )y e omrbtignd S| S0y P (50055
o Slebo ggoome i 9 Johito cilise (sbacsiinSy slp A8 e sl 0 (S slapleitle )3 lao iy dinte 5985k Olise 9 Sl silodinge
byt )l oy g (Sl JUl g (Spe 595 9 culpd) A i bl bgallas A5 dslne 2l Cand (5l il & (bt $2)b3l ol
SN TNE SN e Sy Yo Lo K (o SlaslS YOVY 1 oyl > il s caings pdlae b Y o ).%m.m Qg oo Cpnd )d ole oy etes
WA-SVAY VAN SVAVZRVEZ A\ SVAN SIVA L UVA' I S VUV S PSS S 0 5 PN W0SR PPN IR VR SCS TR I [V v /A0 1 /4 1 0/ £ /400 & /40 & /A0 £Y/4




Determining the optimal dimensions and opening area for windows
in residential buildings in the hot-humid climate of Asalouyeh city

Objective: It is not possible to establish thermal comfort zones in extreme conditions solely through natural ventilation in hot
and humid climates. Continuous use of mechanical cooling also deprives building users of access to fresh air, which threatens
their health. On the other hand, the building's skin and windows play a crucial role in the heat exchange between the indoors
and outdoors. Consequently, they impact the cooling loads, energy demands of the building, and the thermal comfort of the
residents. This study aimed to minimize the total annual discomfort hours and solar radiation heat gain from external windows
while utilizing natural ventilation in a residential building in the hot-humid climate of Asalouyeh City. The study also examined
the impact of transparent and opaque wall materials, as well as window shadings, on the optimal Window-to-Wall Ratio, which
aims to minimize solar gain and discomfort hours.

Method: For each common and proposed configuration of building construction and different values for WWR (10%-90%),
the annual Predicted Mean Vote and the Percentage of Dissatisfied were determined at 1-hour intervals in a sitting zone of the
case study building. The indices were also determined for the thermal peak day at 30-minute,intervals. The obtained values
were compared with the comfort range recommended by ASHRAE Standard 55 (+0.5 < PMV'<-0.5, 0 < PPD < 80%). The
annual total hours during which achieving thermal comfort through natural ventilation is possible were calculated. Finally, the
optimal window-to-wall ratio (WWR) and opening areas in the optimal construction configuration were determined using the
optimization method.

Results: showed that with a WWR of 30% (a common ratio in building construction), the totalannual selar radiation heat gain
decreased from 3574 kW to 270 kW with the implementation of the proposed materials. The seating area_remained within the
comfortable temperature range for at least 737 hours throughout the year, thanks to natural€eoling. 10%, 16%, 18%, 20%,
22%, 24%, 26%, 32%, 34%, 36% for the WWR in combination with 75%, 49%, 84%, 54%, 66%, 36%;, 94%, 38%, 5%, 5%
for the open areas were the optimal values. The optimal properties for transparent surfaces,include aluminum thermal break
window frames, a 1-meter overhang, and left and right side-fin shadingsyfor windows made from lightweight concrete cast
(Conductivity: 0.3800 W/m-K, Specific Heat: 1000.00 J/kg-K, Density: 1200.00 kg/m3, Thickness: 0.002 m), and 6mm/6mm
air blue double-glazed glass (SHGC: 0.15, LT: 0.15, U-Value: 2.555 Wim?2-K)\The‘conductivity, specific heat, density, and
thickness of the outermost and innermost layers were 0.16 and 0.17 Wim-K, 880.00yand\900.00 J/kg-K, 2800.00 and 1390.00
kg/m3, 0.002 and 0.005 m, respectively. The study also introduced the thermal properties of non-transparent surfaces.
Conclusion: Findings showed that the glass properties (Lightiransmission and hermal transmittance or U-Value) and Solar
Heat Gain Coefficient (total solar transmission) are the most impertant facters in“determining the optimal design compared to
other parameters (including thermal insulation, R-value of non-transparent surfaces, shading devices). Although minimizing
WWR is recommended for hot and humid climates, this ratio canyoe ineréased by choosing the appropriate glass.

Keywords: Asalouyeh City, Natural ventilation, @ptimization, Solar Heat Gain Coefficient, Thermal comfort, Window-to-
Wall Ratio
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10 75 2957.5411 13010.76
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36 5 2956.5242 4 13443.11
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I Window to Wall Ratio (WWR) N\

2 Template

3- Common circulation area (Forall commaen‘eirculation areas such as corridors and stairways outside the dwelling)
4 Unoccupied

5 Domestic circulation (For all irculation areas within the dwelling)

¢ Domestic Bathroom/Domestic Toilet (A\ area specifieally used for bathing/washing. Contains a bath and/or shower and
usually a basin and toilet/An area eontaining a toilet and basin which is separate from main bathroom)

7- Domestic bedreom (An area primarily tised for sleep)

8 Domestic Lounge (The main reception rgom of the home)

% Domestic Kitchen (The area within the dwelling where food is prepared)

' "Zaone Type 0

- Semi-exterior uneonditioned !

- Standing/walkink 2

- Reclining 3

- Thermal abs6rptance 4

- Emissivity 3

- Conductivity 6

- Optimization 7

- Thermal comfort is that condifion of mind that expresses satisfaction with the thermal environment (SHRAE Standing
tandard Project Committee 55 Cognizant TC: 2.1, Physiology and Human Environment).

- Predicted Mean Vote (PMV) °

- Predicted Percentage of Dissatified (PPD)

-y, Glazing area (m?)/Y Gross exterior wall area (m?)

- (Excellence in Design for Greater Efficiencies (EDGE))

- Spandrel 3

- Thermal resistance (R-Value) *

- Light Transmission (LT) 3

- Solar Heat Gain Coefficient (SHGC)

- Thermal transmittance (U-Valugé)
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- Shading Coefficient (SC)

- Light-to-Solar Gain (LSG)
-window geometry (WG)

- IDA-ICE

- Belém

- Adiabatic
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