Journal of Iranian Architecture & Urbanism. 14(1): 117-131, Spring & Summer 2023

Journal of Iranian Architecture & Urbanism

(JIAU)
Homepage: https://www.isau.ir/

| ORIGINAL RESEARCH PAPER

Analogy of thermal comfort with the influence of openings by PMV method in traditional houses
and apartments in Shiraz

Zhara Barzegar ¥ -, Khatereh Sajjadi 2

1 Assistant Professor, Department of Architecture, Shiraz Branch, Islamic Azad University, Shiraz, Iran.
2 Ph.D. Candidate in Architecture, Department of Architecture, Shiraz Branch, Islamic Azad University, Shiraz, Iran.

ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Humans have always tried to build shelters in nature
Received 2021/04/04 that are compatible with the climate to provide the best conditions for their survival.
Revised 2021/06/09 : Exploiting the climate and weather conditions of each region in architecture is one of
Accepted 2022/09/10 gthe important issues that has attracted the attention of Iranian and foreign researchers
Available Online  2023/08/06 {in architecture and urban planning research, and it has even influenced the quality of
i domestic architecture. In addition, in today’s science, it is proven that design will be a
Keywords: i very costly process without considering the features and climatic factors. One of the most
Thermal Comfort Eimportant factors that is effective in improving the quality of the indoor environment is
Openness ithe concept of thermal comfort. Thermal comfort is a mental condition that expresses
PMV i satisfaction with the thermal environment. According to the important role of the
Traditional House i openness as an index of control of comfort conditions and air flow in the interior, it will
Hotand Dry iplay an important role. Investigating the capabilities and comparing the internal thermal

comfort of residents under the influence of construction openings are studied the present
iresearch.

Use your device to scan ETHODS: The current research method is quantitative and thermal comfort is

and read the article online

calculated by PMV method. At first, the thermal comfort of the traditional and
imodern houses changed under the influence of construction openings in the hot season
:iis investigated, then the Percentage People Dissatisfied (PPD) was compared in both open
iand closed openings in modern and traditional houses and ultimately the most effective
ifactor in reducing the amount PPD dissatisfaction is estimated. In order to investigate
ithe performance of openings in the semi-hot and dry climate of Shiraz, temperature,
Ehumidity and wind were measured by a data logger and, with the help of estimation
}:of dissatisfaction and PPD, PMV was extracted. Therefore, in the process of research, a
i comparison was made between the internal thermal comfort of a traditional house and
{a modern apartment, and the analyzes were made under the influence of openness in
:itwo different states; The first opening mode is fully open and the second opening mode is
i closed. Opening windows has a great effect on thermal comfort as well as reducing energy
5 i consumption, so its correct evaluation is important and accordingly, the newly developed

Q i opening model is designed based on the activity pattern and density of people.

INDINGS: In examining the results of field observations and comparing internal thermal

comfort under the influence of openings in a traditional house and a modern apartment
in Shiraz through PMV calculation, the effect of each of the factors of temperature,
i humidity and wind speed on the amount of PMV was analyzed. The results of the research
Y {indicate that the predicted percentage of dissatisfaction with the predicted mean vote in
i open window mode at traditional house is 18% and close mode is 59%. This index in open
window at apartment is 61% and close mode is 91%. The opening studied in the traditional
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> ihouse was the five-door opening; therefore, it played a more significant role in creating
- {indoor thermal comfort.

=T
=T ONCLUSION: The thermal suitability of the indoor environment of the building, in
Number of Tables i Qwaddition to providing comfort for the residents, will save energy, enhance health
10 fand productivity and also improve the morale of the residents. In the present research,
§.o enness and opening of the most important indicators of comfort conditions in thﬁ
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?interior space were investigated and functionally evaluated. Therefore, the five-door of
i the traditional house played an effective role in creating thermal comfort. The analysis
i of the research shows that the design of the types of openings, the dimensions and sizes
i of the openings in traditional buildings are such that the opening of the interior spaces
i are within the comfort range during most of the hot season. The noteworthy point of
gthe opening dimensions is the approximate equality of the opening area with the total
i area of transparent surfaces, their frequency and repetition, as well as the optimal fit of
i the opening dimensions with the dimensions of the interior space. In general, it can be
i assumed that opening will play an effective role in indoor cooling and ventilation. What
is so much considered today in sustainable design is featured in the principles of Iranian
i architecture, which is known as an amenity in building spaces. Subsequently, the quality
i of the indoor environment depends on other factors, such as the quality of light, visibility
and scenery, in addition to thermal comfort.

{ HIGHLIGHTS:

i~ Measurement of internal thermal comfort in the hot season under the influence of
openings.

i - Calculation of the amount of thermal dissatisfaction based on the thermal performance
i of the interior spaces of the house at different heights.

i - Evaluating the function of opening and window as one of the most important indicators
of controlling the comfort conditions in the interior.
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Table 1. Research findings

Research findings Year Author
The first bioclimatic map of Iran (Adl, 1960) 1960 Adl
Passive solution in the bu?ldi;g = B . 1971 Mahouni
Design criteria formsing in tropical areas - 1972 Covanizbergur
Internal comfort according toiteimperature and humidity xr 1976 Giyoni
Thermal comfort under the influence of tem-r-)eratu?e_ar;d_ h_um_idigf@a_y, 19_78) 1978 Olgyay
Environmental and human factors e 1982 MacinTayer
environmental factors; Radiation, wind, huH‘lidit)j (F a@r etal, l9§5) 1985 Fanger
The significance of ventilation in the conduct of residents (Bubrul, 1988) 1988 Dubrul
The regulation of temperature and the establishment of hu-man-acceptagle conditions (Henson, 1990) 1990 Henson
Compilation of the form suitable for the climate 1990 Casmaei
Human bioclimatic map in Iran i 1993 Caviani
Thermal comfort in different climates 1994 Dider
Bioclimatic division of the United States 1996 Trajunak
Comparative model of thermal comfort in Indonesia ! 1997 Carionu
Ventilation modeling based on user behavior I 2000 Mins & Johnsons
Analysis of how radiation and wind affect each other 2001 Bentli
Examining comfort measurement methods (Nicol & Humphreys, 2002) 4 2002 Nicol & Humphreys
Presentation of the thermal comfort model 2003 Charls
Thermal satisfaction standard 2004 Olison
Inner comfort in Mexico 2004 Morlon Galoz
Internal heat exchange in China 2007 HanJey
Evaluation of PMV model for indoor environment 2009 Piters
human factor; The amount of activity and clothing (Van Hoof, Mazej & Hensen, 2010) 2010 Van Hoof
The thermal comfort of Yazd houses during the summer season 2012 ForouzanMehr
The role of microclimate in thermal comfort 2012 Moonen et al
The role of climate in creating thermal comfort (Mahdavinejad & Matoor, 2012) 2012 Mahdavinejad
Thermal evaluation with dynamic simulation 2014 Rebular
Hot and dry climate cooling technique (Garcia & Melchor, 2014) 2014 Garcia & Melchor
Native strategies for indoor thermal comfort (Fernandes, Pimenta, Mateus, Silva & Braganca, 2015) 2015 Fernandes
Evaluation of energy performance and thermal comfort (Himpe, Janssens & Rebollar, 2015) 2015 Himpe et al
Energy simulation of the area with building performance (Baetens & Saelens, 2016) 2016 Baetens & Saelens
Indoor thermal comfort in a hot and humid climate (Beccali, Strazzeri, Germania, Melluso & 2018 Beccali et al
Galatioto, 2018)
Thermal comfort in a traditional tropical house (Shaeri, Yaghoubi, Aflaki & Habibi, 2018) 2018 Shaeri
Effect of window model on thermal comfort (Verbruggen, Delghust, Laverge, Janssens, 2019) 2019 Verbruggen

0"

LI BRaN |

C
];.>
G =
[y

D
[>
I’
G
I

\o
(73




‘A‘h.' ] PR
-7 C e
l}‘\r:"’&\ ’.2 X

99

s |l o 4 P
O g (S 3 et gl § (S gl

ol

s

NY—1¥) Olxio /1 o lowi . 1F 0550 . 1FeY bl g yle

3w 0,0 (555 125

Ao oY/ wols gl g5 ol 0 i 5 5 IS b
bl_> sloaals g o500 Jolb |, ol IS colus
Slalad onms LSt a0 S el (655 50
— &b . Memarian, 1997) el o\l ¢ 8l Ss5 e
Lol o g slaa 5 L o )lal asls a0
Olojlaw 0 a1 AY slass 45 wSog> g0 i 53]
6Lﬂd.1l_‘> 3o R~ Ode—w u_u a é..m)ﬁ u‘)_..n
A5 )l 0gg Sl 5,5 des o Bl L Sales
adox 015l )l g (60 a0 wile  (F0g-iF gl
Sl o Sglae oslwl L o Fog—i8 0929 .ail oo
slsml o mobie ol digy g e 30 ol
JBA_‘> 3o as )B_IauLo.Cb ] ‘f;s).) (f’)‘)? U.M.'l_...j
u_..uL..a 60)9_4 4_>5.o.| ul_‘>L..|‘ Ls‘)—’ 0 00l ul_......v Y
oleizlow cdlw oz elge 5l il o i S
St 4z sl )9 (63,5 ddged LAl (Slase

R 09—

Table 2. Comparison of traditional houses in Shiraz city
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Fig. 1. A:Temperature & humidity data logger;
B: Anemometer
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Table 3. Data collection by data logger and anemometer device on specific days

Case Time Open window Closed window
study sitting position standing position sitting position standing position
[} 8 [} 8
& T £ & % £ & F £ & i £
. E; & B E & H = & . 3 &
< T = < H = < = = < T =
< F . < <
® 9:00 0.8 30 26.7 0.8 30 27.1 0 28 27.1 0 28 28
3 10:00 11 28 30 1 29 30 0 21 28 0 21 31.2
% 11:00 1.6 26 30.9 1R 27 31 0 21 28.8 0 21 31.4
s 12:00 1 25 323 0.8 26 324 0 21 29.7 0 21 32
= 13:00 23 25  254M2202s AN D 18 323 0 18 337
s 14:00 2 23 32.3 2 25 325 0 18 33.6 0 18 342
% 15:00 1.6 23 315 1.4 23 7R 0 18 33.7 0 18 345
@ 16:00 33 18 315 3.2 s KNS 0 17 34 0 17 34.7
5 9:00 0.3 30 31.9 Mt 320 Mo 0 30 28 0 30 29.5
2 10:00 0.5 25 32.2 04 27 33 0 312 28 0 312 324
kS 11:00 24 325 0.5 25 333 0 32 292 0 32 32.8
3 12:00 23 335 0.5 23 345 0 33 315 0 33 33.2
E 13:00 0.3 15 34.6 0.2 19 347 0 322 331 0 322 3338
3 14:00 0.2 18 351 0 18 352 0 31 345 0 31 34.9
£ 15:00 0.1 17 | 43558 O 1R & 36l ¥ B0 3 34.6 0 31 35
= 16:00 0.2 16 37.1 0 16 375 0 30 35 0 30 36.1
Table 4. Radiant temperature based on simulation in Ecotect software
Case study Time ' I Radiant temperature (tr)
Open window Closed window
sitting standing sitting standing
® 9:00 28.88 28.01 26.66 26.71
3 10:00 29.13 29.11 27.88 27.92
= 11:00 30.4 30.42 29.53 29.53
kS 12:00 31.38 31.42 30.79 30.77
% 13:00 32.19 32.24 31.91 31.85
jo.
s 14:00 32.63 32.69 32.65 32.58
% 15:00 32.83 32.89 33.02 32.94
@ 16:00 32.82 32.88 33.18 33.1
5 9:00 34.24 34.26 32.91 32.92
% 10:00 35.94 35.99 34.71 34.75
2 11:00 37.3 37.37 36 36.07
3 12:00 37.82 37.9 36.54 36.62
g 13:00 37.42 37.49 36.23 36.3
S 14:00 36.18 36.24 35.21 35.26
E 15:00 34.47 34.51 33.6 33.64
= 16:00 32.59 32.59 31.79 31.8
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{ Research Method |- -------------------
| Thermal Comfort |
1 1
| |
Radiant | Wind Humidity || Temperature | | Clo || Met |
temperature
Through Through harvesting with data logger
simulation with and anemometer Using the Asheri
Ecotech software sesssssnsaann standard
Clnscd Open
\hntluw Window
-.---- -
in two sitting nnd standing ‘
positions
Calculate the pmv formula based on CBE Thermal
Comfort Tool
L
Fig. 2. Research process and calculation of PMV
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Table 5. Comparlson of spatlal characterlstlcs of the case samples

House specnflcatlons The study area
Area 485 m? Area 30 m?
© Number of 4 floors and room height 35m
é floors 1 basement
% location North-South number of 5
'5 openings
é Central courtyard, five doors Opening
=] in the north of the room, three- oL L] dimensions
E door rooms in the east anfl light surface
8 west of the courtyard, service The direction of
spaces (kitchen and WC, etc.) N ‘FCCUOH o
N stablishment
Area 220 m?Each Area 40 m?
floor
o Number of 4 floors and room height 2.8m
8 floors a basement
,Za location North-South number of 2
P openings
3
£ B Basement: parking and storage N Opening
c = . : :
SO - ground floor and floors: dimensions
g residential unit (bedroom,
1S reception, living room, kitchen light surface
2 and WC)
= The direction of
stablishment
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38
36
34
Temperature 32
30
28 _m
-
-
-
-
26
1200AM | 12:00AM = 1200AM | 12:00AM | 1200AM | 12:00AM  12:00AM 12:00 AM
28.44 29.12 30.41 314 32.22 32.66 32.86 32.85
26.69 279 29.53 30.78 31.88 32.62 32.98 33.14
34.25 35.97 37.34 37.86 375 36.21 34.49 3259
Mo ke 32.92 34.73 36.04 36.58 36.27 35.24 33.62 318

Fig. 3. Comparison of the average radiant temperature changes of a traditional house and a modern apartment, taken
from Ecotech software

Closed window Open window

= 5 - 15}
=
g . £ . ©
2 E g =
s < J— =
£ 5 =)
a = S = =
g £
5} 5} I
Eoos By
2 | m 0 » e s En
v | um o T o o o
= O 15}
[} o [ s - =
SR g e S e
5 = = e = —
2 e
= 5 r"y——/ -
=
2 8 & .
g- g (@]
5 S )
=L A T
15— o | N . r o . i
TR T T s Goomn | oo | Trooww | ipeorw | e | waomi | seamn | o
- o = b E - & . =
o - ’ 5 “ T
328 33.2 338 19 ES) 361 o e ! e ol a
o " ; we | e |
= i P ™ e | e
L 1 o T n | wm | e o
v | wm | wwm | e | wn | sa | we

Fig. 4. Field sampling of indoor and outdoor air temperature on two specific days from 9:00 AM to 4:00 PM

Table 6. Average minimum and maximum internal temperature

0"

Case study Average minimum  Average maximum  Temperature difference Window opening rate
temperature temperature
Salehi House 26.9 3245 About 5 degrees Completely open
Noor House 31.9 - Rl
Salehi House 27.55 34.35 “About 1 degrees Completely closed
Noor House 28.75 35.55
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Fig. 5. Field sampling of indoor and outdoor air humidity on two specific days from 9:00 AM to 4:00 PM

Table 7. Average minimum and maximum indoor air humidity

Opening

Case study

Completely
open

Completely
closed
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Fig. 6. Field collection of indoor and outdoor wind speed on two specific days from 9:00 AM to 4:00 PM

Table 8. Asheri classification of Fenger standard

Cold Alittle Balanced Alittle Hot Very hot
cold warm
-2 -1 0 +1 +2 +3
(Zare et al., 2016)
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Fig. 7. Comparison of PMYV in two traditional Salehi and modern Noor houses on two specific days from 9:00 am to
4:00 pm at a time interval of one hour by the CBE Thermal Comfort Tool software

Table 10. R2 values taken from the Scatter plot

Position Open window  Closed window

Height Height Height Height
60cm  150cm  60cm  150cm

Temperature Salehi  0.926  0.9049 0.9829 0.9712
andPMV “Noor  0.692  0.6084 0.6019 0.377

N

@

o humidity ~ Salehi 0.249 0.4801 0.7676 0.8744

ks and PMV

3 Noor 0.6331 0.6767 0.2826 0.5816

&  Windspeed Salehi 0.828 0.0391 -
and PMV

Noor 0.6954 0.7416 - -
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Table 9. The range of thermal comfort of the five-door

space of the traditional house and the reception hall of
the modern house using the PMV index

Sample  Time Open window Closed window

Height Height Height  Height

60cm  150cm  60cm 150cm
9:00 -0.14 0.13 0.63 1.01
10:00 0.42 0.59 0.88 1.44
11:00 0.56 0.77 1.24 1.67
12:00 1.05 1.18 1.57 1.89
13:00 0.92 0.93 2.06 2.15
14:00 0.91 1 2.32 2.29
15:00 0.8 0.99 2.39 2.37
16:00 0.54 0.73 2.43 24
9:00 |5 1.66 2.01 1.49 1.85

10:00 1.48 1.66 1.84
11:00 1.2 1.79 2.34
12:00 1.48 2.04
13:00 2.46

2.8

The modern house of Noor| Salehi traditional house
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The modern house of Noor

Salehi traditional house
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Fig. 8. Comparison of R2 values for Salehi traditional and Noor modern houses using Scatter diagram
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