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ABSTRACT: In the present article, the performance of natural cross ventilation in providing thermal
comfort in a building across six cities of Iran with different climates has been investigated using
EnergyPlus software. To evaluate the thermal comfort of the building, the adaptive thermal comfort
model of ASHRAE Standard 55 has been applied. This model is proposed to evaluate thermal comfort
in naturally ventilated buildings without any mechanical ventilation equipment. However, the airflow
network model has been considered to simulate natural ventilation through openings. The simulation time
for all six cities is considered from 21 March to 22 September. The results show that the achievement of  Keywords:
thermal comfort in the building depends mainly on climate. The best and the worst performance has been
observed for Tabriz with its cold climate and Bandar Abbas with its hot and humid climate, respectively.
Thermal comfort has been provided more than 69% of the time by applying natural cross ventilation in
Tabriz for building without insulation. While this value for Bandar Abbas is estimated at about 12%.
Also, results show that the use of insulation with a thickness of 5 cm in the external constructions of the
building makes an increase of about 8-12% in the hours of thermal comfort for all cities compared to the

Cross natural ventilation
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Cooling

Energy Plus

building without insulation.

1- Introduction

Ventilation of the internal spaces may be categorized into
three kinds: mechanical ventilation, natural ventilation, or a
combination of these two methods. In mechanical ventilation
systems, electrical energy is needed to ventilate, cool, and
refresh the indoor air. However, in natural ventilation fresh air
from the outside enters the interior spaces through openings
such as doors and windows, and in addition to establishing
thermal comfort in space, it also removes pollution from
the air in the room. Natural ventilation is considered a
passive ventilation system as well as a proper alternative to
mechanical air conditioning systems [1].

Among the various methods of assessing natural
ventilation, the analytical models due to simplicity are
implemented in building simulations software e.g.,
EnergyPlus [2]. In most research, to investigate thermal
comfort in naturally ventilated buildings, the Fanger model
[3] has been applied to check the thermal sensations of
occupants. Field studies in warm climates in buildings
without air-conditioning systems have shown that the Fanger
model [3] predicts a warmer thermal sensation than the
occupants actually feel. For this reason, Dear and Brager [4]
presented an adaptive thermal comfort model at the request of
ASHRAE [5] for naturally ventilated buildings.

Most of the research carried out in the field of natural
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ventilation in Iranian cities has been done by considering
single-zone buildings. While almost all buildings in Iran
have more than one zone, so the study of natural ventilation
in multi-zone buildings is crucial. Therefore, in the present
study, the ability of natural ventilation in establishing thermal
comfort in a multi-zone building (with a living room, a
kitchen, and two bedrooms) during the cooling period for six
cities in Iran has been investigated using EnergyPlus software
[2]. Also, the adaptive thermal comfort model of ASHRAE
[5] has been used to analyze thermal comfort in the naturally
ventilated reference building.

2- Methodology
2- 1- Reference building

To assess the natural ventilation, a multi-zone building
consisting of a living room, a kitchen, two bedrooms, and a
staircase is considered. Also, the orientation of the building
is north-south. The schematic of the reference building is
shown in Fig. 1. Due to the presence of windows on both
sides of the building and shared doors between the spaces of
the building, Natural ventilation is considered to be a type
of cross natural ventilation. The materials considered for the
building are common materials used in Iranian buildings. All
occupants in the building consist of two people in the living
room and one person in each bedroom.
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Fig. 1. Schematic of sample building

2- 2- Using the airflow network model

In this research, the Airflow Network model is used
to calculate the natural ventilation flow rate. The airflow
network model of EnergyPlus software has been validated
using measured data at Oak Ridge National Laboratory
(ORNL) and the Florida Solar Energy Center (FSEC) [6].

2- 3- Adaptive thermal comfort model

In the present study, the Adaptive thermal comfort
model [4] of the ASHRAE [5] model is used to investigate
the thermal comfort of occupants. In the Adaptive thermal
comfort model, the thermal comfort conditions of the indoor
environment vary according to the outdoor environment
conditions. According to ASHRAE/ANSI 55 [5], the
acceptable indoor temperature should be selected based on
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Fig. 2. Temperature variation of the living room and
outdoor air in Bandar Abbas city
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the satisfaction of 80% of the residents, which is expressed
by Eq. (1):

T,

comf’

=0.317,

a,out

+17.83.5 (1)

Where T, ., and T comf  AT€ the average outside
temperature in a period of one month and the optimal indoor

temperature, respectively.

3- Results and Discussions

To investigate the potential of natural ventilation in the
reference building, six cities of Iran including Tehran, Tabriz,
Yazd, Isfahan, Shiraz, and Bandar Abbas with different
climates have been considered. To assess the cooling
performance of the natural ventilation, the simulation period
has been selected from March 21 to September 22. In Figs.
2 and 3, the temperature distribution of the living room,
the outside temperature, and the upper and lower limits of
the temperature for Bandar Abbas and Tabriz based on the
80% satisfaction of the occupant are shown. Figs. 2 and 3
are obtained for the building without insulation. However,
indoor thermal comfort condition is established if the indoor
temperature is between the continuous red line and the dashed
red line.

Also, the effect of using insulation in the external walls
and roof on the thermal comfort of residents has been
investigated. In Fig. 4, the effect of using natural ventilation
in establishing thermal comfort is shown by considering three
different insulation thicknesses and also without insulation.

According to Fig. 4, thermal comfort conditions are
established in more hours in insulated buildings.
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Fig. 3. Temperature variation of the living room and
outdoor air in Tabriz city
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The percent of comfort time with natural ventilation
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Fig. 4. The percent of comfort hours in spring and summer for insulated and non-insulated sample building

4- Conclusions

In the present study, thermal comfort in a multi-zone
building has been investigated by applying cross natural
ventilation across six cities in Iran. The simulations were
carried out in the EnergyPlus software through the time period
of March 21 to September 22. The results of the present study
are as follows:

Tabriz with a cold and dry climate has shown the
best performance. In this city, thermal comfort has been
established in more than 69% of the hours for buildings
without insulation.

The weakest performance has been observed in Bandar
Abbas with a hot and humid climate. For this city, thermal
comfort is established in about 12 percent of the considered
times without insulation.

The percent of thermal comfort establishing hours for
Tehran, Isfahan, Shiraz, and Yazd is about 40, 56, 45, and
37%, respectively.

The use of insulation with a thickness of 5 cm in
the external walls and roof of the building increases the
percentage of thermal comfort hours by 8-12% for all cities
compared to buildings without insulation.

By increasing the insulation thickness from 2.5 cm to 5
cm, the percentage of comfort hours increases in the range
of 2-4%.
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Table 1. Material used in building construction from outside layer to inside layer
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Table 2. Thermo-physical properties of materials used in building construction

_ - Sl

caolies o9 slo S S5 ;
. . sbosS Slgo

(cm) (J/kg.°C) (kg/m") ]

(W/m.°C)

Y va - Y§.. Y/IA Cudl,§ K
Y q.- Yoo Yax ol o s 9l
Yy va. VA VA s 2]
5 VYWY £ B Oonbl b le
VIO yeq. V0. - VA S oS
-I5 Veq- 1\0- NG s &
v \YE- Y- VO et
3 \Y$- Ved- - IYY Al B
I AN+ VO« - - 1OY S R
Yo VY - \ (o Soli a3
v VSV fo- AR e

i3 o 15 8y Gl plabla (sl (ol 5 3Bl 9
g a0l (6y9e 95 3] a85 i e 4 2950 2

03,51 V Jgia )3 Lo oy g i S ol ezl las g5
Sge el (sl ok 48,8 a5 3 dlas sl S5 4y Yl oS
ool Sl Glapleidbe o Joluis pdlas go ]

Y Jod gy & 35 leid b pdlas 50 o odlaiwl dlge )l > oles

YSSY

P A 2l 4 diely (93909 3 9 G 2 (939)5 0 sl 0ad
93 50 o y>uy dgng 4y dx g3l it jVOXY/Y g o)XY/ dlal (4]l
s ds05 el slalad Syl slagyd 5 et ls 8L
Sloeyd gk cnl 3 85 sl S3 4 p5Y g aalsd (6)0 g5 £
ilods 4».9)? )Jaa PN 9.«»)[) Ul9"‘° LY cd.l; bl) 9 Lmdbl 4 ]oy).n $99)9

o dawly pladlo glooody B)b 5ol 3)ly slon by ol



oleid b 43 suwd ol vadipwd (Il g il (2195 Jous

Table 3. Thermal and radiation Properties of glass materials
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Fig. 2. A schematic of a vertical opening with three different air flow patterns [14]
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Fig. 3. Temperature variation of living room and outdoor air in Bandar Abbas city

45

TOutdoor
40 + ——TRoom

= = T80%-Lower
35+ —— T80%-Upper

301

!“
I

W'M M ML | hmm

J' ﬂ m | \ I \‘ " ;

| | N \ ‘ |
il [“ H '“ ,J " Mh

0 4 5 6
time (months)

Temperature (°C)

20|

15

10r

P e 33 39y b 9 (2l s (Glod Ol L ¥ JSW

Fig. 4. Temperature variation of living room and outdoor air in Tabriz city

YevY



YEA+ B YEEY amio 0F+) Jlo ) o)losd @F 0,93 S yuel Sl pwiigen s

* TOL;tdoor

40 —— TRoom

ol — oo Upper ||
O 40! _“h” i | ||||‘ MMI i‘”uﬁ I ” ‘
\l s L4 '“ din, M \ |w
E II |
ki w A I ‘ H I

10 \ |

50 1 2 5 4 5 6

time (months)
OlRS e 33 gt e 9 (ot iy (Glod Ol i . O S

Fig. 5. Temperature variation of living room and outdoor air in Tehran city

: e d

[ Ll M A }n | .‘l vl \

i i i "
o W*' ( J '“ d .

0 3 4 5 6
time (months)

Oleduo! yoed )3 (9 bz 9 (s (Glod Ol L & JSUS

Fig. 6. Temperature variation of living room and outdoor air in Esfahan city

yovY



g 'J m"\ '{,‘;\ mr ﬂlr 7 ' ! , H W rl W m ; Hb H u |”'
E 20 (b ‘ | ‘ “
15’"‘ | W ” HL |
tw I” \

0 3 4 5 6
time (months)

e e 53 g baute 9 2y Glod Ol L Y UKW

Fig. 7. Temperature variation of living room and outdoor air in Shiraz city

45

TOutdoor

J :: e Ihﬁlhi\u ikl Wl

® i Al

..‘N ! M u ’\L “ ' ] ul |~ “‘H 1
B ”M Ul \

I\

1 2 3 4 5 6
time (months)

551y ) 9y o 9 (2l iy (Slod Ol i L A S

Fig. 8. Temperature variation of living room and outdoor air in Yazd city

YEVE



g g0

Ol s g 2y sl lgsd > Gale ookl 13l sy Y Y
Sl
Gihw g )5 layled 0 mle jl olitel y5U waend opl
i eslizul 8l A& S )3 sl ond gy yio Sl V/O 9 O X/D
085 s L diges ezl 3 ()l alul )5y ) (reb 4185
b izmen 5 Ble Cwlbus dw pl b pledle )6 lae,lis
lopd Sl Jbaed (pl (9350 jezme Ll sddedldlis Ble e
Slgiee Syms (b wgtd & Sl Jlo Jglole £ Job 3 olagle
3 &S g o0 oanlie & IS5 4 dvgi b S LB 1y Syl il
by e slacels ) Gl bl erdo)S sle laglossls
ol b ale (g ol 53 oleejiy oo sl Jlo it 95 0
P Sl ol (sl b laciels 20WYIY )3 anb w985 ]
=l ezen b o Gl Mo Ve U jlide oyl e b O Colius
cyio Sl O & yio Bl YO 3l Bile culbus uli8l b as  aad o olis
Y 290 > calises glayeds (glp qu.o] Sl slcels do)
4 yio Sl 0l Bile cwubus (]38l uomen b o )38l ao ) ¥
il 4oy 5 dgas 3 1y )l bl (B Slels yio ko VIO
P Ble cubus Gulibl plols Cus aog BB Hlade o aad e
b g5 3 )Sdes (o piag 298 e Slaiuday st Bl B 1 VL ol
Sl s e Gl A S5 4 aa gl il ol odaliio 3155 0ed
YV g o) Ve dgds )0 Cuiyi au yio ilo O Ble 5 Bale (o loi b
O > Ble Gg ol le )3 5535 9 jled (Gl (g slaed
b a0 Jlasl b )l Sl it claple; 1031V
L oledlo gloojls o8 ssle b 50 s ooled (glyy 095 o0 )13 0

Sl Gisliel xe Y JIA

YEVO

IS 5ol o 00l L yauo polie b Jlaged (59 il ol
it 5 g b 3> byt o (sl o ol (slalas Jsges ¥
i olo )d 45 Dgus oo odaline ¥ SS 4 dagi b Ll o odld s
VL Gy Lo lale (slod (3o (31350 AL 3 Ve 1) (e2Mhe
oSl Gl (631850 (sl b 85 9 Sl ogrnlas 42,5 YYD
Jol slaolo j3 .30 odlatl goudns dygp5 3l Ll g Cans oSSl jleid o
2 Bl lod g bamme lod (392 il a2 b Jlu pgd
MR (ks 0)8) ol S g (Wow 5o )3) YUt (g > Ol juiy
Sl Dbl (o)l olSel dmole ol 1 Lol y32s 10 el 11 5,1
i U pow slrolo jd Jg 0yl 3935 (6)08 b st 5l odlatnl b
il o3ga5xs | 2B Ul glos cygpm baoee (glod (390 YU as g L
(555l W55 laole ] > el a3t W ol s 3>
sl I3l Egrlae 505 3l o2lisol 9 13k (Sl ()l Sl
Jlo Jsl ole & Job )3 1y gy baee 9 (2l slos ¥ S5
oS 290 odabie JSI e gl amd oo LI fop5 b il (oed
b pleidlo gy lame slod (39 (b e Jlo Jgl 59, Ve
gy duiy > Cunsd jbxe (b gl eslinal g 5)> iole)S 4
Olalsl Llgi oo (6y008 o 505 9y oo 5 oy yobo oy o
boolo > a8 80 leidle J315 )3 (dubad Jueo (olul 2 1) (5l
2 5980 Bn Gl ol lacels Jl Sy 3 55 3y g 45
s sk & eyl ole (sl 9 ced )3 0> el Sl (S
oy S 339 350 ool 335 30 5y tabel el ol 3
30 JUi 1) )95 (srmb daged Sl edlatul (sl el cnl g3 b
Jlo Jslele # Jsb )3 1) Ggm Lo 5 (2l lod @jsi 0 S
290 odnlin JSb cpl dtagil md o GUES 5 e sl (e
P lod daceln olod 3 oy yobo 4 Jlw Jgl olo 93 Job jo &S
3 3o Jlo slaole ady o 0yl )5 Sl Liolel edgase (o leasle
3,13 Gyl Liolwl edgame jd 31 e slod daciels 5| oax
ohalel ()l Uy ome b st 0 Juily eaima s o
F b Ss wr gl ol Gl p1ed 3 dge Gleitle S (Sl

odalie 35 5 jled (laduel lajeed (ly g b e B AL



YEA B YFEY asan ¥ JL» N b)Lo.a.fa oY 099 ‘,...S,..al t_i.ulSw WA Ayl
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