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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Today, the use of solar energy as a cheap and
Received 2020/01/01 renewable source in the construction industry has become one of the major concerns
Revised 2020/10/07 {worldwide. One way to harness solar power is to use a solar chimney in the building.
Accepted 2021/03/03 iThe solar chimney acts as a passive natural ventilation system or as a thermal insulator
Available Online  2022/09/22 ibased on pressure displacement caused by air pressure fluctuations inside the chimney
i shaft. This chimney usually consists of glass, duct, and absorber surface. The air in the
Keywords: gchimney is heated by solar energy and moves upwards due to the chimney effect, which
Solar Chimney i can increase the natural ventilation in the adjacent spaces. In hot and semi-humid climate
Climate i buildings, windows are usually closed to prevent direct sunlight. Therefore, solar chimneys
Thermal Comfort i can establish airflow and supply fresh air indoors. The ventilation process in buildings of
Ahvaz Houses i Ahvaz city, due to particular climatic conditions (hot and semi-humid), is essential. Also,
Energy Plus air conditioning is costly, consuming a great amount of energy. Therefore, this study aims

ito find appropriate criteria for the effective design and implementation of solar chimneys

{in houses in Ahvaz to establish an effective flow inside the air duct in seasons requiring

§therma| comfort conditions and to create effective ventilation inside the interior spaces
e e oo through stack effect. This study aims to find a suitable model for designing solar chimneys
ifor the southern (equator-facing) rooms of houses in Ahvaz city (hot and semi-humid
i climate) to improve the thermal comfort of residents by using solar energy effectively and
reducing energy consumption significantly.

ETHODS: This research combines different methods due to its interdisciplinary
H nature. Research variables and models were identified in the first stage using an
i experimental strategy. The physical structure of the room and the solar chimney were
istudied as independent variables and the room interior temperature as a dependent
ivariable in this study. A digital thermometer was used for experimental thermometry
étests in the case sample. The statistical population selected in this study includes southern
irooms in apartments in Ahvaz. The statistical population is a small room as a random
icase sample. In the next step, solar chimneys were modeled in Ecotect software, and a
i simulation method was used to analyze the data and intervene in the architecture. The
i simulations were performed using Energy Plus software version 8.7.0 and the existing
§:weather data (regarding the literature). Also, the simulations were calculated linearly and
i thermodynamically by TARP thermal model method prepared by Walton (1983) in the
§software. The Fangar comfort model, PMV index, and PPD were used in the next step
i of data analysis. Finally, the experimental data were compared to the simulated data to
%investigate research validity and reliability. Thus, the research method is a combination
iof experimental strategies, simulation, and a case study. Bibliographic studies, field
§observations, field measurements, and simulations were used as research tools.

Number of References

42

Number of Figures

20

Number of Tables INDINGS: In this study, four different models of solar chimneys on a specific day were
7 studied to investigate the effect of geometry on the model discharge. Also, the thermal
i comfort (of the first model) was studied on a specific day of the year. (The reason for
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?choosingthis modelis to investigate the chimney effect on the whole space). The simulation

i data of the first model with dimensions of 1 x 1.16 x 11.60 showed that the thermal
i comfort level in this type of solar chimney is close to the allowable limit in March, April,
i May, June, October, and, November, December. According to the diagrams, using this type
i of chimney is unsuitable in July, August, and September, so this model is not approved.
On May 1st, the effect of the number of floors on the thermal performance of the first
i model was investigated. The results showed that the solar chimney discharge does not
i always lead to acceptable thermal comfort conditions. Also, four specific geometries were
i compared regarding the effect of geometry on the solar chimney discharge. According to
§ﬁndings, the solar chimney height was more effective in determining the maximum and
i average solar chimney flow than its width. According to the results, the third model has a
i more powerful airflow but drops to zero at certain hours and has no night ventilation. So,
i having a chimney with a maximum flow is not necessarily appropriate. The best model,
according to the comparative method, is the second model with dimensions (2 x 1.16 x
11.60), and then the third model with dimensions (1 x 1.16 x 23.20), with strong airflow
i powers.

ONCLUSION: By examining the airflow and thermal comfort conditions in solar
H chimneys, it was determined that the airflow could create suitable comfort conditions
tin the building annually. Therefore, the solar chimney with dimensions of 2 x 1.16 x
11.60 (model 2) is suitable for equator-facing rooms with dimensions of 3.5 x 5.9 meters
{in Ahvaz and can provide comfort levels in the mentioned months. According to the
results, this system is needed all year round. When there are no comfort conditions, it is
i recommended to benefit from mechanical systems, ventilation and air conditioning, green
space, and natural ventilation systems for comfort conditions.

{ HIGHLIGHTS:

i - Optimal dimensions of the solar chimney in the rooms facing the south of Ahvaz city.

i - Using modeling and simulation software (Ecotect and Energy Plus).

i - Creating thermal comfort in the months (March, April, May, June, October and November,
December).
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flue (Khanal & Cheng Wang, 2011)

R il il Jda
Ay gl o Slaal i by S8
am b ol S el sl s s
aS oo odel jolwl sl 'PMV o e
SR ) g oamd LS
Alex 5l el ol ol aoe byl S

(ST ) Lo 6)9Jyjd ‘_gL:M..a:}l_.i:: ol
‘5)_’)4")[")) = Ja9_>)_4 Slsllae — 09)l_c as .)HGA

S sl L

Bahadori Nejad) sl oy 0,05 35 (6 X80 5
VLl 3o,k )l yeSde a3l (& Yaghoubi, 2006
Al ools 758V Jeum 10 5 00 b F

PMV = (0.303 «005M + 0,028)[ (M -W) —H-Ec— (1)
C rec — EFCC]

Ec=3.05 x 10 3[5733-6.99 x (M — W) — P,] + @)
0.42 (M-W — 58.15)

Crec =0.0014 M(34 — Ta) ®3)
E = (3.05% 10 3(256 s — 3373 — pa) + Esw) )
Eree =1.72 x 105 M(5867 — Pa) (5)
H=Ka =ty —ta / la (6)

3,18 ol ymad 4y Sl g 0,5 o8l oy s Co s
hw b ble asgly 151 sl (Charvat et al., 2004)
‘a)_> s_L)‘ oolaz_ul l_a U‘JQBQ 4_194‘.» Q‘)_"")_’ |) pj
S — ul_‘>u.>‘ ULLA 61)_a 9\/&04_....@4 u.._..u 4_75‘)
0,99 S 50 ol plessly oggo Ecba S o bl
L.»d_,.....lL&a)o./.\\ Sgd—=> o p > ul—')’ &"c)—’*'ﬁ./'\ N
Abdeen.,) oo o (§95—0s (Guisys> i SDe0 S
5 it sl Y 5 ke 51,2019
St b Sy (gD ys5 S0g0 b b))
iSlas a8 il o 5 00,5 eolai il lexslu o lise
Ao Srb o Lo o ol | e e
Sy 59y 50 G55 il (i (09 Y o
2 833—e 5 o, aalllae S o (Shi, 2016) o ,4]
38l SeS e (65 51 ilmaned Sl ey gL
Sl mgraiie (i Sl Gl b 0>
Sleslaiwl b oK en g o (Zha et al., 2017) el
251 ez Db ) 2 D 550 8l
aS by g be (iS00 ;o (G Lame

Shietal.,)s)ls |, o] —ol8l o, Sloe 540 5l oyLoiis
am bl 5o 555 OmiesT o RS (—igh o (2018
do L 2S998 0)lgs 5l )l JLil o g a5
Sz A 3 a(PCM su_..v ‘ud—ﬂ) od—S g_;;.\_‘> O‘H
i S0gs 5yl 0, Slas (a4 dllae (2019
By ae 0 Jrbie 0d S SUS 7o L (gui o>
sl ol e S ags Jlw SOl oo a4y
£ ool i Gl slo o8l o (Sl bl
g Jomine) el (St g 09 05 (opbo e
903,82 (gl ye 9.9 ) 55,55 9 (oo
5 Sl 00 plosl WM (65, o ’Lcn &l 4...._.»’
Gl 00 e r )j.d JJ_A l_a L)‘ ‘rb)‘)} uuL..u‘
Joeaw , S0 —angy o (Salehi et al., 2019)
o 51 )lSle 5 50 Jolaie (gaa o> (S 090
d_u)j..ﬁ‘r))‘)} JJ_A)‘ oél.n.o_u‘l_»sd_m‘rm)).»
Koronaki,) o585 pla3l 5| > il wl )y
So o |y aui e3> iS55 g (5,0 (2013
(s 5, Lo glwans) aaboe ozl w
é_o.c uu_l‘)s‘ l_> A_..J; Ans 9 J_S‘oé; )
Smbior Gl gy le (s B S 090
ey 9 Lo >aly (Fakhari & Heidari., 2013)
sla g, 5l ool wl Ly a S wilovu—w, aoxcs ol asy
s 4 OloTiee e ye> S 3ge wiile Jlad s
SeeS oy o U 1 ol g imsle 5 oy lais-Ls
Ni3le 5 Lo g5lw o oo 5l e Loyl o, S
S9—y® § P5e Jsle |y (Ll (o e 3L (65
Aols olgiiny g auiwily (gad e i Sog0 o, Sles
syl g (2 e el (rdlas (sl olal jo s Lias




ree 39 1301 GBI 1 5had 395 ST 395 (s0a! 8 ke o

YFO—YOY olmio /1 o ylois . AV 0459 . 1F ) bl g yla

Table 1. Description of variables

w  Effective mechanical Pa
force (w/ m2)

Partial air vapor
pressure (Pascal)

Ta Air temperature lai Average radiation
(degrees Celsius) for the whole body
(w/m2)
Ta Clothing surface M Metabolic rate (w /
temperature m2)
(degrees Celsius)
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Table 2. Victor thermometer and technical
specifications of the temperature recorder

Device model 10C+VC
Percentage error 1C
Device size 155*%90*48
Device weight 270 Kg
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Table 3. Specifications of room materials

Materials ~ Thickness Thermal Density
conductivity (Kg/ m3)
(W /7 m-k)
Brick 30 1.46 1300
Plaster 10 0.56 1200
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Crec

EI’QC

Ec

Transpiration convective e
heat exchange (w / m2)

Evaporative heat
exchange on the skin
surface (w/ m2)

Evapotranspiration heat H
exchange (w/ m2)

Convective dry heat
loss (w/ m2)

Tsk Medium skin
temperature (degrees

Celsius)

Evaporative heat exchange
on the surface of the skin
when in the neutral state
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Fig.2. Changes in the average percentage of dissatisfied
people with the average estimate of votes cast for PMV
(Bahadorinejad & Yaghoubi, 2000)
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Table 4. Average daily temperatures of the measured data from 11:15 to 11:30 (Nnumbers based on degrees Celsius)

7 8 9 10 11 12 13 14 15
34 33 32 35 34 33 34 36 35

Day 1 2 3 4 5
Experimental data 31 32 30 32 35
Software data 314 325 303 326 352

344 332 325 356 343 332 344 36.1 355

Table 5. Average daily temperatures of the measured data from 16:00 to 16:15 (Nnumbers based on degrees Celsius)

Day 1 2 3 4 5

7 8 9 10 11 12 13 14 15

Experimental data 34 36 35 37 40

36 39 41 43 34 42 41 43 44

Software data 346 362 353 374 405

Fig.4. Daily average temperature correlation test
(16:00 - 16:15)
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Table 6. Pearson coefficient formula terms

y  The dependent yi Average r Pearson
variable score coefficient
symbol
X  independent Xi Raw score
variable

Fig.3. Daily average temperature correlation test
(11:15 - 11:30)
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Table 7. Terms of solar chimney formulas

T, Room temperature (K) L Total length of thermal chimney m Volumetric air flow (kg / s)

Tto Outlet air temperature (K) Tr Room temperature (K) Cp Specific air temperature (J / kg ° C)
Tam  Ambient air temperature (k) A Air duct inlet cross section (m2) w Absorption wall width (m)

Ao Air duct outlet cross section Ln Distance from the top of the heat X Absorption wall element length (m)

(m2) chimney to the inlet (m)
Cq Discharge coefficient En Enthalpy for room air from inlet Qn Air flow velocity through inlet
valves (m3 /s)
In Relative ratio of air flow
through inlet (k)

Model 1: Chimney
dimensions
11.60*1.16*1.00

Model 2: Chimney
dimensions
11.60*1.16*2.00

Model 3: Chimney
dimensions
23.20*1.16*1.00

Model 4: Chimney
dimensions
11.60*1.16*1.50

Fig.5. Introduction of models
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Fig.6. One year PMV and PPD values obtained from
the thermal performance of solar chimney from model
one for room space on the first floor
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Fig.10. Comparison of PMV and PPD characteristics
for four model floors on 1. May

Fig.11. Total flow of solar chimney model one on 1. May
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Fig.7. One year PMV and PPD values obtained from
the thermal performance of solar chimney from model
one for room space on the second floor
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Fig.8. One year PMV and PPD values obtained from
the thermal performance of solar chimney from model
one for room space on the third floor
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Fig.9. One year PMV and PPD values from thermal

performance of solar chimney from model one for

room space on the fourth floor
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Fig.15. Comparison of chimney outlet flow for four
geometric models of solar chimney on 1. May

Fig.16. Comparison of average flue discharge flow for
four geometric models of solar flue on 1. May
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Fig.17. The amount of direct sunlight on the chimney
surface during the day of 1. May

Fig.12. Air temperature and relative humidity of the
outside air on 1. May
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Fig.13. Comparison of air temperature of floors
equipped with solar chimney model one on 1. May
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Fig.14. Comparison of relative humidity of floors

equipped with model one solar chimney on 1. May
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Fig.18. Comparison of exhaust air temperature from
solar chimney for four models during the day of 1. May
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Fig.19. PMYV and PPD values of one year obtained from
the thermal performance of solar chimney from model
two in floors
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Fig.20. Total flow of solar chimney model two in one
year
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