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yp Natural ventilation is an effective strategy for greenhouse microclimate control and energy

conservation. However, its performance is commonly evaluated based on air exchange rate,
while its impact on thermal conditions within the crop growth zone remains less explored. This
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EXTENDED ABSTRACT

Introduction

Natural ventilation is one of the most effective and energy-efficient approaches for greenhouse climate
control, playing a key role in regulating temperature, humidity, carbon dioxide concentration, and excess heat
accumulation. Among natural ventilation strategies, wind-driven natural ventilation (WDNV) and buoyancy-
driven systems have attracted considerable attention because they can reduce dependence on mechanically
powered climate-control equipment. In particular, solar chimney-assisted natural ventilation (SCNV) has
emerged as a promising passive technology in hot and sunny regions, where solar energy can be utilized to
strengthen buoyancy forces and enhance airflow through the greenhouse. Previous studies have generally
evaluated greenhouse ventilation performance based on air exchange rate (ACH) or average indoor
temperature reduction. Although these indicators provide valuable information regarding ventilation capacity,
they do not necessarily reflect the actual microclimatic conditions experienced by crops. A ventilation system
with a higher ACH may still create non-uniform airflow distribution, thermal gradients, and localized heat
accumulation within the crop zone. Consequently, greenhouse ventilation performance should be assessed not
only by airflow quantity but also by airflow organization, temperature distribution, and the thermal conditions
surrounding the crop canopy. Despite extensive research on wind-driven ventilation and solar chimney
applications, direct comparisons between these two natural ventilation mechanisms under hot-arid climatic
conditions remain limited. Furthermore, the relationship between ventilation capacity and crop-zone
microclimate quality has not been sufficiently clarified. Therefore, the present study aimed to compare the
performance of WDNV and SCNV in a greenhouse located in Ahvaz, Iran, during representative transitional-
season conditions. The investigation focused on both aerodynamic and thermal behavior using three-
dimensional CFD simulations and evaluated the systems through a set of complementary indicators describing
ventilation capacity, thermal performance, energy efficiency, and crop-zone microclimate quality.

Materials and Methods

The study employed validated three-dimensional Computational Fluid Dynamics (CFD) models to
compare wind-driven natural ventilation (WDNV) and solar chimney-assisted natural ventilation (SCNV) in a
greenhouse located in Ahvaz, Iran. Simulations were conducted under representative transitional-season
conditions corresponding to March, April, and October, using local meteorological data including solar
radiation intensity, ambient temperature, prevailing wind speed, and wind direction. The numerical model
incorporated greenhouse geometry, crop canopy, porous pad walls characteristics, and the solar chimney
structure. In addition to evaluating the external airflow field around the greenhouse complex, detailed analyses
were performed on airflow patterns, temperature distributions, thermal stratification, and ventilation pathways
inside the greenhouse. Performance evaluation was based on a comprehensive set of indicators. Air exchange
rate (ACH) was used to quantify ventilation capacity, while temperature reduction effectiveness (TRE) and
canopy temperature were employed to evaluate crop-zone thermal conditions. Temperature Uniformity Index
(TUI) was used to assess the homogeneity of temperature distribution within the cultivation zone. Sensible
Heat Removal Rate (SHRR) was calculated to determine the ability of each system to remove excess heat from
the greenhouse environment. For SCNV, solar collector thermal efficiency was also evaluated to quantify the
effectiveness of solar energy utilization in driving buoyancy-induced airflow. The combination of these
indicators enabled simultaneous assessment of ventilation performance, greenhouse microclimate quality,
thermal behavior, and energy efficiency, providing a more comprehensive evaluation than approaches based
solely on air exchange rate.

Results and Discussion

The CFD simulations revealed substantial differences in airflow organization and thermal behavior
among the investigated ventilation strategies. Analysis of the external airflow field demonstrated that the
prevailing wind interacted strongly with the greenhouse geometry, producing localized pressure variations that
influenced ventilation performance. Solar radiation analysis further showed that the solar chimney received
significant solar energy throughout the investigated months, providing favorable conditions for buoyancy-
driven airflow generation. Qualitative analysis of airflow patterns indicated that the control greenhouse
exhibited weak air circulation, extensive stagnation zones, and pronounced thermal gradients. In the WDNV
configuration, airflow entered through side openings and exited through roof vents, generating greater air
exchange but also producing localized recirculation regions and flow instabilities. In contrast, SCNV created
the most organized and directional airflow structure. The solar chimney generated a continuous suction effect
that promoted stable airflow from the porous wall toward the chimney outlet, reducing stagnation zones and
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improving airflow distribution throughout the greenhouse. One of the most important findings was the
development of controlled thermal stratification in the SCNV system. Warm air accumulated near the roof and
was continuously removed through the chimney, while cooler air remained in the crop zone. This behavior
reduced thermal stress around the plants and improved the overall microclimate despite the lower ventilation
rate. Quantitative results confirmed the differences observed in the qualitative analysis. WDNV achieved the
highest ventilation capacity, with an average ACH of 5.35 h™!, approximately three times higher than SCNV
(1.75 h™) and nearly 89 times greater than the control greenhouse (0.06 h™). Similarly, WDNV exhibited the
highest sensible heat removal rate, reaching 11.55 kW compared with 3.33 kW for SCNV and 0.41 kW for the
control condition. However, higher ventilation capacity did not translate into superior crop-zone thermal
conditions. The average canopy temperature in the control greenhouse reached 39.68°C. WDNV reduced this
value to 38.94°C, whereas SCNV achieved the lowest canopy temperature of 36.98°C. Likewise, SCNV
produced the highest temperature reduction effectiveness (TRE = 0.54), compared with only 0.14 for WDNV.
These findings demonstrate that airflow organization and heat-removal pathways can be more important than
airflow quantity alone when evaluating greenhouse ventilation performance. Temperature distribution results
further highlighted the superiority of SCNV. The Temperature Uniformity Index increased from 0.52 in the
control greenhouse to 0.75 under WDNV and reached 0.91 under SCNV. This substantial improvement
indicates a more homogeneous thermal environment and a reduced likelihood of localized hot spots that could
negatively affect crop growth and productivity.

Seasonal analysis revealed that SCNV performance was strongly influenced by solar radiation
availability. ACH increased from 1.48 h™' in October to 1.93 h™! in April, while SHRR increased from 2.85
kW to 3.62 kW during the same period. The solar collector exhibited an average thermal efficiency of 6.63%,
ranging between 5.80% and 7.43%. Although this efficiency was relatively modest, it was sufficient to
maintain continuous buoyancy-driven ventilation without external energy consumption. Overall, the results
clearly indicate that greenhouse ventilation effectiveness cannot be evaluated solely by air exchange rate. The
organization of airflow, thermal stratification characteristics, and conditions within the crop growth zone play
equally important roles in determining greenhouse microclimate quality.

Conclusion

This study comparatively evaluated wind-driven natural ventilation (WDNV) and solar chimney-assisted
natural ventilation (SCNV) in a greenhouse located in the hot-arid climate of Ahvaz during transitional
seasons. The results demonstrated that although WDNV provided substantially higher ventilation capacity
(ACH = 5.35 h'') than SCNV (ACH = 1.75 h™'), a higher air exchange rate did not necessarily result in a
superior greenhouse microclimate. The solar chimney system generated a more stable and organized airflow
pattern, reduced recirculation and stagnation zones, and promoted controlled thermal stratification.
Consequently, SCNV achieved superior crop-zone conditions, reducing canopy temperature to 36.98°C while
improving temperature reduction effectiveness (0.54) and temperature uniformity (0.91). These improvements
were achieved using only solar-induced buoyancy forces, with an average collector thermal efficiency of
6.63% and no external energy requirement. The findings highlight the importance of evaluating greenhouse
ventilation systems using multiple indicators that account for airflow organization, thermal distribution, and
crop-zone conditions rather than relying solely on ventilation capacity. Under hot-arid climatic conditions,
SCNV appears to be a promising sustainable and low-energy alternative for greenhouse climate control. Future
research should focus on optimizing solar chimney geometry, reducing airflow resistance within the chimney
channel, and investigating system performance under different wind conditions. The integration of thermal
curtains or secondary ceiling systems may further enhance thermal stratification and improve crop-zone
cooling. Additionally, incorporating humidity transport, CO- distribution, plant physiological responses, and
economic assessments would facilitate the practical application of solar chimney technology in commercial
greenhouse production.
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2. Temperature Uniformity Index; TUI
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1. Sensible Heat Removal Rate; SHRR
2. Solar Collector Thermal Efficiency



W g il ColsS gl Cudyb (Audad b)) il ple g wdlnw (g3 — (ools)

slo)S &3 &5 (TRE) olS 0 4l (slos ials’ (oisu gl (TUI) Lo (816Sy a3ls (ACH) (gl (slon (g &5 pubas
S 5 BB 8 oy g dalie 3)90 (Meot) syt 5SS ()l 033L 5 (Te)alS sl 15 slod (SHRR) (poguons
live 9wl wal)d |y baailobs (551 3 )Sdas g 08 4ol @l ) CudesS rges cd )b plojon byl el (o5 5 (A5
Am e Sl jlgal Suis g 25 waldl 3 (xb g8 30l o eslie s sl

S (90l mdy9> U 22597 9 3L Gl e

42U 2bol Jd> 4 copfJled 0)lpd b 2)g8 2 ) IS Sl oS dmdpo L5 (1 JSK8) adlllae 3,90 SIS 53 by e (o)
el 13 by (P Sl e Aol 53 D9800 Byie (ilohe N (sol 0)ld o g ol (lao)US Caouw & cCute )Li3
Ol L5l e oo cnl 90 SIS 3l Joklsite (s3lsl 4y 3)bo 1Ly (lon Sl (oisu g 485 SIS (ol slao)lgd
Jobo )3 )i 19t @il Jl (U (e gl Wi Su g 0ad gl S Hlid b (Sl o) Gl g (J31 bae |
Lailyd g l9n 395 Wl oo (206 Gl M 5 g St yd (g i Laulyd 3 (g cnlpl S 0 Sbxl 55k o)l
bilobs 3,Slee toii 3 |y OIS degare ably dukin 45,5 155 55 Cuenl gl cpl a8l LS 31 wlsds 51 5>
A2 g0 U5 (a4 900

d

BAUS T (oAn 55143
P S de g

$1 8 3 & BN M4 4SS0 D 02 04 OB 1 12 14
[ W Temperature (0 | SR Bl Velocity (m/s)

FTN
\E_ /J

Solar Irradation Solar Chimney

(W/m’} - = 3 ]
T T R TIPS R Pt

S uno g SIS & I> SLad )3 (b @98 (S (g 3lgbw sy Ga5b 1 Tga 3985 03 LS (gl 2 bolad g Lod (sl )il Y JSud
o @595 9N Kb) 05l (59, 31 (o y9ae 0950 9 WS (g0l B by (e Sl ¢l 2 bsbid 9 G o (51250 (@) T2 g5
41 ¢ (DO) drnsS' (i JEL! Jo rawrgi 00w St yiient ¢ Snd y95 ;B 53 (Guad y95 (5395 9 S obawr (59 51 DIIIL (Siad yo

(@)-0o3239,58 9 (€) 0lojo0 53 i j95 yasso 9 CurBge ol o
J..\o )'1 odlaiwl Lv a5 |) (_SM)P 01’539.) 9 YA LY 59.\4.«; &9y o.\ﬁ}yi? Lg,\w)9> dj)’" @La.e KPP Oered Y JS..»
wfl\.gb ‘_53')3] &9 a5 Cowl O] )iL; C;l:; ABY 0 uLW ol 00 duwwslo e 9 &3)9)5 solo dl).g (DO) 4w u*“b Jl.cwl
Sy 4585590 Blyzal s .l ditnly (65105145 Lud s 00335 5 65l dwdin czglaw (6 S s il dglj b ygd Cuxdse &



(dwahs).v—u.ol‘v)\f’b }gg‘lg Y D)Low)‘bv 5)55“)')€,| W”www V¥

OB e 53 e hilie )3 sl 4B )5 e (I (2 )2 53 gshaw | S mmy LISk 5 09 SESIESy (STl @ byt
logits Lglss ) ol 008 (ialiy (5o Gy LE0lS g il e 5Konl L5 gl Ll Coge dudyos glis)|
e yg> 4 9y gobaw 59y pole 93 2 53 (Wl (65l i ) (o I b g Wlols 3 Shos g gslaw ()l Lailyd
Soul g sdudygd (65 Gl gl wlolu pl Cunlio cudyls (Silo &5 b odaliio ((gauddysd> (ESD9 4 oo (29 0)lesd 09
(Tigampo et al., 2023) ol 0 ()55 geolons bawss 50 polie goli .Cowl (gy5ld by

U559 ASYIVE W M2 oo (cauyor iall sl 508 Gl D939 b coloyge 13 v a8 cunl o avgs b &S
Wm2 535958 50 (il Gud oy s (pismad D)0 (65l (950 dbul 5 (g5l Gl (lp awlie oUlg loren (gaud s
0,5 158559 Sl o Sles sly powlie bylpd ad pald g Gl sdiS bl ) paw il Coge S AS cud AYY/YO
Gad Syl gipe bl g e chedyes i ol Sl sl b L2303 il e ¢ S dusin a5 ¢l ol
03jb Jlos 3y 5 Il el (oS ol e 5118 3l o (g bline psboas 1y aleb S5 Shes 5 505 ¢ csyglis by
Cal 0ad @)l (g sl i 3 (63 es slapadll ol g lgp (Aige £ saedygd eI Sl
QLIS a1y sLad 13 bod &ij97 9 (Swoliudg ! 4,
S5 31 50 o> @35 g 1m ol 555 2 b 4yt il (sloapenly U s ) )3 (25 (e bl oyl
OB g Cunl (hdy > S5 @i g o3le dwdim ¢Sl gl oL Sl (AL slagys A ay Jols gl B, A5 L)
09 Sl 4wl Lod @595 9 Sy sl o by (6980 gy nlil )l cutS an b @l (6 JSS 3 (SloaliS s
J sl e 9 bz Moo (@0 lejlo )3 (SIS pess (55 905 Wilols g5 &S sl ) Sl b w3 o oLt (ke V)
Slor s cpl 53 29800 bl (3llo 2 B 5 lgn L5 ez y> (92 At > & caged (o Sl 3 015 g
g 485 5B SIS Jobo )3 (dhand (93,5 LS edomil )3 D394 o0 LS Cu purdy 399 5l (9 408D (Sl (pdix 6351 6399
o slrodgi 3L Lle yloj g lsd (angs ol £y s ylis aS 39 o dbul dgdote LM 5 pul sy b g (o

o

Vantilation
<7 Apertures
/

Cellulose Pae f ‘

NV un ygwa
[ = 1
Temperature (°C)

(c) 5 (WDNV) jgome3ly (omual cr 505 (b) (JUad da g (39 () 1515520yt S w33 SIS (lo3 (ylaee 5 198 52 (5581 dummlle .F USUS
9192 CS o e (2 bobad ((wylo VF) dl Y5 59, gand o5 b 13 (SCNV) (51523 a5 (485395 L iCagfl crnb d 05
R o Ui g1 lw g2 0 1y &S JA Iy Tl bl e olad 2o ded sl ygils

Cge il (S35 )0 )5 (Slgr (b (5)gld L olpen (295 5 (9399 ladm ;> (e LS ST WDNV wlels >

Spo gl 5Pl s w3 LS (dge laald S dg2g iz pn 35d 00 p)S (Slgr e kST 5 (b Sowle @y
Sl iy gy s 5055, (ply Gl BAST (il cel aus S (il ppen Ll 0gde ln (525l
9 00,8 dbul gyl (gy0lid g9y gdniyed iSDed JUK )0 lgn a5 SCNV awilolw jo ¢ blds > (Sase, 2006)>44 o0
oo 43 (5305ks &y ) dogey g0y g ol ) 13 )5l 00 3529 41 0ylies s o 3 1y Bl 6o locee g o Fkite

ool U (lsn iale )T 5 il JSs ST 51 45 joxe g9y 0das L5 SCNV 5 eun] dtaly oo s Lyl 4y o 5,Slas



V0 g ol ColsS gl Cudyb Audad b)) ipb sl g wdlnw (g3 — (ools)

glas (Lee & Strand, 2009) WS’ o Laas 1) 095 ayged cud )l 1 iy 56 cauns oL bl il 0 o dilobs cpl cplply 9o o
b oS oo e lgn (Yol ()58l cigns g Sl > el SIS 31 35 bod @i o maiians jsbodr (b2 595 5
Mg oS oyl 930m 385 5 Sl Sl 5 SRS 30 5 i (S5 2 b I S (stedygh D

(Teitel et al., 2008) WS yiiu 1y ylewe LSS Jlainl g 00y ioljal 1y ol o)l s

ClS 4 ol ) 9 ()l Y

42l 0 Ol @ig s Ol Ghee (a3plejle 090 4 aSL g e dgime Iga glrale Bl 4 LS 4505 (sladilols 3 Slas
Olile 515 53 SCNV gWDNV g5 (y94 syl dw 53 1) bod @5 g lon bz (6581 0 JSub canl dtnly 55 olS )
Sl Jol5 ol oo a5 ol o ol SIS (slail 5 Ll e glado 53 (SIS S ) 50 VIV elis)) LS
(Boulard 3,38 o 51l 455 9 p > JUil p bosins ol (Soladpnl sl S 3 ol s g 6LS oo (30T S 153 5 gl
LS o, fle 0 by 555, il (glod S slei g 035 dgaze jluws g b > Cul yarS el cls 4 .& Wang, 2000)
kil A Jobo )5 b hue opizmen sl 00l YU glod b (2l (55 UKD 5 255 lsh o8 o 4 395 0 oalie
Sgdn olesl dade )3 9 ¥+°C dgds  slanl glade )0 Lod (1 Ske aS gy0body 0,5 3959 alaio 93 Jlo wgmwirs (glod OS] 4 039
015 eSS gy 5 dn 51 sl SRS gl j5 cinds > 519y g s b b5 LSl BT oyl .l YO °C
dgdote dyged dasee ¢ ol b by b as s 4 bl wigd e adge bS] Coge (od9ds b Gl (Su3p
.(Campen & Bot, 2003; Norton et al., 2007) C.ow!

Solar Chimney

31333537 39414345
-_ = -

Temperature (°C)

3 (WDNV) (b) ;92203 b 98 ¢ (a) JIad dygrd (39 tdolud dygr 3 5]y duw Codd S 13 Lod 22595 9 (b pa (oo dun o .0 JSUS
ol al-cl (gaJSd 5 (ow)lo 17) Sl T2 59, (Gundji 0B 53 < (SONV) (€) (51325 (5w 95 (545393 b 0wiC 985 (cab i g0
ST g g1l 3 @Bly (o6 ps il 93 p3 1, Bl Blie & 595 a2-€2 (SBUSW 15 5 (AU Qlasl 15 3 1) (aled hiwe 5 192 (o

&S leSa g o (Sl BAB] das 9 by Co g il Coge (Lls sasy >l lsa 35,5 WDNV dilobs )

9 u,.o-)b-)l.: u.‘>|5) 29>9 ‘JL"' (.)"l L’ ..\JL:‘;O uﬁb Yo °C dgd> yd éla.mo 93 b.u)?:ﬁ dl.n.) 9 44.9[.) wmlf J}‘o ‘_sLo.) M|
=T Lgl.:aui&wi Bro by @il 5l (isu g Cund Jias g b Mol joim b ya e &S W o LS dasie slaasls )
Cuow 3 AS Jabo dlael 1> (c3lsko by 31 jaus 51 L 1ot S o 3wl 1y by (6o) oy yipkaie SCNV dilols ¢ bilio )3 3 o0
Ped e S 23l 9395, (Ply (el Cage &5 Wmd e S 1) o) g dwgy by e 9 0dd Colin (gund)gB (JIS390
089 i Sl oS Wb o Hials laayly I s g 00 Ja.a:-La).oS AldS Job o by jldle 55 woye ablie ) ¢ picren



(omi2g3s — 0de) YF 20 5l oF 5 lowd DY 2595 ¢y ! piwmsnntgns owidigee dlxe V5

ol 505 4 o0 (59 Lo )3 (G5

S5 2 p5 lop & Gl el oas S )l iy S Sl SCNV dilobs gla Sy o iete S
2LS Sbals anl g SBsd Y ylo 8 °C dgus o glod MBS 5 wlo o (Bl cuiS anl (o PSS (lgn 5 Al xood Chiuw
Slgs o (Kasaeian et al., 2017) cul onds ()55 )l (gyglids o e slaailolu (gl 55 5 i &S L8, ol Dgus oo Sl
(Kittas et al., xS wald oS 3y (gl (g cuwlio llpd by 4l @ p)5 (dlop cuiS il jl S5l 9 (2lo)S i LRl L
(Bailey, 2000; Fatnassi dgu SBsd yisw pd Cugby g bo)S zesd cogo Cunl (Saw byl S 0 )l (ganaY 4 ,31.1997)
Cawl 03y (655> Y pl Gollasl (o )lul 5l gadyen iSDed dwgy S ket oyl o @tal., 2013)

3 b Byo SCNV ailebus (550 o8 sm3 0 o5 o3 (sloygilS 5 e po (sl el boghas (oo Juloss eggane 5o
il Bl sbul 5 )5 slon dtugn 455 dea e Colia (ol ey (30lejle | aSk dus ded byl 38l
sl lon (gl 5 bl 2 LS (b g5 sloaibobs (L)1 45 dmd oo (L5 @l (nl 098 o0 (8L olS 45 4L ) Cgllas
£ 9 b SIS dod ialS sl dan ugs 5 sile (b abli (oS dulie Cuns (IS il aBly CuisS oy
ol o &l gam JiSu D eswore (glo )5 &8>

41385 Slolus 3,8k o )
glad S o ald 505 gladilols 3Shes WSl )95l S e S0 bed @i 5 Gl e (A JiboS 42 5]
3y90 b dw d)Slas iz cpl 53 gy oplil sl duslio LB g oS sla et Ll eslaiwl wiejls alolw o S o)y Sl
2bil 551 5 Slugs ceodliliny slaadli I las geome bl  SCNV g WDNV ((J555) 85 ¢y SIS ol (o) 2
e Glyiedy (TUI) Loy (319380 (adls cygns cud)bo el lsieas (ACH) (aslo Glon (g €55 glate cnl & 95 o0
(Te) (AL el 515 slod ool 3 )Sdae 2t s lgicds (TRE) olS 0 b slod ials' (pdso Sl o5l @iy cudS
33l 5 055 staalol il 3,Slas Jlns lsisas (SHRR) oguimo (oS e85 &5 Tin) £lIS 51 (slgn Lawsio (slos 5
b)) Ol b jadls (ol 48,5 )18 (cw) )90 SCNV wibobes (5551 3)Skos aSls lyisds (Noot) edyss H5SIS (5>
) s > o Canl 5 & p3Y A5 o oal3 ] oo (53,1 S 5 i el Bl S ctogtd b plojon
TP austs b s SIS o 2 930 b Ion ags 55 el g Bites s dpgr8 sloalebs 3,0as il
Oigs 53 oy plil (Boulard & Wang, 2000) Cuws ol wby 4l o gogllas )l byl ool b puldly ) cudS doms (sline

29 1 bl By 5 Slas ] ol (5295 o555 5 Gl st o Sl plofod o b sl 005 330 0l
WDNV dilobo &5 aa3 oo lis zulis .ol ouds 1)1 Y Joan )0 dalllas 3y50 (slrole 1o (60, Slas (glo jaslis olod polis

b awolie jd aS 039 O/¥D L L plyy wlolus (pl 3 lod (aend & (:S0le ol atily 1) 5 ySlas oy by dyes Cud b Jlas ]
lie Oldllas b sl cpl .l 55 )5 plp A 3gas (+/+F ht) 8 clls 4 Cand g pidin il dw 3905 (V/YON) SCNV
{Maerefat & Haghighi, 2010) ¥/¥Y b Y/¥Y o3l ;0 ACH (saudyes (i34 S b goudno dysps mitamw (6l o5 Cunl 5500
P e (£ (S SiS piw (gly 35 9 (Jiménez-Xaman et al., 2020) &/-¥ U V/YF 4 (Salehi et al., 2019)Y/A U Y/¥

S el (65y9LsS lwdinee yo0l dpog 4 dn g3 by iled S 5,15 (Abdallah et al., 2013) $/30 B ¥/+V oL ;5 (g g5 ,iSd90
iy SIS (lalaes 13 lost 5 65k 5 Casboy S8 (sl ) B /0 3925 i o 385 bl 3 ACH o8
ool b il o S clayang sl Blas ol a4y DB aeds 3900 piucis £95 90 yp CiS (gl o {ASAE, 2003) Cuwl 0 03l
03)S ol AL Lams I Cagb) g Lo)S 4o (gl (i cud )b VL clop (g £ dbml > 4 jemmesl ases (b
Jo ol b sl S5 )b g B Lame (o Ten J5ls al3al 5 5l 5 ol lid M) LI i Sl ot o)
il Sloba 3 Slac oS Sl S5 e laiSer 41508 Sl il 20 ] S ol bl S o 55 o 458 o
2o 28es s )3 35 )5 Slgn laodgi 4SS e g lga JT sl jrane ()0l bz Ghee (2o0lejle 090 (g )
SloyS 283 75 1Sl .l 0ids uSxio SHRR pdlis )0 ogbds gd90 ol (Teitel etal., 2008) 15,15 (gloaiiS puuns i dilobuo

1. American Society of Agricultural Engineers; ASAE



W g el CodS cgrd Cudyb b (b5 ol be g ardlrw (ig3s — sole)

2 A o b 1y o puRadda ioliel (+/FY kW) 8 el a Cans &5 039 VYOO KW L plyy WDNV ilolus jd wgus
el 3l 555 il cad 1 i 45 Gl 03,5 3L ¥/¥Y KW sles SHRR (3:Siks 5 502b ACH 3535 b SCNV aibobus ¢ Jylio

ol & Wlgs o by Culan 050 g 0dgu L;Ia.'>Lo‘)J] oS 283 g agrd Cudyls oo alasly &S dad o s ases (pl Ll S
sl asly Cuenl lga by lade

(e 9 (3295958 cdiduwl) Juize (golo > ALIS aygpd Blisee srailobur (glasgrd 9 (I, 5,8es s ad Wi duglio Y Joua

el e e! i el o5
BRT (9N
Tin °CC) Yo/t AR ¥y/¥ AaVAYS Yo/fo-/y
Teanopy (°C) ¥y/. Yo/ ARIAN Ya/55 Yo/fY-y\/-
TUI (-) A < JOA -JoF -Jov NIV
ACH (h™) o[y N |5 |5 ofe—edlY
SHRR (kW) -Jos <IYA Iy /%) oJe=Ya/0s
(WDNV) j9adly 4505
Tin (°C) ¥./5 Y/ Ya/y YA - YY/f--V/5
Teanopy (°C) ¥yv/¥ Y¥/Y ¥ /Y YA/AY Y¥E/EY-Y/¥
TUI () IA- Iy -Iv¥ -1V o[ +=Y\/A-
TRE (-) AN <Y <A +/\¥ +[+=VA
ACH (h™) of-y ARG a/va INAYd O/d—-Y/VY
SHRR (kW) VIYY AA7AN VoY VY00 V/AY=YY/AN
(SCNV) (gand yo (55395 SS ds905
Tin (°C) VA Y¥/A ¥e/A ARVAYS YF/FV-AA
Teanopy (°C) ¥-/5 Y/ YAIY \rdats ARTAREAY /<
TUI (-) <JAY -Jaf /A AN [ +=AY/aF
TRE (-) -fo8 -Jo¥ - /oy - /0¥ J-—ov/0F
ACH (h™) V/EA V/A¥ V/ay VYD VA=YAAY
SHRR (kW) Y/AD Y/ay \v/al \rAns Y/¥-Ao/5Y
Neat (%0) /A VI¥Y sIsY idlas OIV-NIXY

St o> 5xSlin 5 o ST 1y 585 Sl 93 o (o5 B Sl 35 0L 18, 42 b oSy sl oy

alolws a8 Jbs y3 by yialS YA/AY °C &y 1y jlads ]l WDNV wlols 3l ookl .l 639 YA/FAC L ol J,8 clls o alS
I Ig SCNV | yiiy il dus 3905 WDNV aSST o8y s ol il wsl 03,8 sl Y5/25 °C (uSikio L 1) s 31,208 SCNV
°Cogas oled Lials alie ladss 5l a5 e ¥ °C dgds 1) ol widy asb (slod dtuslyy SCNV wlolw «uwl 03,5 basls
S s b lsy cplwled,S yo)153 1y (Khanal & Lei, 2011)Y °C 4 {Chung et al., 2015) $°C «Salehi et al., 2019)Y
(B JSub)anl SIS gLab )3 0as J 58 ()l g Y (655 USS ) (23U 5 3) JolS ()5l ¢ ST oS ise 55 el
tagid 5 35 Sl JoU5 5 511y pml i o el 25500 ol oS Ll 3 (s iolan ol Ll congt
Gl lde cplas” Jls g3 wdgy +/0F b ly SCNV &lolw 13 TRE .50bo dga5 o0 sdalie 36 TRE adls )5 Mgy ped .3,
Loyl s 4y s olS Ay a4l (slod ialS ;> SCNV wilols oS amd o yLis B3] ) .ol ool ewd 4y +/VF SWDNV
S Sl 3 I0Y JTUL 5o e 5 o 151, gpnign ol 35 oo (515t sl ol 03,8 Jae 53890 5 o9



(oidg3s — ode) YF 20 5l oF 5 lowd DY 2593 ¢yl ! piwmnntgns owidigee dlxe YA

uzfaga 5l oolatol &8 dmd o i da g BB iolil .ol 4l 50]381 SCNV dilolw j> +/2Y g WDNV &ilolus jo +/VD &
sl 03)5 SISy CudS anb yulyw )3 55 1) Gl @iy Sk wad (alS plale jl ) b el cage kil & b5
S ilisee gla isu (5 Jgame 3, Slee BWS g olS wy Kedl ( adgo p,5 bli sbol | Bl o Lod yui B9
65 dagi b adly 50 (Tin) SbdS Jo b (glon lawgio slod w)p (Fatnassi et al., 2013; Kittas et al., 1997) LS ¢ .5 ol
alobos ,d J31 (slod 51:S5ko a8 Jbs )3 wanl YA/+0 °C jlade LWDNV dilols 4y bgyyo loa Lawgio (lod oy iaS .08 0,151,
98lze TUL g TRE (Te (sla yaslis 13 SCNV (g5, b domsss oyl sl (ySians w5 oS5 5 sl 0393 TA/VY °C |y 5 SCNV
@l &S 465 len ol olS by 4l bly baylps g SIS oo S Sl blpd gl gls [Sly aBly 45 Lol sy s &
lod (ol plo 0,5 o alold cuiS 4l jl g ouds S peie (SBsd laaY 13 p 5 (glon 5l iz SCNV wilolw p> sy ylis &S
SFBE gl TRE 9 Te s ol padlis 5 Cad ol il cuts b)) (sl mlin pa3L og3) &S oo S Lawgie
Mol b Wlgs o olieS Cdge (slaciin ¢ g5yl 292480 Glxin ¢ )l slaodyy I eoliisl LS o &l s, Bly Ll ]
) et anl 38 (lop g b 5 wBlzans p)S slgp le (s3508 LIS IS JBgd iz )l Sl 40l
D135 oLS 53 456 )3 5ol sled ik o LS Sl 15 & 0 5 bl s JUi] EalS carge ol ol 45 935
Slgs o S Lol i el (W)l o ol slaedy b 4l slacatu (653, ol j3 g 0 agrd dlobw o]yl
Sl G5 LS g walBli) J 5SS sl sy (393 (e gl slaailelus LS )3 e oS Sy S lyiea
255 )1y8 edlaiwl 590 oLS

Ll o cos lojen ot (53,SMas (slbyadld Ol puis 4 1md o b5 iliseo (glaols 3 Iadiloles 5,Slas duglio
5505 93 VAY DL g Wil )3 VAF Wt 4y oleype 3V/FA DLl ACH ylis « SCNV&lelus 13 3l )3 lae 5yl 5 ool
2 GO YIEY o YOV KW & 100 53 YIAD KW 5l el cpl &S g5ebay i odalico SHRR (ly 35 poliie Mgy .8l i8]
SHRR § ACH ,;0lie (p yidy g edd <ol (AYY/YO W M2) olo 139,850 (gdudyed Liul ol (p pidig wdaaoy (1098 5 Sias!
aly H8 AVY B /Y htojl )5 538 dgu5m0 WDNV dilobis )3 ACH dilale il ¢ Jolde 53 000,85 sdalio (19,8 10 50
30 dlobor ol 905 cudylo 39, co HLasl (Y/OA B YA M 57 cusls Sl cglis wyp 390 olo aw jd b sy &5 ] ]
3 ool bl s cp e oS cal o Sl SCNV silebs > TRE ¢ Te il ypis K59, ¢0pl 2 9381 dd LS (6390500 el s
Jde YL 5 +/A8) TUL jlade i (YV/VC) LalS basle (slod (pyiaS &S gyebas ol ol Juols olosianl
3y90 Meot) (s yon ods )3 ;SIS (gldlad )l 033L 3s,bo 51 SCNV &ilols (65,50 5,Sas .05 sdmlie olo oy yo (+/0F)TRE
dgs b A .l 03)S yuuss a0 p3 VIFY B O/A 051 45 5 039 1o yd FIEY L ol Meol (pSilio S 0> i ol )5 1,8 L)
(VIFY) SIS 035L jlade oy yidis 45 b )3 b odaline (AYY/Y W M2) olo 39,8 13 (g o> inli s oy yiais 4 Canol
5 o (Bl 2 a8 @l Bpo gy (25390 ()l )Skes & amd e i )by ol sl Atag £ oloidnl 53
Wb g pbrl ()l Sl s JUB Sl ige o2 bz €5 205 9 09 sl slod BT e slod i Jalge
Sly B &S e gy Cul il oadode aud)yen Gl 4 b (LS gl WS e Wl s (A (25 033l (s 5 38
a8 1) olS 43y 4nl @Bl ) oS uguoe d9ue 9 SB58 oY )3 aBlaess p)S slon adsS Glul 5yglid by Sl
Cad )b joim oS dmd o Gt gl b b)) Sisecals) pol im0 (sandyB (15390 Gyl 3Sles &Sl g2 S
4 3lge ol e 3 b il g (Solidgpl Cunglio (il wfiga 3 dg2g ol ol (S (sloaiag slp a2 B
5o Sl a1 dop J5l (slia) awosin > (s S55k dily ol 2 39 e lobi (il 3,Slas g 5 o385 E5 Gl
Sax8 Slgiee by zeS 9 2909 S 3 (ndge Sl il g I JUIS alade o (gileding (sindygB GB350 (5399
doa JUIS slal a8 wilosls lis 15 (gjlwdige Slllas S Lo ages by 4 gydn LS L) Gyl (6yalids 5l B0 a5 e
Sy 390 )l 3,8as 5 69l b e Ol €55 w2 (b lasiell e Il S ol L ohsn

. Thermal curtain systems
Frergy-saving screens
Oop ceiling systems

Termal buffer zone

B



I g el CodS cgrd Cudyb b (5l ol be g ardlmw (ig3s — sole)

a5 e lol wiid (gilwaigy b 39y o el ol b (Hosien & Selim, 2017; Lee & Strand, 2009) 35 oo & guco
b Gl (puguime jsbds gl (25393 (6, Shes Lol 5 g Cud )b (LS (55l By

Wbz GMee (Ba0lejle ) 6% il ol cpl 453 (LS golS «gundygd eI dgaoee Liwd (Sl 033 3929 L
4l glod Lol 3 wilobs canlio 3,Skas 0fygdy S oo lig) S anl WIS walilyy ) coaS i) 5 )l L5516y Senty
WS 5 Calin 0955 5 03955 dguote 0ad b3l ()l TPl e 4 Byo (b (ES393 (i Sl &S am3 oo (LiS olS A3,
alol S 5 a8 Wlodly L Al5dS et (g9 y 0ddplonl Cpuiin Slalllas L3yl 0008 st i )] oled 2, Sles )3 55 0,5 (slon
Sy bty |y ol 5l 3,Shae Jlo 5 (slaole o et sl Al Sy B 3 oghye (63l 23 LSCNV
9 4dbrw)cuwl 63,5 ool 8 1) Y/AY hl dgus (glogn yaigai &35 9 W U IV °C odgams 0 (glod Lials 4y slaws ISl g o0l a5
(slod 2y 6ol & o o Sy S92 Aol 42,51 o 2 L5 riran Al led gl (VY llo
BB odgize o limed wilolw 93y > (&S bl 515 glod bl S o dbu! (65 00b (slod 316 jasls 9 YL 5D
S35 (S 5 ol J ol gl b il gy ol dunlie o el oty B G leo (Bl ok 5, (sl s
Pl Ggh ) (aLS (pl (Sbe Jlde & (g pobody fumd o (L3 TRE (jadld )3 1) (Sl Cglds gy (halopoo_ (50055
2 e Gglds v e b OME] I (VFY (b plo 5 asdlouw)cunl ol o)l /05l S 5 dlolw j3 g +/0F Ly
29t £ b plaloyw 08 @l i olS 48 40l )3 Cgllas ()l bulyd 4 ol oS amd o (Ui ilol 93 iolojw cud b
2 bl G285 58 G858 (g ) abligeas sloS e al5s g bS5l Ll JpuS dee bya @jss 050 Al Cunsd
o9l sylgjle Sl gpSope g Ol ol dliiadion Copde dy oo 5 4 gyplil WS o L] CutS an b @l8l ) o
55) ol b by sloailols b (Glauuglio b5 (poslilyy; (s fl dalyd (S0 )3 Wlgiiee )l

Lolguiny 9 (5 5 40
L ool (mab 419 9 (WDNV)IE 3k o it 1505 Jolid (snnb 41505 355 93 3o (il (0bj)) 4 (gl o
Oldllas GBSy cdly Sl Jaine sbrole b jlgal SKid g 0,5 wulBl )3 28l AildS S 45 (SCNV) (g)lesd (g yos jiS39d
ez oS g aley Jlb slaailel b oS 5 )3 1y gedyg 5393 i Bme 85 SIS men (55 2 oadplon] i
slagsilodnd @l .85 518 b))l 2)90 (b g5 Jie HSl) o lpiedr dlobs (ol Cubl adllae ()3 idg: 03,8
) SCNV &lobis ) o (6 piutiny g5 Casd s OV Wyl Lo arges 55 (5Sbe L WDNV aibobs 45,51 48" sl - Lis CFD
Lobad g s joslan soglilssy Laslyd sbxl (slies & LI ACH Lasls ,5 o 5y 5,8kes Lol S o oalys (V,Y0N
5192 i 2k @ad obewa g ok Ol e Seobrl L giedyss (35353 45 A (LS bed @i g Cope sl ol
EY S (65 IS carge (S ol S o o) IS (clad 3 (g pliie (Seeldgnl it g odls el ]) 558, (Sl
A 455 She ooty s (S35 )3 wBlizezs p S lgm g Lais oS 0y anl )3 S (lon ol )3 &S A 0ab S )
2oy (1S (adld 5:Sle 38 aul s 4ol @bl cudS e 1) SONV dilabu (550 ju5 (o8 sloppasli )y
A5y 4l sl Lials Lisu il cpioren 59 WDNV dlolus 53 +/VD Hlade jI 5YL awgmore jobods a5 duwy+ /A 4 dilobe oy
ot 00938 sl (V) jgmmenly aibobes 5 Ll e il e Loyt 45 A5 dpwle +/OF 3945 SCNV aiboles 5 (TRE) olS
YARY °C ly WDNV ailelu 3 jlaie opl &5 Jls j3 wcdly inls Y5/35 °C 4 SCNV sbils 3 aLS bals slod xSk
) 985 2olyd polss (clp o5V 6yl 69y Camilys o yd FIEY Lawgio  J)ly> 03jb b (chuidyod (iS393 55 (55 oBwd jl g
w0 Salle 3 Slee L)l &S amd 0 (Ui Gimgg (nl SadBl ggecme )3 NS walid ()b GGl Bras @l e
a5l ) Ll dgn (> @i qmeldlin) oS b e (slapasli 4l 093 plodl Ign puges 55 pobol 2 Byo w5 au
Q9% £ 3929 b SCNV ailobus bl ol 32 85,5 )13 d g5 3)90 Glojiod yobods b j5 aBligonss (slo)S Bl 0950 5 olS i)
Il Bl G g Slg oo Gealpsy 1) b dbul 5 (LS Gbale 15 )0 (Sl Balpd Gegume d9u0 > 4 jieS
S5 zykae Sis g 5,5 easlil 5 wbly clbalS (ol oS

380ee y lyial 4ygl5 g JUI Gos (oye glisy] ol (sanibyo (439> (wsin slajial)l 1 oy o] lalllas (4l



(di&sj.;—golc)\f’b Gl oV 0,loud DY 093 ¢y 2] g (owdigo Al Yo

Slgs 0 0L Ca 5 s oo alises Loyl s o dilobis 5, U5l puiomed g o duogs CulS Al wullis ) (sl ot li 5 disrs
o.\wJ)‘.S u.’i)l)z- L;A.:.;A,».Y ;ﬁ.s d)jJSw o..\;.aybdw uu.m”J C)'.’.‘ CE"L" LY l?u] )‘I .J)’Lu p_ml).é OT J,S.Lo.c d)b%.l-.,’. )‘| d).:énlb- cabus
SBsd p)3 slod Y | cuiS 4l (gilulis gl 28] sniShs Slan b Syl sleody jl lojen oolaiwl g a8 Las )
5 0L (Soiedr b slaguuly (S aSled chale wogby Jnl ()5 a3 3 b Jde dxwgi (ol p (s B) D5 o0 doidey
S ol

S o

A pbl jleal ylyen dupd oK dg Coglee (gaire 5 o Coles b pols dllie

e g Jelo dmosly (o)Ll Julo g @i dmodly (gygla)S (imgiy plnl g (Al Jole RIS ) solus jbo 4 By
Sl o8l dlie (g3l oled 5 (il @l @l JpuS g ) i gl agd @S 9 SleMbl

)5 Aaly8 )3 (Eghan (gd p1 (e S5 H9ld g Wge (Eoan (g dadls]

e A0 (iludinge g ool U515 350 el b5 b slatoa CALGPT I Bt cllio cl (g3loodlel sl 0
Calgiume g Cuwl 0 2wl 9 Mol ¢ busjb oy B rin g bawgd dllie sl yisy ol ) ol 1 edlatwl I L WXled S odliiu]
bl Bty onge p dllie ol lge JolS

L5015 dy o yiand duil

gy Ndlgd o yiwd ) Jokue ol g | Caunled > 4 Lo gk cpl uls olasdy slaosls

S 31l

2y el |y dallas cpl sl el &5 il oS jawass 5 Jb coles Joas jlaal ol es s oKl I B g
Dgd oo 8yl (imgs cpl sl Job p3 ol (g5l g (shmgh «ele lacoles I izmen WIS o (15,08 dilesens
ogi GBI Jeo! 51 59

@l Jox g5 yn jl g 03)5 Cole) |y Jhmggy 3] g (sole Cllao Jool (iaggy ol Uil g plxl Jolpe (ol )3 (B din g3
odly «blges sl 8 lie Jols imgh cpl Slodges Clinl idgh jdjrgmw Fiolas plo 5 ole €8y @ls (6K
el g (o sla Joallygiwd ulul y ccplply ccul 0350 il sMS] e c\i.\ﬁ;ls by pilime a7 b 45 L b
ol 0395 (yapd Limads ol sl MBS g B 4t aanl 38 ¢ Jiagh s

&lo (o )le5

&b
had Slaidy (6lp )led (g9 oddiual iy SS90 o (il g (e (b5 (VF4T) e ()b plo g domesis cpdls

=AY (V)00 293 ¢yl ) piucwge wdine dlomo L ylpl clanl (5 (63)50 dalllas iS5 (65,50 (650,00 5 Eadae dsts sladilolu
N-A

REFERENCES

Abdallah, A. S. H. (2017). Occupant comfort and indoor temperature reduction by using passive air
conditioning system with solar chimney concept in hot arid climate. Procedia Eng, 205, 1100-1107.

Abdallah, A. S. H., Yoshino, H., Goto, T., Enteria, N., Radwan, M. M., & Eid, M. A. (2013). Integration of
evaporative cooling technique with solar chimney to improve indoor thermal environment in the New
Assiut City, Egypt. International Journal of Energy and Environmental Engineering, 4(1), 1-15.



TV g el CudS i Cadyb dudad byl il e g bl (ig3s — sole)

Abdeen, A., Serageldin, A. A, Ibrahim, M. G. E., El-Zafarany, A., Ookawara, S., & Murata, R. (2019). Solar
chimney optimization for enhancing thermal comfort in Egypt: An experimental and numerical study. Sol
Energy, 180, 524-536.

Aliaga, D. M., Feick, R., Brooks, W. K., Mery, M., Gers, R., Levi, J. F., & Romero, C. P. (2021). Modified
solar chimney configuration with a heat exchanger: Experiment and CFD simulation. Therm. Sci. Eng.
Prog, 22, 100850.

Arce, J., Jiménez, M. J., Guzman, J. D., Heras, M. R., Alvarez, G., & Xaman, J. (2009). Experimental study
for natural wventilation on a solar chimney. Renewable Energy, 34(12), 2928-2934.
https://doi.org/10.1016/j.renene.2009.04.026

ASAE. (2003). EP406.4: Heating, Ventilating, and Cooling Greenhouses. ASAE, St. Joseph, M, p. 10.

A.S.H.R.A.E. (2006). Thermal comfort. In Handbook fundamentals. ASHRAE.

Bailey, B. J. (2000). Constraints, limitations and achievements in greenhouse natural ventilation. International
Conference and British-Israeli Workshop on Greenhouse Techniques towards the 3rd Millennium 534,
21-30. https://www.actahort.org/books/534/534_1.htm

Barghi Jahromi, M. S., Kalantar, V., Samimi Akhijahani, H., Kargarsharifabad, H., & Shoeibi, S. (2023).
Performance analysis of a new solar air ventilator with phase change material: Numerical simulation,
techno-economic and environmental analysis. Journal of Energy Storage, 62, 106961.
https://doi.org/10.1016/j.est.2023.106961

Boulard, T., Haxaire, R., Lamrani, M. A., Roy, J. C., & Jaffrin, A. (1999). Characterization and Modelling of
the Air Fluxes induced by Natural Ventilation in a Greenhouse. Journal of Agricultural Engineering
Research, 74(2), 135-144. https://doi.org/10.1006/jaer.1999.0442

Boulard, T., & Wang, S. (2000). Greenhouse crop transpiration simulation from external climate conditions.
Agricultural and Forest Meteorology, 100(1), 25-34.

Bournet, P. E., & Boulard, T. (2010). Effect of ventilator configuration on the distributed climate of
greenhouses: A review of experimental and CFD studies. Comput. Electron. Agric, 74, 195-217.
https://doi.org/10.1016/j.compag.2010.08.007.

Bournet, P. E., Khaoua, S. A. O., Boulard, T., Migeon, C., & Chassériaux, G. (2007). Effect of roof and side
opening combinations on the ventilation of a greenhouse using computer simulation. Trans. ASABE, 50,

201-212.
Campen, J. B. (2004). Greenhouse design applying CFD for Indonesian conditions. International Conference
on Sustainable Greenhouse Systems-Greensys2004 691, 419-424.

https://www.actahort.org/books/691/691 50.htm

Campen, J. B., & Bot, G. P. A. (2003). Determination of Greenhouse-specific Aspects of Ventilation using
Three-dimensional Computational Fluid Dynamics. Biosystems Engineering, 84(1), 69-77.
https://doi.org/10.1016/S1537-5110(02)00221-0

Charqui, Z., Moutaouakil, L. E., Boukendil, M., Hidki, R., Zrikem, Z., & Abdelbaki, A. (2023). Numerical
simulation of turbulent coupled heat transfer in a Trombe wall subjected to periodic thermal excitations.
Energy Build, 278, 112631. https://doi.org/10.1016/j.enbuild.2022.112631.

Cheng, X., Li, D., Shao, L., & Ren, Z. (2021). A virtual sensor simulation system of a flower greenhouse
coupled with a new temperature microclimate model using three-dimensional CFD. Computers and
Electronics in Agriculture, 181(July 2020), 105934. https://doi.org/10.1016/j.compag.2020.105934

Chung, L. P., Ahmad, M. H., Ossen, D. R., & Hamid, M. (2015). Effective solar chimney cross section
ventilation performance in Malaysia terraced house. Procedia - Soc Behav Sci, 179, 276-289.

Duffie, J. A., & Beckman, W. A. (2013). Solar engineering of thermal processes. John Wiley & Sons.
https://books.google.com/books?hl=en&Ir=&id=Q1tjDQAAQBAJ&oi=fnd&pg=PA19&dg=Duffie,+J.
+A.,+%26+Beckman,+W.+A.+(2013).+Solar+engineering+of+thermal+processes+(4th+ed.).+Hoboken
,+NJ:+John+Wiley+%26+Sons.&ots=ZIgLesgGPE&sig=d X GKktcFCTR4zmqWijJuae06DXU

Fatnassi, H., Boulard, T., & Bouirden, L. (2013). Development, validation and use of a dynamic model for
simulate the climate conditions in a large scale greenhouse equipped with insect-proof nets. Comput.
Electron. Agric, 98, 54-61. https://doi.org/10.1016/j.compag.2013.07.008.

Hosien, M. A., & Selim, S. M. (2017). Effects of the geometrical and operational parameters and alternative
outer cover materials on the performance of solar chimney used for natural ventilation. Energy Build,
138, 355-367.

Incropera, F. P., DeWitt, D. P., Bergman, T. L., & Lavine, A. S. (1996). Fundamentals of heat and mass
transfer (Vol. 6). Wiley New York. https://pdfyl.ertongbook.com/46/32527305.pdf

Jiménez-Xaman, C., Xaman, J., Gijon-Rivera, M., Zavala-Guillén, 1., Noh-Pat, F., & Sim4, E. (2020).



(oi2g3s — 0de) YF 20 5wl oF 5 lowd DY 2595 ¢yl ! piwmnntgns owidigee Al TY

Assessing the thermal performance of a rooftop solar chimney attached to a single room. Journal of
Building Engineering, 31, 101380.

Kacira, M., Sase, S., & L. (2004). Okushima, optimization of vent configuration by evaluating greenhouse and
plant canopy ventilation rates under wind-induced ventilation. Trans. ASAE, A47.
https://doi.org/10.13031/2013.17803.

Kalantar, V., & Khayyaminejad, A. (2022). Numerical simulation of a combination of a new solar ventilator
and geothermal heat exchanger for natural ventilation and space cooling. International Journal of Energy
and Environmental Engineering, 13(2), 785-804. https://doi.org/10.1007/s40095-021-00463-4

Kalogirou, S. A. (2023). Solar energy engineering: Processes and systems. Elsevier.
https://books.google.com/books?hl=en&Ir=&id=8C2gEAAAQBAJ&oi=fnd&pg=PP1&dg=Kalogirou,+
S.+A.+(2020).+Solar+energy+engineering:+Processes+and+systems+(3rd+ed.).+Academic+Press&ots
=2COc7WRycP&sig=1ME4lz1gF_nEbbcY-b_eefAjlAU

Kasaeian, A. B., Molana, Sh., Rahmani, K., & Wen, D. (2017). A review on solar chimney systems. Renewable
and Sustainable Energy Reviews, 67, 954-987. https://doi.org/10.1016/j.rser.2016.09.081

Khanal, R., & Lei, C. (2011). Solar chimney—A passive strategy for natural ventilation. Energy and Buildings,
43(8), 1811-1819.

Khani, S. M. R., Bahadori, M. N., & Dehghani-Sanij, A. R. (2017). Experimental investigation of a modular
wind tower in hot and dry regions. Energy Sustain Dev, 39, 21-28.

Kim, K., Yoon, J.-Y., Kwon, H.-J., Han, J.-H., Son, J. E., Nam, S.-W., Giacomelli, G. A., & Lee, I.-B. (2008).
3-D CFD analysis of relative humidity distribution in greenhouse with a fog cooling system and
refrigerative dehumidifiers, Biosyst. Eng, 100, 245-255.

Kim, R, Kim, J., Lee, I, Yeo, U., Leg, S., & Decano-Valentin, C. (2021). Development of three-dimensional
visualisation technology of the aerodynamic environment in a greenhouse using CFD and VR technology,
Part 2: Development of an educational VR simulator. Biosyst. Eng, 207, 12-32.

Kittas, C., Boulard, T., & Papadakis, G. (1997). Natural ventilation of a greenhouse with ridge and side
openings: Sensitivity to temperature and wind effects. Transactions of the ASAE, 40(2), 415-425.

Kong, J., Niu, J., & Lei, C. (2020). A CFD based approach for determining the optimum inclination angle of
a roof-top solar chimney for building ventilation. Sol. Energy, 198, 555-569.

Lamrani, M. A., Boulard, T., Roy, J. C., & Jaffrin, A. (2001). SE—Structures and Environment: AirFlows and
Temperature Patterns induced in a Confined Greenhouse. Journal of Agricultural Engineering Research,
78(1), 75-88.

Lee, K. H., & Strand, R. K. (2009). Enhancement of natural ventilation in buildings using a thermal chimney.
Energy Build, 41, 615-621.

Liu, F., Qian, H., Ma, J., & He, P. (2023). A simple model for predicting dispersion characteristics of high-
temperature airflow and particle distribution during smelting process in a thermally stratified foundry
shop. Energy Build, 278, 112614. https://doi.org/10.1016/j.enbuild.2022.112614.

Long, T., Zheng, D., Li, W., Li, Y., Lu, J., Xie, L., & Huang, S. (2021). Numerical investigation of the working
mechanisms of solar chimney coupled with earth-to-air heat exchanger (SCEAHE. Sol. Energy, 230, 109-
121.

Maerefat, M., & Haghighi, A. P. (2010). Natural cooling of stand-alone houses using solar chimney and
evaporative cooling cavity. Renew Energy, 35(9), 2040-2052.

Majdoubi, H., Boulard, T., Fatnassi, H., & Bouirden, L. (2009). Airflow and microclimate patterns in a one-
hectare Canary type greenhouse: An experimental and CFD assisted study, Agric. For. Meteorol, 149,
1050-1062.

Mandal, D. K., Biswas, N., Manna, N. K., Gayen, D. K., & Benim, A. C. (2024). An application of artificial
neural network (ANN) for comparative performance assessment of solar chimney (SC) plant for green
energy production. Scientific Reports, 14(1), 979. https://doi.org/10.1038/s41598-023-46505-1

Mathur, J., Mathur, S., & Anupma. (2006). Summer-performance of inclined roof solar chimney for natural
ventilation. Energy Build, 38, 1156-1163.

McFarlane, R. E. (2021). ASHRAE STANDARDS AND PRACTICES FOR DATA CENTERS. In H. Geng
(Ed.), Data Center Handbook (1st ed., pp. 175-191). Wiley.
https://doi.org/10.1002/9781119597537.ch11l

Mohammadi, B., & Pironneau, O. (1994). Analisys of the K-Epsilon turbulence model. John Wiley and Sons.

Montero, J. I., Munoz, P., Anton, A., & Iglesias, N. (2005). Computational fluid dynamic modelling of night-
time energy fluxes in unheated greenhouses. Acta Hortic, 691, 403.

Moosavi, L., Zandi, M., Bidi, M., Behroozizade, E., & Kazemi, I. (2020). New design for solar chimney with



TY g ol CudS cygd Cadyb dudad b)) il pbe g ardloew (ig3s — sole)

integrated windcatcher for space cooling and ventilation. Build Environ, 181(106785).

Murena, F., Gaggiano, |., & Mele, B. (2022). Fluid dynamic performances of a solar chimney plant: Analysis
of experimental data and CFD modelling. Energy, 249, 123702.
https://doi.org/10.1016/j.energy.2022.123702.

Nguyen, Y. Q., & Wells, J. C. (2020). A numerical study on induced flowrate and thermal efficiency of a solar
chimney with horizontal absorber surface for ventilation of buildings. J. Build. Eng, 28(101050).

Norton, T., Sun, D. W., Grant, J., Fallon, R., & Dodd, V. (2007). Applications of computational fluid dynamics
(CFD) in the modelling and design of ventilation systems in the agricultural industry: A review,
Bioresour. Technol, 98, 2386-2414. https://doi.org/10.1016/j.biortech.2006.11.025.

Rashid, F. L., Alyasari, H. I., Lafta, M. G., Mahdi, A. J., Al-Obaidi, M. A., Togun, H., Hammoodi, K. A., &
Agyekum, E. B. (2025). Current developments, utilization, and effects of phase-change materials
integrated with solar chimney: A comprehensive review. Journal of Energy Storage, 105, 114684,

Roache, P. J. (1998). Verification and validation in computational science and engineering.

Saberian, A., & Sajadiye, S. M. (2019). The effect of dynamic solar heat load on the greenhouse microclimate
using CFD simulation. Renewable Energy, 138, 722-737.
https://doi.org/10.1016/J.RENENE.2019.01.108

Saberian, A., & Sajadiye, S. M. (2020). Assessing the variable performance of fan-and-pad cooling in a
subtropical desert greenhouse. Applied Thermal Engineering, 179, 115672.
https://doi.org/10.1016/j.applthermaleng.2020.115672

Sajjadi, M., Shirvani, M., Yousefi, M. R., Afsari, H., Rezaei, L., & Ghanadi, M. (2021). Day and Night Times
Performance Improvement of the Solar Chimney by Combining with the CSP System. Applied Solar
Energy, 57(4), 310-322. https://doi.org/10.3103/S0003701X21040095

Salehi, A., Fayaz, R., Bozorgi, M., Asadi, S., Costanzo, V., & Imani, N. (2019). Investigation of thermal
comfort efficacy of solar chimneys under different climates and operation time periods. Energy Build,
205(109528).

Sase, S. (2006). Air movement and climate uniformity in ventilated greenhouses. International Symposium on
Greenhouse Cooling 719, 313-324. https://www.actahort.org/books/719/719 35.htm

Sharon, H. (2023). A detailed review on sole and hybrid solar chimney based sustainable ventilation, power
generation, and potable water production systems. Energy Nexus, 10, 100184.
https://doi.org/10.1016/j.nexus.2023.100184

Simou, Z., Hamdaoui, S., Sebbar, E. H., Oubenmoh, S., Laaroussi, N., & Msaad, A. A. (2026). Computational
analysis of passive radiative cooling for building thermal comfort in hot climates. Energy and Buildings,
354, 116945. https://doi.org/10.1016/j.enbuild.2026.116945

Singh, A. P., Kumar, A., & Singh, O. P. (2020). Performance enhancement strategies of a hybrid solar chimney
power plant integrated with photovoltaic panel, Energy Convers. Manag, 218, 113020.

Singh, M. C., Sharma, K. K., & Prasad, V. (2022). Impact of ventilation rate and its associated characteristics
on greenhouse microclimate and energy use. Arabian Journal of Geosciences, 15(3), 288.
https://doi.org/10.1007/s12517-022-09587-1

Sornek, K., Figaj, R., & Papis-Fraczek, K. (2025). Development and tests of the novel configuration of the
solar chimney with sensible heat storage. Applied Thermal Engineering, 258, 124515.

Suhendri, S., Hu, M., Su, Y., Darkwa, J., & Riffat, S. (2022). Performance evaluation of combined solar
chimney and radiative cooling ventilation, Build. Environ, 209, 108686.
https://doi.org/10.1016/j.buildenv.2021.108686.

Teitel, M., Ziskind, G., Liran, O., Dubovsky, V., & Letan, R. (2008). Effect of wind direction on greenhouse
ventilation rate, airflow patterns and temperature distributions. Biosyst. Eng, 101, 351-369.
https://doi.org/10.1016/j.biosystemseng.2008.09.004.

Tigampo, S., Kooli, S., Salah, N. B., Foudhil, W., Errais, R., Sambou, V., & Jabrallah, S. B. (2023). CFD
modelling of the microclimate of a cultivated greenhouse: A validation study between experimental and
numerical results. Journal of Thermal Engineering, 9(5), 1115. https://doi.org/10.18186/thermal.1370719

Tominaga, Y., Mochida, A., Yoshie, R., Kataoka, H., Nozu, T., Yoshikawa, M., & Shirasawa, T. (2008). AlJ
guidelines for practical applications of CFD to pedestrian wind environment around buildings. Journal
of Wind Engineering and Industrial Aerodynamics, 96(10-11), 1749-1761.

Tong, X., Hong, S.-W., & Zhao, L. (2019). Using CFD simulations to develop an upward airflow displacement
ventilation system for manure-belt layer houses to improve the indoor environment. Biosyst. Eng, 178,
294-308. https://doi.org/10.1016/j.biosystemseng.2018.08.006.

Villar-Ramos, M. M., Macias-Melo, E. V., Aguilar-Castro, K. M., Hernandez-Perez, 1., Arce, J., & Serrano-



(omi2g3s — 0de) YF 20 5wl oF 5 lowd DY 2595 ¢yl ! piwmsnnigns owidigee Al YF

Arellano, J. (2020). Parametric analysis of the thermal behavior of a single-channel solar chimney. Sol
Energy, 209, 602-617.

Von Elsner, B., Briassoulis, D., Waaijenberg, D., Mistriotis, A., Von Zabeltitz, C., Gratraud, J., Russo, G., &
Suay-Cortes, R. (2000). Review of structural and functional characteristics of greenhouses in European
Union countries: Part I, design requirements. Journal of Agricultural Engineering Research, 75(1), 1-16.

Von Zabeltitz, C. (2011). Greenhouse Structures. In C. Von Zabeltitz, Integrated Greenhouse Systems for Mild
Climates (pp. 59-135). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-14582-7_5

Wang, H., & Lei, C. (2020). A numerical investigation of combined solar chimney and water wall for building
ventilation and thermal comfort. Build Environ, 171, 106616.

Weather and Climate. (2024). Ahvaz weather and climate.
https://weatherandclimate.com/iran/khuzestan/ahvaz#google_vignette

Sajadiye, S. M., & Saberian, A. (2025). Simulation-based evaluation of a wall-mounted solar chimney for
seasonal HVAC support and energy efficiency in greenhouses: A case study in Ahvaz, Iran. Iranian
Journal of Biosystems Engineering, 55(3), 87-108. (In Persian).



