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Abstract: The building envelope design with louvers that protect it from solar radiation and residual
particle matter is an idea for developing a building envelope system with higher performance.
It requires designing an air circulation system and creating an environment within the air cavity that
minimizes dust residues. Therefore, this research aims to predict the airflow pattern and residual
particulate matter through the louvers within the air cavity with the Computational Fluid Dynamics
(CFD) program. During the research stage, various parameters were studied, including the size of
the air cavity, airflow inlet and outlet openings, the shape of the louvers, and the amount of particle
matter remaining in the air cavity. These parameters were measured through four experimental boxes
with different specifications to forecast the airflow and particulate matter behavior by applying
the SOLIDWORKS 2023 (Flow Simulation) software. The findings indicated that reducing the size of
the air cavity leads to higher internal pressure and air velocity. Vertical airflows ascending from
the lower to the upper apertures exhibit reduced areas of stagnant air compared to downward
airflows. The test box (a.2) can effectively remove up to 24 % of particulate matter without
mechanical intervention. The data acquired from this research is preparatory to advancing building

envelope technologies for enhanced efficiency in the future.
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Particle is 100 unit, Particles Properties : size
0.0001m, Pre-Defined : Gravel based soil, Mass
Flow Rate : 1kg/s, Initial Particle Velocity : 2 m/s,
Temperature 34°C

NANST 2 WERSANUS UMD WAL DRIV
Sniinsefaldusnam ulamsauoenvosna e
VAEaUITS 4 WUU WuItUsnaiuAmsaneenves
naomAaau (a.2) U3Iuve ] uaz9BITUIALEN
TuuSun 76% 210 100% Lanvinaewnaey (a.2)
4111501 NN30UT WO UazDBITUIAA N9
andnslureainsenialduings 24% Faunse

20 il 23 (2568) VOL.23 (2025)



ArnsalladninanAuduius eg el dedAgy

YOIVUINY DT INIATI HVUIALAY danalifiin

AUSIANNTANSIGIAR DUT LULUIR IRUKLY

H1IaN3EAN N1SARYRduaNil T uIues vinlwku

Ar0OIUUIAANNTEANBAINNUA UAE LY DI INA
1 dl

1NANILUUDY ¢ [25]

A13797 2 PnuduarepIIMENIUTIN

YoINaNDON
. . AUIUY
AU AU 4
AUNIAT
, UNA aunA 'Y
naog v v ANA9TY
N9Y09 | N19¥B4 ,
NAHIU Y 424
auLn auaan
1N
(%) (%)
(%)
(a.1) 100 80 20
(a.2) 100 76 24
(b.1) 100 85 15
(b.2) 100 83 17

5.6 8NS5 WAVDILNINE AU ILANT G5 BNIS
ndsufivasnszuaaunielunasmagau

dlovinshmsizdanuisalunsindeuiives
ormanelutesingenia AdAun3e 0.10 m.
Tushunislndfutuntsnssanuasisnatauaanan
Jauan WIBUWeUAusEnINg a.l Lag a.2 A1unIn
7 10 nuIUsnasuNTInsTan (a.1-side way a.2-
side) Anusaveanszuaanvzgniudubiianug,
Ty Soiauuy al wag a.2 Sauianilndifes
U PUANANAUASIVS NAMNIS1-09n TILUU a.1-
side xS IaUTianawNNNIILUY a.2-side U
gl oM arsansuni s snansunandatunn (a.1-
center Wag a.2-center) LWUILUY a.2-center 9
fiUszAV3AIMNI5LAA OUTI URINTERAANANTTLUY
a.1- center a8191n N EiinsEudaNTIAA auTian
F1uasT ULy nsvuaauarlanTULHINE AT
woausiasduldetedne Faunanantiunalureaiig
Guaﬂﬂizamﬁl,ﬂuéﬁLLUiﬁWﬁ’ﬁgﬁﬁmam'amwm%‘aau

NINTIVINSISATEUUNETOLNTEAFDUNDN
CRMA Journal

melundamagoungnaunn msinaaunangauuull
Angaduay awnsarlewiteymanusiaunisly
F0991NALA UG NN NIFTTUIDINALUY
Cross Ventilation [3], [26], [27]

Air velocity(m/s)

w

0 A S A A A
e g
= Hight(m.) o~

=-=k=-3.2SIDE ¥ al-CENTER ——a.2-CENTER

2.70

o

—=8—2a.1-SIDE

a ~ ~ =
AN 10 WSeUBUAMULSIVBINSEhaauN ey
Y9999 a.1 hay a.2 NUSIN
SUNTILALNINAINTT 91U 4 ALLAUS

5.7 9A51N1555UN8DINIANUYUIAAINNINS
29979971991 ARAZALULIaNIIN-08N

310 md 11 arsussidunisiaAuus e
s@uazaaqﬁ'mﬂé’wma‘l,usziaqdwmmﬁ WUN1SLUA
Foaulaguanstuu luruanuninsweswesiig
910171 0.10 m. (a.2) 9z1dugUuuvAgIeAnLAY
Huazaasuuiadntauings 24% laginainusuna
cﬂquazaawumLﬁﬂu‘%nmﬁuﬁmaamaaﬂ TngUsnFann
309natis dusnsINssEuIgeIna (Q) mely
navwmAgeU (a.1) AieAunga Ussanad 1.16 m*/s
Tuvauzfindemaaoy (b.2) axfidesgauszana
0.69 m*¥/s Fadunauanuunvesteudafinieiuy
mmﬁw'mLTJm?fagJJ'éfmuuaﬂﬁmﬁusﬂ’um?{aums
"Lwalé’ﬁﬂ’iwfauﬂmwm%’wﬁasjﬁmdn [26], [28]
annsadunaldinnasmageusts @2) was (0.2)
axildnsmssyueemafisnng (a.1) wae (b.1)

U9 23 (2568) VOL.23 (2025)

21



NIANTIVINSITUTEUUNETOLNTEAADUNN
CRMA Journal

14 30

24
12 25

1
20

;'E 0.8 15

g 06
0.4

0.2

(a.1) (22) (b.1) (b2)

Model
B Q(m3/s) ==@=Particles(%)

dl o b4
AR 11 9RTIMIIEUgeINA (Q) wagmsnAN
YBIBUNALUNGDIMAFOUNY 4NaBa

6. dUuazanusena

nsAnYIlAeISNsYIuensiuat suvesen e
LAzl UareeauuIAd NEukNNaaTLan ety
Foviserme Tngrulusunsusiasinisiedouiives
9IN1ANAFERs Computational Fluid Dynamics
(CFD) AaagoWsi a3 SOLIDWORKS 2023 (Flow
Simulation) %y figmy svsnefiddqiiofiaziaue
unAnlunsUulssssuundiesfiannsntiestu
AUTBUIINAWBITNG WAL NN IO UaraaIuwIn
Enleludeaduld Tnefnwmsnimesiiddyse
nsEUIUNITERNLUULA LA AINSIEY NISAIUUA
funuaeadn AuNiweneIeeIna e
nsAnwlE AU s ud e

C PUIRAIUNT Y BI0INAT AN AN UA AT
mmﬁaauﬁLﬁW’ﬁyumaiuszfaammﬂasmﬁﬁaﬁwﬁzy
FOIINOINATI R VUNARAULAZENIDZ I AT U IR
oneliifinty drutorinsenefisauianinsas
Frglinsluavasnseuaaudulusgnesruseulald
NNSYLLIUVDIDINA

- AU ININT1-119090 WUUUUAIA 199
nellingnduauneluyeineeimaninnitiuy
a9TuUY Uszanas 20% LAURNIZUTINN 1LY UYD
naoIAaeU NI a8 nwasnsalA Uy 16
nszuaaulvar WA AT uuazannsnanyad uaslv
Uouaala

- g‘d‘mwmLLmmé‘mﬁ’qLmeazﬁmaﬁaﬂwsLﬂﬁauﬁ
vasnsziaauduegrann lnswnmzgunsusuiade
Afdnvupiduvasu szneliAnnsuUsuiuyes

22 il 23 (2568) VOL.23 (2025)

nszuaan TunsdlAnwunandadaunniifisunss A
(Inverted “V”) 5m1‘flu@maﬁ1ﬁﬂszﬁm%mwmsﬁ’q
wandia wivzddamiunisssuisenniaiosaind
yuwvaNaznaliiinns uauasiinsewaauwlsUsIu
U‘%LamIﬁLLNQLﬂﬁmﬁQLmeﬂqﬂ%u Fadussaunely
darinsenmaldfiauunnne Aszvhlildiians
willeniennaanmeuendin msudlvenasdias
fvsandnstiiedeanadnuntaeutdamnan

FeRunuannsinueuniidunsUssdugie
TWsuNIus1809N15:A4 BuTl VeI ANAAERS
Computational Fluid Dynamics (CFD) Fansdwes
Aldneaouiifuddfaiiinasemseenuuuma
antnenssunarimnssy aansathlulelunside
LAEWRAILITZUUNITaNLUUNTSLUA one1Ans Tl
Ussans s tusielulueunen

7. 49371MA91UIY

oW@ w15 SOLIDWORKS 2023 (Flow
Simulation) Luemduasfisiuszansnings Tuns
a$rauaznaaeuiunuludiuveinisindeuiives
nszuaaulary uazes WAt nu1aUsens
Tunsusuussrmsfiwesilldassuazsieeu
agunauiaiteseysgavidenliasudiu vinlv
FRI9ATUTNIENINNITNAFBURADALIAN

8. NaAnssuUsENA
YDUDUAMAMTIAINTTUAIANT UMIINEIRY
waluladssuseasaulnduns Mol oluns
aunbildranduwis SOLIDWORKS) 2023 Flow
Simulation (auvilvin1idedidnsegaaied

9.‘Ui§ﬂﬂ‘l§ﬂﬁl

[1] A Juaidi, F. AlFaris, F. Saeed, E. Salmeron-Manzano, and
F. Manzano-Agugliaro, “Urban design to achieving the
sustainable energy of residential neighbourhoods in arid
climate,” J. Clean. Prod., vol. 228, pp. 135-152, (2019).

[2] M. Dhimal et al., “Impact of air pollution on global
burden of disease in 2019,” Processes, vol. 9, no. 10, pp.
1-9, (2021).

[3] K. Kosutova, T. van Hooff, C. Vanderwel, B. Blocken, and

J. Hensen, “Cross-ventilation in a generic isolated building



[10]

[15]

equipped with louvers: Wind-tunnel experiments and CFD
simulations,” Build. Environ., vol. 154, no. March, pp. 263—
280, (2019).

S. Matour, V. Garcia-Hansen, S. Omrani, S. Hassanli, and R.
Drogemuller, “Wind-driven ventilation of Double Skin
Facades with vertical openings: Effects of opening
configurations,” Build. Environ., vol. 196, no. December
2020, p. 107804, (2021).

J. Ahmadi, M. Mahdavinejad, O. K. Larsen, C. Zhang, A.
Zarkesh, and S. Asadi, “Evaluating the different boundary
conditions to simulate airflow and heat transfer in
Double-Skin Facade,” Build. Simul., vol. 15, no. 5, pp.
799-815, (2022).

P. Arabi, M. R. Hamidpour, M. Yaghoubi, and F. Arabi,
“Computational analysis of blind performance on natural
ventilated double skin facade in winter,” Energy, vol. 268,
p. 126719, (2023).

X. Cao, J. Liu, N. Jiang, and Q. Chen, “Particle image
velocimetry measurement of indoor airflow field: A
review of the technologies and applications,” Energy
Build., vol. 69, pp. 367-380, (2014).

S. Holmberg and Q. Chen, “Air flow and particle control
with different ventilation systems in a classroom,” Indoor
Air, vol. 13, no. 2, pp. 200-204, (2003).

nguyen lu Phuong and K. Ito, “Experimental and
numerical study of airflow pattern and dispersion in a
vertical ventilation dust,” Build. Environ., vol. 59, pp. 466—
481, (2013).

Y. Tao, X. Fang, M. Y. L. Chew, L. Zhang, J. Tu, and L. Shi,
“Predicting airflow in naturally ventilated double-skin
facades: theoretical analysis and modelling,” Renew.
Energy, vol. 179, pp. 1940-1954, (2021).

D. D. Kim, “Computational fluid dynamics assessment for
the thermal performance of double-skin fagades in office
buildings under hot climatic condition,” Build. Serv. Eng.
Res. Technol., vol. 42, no. 1, pp. 45-61, (2021).

V. Kitio, F. M. Butera, R. Adhikari, and N. Aste, SUSTAINABLE
BUILDING Principles and Applications for Eastern Africa.
(2014).

Y. Ji, M. J. Cook, V. Hanby, D. G. Infield, D. L. Loveday, and
L. Mei, “CFD modelling of naturally ventilated double-
skin facades with venetian blinds,” J. Build. Perform.
Simul., vol. 1, no. 3, pp. 185-196, (2008).

S. P. Melgaard, I. T. Nikolaisson, C. Zhang, H. Johra, and O.
“Double-skin with

computational fluid dynamics: A review of simulation

K. Larsen, facade simulation

trends, validation methods and research gaps,” Build.
Simul., vol. 16, no. 12, pp. 2307-2331, (2023).

A. Jankovic and F. Goia, “Impact of double skin facade
and fluid

constructional features on heat transfer

[19]

[20]

[22]

[24]

NINTIVINSISATEUUNETOLNTEAFDUNDN
CRMA Journal

dynamic behaviour,” Build. Environ., vol.
November 2020, p. 107796, (2021).

P. Cheewinsiriwat, C. Duangyiwa, M. Sukitpaneenit, and M.

196, no.

E. J. Stettler, “Influence of Land Use and Meteorological
Factors on PM2.5 and PM10 Concentrations in Bangkok,
Thailand,” Sustain., vol. 14, no. 9, (2022).

V. President, A. Renewable, E. Development, and P.
Foundation, “THE DESIGN AND IMPLEMENTATION OF
PARABOLIC TROUGH 300 kW POWER PLANT FOR SOFT-
LAND , MEDIUM INSOLATION AND A2-S5 A2-S5
SolarPaces2006,” Energy, no. May, pp. 1-19, (2020).

S. Ljung, “CFD simulation of particle matter inside an
automotive car and the purification efficiency of cabin air
purifier,” (2019).

M. Rodriguez-Martin, P. Rodriguez-Gonzalvez, A. S.
Patrocinio, and J. R. S. Martin, “Short simulation activity
to improve the competences in the Fluid-mechanical
Engineering classroom using Solidworks Flow Simulation,”
ACM Int. Conf. Proceeding Ser., pp. 72-79, (2019).

E. Mignot, W. Cai, and N. Riviere, “Analysis of the
transitions between flow patterns in open-channel lateral
cavities with increasing aspect ratio,” Environ. Fluid Mech.,
vol. 19, no. 1, pp. 231-253, (2019).

M. Rahiminejad and D. Khovalyg, “Review on ventilation
rates in the ventilated air-spaces behind common wall
assemblies with external cladding,” Build. Environ., vol.
190, p. 107538, (2021).

J. Zheng, Q. Tao, and Y. Chen, “Airborne infection risk of
inter-unit dispersion through semi-shaded openings: A
case study of a multi-storey building with external
louvers,” Build. Environ., vol. 225, no. June, p. 109586,
(2022).

Y. Ye, P. Xu, J. Mao, and Y. Ji, “Experimental study on the
effectiveness of internal shading devices,” Energy Build.,
vol. 111, pp. 154-163, (2016).

R. R. Rahman and A. Kabir, “Spatiotemporal analysis and
forecasting of air quality in the greater Dhaka region and
assessment of a novel particulate matter filtration unit,”
Environ. Monit. Assess., vol. 195, no. 7, (2023).

H. C. Burridge et al, “The ventilation of buildings and
other mitigating measures for COVID-19: A focus on
wintertime,” Proc. R. Soc. A Math. Phys. Eng. Sci., vol. 477,
no. 2247, pp. 1-62, (2021).

N. Nasrollahi and P. Ghobadi, “Field measurement and
numerical investigation of natural cross-ventilation in
high-rise  buildings; Thermal comfort analysis,” Appl.
Therm. Eng., vol. 211, no. March, p. 118500, (2022.)

X. Fu, V. C. Tai, L. K. Moey, N. F. Abd Rahman, K. A. Ahmad,
and D. Baglee, “Opening configurations and natural cross

ventilation performance in a double-loaded multi-level

Uit 23 (2568) VOL.23 (2025)

23



NIANTIVINSITUTEUUNETOLNTEAADUNN
CRMA Journal

apartment building: A CFD analysis,” Build. Environ., vol.
254, no. March, p. 111404, (2024).

[28] Naksanee W. Prommas R*. An Experimental Investigation
on the Efficiency of Snail Entry in Vortex Tube Fed Low
Inlet Air Pressure to Reduce Temperature of Low-Pressure
Air. International Journal of Heat and Technology.36(4)
pp.1223-1232 )IF=1.01) (2018).

24 i 23 (2568) VOL.23 (2025)



