L sl BUT yo Ol yd JUGI oyl o 0 19d 2955 9 6999 )lK0 (oew Caomwlus

ol ylg 30T o 2956 gy 3l ooliiml

A\ )

T o (09 T g1 (6 ol (ol T g0l 5095 9 ggu HOb s T Goloras
Ol 8,550 0, giom olRS1s (pwdige 5 (18 0aSils -
li)fa" “5)9)9.4 ‘Qsmf))lf oli;:.}lo fLAB‘j.m 9 A_iu&n oM‘é *Y
Sl ealrs as 59k 5 Slinios pole &g (Ml slacs,Son 5 Slalllas 35 5 =Y
*h.sajjadi@ub.ac.ir, hasansajadi@gmail.com

ouS

Sy3a l9m (295 5 (63959 47,0 e ComBe LI JSls S el Ceilar e uibyly SIUT 5 (2L by, Sl eslinnl b pol> ey 5
20,5 Gy GBI U1 a5 (609,9 a0 5l (Fen O jg0ay (LS Giloj lrabkold ;o yiag Sw S o3l L 0,3 APT - slass jshate (pl 4 285 I8 )
G Gliee 5 0,5 8, g ol a8 )T SIS o GBI S 5 i (55) 2 (SamBae F) (25,5 a0 5 (CunBee YY) (6955 a3 )0 sl (BliSe slacendse
Sy 3 ool b bS8 s 0590 wilej wiz (pesiler Al () 5l ool b (ol 4l Pe Gl o909 Sy sl BT U 6538 6B wle 5 (et
5 ot duleio T 5l o Lasiie sl igle] ooled .l LIS Euih o5l 4y b 3,50 o stalojl Slaws (L6 swleie cloaslyl 5 o2s5h
2 G5 Glsee daosls (uilyly 50T 5 558 a4y JUSms S pU 4 ole Goll s o ialog] ol 5l Gy 0 (550505l G (L2 50 (3lao )3 oo
L3 Glima g 1y 36 oyt 20,0 AF/FY na L lso (39,5 42050 (Jsha By odal Loty mls & 4295 b .03 8 ot dlies (29,5 » sl
D)l 32,3 IV e b l9a (29,3 Az 50 el LsBaa | 3 (n feS (izmen SuBls GUT o (3lee

PRWEgENT,

Qb:b HLass! (ST Caw b ‘Lﬁ;li’ o¢9) ‘u‘";l'.’.)lﬁ ).JlJT



doddo —)

e Jlas 4z sh JB jsb 4 a5 wad axlse VAonygsS wgn E9050 b Sz aelsz Gopel 4 B YV Lo 2l 5
sl Sl el lapleis b L5l base oS 3 o)l 0 1) sla 1,55 5 casliS 15T elaisl g golazsl filas ales
lgo 00Sadas slagiva 5 ooliiul g lsa s, S5k 5 oliml «Suls 5l osliiul (5,5 Ssieas o clazzl s liFalols 5,8
iy plB SIS 5 (b l b ool aogi 5 plolid (6, oo slailyiml plaisar Ao slsp (0,5 5 sl
0 #9529 JES! 6l ynno 0,130 by Fazey 5l (gl Judo 0 00 0529 bplaisles JBIs Laore Codls Lyl u-*-"l-‘ 2059
el 205 e B 31 sladama 1 s g @25 2 Egrbe 455 Sl e 4355 S Cel (3l s Y Ige |
Sexdge d SLE L] Conlin (rizren g OIS JSH p GBI U 4 lse (2955 5 (6999 O 1B (o) 2 el Gl ol
Il ose slagdy, IV el agze 5 5055l Gl s 5050 0l (ltglojl alllas (31 5l cunl (55555 19 @55 5 95
L T0sS o ool 3 alies ol b)) sl ooloiel B g aias)|

L LT zmls 50,8 Gy V- s s (s )0 leitlos dysed 5 lsd ol > Comanl o)l 0 [0] T Ken 5 ISl
Lyss 0o 5k slalad jo JWEsl & s (6 i Sl Hleisl J31s 0"V =00 555 oyl (g s JE! ey oo Ha5 45 aS ols
500 et g oo BUL 51 g af S Sl ralS 4y e o3l 31 o lga ‘;.AMJ rhw ol g g uled lej
O 55 wang JES! o, » [FRT LK 5 @Sl 08 o Wl 3 jLel 6l oSen o s 5o Sh> 2 Lozl
Silom FaSTn 5l sl sl s30e gy o VI a5 o0ljannl 00,8 35,05 (SilSle geaody o8 i (92 (o0
S J51s 5 00 5 sy i3 TSy g (S gle el o5 31 LT s S e |yl T o sk
S 0 g 29,5 sz ,b oy ol 5L Wl ,8 @l 31 gy aslllae ol ol Bus ais S solaiul fesl ad> 5L
b cilis il g lae L3 cdale a3l L g, BB 2als S aas e ol gl el SL3 SuSTy r arlaeds e
AJ‘}JGA 2w 9 4)5.@‘.: ‘SLDW 0 ol J}u O alols Mls sw“ > os)l.c &9...)69 Lmo..\,.aﬁﬂ Lv $|)5‘ 4.@‘}‘9.4) u,u)‘)S‘ g‘.cl.: 0L
SRS Y W 50 S e )8 g S (Sogdl o as 3 aS gal 8l slaas g aas ralS so 0 YO 5l o BTy Glae &l liae
o, FAYD glae O3 1S o LSy ool adgi SIS 5 ©94,9 leala caz a5 Slej ol lid bl (pizmen b oo
9 olruw b g0 ol doye B v e Jlew jo Ol S Wl Jais B3 5,5 @b Sy 4 rgog,9 ST AT Jl o g
a5 5 a8 ol Las LT gulis wsols S5 oy 800 |y leislo J& s Sl B8, 1 Ten (589,5 azm 0 o5 5 [A] o) 1Ken
plo b ohd g, o)l 1,3 GUI S j0 len (69g,9 aom 0 a5 K g Ebls wales Llgd Ll ol 5 g0l }.:l; lg& (6349
asly> Sewle BB 2l slen oS Ll 3l g canl icg o)lo )18 (aaw j8 age 0 a5 Sl 4 Cans (g, S V0 ) S,
B e 0yse Ty (sripe gom 90 dwain S 3 glse CohS e g cilige (glo CuaBge ;U ) Sen o ndsy 0
JH slsa b g cils walgs ol 8l ol bl Glie g azgs BB LI6 39,5 Cumdaayaias ols las Ll bl adsls
a5l JSiie ol Y 505w o 0 1 l9n (6395 sls 4z 0 alold 15U o, Ken g Siba]sls Galgs |13 56 cou |,
a8 9 g Bl Sl ange o,Sles a5 wols (Lt 5 wols 18 ) 9,50 (BT 5 (G30e S50 anlylize (699,9 Az
Dy e leaol sadio Ae e ol (69959 sl dm,0 oo alold a5 g anlss Sloj 4 Lgs yo lga cnlio

&b S a5 el (glo i oS 5 L ol e 0L gl Ban a5 o ls vsz g (giluding Glasis, 5l saliBe ¢l
bl aS ol b ialeyT plomil (g1 Sdlotnmns 9,504, G Fla ool b b gy cpl Gy O a1 s Bos

I COVID-19

2Bhagat et al.

3 SARS-CoV-2

4 Goldblatt et al.

5 ANSYS Fluent

¢ Design of Experiments (DOE)



Y] 556 gy DIV i | opllnn sl &7 (ol (sl At st s on o siglej] (sloosls Jolow 5 40520 gl
Oyt 4 Sl L Bao 1l S5 ColeS dgne O Bue oS Cenl b Galej] Ak e )0 el 108 (gl (b, e
argSPas o SialS 6 eSaia jsb 4 1) b tslegT slaw o luitiol delee oyl @l b 25 s, ol ju55 Jolse b
ol @l 1 el iy s e lizman Lol 08,8 oo o3 gl siales] slawi b oF 4 yoxie delaie glaayl,T 51 oolicel
U9 ol L= el s solitul pole calizes slaasli 1o 5 o) Ktgh 51 (6 ko bawgs (>oSL by, 0,5 gl sl b iule]
24 Bas ooyl Gl 2590 |y (e S 9 Shas (63959 el Dl b g4 S s b 4y Jole ool L
oyl sl S 5 gy Gl e 4 JUSms o j20lie o g 45285 b S o (g2 1y Loyl Sl aeis
WS oo lelid 1) 60959

ooliul b 1 58, sae 4l hisog)9 (slaytal)ly 4 &yl > JU] liee o 51 (295 (slopial ol [1F] Yol
Joe b aslie jo asllo plis o (ojlwaigy Jow olo J13 ) p 3590 T uillg 5T g L1 swlaie 4,1 L (>80 39, 5
oo oanlie b sue (gl aoys VEBL 5ee s o33l 45 g psboas el samlie LB o Shas 15 gzg B sloogas o Lo
Sle 2,8l ol sae 10 el B oy B4/FY L S oS sl JUIST iony aygly aS ol lis colas U izen 090
Sz Sl a5 Sl ol gl Sy il ls 56T 5 L5 asbeio ] b (255 gy 5l VY] Tl iSem 5 s)by0
Cel b )Sp )5 )0 bdlg mdans ol Slawlrs )l 0 uo 0 sliie als 4 e a5 wis )5 eolw] > Jaws ;o Jlawsl
5ol 5 ol Gl 5 ialidl Bl e Sl 3 e clale Lyl S b s wed e oyl Jll S il
5 ol wesee RPN )l Jam phl Sl peme cdile 2l g leddyd mhaud oS 5 0sbo lx L
i 52330 G133l g &gy Lol 9lisS GEEE 1) gl alex aygly g lyy b jgitil alold w8 Jobo 36 VAL Sen
sl 0ad Aok ol Hgiliol a5 wiols i 5 Wio ) (asdiall) atgy b (295U b, 3l ealil b Ll in,ST sy 1),
VA 5051 Gl i (52051 e oo 2ol )o5lil (g0 o a4y Cons o0 FVIFE ) 5lics oS b (e jo (v
ol 0ol &l Cla g 0y SeialslT alS cel ool Shb jglinl fumes el 0018 35 do o

0 000 )5 4 calise slad )5 50 Jlow slapl > (s3leand 1 we LIS lasle g, SO Glgieds & e iils D g,
G095 S 5 cnl podle 0yl Jlow Sl (i i 53 (293 SHLB Sho, ol (SIS Slsa > (s5leannd aie) o [N A]ogs
S8 @l 5 48,5 8 oy 050 A aadl Sl by il 8] ST sle o0l sileans S Jue b e 4
Joe b1y eyides aSicds g, [NV Y (e 5 J ( d51s slon coaS auges ,o Y - Tl ools olas 1) 3, cnl Vb Sy g
oaipd L a5 WS (gilwand 1) pae slajls A5y 5 (SIS Gl cepe sl Ws S S 5 S sl ol (ileand
ol 4t Gy 5 VY Teoly (635 5 (Slaimsaunil sl (Jols S8, @) ) ot )l (b 5l esliul i
loaSis slaws as ols ylis il gls ais,S eolawl U3l (b > o gl Togame w5 dacnS Jog, Crimed 5 (S5lse
Slesliial b (Slowloee Gloj Lol ol jitiy Sguzme pan> (B9 2 Comad (por a0t (35, 5l eolisal b Gl > > sl 55 090
24,5 IS8 cloals S sl 0B 55 4 ol A g, 45 il s il al 1 dple Bl S ety oK i
Sl dalgS IS L8, () <85 55 (63L 25U aals I 880 o i S s i ) Ol

! Signal to noise ratio

2 Falahat

3 ANOVA

4 Darbari et al

3 Lattice Boltzmann method

¢ Large Eddy Simulation

7Lietal.

8 Bazdidi-Tehrani and Sargazizadeh
? Finite Volume Method



G Slor CodsS s (295 5 63959 S a0 Ol ;U (o p B ovaline (LB la hagh (o) 2 5o 5 Hekailes
bamme j3 S JWSH oliee 2190 (29,5 5 639)9 S sla el (i Sl (555 B (B5b 5l g Sl Cenl Bl L
gl iyl 56T 5 (28T by 5 eolinasl b b sl sl pole Gigly )0 1 sl 428 ,S5 S8 sy 2 090 3o glo
5B e, gl S aales 18 cw) 950 l9n (L (295 5 69555 S slaylil 4 (IS Gl larme o )3 jlal e
b dalgs &IOS LSl Gliee 198 (2955 5 69959 (S slo it

)y 0)9.0 Ao doD —Y

sl sl @Bl Las 55 @l el ogos )0 (ol 3l Wlsiioo 0l (29,5 5 (69955 Cusdse yiall 53 b (0
A 588 e b jshite giemian Sl e Lo 98 (29,5 5 (69959 slo Az i)l g (0ye (Job Camdge Coeal e
Ll by (29,5 @lp (BBl &S 5 chin) ela)]l Coxdao ¥ g (po)e CunBan ¥ (pizmed ol o0l a8 )5 Ja5 )5 (6399 sleo
S g 63959 42058 Job bl by jla ) sae sl e VeV V) pln g LS (2955 9 6999 4,0 Sl b
e 4l oo VEAXY 0l p b iy 5985 5 oo yio 2 o) S5kS VWA il lse (JBz 5000+ L plp o505 Ol
5% dwain slal Cewl S8 4 o3 Ll 0aBand S i o Jhgdie by Geigeed wlbios (Hsed g pAbeSTE (o) 990 b
Al o 1)+ s b oaly glol 361 S ola cond 4t 5 L

ol o3ls (Las V IS4 53 0l (79,59 599)9 (BICerSse jslate 4 aid) IS s sl ielil 5 590 BT ) ol
)l 5 5058 Candse Sl i 4 Ho s Dorgol 2 (0059 eyl 5 (o050 < Jsb s Sl w0 Hing Di lLi e
il ol ools HLas V Jeax j0 a5 aws b y> 29,5

$939 9 (57955 4390 (i B e )b Slaise ) Jgu
Table 1: Coordinates of geometrical parameters of outlet and inlet register
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Figure 1: The case study geometry
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I Multi Relaxation Time-Lattice Boltzmann Method
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Figure 5: Comparison of the number of suspended particles in the room over time (1 pm)
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Figure 6: The numb 2cted and suspended particles at time t=10 s
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'Y



t=30s

AN N NN

N PP PP LRSS D
SR PSSP TFFFF S
Figure 8: The numb

80000

3 70000

= 60000
2

.n 50000
=y

) 40000

30000

20000

10000

0

A

DD DI H P
TSNS S

Wlke )y @l gl

] ol ‘9;)}3 C)‘)é oy :AJ&:)
2cted and suspended particles at time t=30 s

make )y Wil

ML‘; ¥ O‘.oj e (“SJM 9 X ‘5.’))4 ul):) Sass 4 l&w‘

Figure 9: The number of injected and suspended particles at time t%

V¥



t=50

Wake ot 3 @l g Eal

3 B0l 4o ea 9 o G35 iy Sl 1)e JS
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Table 3: The importance of each of the parameters of the problem based on the number of suspended particles in
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Ho Do Hi Di I-i é‘]““’

qy/vq qy/ay ay/¥- v/ 91/4V. |

qy/¥ SA AV ay/¥q av/o- ay/-# Y
Yy e
Q¥/YA £
QY/AY o
9V /AY 4
/Yy Y
/Yy A

I A -I¥0 -/ - IYN V100 Ao

o Y i Y | ool 4> 40

! Delta
2 Rank

\#



Gl pou Sl s o 1) Canl 1y S Hyy al)l g Caadl 0 YL Ly il a5 030 )8 cawline ¥ Jgaz slaosls ulul 5
99 Ol O g Coenl az o a5 1 gam sleas) o 50 Hy 9 D Dy sla el )l o jls GBI e slee )3 slaws g5l et

ROSERCH RN

solyl ax o omibly Judow 10 . led oo aseine Bao &l 1) alies )0 Jhe syl )l 51 SO o o8 L (e il g 361
OV U FRRE VS PR PRRNEE SV S 0L O Ly O P P | NI V- f51 IO S PR VRV PN PR
L syl aSsamsardBily Ky piite )] o ol Hloie 3> A0S o atuiie 45 39 co uetS (60151 A0 5 Slaspe Egeme
» ,.«.L..A UT ula.sfo Egomo Ot O ygody ,.»JL».A » uS)L..M.a (g ‘u—" » 05)'{.C ool A.m‘? S s 6)|Af).ui.v ¢yl U’“"L')|5
Gl oaly isles 1) usls g 561 2l ¥ oo 05d ooy pni b yuitin dad Olay o Eg0ome

BU1y0 Blao )3 slani (sl il )y Jelow gl :F Jgur
Table 4: Results of analysis of variance for the number of suspended particles in the room
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Sensitivity Analysis of the Location of Inlet and Outlet
Air on the Particle Transmission in a Modeled Room
Utilizing Taguchi Method and ANOVA
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2 Faculty of Engineering, University of Bojnord, Iran
® Degpartment of Mechanical and Aerospace Engineering, Clarkson University, Potsdam, USA
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Technology, Tehran, Iran

ABSTRACT
In the present study, the sensitivity of particle dispersion within a room to the spatial position of the inlet and

outlet air register was investigated using the Taguchi method and analysis of variance (ANOVA). For this
purpose, a total of 86400 particles with a size of 1jum were uniformly injected from the inlet register into the room
at equal time intervals. Different positions for the inlet register (32 positions) and outlet register (4 positions) on
the ceiling and floor of the room were considered: Subsequently, the behavior of the particles, as well as the
particle deposition and dispersion within the room over a 60-second time period, were examined using the multi

relaxation time lattice Boltzmann method. By employing.the Taguchi method and Lis orthogonal arrays, the
1
required number of experiments was reduced by P’ All specified experiments which suggested by orthogonal

array are simulated, and the number of suspended particles in the' room were measured. Following the
experiments, the effects of each parameter on the output of the problem were determined based on a factor called
the signal-to-noise (S/N) ratio and analysis of variance. According to the"obtained results, the longitudinal
position of the inlet register had the highest impact on the number of suspended particles in the room, accounting
for 84.42% contribution. Additionally, the vertical position of the outlet register had the least impact,
contributing only 0.16%.
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ANOVA, Taguchi method, Sensitivity analysis, Particle dispersion
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