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INTRODUCTION 

The L'.S Dep,lnmenr of l!calth Ilnei I [L1ll1an Senices ddines Pandemic I'ILI iYIl!1 I-Ill) as a Ilnilent human tlu [hill 

Clllses a :->:lohal oLlrilreilk, or p:l!1dell1ic, ()r scrimls illness. ,\s the n',lturallll1mLlnin' !clc!IS generalh' Inadeljuale f()r resIsting 

the 1'lnlS, the disease Clll 'prelld easih from person to pers()n. In the case of a [):\ll-Flli ()urhreak, health-lilre \I()rkcrs 

:1 J( .\\s) are a high-risk gnJujl as thel come in cl()se c()ntact with Pan-I'ILI patients. In addition, IIC\\ S can he carrln', Ilf 
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the \'inls, e~p()stng n()n-tlu patients to the \'IWS since an II1fected pers()n can be conragl()us prior t() ()nset ()f SI'll1ptOt1lS, 

In rederal and SUle pandcmic c()ntingcncI' plans, an :\irl)()rr1e Infcction Isolati()n Ro()m (;\IIR) is nrescri\Jl'd when 

IIC\\'s conduct aer()s()\-generating pr()culures on Pan-Flu patients, F~amp\e proccdures include Ifltubati()n, 

nasI )phan'ngcal aspiration. trache()stom\' care, hronch()sc(Jpl', and nchulizer rherapv, ,\ properh' deSigned and, ,perating 

.\ II R can he an effcctl\l' c()ntr()l measure f()r prn'enring the spread ()f infecti()us aeros')\ outSide of t he patient room, I n an 

\IIR, infectiOlls aems()b arc c()ntained within the m()m, and thur concentration is reduced \'Ia dilution \,t:lHilation, 

(:( H1stwcti( ,n ,l2;uidclines f( lr ,\ I IRs require at least 12 air changes per h()ur ('\(:F I) ,)f ventilati()n 'uppll/ e:; haust \\'ithin the 

ro()m (ne\I' c()nstructi()n), ,md ll1aimainlIlg a negativc pressure in the ro()m compared to the adjacent areas, 

Computational l'luid D\llamics ( TD) is being incfe,lsingh' used in he:llth-care stuelies as an efficiellt Illl't h()d to 

predict infectious aeros()l transp()rt, The present research :lims t() reduce IlC\\' e:;p()surc to Pan-I,'lll lint'i dllnng aL::ros()l­

generating pn )cedures 'H1 infected patients, and IS dirl'cted at berter cnginecrIng dc;ign ,)f h, "pital \emilati,n 'I sterns, 

OBJECTIVES 

Thc first ()hjcctl\c ()f thiS rcscarch is to cX:lmine thc \Tntiiati()n effccti\Tncss ()f an ;\IIR and a IraditI'Jl1al patient 

ro()m in a l()cal h()spiral, With rhe goal t() el':liuate I IC\\' c~p()"ures to infectious aems()l \Ihile conducting au()s()l-gull'clring 

pwccdurcs on the tlll-affu:ted patients, This e\':liuati()n is :lchil'VTd hI' nUl11ericalll' Simulating the airtlm\' parrern in b()rh 

()f rhcse rO()lI1S, The ge()l11crrtc dimensl()ns, spatial l()cati()n ()f the bed and ()thu applianccs/ furniture, l\pL::S and 

characteristics ()f thl' Inlet and e:;hallst \Tnt diffuscrs c()rrespond to thc actual configurati()ns in thl";e [()()ms, Simtlark, rhe 

tl{)\\' LUCS ar rhe inlu and c:;hallsr ITnts. tcmperature, pre';surc, pressurc diffLrential hCr\\l'Ul thl' J'( J')111 and rhc hosplral 

c()ITic\"r, and pressurc at rhe e:;hallst \Tnt also corresp()nd to rhe prevailing rO()11l conditi()ns, The \irus IllO\Tl11ent is 

trackcd h\' simui:tring the disper';:ti ()f acros()1 intmduccd \'ia the patient cough, 

METHODOLOGY 

,\irtlo\\' l1lL'asurements \\TrL' llladc in rhe ,\lIR and thc traditi()nal patient ro()m at a local h()spital. and are ,ummarI/ul 

l!l Tahle 1. R()OIll diml'nsl()llS \ITrC also mcasured (length = 1')2" (4,HH m), \\'ldth = 2l()" (::;.4,) 111), height -, 1111" (2,:;: my), 

as \\uc dimcnsi()ns ()f rhc furnlturc and ()ther appltances (not rcported here), ]-'Igure I sh()\\s an is()l1luric \ic\\' ()f rhl' 

,\ II R; :l sim ilar \ ICW 0 f thc tradi ti()nal paticn t room \I'as als() gl'nerated, bu t is nor inci udcd here due t() space lillli ratIons, ,\ 

c()rrcsp()l1ding C, \1) mmk I \I:IS COilS I ructcd f()r cach m()m, and a c()l1lputati()nal grid \I'as gcncralcd uSJllg the (; ridCen 

S()fr\\':lrc !POillt\IISC Inc" 21 Ill), 

'Llhlc I \ kasured :ur-floll' r:ttes and temperaturl's in ,\ II Rand n()rtlul patient r()om 
I~-----

I 

I \'"lumL' I ,'Iml' Rate's: 

\( ,1'\[ - aClu:t! cubic 
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I nkt diffuser design 

Supply and Exhaust Vents. I ;I()w ratTs, in terms ()f . \uual Cubic Feet per :--finute (,\( :1":--1), and temperature;; \\'ere 

specitled at the inlet :md exhaust \·e11ts. The \'Clocitv direction at the supply \Tnt \\'as assigned based on the diffuser· slot 

geometn IJ·'ig.2). The \clocit\· at the e:-;haust \Tnt is calculated ming the measured exhaust now rate and exhaw,t-\ent area. 

Lcakage(s). lor the .\IIR, the nwasured velocities \\Tre specitled at the gaps around the m:llfl do()r. The bathnlllm 

\\'as uncoupled from the mam mom by dosing the bathroom door. ()f the wr:t! bathr()om exhausr ((A ,\CL\[ (O.(I.)(j 

III 'I ,appmxil11ateh .~II() ,I (24 ,\CI';\[ (IJ.(JI [(1111 110)) \\'as C1S;;Ul11eJ t() be ";;atisfled" III leakage from the main m()m into 

rhe hathroom. The remaining .t() . \CF:--[ (0.( II i'li'l 111 \ I s) was taken to be inno\\' leakage through the j,:lthroom ceiling and 

\\all penetrari()ns. In the main mom, the total intl()w is from the main supph- and through the do()r gaps. whLTeas the t()tal 

()llttl()\\ is th[()ugh Ihe main exhaw,t. The total infl()w dctlcit (in ,\CF:--I) = 2{J2 (main suppk) + 71 (d()or gap Intlo\\) -)(12 

(\[ain I':xhaw.t) = 2.'i() (ll.lli'll111/s). This ddicit \\'as accounted as uniform int1O\\'leakage through the false ceiling. The 

average \cl()city for this leakage IS calculated as 1.24 ft/tnin, (().()()62i'll11/s). 

For the traditional patient room, the measured pressure (2i'l.'JtJ75 in. I Ig (().734 III I Ig)) was 'pecltled at the gaps 

:lround the main do()r. l'()r the boundan' c()ndition at the gaps around the bathro()m door, two scenari()s \\ ere considered. 

F()r Case 1, like the. \ 1 I R, --I( I",,) of the bathr()om exhaust now rate \\'as speCltled as the tl()\\· fn Jill the m:un room into the 

hathr()()m. This led t() air Ie:l\ing (lJlltt1oW) from the ro()m through the gap;; around the main do()r. lor Case 2. :Ilf enlers 

the t1l.lin m()1ll through the gap af()und the m:lin d()()r. The total bathw()!1l exhaust tlow rate ('72 .\(:1':--1(11.11)4111 'Is)) was 

speCltled at the gap ar()und the hathroom door. The dctlcit in the mam room (in ,\(]-.\I) = 22~ (,\I:lin Supph) I~II (:--f:rin 

j,::-;haust) .. ~2 (I.eakage to hathroom) = 1(, (().I)()i'l m 1/s). This tlow rate deficit mlhe rnam room is "satistll'll" hI' the int1()\\' 

from the hallw:1\', thmugh the gaps around the main d()()r. Both scenarios \\ere c()nsidered t() enable Ihe e\amin:lli()n of 

t]ll' tlow pattern differences for I he t\\·o cases. f-j()\\C\cr, since CClse 2 mimicked the situation ()bsenul In the hospIt:ti 

ro()lll, results 6,r (I n II' Case 2 arc presented here. 

Patient and HCW GeOinetry and Te,npcraturcs. Patient and IIC\\ bodies I\cre lTlodeled using 'il)" " 

anthropometric data r\.\s.\, 2(lltl), WIth dimensl()ns gi\l·n in Tahle 2. :\ telllperature ()f II)]"]' nil.7"c) \\'as specitled for 

Ihe patient's hl'ad t() :lCC()unt f()r a "fClcr"; the patient's sheet-co\Tred b()d\' vIas assumcd t() he at WOlll lelllperarure .. \ 

tCll1pcralure ()f 'm"]· (.)K .. )"C) lIas specitled to the IIC\\'\ head; the rest of the "clothed b()d," was crt [j)()1ll temperature. 

The 11(.\\ stol,d cit a distance (,f 1.()411 feet (Il.') Ill) from Ihe patient()n the side ()flhe m()nitoring instrulllcntalIl)nl(ICllI()n. 

Furniture. hIrI11tllrc c(l1l1prised I)f a couch, Cllpb",lrd, patient hed and te]CI'i,lon, ;lIld thcee (e~cept rhe lele\ Ision; 

\\'c'rc' Illodeled using the measured dclta and I()cati()ns in the actual ho,pnal r()oms. These Items \\lTe c<1l1,idcrul 

"i"llherm:ti I\'crlb":lt f(JI'1ll ternpeLl1Ure. l:()r the tcle\isi(ln (l)igital Bed'\Llte II II(J), rhe p(l\ler ratillg \\':lS 11.142 BTI.·/s 

([')11 \\'). ,\wlll1d 21)-)(1"" Ilf the p()\\er consumed lIas dissipated as hcat, according t(' Industrial dc'lgn. Thl'l'ef"re. 

~.·+14xlll' 11.121xltl; BTl '1ft' ,ec (i'l4 - 12() \\/Ill~) \\clS specified as the he:lt tlux at the tc!c\ISllJl1. 

Ceiling Lights. ( )ne light \\It h a p()\\er rating ()f I 1.1 ~ I BTl ~ Is (Iill)\\) \\:1S l()cated ab()\'e the pallellt Lcd. \ ;;suming 

-II')" of the P()\\LT IS gl\'Cl1 ()ff ,1' heat. 11.11\."i() BTL 'Ift\ (1 (,(J.."i\\'/m-') \\':1S the !let heat tlux :It this Ilghl. TI\() ('ircuLrr li,ghts; 

(If tl.I)4-() BTL'; sec 1.')11\\') ratlllg~ \\Tre als() present ()11 the ceiling. ,\ 71)"" heat diS\lpati()n rcsllir" in II.jll() BTl.' ift·';; 

()=;11I1\\/111') heclt tlux for these lights. 
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Table 4. \bterial properties 

Tahle 2. Patient and I rcw dimemi()!lS (0J.\S:\ 2()[11) 
r-' .-

I 
Conducti\ity Speci fic I [eat 

Demin'lhlft i 
\/aterial BTl'/sft"F BTL /lh"F 

(kg/111 i) 
(\X/mk) (kl/kl';-k) 

f---, 

Window C; lass l.M) (0. <J6) 11.20 (11.S4) 15(l.IF (2-,IJlJ) 

Head 1.21xIlSh.lI.C)) ft ((1.3S x 1).16 x 1).2S 111) 

,\ r111S IU,hll.,)2,,2.5-;' ft (11.10 xlUIl x II.-;'S m) 

Human Skin 
11.,16 (11.2I1C)) II.S5 (,l.S(l) (l4.11 (l I 12'7) 

(Ref. 6) 
Plastic 1.74 (1.1)1) 11.411 (1.CJ 7) ~s.ln (12::;11) 

\X'()otl 1.2() (U.I') 5.11 (2,1111) 43.-;'(1 nlll) 

B()lh I.Mxll.K2x2.))9 ft (II.::; ,,11.25 x IJ.(l52 m) 

I.egs 11.4hll.4Id.4S ft (II]) x lI.n x 1.115 m) 

;\/outh II.!IC!KII ft ()cm) diameter 

Windows. The t\\·o \\'indo\\'s in the room \\c[e considered as isothermal walls. (Inc WIndow f:lced the (Jutslde 

en\'I!'<lntnent, and had a temperature of (l2.2"1; (16.S"C) on the da\' the measu[ements were cCl!1ducted. The sec<md \\indo\\' 

faced the corrid()r, and was c()nsidered to be at mom temperature. 

Turbulence Quantities. The h()undary \'alues for the turbulence intenSIty, kinetic encrg\, and dissipati(Jn rate, at the 

m:lin supph' :lnd e"haust ,"ellts and at the gaps ,lround the hath room do()r and the rnalIl door arc listed in Table ,) for both 

moms. Thcsl' \\TrL' eSflmated using the t1()\\. Rcnlolds numbers at thcsc b()undaries; (l'Ll /·:0.)T Inc. 2(1I1(»). 

Table 3. Bc lundarv \'alucs of turbulence L]uantltics 

.\IIR RCl';ular Paticnt Rc)()m 

k ~ 

Rc Illtcnsin' ft 2 Is.' ft 2 / s i 

(m2/s') (m.'/s i) 

k 
ft 2/ ,,.' (m.' / ,.') 

\f:tin 11.(),)4IJ 11.1n4 
2CJ()1I ,l.C)1 I"'" 

~--~'frh 
\Lun ,'iC)1 III 

4.111 "" 

(11.11(1)2(1) (11.111 I )211) 

II,T72 11.64(1 

II.! 14')11 

(11.IJIJ4()1)) 

11.1.)1 ) 

(11.1 I 121) 

I 

I 

i 

I,:\.haust 
--_. 

( ;:IP 

ar(lund 

Bath[()om 
2611 7.9(1 "" 

Do()r 

(;,lp 

:lround 

\/am 
7(1) :.II.'i "--" 

Do()r 
.----~--

(II.! 134(») 

1I.1112() 

(11.11111 II I) 

(11.11::;94) 

11.IIS211 

((1.IJ117W) 

11,11(l24 

(11.1 II I=J KIJ) 

1.11112 
(1).11')) I) 

.--.-+--------~-----~---------+-----------~-----------,-~ 
iI.2()1 I 

16.6,=J (1.5'i) 
111.(1242) 

1(1,
:; 1).IIIJlI91)7 IJ.IJIII% j 
, ,=J.!JlI "/f) 

-'--______ .L ______ .L... ______ .L.._((~J.~( JI~I(~II_I_K4_,_) ) __ ...L __ (_I 1.111 J~~ S2) __ 

Cough characteristics. The c()ugh cvcnt (olle instance ()f paticnt cough) in hoth the ,\ I I R and I he I racli ti( mal patiellt 

room \\'as modclcd using data from the litcralure. Thc mouth diamL'tn is taken t() he II.IJC)KII teet (:) CtTI) (\';lll,ci\cr ct ,d. 

21111). The durati()n ()f thc c()ugh and thc \TI()city ()f the :lir-droplet mixture arc ()htained ffClm ,\fahalan u al. 1,)(J4. The 

me:ln peak tlo\\' rate is IIU) fti/min (3011 I ./min). The average \c\()cin' ()f c()ugh IS taken to hc 22J) feu/s ((l.9 tTl/S). The 

stl'Clke length IS 11.4::; fect n.::; m). The an'fage cough \ ()Iumc is (I.()7S4 fect 1 (2.47 I.). The timc durati()n (jf one c()ugh 

flccurrcnLT \\'as Idcntitlul l(j he II.::; sec()IlLis, so Ihc air-drflplet mixture was "injlTlcd" trom thc paticnt's m()uth ffJr this 

durati()n. The di,lllletcr of the c()ugh-gcllcrall'll acros()1 \\as sclectcd t() he 1 fll11, as this was a size of parrlCular intcresl due 

I() It:; l':lpahilm' f(Jr lkcp-Iung dlsposlti()n (\\\\W.:lgIUS.coll1/hcw /rcsolll'ce/iullg.htm). 

Diffuser design. ,\ir at the inlet \Tnts \\'as supplied int(l thc W()l11 Ihwugh a lincar slDt diffuser fSrehric and Chell 

211112) \\ith f()ur sl()t,;, T\\'() of thc sl()ts direct the air towards the patictlt's bcd, \\'hIle the ()the[ tW() ,;jots direct air :1\\(1\ 

tmm thc paticnt. Thc \c\()cit\ dirl'lti()l\S uscd in thc modclmimic this hehano[ :Tig. 

IVlatcrials. Thc 111:lterials used III the m()dc\ ;ll1d their prrlperileS arc bred in T:lbk 4. 

Solution Procedure 

The unstcalk,'J[), ItlC()mptTsslhlc, ".::l\in-St()kes eL]u;ltiClllS, Illcludin,l', ,l',ra\ltI, \\ctT ,()hcd, \\irh thl.' prcssllrc-\clc 

liIuplini2;.lL'llIc\U\ LlS1l1.i2; the ~1l11l-ll11plicif Pressure-linked l'quaf\()!1S (SI\IPLl',) :tig()rJlhm. Thl' C!1l'rg\ l'lIU,ui())l \\;1, (ti'C) 
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sol\Td, to acc()unt (or tempn:lture \ariatioTb, The transp()rt ellu'lti()ns were discretized usmg a second-()rder up\\'ind 

scheme, \\'lth second (Jrder implicit lbcrcri/:lti()n for the tl'm[)oral ("t irne") terms, Turbulence \\w; mmlcled uSing the 

n:alizable k-: m()dl'l. The finite-\'()Iume hased (TD software, ['IXI':"!T, was used to soke these l'lluatiot1S, The time step 

chosen f()r the tral1Sient simulation \\'as O,I)(J! seconds, The solution at each time step \\'as considered conyerged \\'hen the 

scaled residuals of c()ntinllit\, momentum, energy and rurbulence equations reached the order of II I I" 

The steach'-state now field \\as determined prior t() the occurrence of the cough, C()!l\'ergence criteria for the stead\ 

',fate tl()\\' field were set at I II I, for all elluations, ;\ mi:-;tllre of cough aer()sol and air \\'as then mjected from the patient\ 

mouth f()r (I,S sec()nds, The mIxture c()nsisted ()f appro:-;imately 6(IIHI-:C)()(1 cough aerosol particles l!1 each mom, gi\Tn that 

t he number ()f aerosol particles in a C( H.1gh is of the mder of 11)( )()-I (l()()() II"owalski and Bahntlcth I ()<)f), (:ha( la, \\'ana and 

Toa 211(1f)), The I.agrangian Discrete Ph,lse .\[odel (DP:\I) \\'as 

w;ed to tLlck the dIscrete cough 'lemsol. The aerosols were 

all()\\ed ro "coalesce" or "bounce", based on angle of collision, 

]~\'apofati()n effects upon aero';()] size \\Tre not considered as 

this conSIderation \\as part of the original aerosol si/e selecti()n, 

.\er()sol is "trapped" on stnking ,olid surfaces, and "escaped" on 

reaching the e:-;haust locations, ,\fter the InJectl()n was 

''s\\'ltched off', the tLl!1sient 1110\TIllent of the discrl'te cough 

df()plers \\'as traeked f()r a penud of Ti sec(J[1ds, The results 

show the p()siti()n ()f Illdindual cough aeros()L; at \'arious time 

in",lllts III a plane through the patient, and another plane 

l'r()"ing the I IC\\ n.'ig, ,1), 

RESULTS 

Flow Pattern in AIIR 
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Figure ,J, Planeo; of results ,hown in an . \ 1HZ 

Figure -+ shm\s the pathlines ()f the n()W in the ,\1 IR, The all' jets issue from the Illain supph ()t1 the ceilmg at all angle 

of 4=)° to the ceilillg, Two ,I()ts in the diffuser direct air tm\'ards the patiellt's bed, \\'hile the (Jther tW() sl.)ts direct :lir a\\a\ 

frum the p,ltiellt. The:\I1' tra\Tls d()\\'tl the w()rn, Cf(hSeS the IIC\\', rl'cireuiates hehind the HC\\', ,1Ild is then pulled 11\ the 

n,haust Oil the cl'iling, Due to the negati\T pressure inside the ro()lll, air entns thl' room from the corridor th1'<lugh thc 

duor ,l';aps, Both :lir supplies are pulled Ill' the ceiling exhaust with()ut h:l\'ing a challce t() circulate throughout the rOOlll, 

Due to the positi()ning ()f till' malll supph', the plallcS of the II( :\X' and the patlent sho\\' higher \'elocin' gradient s ill'ar the 

eeiling, t()\\'arl!'. thl' right, Similarh, the strong main l'xhaust pulls the air continuous1\', leading t() ,I high \l'loctn near the 

ceiling t()\\"lnb the left Il1 the plane of thl' I-IC\\', The temperature C()[ltl)urs (Il()t sho\\n) indicate the tUl1pnaturc l';radiellts 

in the plam's ()f the patil'iH and the I rC\\', The highest temperaturl' ill the pattent plane is -f),H°C: (I-V)OI'), ,md ()ccurs 

hehl11d the tek\isl()n, The heat dissipatld fWll1 the ceiling light causes the light to he at ,::;I.f)0(, (12,::;,)°1'), 

hg, 4, Path lines, C()[ofl'lIIA ()rlgtnation location in ,\[IR hg, S, Path lines, col()rul hI' (ll'lginatl'Jt1I()clti()[l in patlent nJl)l1l 
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Flow Pattern in Traditional Patient Room 

I or the traditi()l1<lI patient room, hg, 'i shows that the main ,upph' inlet jets of air emerge at 4')° to the cl'lhng, ,\s III 

the \ I HZ, tW() slots direct air to\\'ards the patient hed, :1nd t\\'() sl()ts direct air :1\\'<\\' from the patI1'I1t hed, The jet'; ;lIign 

ne;lrh' paralkl to the ceiling after thc\, emnge from the slots in the t\\'() ()pposite directiom, until thel' reach the \\'alls and 

ddll'ct dlJ\\'I1\\:mb, The jets then mect the flo()r, sprcading horizontalh- throughout t hc room hct()rc being pulled towards 

the main e~l1:lust. Regl()ns ()f recirculation arc secn in the planes of the patient and the f [( ,\\" The higher 1'c!OCI[\' gradIent 

at the ceiling IS due to the presence ()f main supph- at that locati()n, The tlo\\' is dri\'Cn primarih hI' the main intl()w SUppll, 

Temperature c()nt()urs (n()t included here) ,how a temperature gradient at the ceiling aho\T the patient, due t() the heat tlux 

dIssipated ff()111 the light ab()\'C the patient hed, 

Introduction of Cough and Tracking of Cough-Aerosol Dispersal 

!-'irst, the steadl :llr nO\\' IS simulated l11side the ro()ms, :'\!ext, a mixture of aIr and c()ugh aerosol ()f 1 l~m diameter IS 

l11jlTtl'l1 f()r II,,') ,ec()nd, from the patient\; m()uth, In the ,\111\, thc patient cough tralTls t()\\'anls the maineshaust \\!thout 

spreading ;lwund the ro()m (hg, rl), In the traditional p;ltient room, the main eshaust i, not "str()llg" l'nough to direuil 

draw the p;ltient cou,gh, ;lIld ;dl()\\'s it t() ,pread around the [()()m Wig, 7), \\'ith uniform ,tatic pressure speCltled at the gap 

;HOUlld the tradItional patil'l1t mom main d()()r, the results ,how that the tlow is it1\l"ard at m()st locations bur ()urw:lrd "I' 

,()111L', S() I hat Clerc )S()I l'.ln Iea\ e the ro()m :11' the latter locati()ns, I !()\\'C\Tr, thc net tl()ll" at the main d()or gap is In\\'ard, 

['i,ll;, (1. Pathlines l'll1;lI1atin,t>; from patient's m()uth 111 ,\[IIZ Fig, 7, Pathlines emanating f1'!Jm pariem\ mout h In patient 1'( ,( llll 

The c()ugh :ll'l'()s()1 is tracked f()r 0,,1 seconds in Goth ro()ms, Initi:lill", the cough dispersal IS Sil11lLtr in iJoth [(l()ms, Illa 

the :lel'lls(" trajl'Clone,s hegin t() diner as rime prot>;fl'SSeS, hgure I) shows a c()mparis()n of the u)u,gh aerosl)1 dIspersal ill 

hoth m()mS,lt tImes t'n)l1l ') sec()nds to)') sec()nds after the patient cough, In the .\IHZ, thl' aer()sol mOlTS fmll1 till' 

patient to the 11<:\'(', ,\r t = 1') seulIlLls, cough aerosol is abc)\'e the [[C\\', sli,t>;hth- bel()w thc ceiling, (h\'lng to Ihelr I11mal 

cll lSC [1mSil1llll", U ):til',lTnce IS prn\()minant at carl\, time periods, The coalescence pw!Jahilitl" decreasl'" slgnIlIl'.ulth" lIlt h 

aen >sol dlspcrsJ( )n, (lin time, t he :len lS()1 descends in t() tlll: regil)11 ()f the [ (( :\\", \j( )st I)f the ,len)S()1 i s ~,tlil al rill )rne at t = 
,)) sec(ll1lls; a limltn\ ,1I11()um 11)()\'CS to\lard the tl()"r. The 111ea11 ae[()s()1 diameter lIas :?,()I) tJ.m al thh time, 

In the traditional patient mOIn, the c()ugh aeros()leInerges from the patil'nt\ m()uth, but thc prl'\ailtng t11)\\ ddll'cts It 

hack t() the rl'gl()n ()f the patient ;l11d the I I<:\\', SuilseCjuenth', a portion of the ,In()se)1 cl()ud beg1l1s tt) m()\T I()\\'ards the 

main l',hausr, ,lnd t(lllards the do"r, \\hile m(lSt ()f the aeros,)1 is l()cated cl()se to the patient ,mel the I !e\\, \, I!1 the 

,\I!IZ, aen),,)1 cI)alescl'nce ()ccurs pred()minant!\- at e:lrh' til1le, and decreases as the al't'(lSo\s disperse, I)ul' t() u)alesCl'!1Cl', 

the 111L';1I1 di:ulll'tLT ()f the aerosol IS I!1crl'ased froIn I :~m, at the start I)f the cough tl) 2,4() :),m at)') seul!1ds foilo\\'ing the 

l'l1<1 ()f the C( )u,gh, 

(92012 ASH RAE 447 



448 ASH RAE Transactlon~, 



CONCLUSION 

Thl\ \t udl :;ill1ubtnl cough, aeros()1 di<;per\al 111 hoth an :\1 I R and a traditional patient mom at a local h, )'1'1 tal, III 

order r() e\'aluate the eHectiH'nl''' of the l'xI,ting \Tnrilarion configurati()ns in protecting an attcnding 11<:\\ tn,m parient­

generaled c()ugh-aero:;()!. The "peratmg conditi()lls in these rooms \\'ere measurul, and uscd ill rhc ,imuiatiolls, 

In the AIIR, rhc exhaust dra\\'s most of the cough aerosol toward, it (hg, 4), and rhe t1()\\, pattern 1<; l'tteUI\'e ill 

c()nuil1lng the :miJ(}rI1l' c()ugh aen)\()1 \\ithin rhe ro()m, Ilo\\'cn:r, the air carn'ing the patlelH-l'mltrul aertls()1 tl(J\\s froIll 

the p,ltil'lH to\\'ards rhe II( ,\\', C()ugh aerosol, though <;Iightk dilutcd, is not llnmediatch' rl'lll()\Td from rhl' \'icinit\' ()t the 

II( :\\', and rhl' IIC\\' is till!, \u\cl'j1tihle t() cxp()surc to airh()rnl' contagion originating tnJl11 the p:uienr. 

In the traditional patient roon1, the main cxluust i<; much \\caker than that in the ,\111\, and doc<; !lor torcl' ("pull") 

thc Jl'l' from the \uppll t()\\'ards it (hg, 'i), ,\ir tltJ\\s frolll the paticnt, t()\\':mb the 11<:\\', and ')\Tr thc durati(Jl1 ,)f th,: 

<;ll11ui:lIl()n, thc cough :ILTos,)1 docs not <;prl'ad t() thc hall"':1I' ot the ho\pital (th()ugh It i<; ,ccn Tl1()\'ing in 1hlS dirl'uion), 

S()me "f the cough aLT()<;() I is \l'l'n ITn' c1()sl' ro thc gap around the main do()r, Thc I IC\'C IS exp()<;ed t() cou!',h :lero,ol, a', 

In rhe ,\IIR, .\I()<;t of thc c()ugh aero\()1 is in the \'lunitl ()f the He\\' and the paticnt, L nlikl' In Ihe ,\IIR, aer(),,,1 reaches 

I he tl()of ()r is \usj1cIllled in t he air :\1 the le\ cI of the patient':; hed, 

The c()ugh :tem<;ol in h()th m()l11S is 'lTn (() m()\T t()\\'ards the flC\\' po,ition, thus l'xp()sing the I IC\\' t() a Ill' Ilru', 

carried hI' the aer()s()!. I'or rhe te<;tnl scen:lrio, tn()\'ing the I IC\\, t() the ()pposite ,ide ,)f the paticnt lJl'd 11l1gllt mitlgatc the 

exp(J,url', alth()u!',h the l'XP()SUIT ()iJserlul \\'ith thc prl'sellth' LI":lluarcd I le\,' p()sition could still occur depl'llding upon 

trl':ltllll'nt rCllUlrell1C111S :tnd \\'()rker a\\,arene:;s, ,\dditi()nal ,1l11ulatl()ns arc pl:ll1nl'l1 t() c\aluarc altl1'rlatl' \'Cntilatl(Jll 

c()llfigurati()lh, including interchanging the ll1a1!1 inlcr and exhaust I()cati()n<;, \\'ith thl'l.';()al to bel tel' protect rhc I I( :\\', 
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