Airflow Modeling: Efforts to Find the Better Models for

Building Air Quality Simulation

ORIGINALITY REPORT

18, 18, 0O«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS

%

STUDENT PAPERS

MATCH ALL SOURCES (ONLY SELECTED SOURCE PRINTED)

18%
* www.hse.gov.uk

Internet Source

Exclude quotes Off Exclude matches

Exclude bibliography On

<2%



Airflow Modeling: Efforts to
Find the Better Models for
Building Air Quality Simulation

by Lasman Parulian Purba

Submission date: 04-Aug-2021 09:05AM (UTC+0700)

Submission ID: 1627514936

File name: Modeling_Efforts_to_Find_the_Better_Models_for_Building_Air.pdf (17.45M)
Word count: 10846

Character count: 60517



-

% Proceedings: Intemational Conference on Risk Technology & Mancgement
ITB, Bandung, 0 =21 March 2007

Alrflow Modeling: Efforts to Find the Better Models for Building Air
Duality Simulation.

“Lasman Parnlin Pwrka. ‘Eleser Tarigan

"lasier of Engimeering Siudest in Mechanical Engineering Depanment
Prince ol Sangknla Vniversioe, HitYa Campos, §loibaul SHIEED
“Kimpus THAY & Tenppilis
Jpkint Biva Balinarghul, S Tl
Camtact Person;

Elieser Tarsan, [, [}

Kampae UVEAY A Teagpgilis
Julan Raya Kolirenghut, Ssrbava, Iodonesis
Plime: +62- 31 -X08- LN, jumpurbaiyabioocoim, lisetns @gmaileom

Abstract. All comhustion sources. such as maior vehicke, bmbusirlal  combustion
processes, homing, cooking, henting, ond ohecco smoking, genemme large guantivies ol
fine {aerodynansic diameter smblier chan 2% micro-meter ) and whia-fine fanalier chan 00
micro-meter) paricles.  Smaller parieles san penerate degpes Inlo the respimion: s
and therefore bave o higher poiemtisl @ induce health effects than lenger pasticles,

Sugpended parscubste nmiter can see gs nuche ard carriers [or airhome virnses amd
bactiria, nesulting in the spremd of disesses. In nddition, fine particles ilemselves can
Eeposit in the lungs and cause respimbory diseases. As people spend about 9% of their
Hifetsmed indosrs, indoor particalate matier can have great impact an haman health. Thos.o
goid umderstanding of panicle transpan {included in dyninnics flaw) is crocial foe creating
ity indoor enviroomenis,

In this paper, maore than four moded simularion of indoor airfow far buailding ks
rewigwed. Hope fully, this hetp decisions maker hive miany esrsiderntiing o imigreve ar
manage airflow for ballding: This is am effort e Impeove workling eavicomment in faclory
thit seemss v be severely @ilinted by pasticulabe maker, :

Keywords: povfecnfute metfer, ainTow, hmwidfer sealaioe

1 [atreduction

Health problems related 1o the enviccnment have become & major searce of concemn all over the
wiold, The health of the population depends wpon good quality aig, water. soil, food and many
other factors, can be analyzed in terms ol the costs, oo part of comsequences of filure in Risk
Aralysis. The environmemal consequences of an event can also have other serious consequences,
which alfecs coanpany s n:pu.mlil'-u I reeded 1o edablish messares 1hal can elimimsle or
considerably reduce hazardous fociors from the buman environment g minimize the associaled
health msks, The nbility to achicve these objectives is in great pan dependent on the development
of suitwble experimental, modeling and interpretive techniques, which will allow a balanced
assessmeent of the risk inwvelved as well a3 suppesting ways in which the situation can e
improvest. The interaction between environmental risk and health is often complex and can
involve @ variety of social, occupational and fifestyle faciora. This emphasizes the impontonce of
considering an interdisciplinasy approach i relabed svith anviroamental idoor health

T raase efforts for promoging henlthy working-environment, sustainable manogement of bulding
and or factory that must have indoor room, this paper will present deep supporting infermation
thas needed to consider mainly about indaor air qualiny's fisctors, Primeary goal of this paper is to
present existing information in ways compatible with other engmeenng disciplines, then to
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Abstract. All combustion seurces, such s motor vehicle, indise
proeses, hurming, cooking, heating, and wobacco smoking, genemle large uarities ol
lire [aerodynamic diameter smaller than 2.3 micro-metes ) ind ulor-Oes (sosaller tha 0,
macro=meterp particles.  Smnller paricles can percirate decper inte e respimiery rac
and thevefore have a higher posential 10 cuce heafl effiects than larger partscles

Suwmpended particulute maier can serve as saclel and carmers lor sirborme viroses and
hacteria, resulling In the specad of diseases, Inoaddition, fine partickes themselves can
deposit in the lungs and cause respiralon disenses, As people spend ahout 90% of their
lifetirne: inclodrs, irdoar particulate malter can hove cresl impact on humon beafib, Thie, 2
oot understanding ol parscle rnsped linclueded in dynamics Mo is enscial for créming
henlthy imdoor environmuents.,

Iti this paper, more than four model simulsgion of mdoor airflow Sor boflding 1=
e, H'G'Pl! Flltl:\.. this |‘|¢|Fl decisicns maksr hove Fapy eoqisiderarion Lo NEpuvg o
nHnAgEe mirflow for |'|Ili||!ills Thits is gn effon 10 MR warkeng ervimmee in [y
that seems 1o be severely affected by partieulnes nuane

Beywords: paticidite matter. airfow, il stomaio

| Introduciion

Health peoblens related to the envitonment have become o major sowrce of concern all aver the
wirld. The health of the population depends upona good quality air, water. soil, food and mans
other Foctors, con be anabyzed in werms of the cosis, asa pan of consegumnees of failure in Bisk
Analysis. The envirnmental consequences of am event can also bave other serious consequences
which affect company™s repmation, 1% needed o eslablish measures sl can climinale or
considerably reduce hagardows Gictors from the limman envirmonment & minimize e assoceated
health risks. The ability 1o achieve these objectives is in grent pant dependent on the development
of suitable experimental, modeling and interpretive techniques, which will allow a balanced
pssessment o the sk invelved as well os sugpesting ways in which the situation can be
improved, The intersclion between environmental tisk and health is often complex and can
involve & vanely of social, occupational and fifestvle factors. This emphasizes the importance of
congdening on interdiseiplingry approach in refated seith environmental iidoos heslth

To raise effons for |1|:1|:|||:H:i||§_ bendthy work ing-envirommeni, sustal nable monsgement of bulding
and or Factory that must have indeor room, this paper will present deep supporting information
thiat meeded to consider mainly about indoor air quality's factors. Primary goal of this paper is
present existing information in ways compatible with otler engineenng disciplines, then 1o




contribute to the body of knowledpe itsell in order to sdvance our understanding of controlling
Particulate Matter that is o part of contmminnnts in the indoor alr enviranment,

This paper seeks 1o bridge the disciplines of engineering and industrial hygiene. Engineering
knowledge contains the fundamental relationships necded to describe the movement of
contaminants in the indooe environment: industrial hygiene contzing knowledge that time amd
cemseniration to conditions injuricus o health. Both disciplines are needed o create quantitative
relationships that become eriteria upon which products, svstems, and process can be designed.

To help summuorized the information provided in this paper, inclusion of four model simulation of
indoor airflow for building is reviewed 1o help gathering prediction the velocity and pollutant
concentrations st arbitrary points inside o bailding or room, This paper is organized into eipht
sections beginning with fundamental concept of risk, the main factors affecting conmminan:
dispession, characieristic of [ndoor air environment, acrosol as ene kind of particulate matter and
comtaminants, impact of perosol, type of indoor air Mow and standard that related 1o indoor air
quality, und the respimzory sysiem: ending with the elements of future computational methads
thit possible b0 used fo predict contnminant paimicies transport i the vicinity of process eguipped
with indusirial ventilation systems, that cumently more then Towr Stmlation in the world-
uitemetworking-advanced-search-hasad

| Fundlamiental Concept of Rish {Cairo et, al, 1T%WHF

A typical dictionary defines risk as the possibility of boss or injury, 1t implies that risk has i
main companeis; the probability of some event occurring and the negative consequence if it
oceurs. |hos, o analyze dsk we should be able to estimate these (wo faciors. Boelm | 1989
translated this definition into the fundamental concepl of risk management: the rsk exposure,
soimsetimes colled risk impact.

RE=P70Upx L (L (]

Where RE menns risk exposure, PILIO) expresses the probability of an unsatisfaciony outeame,
ane LU means the loss 1o the parties affeeted if the outcome is unsatisfactory.

Usunlly the perception of risk is higher for those items over which one have little or no centrol.
However, the importance of the risk factoes might be considered as some combination of risk
frequency (that is, how likely it is that the risk will oceur) and risk impact {such us, how serious a
thrent the risk represents if it does occur). In considering risks vou must also comsider Lheir
perceived level of control. This repeesents the degree to which the project manager perceived tha
their actions could prevent the risk from occurring. Most of the probable risks or threats 1o
projects can be reduced or aveided wsing an appropriste methodology. It can also be
complemented with appraximative methods, which can previde enough information 1o support
risk management decisions.

Risk-reduction is o fundamental pant of project management in software and knowledpe
eitgineering, Software risk management is important because it helps prople to avoid disasters,
rewnrk, und oveekill, it nlso stimulates win-win situntions on software projects {Boehm, [989),

We should be aware Lhat by nvoiding or reducing the most significant risks, mnmigers make more
infonmed decisions, we obtain better outcomes, and hence the project will have a higher




probability of success. Again Boehm { 1988) suggests to wse o software risk management plan,
wliicl consists of five steps:

s ldentify the project’s top risk items,

&  Present a plan for resolving each risk item,

o Update list of wop risk items, plan, and results montlily.

o Highfight risk-itemn staius in monthly project reviews,

#  [nifinte approprisie cormsclive actions.
Successful management of a project leads 10 control. Control keads to quality. Quality leads to
satiafied customers. And we know customers are the final nrhiters of & product or service,

3 Indeor Alr Environment and Standunils

From Gant, et al. {20063 we foend the laest information sbout I':mﬁ of indoar air low and the
standards which relats 1o indoor air quality. The following genfnl classifiention into jet {or
momentum) controlled Nows and beoyancy controlled flows s proposed by Etheridge &
Sandberg (1996} @4 Linden (1999 This classification covers both forced and naturally-
ventilated spaces. In jet-controfled fNow, air is introduced into the space using high-veloeity
devices, The jots of air cause enhmnced mixing and dilution of contaminanis, When cool air is
supplied from high-level devices such s ceiling-mounted diffusers or prilles, the air speed in the
accupied zone is generatly higher than when the room is supphed with the same inket flow e
under isothermal conditions, When buoyancy forces are sufficiently strong (ie. when the
tempernture difference between supply and room air is sufficiently farge). the cold jet separates
from the ceifing and [all@nte the occopied zone. In buoyancy-controlled indoos envisonments the
air motion is controlled by heat sources in the room wnd (resh aie is usually supplied at relaively

Iow-veloelty, Four supply/extract configurstions can be considered: Air supply 8 low level and

extract at high level {displacement ventilation}; A single opening at high level; A single opening
at low lavel A single side opening.

From ASHRAE Standord 62, neceptable indoor air quality defings as air in which ghere are no
known comaminants o laemful concentrations and where the substantinl majority of people (BI%
oF more) 80 not express dissatisfaction. The definifion covers occupant comfort, odors and
hormful levels of contarminants, Examples of common conaminants include: carbon dioxide.
carbon monowide, microorganisms, viruses, allergens ond suspended pasticolaie mgglerial. These
confaminans are inteoduced into indoor spaces by human and animal oceupeney, by the releass
of contaminants in the space from fumishings, accessories and'or processes taking pluce in the
spece, of from the supply of contaminated fresh aie, Poar indoor air quality may be discemible by
occupants a5 visible suspended particulate mntter in the air or odoss, or may be discernible only
Ly sensitive measuring devices.

Below isa summany of seurces of infonmation on contaminants, jafe occupationn] exposure
levels, recommended practives and regulations:
=« HRE
a COSHH Regulations: Approved Code of Prctice aid Guidinee
i e i pasliin
o COSHH Essentials: Easy Steps to Control Chemicals
.r.w W crEeessenieds. gk |
o EH40/2005; Workploce Exposure Limits
o Advisory Committee on Dangerous Pathogens publications
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L v, o gl i ST R ey aafa Fuaifahre s Wrasimpats Serdimmrompede e Sellilreg sage e
o Part [ Toxie Substanees (for insulation materials)

Part Fi Wentilation

Part J: Combustion Appliances and Fuel Storage Syvatcms

Pan L: Conservation of Fuel and Power

« 1K Health Protection Apency

{foap: iy corg uk

¢« UK Department for Environment, Food and Bural Affairs (DEFRA |

||'I.' CH TR T R TR S TLI TR B Tl AT AR T -'-.'wl

« Committes on the Medical Effects of Air Pollutants (COMEATP] = part of the LUK
[epartment of Health (s wrww adwesnboser. dobugor b vomes imde i

+ CIBSE
o Guide B2: Ventilation and Alr Cosditioning

& Enropein DV Erectives | Mg ot s AL s S it i
o Framework Dhirective 95562/EC (owdoor nir quality)

@ o Daoughter Directive 199930 EC

+ ASHRAE
o HVAC Applications Chapter 43: Control of Gaseous Indoor Air Conraminants
o Fundamentals Chaplers % Indoor Eavircaumenial Health
o Fundamentals Chapter 12: Air Contaminants,

¢ LIS Occupational Safety & Health Administrazion (0SHA)

o 11L&, Environment Protection Agency (EPAY [ e o gove |
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Summary aboul oll the main factors affecting indoor contaminant dispersion tat preserfon the
schemutic of Flgure 1, divided into two main factors: primory and secondary factors. Primary
factors that are clearly important in comrolling the contaminant isansport around the room sclude
the contaminant properties and rooim ventilation, Secondary (setors which perhaps may not seem
initially so Imporant include solor radintion, humidity ond heat iransfer throsgh the walls. floor
and ceafing,

8

Table 1 Summory of factors affecting contam inant dispersion.

| Physical Room Festure | Factors Alfecting Contaminant E¥is persiom

Dioors Dlmrnpt.'nlu.g. pumpIngE eflect

Windows & walls Thermal effects, radiation, infiliation

ra—— Hest oulput, movement, breathing, flow blocking effects, spatial
— rescution

Eﬂ::f:l::r;; Nphte 4, Heat output, Mow blocking ¢Mecis

Airflow Turbubenes, humidity, compressihility, supply terminals
Cointiminasits FI1}'5|:::L_I propertics, electrostatie charge, source koeation,
conitameant models

Az wsuil, building have many physical room features. Every physical moom feature con effiest
confaminmt dispersion i that building’ reoms. The physical room feature consisis of Doors;
Windows o walls; Oceupants; Equipment, light, and fureishiog: Airflow, and Costarminams
The main feciors thal contral the airhome tmnspon ef contaminents sround the room are
discussed

Faclors affecting contominnnt dispersion in deoss is size doos opening and pumping effect. g
study of the exchangé af #ir from ong room 16 pnother & 0 perton walks through the doorway
lisking @e two rooms entrining air in hisher wake was presented in Etheridge & Sandberg
[ 1906). Aden discuss the tmnggent motion of air between rooms of different lemperature when a
door leading from one room o the other is opened. They present  equations for the velogity and
@ mie based on Bemoulli-type assumptions of frictionless Now, Keil & Walson (198%)
mcasured e wolume of air displaced either side of a door when it was opened and clos@. Under
isothermnl nnd nen-igethermal conditions wsing & 120 seale model, they Fomd that for o B¢
opening and shuning of the door there wos 8 linear relotionship (@tween the pum ped volume,
o, tmensured inmoy ond the mean door speed, wedinm's measared ot the door centred, given by
Fp=23m, 2}
where le pamped volume equntes to around 30% of the volume swept by the door.

Factors affecting eomtaminanl in Windows and walls are thermal effects. eadintion, infiltration.
For the thermal effects, the flow pattern i a room with @splacenent ventilation is primarily
controlled by thermal sources. To madel the contaminan dispersion behaviour in ﬂ'p.-: FOHHTES
sccurately, i i eritical that heat transfer and buoyancy are accounted for appropriately. There is a
significnnt amount of infamyation oo room beat losds in Y AC design auides such as CIBSE and
ASHEAE, and building services engincering text books such a8 Meuiston & Packer [ 1994). The
minin heat sources or &inka in reoms inclucde the Tollowing:
* Transmikssion of henl by conduction through solid surfaces: walls, Zeiling and Moors

et

* Sensibie and latent fieal gains from scoupants




+ Heat gains from cquipment, e.g. computers, lights

* Infiliraticn or air leakage
The three fundamenial mechanisms of hest iransfer are condisction, convestion and radiatien.
Candwetion involves thé transm@sion of heat by collisions between molecules or atoms but does
nol involve any mass tanster, Comvection involves a moving fluid (gus ofiquid), and is often
associated with heat transfier from a fluid to o solid or viee versa. Radiarion is the transmission of
energy by electromngmetic wives o photens. Unlike conduction and convection there does not
@ve fe be o carier medium (gasliquid/solid) in erder w0 wansmit radiation energy. And
peactically all structures leak aif T some extend. aflowing infifiraricn into or out of indoor spaces
wia smial] cracks around windows, swalls mme doors. TS leakage can have consilerable effect o
lieat Toss cnleulations in old clomanes.

Factors affecting contaminant dispersion by Occuponts ighheat outpl, awovennt,

breathing, flow hlock effects and spatial resolution. The heat releasg by pedple is aften b lated
in design guides in terms of sensible and latent heat foads [Tl two relevant chaplers in ASHRAE
Fundamenals are Chapter % - thermal Comfiore and Chapter 2% - Nonresidential Cooling and
Heating Load Caleulation Procedures.] Sensible energy is velited w i Kinelic energy of the
molegules and is proportional 1o the temperature of the fuid. Lo energy s related (& the
phase-change process between liquids and gases. For the movement. in real-fife situations, the air
Mow pattem in rooms (5 Galikely to be statistically stendy. Henat loads farely sty constunt over
time. Over & day ond throughout the vear the ouiside oir temperatures chinge, solar gaing increase
md decredse, oceupants come and go ond there are thermal inertia effects from the building
fabric. A steady-state solution baged on given outside temperature @nd sokir tudiation conditkons
may therefore differ from a snopshot of the tmnsient calcutation. Matsson & Ssndberg (1994)
studied experimentally about hew the @oving munikin in o displacemant ventilated moom
influence the contaminant concentrtions al head leight, were found to incrense with the velocity
of monikin, rising eventually 10 levels higher than the ambient conditions at the same beight
ghove the foor. And nhout breath, Goodfellow & Tahi (20003 explain that, the air low trough
nsel passages is turbulent, even in normal quiet brenthing, whilst flow further down in the
pulmonary nirwavs it is penerully faminar. The human respiratory frel, including baeathing
mechanics, intra-nirway airflow patterns, and hent and water vapoisr transporl yihin the airways
alse influence contaminant dispersion, Alheagh, there is litle dote on how §o ealibrate wall-
roughness modifications of wall functions for application 1o indoos air flows, Nielsen (1955)
discussed one exnmnple where fumitere and ather obstacles are modeled 15 an additional paessure
drop in the momentum equations. Results were compared for scenarios. with and withou
furmiture, ond he found the new e for sappont Momenum equotion, [ ]
i Mexi factor is equipment, lights ond fumishing. The lear gains from fighes ore divided
i two ports: 0 hest-tosspage pirt which goes dircedy nto the cocupied omes, and a heat-to-
retuen part which will be transferred info n cesling vabd i thene is 1 false teiling @ the oo, For
@ice cquipment such as compaters, prinfers and monitors, the nameplate data on the exjuiprnt
wsell does not give nn acturate vahes for (e actual heat cutput.

Far airflow’s contam inan@ispersion i= alTected by turbubenee. humidity, comipressibality
and supply terminal. Fluid flow can be lassified into three regimes: Lomina@ trnsitional and
tarbulent. Laminar fiow tends only o occur al low speed, with viscous fluids and in constricied
spuves. The majority of Nows relevant to contaminant disper@n ure mixed Laminarturbubent or
ful ly-turbalent. Computers are nod yet sullickently powesful to be ahle fo directly resslve all of thie
Fine eddy structires in industrial urbulenty fows. Projections of Nduwre cop@@ilitics based on
Moare’s Low for the exponentinl growth of computing power have suppested that the So-allsd
‘Direct Numerical Simulation” approach will only become & prastical engineering (el in around
3070, In CFD simulations of indoor air Aow, the phise-cinnge of water from liquid io vapour die
to people breathing and perspiring is not vsually modelled. About humidity, can be an important
factor controfling the relense of other comtamioants. Humidity can bé an imporan factor




gnnlmlflngdw release of other contnminants, Nimmermark and Gustafs@a (2005) studied & room
peed by laying hens and measured emissions of odor, ammonin, carhon diowide and dust
concentrtion, Both ofour and ammenia emissions were found 1o increase significantly with
waler vapour pressure. High humidity inside buildings is als related to prevalence of modld
nlbergens, fungi and bacteria, At low humidicy there is & reduetion in the sleetricnl conductivity of
nlnﬂ\ln. carpets and soils, which may affect deposition of charged pariculate contaminants.
About eompressibility, the ASHREAE Fundamentais guide #ales that compressibility effedis,
stich 85 shock waves, are relevant when the Mach number exceeds 1.2 At room femperatune ancd
sed level, this equates to: 0.2 = 343 = 89 mfs. Adr supply velocinies in rooms are unlikely 1o ever
exceed even 10 mfs {21 mph} and @erefore compressibility effects wre unlikely o hnve o
siomificant impact on indoos ol ow, Thend con be & wide fingd of lengih Seales in indoor ait
flows, from on order of millimetres for hest-exchanger fins and diffuser blades up o spatinl
dimensions of tens or hundreds of metres for concert halls. [deally, the computatsonal niesh
nclopted in the CFD model should resolve all of these seales. However, due to limitatiens in
computer pawer, The No@ geamelry is wsually simplified and relatively low-resolution meshes are
somelimes usesd, Then, o bypical supply termiinal performance cmb be four@ in ihe repon
from ASHRAE'S Research Project BP-1009% FLUENT wsed this inlormatsn 1 develop s
simple CFD Gade, Airpak, which is spegilically nimed o the HVAC morket. The Sodé has
peeformance data for a number of different types of weminals, including wrilles, slows, nozeles,
vilves and vortex diffusers

Want 10 know too about, physical properties, clectirostatic charge, source location and
contamingnl models, The commoen contaminomts i typieal home or work environments
[ASHEAE) Carbon Dioxide, Carbon Monoxide, Sulfur Oxide@ Nitrous Oxides, Rodon, Volatile
Dr'garu-:-s -E'nmpuum:l-: (VOC'z), Particulate Marter, Due [0 the lorgs range of possible
coutuminants, it is not possible 1o list all of their progersics here. Instead, information can be
found from the following references:

* ASHRAE Fundumentals, Chapter 12: Air Contaminants

« AdrLigquide: gas datn online

"I.Il'u'l'l Wi, e, v e B e e e e g ool ]

« Themmaodynamic tabkes

= Fluid dymamics texibooks pnd HVAC design puides

* CommerciaffCFD packages
Seme comtaminants are affected by changes in logal flow conditions, for instanes ar@ani
pracluction in chicker litter s sensitive to local temperature and bumidity, The UK Health
Protection Agency recently investigited coronn discharges from overheof power lines and their
effect o efectrosiaiically charging nicborne pollutants. Resulis showed that foguurtiches larger
than abow 03 um, the particle ﬂmfne wias unlikely s |1||1..|,_ o sigmificant effect on deposition in

incrense i dcpnmnurl ‘The HPA work nuru:ludad that  contaminan parln:]e& i:rmg,nd
electrastatcally om power lings were unlikely 18 hiove mone than @ soall effect an leng-term
health, There is & considerable amouni of maiterin] available in the lierature regarding
clectrostatic pir filiers {precipitatons or chirged-medin flters) and om aie jonczers. e liter
devices work by electrostatically charging particles su@@ended in room air which are then
atiracted to walls, floors, fable ops, occupanis, ete. The lecation of contuminant sources can
have #‘mﬁtnrﬂ effect on occupationnl exposure. Resuhs of (Etheridge & Sandberg (19967
shiowed that contaminams relessed below e siratification baver, aither sear the floor of low
dawm on a wall, ended to accumulate below the stratification laver and were gradually convecled
horizontally 1wowards heot @eurces. A number of differem technigues are vsed 1w model
contwminunt transport in CFD, The choice of technigee depends on the characteristics of the
comtaminant: whether it is gaseous ar pariiculote, its densiy relative 1o air, it5 concentration, the
required sccuracy ofF he simulafion and the computing time thet con be offorded, For particulabs




confaminants, e of the central questions is whether the partiches can be madeled as a fuid
continaum with defined diffusivities (the Eulerion appronch], of whethes particle-tracking shoald
be adopted (the Lagrangian approach). It is beyond the scope of the curment report to investigale
fully the mnge of modeling practices for muli-phase fows. A separate research proposal on this
suhijeet is curmently being evaluated, ie. Sclinidt Numbers as m R aetvamrrive, hizipeenvle

a Hespiratory System

It is simpartant fo prepacg in this paper about points of practiticner’s guide to masaging indood air
quality (%], scoesed February 2007 and regulagion of breathing ([28], nccesed February 2007 10
show positicning of this kind of respiratory syvstem resenrcly ssudy, Table 2 show the highlight
conditions pelated 10 each calegory [|f.—i}'|:l'|r.||-::-r|1 complex illness bealth effect sbout contaminai,
They are certainly not medically definitive. To be accurate as possible, the terms wsed by the
epidemiologist and other reporting their reseasch were used verbation) eg., “dry cough™ and
“coughing.” and no medical interpretations were attempeesd. Rather, the table are designed 1o help
the practitoner sorl through what is keown, the sviplonts, and 1o discern possibie comtaminmmis/
sOurces,

Table 2 The Practiticner’'s Guide to Heahh Effects, Contuntinants and Environmentul Factors
[ Managing Indoor Air Cuality, piia)

Simpican Comgrlex | Possibie Primary Sowrces Environmeniol
finex Healrk Effecr Lot Ceienditines
Exe lrmtation: burning, | W02 Incomplete Combustion—-  Arificial light
drv gritty eve without sloves, fineplaces, ETS
onftnrmation Formadehvde Building products &  Low  relitive
furnishing Inemidity
WOy iVolatile  Brond runge of produsts
Compounds}
Water eyes Bhinsseroscls Ventilution sysiems,
htinidifiers,
dehumidifiers wet

misulatioa, deip  pans,
coaaling coils. o Adr
Handling Unies [AHUs},
peoples  pets,  plants,
insects, oukside air

Pariculates Coinlii Lo proslucs,
ETS. clust, dirt,
maintenanse praducts,
building products
deteroration. outside air
Musal  manifestations: | MO2 Incomglete combustion—  Amficial light
*Riufliness™ qloves, lireploces,
Environmeantal  Tobacco
MNacal Teritations, Simoke (ET5) heaters
rhinorthoea Formaldehyde Building  prodiscts & Low  reliive

Termizh i|1gs




Binaerosals N entilwtion systems,  humidity
humedifeers,
dehumidifiers wed
mnlation. dop pans,
cooling coibs in AHUSs,
poofiles  pets,  plants,
insects, outside air

Step by step Gas Bxchinge and Tronsport in our Respirviory system are (28] )
I, Chemical Analysis of the gases that are inhaled and exbaled:

GAS INHALED -vse EXHALED

02 20.71% 14.6%
CO2 by 4.0%
H2O  1.25% 35

2. Three Important things happen io the nir we inhale: A Csygen is removes, B, Carbon Dioxide
is acdded, C. Water vapour is added

3. This ‘occurs in the ALVEOL] in the LUMNGS; Our Lungs consist of nearly 300 million
ALVEOLI where gas exchange ocours {The exchange of Carbon dioxide and Oxygen),

4. Blood flowing from the HEART enters Capillaries surrounding cach Alveolus and spreads
around the Alveolus. This Blood contains a LARGE AMOUNT of CO2 and Very Linle 02

%, The Concentration of the gases in the blood and the alveolus are not Equal (Concentration
Gradienty, This chuses the DIFFUSION of CO2 from the Bleod 1w tle Alveolus ond ihe
DIFFLSION of O from the Alveolus into the Blood,

6. The Blood leaving the alveclus has nearly tripled the total amount of oxygen it eriginally A
MACROMOLECULES - Soaplike, consisling of plesphalipid and protein, they coat the inner
surface of the Alveolus, B, HEMOGLOBIN - An Owyvgen Carrying Moleculs that is a
compenent of Blood. Hemoglobin is a red colored protein found in red blood cells, Each
Hemoglobin molecule has FOUR SITES i2 which 02 atoms ean bind. Thus, Cne Hemoglobin
malecule can earry up to Four melecules of oxvgen. Most of the oxygen - 37 pergent - moves
into e red blood cells, whers it combines with Hemoglohin.

[ Characterisfics of Indoor Alr Flows

Gant, et l, (2006) state a number of parameters which can be used to characterize the dispersion

of @eomtuminun inside o reom, 1. .

I, Fresh Airf Contaminand Distribution:
Contaminant Cancentration, Local Mean Age of Alr, Purging Effectiveness of Inlets,
Local Specific Comaminani-Accumulating Index, Air Change Efficiency, Ventilation
Effectiveness Facior, Relative Ventilntbon Efficiency.

2. Siahility and Bouyancy of the Foom Ain




Reynold Number, Rayleigh Number, Grmshof Number, Froude Number, Riclardson
Wumber, Flux Richardson Mumber, Bouyancy Flux.
3, Temgperature Distribution;
Arr Diffusion Performance Index, Effective Deafi Temperatere.
4 Supply Alr Conditions:
Purging Effectiveness of Inlet, Reynold Number, Fronde Number. Archimedes Number.

Due 1o overlap between these subjects, some panmelers appear more than once. Some
parumeters chometerize directly the observed pattern of contomikant diEtI'ibI.Hil.‘ll"‘l-'\-ili]SL wihers
charsetesize Mow features, such as stability. Flow parameters such us the “meen age of air® are
difficult but not impossible to calculate expesimentally, They are used mainly as u 1ool 1o help
imterpret data from aumerical simulations of cortaminant dispersion. For discussions on how
these parsmelers are used to assess compliance with standards on room air guality, see Peng &
E:L-.-idsun {1994 or the ASHRAE Guides (2003).

Clearly the. simplest indicator_of contaminant. distribution i 0 feem is the contaminant
cu.mtmﬂﬂg_.__ﬂﬁ mass af contaminant per it velume of nir (measured in kgfm')
Contaminant concentraticn is sometimes expressed in terms of parts per million (ppm), GF s

agr i llicn, trillion ete. This can be based on either the mass fraction or the volume fraction.

Lacal Mean Age of Air is commenly used to evahsle the pesformance of & ventilation Sysiem
and indoor air quality. The precise mean@p of the local mean age s defined in D Tommiso of
ab., (1999 as follows: “the average time it takes for air 1o travel from the infef & any point P in
the raom",

The purging effectiveness of an inlet is & quontity thar can be vsed 10 identify the relative
performance of each inlet in a room where there are multiple inlets.

Peng er ol.:.( 1 990) clnssify the various measures wsed 1o chircterize veniilation perfonmance it
three groups: measures of vemllarion aiv-difaxing efficlency which indicate the ability to provide
fresh nir to occupants, vesfifaiiae effectiveness which mdicate the ability to remaove coataminants
from a ventilated space and specific ventflation effectiveness whish denls with specific silwations.

Air Change Efficiency is a measure of how effectively the air p@sent in a mom is replaced by
fresh air from the ventijstion system (D7 Tommase of ;. 1999, 1135 the ratie of the room mean
age thal would exist if the air in the room were completely mixed to the average time of
replacement of the room.

The Ventiluticl Effectiveness Faction (VEF) nppears 1o be ASHRAL s prefomed method For
churacierizing indoor nirimii‘arﬂ_l'ui is based on the work 6FZhang ef al. (2001 ).

The relative veatilation efficiency is the ratio of the leeal mean nge thal would exist it the air in
thve room were completely mixesh to the boeal mean age that is actunlly ineasured ofa point

Adr Diffusion Performance Index (ADPI) is primarily o measure of oceupant comfort rather than
an indiciior of contaminan concentralions. It expresses the percentage of lovations in an
eccupicd zone that meet air movement and temperatune specifications for comiont.

The temperature cffectiveness is similar in concept 10 ventilation ffectiveness and reflects the
abiliy of a veutilation system o remoye heat.




The effective draft temperature, &, indicates the feefing of coolness due 1o air motion:
=T, =T 1-8(F, —0.15) (3)

where Teand T pre the local air and average room dey-bulb temperniures {in °C or K), V5

13 the logal nir-stream cemtre-line veloeing {in mis) and 0 i3 measured 0K

The Revnolds number, Ee. expresses the ratio of the ineriol forces o viseows forces:
B Inertialforces i E
vircousforces v
where Liand L are characteristic velociny and lengih seales of the Now and v is the kinematic
viscosily.

(43

Matural conveetion Mows are ofien &.mmi-md uging the Ravigigh Number, K. given by:
]
X 3
g = ZPATL (5
ver

where @ is the sceeleration dug bo gravity (p = 981 mdszi, § the coefficient of thermal expansion
(where Tor an wdesl gas, f= T | L AT the temperaiure difference. £ the length scale {eg. the
height of the heated surfice, o the kinemntic viscosity and & the thermnl diffusivity (@= & {00,

The Eﬂﬂk}f number, Gr, i equivalent to the Rayleigh number divided by the Prandtl aumber:
Ra  poaTi
G'p- M i ”—1 {6}
Pr ¥
where g is the accelemtion due o gravity, # the coefficient of thermal expansion AT fempernture

difference. I the length seale and o the Kinematic viscosiy

Ihe fellowing glrrn of the Froude number (5 used by Linden [6] 1o chamcterize flow through
carridors and doorways and in combined displacement and wind ventilation cases,
o
Fr=—
&
where Land £ are charmcieriatic vebogity nnd length scales. respectively, and 2 the noceleration
due fe gravity,

{7)

l
The Richardson number, #, characterizes the imporiance of bucyancy. [t is caleulated from;
R - 8i42 (8)
U
whese & p 5 the density difference that ocears aver a typicnd (usurlly vertical) lengih seale, 1, in
n flow of velocity, B

A
The flux Richardson number. & i used Lo ehirncterize the Stabilizing «ffect of sirntifiention on
turbulesee:

R’ =——= {9y
where Poennd Prare the turbulence I'u'ﬂdl.u;l.iml due 1o bisoyvancy ond shear respectively

The Emyam:y flux, B, s cakculated from:




g
o,
Landen [ 1944 pses this 1o churactenze buovancy driven flows, where W is the beat flux, = 1/
T is the coefficient of expansion and cpis the specific heal copacity at constant pressure

(10

!hl: conditions of the supplied bir are offen characterized by the discharge Archimedes number,
Ar, which expresses the ratio of the beoyasey forces 1o momentum fonees or the strength of
ntyral convestion fo Forced convection:
Ar = 'ﬂ E

[ |
where 1A s the lemperature difference betwern supply and exhavst, £ is the mital velosity of
the discharged air, g is the sroeferation due 1o grvvity oo & = the Tength seabe of the supply
terminil (e, diffuser 6 grille )

(i)

7 Acrosal Paricles: an overview

What is-an AEROSOL? Froan ([28]-]35, Hinds,, 19999, simply delmed- tiny particles or droplets
suspendesd i air, An aerosol s defined as & suspension of solid or liquid particles is a gas
(Seinfeld and Pandis, 1908, hoipdclondbase pliy umistac okl people’dorsayd Aero htm), - Sinee
197075, nerosol partiches hove been distinguished as fine and coarse (Whitky, 1978, Coarse refers
to the poition of PM larger than 25 miero-meter in dimeter, and fioe refers o the |‘||:|rli|1|l af 'MW
smaller than 2.5 micro-meter in diameter. Acrosol padticles smaller than 1.0 micro-meter are
known ns submicron particles. The Nne aerasol particles, or more specifically submicron aarmsol
particles, are composed of nuckotion mades, Aftken made, and accumulation mode (Figure 2)
Howewver, Mazaroff (2004} classified pamicles sceording 1o therr diameter o three size mades:
ultrafine ( 0.1 micron}, accwmulation {0, 1-2 micron), snd coarse { 2 micron},
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Figare 2 |dealized sclemptic of an atmespherie particle number size distribution. Principle

mades, sourees, and particle formation and resoval mechanisns ore buficated gler (Hussein, T,
2005)
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Figure 3 Spurce-oriented, nir pollution henlth efTects paradigm. After Soith (1393 2001 }
Mnzarcl¥, 2006).

Control messires {for example: improve sirffow) are often best trgeted o sources and
their emissions, The control of conaminents indoors is achieved by one of the following
methods: source contral, dilution control, or removel costrol. Although soerce conmol s
peeferred, this option is not always available, Thus, vendilation and air filiration are the main
remedinl actions applied to reduce exposure (o airborme conlaminanis indoors,

From Witpafwww, peiaonlineorg/references.cim ond hipwwwareenpaorg’ we hive
information about impact of air polfution on the health, envirenment and economy. The impacts
have been fairiy studied by various instimtions and for different periods, Despite the difference in
methodologios, all the studies agree that the cost of air pollution are very substantial wnd that
mordidity mnd moraliy coats are expected to inerease if the air polliion remains unnbated,

Table 3 Economic Yalue for Eacl Air Pollution Related Henlth Cose [Beter Air Quality Forum,
Yogyakara (2006)]

Pallutant Healih ElTect Estimutes for 2001 in rupiab
PMID | Premoture mortelity (million) 2
Hestricted nctivity day 17,0650
Hosgpital admission 23050
Emergency room visits 135.17Th
Asthia attcks 24630
Lower respirntory illness a'g childeen | 11,900
M2 Respiratory symptoms 11,000
S0 Chranic Bronchitis AT, 260
Hespiraiory Symploims 1 1S
Premature Mosality Bz 157,163
Lower Respiratory Hness a'g Children | 11546 |
] Chest Discomlon w'y adult 1 1.5 ]
& Heview of the Airllew aid Acroscl Dvnamics

[here gre many Models that use 1o modelled the nic fow and the poliutant transport in e
building. For example: COMIS (Feustel, 1993, CONTAM (Walton, 1997) that have the same
matlbermatical foemulations, The first link between COMIS-multizone air flow and the pollutan
dvnnmics indoor especinlly in chomber from Environment Tobocco Smoke hod been sseeass
(Michael, er.al, 2006).

LA COMIS (Feustel, FP90)

Conjunction OF Multizone Infiltrstion Specialists (COMIS) was developed in 1596883 by ten
seigntists from nine countries, during a twelve-month workshop hosted by the Lawrones Berkeley
Motional Labomtory (LEAML). Belgiom, Conadn, France, Gresee, Ltaly, Jopan, Swilserlamd, The
Metherlands, and USA. COMIS is multi-rones airfllow model or mulii-compariment air flow




mode] {Feustel, 19949, The air Mow pattern in a building influences indaor air quality and thermal
apace conditioning loads. Correct sizing of HVAC {heating, ventilation and air-conditioning)
systerns should alse be based oa indeor air flow considesatioms, Air Mows and their desteibaition in
a given building are caused by pressure differences that can be induced by wind. thermal
buovancy, mechonicol ventilation, or a combinafion of these (nciors, Buikfing=related properties
such ns the distribution of openings in the building shell, inner paihways, ond ocoupant sctivity
cnn wlso crente indoor pressure dilMferences. Two methods exist for charctesizing indoor air flow
rafes: performing air fow measurements using tracer gas technigues, ond esing mthemsiicnl
wndels 1o madel the indoor air Mhows

Measuremeints based o iracer gas rechiisques can determineg the arr flows between the inside and
the outside of the buoilding, a5 well as Intereonal air flows However, because tmoer gas
measierements refleet the prevailing leakage and weather comditions at measurement thne, their
sz i charscterizing general building leakoge s limited. To describe mdoor air Nows for any
peakage and weather conditioms, a number of mathematical nodels describing imerzonal air fow
hase been developed. One advantage to using these mathematical models is that, in sddition o air
{lows, they can also simulae indoor contaninant trawspor.

COMIS 35 ane of the most recently developed air ow modéls, It con be used a5 @ stond-abiane
program with inpul ad output features, o as an infiltrgon module thar can be integrated into
thermal building simukntion progroms, COMIS is 0 FORTRAN-bazed code, COMIS models the
air Mlow and comaminam distributions in buildings. The program can simulnte severnl key
compenznts influensing air Mow; crocks, ducts, duet fittings, fans, New controllers, vertical large
vpenings (windows andfed doors), Kitchen hoods, passive stacks, and "user-defined comporents”,
COMIS allows the wser to define schedules deseribiog changes 0 the indoor temperature
distribution, fan operation, pollutant concentration in the poibes, pollutant sowrces and sinks,
opening of windows and doors, ond the weather datn. The Mexible tme step implemented in
COMIS enables twe modeling of evenis independent of the frequency with which the wenther dntn
ure providid, The COMIS air flow calcalntion is hased on the assumption that indoor air flows
rench steady-state at cach time step. The contaminant transport is kased on o dymamic model ongd
has iLs awn fime step, bised on the tme constant of the peast erificsl gong, The twa models are
coupled: Results for air Nows and contaminant levels are reported in tenms of ables by COMIS
and in graphical Farm by some of the user-nterfices.
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Figare 4 Lnfluences an the aar-Mow & distrabution i a given hllilding;

The wind peeduces a velogity and pressire Geld ammund o building. The relntionship
berween velocity mml the pressures at dilterent kocutions in the fow field can be obtnined by
analyzing the dynamics of o particle in Muld. The pressure distribation oround o bailding is
usunlly describesd by dimensionless pressune coefTicients:
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Figure & Air Gow around an isolnted building.

A wind velocity profile can be approsimated either by a logarithmis equation or a power law as:
I'::J=Pc:..}i—'--] (12)
Lo 3

where: Wz)=wind speed at beight = [mds]: wz0=wind speed at reference height 20 [mvs], and

a=exponent.

Fipure & Simplified wind pressure distribution; (a} wind direction perpendscular fo surface.

by wind direction 45 degrees




The stack effect {or thermol busyaney)y can be calowlated by integeating Beenoullis equation,
AsEUMING no wind;

{pout—pin stack=g pin—pouti{z—npl) (13}

where! {pout—pin)stack=pressure difference due o stack effect |Fal; groonstant of gravity [m/s2]
(pin—pouty=density  dilference  between  outside and  inside air column [kgim2],
{z—npl-distance between height 7 and meutral pressare level [m], Temperamre diffesences
between inzide and outside nir create air density differences that cause pressure grndients.

0.2 MEACOE (NaenrolT and Cass, 1989)

MIADS stated for the Muali-chomber Endoor Adr Quoalicy, Model Formuelation, stam from Acrasol
Representation; Basic Model Postulates; Ventilation and Filtration; Aegrosol Depasition anto
Surfoces: Coagulation; Caher Elements: Oudosr Concentrations.  |nitial Conditions, Inddoor
Emissions; Computer lmplemeniation Modes, Test of Pedormance of MIADE: Evoluton af
Cigmrette Smoke

Aerosel Kepresemioion

#  The rmuli-component sectional fonmuelation of Gelbard pnd Seinfeld {15980 15 psed o
represent the indoor serosal,

= The complete serosol size disinbution s divided mio pumbser of contigueas section or
bins, and within each section the acrosol mass moy be comprised of many differem
chemical components,

Following Warrant and Semfeld {1935}, the mass concentrition within a sectio is sssumed 1o be
iniFarmly distribited with respoct 1o the Porticles are assumed to be sphercal and w0 have equal
densities =0 Uit & porticle’s mass is unigeely related 1o s diameter, and either may be wsed as
bnsis for specifying the size distribution.

Components are assuimed to be mixed internally, Le, within a section ol paricles have the same
comipasition,

A peometric constrnint is imposed on the width of a section: the lareest particle in each sectim
musl have o miass that b5 at least owiee that of the smallest particle in the section so that, o
limit the computationel simubation coagulation logamthm of the mass (or. ecquivalently. the
dinmeter) of the panicle.

Hasie Mode! Posnlates:

# by using the same oppronch for modeling gasecus peliutants i building. Rate of change
of acrosal mass concentration for cach component within coch section 15 given by FOL-
erution:

dC, =85, ~1.C, i14)

il

Cijk=the mnss concentration of compenert k in section j contained within chamber i;




o Sijk=the sum of afl sources within clinmber § of eomporment ki section j: direct eimidsion,
sdvective transport from other chamber and outside, and coagulation of mnss from
smaller particles into the section.

& Lijk=the sum of all sinks within chamiber i of component k in ssction j2 loss b surfaces,
remaoval by ventilation and Glirntion, and loss oo larger size due o congulntion,

w Mot The sowrce and sink terms may, of course, vary with time,

The effect of Ventilation and Filtmtion e nerosol species

dCp [ BCip =14Caa R 4 T W (1)
=| ¥ . ) [+ b=
a = v . v, V.
. %“ i v (16)
O o
Erh
h=ii

= Vi=the volume of chamber i;

= fih=the volumeiric flow rate of air from chamber i @ chamber h;

®  gihj=the eficiency of removal of aerosol section § by the flter lecated in the air stream
fowing from chamber i to chamber by
x=mechamcal ventilation system supply i, and
h=0 15 reserved 1o denote outdoor air,

Venlilation through doors thes represent uses between chomber 0 and chambers |
thrcaigh .

Aol depositinn o swrfices;

i [y (17}

—1"' = —% Z L A,

)
= Vdimp=the mean deposition velocity of particles o section j 1o the mih surface clhamber i,
= Adnehe superficial ores of e mih surfsce of chumber |

Codagredent b

The weatment of agrosel coagulation in the model is best considered in two stages: the
cakeulatom of the collisian freguency fefween fvo particles and the integration of rhese
probabilities o obamin the growth aisd loss rales Tor component masses within gach seciion,

fpenes of MIACM
{ LaarMoaw between rooms (predicted by COMIST, {2)an emission rae profile for sidestream ETS

partichke {ns in Nazeroff and Cass, 1989 Milber ond Mogaroll, 2000 =] emissonmie = [
(diaparticle) |, (3ehumber dimenston; (Himermittent dse of filter pamps; (5ithe turbukence




intensity faetor for the chamber (describe the stream wise velocity pradient at the vicinity of the
chamber wall)

s erf AEALS

{Iwentilation oir low m chamber; {23ETS particles moss from  smoking: (3)Predicted
concentration of ETS: (23Predicied concentration of ETS i every room,

23 COMIS-link-MA QS  Michacl D, Sehin, et ol 2006)

This is the first linked COMIS and MIAGY for Aeresol resolved particle indoor (Michael 1.
Sohn, Michagl G, Apte, Richard G, Sextro, Alvin C. K. Lai, 2004.). Link Between COMIS and
AL b5 Perl seripts.

Tt of COMIS:

& |l }sigma rooms,

o (2ilimension of rooms (building},

¢ [1ize of door openings,

s [2yroom temperatiee as fungtion of time,

»  (Silenkage berwoen the chamber & the tuside

Oulpid of COMIS=Inpul MIAQY:

e Curreni airllows between rmooms (mainky nesded of MIAGH)
*  Adr flows for each time step
*  [Pollutast transport datn For each tinwe dep
= Inglude:
—  Adr change rates for individualzones and | or the whole building,
= Mean age of air,
—  The alr chunge efficiency of the bt lilsing, and
= The room air clange index.
*  [rossible:
= Mean value lor the whole simulation peried being cnleu laed and reporied.
~ The ventilation hent loss energy, based on incoming air temperature and the
temperature difference between inside and outside of building.

4 MO-SIAM (Husscim, et Al, 20415}

MO-SEAM (Multi Compartment Size-resolved Indoor Acrosol Mesdel) elassified fo indoor aerosol
model because Hussein, el al, ( 20E5) assume thit the acrosol porficle number size distribm i in
each compartment is offected by several processes that typically depend on the particle size
{Process penetration of acrosol particles aeross the building shell and via the ventilation system,
Meposition und re-suspension of agrosol particles indoors, Evolution of partiche size distribution
within ench compartment ks based on n modified and extended dynaniic scheme of perosal model
LFHMA (University of Helsinki Multicompanent Aerosely,




{lega
_Riskiech} _Proceedings: infemational Conterence on Risk Techinology & Managemen)

%5 CONTAM (Dols, W.5,, Walton, (1N, 2002

CONTAM stted for Contnmivam monitoring (Dols, WS, Walton, G, 2002) Kevwords of this
[T &re wirlTow an.'ll:,'xi.*r. huiil,ling womirnls: contminanl di-:|1|,'r!q'|l', e air quu!i'r'_..'. mmaiblizone
amalysis, smoke comrol, smoke managament, venfilatson. Figuee 5 3 an example’s feaure todays
version of CONTAM. Z.4h,

SIS
e -] 1 et e
= T | st I|;:
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ReaL ldealized CONTAM
BuiLbing Building Building Madel

Figure 5 Weleoms 1o the NIST Multizone Modeling welbaine {bitpswoes bl nist.gov LaCkanalysisf)
wi CFD

CFD (Computationsal fluld dynamicsh (5 nal the only techniges s can be wsed 1o simulace
connminant transpornt in rooms. Etheridpe & Sandberg {19960 presert & @ anber of simpiified
analytical medels which caleulnte comaminanl concentrations based on the soug@e location, mass
transier coeflicient, geametry of source, velocity of emission and fime history, The advantage of CFD
aver these alleenative treatmenls 8 18 genesaliiy: B ean provide re@anably sceurale pestlis for & rnge
of differant MNows a@ relles less upon case-specitic empiricism. That |5 not to say that CFD always
gives good resulis, |3 should be nofed that whilst CFD offers advaniages in ierms of sccurcy nd
generality, 10 can also be significanily more expensive than the simple madelling approscles in enns
af cornpusing fine.

96,1 Turbubence Model for Contaminants Dispersion (G ewt, o, al, 2006)

i, er o, (2006} provide .|_.',J.||l.‘|;]ﬂ|’.‘|.‘=17[hq." sceuracy of differen sifmodels and te give practical
advice om how best to simukate o contaminant dispession problens, To assess the dispersion of o
comuminant over large distances and over long physical time periods (many hours or days) simple
moidels may be the only preciical approach evailabie The discosion in this report has Been limied i@
corsideration of the plysical medels, For information o6 auncrica methods, including differencing
schemes and converpence critorea, see for example Sorensen & Mielsen (2003} ond Khamel and
Klalil, (2003],

6.2 Torbulence Models {Khamel and Khalil, 2003}

Three wmodels, npmely Twrbulence standind k-8 model (Launder sl Spalding), Turbulence
ReMommalization Geoup (RMNG) model and the Turbubence Plesomenological model of (Li and Zhao}




b

Furba, L P, & Tango, E.

that based om N5 (Direcily Numerical Simulation) detn have been tmed 10 prediction aiflow regimes
in surglcal operating theatres (Khanmel and Khalil, 2003) Because proper predictions of airflow
regimes inside the heahheare applications, especially fhe surgical cperating theatre, enhonce our
dezipn decisions of the HVAC systems ar even the earfier archifechore desimn. Also, proper turbulence
il can aid in that sk, which Bead sngineers b pcourate deseription of the airflow chamctenstic
imaide the surgleal operating theatres. The obiaimed regults supgest e e of the approcimate model
for engineering purpase, The k-2 madel 15 supertor in predicting flow churmoteristics Inonear wall omd
steep grodient zones.

B Cimneclusinn wnd DHscassion

More thon Feur models simulation gicflow for building thot must be have a1 benst one room or z2one i
reviewed, Further study about detiis guidance have been established in Ganl, et al (206) for many
type of contnmunaif-to present the curment Study about contaminant didpersion and eontrol by CFD, in
Bohalil and Bhamel (2003) 10 prediction airflow regime in healthcase application.

This repor has deseribed the moin factors affecting contaminani dispersion i rooms. Information lus
been provided on how Lo quantify the relxtig imporaace of different et and how o characiesize
the distribution of contaminants in rooms, Guidance Ras also beer given on &he inclusion of these
foctors in ol least in CFD models especially from Gont (20067, Khalil and Khameed (2003), Sorens=en
& Miebsen (2003,

Sa, Indoor Al Cualiny (LAY B oo longer just mainiaimng comion, ol i now o moast inoany
himee. Todas's LALQ. prablems inclisding electronic abr clearers. 0 varkely of fihers and filler medin,
und delwrmidificotion, Air quelity is gs important as air temperature. 5o, we can used o of many
sofware; owvewer stll in development, We only nesd 10 stady it more then by well-congidersd,

It"s o good effon that Indanesia is one of more than |1 couniries thai give a betler commitmen o
Better Air Quality (BAGH in Asin regionnl. (hiip:tvewaccleanaimet, orgbag 20037 14%0 propertyvalue-
18543 twml)

9 Example Consideration step by step Mapage Confaminant in Ballding (Green Building
Bating Syatem Yerslon 2, 200§

Fo make effort ond achieve i high quality of [ndooe Enviremment, Green Bulding Roting System
Versbon 1 {2000) sugoests 1o stort with exisiing waed anwenities, such ag dining, recreation.
sogialization, shopping and child core facilities. First step i= to identify wind amenities should be
meerpombad indo the profect or provided in o future, mearby facility, Provede environmental noise
woninid throagh the appropiate use of insulation, soundabsorbing matecials and neise source, Provide
vertibation air ik sulTicient vedume Tree from natural oisd man made contamimants. Limit umadity 198
range that minimizes mold growth and prometes sespinaiory healih I Green Bullding Rating Systen,
user give g fist of tood serves as & rondmap throughowm the design process 1o become higher Indaar
Ervirarmeental Cruolity (IECQ), 1EQ Precequisite 13 Minimom [AQ Performance. INTENT: Establizh
milnfmum 1A performance 1o prevent the develapment of indoar aic quality problems in baldings,
minntaining the health sad well betg of the occupaitg, REQUIREMENT: Mesl the mindmnom
reguirements of voluniary consensas standard ASHRAE 62-19%0, Ventilasen for Accepable Indeor
Adr Chality and approved  Addends, TECHNOLOGIESSTRATEGIES: Inclle proactive design
dednils that will ellminase 20me of the commen causess of indoer air qualisy problems m buildings,
[ntrieluce stindards into the design process early, Incorporale references 1o tasgeds in plams and
specifications, Ensure ventilation system owidoor air expacity can meet standords in ol modes of
pperation. Locate building outdoor air intekes away From boading arens, building exhaust fans cooling
lawers, and other sousces of contnmination. nclsde operational festing in the bulkling commissioniisg
repoet, Desipn canling eoil druin pans o ensure comphete drsinipg.

IEC) Provequisite 1, followed by 2, 3, ele, then 1EQ Credil, TEQ Credit 1 Carbon Dioxide (002}
Monitoring. INTENT: Provide copacity for indoee ale gualify (LA monilaring 1o sustaln long tern




dirflaw Modeling: EHart fo find 1ha Beter modeds far bukding alr guaity simulslion 3

aecupant health and comfon, REQUIREMENT; Irstall a permament carbon dioxide (02 moniboring
systent Lt provides feedback on space vendilation performsance in o form Ut affonds pperationl
akjustmenits, AND specify initial operational seb poinl parimelers it noakntain Indoor carben dioskle
levels no higher than outdoor levels by more than 530 parts per million ot wny Time.
TECHNOLOGIESS TRATEGIES: Install an Independent system o make CO2 moniloring a function
of the building automation system, Situate monitoring locations i areas of the building with high
oceupant densities and at the erdds of the lorgest s of the disitibution ductwork. Specify that system
operation manuals regquire callbration of all of the sersors per manufacturer recommendations bl not
less than one year, Include sensor and system operational esting and initial set point adjustment (n the
commissianing plan and sepor.,

1EQ Credit 23 [ncrease Ventilation Effectivensss

1EQ Credit 3: Constreetion [ACH Management Plan

1EQ Creatit 44 Low-Emitting Materials

TEDQ Credit 5 Indaor Chemical and Poltuant Source Control

LEG Credit 6: Contrallalality of Systems

VEQ Credit T: ‘Thermal Comilort

VEQ) Credin 8: Daylight arsd Views

It detail of every Intend, Requiremen and Technology Siraiigy we can sez Girgen Building alse.
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