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Development and Evaluation of a Multizone Air Flow and Contaminant Transport 
Model within the Frame of the International Energy Agency 

Helmut E. Feustel, Lawrence Berkeley National Laboratory, Berkeley, CA 

ABSTRACT 

A number of interzonal air flow models have been developed to calculate air flows and 
pollutant transport mechanisms in both single-zone and multizone buildings. 

The International Energy Agency's Energy Conservation in Buildings and Community Systems 
program adopted a working group on multizone air flow modeling to study physical phenomena 
causing air flow and pollutant transport (e.g., moisture) in multizone buildings , develop numerical 
modules to be integrated into COMIS, and evaluate the computer code. 

COMIS allows to model flows and po1lutant transport from zone to zone through cracks, large 
vertical openings , ducts, flow controllers , kitchen hoods, and user-defined air flow components. The 
program allows dynamic time steps and introduces schedules for several input parameters. 

This paper introduces the multizone air flow model COMIS and shows an application of the 
program. 

Introduction 

To provide good indoor air quality or to calculate space conditioning loads for energy 
consumption it is important to know the air flow pattern into and within a building. Correct sizing of 
space conditioning equipment also depends upon accurate air flow information. A number of air flow 
models have been developed to calculate air flow related energy losses and the resulting flow 
distribution in both single-zone and rnultizone buildings (Feustel and Dieris 1992). 

The air-mass flows and their distribution in a given building are caused by pressure differences 
evoked by wind, thermal buoyancy, mechanical ventilation systems, or a combination of these. But air 
flow is also influenced by the distribution of openings in the building shell and by the inner pathways. 
Actions by the occupants can also lead to significant differences in pressure distribution inside a 
building (see Figure 1 ). 

There are two fundamental approaches in determining the air flow rate in buildings. The most 
straightforward method is to measure air flows (e.g., using one of the tracer gas techniques). While 
tracer gas measurements give a value for air flows only under prevailing leakage and weather 
conditions, a second technique can be used to determine values of infiltration for all leakage and 
weather combinations. This method uses mathematical models . 

Interzonal air flow models can be divided into two main categories , single-zone models and 
multizone models. Single-zone models assume that the structure can be described by a single, well­
mixed zone. The major application for this model type is the single-story, single-family house with no 
internal partitions (e.g. , all internal doors are open). Unfortunately , single-zone models are often used 
to calculate air flows in multizone structures - which is beyond the limits of these models. 
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"". - 1 Before the· advent of. 1physical single�zone models· .a number ·of computer models were 
·developed to calculate the air flow distribution in multizone buildings. , 

. ·:: , . _ ·r· In terms of air-mass flow. buildings. r:epresent complicated interlacing systems of flow paths. In 
. this grid-system ,the joints represent the, zones 'Of the building and the connections between the joints 

simulate the air flow paths. These include the flow resistances caused by open or closed doors, HVAC 
components as well as windows and air leakage through interior and exterior walls. The boundary 
conditions for the pressure can be described by grid points outside the building (outside zones). This 
shows that these models require extensive infonnation about flow characteri�tics and pressur_e 
distril;>utions. A,,IJ pf; the muhi?:qpe-.air·flow model� are. based on t_he m[l,SS balance equation.1 "l 
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CQMIS is a recent development in interzonal. ·air· flow modeling (Feustel 1996). Oyer a twelve 
month period l�n scientists from nine countries developed the structure of a multizone model. Because 
of its modular structure- COMIS, is designed tO be expanded in its capability to simU1ate buildings. 
COMIS was designed to be used as a stand-alone airflow model with input and output-features or as an 
air flow module for thermal building simulation programs. It also serves as a module library, which 
could be used by authors of comparable models. 

In 1990, the International Energy Agency's (IEA) adopted a working group on rriuffizone air 
flow modeling."'rhe objective of this working group1� was to study physical phenomena caking air flow 
and poUutant itrans·pon (e.g., moisture) in. multizone-;b,uildings and to develop modulefJ,o· ·beJ,ntegrated 
in a: .!!!uH!_?:_q_�e !ltr_ f}pw modeling system. S.�veral _ m_Q�!l-��s _were implemeqt�d �g�' {nc1l!d� -�:µx_ :fl_gw 
equations for large vertical openings, single-sided1 ventilation, and different opening �ituations for 
various window constructions. Special emphasis was given to providing data necessa,ry to use the 
system (e.g., calculation of the wind pressure distribution) {Feustel 1996). Due to its! international 
developing group2, -COMIS- may become a standar:d. in multizone air. flo.w modeling in several 
countries. So far, more than 100 copies of tpe p�qgr�m are bein_g used in more than 15 countries. 

Program Features 

Wind Pressure Distribution 
I If .. I� � . 1-: .... t (' .. �<-

The wind produces a velocity and pressure fiettl-around a building. When compared to the static 
pressure associated with an undisturbed .wind.,,velddty')'ldttem,' the pressure field around a building is 
generally characterized by regions of overpresshre' bn 'ilre windward side (a decrease in velocity), and 
an underpressure on the facades paraJlel to the-air ··stream and on the leeward side. Some of the 
interfaces for COMIS provide algorithm-to ta1curate the wind pressure distribution based on results 
from wind tunnel measurements. ''}. _ : .. 1·,"' :" 

Crack Flow 
.,,.., ,. 

• w 

The air flow through a crack is a:Iways'a ffiixture of.laminar;·.uirbulent-,·A�d transition flow. The 
proportion of each flow regime depends on the shape of the crack and the pressure difference . 

. '.1 The• power law equation is ·widely .used to express : �he air. flow characteristics of crlicks: The 
numerical representation shows that the air flow depends .on; the pressure - difference, how�ver; .,this 
equation; doe� not take ·the influence oLthe air properties :and the· air flowil-:ate· into account: Correction 
factidrs ·fdr the simple :power law eqi:ration ·were introduced in�:thei €0MI& Fundamentals (Fe'usrel 1and 
Rayn'o-t-Hooson .l990)s ' J, ·• • .- - : , '" ,,__. '·; . "!is;· .. : r1 ::• 
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1 International En'ergy Agencys Ener�·y c6nservation'in ·suildfngs anCJ1CdmrrltJflitY Syste'ms im¢1ementing ' ; : · .• i. 

agreement, Annex 23 "Multizone Air Flow Modeling" 
2 Annex 23 participating countries are: Belgium, Canada, France, Greece, Italy, Japan, Switzerland, The 
Netherlands, USA 
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Flow through Vertical Large Openings 

The large opening model implemented in COMIS calculates th� mass flow .and its derivative in 
both flow directi�i'ns. The density profiie� in, tbe

·'.�eighbm:ing zones ;ue repre ented by pressure or 
'! - • '' '• • ' I • 

density values ,at' the bottom and the tqp, qf ,t�e op.en.ing ��q at several equidistant levels wi\h�n the 
opening. The mass· flow is calculated for each level. Tne total flow is obtained by summation of the 
flows for the whole opening. . ". ) .. , 

Ducts 
·' ' ' ' .I! ,, J : f ' ii • ' '  .j ' . r, 1 

; • r t ' I i ( ' a �; " "') I : \ • 

In c;::oMIS the flow tru:oug_h_ a d!-JCl js ,modeled �s a the poViter law function. Decause t?e fricti91� 
·atong lhe di.Yet is different for laminar tuil;>Ulent� ana transilional 'regions. the flow co�fflciem. aod the 

• • i , � � • ' • tf I ' 1 ' 1,. I f J , • ,,,,.,. • -� � I• 

exponent are calculated by means o iteration. Due to the noniinear interdependency of flows in the 
bran·che1s df a j'undion, duct work with fuany }un.ctions foq:eiases the number of iterations.

' 
A Hoi. p�th, 

whicil' re�istance 1�· dorrlinated by pressure drops i1n the Ju�ction, might ,make the ys'tem un�taole·.. .. _� 1 j 

Fans 

Fans are a source of pressure differences, lifting the pressure JeveJ between two zones. In 
·co�ns, fans are described by the polynomial fan �urve eith�r provided by the user or approximated by 
COMIS from a set of volume flow/pressure-Ciara �arrs:··rn order to avoid uns1able fan perforffianc� . the 
·flow/pressure rel'ationship outside the rage given by data pairs is a�sumed to be of line� character.. · ·  

Following the fan laws, the flow through tht; fan' i's calculated for deviating values of fan s·peed 
or air density. The fan speed can be changed by means of a fan schedule, which allows the change of 
fan speed at any time during the simulation period. 

. · · 

·' ·'· 

'· 

I I 

' . 
' • • • •• I . ; • ' I , � ·� . �I • • • • .. ·· . Four types· of flow controllers are· distingm'shed which, between them, represent most of the 

available ifampers or regulator� as long as the ihput signal comes from the pressure drop or (duct) flbvi 
Controllers with ternperatures":as inpur must be' simlilated with" the schedules -- not yei ail ideal 
situation. The basic premise of the controllers is that they have an opening through which the air flows. 
At higher pressures a flap or valve may throttle the flow by graduaJly closing the opening. · · · 

' 

Kitchen Hood I I 

1 );·: COMIS models kitchen hoods· in different' ways. Kitchen hoods can be either fan operated or 
'staek operated. The hood itself can be simulated by means of a set of power law equations (j.e., by 
using the crack component), or by using a component which calculates the spread of pollutants into the 
zone. In the latter case, the spre·ad will be calculated using the spread characteristics as a function :Of the· 
exhaust flow of the hood'. The spread characteristics (hood efficiency) must be provided by the user. 
These data ·are often available from kitchen hood manufacturers . 
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User-Defined Air Flow Components 
,, . 

. • � j 

CO MIS allows to create user...:defined air flow components. The characteristics of these 
componerits are pro'vided by the user in tenh'� of dat� pai�s.describing the flow/pressure relationship. 
With.this feature, air flow' components whiCh a.te not 'h�rd-Wired into the program can be described. 

r· (. I. ' 1 • · ' � ;-, 1 , ·, -, ·i ,· .• 1 .o • , • 

Time Step 

COMIS works with two different time steps; one time step for the air flow calculations and 
anqther .t��e stet?, for, t�e �alculation of poHptan� transport. As _air flows are qu�i-steady state 
p�el'fdmen�, �h� rline step used. for air flow f,al�\ll�t;on · �� .. 9a ,ed only on 'exq::maJ event 'j, }Vhich ar� 
t�( s�he�ul�1S 1pi"6vided by the riser. Pollutant tf'ansp?lt and.the' rel�te'd buildup or decay of concarrpnant 
��d!ht'i·ati<?ns are nor· teady-�tate e�:Y�:ical p��fl?m�p_a. Thereror,e. the ti�� st�p is cruculat�d �basCfd on 
the shortest t�me constant o,f 'all, ;zon�s "':'i tnin a J>,uildj!1g f�r a panicul� simulation conf> .. gUfation 
Feustel and Raynor-Hooson 1990). · . . 1 · 

Zone Layers 

I 

'.:·: A zone car- be divided verticalJy i.n'�.p ���.�r�t·�µP·:�?��� �fa��rs). Layef.s a!l?� the introduc��or.i 
of zones with more than one gradient for zone tempe.r:ature an.d/or zone humidity (e.g., shafts, stair 

';J' c: •• •terr·t1J • ' • i rl ..-H ' ' "' , / LJ -
.• --cases) .. r:ay_��� · ?1'ay also �� use

.
� t� �ntr.�?l�ff_ q}[:fereryc, 9.':lfc�s pr · in�s in differen� peights of a .zone. 

There is no hm1t to the number oflayers m one zone. · 
. _ . _ 

1 • ..: ' � ' &� ... , n� ... I; 1 lh i ··:.�·: �-":J,1!1 �•). Jri. .> ' · ��- ' •· ' · 

.,,�: 

Schedules · 
d. ·�1 I 

A series of events for a particular parameter are described by schedules. Sch�du,les ,�c;:scrib,�, the 
time of the event and the event itself. COMIS provides the following options for schedules: weat\i6r 
dJi�a J w�d., velo��ty, win? di�efti?1:'Ji _air t�1TI,Pr��ttJ[e._.a1b q.1:yt� .. hupf���y, and barorn,et�l�: -pressure, 

wipdow il':he�ule (w.iµd,o:.v. op�miR� f�apti��), fap. s�)Jppule _(Jan spee.d ,fa�tor), temp���,re schegute 
(ZQ,�f �e,mper;at,ure _. humidity _scbeduJ� (aps�Jµ,ie hurp�dfty). i,nk scpeduJ� , (sink,f;:t.ct_cpr .for up to �ve 
pol�W�nf�)':..1�o.'1r�e. ,sch�d441 (sourc\:! factor, fo�,, up. �() ff ve,iP.81l*�t�), rnul�i�s�P,edql�. (fo� up to .�en 
parameters wi�h a COIJ\1llOn .. tii;ne st�p. _ ·ri_; ::>" iL ';' :<�. :;, ._: ·'�- • r1 r·.ir•y 

Contaminant Transport 

B�esides calculating air flow between zones, COMIS also calculates the.- transport and 
• 

' 

. '. , 
� 

.. · , 
� '·· 

' 

. .( � . .• • ,,.1 J ' __. 1.. . ... -
distribu�ion of up to fiv� contamin�nts.: Simulation of,cpntaminal}t. transport il.l a multizone bu�ltjin,g 
l�ads to. the definition of mass balance equati�n� for e��h- pollutant.considered in . ..each zone. The ��in 

l , , · ' 1' I J : • ' • ' , . .:� J I - • .. ' � ' 

assum;Ptim1 is that t�e cc;mcentrat�ori �s_.�e.!J.IP���d'._iJ;J;ia,fppe _an�: is !���po��d fr��m zone to zone ,_by 
th� flo� of.air. �0!>4.IS_ �l�ows, for filter effectsJpr: Stll�ai�1�lBW COl,IlP9!1el}t�:· th�seJi!ters can _repr��ent �a 
solid absorption along the path or any ki�d orf: �efr1.Cf,iO.�, (chemic�) reactiqn, phase, change.,, ... ) due;�o 
contact of the pollutant with a solid material when flowing from one zone to another. 

Output Options 

COMIS provides a variety of output options. Besides the basic output option to provide air flow 
and pollutant transport data for each time step, there are options to record or calculate user-defined data 
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in the form of tables. These include calculation of the air change rates for individual ' zones an�or the 
whole building. the mean age of air, the air change efficiency of the building, and the room air change 
index. It is also possible to have the mean values for the whole simulation period· being calculated and 
reported. 

User Interface. . .  ' 
: t • 1]i I i"!;' 

.- � { .' ; 1 � 

There ·were several inter'f�ces �ev�lopec L ior CQM,IS. The simplest)s th� FORT�AN ·progra,m 
COMIN. This !program reads mid. writes C<;)MTS inpt)t files and allows the additio,n, .. change :and 
deletion of input data. COMIN is hardware-independent, but bothersome to work with. ·.,; _; ,; 

COMERL offe�s an, alp�anumer,ic u er iqt�rface , allowing the creation_ or ruoc;lification of 
CPM!S inp·� files us 'ng a' spec;-i[l.<i _fa��:�dapte,d e�i��r. A data b�se for air}1ow c;orppqnepts (�.g .. 
Cf?\Cks, windows, or HVA.C COlTIP,Oflf�·nc�) \ in tegrfi�ed into �OMERL. . '•:«,. ·'; ; · Progres in the computer hardw�e environment has opened. new horizons , allowing the 
development of a graphics interface W r;i,1q'. :Oil. gofh PCs and worksrn.tions. IISiBat is the Intelligeµt 
SimuJatiQn Environment (.lS.E) aclap,ted f9r: COMIS. It .provides a sophisticated graphical enyjronment 
' I - 1�1 • tJ I A - ' • ... : • I ; , · • 

�µowi:i:i� ·the u er tc,1- en�e;�. infQ�ation ia . . a, traight�orward way. The. purpose is to deal with thtit 
problem o� tr�r;isf�rring researci\. technologies co engine�ring practitioners. IISiBat. provides,. bo,t,h 
inexperienced and advanced users with cools that enable complex systems to be calculated. 

X.CQMIS is another .attempt _to provide a user-friendly interface. Morgner (1997)also uses a 
GUI (graphical user inteifa�e), however, XCOMIS does not provide a graphical representation of the 
air flo�. network. This user-intetlace represents the input sequence of the conventional COMIS input 
file. · .: 

Model Evaluation 

- The goal of Annex 23 was to provide a reiiable, practical, and user-friendly multizorie air flow 
model. The user should be able to have confidence in the results of the simulations performed with the. 
program. Therefore, ,a variety of tests were used to make sure that the program contained no numerical 
eri-ors. COMIS simulation results were compared with more than fifty benchmarks for which either an 
analytidal or a. numerical $..olution was, obtained. Two user tests were developed and performed as a 
joint contribution by the Air Infiltration and Ventilation Centre and researchers in Switzerland 
(Liddament 1996). 

COMIS was also checked by means of model inter-comparison. Fourteen other simulation 
programs3 were used by the five research groups involved to compare results between different 
simulation tools. Furthermore. nine studies were oerformed. usin g results from tracer gas tests for 
single-family houses, test cell� . flats

' 
and srnau office buildings. These results were co�parect with 

re$1,1lts .pqtainec;i by nume,rical. simulation. Fi.ir:bringer et. al. ( 1996) report about the evaluation effort 
and tlie level of u�certainties in more detail. '· .:.1· . -;  . 
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3'M1cYd�ls c'ompared include AID�)�;IRNET, ASCOS, ·BR.EEZE, BREVENT, CBSAIR, CONTAM93, ES0P, LBL, 
MZAP, NORMA, PASSPORT AIR, TURBUL and VENCON . 
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Example,Model Application · · 
. , . ,, " 

!. 
Building Description, 

The Margolis Apartments is a modern, 150-unit high-rise apartment building for the elderly and 
handicapped, located in Chelsea, Massachusetts, in the greater Boston metropolita n area�· The building 
was designed an? b_uilt in 1973-1974 _and is. t�ical of high-rise con�tructio,n from t�at period (see 
Figure ''"2): !ne "btiilding- 'htts th'irteen , st6ties ·and 'is of 'sceel-frame cbnstruction .. The individual 
apartment's havi:(e>iectric�resistance heaters ·ir{eath"r<;>om' arid double-pane'.' Windq�s and sliding 
bal 

. , , '!(' 1�·., :-i � · , .. )I f cony doors. · · -· · ' · .i· . ..... . ' ' · - · ·-

, · • . 

·i, · The: bu'ilding has a mechanical ventii'at!ori'systerit, with ·kitth�n arid b�throom dh�ust fans .in 
each.'apartirtent vented 'into separate yettical shafts:·which have addition�] hhaust fan;J fo�ated" on 'the 
roof. The suppJy air system for the Dtiiiding is provided by 'a fad arid' heating unit on t6e to6r"that 
c·oYmects ·(d a. vel'tica!h;haff which has supply r�gisrers in:..t�1·rnain' haliway· on each of the flom1s� Supply 
ait·entersthe .apart me�ts:by1ailotunder t9e' f�o�t do9f o(eac�- �it:·· ;·:· · .  . ; , .'�: · . · ,  

l!• � ! • The building is exposed 10n 'all sioes 'to· th'e wind. We�thet daCa'.'frotn ·an ·airport located w1tn:i'n 5 
km inclkate a mean annual wiin<l speed· of 6 rtvs'·with u� co '26 mis ·wind· speed('ih '\Vtni�( .The 
pie'<iaihng winds are from the northwest in wfrltefand from1the1sbuthwest ftom Sp ihg Lo Fall. " '- ' 

,: 
1 � . • : " .' ---(� ;;· �:_: t:. I ·' h•' . .• '• . I t .n. f.._, ... i �t" :, 

-
... 

" 

• I  

. ! ! I . I.:. , � I • .• J 

I •  

···. ..-·· 
1a:m .... _ll!mz __ _ 

.. 

. ,, 

L 

I· •. r , � . r· 
,,,,.· 51··. 
•j: ,..:� j,j � I 

I .. ' ( ,, ,, 

'• -· ·�:; I '· 
I '  \j • 1, ··1 ij . . • i :' . 1 � 

• t' 
./ • •  f -;1 • , . ! • • . 11 "' ,,,. .., ' 

J ,. , ,. I t c1 .I • • t,. ·' Figure 2: Typical fioqrplari jr/r stofies f - 5' 
! ' l I. .. ' : ! •·'.' :1: 1:: ,, 

' 
� ' 

_. .. :r 

: rr· : In December, 1993, the building underwent extensive-retrofits:. New- d0uble-pane 'Windows with 
low-e glass replaced the old windows throughout the buildihg . . A computerized energy management 
system was installed thal allowed for tracking and controlling of the thermostats in the individual 
apartments. Efficient l ight bulbs were installed in the individual apartments and in the parking areas. A 
new sprinkler system was installed throughout the building. Improvements to the abandoned 
ventilation system were completed a year later. 

Prior to the window retrofit, drafts were a major complaint expressed by the tenants. Since the 
retrofg:_ 

the?� have been--afF.�:)fdipg to :_buil�,n� rIJ��gement�zlew:�r .co�pl,�1ints apou_i ... �i�dow?1�I��!S. 
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The northwest-facing units (weather ;side) continue to be-the H.ardest units to maintain thermal comfort. 
Aliso fhe second floor;units (abov�-ihe'-i)pen parkin1(areas) continue to he a problem in coid:weather. 

:), ; ' • L f. • 

Measurements & Analysis ' I . .  ·· ': 

; , 

The measurements and analysis we performed. consist of four parts:. l); air leakage 
measurements of the apartments measured pre-.-;md post-r.etrofit, .2) air·.flow measurements of the 
apartments pre-retrofit, 3) pressures and flows between the apartments and the circulation areas and 4) 
computer simulations of the air flows in th� h11i1rling under different weather conditions. Details of the 
measurement and analysis work are described by Diamond and Feustel (-1995). 

-•--• v = o mis 
o o v = 4 mis 
-•--• v = 8 mis 

....., 300 0 Ov = 12 m/s 

=a, �---� 

.:.i= ' ...... 

At Tin - Tout ::: 20K 

• I 

.. .... 

0 -1-���--.--�-.---�--..-�--..-�--,-�--.----�-,--, �---�--�--�-1 
-2· 4 6\ .. 8 10 12 . , 14 ;,�_!, 

Story-[-] 
' J= 

Fi�ure 3: Mass.ai� flow int; �partments at different wind speeds and an inside!ou;;ide t�mp����U:rf. 
difference of 20 K for the windward apartments' with the mechan(cal venti:lation system off . -

• I. � , . I p " t 

Ve�tirati'o� Simil1�tioi'is, ' ' · 
if I I·' ·' 1ri ! ! 

(• 

�:;·, , : '  · Based :on ·the:measured air le'akage data .from ·the building we cotiiducted extensive air flow 
modeling of'.the apartments . Iii. order to limit; the amourit'of input needed for the simulation model, e'aah 

1' •. .. 



ap�mep,t was modeled as one zone, f..Ssumi.ng.)�.he internal doors .of an.apartment to be op�n. In.order 
to account.for the staclc,,effect and ,the inter:· zonal flpw$ lpetween the floors·� all 13 floors w-ere mooeJ.ed, 

The results show, that w ith wind blowing p�rpendicular to the windward side and n� stack 
effect present, air moves from the windward side facade through the corridors into the leeward side 
apartments. Under the previous conditions with no ventilation system present, only a small portion of 
the infiltration· air is exhausted thro'ugh:..the venictal shafts of the exhaust system. Dampers at the 
apartment level and on top<of each of the shafts testttct tire exhaust flow. 
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Figure 4: Mass air flow into apartments at different wind speeds and an inside/outside temperature 
difference of 20 K, for the leeward apartm(!,nts:w.ith the mechanical ventilation system off 

When the build ing is operating without the mechanical ventilation system, the air mass flow 
distribution for windward side apartment� on different floors follows a predictable pattern. With 
incrdsing. Wind speed . the distribution ofinfiitratioh b·ecomes more pronounced, showing a minimum \·\ . ' . ' . 
at the third floor and a maximum at the 1 1th flock 

�ith a larger inside/outside temp�ratur� difference of 20 K and zero 
3
wi��},P,ee4,

. 
t�� ajr: �PY' 

for the wmdward apartments decreases with height above ground from 83 m /h (23 l/s) on the second 
floor to! zetQ .�t the leyel;,of tne 11th floor:;(Figure1��. ,Wj.th :ipqeasing w,ind �peed1the air flow curves 
show a mor� .. J:>al<\n<�ed air� flow distribu�jQJ.J until too,vetq9ity' driven a�r flow-El ovei;rjd� tl1e·1siac;}c;�ff�p�. 
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As the pressures forcing the air flow are additive. the air flows for any given wind, speed are 'higher if 
stack pressure is  present .  

The· air flows for the leewavd · side are�5hown i n  -Figure 4 .  With' ·-increasing 'wib'd 'speed the air 
flow epter�ng the apartments through the 0utside wall' becomes srnalkr. The zetiY wind speed curve· is 
the same. fo,r , the windward side and leeward s..ide. : The top: ·floors do not experie.nce arty ,infiltration.' 
Higher. ,wind �pei;!ds cause"higher negative pL"essures on the facade. which lower the•leverfbrthe neutral 
pressure : AJ �:i;nd speeds of 1 2  m/s. no infiltration occurs ati the, apartments facing :lil:ie leeward side .. . · 

· . .. Air :flows into the ·apartments are. .slightly higher when the ventilation system is �in 'c:>peration. 
Figure 5 shows the air flows entering lhe apartments located on Lhe windward side through the facade· 
for different; wind speeds wlien ,no stack effect i!'. present.· At low wind conditions, infiltr.ation is almost 
independ�nt 9f the height above. ground. With hi.gh�r wind speeds, we see·1that.the infiltratio1f flows 
folJO'?/ :th� Wind pres&ure pr.ofile. , ; , l r '.. , :; . , • ; 1  . ; , 1  f; · '  '> 
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:w Figure 5: Mass afrflow into .J'tndwara aparttiien'is at" different wind speeds, with no inside/outside 
temperature d(fference and the mechanical ventilation system on. 
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Conclusions for this Example I ' 1 r • 

" . .  In. any s�udy of a building as complex as "a hi gh-rise apartment it · is  important to verify the 
findings u�ing ilS many techniques as possible . In the - case· ·of. vhe MaFgolis we have been 'fortunate to 
have diffei;ent data sources: leakage measurements, pressure 'tests and att infiltration measurements 
which. have all been used to evaluate the simulation results. Because comparisons between the model 
and s.pot-rneasurement data agree we1l in : several areas, such;�as similar directions and magnitude of 
pressure differences across apartment doors and �tairwel l doors, we have gteater confidence in the 
s.in:ilJl;ation results (Diamond and Feustel 1995) . 

. ,: . Based on ·our analysis of the air flow simulations at Margolis - we see that the ventilati01'1 to the 
individuail .units varies considerably. With the mechanical ventilation system disabled (pre-retrofit 
case), units at the lower level of the building had adequate ventilation . only on days with high 
temperature differences, while units on higher floors had no ventilation at all . Units facing the 
windward side were over-ventil ated when the building experienced wind directions between west and 
north. At the same time, leeward side apartments wou1d not experience any fresh air - air flows would 
enter the apartments from the corridor and exit through the exhausL ?ha,fts;and the·-cracks in the facade. 
With the mechanical venti lation system operating, we found - wide vari ation in the air flows to the 
individual apartments. , ' · .. · . · . 

A fundamental issue here is the design question of how to· best supply ventilation to i11.gividual 
apartments in a high-rise building.  Using the corridor as the" supply rbute h.as several ·challenges, 
including the control of the temperature of the supply air, the temperature of the corridor, the 6pening 
from the corridor to the apartment, and the balance between supply and apartment exh�ust. 

A maj or conclusion from our measurements and simulations is that ei'),ch apartment has to be 
supplied with ventilation air directly. Pressure drops -of the system have to be high enough to ov��come 
natural forces to be able to ensure an even distribution of ventilation air. If ventilation rur is supplied 
directly to the individual apartments, the apartments should be uncoupled from the rest of the building 
by tight apartment doors. This condition not only decreases the impact of natu�al forces .�o,n the 
distribution of ventilation air, but also reduces the disturbance to tenants of od6rs or

"noise fro� other 
apartments . In winter, supply air has to be preheated to avoid unpleasant cold drafts . SucpJy air 
provided by vents in the envelope should either be preheated by heating elements in thc:veilt itS:�lf, or 
be suppl ied adjacent to heating sources . Ducted supply air should be preheated in the central unit. 

On the exhaust side_, studies have shown that when apartment occupants have local control over 
bathroom and kitchen exhaust, they use them less than one hour, per day, if, at aJl ;(Shapiro-Baruch 
1 993), which makes it difficult to size the supply ventilation system. Continuous exhaust ventilation , 

however, presents the possibility of over ventilation and unnecessary use of energy . 
Efforts to improve the energy efficiency of high-rise apartment buildings have been frustrated 

because of the lack of knowledge on air flows for individual apartments. Ventilation rates for 
individual apartments vary greatly due to height, orientation, and wind speed and outdoor temperature. 
Any recommendations for reducing air leakage will have to take these variables into account, so that 
efforts to tighten the shell for energy efficiency do not create health and corn�<?Fl probl�I11sfqr ,.the 
residents ' 

· · · · · · · · · 

How to obtain COMIS 

. . .  

For updated information about COMIS and its availability, please visit the COMIS Homepage at : 
http ://www-epb.lbl.gov/comis 
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Conclusions 

The multizone air flow model CO MIS has been developed by an international group of building 
scientists. It contains modules which allow to calculate air flows through a number of different air flow 
components, such as cracks, open windows and doors, passive and mechanical ventilation systems. The 
built-in features allow to work with variable time steps, divide zones into horizontal layers, and 
provide schedules for fan operation, pollutant sources and sinks, zone air temperatures, and outside 
weather conditions. 

User-friendliness and confidence in a model are the prere4uisiles for i ls use.  The graphical user 
interfaces developed for COMJS (XCOMIS, JJS iBat) are a significant step towards "user-friendl iness" ,  
while the evaluation exercise provides the results needed t o  have confidence i n  the program. The 
international authorship and the efforts to maintain the program in the future will help to establish 
COMIS as a standard for air flow/pollutant transport models . 
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