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ABSTRACT

Several building simulation programs have been ldeee for design, analysis and prediction of the
distribution of temperature, airflow and heat tfandetween inside and outside of a building and&iween
different zones of the same building. These programe categorized as mono-zone models, multi-room
models, zonal models, Computational Fluid Dynand@sD) models and multi-zone models. The number of
computer programs continues to increase, eachctiefiedifferent objectives and concerns. Some eb¢h
computer programs are dedicated to research amdsdthdesign and auditing. However, none of thistiag
computer programs is able to translate automativalious steps of the design process as actuaitfpnmed

by design Architectural Engineering firms. Thisdstuaddresses different levels of multi-room sinialat
programs developed through the last four decades. dase studies using multi-room programs have been
exposed to illustrate the appropriate use of varievels of this approach for design and analysis.

Keywords: Energy, Simulation, Multi-Room, Multi-Zone, AirflowThermal, Integrated Models, Pollutant
Transport, Off-Hour Ventilation

1. INTRODUCTION program developers and users based on the cajeabilit
of these programs in term of zone loads, building

After more than four decades, few energy and loadenvelope, daylighting and solar, infiltration, vidation
simulation programs, such as TRNSYS, ESP-rand @DE and multi-zone airflow and so on. Despite the stdy
its new development eQUEST), initially developedhe significance, this comparison still does not adsirése
70's of the last century, are still in use by @éanumber of ~ fundamental differences between those programs in
researchers and designers in  many Architecturalterms of simplification used, modeling approach
Engineering (A-E) design firms. Despite its qualitite employed and the level of simplification considesstl
most recent program, EnergyPlus (Crawdegl., 2001), is  more importantly the level of adequacy of these

more used, but still not widely used within theustly. programs to fit the actual design processes arsblice
Crawley et al. (2005) contrasted the features and engineering problems.
capabilities of about twenty building energy sintigda The object of this study is to illustrate the agprate

programs, including BLAST 1991, DOE-2.1E use of different levels of multi-room approach &sigin
(Winkelmannet al., 1993; Reillyet al., 1992), Energy and analysis residential and commercial buildings
Express, Energy-10, EnergyPlus (Crawktyal., 2001), through two case studies. In particular, this study
eQUEST, ESP-r, IDA ICE, HAP, HEED, SUNREL, attempts to outline the capabilities of thermatflav
TRACE and TRNSYS. The information was provided by and integrated multi-room models to transform
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simulation results into relevant design informatioh
building envelope and HVAC systems, in term of gger
conservation, thermal comfort and indoor air gyalit

2. MODEL CATEGORIZATION USED IN
ENERGY SIMULATION PROGRAMS

All the building Load and Energy Simulation
programs have many aspects in common. Basically, th
include different modeling features, such as clendata
availability, airflow capabilities (infiltration, entilation
and inter-zonal airflow), thermal capabilities, lding
envelope, electrical and HVAC systems and equipment
day-lighting and solar, environmental emissions and
miscellaneous systems (renewable energy system

economic evaluation and so on). The thermal part

includes heat transfer by conduction, convectiod an
radiation, heat gains due to the presence of octspa
and equipment and the storage of heat in the room a
and building mass. The complex task of describhmey t
building’s thermal zones, walls, internal gains,
orientation for solar radiation, is usually accoisipéd
using a preprocessor program.

Motivated by simplification and accuracy,
idealization and the objective of adequate reptasien
of the physical phenomena, many approach and saftwa
categories have been evolved over decades, stéimg
the “mono-zone” simplified models to more complex
ones, such as “zonal” and “multi-zone” models. Epls
of application for these categories of models hlagen
addressed by (Liddament, 1994; Megrial., 1996). The
definition of a zone is different from one approach
another. In multi-room approach, a zone is, in gane
specific room or even a collection of rooms. Theolgh
apartment unit in a residential high-rise buildican be
represented by a single zone, which correspondbeo
definition used in HVAC systems design, in whichome
is defined as a conditioned space under the coafral
single thermostat. In zonal or CFD approachesne ma
sub-division of a room. In airflow modeling apprbathe
definition of a zone has been extended to include t
HVAC systems, in which a control volume within a
ducting system may represent a zone.

Diastyet al. (1993) developed a multi-zone model for
air humidity behavior predictions in a multi-room
building. Haghighat and Li (2004) performed a
comprehensive comparison and validation of thesseth
multi-zone models, COMIS, CONTAM and ESP-r. An
analytical computer tool was developed by (Maghkl.,
2005) to simulate a transient periodic heat transfe
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analysis of non-air-conditioned multi-zone buildéng
After the validation of this tool, a comparison thie
results between a single zone model and a multezon
model was conducted and more accurate results were
obtained when the multi-zone model was used.
Yang et al. (2006) analyzed the nonlinear dynamic
behaviors of airflow and natural ventilation in tinzione
buildings. They found that the multi-zone model gav
good prediction results in a steady state, whilkedain
unsteady state situations. Grundwald and Kikkawa
(2011), applied a new multi-zone simulation model
prototype to investigate heat, air, moisture andupants
transport in a library building. They demonstratbe
enhanced ability of this new multi-zone model tedict
and deal with mold risk issues.

2.1.Mono-Zone Models (One-Zone, Nodal or
Single-Zone Thermal and Airflow Models)

In this category, the whole building is consideessd
one single zone. It assumes that the pressure at a
reference level is uniform. Temperature and
concentration are considered constants. This approa
can be used in the case of dwelling houses without
partitions (case where the inside doors are opefd)
objective is to study the heat and mass transfavesn
the inside of the building and the outside. Exampié
one-zone models are the Type 19 of TRNSYS and the
code CODYBA (Roux, 1984). CODYBA, developed
later in 1984, is a dynamic program based on nétwor
analysis technique, developed initially as a PhBsith
(Roux, 1984) and improved to be used for energygdes
and load calculation of office buildings. This pram
includes many interesting features, but is limited
relatively small buildings and not appropriate tady
the energy savings or load calculation for higle-ris
buildings. This program has a rigid interface ameggl
not have the same flexibility as other programs,
described later in this study, such as TRNSYS, DIOE,
study particular problems encountered in the design
process. CODYBA has been used for education, relsear
and development. Later on, Smith Schneidgral.
(1995) developed strategies for solving the aiwfland
thermal problems in multi-room buildings. AIDA-Air
infiltration Development Algorithm (Liddament, 1986
a basic single-zone ventilation and infiltratiomgedure.
Despite its simplicity, it is robust and incorp@stmost
of the applicable physics. Later, Sherman (1998)
developed a single-zone stack-dominated infiltratio
model. The most interesting of this study is the
introduction of a parameter called “stack heighithich
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contains all of the leakage distribution informatio
necessary for estimating stack flows, thus freeimg
model from specific assumptions (e.g., that th&dge
is separable into evenly distributed floor, walldan
ceiling components).

2.2. Multi-Room Thermal Models

In general, the multi-room models treat heat transf
and airflow between different zones of a buildiNglti-
room models do not treat the local phenomena wishin
room, such as stratification and warm and coldtdtaf
this category of models, a zone is, in generaphexific
room or even a collection of rooms. The whole
apartment unit in a residential high-rise buildican be
represented by a single zone to study the intemacti
between units (Herrlin, 1992). Usually, there is
confusion in literature, in which “multi-room” molde
are designated to be “multi-zone” models.

The multi-room thermal models constitute the

contains the simulation parameters, such as statt a
stop times and convergence tolerances, as well as
defining output of results. Since the 15th versifn
TRNSYS all the input data, as well as all link beém
different types, are introduced using interfaceghsas
IISIBAT (Keilholz, 1996).

Type 56 of TRNSYS does allow a different approach
to calculate the energy usage of the building byguthe
energy rate control method without specifying the
HVAC system type. The underlying assumption of this
method is that the HVAC equipment is adequatelgdsiz
to meet the load at all times (McDowell al., 2003).
When the internal loads and other gains and loases
calculated, Type 56 checks to see if the zone Get-p
has been maintained. If not, then the amount ofggne
required to maintain the set-point temperature
independent of the HVAC system efficiencies and
operating characteristics is determined. With this
method, the latent loads are determined by maiinigia

majority of existing programs that are used by A-E relative humidity set-point, but only when there ds
design firms, such as HOT2000 NRC, 1995, HOT2000,corresponding sensible cooling load. Consequetttly,

2003, the different versions of DOE (DOE-1, DOE-2
(Winkelmann et al., 1993; Reilly et al., 1992) and
PowerDOE), PowerDOE, VisualDOE, Type 56 of
TRNSYS, eQUEST, EnergyPlus (Crawleyal., 2001;
2005). In particular, ESP-r is a multi-room model
coupled with a CFD model, which make it one offine
multi-zone models used by the A-E design firms.edth

TRNSYS loads are simply represented as the idehlize
energy to maintain set-point. The component loas ¢
be very different from the energy required to miet
loads because they can incorporate system issuie in
loads. For example, the heating coil load is na th
heating load required if the system has reheat
incorporated in the cooling system. This situatieads

new multi-zone models have been developed forto a heating coil load appearing in the coolingsseaof

underfloor heating systems (Megri and Yu, 2014) famnd
UFAD systems (Yu and Megri, 2011).

the building, but not appearing in the energy cametrol
loads. Other factors that can lead to differencs/ben

TRNSYS is a transient system simulation programthe component load and the energy rate control tota

with a modular structure that was designed, irjtiat

loads are the component efficiencies, the equipment

the 70's of the last century at the Solar Energy being sized too small to meet the load, additiorfaof

Laboratory at the University of Wisconsin (Kleghal.,

heat, heat recovery (McDowed al., 2003). ESP-r, also

by breaking the problem down into a series of senall

well, it is possible to calculate the energy congtiom of

components. Components, called Types in TRNSYS,HVAC equipment with the explicit plant modeling

may be as simple as a pump or pipe or as compiicete
a multi-room building model. The TRNSYS multi-room

building model is called Type 56. The stand-alone

preprocessor program assists in creating the Ingildi
description and avoiding input errors. The building
description file is then converted into the datesfiused
by the Type 56 model. To create the model of tletesy
to be simulated by TRNSYS (Kleigt al., 1976; Klein,
1983; 2000; Kleinet al., 2000), the types required in

"approach. The former is likely similar to the loads

calculated with TRNSYS.

eQUEST provides a graphical user interface for the
DOE-2.2 program (Winkelmaret al., 1993; Reillyet al.,
1992), which uses the weighting factor method asesu
a sequential approach that includes: Loads model,
Systems and Plant models and also an Economic model
It is capable of modeling a wide range of commércia
buildings and systems. The user interface and ‘d&a
make it the easiest of the multi-room programsde. ut

the model are put into a TRNSYS input file known as js recommended for any building that does not mequi

a deck. The input and output interconnections betwe

more advanced simulation features found in more

types are also described in the deck. The decksophisticated programs, such as DOE-2, EnergyPlus
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(Crawleyet al., 2001) and ESP-r. DOE-2 and derivative (Megri, 1993; Amara, 1993). User interfaces were
programs such as PowerDOE and eQUEST use theleveloped to facilitate the use and to ease the
building-system-plant approach for modeling buitdin dissemination of COMIS. Later, COMIS become a
energy usage and have a stock set of HVAC systemmulti-zone model, after the integration of the Zona
types. Consequently, the DOE2 loads are reported asodel within it (Ren, 2002), as well as the intéigra of
HVAC system component loads (i.e., cooling coil, COMIS with the thermal multi-room model of TRNSYS
heating coil), which make it very interesting, ®nc (Dorer and Weber, 1994; Megri, 1995). Despite the
different systems uses different amounts of eneFgy.  concerted efforts from the international commuriity
example, reheat systems apparently use more energierms of its development, evaluation and finallge th
than variable-volume systems. integration of an intelligent interface ISSIBAT,
23 Multi-Room Airflow and Contaminant Modds COMIS is stil[ relatively difficm_JIt to use. The pgoam
COMIS constitutes also the airflow part of Enegys|
There are two fundamental approaches to determingHuanget al., 1999).
the airflow rate in buildings: Measurement and CONTAM (Walton, 1997; Walton and Dols, 2005) is
mathematical modeling (Liddament, 1996). In thetmul a multi-room airflow and contaminant dispersal peog
room approach, a building and its plant are tre@®@ that contains an updated version of the AIRNET rhode
collection of nodes representing rooms and HVAC (Walton, 1988; 1989) and a graphical interface 2uid
system components, with inter-nodal connectionswalton, 2002) for data input and display. The Iates
representing the distributed flow paths associatét version of CONTAM is CONTAMW 3.1. Although
cracks, doors, windows, HVAC ducts, fans and tke.li CONTAM treats “the imaginary zones” as well as
The network nodes represent the zones, each othwhiccalculates the inter-zonal airflow, it is still nable to
are modeled at a uniform temperature and pollutantdetermine the distribution of airflow and temperatu
concentration. The pressures vary hydrostaticattythe within the same room. Recently, CONTAM has been
zone pressure values are constant only at a specifiintegrated to the Type 56 of TRNSYS.
elevation within the zone. A simple, nonlinear Both COMIS and CONTAM combine the best available
relationship is assumed, such as the power lawremks  algorithms for modeling the airflow and contaminant
and the polynomial equation for fans, between the/ f  transport in multi-room buildings (Allaret al., 1990;
through a connection and the pressure differenogsac  Rodriguez and Allard, 1992; Walton, 1988; 1989)wt
it. Pressure coefficients, relating the wind pressat the  graphical interface for entering the description thé
building to the wind velocity, can be attributed to building and all input data. The recent version of
external nodes. Not only wind effect, but also karogy CONTAM includes a new contaminant solver
(stack effect) resulting from temperature and air (CVODE) and a new TRNSYS type. This new solver
composition  differences are taken into account.ijs a variable time step for transient contaminant
Conservation of mass for the flows into and oueath  transport calculations (NIST web page).
node leads to a set of simultaneous, nonlineartrmsa The CONTAM interface is more intuitive than the
which can be integrated over time to characteriee t |ISIBAT (Keilholz, 1996) interfaces of TRNSYS and
flow domain. The network of equations is then sdle¢ COMIS, as it draws a detailed graphic showing the
each time step of the simulation. building zone and walls and then enters the airflow
The most interesting work that has been developedpaths, other airflow elements and their mathemhtica
within the international community is the developrhe characteristics. Fundamentally, there are no big
of an evaluated multi-room airflow program differences between these two programs. A
Conjunction Of Multi-zone Infiltration Specialists comprehensive validation of both COMIS and
(COMIS) within the framework of the International CONTAM has been carried out, in the framework of
Energy Agency’s Buildings and Community Systems Annex 23 of the IEA, using inter-model comparison,
Agreement, Annex 23 (Feustel and Rayner-Hooson field and laboratory experimentations (Haghigbiaal.,
1990; Megri, 1993). The COMIS project was supported 1996). Emmerich (2001) addressed the issues of
between 1990 and 1996 by nine participating nations measurement uncertainty and statistical analyses of
COMIS is a multi-room air infiltration, ventilatioand the comparison between measurements and
contaminant transport simulation program. Measuredpredictions for multi-room |AQ modeling of
data from existing buildings from more than ten residential buildings. Recently, Axlegt al. (2005)
countries were used to check the simulation resultsintroduced mechanical power balances for multi-room
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building airflow analysis, since the conventional inter-model sequential coupling for those types of

methods of multi-room airflow analyses ignore applications, relatively large errors in predicted

mechanical energy conservation in forming the syste temperatures and flows may be expected.

equations governing building airflows. In the case where the thermal and airflow model are
. . integrated in the same software system, the aboeegure

24.Integrated  Multi-Room  Airflow  and 9 4 i

is possible for each time step and the thermodymami
Thermal Models (COMIS/TRNSYS  or integrity can be guarded by (Hensen, 1995):

CONTAM/TRNSYS)
Thermal building simulation models without an * A de-coupled approach (“ping-pong” approach) in

integrated airflow model are inadequate in mosesas which the thermal and airflow models run in
since the impacts of inter-zonal, infitraton and sequence (i.e., each model uses the results of the
ventilation rates on energy usage of buildings are other m_odel in the.prewous time step). The alrflow
considerable. Basically, the simulation involvethermal calculations use air temperatures calculated in the
energy balance model and a mass flow network model. ~ Previous time step. Obviously the other way around
The thermal energy model assumes mass flow rates. T is also possible. In the ping-pong approach, each
mass flow network model assumes temperatures. The Model uses input values calculated by the other
assumed mass flow rate in the thermal model shoeld model at the previous time step. For example, to
“the same” as the mass flow rate calculated inntiass calculate the airflows at hour “t At", the airflow
flow network for the same time-step. Two basic model uses zone temperatures calculated by the
approaches for integrating or coupling a thermatia@ho thermal model at hour t and
with an airflow model (Hensen, 1991) are described: ~ * A coupled approach (or “onion” approach) in which
the thermal and flow models iterate within one time
« Approach 1. The thermal model calculates step until satisfactolry small error estir_nates are
temperatures based on assumed airflows, after which ~ achieved. In the onion approach, the airflow and
the airflow model recalculates the airflows usihg t thermal models iterate back and forth at each time
calculated temperatures step until the output values of both are within the
«  Approach 2: The airflow model calculates airflows acceptable tolerances

based on assumed temperatures, after which the ] ]
thermal model recalculates the temperatures using "€ Ping-pong method may generate substantial
the calculated airflows errors, while the onion method may require subgttyt

greater computing effort. Obviously, the final rksun

This means that either the temperatures (appropch 2t€rms of evolution of the thermodynamic integriyi/l
or the airflows (approach 1) may be different inttbo depend on how fast boundary values and other ettern

models and steps need to be taken in order toeniser ~ Variables to the models change over time. Theretoee
thermodynamic integrity of the overall solution ¢iéen,  |€ngth of the simulation time step is also an st
1991). In other words, the values of thermodynamic "€€ds to be considered. Examples of this categery a
variables such as temperature and mass flow ratgicsh ~ EN€rgyPlus/COMIS, Type 56 of TRNSYS /COMIS and

be equivalent across simulation models at any pmigt ~ 1YP€ 56 of TRNSYS/CONTAM. For the case of the
simulation time. integration with TRNSYS, at each time step of the

In the case where the thermal model and the airflowSimulation a solution is iteratively determined. éach
model are actually separate programs running initeration loop the room air temperature valuespagsed

sequence, such as the airflow models COMIS angfrom the thermal building model Type 56 to COMIS
CONTAM and the thermal model DOE, the above Type or CONTAM Type, which returns the respective
procedure cannot be done on a per time step besis.  airflow rates to Type 56. The predicted airflowesaper

is the so-called sequential coupling as describgd b room are assigned to inter-zonal, infiltration or
Kendrick (1993) and quantified with case study miate  ventilation, which all are required by Type 56. The
by Heidt and Nayak (1994). For applications invotyi  integrated program has been served to study extysi
buoyancy driven airflow, called stack effect, the the “off-hour” ventilation in office buildings.
thermodynamic integrity of this type of couplingosifd It is interesting to mention here that other apphes

be seriously questioned (Hensen, 1995). When usinghave been used. For instance, (Axley and Grot, Y1989
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uses another approach that consists of single iegsat type. They depend on the type of crack, materiadus
describing air and heat flow, “full integration” and the quality of workmanship. However, detailed
(Kendrick, 1993). The reader also is referred telK information about the distribution of cracks andpga
1998; Beausoleil-Morrison, 2000). over the envelope of the building, such as thafiate of
2.5.Integrated Multi-Room Thermal Model and window.and doc_)r frame, ceiling/wall/floor interfgce
Zonal Model penetration of pipes, etc. are needed to run airflo
programs, such as CONTAM and COMIS. The value of
Although the multi-room models have been proved to flow coefficient and flow exponent for the interéac
be acceptable for predicting energy consumption forbetween the house and the garage were determined by
building equipped with overhead ventilation systems mathematical manipulation that involves the sulimac
they are not appropriate to be used in a non-umifor of the airflows value from the two blower tests.r Foe
environment created by other HVAC systems, such ascharacterization of different envelope componeittis,
the case of displacement ventilation and Under=f0o  therefore, required that the global flow coeffidien
Distribution (UFAD) systems (Schiaveet al., 2012). I determined by blower door tests be distributed amon
the case of UFAD systems, a zone is separated by @&racks and gaps. To distribute the leakage dataner
raised floor into two spaces, the occupied zoneespa of assumptions were made and these assumptions have
and the floor plenum space. Airflow from air- peen verified by parametric studies.
conditioning units is delivered to the floor plenand Technical Note AIVC 44 (Ormet al., 1994) provides
then supplied to the occupied space above thrdegh f  data on the lower quartile, median and the uppartiie
diffusers. Consequently, new energy prediction of |eakage values for components and fittings lise¢te
approaches based on the characteristics of thesgonstruction of buildings. Therefore, it is assuniiealt
ventilation systems has been developed (Yu and Megr the airflow paths (cracks and gaps) of the investid
2011; Megri and Yu, 2010), in consideration of the pyildings have similar characteristics as thoseemiin
limited applicability of the existing multi-room rdels  the AIVC Technical Note 44, but not necessarily the

in building energy prediction for these systems. same value. Assuming a universal flow exponentHer
airflow paths, the flow coefficients for each airfl path,
3. CASE STUDIES AND DISCUSSION i, is calculated by:
In this part, two case studies has been presented i K K
which airflow (COMIS and CONTAM), thermal (Type K = —LAMC— measured

56 of TRNSYS) and integrated programs (COMIS/Type 2 Kiave
56 of TRNSYS) have been used progressively to
demonstrate the adequacy of each program to solv
engineering design and analysis problems.

é(vhere, Kawvc is the value of the flow coefficient for
component, i, from the literature (Orraeal., 1994) and

the KneasurediS the measured global flow coefficient. In
3.1.Pollution Transport from Service Zones to general, the median value of K was used except when

Inhabitable Zones, using Airflow Multi- “major” airflow path was observed during the smoke
Room Modeling Approach (CONTAM and test. In this case, the upper quartile value giwethe
COMISPrograms) literature was considered. If no value for a congrin

(i.e., type of window) was found in the literatuae,K

The overall objective of this study is to predibet  value was calculated considering the airflow pathaa
pollutant dispersion of winter vehicle morning csldrt  orifice. It was also assumed that the house eneeisp
exhaust and evening vehicle hot soak evaporativeinsulated with air barrier and the K was distrilmlite
emissions between garage and house in residentigbroportionally to the ceiling area of each roomwhs
buildings. The first step was to carry out an aateir also considered that the insert and damper of Ifioep
characterization of the airflow characteristicsngsia are closed. One of the main criteria of flow caméfint
minimum number of experimentation. Two set of blowe selection form literature was it must match the
doors test have been performed to determine flowconstruction material and condition of the testaiiding
coefficient K and flow exponent n, from the powaw| such as the construction materials (concrete, tinaoe
of the house and garage envelopes. K is an indicat steel), the type of windows and doors (weathepisér,
the size of the opening and n, is a measure oflthe  unweather-stripped), penetrations (location of the
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installations), wall junctions. Some studies hakeven Laundry roomt, cold start
that most of flow exponents for airflow paths ae th
material interfaces or joints are within +0.12 deir _ ACETYLENE
mean value. Therefore, it is assumed that for arginit : _co
(i.e., a house) the flow exponents for all airflpaths on
the exterior walls are identical (Haghighat, 2003).

The cold start and hot soak experiments are
performed according to very specific procedurés Hlso
assumed that there is a delay of five to six misiiethe
air sampling in the garage and 8 to 9 minuteserhibuse.

A complete description of building envelope, HVAC a
handling system, temperature distribution, weadla¢s, as
well as the emission rates for all contaminantshasen
introduced within the airflow models. 0 , : : - ,

The opening and closing of the garage door and the ) 2 A 5 3 10
movement of the car causes that some of the Time (h) AM
contaminants generated by the car combustion, ryamel )

Acetylene and CO, escape from the garage. Airflow Fig. 1. Concentration of Acetylene and CO within the layndr
models were used to predict the contaminants room in case of cold start

concentration level using the measured emissi@s ffar
these contaminants. Tlg. 1 shows CO and Acetylene

Concentration (ppb)

3

Laundrv room, hot soak

concentration in laundry room as predicted by @ufl

models in case of Cold Start in the morning. 4.5 . > -Methvl-Pen
The Fig. 2 shows Benzene and 2 Methyl-Pen = 4| - iy

concentration level predicted by airflow modelscase ] Benzene

of Hot Soak in the afternoon. In both situations, = ~* -

simulations show that there is a delay of approiéhya g 31

30 minutes between the peak concentration in thegga £ 5 <]

and the peak concentration in laundry room and the 3 ':

concentration level in garage is almost 20 timegemo =

than the concentration in laundry room. 0 1.5

3.2.The Study of the Efficiency Off-hour 17
Ventilation in a Large Office Building with 0.5
an Integrated Airflow and Thermal Model 0 , — ,
(COMIS/Type 56 of TRNSYS) 0 5 10 15
During the night, the outdoor air temperature often Time (h) PM

drops below 20°C, even during the summer. This _
cooling source can be used to reduce the energ;}:'g'z'
consumption of the cooling system if the buildirgg i
ventilated with a large amount of outdoor air dgrin
the night. In order to reduce the air conditioning
system use and consequently, energy consumption; > ¥ "
many studies have been conducted to improve the us entilation systems, as well as flow controllersheT

of night accelerated ventilation using thermal mode °uilding contains a ground floor and 8 subsequtenies
(Blondeauet al., 1995). and one higher floor under the roof. To simplifg gtudy,

In our case, an integrated model, Type 56 of ON€ representative floor is considered for simoiati
TRNSYS/COMIS, has been used to estimate the saving§@king into account the actual boundary conditions.
in energy consumption when the off-hour and day Further, elementary zones with same orientation and

accelerated ventilation technique is employed atstef ~ Similar operation are combined to make up only 8
the air conditioning system. representative thermostat control zorfeg.(3).

Concentration of Benzene and 2-Methyl-Pen withia th
laundry room in case of hot Soak

The study is carried out on an office building with
designed exhaust and exhaust/supply mechanical
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N E [
RN @ :§ 14 4 —DT7
K % = 124 10 Vol/h, High Inertia : —DT1
@ 10T
4091 m| — 0 S ; g :4", .
g 28.36 m ¥ 20.14m _f: 4] 4 i i i
=18 ! 258 o f
o [5) _':' ; 8.
2 5 | Zone 3 Zone 6 g T2 j 1
= N g 6+ Time (h)
Zone 7 7 ] / Zone4 |»n
£ one £ Fig. 4. Comparison between the Coupled and Thermal Models-
oF | Zone 5 < l_O vol/h (Vit indicates the wind velocity, DT1:
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/1\’/[ The thermal models assume that infiltration and
ventilation are constants and the inter-zonal awv§ are
Fig. 3. Building used for the simulation not considered. However, the airflow in a building
changes significantly according to the weather
The fans have been characterized experimentallyconditions, the leakage characteristics of the svalid
Simulation was carried out using the meteorologitzaa  the operation of the ventilation system. This isessally
from the Carpentras commune in the Vauclusetrue when accelerated ventilation is employed large
department, in the Provence-Alpes-Cote d’Azur regio building where the interaction between zones ishhig
in the southeastern France. The zones affectechdy t which creates a very large inter-zonal airflow.
wind are zones 1 and 5 and from weather data, thé W Furthermore, the airflow components, in particulae
velocity varies between 1.5 and 11.8Th s envelope inlet air grilles, are designed differgntb
Because of the large airflow to be exhausted (orsupport large airflow.
supplied), we consider separate ductwork and fans f

ain Wind direction

each zone (7 fans and 7 networks), except for #ie h 4. CONCLUSION
(zone 8) whose air is exhausted via the bathrodmuest.
The ducts are designed for an exchange rate dhbdhd The multi-room approach has been developed in the

the flow controllers are designed for an excharage of 70's of the last century and continues to be used f
10 [1/h]. The air inlets are located at the facaolethe energy analysis and design of HVAC systems for the
perimeter offices. The air exchanges in the inleznaes  majority of the Architectural Engineering projecthis

(6, 7 and 8) are provided by transfer grills. Theeghaust ~ approach has been for a long time considered as an
takes place in each office, toilet and the meetirgn via intermediate method between the simplified “mono-
return grills. Every office is equipped with: 1 dabr air ~ zone” method and the detailed CFD approach. This

supply, 1 transfer grill and 1 return grill equippeith a fituati('?n is no longer valid with the introductiasf
damper. The only exception is one office in zonghe zonal” models. Recently, the zonal models havevikmo

office in the comer of zone 1) which is equippeithv2 a significant progression, in term of the developtaf

inlet air grills, one in each facade. Every offitas a crack new accurate models and also in term of application

in the external and internal walls, characterizgdthe airf:gvxfhitshesrtr%i)lho\;v?nferersaeigfje?nf)véglizasg stﬁod;i;egvhere
power law (K = 0.002 Kg/(s.Pan = 0.65). ' 9 9 app

. gradually used to predict the dispersion of pabinti
. The results from the_ comparison between thewithin residential buildings and to estimate theeregy
integrated model (coupled awflqw/thermal model)l &ime savings from off-hour accelerated ventilation withi
thermal model show that the integrated model need b commercial buildings.

used, since large differences between the two reaatel Regarding problems related to indoor pollution,
observed. The differences in temperatu@™ calculated airflow models have the potential to analyze the
by the two models are very significant in the zonesdispersion of contaminants, through cracks and
exposed to the direct wind velocity. The thermaldeio  permeable materials, from service zones to livinges
may be over or under estimate the indoor temperaAs  with acceptable accuracy.

an example, th&ig. 4 shows the differences between the  The comparison between thermal and integrated
two models during a one week period. models shows the effect of natural ventilation b t
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efficiency of off-hour accelerated ventilation artie

importance of using an integrated model over therma

model, because of the significance of the intermkon
airflows. Consequently, the integrated approach i
necessary to study the off-hour accelerated véiotilan
commercial buildings, especially in order to esttbthe
technological aspects in adapting the ventilatipstean
(fan, duct, flow controllers) to be used for botght and
day ventilation over a long period.
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