Vyvs VFv

K 4 Jacques NDIONE

® 5 % L #k (O

PABEEFEAHE FR194F9H12H

FAREORINER PUHAEAEE 1H

MR, BRoLAH FAKRERERTEFRR (BLHR) #1 - BEREK

¥ 0L 8 X 8 H Integration of a Multizone Airflow and Pollutant Transport
Program to Computational Fluid Dynamics for Building
Environmental Analysis GREFEIT O O O ZHERST, - 151W
Bt 7 v e CFD OBERIZE 5HF%)

B ¥ #H B WEEREER HF H
X FEER EE ORERFEER 5% E FAERZFBE = H=

RACKRFEER BE AT BiE Wi Rk
(ERTEREHPIHER)

\)

m XN AEEEF

This thesis is concerned with developing improved and more practical methods for modeling
indoor environment, which includes emission, transport and dispersion of indoor pollutants. The
approach taken was to incorporate a CFD model within a multizone model and to add the
necessary functionality to the combined program.

Chapter 1. Background of the reseafch work is summarized; objectives and structure of the
thesis highlighted.

Chapter 2 is concerned with the outline of the multizone airflow model COMIS. Multizone
airflow models idealize a building as a network of discrete flow elements such as doors, cracks, and
ductwofk; The flow elements connect at nodes, which represent either static zones such as rooms,
or points where two elements meet, such as duct junctions. The governing equations represent: (1)
pressure~flow relations in the flow elements, (2) mass conservation at the nodes, and (8)
hydrostatic pressure variations in the zones.

A formulation of the problem makes the node reference pressures the independent variables,

calculating the hydrostatic effects and flows accordingly. The program solves the airflow network
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by. adjusting the reference pressures in order to- achieve mass balance. Typically they use
variations on the well-known Newton—Raphson algorithm, adjusting the reference pressures
simultaneously based on affine (linearized) models of the airflow network. However, the presence
of a large space, for example an atrium, convention hall, theater, or auditorium, significantly
challenges a multizone model of a building due to the many assumption made in these model.
.Multizone models do not predict the airflow patterns in a room. Therefore they do not capture
interior effects due to thermal plumeé, jets from ventilation ducts, partitions, and so forth. These
effects can significantly change the mixing of pollutant within a large space, and the transport of
pollutant out of the space. Thus, the multizone assumption of instantaneous perfect mixing can
lead to*
e over-prediction and under-prediction of the exposure of occupants in a large space;
e  over-prediction of the speed at which pollutants propagate from the large space to other
rooms; and
e over-prediction and under-prediction of the amount of pollutant that enter adjoining
rooms

Chapters 3 and 4. The fundamentals of CFD and its solution method are reviewed. In order to
reduce the computational burden of CFD, a simplified CFD model that uses fewer equations is
evaluated through validation with experimental data available in the literature. Also a comparison
of the simplified CFD model with a non-simplified one is made.

Many types of building design and analysis would benefit from a more detailed understanding of
building airflow patterns, contaminant dispersal, and thermal stratification. Computational Fluid
Dynamics (CFD) models provide this type of information and have been available for many years;
however, their application has historically been limited by their need for extensive computational
resources.

Chapter 5. Coupling strategies that overcome the limitations of CFD and multizone models are
studied. A universal coupling method which can model both small openings and large ones is
developed. Previous works was limited to modeling one-way flow through opening with small area.

The outlined method shows its ability to model large openipgs with bidirectional flow. In addition,
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validation of the coupled program by experiment is done, which has not been done by previous
works. Results show that the coupled program is faster than CFD »‘alone, but slower than the
multizone model. However its accuracy of prediction is comparable to that of CFD while requiring
fewer boundary conditions than it.

This sort of integrated simulation approach would offer the building design community an
enhanced ability to prédict and model the performance of complicated spaces, and to simulate
events more realistically. As computing time and resources become faster and less costly,
simulation of building or systems behavior in response to an event such as a fire or a contaminant
release also becomes possible.

The coupled CFD-COMIS simulation tool allows modeling a large, complex multizone building
that contains one or more large indoor spaces. The resulting integrated simulation tool
substantially improves the fidelity of predictions compared to a pure multizone approach, without
imposing an unacceptable computational burden as would a pure CFD approach.

Chapter 6. Summary of the work presented in this thesis is given; recommendations for future
research are listed.

The resulting program combines the ability to predict variations within rooms with the general
whole-building modeling of a multizone program. It is computationally efficient, simpler and faster
to use than a CFD-model while requiring fewer boundary conditions, and, in appropriate cases,
gives more accurate results than multizone models. As the transport and dispersion of indoor
pollutants is critically dependant on air flows, the ability to predict flow patterns within individual
rooms has been shown to be of key importance. Validation of the combined approach has been done
though experiment within a three-zone chamber. An extensive evaluation of the program was
undertaken to demonstrate its capabilities to model air flows, temperatures and pollutant emission
rates and dispersion within rooms and to show how the ability to predict variations within rooms

can greatly enhance whole building simulation.
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