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1. Specific Aims

The main project aim was to develop an integrated design tool to analyze combined problems of
Indoor Air Quality (IAQ) and thermal comfort for an entire building. The original aim has not
been changed. The main success of the project is that the integrated tool is developed and that it
was used for several cases studies. The tool was validated with on site-data, a step that no other
study in this area has ever performed before. Further improvements of the integrated tool should
be made to sustain the project’s long term vision of having this technology readily available in
building design industry.

2. Studies and Results

The developed integrated tool has three major components: (1) building heat transfer and fluid
flow models, (2) a heating, ventilating, and air-conditioning (HVAC) model, and (3) mass and
heat source/sink models. The building models use a simplified CFD model to calculate IAQ and
thermal comfort in a single zone and a multi-zone model, CONTAMW, to link the heat and mass
transfer between zones for an entire building. The HVAC model use modules that can be easily
used to form different HVAC systems. The mass and heat source/sink models use the coupled
program of the modified CONTAMW and an energy analysis program, EnergyPlus, as well as
various dispersion models. Therefore, the new integrated tool uses:

¢ the modified multi-zone model CONTAMW

o the simplified computational fluid dynamics program CFDO0

» the energy analysis program EnergyPlus.
All of the programs are intergraded through coupling procedures to enhance performance of each
individual program in IAQ and thermal comfort calculations for an entire building.

2.1 Coupling of Multi-Zone and Energy Programs

Multi-zone models are widely used to predict the contaminant distribution within whole
buildings. However, typically multi-zone models do not incorporate energy equations to consider
building heat transfer. An ordinary practice is to assume an isothermal condition or assign a pre-
described temperature profile for the simulated zones. However, this practice is a challenging
task even for experienced users, because guessing a correct temperature distribution is difficult
and multi-zone simulations are sensitive to the temperature distribution. This project
demonstrated the multi-zone sensitivity to temperature distribution and clearly showed that a
temperature guessing error of only 2°C can cause not only wrong air and contaminant flow rates
but also a wrong direction for the flow rates. These kinds of calculation errors result in
completely wrong contaminant distribution in a building. Therefore, an algorithm is developed to



introduce energy load calculations into a multi-zone model. The study provides temperature
prediction by combining the airflow modeling from a multi-zone program and the load
calculation from an energy program. The combined model predicts the indoor contaminant
distribution with calculated temperature distribution and in this way increases the accuracy of
1AQ predictions by correct calculations of contaminant distribution.

The new enhanced multi-zone method was applied to a cubicle floor in an office building for a
24-hour dynamic simulation. A full-scale transient Computational Fluid Dynamics (CFD)
simulation was also conducted for the validation of contaminant distribution results obtained
from a multi-zone model. The results show that the enhanced multi-zone-energy method
provides better prediction of contaminant distribution than the multi-zone model alone,
especially in variable thermal loads with variable air volume HVAC system. In addition, the
combined method demands much less computational time than CFD method. The calculation
time savings of the multi-zone model compared to CFD is particularly evident for dynamics
simulation cases. When appropriately applied in building simulations, the combined multi-zone-
energy simulation method can accurately predict contaminant distribution without prior
knowledge of temperature distribution.

2.2 Coupling of CFD and Mulfi-Zone Programs

The project also worked on improvements of multi-zone models for predicting building
contaminant distribution by combining a multi-zone model with a Computational Fluid Dynamic
(CFD) model. The motivation was to avoid the long computations and long model input in the
CFD program that are required for predicting concentrations in entire buildings. Two cases are
investigated using the combined model and the results are compared to reliable experimental or
CFD data. The primary purpose of the two studied cases was to explore the feasibility and
effectiveness of the combined method. Heavily partitioned offices instead of a whole building
were selected for our project because reliable experimental data for Case 1 existed, and we
conducted measurements for Case 2. The study results indicate that the combined model should
be used only when a non-uniform distribution of contaminants is expected such as in Case 2.
Furthermore, the simulations demonstrated time-saving benefit of the combined method. It is
very expensive to conduct CFD simulations to predict contaminant concentrations in an entire
building, especially for the building conceptual design when many different design solutions
should be tested. In this kind of situation, combined multi-zone and CFD models become
necessary.

Our findings in the simulated two cases are useful for defining and fine-tuning similar
simulations in the future. The best methodology for coupling the two models becomes an
important question to consider. For example, an iterative procedure for boundary conditions
exchange between CFD and multi-zone models might be required.

2.3 New Contaminant Source/Sink Models
Recent studies have shown that elevated indoor concentrations of volatile organic compounds

(VOCs) emitted from building materials can have adverse effects on indoor air quality and
human health. The integrated design tool can be used for indoor air quality and ventilation



analyses because it calculates airflow, contaminant concentration and personal exposure in a
building. However, the currently available contamination source/sink models in CONTAMW do
not include recently developed VOC source/sink models for new building materials.

List of Incorporated VOC Source/Sink Models

Models Parameters | Determination of mode] parameters
Internal diffusion- k, FO Direct measurement
controlled emission model
o Double exgonentlal a, b, k1, k2 Curve fitting
Emission equation
models Exponentlgl-power ab,cdf Curve fitting
equation
leﬁlglo.n-controlled Co, K, D Direct measurement
emission model
Sorption Numerical sorption model KD Direct measurement
models

Five new source/sink models are successfully incorporated and tested in CONTAMW. to enable
studies on VOC dispersion in buildings. The incorporated models are: two diffusion controlled
emission models, double exponential model, exponential power model and numerical sorption
model. Furthermore, an on-site experiment has been conducted to demonstrate the applicability
of a VOC source model to a real building. The experiment used SF¢ to validate prediction of
airflow rates, with measurements for total volatile organic compounds (TVOC). The calculated
and measured data agree well with a few local larger discrepancies. This result is encouraging
because it shows that the model can be applied in real buildings.

With these new models, it will be possible to predict the indoor VOCs concentration resulting
from building material with known emission/adsorption properties such as certain types of
carpets, paints or linoleum. The simulation results can be used to prevent or mitigate poor indoor
air quality with better design of ventilation and better selection of construction materials.

2.4 Strengths and Weaknesses the Current Integrated Tool

The main strengths of the new integrated design tool is its capabilities to simulated complicated
indoor air quality and thermal conditions for an entire building very quickly within a couple of
seconds to a couple of hours depending on the complexity of the problem. Additional strength of
this integrated program is that we conducted validation in a real building. Figure 1 shows the
layout and instrumentation in one of the two different locations that we used to conduct the
measurements. The experiments were limited to one highly partition space due to the extreme
labor and time needed to collect such high quality data.

This technology is completely new, and, therefore, needs additional developments to enter
standard design practice. OQur project revealed the following areas to be the most important for
further dissemination of this technology:

(1) interface

(2) coupling methods



(3) criteria for using the program components
(4) additional case studies

An interface would belp to dissemina6e this technology to much larger audience than the
audience willing to learn about each of the components of the integrated program. There are
many additional issues and methods to optimize and improve the coupling between the
components of the integrated program. In addition, a clear mathematical condition or conditions
would help select which program components to use for a particular case. Finally, additional case
studies would serve as an excellent training ground for new users. The participants in this project
will seek additional funding to further develop this powerful technology.

Fi zgure I The space layout and instrumentation for on-site validation
3. Significance

The significance of the current findings is that an accurate prediction of indoor contaminant
distribution is possible to be performed quickly on a desktop PC. Ultimately, these predictions
will unable quick and accurate studies on contaminant exposure for different individuals in
different parts of a building.
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5. Project-Generated Resources

The current version the integrated software can be obtained by contacting the PI:

Jelena Srebric, Ph.D.

Assistant Professor of Architectural Engineering
Pearce Development Professor

The Pennsylvania State University

222 Engineering Unit A

University Park, PA 16802-1417

Tel.: (814) 863-2041, Fax: (814) 863-4789
http://www.engr.psu.edu/jsrebric












