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Natural ventilation is widely applied in newly designed buildings because it has the
potential to significantly reduce the energy cost required to mechanically ventilated
buildings. Natural ventilation relies on the wind force and the buoyancy force to keep a
building cool. Several methods provide the quantitative way to predict the performance
of the natural ventilation design: experiment measurement, analytical model, multi-zone
model, and computational fluid dynamics (CFD) method. The objective of this work is to
combine the advantages of both the multi-zone model and the CFD simulation in order to
accurately and quickly assess the natural ventilation design. The contributions of this
thesis include two main parts:

&% Develop a new program by coupling the multi-zone airflow and thermal model for

natural ventilation prediction.
% Investigate the strategies of how to integrate the multi-zone model with the CFD
simulation.

In order to provide a convenient way to use the MMPN program, a web-server
(http://18.80.1.118:8080/mmpn/start.htm, still under development) was developed in
during this thesis research. Four typical building scenarios were designed for user choice:
atrium aided, wind-scoop aided, single-sided and cross ventilation buildings. The MMPN
program will automatically generate the zone division and the network before it operates
the calculation. The MMPN program provides virtual graphs for user to examine the
calculating results. In addition to the building scenarios, the user also can define a more
complicated case using user-self-designed case function.

Figure 1 Integrating the multi-zone model with CFD simulation for natural ventilation
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Figure 2 Web-server of the MMPN program
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A multizone model program for natural ventilation
Developed by Building Tech. Program of MIT

A muiti-zone model for naturai ven: T

Introduction of MMPN:

Why develop + To quickly assess natural ventilation and predict the thermal environment
MMPN? When designing naturally ventilated buildings, architects need to assess their design, such as the thermal envirenment in the designed building Tn
this design stage, it is impossible to measure the performance of the un-built building. Furthermore, designers may not exactly decide the
detailed structures of the building and may not know the exact heat sources' (persons, lights and equipments) locations. Therefore, the
computational fuid dynamics (CFD) simulation may not be able to predict natural ventilation. Tn addtion to this reason, the CFD method also

costs too much computing time, which is not svitable for early design stage. However, the MMPN program could meet these requirements and
awoid the problems

Why use + Characteristics of MMPN

MMPN? MMPN, a multi-zone model program for natural ventllation, is coupled the multi-zone aiflow model with the thermal model, which can predict

the interaction effects between the air temperature and airflow rate. Simply says, MMPH has following characteristics in order to meet the
requirements of architects

« Simple. The program's theoretical fundamentals are relatively simple to wnderstand comparing with the complex fuid dynamics

+ Fast. The data inputting and program running time for general size buildings would be very short. Most cases oan be finished in fow mins
« Tser fricndly. The interface is casy to use. The visualized output for calcualtion results is provided for building sencarios.

+ Available to public. On-line service is provided

Further
applications of
MMPN.

Integration of MMPN with other models

WP can sirmilate the whele-bullding in few rinutes. Thus, it can provide boundary conditions to other numerical models, such as zonal
model and CFD model. With the integration strategy, we can get prediction on the total performans of the natural ventilation as well as the more
detaled information about the thermal environment and indoor air quality (IAQ) in some particular space
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A multizone model program for natural ventilation

Developed by Building Tech. Program of MIT
MMPN web server provides two methods to carry out the on-line simulation for natural ventilation. Choose one and start. =l
1. Building Scenarios

Please choose one type of the four building configurations. In next page, you need 1o input the ambient environment condition

A Atrivm aided natural ventilation building B Wind scoop aided natural ventilation building
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