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SUMMARY

I. Title
Development of indoor environment evaluation software for building mechanical

system design

II. Objectives and R&D Necessities

In designing building mechanical facilities, indoor airflows need to be simulated
in order to predict the indoor thermal environment created by the jets
discharged through diffusers and to predict indoor air quality provided by the
ventilation systems. The PMV (predicted mean vote) and ventilation effectiveness
are analyzed from the airflow simulation results. However, commercial CFD
programs are usually expensive and can be operated by CFD experts.

The objective of the present study is to develop a 3D simulation program that
is capable of evaluating indoor environmental conditions: such as indoor air
quality and thermal comfort in conjunction with Freeshop, which is based on a
building mechanical CAD program. The program needs to be developed easy to

use even for non-CFD .experts so that can be used in a designing stage.

. Scopes and Contents
The tasks for the first year of the project are the development of the

pre-processor and main solver.

derivation of boundary conditions, the calculation conditions such as size and
location for objects, the function generation for grid system, and the application
of view function for configurations. It has been focused to develop a
pre-processor and a main solver. The program has been coded and developed
so as to be in a generalized form applicable to various system configurations.

The simulation results need to be validated in comparison with commercial
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CFD programs.

The tests for the second year

IV. Results

The pre-processor developed has a capability of simulating indoor airflow
patterns equivalent to the commercial CFD programs.” The menu has been
constructed and simplified so that the program can be used easily by users
who are mainly dedicated to the thermal environment simulations.

The main algorithm is based on the SIMPLER algorithm developed by
Patankar. Pressure boundary conditions are applied at exhausts to improve the
convergence of the iterations. The algorithm utilizing indices has been adapted
so that the pre-processor can recognize automatically the locations of
supply/exhaust grilles and blocks created in a CAD drawing. The PMV and
supply/exhaust effectiveness have been evaluated and displayed successively
after the main program finishes calculation.

The post—processor has .a capability of displaying calculated restuls in various
formats, such as velocity vector plots, isopleth contours for temperature, local
mean age, pressure, velocity magnitude, and etc. The capability of animation of
fluid particle trajectories has been added in the post-processor, even though it
was not included in the planning stage of this project.

The results obtained in a simple room configuration has been compared with
those by a commercial program. Both the temperature and the age of air
distributions are in good agreements. It has been found that the relaxation
factors should be chosen carefully to increase the convergence rate and the
accuracy. The process of data iteration is displayed in a monitoring window in

a graphical form.
V. Future Application Plan

The program developed in this project can be used in evaluating thermal

environmental conditions in building spaces. It can be used by elementary

— XVII -



design engineers with reduced efforts in inputting various problem boundary
conditions.

Since the program is compatible with Freeshop (3D interference checking
program) and COME(building HVAC drafting program), it can be accessed
easily and utilized during actual designing processes. The price of the program
is going to be approximately 1/10 of typical commercial CFD programs, and it

can be spread widely in building mechanical system design companies.
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