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Abstract

This paper deals with building heat transfer and ventilation from the standpoint of

hasic theory for computerized caleulation techniques. Unified and systematic thermal.

network modeling method with the system theory as background philosophy is presented to '

express practically complex heat transfer systems such as the one in passive solar house,

and problems of multi-cell air flow measurements and thermal performance measurements :

of buildings are discussed from the new vicwpoint of system identification. This paper.

consists of soven chapters as summarized in the followings.
Chapter 1 is an “Introduction.” A bibliographical study is made, and characteristics

of the relevant problems are also distinetly listed.

Chapter 2 is entitled “State Equation by Thermal Network,” establishing the theory

?of synthetic and general modeling of thermal network systems. The control volume method
is proposed as a parameter lumping method similar to the finite difference method. This
enables to model freely without being tied down to the coordinate system. The three kinds
of system parameters of thermal capacity, cxtended thermal conductance, and free input
coefficient can be obtained by this method, and a state equation in general matrix form is

structured. Further, with the system parameters as the common language, a unified theory

is developed for connecting the models together with the finite element method, the finite

difference methed, and the control volume method, so that advantages can be looked

forward by this generalization.

Chapter 3 is entitled “Simulation Theory by State Equation,” where theories are:

developed for implementing simulations with good precision and efficiency. The

convolutional solution of the stale equation is expanded inte eigenfunctions explicitly by .
spectral decomposition, and analytical time integration formulae for some kinds of input.
functions are derived. Regarding the conventional solutions of finite difference with time,.
derivations and proofs of the general conditions of numerical stability are achieved by this-
state equation model. Furthermore, systematic modeling and improvement of computational -

economy can be realized by a theory coupling the state equations of subsystems with output:

equations. In addition, it is shown that simultanecus transfer phenomena of heat and

moisture can be handled with similar state equation rmodels,

In Chapter 4, “Numerical Experiments in Thermal Network and Validation,”:
mathematical and actual phenomena prediction accuracies of thermal networks are studied..

In numerical experiments on wall heat transfer, examinations are made with regard to the

sizes of errors in the time difference method, while a guide is given to the roughness of

spatial discretization required to obtain sufficient accuracy. Further, the differences in the:

solutions by the control volume method and the finite element method are discussed based

on the sizes of the eigenvalues. Meanwhile, validation of the thermal network is also made _'



through comparisons with measured values in the cases of outlet air temperature of solar
“collector and room temperature variation of a certain building . |

In Chapter 5, “Air Flow Network,’general modeling and a sclution method forg
ventilation are shown, with examples of verification and application. The concept of a nodal |
system of total pressure is shown for general modeling of not only a building, but a total!
system including air ducts for mechanical ventilation. A modified Newton-Raphson method :
is presented for rapidly and surely solving non-linear simultaneous eguations of these
pressures. A number of topics for future study are pointed out based on the comparisons:
between measured and caleulated values regarding infiltration of residences. It is f(mndi
through an application o an office building with an atrium-type inner court that this form '
of building plan is suited to passive ventilation due to wind pressure and stack effect. |

Chapler 6 is entitled “System Parameter Identification of Statc Equation” in which :
.the two theories of batch identification and successive identification are deduced based on
the least-squares method, with theory verified by preparation of an actual measuring system
and experiments. A multi-cell air flows measuring system is made applying this theory to
the diffusion system of tracer gas, and experimental results shows practicality of the theory,
although a number of problems regarding hardware remains for improvement. The results.
of experiments show even better accuracy of indentificalion on a system for on-sit.e;
measurements of the thermal performance of a building in the case of applying theory to.
the diffusion system of temperature. Furthermore the appropriateness of the theory ilself is .
ascertained, by solving with numerical experiments inverse problems of system parametersf
through a finite element method on heat transfer systems. .

Chapter 7 is entitled “Summary,” and in it principal results in this thesis by all

chapters are summarized, and the outleok for future are also discussed.
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