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Abstract

" The general heat balance equation for multi-body system represents a stable system, with dif-
ferent time constants. The mathematical basis of the multi-body method is also given.
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Introduction

The basis of the multi-body theory were formulated previously [1-5]. The
multi-body method based on this theory is very useful for analysis of various
heat effects in calorimeter [3, 4, 6, 7]. It was also applied for determination of
thermokinetics [6-9], e.g. heat power as the function of time for describing any
heat effects.

The big advantage of this method, in comparison with existing methods
based on electrical-heat analogy [10], is the application of description of heat
phenomenon together with the heat exchange theory and control theory. Many
scientific works show its advantages, giving unique stables solution.

The aim of this work is to prove, that the general heat balance equation used
in multi-body method represents a stable system, the dynamics of which is de-
scribed by real, positive, various time constants of the system.

General assumptions

In the multi-body method, the calorimetric system is treated as a system of
bodies (domains) placed in environment of constant temperature. The bodies
(domains) are treated as capacity type elements and each of them is charac-
terized by constant heat capacity and uniform temperature in the total body vol-
ume. Between the defined bodies the heat exchange can occur by dividing
media, assuming that heat capacities of these media are negligible.

The amount of heat exchanged between any two bodies or between the body
and environment by dividing media is proportional to their temperature differ-
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ences and proportionality coefficient corresponds to the heat loss coefficient. In
each defined body the heat source and temperature sensor may occur.

According to these assumptions, the behaviour of real calorimetric system is
described by the following set of linear differential equations with constant co-
efficients [1]

N
GATi(®) + GulTi(r) ~ To()1ds + X Gy Ti(e) ~ Ti(o)}dr = dO\(r)

1
j=1,2,...,N;, i# )

where: N — number of bodies; C; — heat capacities of bodies; Go; — heat loss co-
efficients between the bodies and environment; G;; — heat loss coefficients be-
tween the bodies; 7;(f) — functions describing the changes of temperatures in
time of the defined bodies; To(f) — environment temperature; dQ;(f) — amount
of heat delivered in time d¢ in the given body. The Eq. (1) are called general
heat balance equation.

Uniqness of solution of heat balance equations

The heat balance equations for multi-body system give a set of linear differ-
ential equations, which corresponds in matrix form to the following equations:

0 _ g1y + iy @

where C is diagonal matrix, which elements are heat capacities of the detailed
bodies; elements b of matrix B are

blj=Gij; i,j=1, 2, s NG i¢j (3)

bo=Gyo;, i=1,2,...,N @

= (.sz.,J za,, i=1,2, .., N; i ®)

and ‘
n(t) = P() + W(t) 6

where the vectors P(f) and W(¢) are defined as follows

WI(e) = [Wi(D), Wald), ..., Wa(®)] )
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PY() = T«1)[Gho, G, ..., Grol (8)
Multiplying leftside both sides of Eq. (2) by C™', we obtain

40 _ 470+ D1ty ©)
where
A=C'B; D=C" (10)
Using relationship
C'=C"C% CnC=1 an

where I is unit matrix, and after transformation, we have
A=ClLB=C"C%B-CHCh=CHU-C* (12)

whef® matrix U has the form

U=C"“BC* (13)

and its elements are
uy = (GG)"by; 12/ 14
ui = C'by (15)

Matrix U is symmetrical matrix and its eigenvalues are real.

Because matrix A is similar to U, the eigenvalues s;, sz, ..., Sy of matrix A4
are also real.

Let us construct a quadratic form

i=j+l
assuming, that
X' =[x, X2, ..., Xx] 17)

With respect to heat exchange between the system and environment
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5Go 30 18)
=1

and at least one of coefficients by is not equal zero. Whereas matrix U is nega-
tively defined and all its eigenvalues are negative and various. Because matrix A4
is similar to it, thus its eigenvalues are negative and various.

According to time constant definition 7; of system, T; = —1/s;, time constants
7; are real, positive and various. Thus it results, that the general multi-body heat
balance equation described a stable system, which has different time constants.

This corresponds to the conclusion obtained from solution of Fourier equa-
tion, having a finited number of time constants,

x X %
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Zusammenfassung — Vorlicgend wird gezeigt, da8 die allgemeine Wirmebilanzgleichung fiir
Mehrkorpersysteme ein stabiles System mit verschiedenen Zeitkonstanten darstellt. Die mathe-
matischen Grundlagen der Mehrkdrpermethode werden ebenfalls gegeben.
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