CALCULATION OF THE DURATION OF COOLING OF SOLIDS

A, Fikiin and I. Fikiina UDC 536.21

A simple analytical equation for determining the duration of cooling of solids, especially
foodstuffs in the form of plates, is obtained.

Existing analytical methods of determining the duration of cooling of solids (foodstuffs) are compli-
cated for practical use [2-4]. The graphic methods used for this purpose [5-7], give approximate results,
In [1] one of the authors carried out analysis of the temperature field during cooling of foodstuffs, and a
graphic method was proposedfor determining the duration of cooling.

In this article we have given a simple mathematical formula for determining the duration of the cool-
ing process, In addition to this, a functional relationship between the individual parameters which charac-
terize the cooling process is developed graphically,

The temperature field of the plate is described by an infinite series [10]
S 2sinp, 2 [ X (1)
=V 2B ep(— :Fo)cos{m; —1,
L.‘_': Wi+ sinp; cos u; b= piFo) (u s )

i are the roots of the characteristic equation,
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Usually it is important to know the temperature in the middle of the plate, i.e., where x = 0, Equation
{1) will then assume the form
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Hence it follows that
8 = f(Bi, Fo).
The ¢values for various values of Bi(0.01 — «), and Fo (0-400) were calculated according to formula (2)
wherei=1, ..., 8. The results obtained were systematized, and part of them was expressed graphically
in Fig.1,

We will look for the functional dependence of ¢ on Bi and Fo in the form
Fo——Flg +n, 3
where
k= [ (Bi).
The values k and n were determined at different values of Bi; n has the same value 0.12 for all cases,

A method of a tightened thread was used to determine the coefficients k and n {8§].

By examining k as a function of Bi (Fig.2), we obtain the following analytical expression:
. _

k= d.
Bi +
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The number m (which designates the number of observations in the first group) is selected with such
a calculation that in the second group it was also equal to m if n was an even number, and equal to m + 1
if n was an odd number, We found that C =2.,3and d = 0.8,

Substituting the values obtained for k and n into formula (3), we will find the following analytical ex-
pression of the functional relation between F0, Bi, and 6:

Fo=— (ﬁﬁ?:_ 408 )lgﬁ +0.12. (4)

Assuming that Fo = at/s%, we obtain

st 2.3 f, —1,
T == — : 08 Jlg—2 " _ 012
K Bi + ) & in— zEo ] (5)

If we compare the data which are found by using formulas (4) and (5) with those from series (2), a
good agreement of results is noted,

NOTATION
4 = txr —tg
txr is the temperature at a point at a distance x from the middle plane at a time T;
to is the temperature of the medium;
6o = tin —to;
tin is the initial temperature;
6 = 19'/19'0;
a is the coefficient of diffusivity;
s is half the thickness of the plate;
Fo =at/s? is the Fourier number;
Bi = (@/\)s is the Biot number,
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