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The temperature field problem described in the paper is analytically solved for
the absorber of a new type solar collector. The absorber consists of two plates, one of
them being flat and placed on top of the other plate made with a square profile. The
temperature field is calculated for four areas using the Laplace equation under
stationary conditions. For each area the boundary conditions are written and the
Laplace equation solved. The resultant temperature fields are found for each area
separately.

1. INTRODUCTION

Solar collectors are devices using solar radiation for heating water. Such a
collector is designed as a box which is thermo-insulated from the bottom with a
layer of rock wool (more typically) or of some other material. On the thermo-
insulating layer an absorber is placed. A typical absorber presents a copper sheet to
which a copper pipe is serpentine-wise fastened. In the pipe a heat carrier (usually
40% aqueous solution of propylene-glycol) flows. The box is covered with pro-
tective glass. When the installation is tilted against the sun, the absorber is
absorbing sunlight and heats up. By thermal conduction the heat from the absorber
is transferred to the carrier, which, by a pump or by means of convection, is fed to
the tank for storing hot water, where this heat is given up to the water. Already in
earlier works of the authors [1-3] the mathematical models were presented which
described the heat conduction process in the absorber of a flat-plate collector. In
these works, the temperature field was obtained both for the stationary and the non-
stationary process. The absorbers calculated in the mentioned works possess a
specific property in the case of a long (up to 10 cm) heat conduction path. This
property was the main reason for choosing copper as the absorber’s material —
rather good heat conductor; this though cannot be said about its price, since a
copper absorber is one of the most expensive components of a solar collector.
Using two metallic plates, one of them flat while the other perforated, and stacking
them together, we obtain a design suitable for the solar collector’s absorber whose
cross-section is shown in Fig. 1. Through the perforated spaces a liquid heat carrier
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can circulate. The present work describes mathematically the temperature field in
the absorber consisting of a flat metallic plate over which another metallic plate
with a pressed square relief is laid.

Fig. 1. Cross-section of the absorber plate: ¢ is the solar radiation density.

2. AMATHEMATICAL MODEL OF THE PROBLEM

We will consider the cross-section of a collector’s plate (Fig. 1), which is
perpendicular to the axis of the pipes with liquid. The pipes are not circular but
have a square cross-section. In one span (chosen from those shown in Fig. 1) we
will fix a relevant frame of reference. This span of cross-section will
conventionally be divided into four parts (subsections): D1, D2, D3, D4.

Considering the process stationary, the temperature field in the Descartes
coordinate system is described by the Laplace equation [1]:
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Equation (1) is presented in dimensionless quantities whose physical sense
has not yet been disclosed. The correlation of these quantities with real ones is

shown in Fig. 2, where the absorber’s span divided into four parts could be seen.
For each part the following is valid:
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Fig. 2. The area of the solar collector’s absorber in which the temperature field is calculated

The dimensionless coordinates are expressed by the formulas:
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The parameters Q and Bi are expressed in the following manner:

ini and Bi:gb,
AT, A
where 2b is the distance between the axes of the pipes, m;
2hy is the thickness of the collector plate, m;
g 1is the density of solar heat flow, W/m?*;
A s the heat conductivity of the collector plate, W/(m'K);
a s the coefficient of surface convective heat transfer, W/(m*K).
To write down the boundary conditions for solving Eq. (1), we will assume

that the bottom surface of the absorber at 77 = 0 is ideally insulated. Then the heat
exchange on this surface is equal to zero, i.e.:

90,
on

=0 a®2

_ . 99
n=0 877

= =0, €)
n=0 677

77:0_
OS§S§19 flffﬁéz, §2S§S1'

46




The top surface of this section is irradiated by the sun, therefore:
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On the axis of symmetry the derivatives of temperature field with respect to
coordinates are equal to zero:
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On the common section boundaries the temperatures are to be equal,
therefore:

®1‘é=§1 :®2‘§=§1 ’ ®2‘§:§2 293‘5:93 ’ ®2‘§=§2 :®4‘§:§z ’ (6)
0<n<2n,, 0<np<np,, n<n<n,.

On the section boundaries the heat exchange is described by the following
equations:
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3. PROBLEM SOLUTION

To find the temperature field in subsection D, the function ® | is written in
the form of a quadratic function:

0,(£n)= Ale? -2 )+ Cén+DE+En+ F (11)

which satisfies Laplace’s equation (1). Applying boundary conditions (3)—(6), we
obtain the dimensionless temperature field in subsection Dy:

®1(5,n)=%(§2 “p?)+F, (12)

0

where F'=1+0n,.

For solving the temperature field problem, the mathematically-physical
methods described in [4-8] are applied. Function ©, is divided into two
components:

@2:CD2 +IP2, (13)
both satisfying the Laplace equations:
AD, =0; A¥,=0 (14)

and the corresponding boundary conditions that are written for both the functions:
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Using the Fourier method of variable/argument separation, we obtain the
temperature field in subsection D, as
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where specific values are expressed by the formulas:
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Similar to subsection D,, the temperature field is obtained also in D; and D,
subsections. Here we will only write down the temperature fields in corresponding
subsections omitting the solution procedure. Therefore, in subsection D; the tem-
perature field will be:
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with the specific values:
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In turn, in subsection D, the temperature field is:
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with the specific values:
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Using the equality of heat flows and temperatures on the common
boundaries & = & of subsections D, and D,, we obtain the equations for finding the

unknown coefficients.

4. CONCLUSION

The analytical solution has been found for the temperature field in the
absorber of a new type solar collector consisting of two plates: one of them flat and
the other (laid over the former) — perforated with square ribs. The temperature field
is calculated in four subsections using the Laplace equation under stationary
conditions. For each section the boundary conditions are formulated, and the
Laplace equation is solved. As a result, the temperature field problem has been
solved for each subsection separately.
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JAUNA TIPA SAULES KOLEKTORA ABSORBERA TEMPERATURAS
LAUKA MATEMATISKS MODELIS

P. Sipkovs, V. Barkans, M. Vanags, L. Vasilevska
Kopsavilkums

Darba tiek analitiski atrisinats temperattras lauks jauna tipa saules kolektora
absorberT, kura konstrukcija sastav no divam plaksném. Viena plaksne ir plakana,
un tai virsii piestiprinata otra plaksne, kas ir perforéta ar kvadratiskiem izcilniem.
Temperaturas lauks tick rekinats Cetros apgabalos, izmantojot Laplasa viena-
dojumu stacionaros apstaklos. Tiek uzrakstiti robeznosacijumi katra apgabala un
atrisinats Laplasa vienadojums. Rezultata iegiits temperattiras lauks katra apgabala
atseviski.

11.08.2010.
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