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ABSTRACT

The transparent surface of low-temperature solar devices is insulated with glass or polyethylene.
Ensuring more light penetration from such surfaces ensures efficient operation of the device, in other
words, the device has a high efficiency. Selecting the device design to allow most of the sunlight falling
on the transparent surface to enter the device, keeping the transparent surface clean, reducing the
angle of incidence of the light to small values, and so on. In most cases, it depends on the parameters.
In this article, we analyze the theoretical and practical solutions of work related to the selection and
optimization of the angle of incidence of light on the transparent surface of the device to increase the
incidence of sunlight during the day. Light absorption, rotation and absorotion of light into low-
temperature solar cells. Mathematical analysis and formulas are given.
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As sunlight passes through the glass surface of
the device, part of it passes, another part
returns from the glass, and another part is
absorbed by the glass material (Figure 1).

Ep = Egt + Egaye + By (1)

where: E, - the intensity of light incident on
the glass surface, E(;.t- the intensity of light

passing through the glass surface, Eqayt- the
intensity of light returning from the glass
surface, E,, - the intensity of light absorbed

through the glass.The absorption of light in
glass by the passage of sunlight through glass
insulation of thickness & can be determined
according to Buger's-Lamber law.

Eyut = EO ' e7k5 (2)

where; k is the attenuation coefficient of the
beam:The value of this coefficient depends on
the chemical nature of the transparent object
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and the wavelength (1) of the lightincident on
it.

Experiments are usually performed to find the
attenuation coefficient (k). In this article, we
determine the value of this coefficient for
ordinary window glass, which is widely used in
solar devices.It is known that when light passes
through a transparent object, the coefficients
of the light passing through the glass,
returning from the glass and absorbed by the
glass in relation to the incident light are as
follows:

E
The coefficient of reflected light: p™ = —

0

vt = Evut
E,
The coefficient of absorbed light: °

o't

Coefficient of transmitted light: 7°' =
0
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Eqayt

(Figure 1)

Here the angle of incidence of the i-beam on
the glass surface; the angle of refraction of r-
light as it passes through the glass surface;a is
the angle formed by the glass with the
horizon;The light can pass through glass of

thickness 0 and return to the surface several
times. As can be seen from Figure 1, the values
of the return rays and the transition rays must
be taken into account. Therefore, the effective

return coefficient (P4 ), the effective
absorption coefficient (a,rs) and the effective
transition coefficients (7.4 ) must be taken into

account. The sum of all of themis 1.

Peff + Qepr +Terr =1. (3)

How much of the energy in each part makes up
the total amount of energy (E,) can be

determined using formula 3.The effective
return factor can be determined as follows:

qayt __ (1-p)?(1-a)
Peff = [1 + (1+p)2(1+a’)2] (4)

here

p— the coefficient of reflection of light from
the glass.
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a the absorption coefficient of a-bottle.

The reflection coefficient can also be
expressed by the angles of incidence and
refraction of the beam.

p=05 [sin(r—i)2 tan(r—i)z] , (5)

sin(r+i)2 = tan(r+i)?
Here:

r is the angle of refraction of light passing
through the glass surface. It depends on the
refractive index n of the medium and the angle
of incidence.

sm(t)

) (6)

The absorption coefficient of light passing
through the glass depends on the thickness of
the glass.

r = arcsin(

(2) from the formulaa = 1 — %g) (1 -
-k&§
ecos(r)) , (7)
This expression was suggested by Professor R.
-k&

Avezov. Equation ¢ = 1 — ecos(  can be used
instead. However, the degree of accuracy of
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expression (7) is much higher. It should be
noted that formula (7) was determined by
Professor R. Avezov by solving the thermal and
optical equations of a transparent light-
transmitting surface. Effective absorption
coefficient of transparent surface:

yut _

(1-p)
o= A (8)

@ 1-p(-a) ’

Efficient conversion factor:

1-p?(-a
Teff = Gpaaz © 9

To calculate the above quantities, you need to

know the angle of incidence of the light on the

glass surface. To solve the problem, let's start

with the vertical, i.e.i= 0 and r = 0. We find the

extraction coefficient (attenuation of light).

Tef (10)

k=TT
5 (1-p)

Experimentally determined 74 =0,815andi=

0, n =1.526 for glass, for glass thickness we find
the following.

—(1_n)2—0043
P=\150) T

__1 0815 1
~ 0004 09151 29"

k

However, the value of T4 varies at different

angles of incidence of light on the glass
surface. The dependence of this value on the
angle of incidence can be determined
experimentally. If we determine the value of
the return coefficient p using formula (4), we

get Py values py =01 and from formula (3)

aerr = 0.085. So the value of the quantities we
are looking for is:

Effective return coefficient- O = 01
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1.

Effective transition coefficient- 7 =0,815

Effective absorption coefficient- "Tlefr =

0.085

Therefore, for an ordinary window glass with
O =4mm refractive index n = 1,526, the
extraction coefficient can be taken as k =1/
29m. However, for cases where the thickness
and refractive index are different and the angle
of incidence of the beam is different, the
calculation of the effective transition
coefficient can be determined on the basis of
this method. will be. In this case, the active life
of each solar device is obtained. For example,
to ensure that solar greenhouses receive
enough sunlight in December, January, and
February, the average, monthly arithmetic
value of the coefficients of effective value

T off for each day of these months and

through them for each month must be
determined. . It does not require complex work
from the designer. At each time interval, it is
sufficient to measure the amount of sunlight
entering the device and the intensity of the sun
falling on the transparent surface. The
measuring instrument does not have to be very
accurate and well calibrated. Because the ratio
of these values is obtained.

The extraction coefficient k depends on the
angle of incidence and the angle of refraction

of the transparent material thickness o .

B.M. Yarovskiy, A.A. Detlaf Guide to
Physics.
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