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Abstract: This article discusses the use of parabolic cylinders, as well as provides a method for
calculating the focal length required to determine the size and amount of energy incident on the
reflective surface of a solar installation.
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Over the past decades, the growth of the manufacturing industry around the world
has led to a high demand for alternative sources, especially in the transport and
agricultural sectors. Studies on the optimization of the geometric dimensions of the
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structural elements of a solar installation based on the accumulation of solar energy
are not adequately covered in the scientific literature. Today, in regions where
there is a lot of solar energy, especially in Central Asia, searches and studies in the
field of the use of solar energy and the accumulation of solar radiation in parabolic
cylinders in the national economy are of practical importance.

An analysis of the scientific literature shows that the creation of parabolic
cylindrical concentrators, from an energy point of view, is hindered by a complex
of problems:

- having an effective energy source;

- creation of metrological conditions;

- creation of normal conditions for operation;

- maximum collection of scattered solar energy in one place.

Everyone knows that in parabolic cylinders, both alternative and traditional energy
sources can be used. It should be noted that the use of solar radiation in parabolic
cylinders not only saves natural fuel, but also prevents environmental pollution,
that is, does not harm the environment.

This paper presents a methodology for determining the rational geometric
dimensions of the design of parabolic cylinders. And the relationship of the heat
engineering parameters of parabolic cylindrical concentrators from the rational
sizes and shapes of the chosen design has been developed.

Based on parabola function  y? = 2px can be deduced Y: y = ./2px , with the
help of which the following function is found:

.1:'2

Here, x* = 500y that is, 2p=500, if then p=250.
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Fig. 1 General view of the parabola
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In the case when the focus is located on the ordinate OY at the point F({]:Ej (Fig.
1), the focal length of this parabola, if we substitute the value of p, will be equal to
F (0:2%) or F(0:125).

Using tangents to a function y = :T; we prove that the focal length lies at the
point F(0:125) To do this, we draw the tangent function at the point xo=50 and
use the equation of this tangent:

FA)=y) +y' () (x —x) (2

where y(x,) =22 =5
) X 50 _1
Y =550 250 5

Substitute the found values in the equation of the tangent (2) and solve it:
1 X X

fx)=5 +E(x—50) =5 e 1n=§—5

It follows that

fx)==-5 (3)

n

Since the value of the derivative at the point of tangency is the angular coefficient
of the tangent, and it is equal to the tangent of the angle of inclination:

tg(90-p)===> (4

25
hence the angle of inclination of the tangent is
ctgf = 2, To there is tgf =5 (5)
We define the function g (x), which passes through the point (50: 5) and makes the
angle B between the tangent and the function f (x). Let's pretend that
gx)=kx+b. (6)

Crossing a point (50: 5), this function takes the value 5 = 50k + b.
We use the formula for determining the angle between two straight lines:

1+- =tgp (7)
Substituting the tangent of the tangent angle (5), we will have two solutions:
. . 5k—1
Decision 1. | —| =5
k+5
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5k—1 5
k+5

Bk—1=5k+25
—1 % 25 | that is, it has no solution.

Decision 2. 2= — _5

k+3
5k—1=-5k—-25

10k =—-24

k=-24

We substitute the found value of the coefficient into the function g (x) (6)
5=50-(-24)+0b

5=-120+b
b=125
Therefore, the general form of the function has the form:
gx)=—-24x+125 (8)

Define the coordinates of the intersection point of the function with the ordinate
g(0)=—-2.4-0+125= 125

That is (0; 125), then F (0; 125). This means that the focal length is F = 125.

Using mathematical calculations, we determined the focal length F = 125 of the

2
function y = %o' To confirm, we use the chart drawn using the Maple program

(Fig. 2). To do this, enter the above equations and their values into the program
database, which will give the following graph.
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Fig. 2 Graph of function and tangent drawn on Maple

Using the features with y(x) = 1‘% by yv10(x) = f; build their graphs on the

MathCad program to determine the values of x and y:
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Fig. 3 Function graphé drawn on MathCad
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From function (1), p = 250 and F = 125 cm were found. The area of the graphs
drawn using the MathCad program (Fig. 3), namely the abscissa length, was taken
as X = 75cm. We substitute this value into x* = 2- 250y, we get y = 11.25.
From the found values, we determine the amount of energy incident on the surface
area of 1 m?, using the following formulas:

Qpas = cmAt +mi 9)

m[e(t, —t,) + 2= Q5]  (10)
%5 (17)

clt,—t, +4
The data obtained are given in table 1.
Table 1. Table of direct scattered solar radiation values arriving in July on a
horizontal surface with a cloudless sky, depending on the area of the concentrator

m =

Ne | P (cm), F(0:2) S (M?), X (em), | Qo MIx/( | Qpab (MJIx/(
function - hub area abscissa | sq.meday), | sq. m e day),
(cm), e

related focal lengths | solar ra_dlatlon the amount of
parameter length entering a energy
v =/ 2px horizontal passing

surface through the

reflective

surface of the

concentrator
1 50 25 0,67 67 15.63 14.54
2 100 50 0,95 95 22.16 20.60
3 150 75 1,16 116 27.06 25.17
4 200 100 1,34 134 31.26 29.07
5 250 125 1,5 150 35 32.55
6 300 150 1,64 164 38.26 35.58
7 350 175 1,77 177 41.29 38.40
8 400 200 1,90 190 44.33 41.23
9 450 225 2,01 201 46.90 43.62

10 500 250 2,12 212 49.46 46

The table shows that the amount of direct scattered solar radiation entering a
horizontal surface with a cloudless sky directly depends on the size of the
concentrator structure. Using the obtained results, based on mathematical
calculations, we made a solar installation in order to conduct research. The
experimental setup in the form of a parabolic-cylindrical concentrator was made on
the basis of the parabola function ¥ = 4500+ X. To do this, originally wooden
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planks measuring 2.4 m in length and 2 m in width were parabolic in shape. They
served as the foundation for fastening on them two reflective surfaces 2 m long and
80 cm wide. 30 cm of space were left between them, because there is a focus on
top and reflective radiation should not fall from it. On the stand of the
concentrator, whose height is 1 m, levers are attached, the purpose of which is to
manually adjust the position of the device depending on the location of the Sun.
These levers can change the height of the hub supports that support it from all
sides. Total surface area 3.2 m?

uﬂ“"ﬁ

e nn.;.,

Fig. 4 Appearance of parabollc cyllndrlcal hub
Having mounted the solar installations in certain places, the following work was
carried out, namely, from 8 am. to 20 p.m., the external temperature and the
temperature in focus at both concentrators were measured with a digital sensor
every hour. Based on the data obtained, the values of solar radiation, the amount of
incoming energy, as well as the mass of water that will be required for heating
using the received energy were calculated by calculation. Below are the
experimental results.
Table 2. The dynamics of the thermal parameters of the parabolic cylindrical
concentrator in the hourly interval of the day in the summer period of time

The The amount of
temperature at energy, MJ * h
Outdoor air the focus of Solar Parabolocylindrica
Ne Hourly interval temperature, | the parabolic | radiation, W/ | hub
°C cylinder m2
concentrator,
°C
1 8.00-9.00 32 117 418 4.81
2 9.00-10.00 36 137 528 6.08
3 10.00-11.00 42 151 671 7.73
4 11.00-12.00 44 171 770 8.87
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5 12.00-13.00 44.5 187 814 9.38
6 13.00-14.00 45 195 825 9.5
7 14.00-15.00 46 199 803 9.25
8 15.00-16.00 48 214 770 8.87
9 16.00-17.00 46 189 605 6.97
10 17.00-18.00 42 174 462 5.32
11 18.00-19.00 40 156 330 3.8
12 19.00-20.00 38 137 154 1.77

Summarizing the above, we came to the conclusion that for the manufacture of an
affordable solar concentrator, we needed several methods to theoretically perform
mathematical calculations, which were later used in practice. In particular,
knowing the focal length, we determined the exact dimensions of the structure and
the amount of energy that depends on them, incident on the reflective surface of
the parabolic cylinder concentrator. A self-made solar concentrator is suitable for
heating water and can be used in domestic conditions when heating a room,
supplying hot water to suburban areas. To maximize their effective use, it is
planned to supplement our installation with a steam engine in order to generate free
electricity, as well as continue experiments on it at other times of the year to
determine its efficiency and economic efficiency.
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