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Abstract. Introduction. This study evaluates the potential for recovering secondary heat
from industrial wastewater using a parabolic trough solar concentrator (PTSC).

Methods and Materials. The research analyzes the stepwise heating of wastewater through
efficient utilization of solar energy, the generation of high-temperature steam, and the subsequent
production of technical water.

Results. Heat transfer processes were solved using the finite element method (FEM), while
radiative heat transfer was modeled based on the Monte Carlo method.

Conclusion. The obtained results are significant for determining optimal design parameters
of high-temperature solar energy systems and for implementing energy-efficient technologies
through effective utilization of industrial wastewater heat.
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Annotatsiya. Kirish. Mazkur tadqiqot ishida sanoat korxonalaridan chigayotgan oqova
suvlarning ikkilamchi issiqligini qayta foydalanish imkoniyatlari parabolasilindrik quyosh
konsentratori (PSQK) asosida baholangan.

Usul va materiallar. Tadqgiqotda quyosh energiyasidan samarali foydalanish orgali ogova
suvlarning haroratini bosqichma-bosqich oshirish, yuqgori haroratli bug* hosil qilish va undan
texnik suv olish imkoniyatlari tahlil qilindi.
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Natijalar. Tadgiqot ishida issiqlik uzatish jarayonlari chekli elementlar usuli yordamida
vechildi, radiatsion issiglik almashinuvi esa Monte-Karlo usuli asosida modellashtirildi.

Xulosa. Olingan natijalar yugori haroratli quyosh energetik qurilmalarini loyihalashda
optimal konstruktiv parametrlarni aniglash hamda sanoat oqova suvlarining issigligini samarali
utilizatsiya qilish orqali energiya tejamkor texnologiyalarni joriy etishda muhim ahamiyatga ega.

Kalit so‘zlar. parabolasilindrik quyosh kontsentratorlari, ogqova suv, “Sho‘rtan GKM”
MChJ ogova suvlari, ikkilamchi issiqlik.
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Annomauun. Beedenue. B oOannoii pabome nposedeHa OYeHKA B03MONCHOCMEU
NOBMOPHO20 UCNONIb308AHUSL BMOPUYHOU MENTIOMbL CHOYHBIX 800 NPOMBLULIEHHBIX NPEeOnpUsMuULL
Ha 0CHOB8e NapaboLoOYUIUHOPUYECK020 coHeuno2o Konyenmpamopa (I1LCK).

Memoowt u mamepuanwl. B uccieoosanuu npoananusupo8arvl 603MOACHOCHU HOIMANHO20
NOBbIUEeHUsT MeMnepamypbl CIMOYHbIX 600 34 cyem IPDeKmusHo20 UCNONb308AHUS COTHEUHOL
9HepauU, 2eHepayul 8bICOKOMeMNepamypHo20 napa U NOJAV4eHus Had e20 OCHO8e MeXHU4eCKOU
6000L.

Pezynomameut. [lpoyeccol mennonepeoauu peuienvl ¢ UCNOIbIOBAHUEM MEMOOAd KOHEUHbIX
eMeHmo8, a paouayUuoOHHbIIU Meni000MeH CMOOENUPOB8ar Ha ochoge memooa Monme-Kapio.

3akntouenue. I[lonyuennvle pe3yibmamsl UMEOM BAJXHCHOE 3HAUEHUe Ol OnpedeneHus
ONMUMANBHBIX ~ KOHCMPYKMUBHBIX — NAPAMEmMpPO8  6blCOKOMEMNEPAMYPHbIX — COIHEYHbIX
9Hepeemu4ecKux YCMmano8okK, a makice 05l 6HeOpeHUs IHeP20IPDEKMUBHBIX MEXHON02UL 3d CUem
appexmuenot ymuauzayuy meniomvl NPOMbLULIEHHBIX CIOYHBIX 800.

Knrouegwle cnosa: napabonroyununopuieckutl COIHeYHbIl KOHYEHmMpamop, CmoyHble 800bl,
cmounsvie 600vt OO0 «lllypman ' XK», émopuunas menioma.

Introduction

Currently, world experience shows that parabolic trough solar concentrators are widely used
for steam generation. In the USA, Germany, China and other countries, there are high-power thermal
power plants, one of the structural elements of which is parabolic trough solar concentrators.
Parabolic trough solar concentrators are connected in series to gradually increase the temperature
of wastewater, and their focal axis is located horizontally [1-6].

Here, parabolic-cylindrical solar concentrators are arranged in a series configuration. To
optimize solar energy capture, the concentrator can be positioned across two planes. An efficient
way to harness thermal energy at the focal point is by employing a thermosyphon, which functions
as a heat pipe (absorber tube). This research explored the potential for generating high-power steam
and purified technical water by harnessing the residual heat from wastewater produced by “Shurtan
GChC” LLC in the Guzar district of the Kashkadarya region. The analysis, grounded in the
research's methodologies, considered the region’s abundant solar radiation [1,2].
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Methods and Materials.

Experimental determination of the radiation properties or accuracy parameters of the
elements of the receiving system of a parabolic cylindrical solar concentrator requires complex
experiments, there are significant limitations in the interpretation of the results (distance to the Sun,
radiation spectrum, accuracy of the mirror surface). Therefore, the development of a mathematical
model that allows calculating the properties of complex mirror systems, taking into account
operating conditions, design features and surface roughness, is of particular importance.
Mathematical modeling provides a significant reduction in material costs associated with the design
and development of such systems compared to traditional research methods. The ability to consider
a large number of options as a result of mathematical modeling made it possible to create a rational
design of high-temperature solar power plants, ensuring maximum energy and mass efficiency [ 7-
11].

The main characteristics of the parabolic-cylindrical solar concentrator (PCSC) receiving
system element and high-temperature solar energy device. In practice, geometric 1, and energetic

Nkp energy effeciency (EE) are distinguished. The geometric EE of the concentrator-receiving

system elements is defined as the ratio of the thermal power Ny falling on the receiver to the total
thermal power Ny returned from the working surface of the concentrator:

N
Ng = N_i- (1)
The useful thermal power of the system is defined as the ratio of the Ny heat output

transmitted from the energy receiver to the converter to the N heat output incident on the working
surface of the mirror concentrator system.

My = 3 @)
The value of ny, depends on the geometric and optical-mechanical parameters of all

elements of the concentrator-receiver system and takes into account the loss of thermal power in the
receiver as a result of heating from radiation that differs from the geometric FIK.

Results.
The steady-state heat transfer equation in a closed medium [6-10] has the following form.
a>T a°T a>T
Kxxﬁ-l'Kyyﬁ-l_Kzz@:O 3)

Where, T is the temperature; Ky, Kyy, Kz are the thermal conductivity coefficients in the X,
Y, and Z axes.

If convective heat transfer occurs at the boundary or the heat flux density is specified, then
the boundary condition can be written as follows.

oT oT oT
Kxxalx+Kyy£ly+Kzzglz+h(T—Tm)+q=0 (4)

where h is the heat transfer coefficient; T is the boundary temperature; Too is the ambient
temperature; 1x , ly, and 1z are the direction cosines of the vector normal to the surface; q is the heat
flux density.

For an arbitrary-shaped concentrator-receiver system, it is convenient to solve the solution
of'equation (3) with boundary conditions (4) by switching to the finite element method. If we assume
that the change in the curvature of a continuous surface is very accurately described by a surface
consisting of small flat elements, then we can move from the three-dimensional problem of
determining temperature fields in thin-walled structures to a two-dimensional problem.

Algorithm for modeling radiative heat transfer to a parabola-cylindrical solar concentrator-
receiver system. The algorithm for modeling radiative heat transfer consists of the following steps.

Preparation of a geometric model of the research object (in the case under consideration - a
concentrator-receiver system). Depending on the research goals, taking into account the mechanical,
optical and other properties of the elements of the geometric model.

Preparation of a radiation model (radiation may consist of several elements). Setting the light
field and the direction of incident radiation allows you to save on the study of the necessary areas
and calculations. For example, setting the radiation wavelength for the Sun in monochromatic
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radiation or in the spectrum. Taking into account the number of sets of emitted rays for each
radiation element.

Determine initial and boundary conditions based on research objectives.

We sequentially bypass all elements and consider them to have radiation on their surfaces.
To do this, in accordance with the approach typical of Monte Carlo methods, we independently
select random numbers R from a uniformly distributed series of numbers from zero to one, using
the distribution law given for the spectral and energy characteristics of radiation. The direction of
radiation is described by the angles 61 and i in the spherical coordinate system, the center of which
is at the point of its emission.

By performing the following steps, we follow the direction of each ray until it leaves the
system under study or is absorbed. We find the intersection point of the ray bundle trajectory with
the geometric model. Let us assume that the surface area on which the ray falls has an absorption
capacity o. In the general case, the value of o may depend on the wavelength and direction of the
ray, the roughness parameters, and the surface temperature. We choose a random number Ra from
auniformly distributed sequence of numbers from zero to one. If this number satisfies the following
condition:

0<R,=<q

If the random number Ra satisfies the following condition

a<R, <1,

The distribution functions of the random variables RO and R for each local value of the
angles 0 and B, depending on the optical properties of the surface at the point of incidence, are
determined by the following method: if the surface is reflective, then reflection occurs according to
the Descartes-Snell law [6].

[ =1 - 2i(3-T),

where E), l_; are the direction vectors of the reflected and incident rays, and n ~ is the normal
vector to the surface.

- if the surface is rough, then the direction of reflection of the light is determined similarly
to specular reflection, but with the addition of the standard deviation of the normal to the surface
according to the rough- ness parameters.

- for the case of diffuse reflection, we write the following equation:

sin?0 = Ry u B = 21Rp

Analyzing the paths of all rays and leveraging gathered statistical information allows us to
characterize the radiation properties of the entire concentrator-receiver system, encompassing its
working surfaces. This analysis yields key parameters such as reflection (surface scattering)
coefficients, angular distributions, and heat flux patterns.

The analysis of the calculated data reveals a near-linear relationship between the power
output of the parabolic-cylindrical solar concentrator and the peak temperature achieved at its focal
point, both increasing proportionally with the intensity of solar radiation received by the
concentrator's surface.

PCSC score results

The amount of solar radiation, W/ | PCSC Power, Temperature at the EE PCSC

m2 kW focus of the PCSC, °C

200 74,21 150 0,65
300 111,31 240 0,65
400 148,425 285 0,65
500 185,53 320 0,65
600 222,63 358 0,65
700 259,74 395 0,65
800 296,85 435 0,65
900 333,95 450 0,65
1000 371,06 465 0,65
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The calculated heat flux values enable us to analyze heat transfer processes. Two-
dimensional finite element analysis is employed to determine the temperature distributions.

A table below presents the calculated power, FIK, and temperature at the concentration point
ofa parabolic-cylindrical solar concentrator. These calculations consider varying levels of incoming
solar radiation, assuming no heat loss to the surrounding environment.

Research has demonstrated the feasibility of generating thermal energy and technical water
from a company’s wastewater using a parabolic-cylindrical solar concentrator. Calculations indicate
that with solar radiation levels between 600 and 900 W/m?, the concentrator can achieve
temperatures of 150 to 250 °C at its focal point. This temperature range is sufficient to produce
high-temperature steam. The findings revealed a nearly linear relationship between solar radiation
intensity and both system power and temperature. Implementing this technology at “Shurtan GChC”
LLC could lead to annual thermal energy savings of 20-30% and a substantial decrease in
environmental impact.
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