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Abstract:

Objective. At present, the issues of systematization of the energy balance, the development of
thermal and mathematical models, as well as the generalization of methods and computer programs for
calculating photovoltaic thermal modules are relevant.

Methods. The program “Comsol Multiphysics 5.6.” was used to simulate the process occurring
inside the absorber. To describe the laminar motion of a liquid (water), a non-stationary system based on
the Navier-Stokes equation and the [1] heat distribution equation was used.

Results. This article describes a mathematical model of heat transfer in absorber channels
developed using the «Comsol Multiphysics 5.6. program». The results are presented for determining the
longitudinal flow velocity at various sections of the flow channel, heat distribution over time, as well as the
heat distribution isoline and isotherm.

Conclusion. Developed on the basis of the program «Comsol Multiphysics 5.6.» a simulation
model of heat transfer from a photovoltaic battery to a heat absorber can be used to calculate heat and
power supply systems. The use of a simulation model in the design of a heat and power supply system
makes it possible to reduce the consumption of heat and electricity.

Keywords: absorber, flow, temperature, hydrostatic pressure, viscosity coefficient, flow channel.

Introduction. Design of solar power | scale without negative impact on the
plants, allowing to generate electrical and | environment; experimental research and
thermal power on an energetically tangible | practical application of solar power plants
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[2, 3, 4]; research to improve the efficiency
of photoelectric conversion; development
and improvement of existing structures for
air, water heat supply, cooling and heat
removal with forced cooling [5, 6, 7]; the
widespread use of automated control
systems in solar power plants [8, 9] are
priority areas for the Central Asian region.

A comprehensive study of heat
exchange processes makes it possible to
reduce the dimensions of heat exchangers
in the manufacturing sector by increasing
their efficiency.

Actual problems of the theory of heat
transfer at present are issues related to the
intensification of convective heat transfer. It
should be noted here that the problems
associated with heat transfer in laminar
flow are not widely considered and studied
due to the limited number of research
works. As is known, according to the theory
of the boundary layer, in the laminar
regime, the movement of fluid in the near-
wall surface transfers heat more efficiently
than in the case of flow turbulence.

| ISSN 2181-8622

Although a number of developed and
researched methods of heat transfer
intensification are known, they are
classified into two main categories.

There are many recommendations of
researchers on the issues of heat transfer
in pipes with various types of intensifiers,
the constructive solution of which depends
on changes in loads, physical properties of
the medium, and process features.

At  present, the issues of
systematization of the energy balance, the
development of thermal and mathematical
models, as well as the generalization of
methods and computer programs for
calculating photovoltaic thermal modules
are relevant.

Methods. The physical picture of the
analyzed flow of a liquid (water) thermal
agent and the configuration of the
computational domain are [1] shown in
(Fig. 1, 2). The program “Comsol
Multiphysics 5.6.” was used to simulate the
process occurring inside the absorber.

e R T A R

e TP vy

Figure 1. General view of the studied thermal absorber: lower (a) and upper (b) sides
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Figure 2. General view of the thermal absorber

To describe the laminar motion of a liquid (water), a non-stationary system based on the
Navier-Stokes equation and the [1] heat distribution equation was used. These equations in

cylindrical coordinates (z,r,¢) have the following form [10]:
orv. orV oV,
+ +
0z or  oOe

ov, ov., ov, V. oV, op o, oW, 10V, 10V.
P +V, 3 +V +—= =——+ + — +- ,
T

=0,

+
0 z " or r O¢ ox oz>  or* rrogt r or

ov ov ov ov. V? op V. o, 10V 10V
r_ & |=_ 4 ry r _ r - r , (1)

L+ V. —L+ V. ——+V +
p i) : or oz> ot ot r or

or z or ‘oe r
ov, _ov. _ov. v, VgV,j op (ang v, 10V, 1 an]
V. - =——+u + +— ,
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In the above equations, V,,V,,V, are the | | When difnens_ionless vallues are
axial, radial, and tangential components of the introduced, the pipe diameter, D, is taken as

flow velocity vector, respectively, and T is the | the length scale, and the average flow rate, h
temperature. p is the hydrostatic pressure, £ | at the pipe inlet, is taken as the velocity scale.

is the dynamic coefficient of viscosity, ¢, is | . D|m§n3|onless parameters are
introduced:
the heat capacity, A is the thermal
conductivity.
u=Yey -l Ve ge_PPY p_ A
U, U, Uy H ue,

After the introduction of dimensionless quantities, the system equation (1) takes the
following form.
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Obvious no-slip boundary conditions are set on all fixed solid walls U|hb: 0, V|,1b= 0 and

—+U—+V —+—— — — | r=
0z RePrror\ or r 0g

W|hb: 0, where hb — hard border. At the channel outlet in the section for horizontal and vertical
velocities, the standard extrapolation conditions are accepted.
o°U B oV B o'W
oz ot o
Numerical scheme. The dimensionless Navier-Stokes equation in vector form will have
the following form:

=0.
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McCormack's scheme. As is known, the Applying the explicit  «predictor-

McCormack method [11] is widely used to | corrector» method to the nonlinear Navier-
solve the -equations of gas dynamics. | Stokes equation, we obtain the following
McCormack's method is especially useful for | difference scheme:

solving non-linear partial differential equations.

Predictor:
n n n n n n
(T)i L= " . —AZ(U.n‘k q)i+l,j,k _q)i,j,k N . q)i,j+1,k _(I)i,j,k +W."Ak (Di,j,k+l _(Di,j,k )+
5] 1, 5] AZ L]y AI" i,], AE (4)
n n n n n n n n n
(I)i,j+l.k - 2(I)i,j,k + (I)i,j—l,k cDH—],j,k - 2(I)i,j,k + (I)i—l,j,k (I)i,j,k+l - 2(I)i,j,k + (Di,j,k—l ®
+At( > > + > +I1%).
ReAr Re Az ReAe
Corrector:
e
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n n n n n n
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This explicit scheme of the second order
of accuracy with the approximation error

O((ar)',(a2) (&) (A2)') s stable for

1 1 1
U At| —+—+—|<1 i
max ( - Ar Ag) , which corresponds

to the Courant conditions [12].
Initially, the (predictor) is found with the

CD:-’“ value and at the 7 +1 -th time step, and
then the (corrector) is determined by the final

value of @/ at the 7+1-th time step. Note
that the predictor is approximated by forward

00 D

n+l _ no_ ntl _ prn
UL =L == i = = A

X

Now, substituting the velocities U’

L ?

the following equation

differences, and the corrector is approximated
backward by differences.

A similar scheme was used for
transverse speed. A feature of discretization is
that the finite difference approximation is
centered according to the chosen pattern. In
this case, the grid indices for the dependent
variables turn out to be shifted.

The velocities obtained according to
schemes (5) do not satisfy the continuity
equation. Therefore, following the SIMPLE
procedure [13], we introduce a pressure

correction 9p; ; that satisfies the condition

oop, .
L (6)
oy

17.7,“ into the continuity equation, it is easy to obtain

Ax? A

Al 2Ax 2Ay

(5P;+1,_/~ —-20p, ;+3p,, J +(5P,-,j+1 -26p,; +5pf,/—1j 1 (Ui’:}./ -U" N Vi —V,-f’,tll} (7)

To solve equation (7), we used the
iterative method of upper relaxation. Thus,
according to (5), intermediate values of the
parameters are determined, then, according to
the correction pressure is

equation (7),

determined. Therefore, the pressure on time

layer n+1 will be equal to p""' = p" +p.

Figure 3 shows a difference grid in which
973128 cells are used.

Figure 4 shows the results of determining the longitudinal flow velocity at various sections

of the flow channel, with the Reynolds number
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Figure 4. The results of determining the longitudinal flow velocity at various sections
of the flow channel

It can be seen from (Fig. 4) that the flow in sections z/ D =9 has a laminar profile.
(Fig. 5) shows the results of heat distribution when the valve is opened at different times.
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Figure 5. The results of heat distribution over time:
a)T=1s;b)T=2s;c)T=5s;d)T=8s;e)T=10s;f) T=15s

Figure 6 shows the heat distribution isoline and isotherm
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Figure 6. Isolines of heat distribution and isotherms

Conclusion. In engineering practice,
when calculating the heat and power indicators
of thermal absorbers, the use of the Comsol
Multiphysics 5.6. allows you to speed up the
process of calculating their heat transfer and
hydrodynamics, to create a difference grid for
introducing initial and boundary conditions for
the calculation. The number of cells in the
difference grids depends on the tolerances
provided by the standards for the calculation of
heat exchange processes. Depending on the
Reynolds number and the diameter of the
channel of the thermal absorber, it is possible

to determine the stabilization section, the
laminar flow section, as well as the fluid velocity
and heat transfer, respectively.

Developed on the basis of the program
"Comsol Multiphysics 5.6." a simulation model
of heat transfer from a photovoltaic battery to a
heat absorber can be used to calculate heat
and power supply systems.

The use of a simulation model in the
design of heat and power supply systems
makes it possible to reduce the consumption of
heat and electricity.
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Abstract:

Objective. In the article, a study on obtaining complex fertilizers with a gel
composition that preserves mineral components by introducing local raw materials
FarPAN, organic and inorganic acids and MAP (monoammonium phosphate), MPP
(monopotassium phosphate) as fertilizers, N:P:K fertilizers with different ratios work has
been done. The optimal parameters for the synthesis of the obtained moisture-retaining
complex fertilizers have been determined.
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