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DEVELOPMENT OF AN INNOVATIVE TECHNOLOGY-BASED SOLAR AIR
HEATER

This article provides a general description of a new type of energy-efficient tubular
solar air heater operating on the basis of solar energy, including from renewable energy
sources. Also, in the working chamber of the solar air heater, the optimal variant of concave
air ducts was used, which has the property of accelerating the heat exchange process, a
mathematical model was created and solved using numerical methods.
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@epraHCcKuil NOJIUTEXHUYECKUN HHCTUTYT

PA3BPABOTKA COJIHEYHOI'O HAT'PEBATEJISA BO31YXA HA OCHOBE
WHHOBAIIMOHHOHM TEXHOJIOT MU

B oannou cmamve oaemcs obwee onucanue H08020 Muna 3HepeodrPhHexmuHoco
mpyouamozo COIHEYHO20 6030yXoHazpesames, pabomawujeco0 Ha OCHO8e COIHEYHOU
OHepeuu, 6 pabouell Kamepe CONHEUHO020 8030VXOHAZPe8ameisi UCNOIb3068AH ONMUMATbHbLU
8apuanm  60CHYmMbvIX  68030YX080008,  001A0AOWUL  CBOUCMBOM  YCKOPAMb  Npoyecc
Meni00OMena, coO30aHa U peuteHa YUCIeHHbIMU MemoOaMu MamemMamuieckds Mooeb.

Knrouesvie cnosa Hazpesamens, 8030yxonposod, noziomumeisb, memnepamypa.

I. INTRODUCTION Today, many researchers and scientists are conducting scientific
research on the introduction of advanced technologies and equipment that can efficiently and
economically save energy and energy resources in the heat supply system.

It is known that natural resources used on an industrial scale are rapidly declining, so
the use of renewable energy sources allows us to preserve natural resources and the ecological
situation at the current level.[1] This article takes into account the following:

From renewable energy sources, in accordance with the climate of Uzbekistan, the sun
is the most alternative, and a heat carrier has been prepared for its heat. For this purpose, the
issue of creating a concentrated heat supply system based on solar collectors of an air
conditioner and a solar water heater, which are carried out in various designs, is of particular
relevance [2].

In the future, the use of renewable energy sources in the Republic of Uzbekistan is
undoubtedly necessary to maintain energy, environmental and economic security, as well as
for the sustainable development of the energy sector. For future generations, the development
of renewable and alternative energy sources is a necessary condition for the conservation of
natural resources and environmental protection [3-4].
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Il. DEVICE CHARACTERISTIC

Fig.1General schematic view of a solar air heater with concave tubes

A model of a solar air heater with a concave tube with low hydraulic resistance (Fig. 1)
was developed; the device has a length | = 1200 mm, width = 400 mm, height h = 62 mm.
This solar air heater has metal tubes in the working chamber with a small heat capacity and
concave shape and is built in a checkerboard pattern. The length of each pipe is | = 150 mm.
The average duct distance is | = 60 mm. At the base of the duct, a concave shape is given in
two rows, this geometric figure has a depth h = 2 mm and a width = 15 mm. The geometric
shape attached to the manifold ducts is internally concave along the outer surface of the
channel and vice versa. When using a solar air heater, the inlet and outlet pipes are located at
d = 15 mm when using a spray gun.

I1. METHOD OF THEORETICAL ANALYSIS

According to the analysis of the flow, it can be divided into a boundary layer on the
channel surface and an external flow. The boundary layer plays a key role in dynamic and
heat transfer processes with a washable flow body. The loss of energy is determined by the
phenomena of interruption in motion and the failures arising from them.[3]

Based on the research work, the laminar boundary layer is represented as follows. [4]
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au pU 9P 92U
6U5 pVa—y=—&+ uﬁ (2)
aT aT 9°T
pUs, F + pVs, (’)_y = )\a—yz 3)
pUy =0T =Ty(y = 0) (4)
U=UsxT = Ty(y = o) (5)

The following symbols are derived from these equations: p — the density of heat carrier
(air); U, V- the longitudinal and transverse components of the velocity of the flow; U,,, U
- the flow temperature at the channel wall and at a certain distance from it; T — the flow
temperature; T, To, - the flow temperature in and out of the channel wall; s,— the specific
heat capacity; A — the heat capacity. We will re-express the equation of the law of mass

compression for taking into account the effect of pressure and friction gradient on heat
transfer.

pU, S = const (6)
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Of these formulas A and B are the height and width of the profiled channel. Given the
similarity of the air channel to the diffuser-confuser, and by determining the angle of opening
of the duct through U, we obtain. [5]
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The extrusion thickness of the boundary layer is expressed by the modifiers n of the
auto-model &:
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Heat transfer also occurs depending on the pressure in the diffuser-confuser channels
to dissolve the friction mass in the channels. [6.7.8]

According to studies, there can be three types of coolant movement in the receiving
devices: continuous, pre-intermittent and intermittent. The current can be laminar and
turbulent. To solve the boundary layer problem, you can use the following method. We accept
the following deviations; Structural methods for solving problems of the boundary layer in a
free-form profile in which the flow is stable and cannot be compressed by air without two-
dimensional heat transfer of the flow are based on solving the momentum equation.

dé* dVy,8*™ 2l Ty 18
ax | ox VO( )= poV¢ (18)

Here: 6 ** - the thickness of impulse loss; 6* - the thickness of extrusion; v0, p0 -
the velocity and density at the outer boundary of the boundary layer; N= 6*/ 5**; tw-the
tension of wall friction. The extrusion thickness of the boundary layer with the exact profile
and velocity is determined by the foIIowing expressions.

j( _(Povo) (19

- the thickness of impulse loss

v
o (Povo) - V_o)dy (20)

Because the impulse equation has three indeterminate parameters — & *x, § *, and Tw
— the problem is solved by a series of profiles and velocities related to one parameter to an
equation with one unknown, according to the approximate solution method. Instead of such a
parameter, the amount of ¢, called the form parameter, has been proposed, which allows the
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development of structural methods of boundary layers on the theoretical basis of the existence
of internal scales of turbulence. [9.10.11.12] The method of calculating the lost viscosity of
the turbulent boundary layer is also of special importance. [13]

I11. EXPERIMENTAL RESULTS

Fig 3. Separate the device into separate sets

Time=10 s Surface: Temperature (K) Slice: Temperature (K)

Fig 4. The process of heat dissipation from the absorber

Time=2s Slice: Temperature (K) 2

Fig 5. The process of vertical distribution of heat in the device
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Time=2s Slice: Temperature (K)

Fig 6. The process of dissipation heat horizontally

Time=2s Isosurface: Temperature (K) =

i 351.63
345.1
338.58
332.05
325.52
= 318.99
= 312.46
== 305.93

== 2909.4

== 292.87

Fig 7. The process of heat dissipation of the overall surface of the device
IV.CONCLUSION
Based on the results of experimental research conducted on a solar air collector with a

concave channel in the form of a triangle, developed in a new way, the development of a
mathematical model of the air flow in the air channels of the collector is required.
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