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Dolzarbligi: Quyosh suv isitish tizimlari energiya ta’minotining barqaror va ekologik xavfsiz manbai sifatida jadal
rivojlanib borayotgan sharoitda, ularning issiqlik samaradorligini oshirish va energiya yetkazib berishning
uzluksizligini ta’minlash masalalari ayniqsa muhim ahamiyat kasb etmoqda. Bunda issiqlik uzatish jarayonlari,
xususan konvektiv almashinuvning Nyusselt soniga bog‘ligligi, tizimning asosiy ishlash ko‘rsatkichlarini belgilab
beruvchi hal qiluvchi omil hisoblanadi. Tadqiqotning dolzarbligi shundaki, mavjud adabiyotlarda quyosh suv
isitkichlari bo‘yicha ko‘plab ishlar mavjud bo‘lsa-da, issiqlik almashinuvining aniq fizik mexanizmlari, oqim re-
jimining harorat taqsimotiga ta’siri va kollektor chiqgishidagi issiqlik quvvati bilan o‘zaro bog‘liqligi yetarlicha
chuqur ochib berilmagan. Aynigsa, massa sarfi, absorber geometriyasi, ishchi suyuqlikning termofizik xossalari va
quyosh nurlarining o‘zgaruvchan intensivligi kabi real ishlash sharoitlari uchun yanada aniq va ishonchli
korrelyatsiyalar zarur. Shu jihatdan, ushbu tadqiqot issiqlik almashinuvi jarayonlarini tavsiflashning yangi metodik
yondashuvlarini taklif etishi, analitik va empirik modellarning aniqligini oshirishi hamda ilg‘or ragamli model-
lashtirish orqali quyosh suv isitkichlarining konstruktiv yechimlarini optimallashtirishga imkon berishi bilan dol-
zarb hisoblanadi. Olingan natijalar issiqlik barqarorligini ta’minlash, energiya yo‘qotishlarini kamaytirish va tiz-
imning umumiy samaradorligini oshirishga qaratilgan innovatsion echimlarni ishlab chiqishda katta ahamiyatga
ega.

Magsad: Ushbu tadqiqotning asosiy magsadi — quyosh suv isitish poligeneratsiya tizimlarida sodir bo‘ladigan
issiglik uzatish, tabily va majburiy sirkulyatsiya jarayonlarini chuqur tahlil qilish, ularning termogidravlik
xususiyatlarini aniqlash hamda tizim samaradorligini oshirishga xizmat qiladigan yangi ilmiy yondashuvlarni
ishlab chigishdan iboratdir. Tadqiqotda, aynigsa, quyosh kollektoridan suv saqlagich (tank)ka bo‘lgan tabiiy
termosifon oqimining shakllanishi, suv qatlamlanishi (stratifikatsiya), bosim farqi hosil bo‘lishi va sirkulyatsiya
intensivligining Nyusselt soni, Reynold soni hamda issiqlik tashuvchi muhit zichligiga bog‘liqligi aniqlanadi.
Usullari: Ushbu tadqiqotda quyosh suv isitish poligeneratsiya tizimidagi issiqlik uzatish va suyuqlik hamda havo
oqimining tabily va majburiy sirkulyatsiya jarayonlari nazariy, hisoblash hamda raqamli modellashtirish usullari
asosida o‘rganildi. Dastlab termosifon tizimidagi tabiiy sirkulyatsiya kollektor—tank konturida suvning qizishi,
zichlikning kamayishi, sovuq suvning pastki qatlamga cho‘kishi va tank ichida vertikal qatlamlanish jarayonlari
orqali tahlil qilindi.

Natijalar: Ushbu tadqiqotda quyosh suv isitish poligeneratsiya tizimidagi issiqlik uzatish va sirkulyatsiya
jarayonlari nazariy tahlil, hisoblash modellari va ragamli simulyatsiyalar asosida o‘rganildi. Termosifon tizimida
suvning qizishi natijasida zichlik kamayishi, sovuq suvning pastki qismga cho‘kishi va tank ichidagi qatlamlanish
tabiily sirkulyatsiya mexanizmini aniqlash uchun asos qilib olindi. Sirkulyatsiyani hosil qiluvchi bosim farqi
balandlik farqi va suv zichliklarining o°‘zgarishi bo‘yicha baholandi. Issiqlik almashinuvi Nyusselt, Reynold va
Prandtl sonlariga asoslangan korrelyatsiyalar orqali hisoblandi. Turbulent oqim sharoitida absorber kanallaridagi
issiglik almashinuvini kuchaytirish uchun qo‘pol yuzalar va turbulizatorlar qo‘llandi. Termogidravlik samaradorlik
bosim yo‘qotishlari va issiqlik o‘tish koeffitsientlari nisbatiga qarab baholandi. Eksperimental o‘Ichashlar CFD
(ANSYS Fluent) modellashtirish natijalari bilan solishtirildi.

Kalit so‘zlar: Quyosh suv isitkich, poligeneratsiya tizimi, termosifon sirkulyatsiyasi, konvektiv issiqlik
almashinuvi, nyusselt soni, reynold soni, turbulent oqimni kuchaytirish, absorber plastinkasi qo‘polligi, termik
qatlamlanish, suv saqlagich dinamika, issiqlik samaradorligi, bosim yo‘qotishi, CFD modellashtirish, issiqlik
almashinish modeli, termogidravlik samaradorlik koeffitsienti.
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AKTYaJIBHOCTB: B yCIIOBHSAX HHTEHCHBHOTO Pa3BUTHS CHCTEM COJHEYHOTO BOJOHAIPEBAHHS KaK yCTOWYHUBOTO
9KOJIOTHYECKH OE30ITaCHOr0 HCTOYHHKA SHEPTOCHAOKEH S 0C000 Ba)KHOE 3HAYCHHE MPUOOPETAIOT 3a1auH MOBbI-
IIEHUS UX TeIIoBoil 3 (eKTHBHOCTH M 00ecreueH s HeMPEPhIBHOCTH MOJa4y Temia norpedbutensm. [Ipu stom
MPOLIECCHI TEIIO00MEHA, B YaCTHOCTH 3aBUCHMOCTb KOHBEKTHBHOTO TerIooOMeHa ot uncna Hyccenbra, sBistroTes
KJTIOUEBBIMH (DaKTOpaMH, ONPECIIONIMMIA OCHOBHBIE IKCILTyaTAIl[IOHHBIE TI0KAa3aTeIN TAKUX CUCTEM. AKTyasb-
HOCTb MCCJIC/IOBaHMs COCTOUT B TOM, YTO, HECMOTPSI Ha HAIMYKME 3HAYUTEIBHOTO YHCIIa paboT, IOCBAIEHHBIX COJI-
HEYHBIM BOJIOHArpeBaTeisIM, pyHIaMEeHTAIbHbIE (PU3NIECKHE MEXaHI3MBI TEINIOOOMEHA, BIIMSIHUE PEXUMOB TeUe-
HUS HAa PacIpeieNieHne TeMIIePaTyphl U B3aUMOCBS3b ATUX (PAaKTOPOB C TEIUIOBOM MOIIHOCTHIO KOJUICKTOpA pac-
KPBITH HEJJOCTaTOYHO 1OJHO. OcoGeHHO Heo0X0auMOo pa3paboraTs Oojiee TOUHBIE U HANEKHBIE KOPPEISIIUI JUIS
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peaNbHbIX YCIOBHH AKCILTyaTaIlH, TAKMX KaK H3MEHEHHE MacCOBOTO pacXoa, reoMeTpuu abcopbepa, TepMopu-
3UYECKHUX CBOICTB paboyero TEIIOHOCUTEIS M KoJleOaHUH COTHEUHOH paauanuy. B aToM oTHOmeHnn nccnenosa-
HHE SIBISIETCS aKTyalbHBIM, TIOCKOJIBKY NPEAIaraeT HOBBIE METOJHMYECKHE MOAXOAB! K OMHMCAHUIO MPOLIECCOB TEIl-
J000MeHa, MOBBIIIAET TOYHOCTh AHATUTUYECKUX M SMIIMPUYECKUX MOJENel U MO3BOJIIET ONTUMH3UPOBATh KOH-
CTPYKTHUBHBIE PEILCHUSI COTHEUHBIX BOJOHArpeBaTeliel ¢ MCHONb30BaHUEM COBPEMEHHBIX UHMCICHHBIX METOIOB.
TlomyueHHble pe3ynbTaThl UMEIOT Ba)KHOE NMPAKTUUIECKOE 3HAUEHHE IS 00eCIeueHus! TEMI0BOi CTabuUIBHOCTH,
CHIDKEHHS SHEPreTHUECKUX ITOTePh U MOBHIIIEHHs 0011eil 3 )eKTHBHOCTH COTHEYHO-TETIIOBBIX CUCTEM.

Hens: OCHOBHOH LENBIO JAHHOTO HCCIISOBAHUS SBISIETCS TIyOOKHH aHaIM3 MPOIECCOB TEIIOOOMEHA M ecTe-
CTBEHHOHU W IIPHHYIUTEIGHOHN IIUPKYIISINH B TIOJIMTCHEPAMOHHBIX CHCTEMaX COJTHEYHOTO BOJJOHAT PEBAHUS, OTIpe-
JieJIeHHe MX TepMOTHIPABIMYECKUX XapaKTePHCTHK U pa3padoTKa HayYHO 0OOCHOBAHHEIX ITOJXO/I0B, HAaIlpaBJIeH-
HBIX Ha TOBBIIICHHE 3G GeKTUBHOCTH cucTeMbl. Oco00e BHUMaHHE yICIACTCSA H3YUCHUIO (DOPMUPOBAHHUS €CTe-
CTBEHHOT'O TEPMOCU(OHHOTO IIOTOKA OT COJTHEUHOT0 KOJIIEKTOPa K HAKOIMUTEIbHOMY 0aKy, CTpaTU(hUKalUH BOABL,
BO3HUKHOBEHMIO Pa3sHOCTH AABJICHUH M 3aBHCUMOCTH MHTEHCHBHOCTH LUPKYJAIMU OoT uucna Hyccenbra, uncna
Pelinonpaca u M13MEHEHUs TUIOTHOCTH TEIJIOHOCUTEIIS.

Metoanl: B nccienoBaHun mporecchl TEINIOOOMEHA, a Tak)Ke €CTECTBEHHOH M NMPUHYIUTEILHOW UPKYISIIHN
JKUJIKOTO M BO3AYIIHOTO IIOTOKOB B IMOJUTEHEPAIIMOHHOM CHCTEME COJIHEYHOTO BOJIOHAIPEBAHMS M3YYAINCh Ha
OCHOBE TEOPETHUYECKOT0 aHaIN3a, PaCUETHBIX MoJelell M YHCIeHHOTo MozenupoBanus. Ha mepBom srame Oblia
NpOaHATN3UPOBAHA €CTECTBEHHAS TePMOCH(OHHAS IMPKYJIIIHS, BOSHUKAIOIIAs B KOHTYPE «KOJUIEKTOP—0aK» B
pe3ysbTaTe HarpeBa BObI, YMEHBIICHHs €€ INIOTHOCTH, OMyCKAaHHs OXITXXIEHHBIX CIOEB BHU3 M BEPTHUKAIBHON
cTparuduKanuy B HAKOIUTETbHOM Oake. Pa3HOCTH JaBIeHHH, BBI3BIBAIONIAS IUPKYJILIIUIO, ONPEesIach HCXOAS
U3 Iepernajga BhICOT MEXKAY KOJIEKTOPOM M 0akoM M M3MEHEHHUS INIOTHOCTH BOABI. KOHBEKTHBHBIN TEII00OMEH
paccuuThIBaJCs ¢ UCHOIB30BaHUEM KOppersiuuil Ha ocHoBe uncen HyccenbTa, Pelinonbaca u [lpanatna. s un-
TeHCU(UKAIUH TEII00OMEHa B YCIOBHAX TYpOYJICHTHOTO TeYECHHS B KaHAIax abcopOepa MPUMEHSUTICH ILEepOX0-
BaThle OBEPXHOCTU U TypOyim3aTopsl. Tepmornapasimdeckas 3G heKTHBHOCT OI[EHHBANACh 10 COOTHOIICHUIO
MEXly HOTEPSIMH TaBJICHUS U KOAQUIMEHTOM TemIo0TIauH. DKCIIepIMEHTaIbHBIE H3MEPEHNUSI COTIOCTABIISUIICH
¢ pesynsratamu CFD-monenmupoBanus B ANSY'S Fluent it mpoBepKr KOPPEKTHOCTH TEOPETUIECKUX MOJEIEH.
PesyabTaThl: B x01€ nccienoBaHus IPOLECCH TEIIO0OMEHA U IIUPKYIISIUHI B TIOJIUT€HEPAIHOHHON CHCTEME COTI-
HEYHOTO BOJJOHArPEBaHMUs ObIIN U3yUIEHBI HA OCHOBE TEOPETHIECKOTO aHATIN3a, PACIETHBIX MOJIEICH 1 YHCIEHHOTO
MOJEIUPOBAHUS. Y CTaHOBIICHO, YTO €CTECTBEHHAs IIUPKYIIAIMS BOSHUKAET BCIEJCTBHE YMEHBIICHNS INIOTHOCTH
BOJIBI IIPU HarpeBe, OIyCKaHMS XOJIOJHBIX CIOEB BHU3 M ()OPMHUPOBAHUS CTPaTH(UKAILNY B HAKOIUTEIHHOM OaKe.
PazHoCTh naBieHuit, odecreynBaromas IUPKYJILSIINIO, OIPEAENsIIACch IIePerasoM BEICOT U N3MEHEHHEM TUIOTHOCTH
KUIKOCTH. TemI000MeH KONIMUeCTBEHHO OLIEHHUBAJICS C IIOMOIIBI0 Koppelsiiuii Ha ocHoBe uncen Hyccensra, Peii-
HonbAca U [Ipanaris. YcuneHne Temioo0MeHa B YCIOBUSX TypOyIeHTHOTO TEUSHUSI JOCTUTANIOCh TPUMEHEHHEM
HIEpPOXOBATOCTEH U TypOynn3aTopoB B KaHanax abcopbepa. Tepmoruapasnudeckast 3pHeKTHBHOCTh OLIEHHBaIACh
M0 KPUTEPUIO COOTHOIICHUS MEXKLy HOTEPSIMH JAaBICHUS M KOA(Q(UIIMEHTOM TeII00TAauH. DKCIIepHMEHTAIbHBIE
JTaHHBIE XOpoImIo cornacyioTes ¢ pesynbraramu CFD-monemupoBanus B ANSYS Fluent, yTo monTepxmaeT 1o-
CTOBEPHOCTD MPEI0KEHHBIX MOJIENICH.

KnroueBsbie cioBa: CoqHEUHBIH BOZOHATPEBATENh; OIUTCHEPAIMOHHAS CHCTEMA; TePMOCH(OHHAS IIHPKYIISIHS;
KOHBEKTUBHBII TermmoooMeH; uncio Hyccensra; uncio PeliHonbaca; MHTEeHCH(HUKAIUS TypOYJICHTHOTO ITOTOKA;
IIEPOXOBATOCTb IUIACTHHBI a0copOepa; TeroBas cTpaTH(UKAIMS; TMHAMUKA HAKOIIMTEIBHOTO 0aka; TerioBas 3¢-
¢exTuBHOCTH; notepu napieHus; CFD-monennpoBanue; MoJiesb TEIIIO0OMEHA; TEPMOTUAPABINYECKUil Kodddu-
IUEHT 3G (EKTUBHOCTH.
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Relevance: In the context of the rapid development of solar water-heating systems as a stable and environmentally
safe source of energy supply, increasing their thermal efficiency and ensuring uninterrupted heat delivery to end-
users are becoming particularly important. Heat transfer processes—especially the dependence of convective heat
exchange on the Nusselt number-represent key factors that determine the operational performance of such systems.
Although numerous studies on solar water heaters exist, the fundamental physical mechanisms of heat transfer, the
influence of flow regimes on temperature distribution, and the relationship between flow behavior and the thermal
output at the collector outlet have not been sufficiently explored. In particular, more accurate and reliable correla-
tions are needed for real operating conditions such as changes in mass flow rate, absorber geometry, thermo-phys-
ical properties of the working fluid, and fluctuations in solar irradiance. From this perspective, the present study is
highly relevant as it proposes new methodological approaches for characterizing heat-exchange processes, im-
proves the accuracy of analytical and empirical models, and enables optimization of structural solutions in solar
water-heating systems through advanced numerical simulations. The obtained results are of significant practical
value for ensuring thermal stability, reducing energy losses, and enhancing the overall efficiency of solar-thermal
systems.

Aim: The primary aim of this study is to conduct an in-depth analysis of the heat-transfer processes and the natural
and forced circulation phenomena occurring in solar water-heating polygeneration systems, to determine their
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thermo-hydraulic characteristics, and to develop new scientific approaches aimed at improving system perfor-
mance. Special emphasis is placed on examining the formation of natural thermosiphon flow from the solar collec-
tor to the storage tank, temperature-driven water stratification, the development of pressure differences, and the
dependence of circulation intensity on the Nusselt number, Reynolds number, and density variations of the working
fluid.

Methods: The heat-transfer mechanisms and the natural and forced circulation of liquid and air flows in the solar
water-heating polygeneration system were investigated through theoretical analysis, computational modelling, and
numerical simulation. Initially, natural thermosiphon circulation was analyzed based on water heating in the col-
lector, density reduction, downward movement of cooler water, and vertical stratification within the storage tank.
The pressure difference driving circulation was determined as a function of the height difference between the col-
lector and tank and the density variation of the fluid. Convective heat transfer was evaluated using correlations
based on the Nusselt, Reynolds, and Prandtl numbers. Under turbulent flow conditions, heat-transfer enhancement
in the absorber channels was achieved through the application of surface roughness elements and turbulence-pro-
moting devices. Thermo-hydraulic performance was assessed through the ratio of pressure losses to the heat-trans-
fer coefficient. Experimental measurements were compared with CFD simulations performed in ANSY'S Fluent to
validate the theoretical models.

Results: This study investigated heat-transfer and circulation processes in a solar water-heating polygeneration
system using theoretical analysis, numerical modelling, and simulation tools. Natural circulation was shown to arise
from the reduction of water density during heating, downward movement of colder water, and stratification within
the storage tank. The pressure difference driving the circulation was evaluated from the height difference and den-
sity change of the working fluid. Heat-transfer processes were quantified using Nusselt-, Reynolds-, and Prandtl-
number-based correlations. Under turbulent conditions, heat-transfer enhancement was achieved using surface
roughness and turbulators inside the absorber channels. Thermo-hydraulic performance was evaluated through the
balance between pressure drop and heat-transfer coefficient. Experimental observations showed good agreement
with CFD (ANSYS Fluent) simulation results, confirming the accuracy of the proposed models.

Keywords: Solar water heater; polygeneration system; thermosiphon circulation; convective heat transfer; Nusselt
number; Reynolds number; turbulent-flow enhancement; absorber-plate roughness; thermal stratification; storage-
tank dynamics; thermal efficiency; pressure drop; CFD simulation; heat-exchange modelling; thermo-hydraulic
performance factor.

1. Introduction

The solar air heater has a simple design and is considered cost-effective due to insufficient mainte-
nance. However, at the same time, the heat transfer performance between the air flow and the absorber
plate leads to the fact that the thermal efficiency is also low due to the low thermal conductivity of the
air.

One of the most common ways to increase the heat transfer coefficient is to install artificial rough-
ness on the absorber plate. An artificial coarse absorber plate adhesive can break the bottom layer and
create a strong absorber near the heated absorber, which allows faster flowing air in the outer region to
be mixed with low-speed air near the wall, which leads to high heat [1-6]. Experimentally analyzed the
activity of the solar air heater provided with various obstacles [7]. With different geometric parameters,
the effect of several arc-shaped ribs on the properties of heat transfer and friction is assessed [8].

Another way to improve the performance of a solar air heater is to change the absorber plate. The
operation of three types of solar air collectors with flat plate, v-corrugated and wing absorber has been
studied [9-11]. An experimental and theoretical analysis of a double cross-corrugated and double-sided
V-corrugated solar air collector has been conducted. An experimental investigation of solar air heaters
with corrugated plate, crack whole plate and corrugated packaging has been conducted [13]. In addition,
a number of studies have been conducted, and they are mainly aimed at improving performance by
artificial rough rip installed in the absorber plate or modified absorber structure [12].

Furthermore to increase the heat transfer performance of a solar air heater is to change the shape of
the air duct or the bottom plate in the air duct of a solar air heater. Two-pass transverse slotted solar air
heater collector performance has Wave-like shaped absorption plate and bottom plate has been analyzed
[14]. Studied the thermal performance of solar air heaters with a semicircular and triangular transverse
cross-sectional channel under external processing [15]. This model is relatively simple to build and
easier to install than other methods. In addition, this method can be artificially combined with a solar
air heater with a coarse absorber.

In this case consider the case when the system of collectors, water thank and connecting pipe con-
ductors is filled with cold water. Solar radiation passes through a transparent coating (glass) and heats
the Collector's light-absorbing panel and the water in its channels. In the process of heating, the density
of water decreases, the heated liquid begins to flow to the high point of the collector, and then moves
along the pipe to the water thank. In buck, the heated water moves to the upper point, while cooler water
settles in the lower part of the buck, that is, depending on the temperature, the separation of water into
layers occurs.

Cold water moves along the pipe from the bottom of the tank to the bottom of the Collector. Thus,
in the presence of sufficient solar radiation, a constant circulation is established in the contour of the
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collector, the speed and intensity of which will depend on the current density of solar radiation.

As a result, the difference in pressures in the system (Ap, Pa) the body calls for natural circulation
in the solar collector, i.e.

Ap =g xHx(p1-p2) (1)
there g = 9,81 m/s*; N = H; — H, (m) — the difference between the upper limit and the lower cold water
inlet of the solar collector at the inlet of the heated water in the water thak; p; and p,-the lower part of
the water battery cold water, respectively (71) and the density of heated water (T>) in the water battery.

The difference in how much (T1) and (T2) is high and the value of N is large, the intensity of the
natural circulation of water in the device is high.

The peculiarity of such a system is that in the case of a thermosiphon system, it is necessary that the
lower point of the water accumulator is no higher than 3-4 m from the upper point of the collector, in
the pump circulation, the water thank can be optionally located.

Such a condition is important not only to ensure normal water circulation in the presence of solar
radiation during daylight hours, but also to prevent reverse water circulation in the device. These devices
are considered very simple in terms of their wide use, exploitation, preparation all over the world, es-
pecially in hot climate countries.

In cold climates, it is advisable to use a two-contour scheme of solar water heating collectors, not
one-contour. It serves as the main heat carrier heated in the Collector any non-freezing, chemically
inactive, (for example, a mixture of water with ethylene or propylene, antifreeze, glycanthine (a mixture
of water with glycerin), etc.) liquids.

The thermo hydraulic magnification factor is a measure that relates the rate of heat transfer within a
system to the properties of airflow, which is replaced by friction parameters and pressure drop through
the flow chamber [16].

2. Methods and materials

Another way to enhance the performance of a thermal collector under Turbulent flow conditions is
to use stationary energy on the inner surface of the absorber plate. This stagnant energy is usually not
transported by air due to sufficient time. There are two main techniques for exploiting this energy: the
first involves breaking the adhesive sub layer that stores this energy and creating geometric roughness
on the plate. The second technique involves obstructing and remixing the air to lift towards the absorber
plate to extract energy from the laminar sub layer using tabulators. However, the second technique leads
to a significant improvement in heat energy transfer and a decrease in pressure when the roughness is
much greater than the thickness of the lower layer.

As determined by the studies, the flow periodicity rises with Reynolds number (Re), and the overall
loss coefficient develops almost steadily when the flow resistance is high.

OO OO

(2.2

Fig.1. A polygeneration device for water desalination and hot water production based on a solar air
heater

Dynamic state of triangular channel flat solar air heater: the principle of operation of this solar
air heater is as follows. As a result of sunlight on the working surface of the collector, the absorber (3)
heats up and absorbs air from the Collector’s heated air outlet (1) pipe using a suction fan. The Collector
includes an amount equal to the amount of heated air consumption through the air inlet pipes (5), air
flow from the external environment along the working surface. This air flow increases itself in temper-
ature under the influence of the convective heat exchange process. Convective heat exchange occurs on
the working surface of the absorber (3) and along the inner and outer surfaces of the triangular-shaped
(4) channels. The inner convex geometric shape (Figure 2), which is given to the air Channel of the
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triangular shape, fulfills the vases that form a heat.

60 mm

Fig.2. Scheme of the air duct air-acting duct

The thermal insulation (7) layer between the absorber and the body of the solar air heater prevents
heat loss from the heated absorber and helps to transfer the available heat to the air.

Solar air heater heat conduction body made of low porous plastic (6) ensures that the heat in the working
Chamber of the collector is not wasted

According to the flow planar, it can be divided into a boundary layer on the channel surface and an
external flow. The boundary layer occupies a key role in the dynamic and heat exchange processes of
the flow with the washable body. The loss of energy is determined by the elongation patterns in the
action and the shedding produced by them.

According to the research work studied, the heat carrier in the receiving devices can be divided into
three types of storage. Continuous, pre-discontinuous and discontinuous. The flow can be laminar and
turbulent. The downstream method can be used to solve the boundary layer issue. We take the following
deviations; methods for structurally solving boundary layer problems in a free-form profile given that
the flow is stable and the air is incompressible, without two-dimensional heat exchange of the flow, are

based on solving the momentum equation.
as”  avy o~ _
ax + ax Vo (Z+H)= poVE @
Where & ** is the momentum loss thickness ; 6* is the compression thickness; vo, po is the velocity
and density at the outer boundary of the boundary layer; N= §*/ §**; 1o is the friction strain on the
wall. In the case where the profile and velocity of the boundary layer are clear, the compression

thickness is determined by expressions below.

« [0 ___pv
8 fy (1 = £)dy 3)
- pulse loss thickness.
w (6 pv v
0 fo (Povo) a Vo)dy @)

Due to the fact that there are three uncertain parameters to the equation of pulses - 6**, 8* and 1 ®,
according to the method of solving the problem approximately, by a series of profiles and speeds
depending on one parameter on the equation with one denomination. In place of such a parameter, the
amount ¢, called The Shape parameter, has been proposed, and as a result of this allows the development
of structural methods of boundary layers according to theoretical grounds about the existence of internal
scales of turbulence. [16] the method of contribution of the Turbulent boundary layer with a vanishing
Meltdown is also of particular importance[17-18].

3. Results

The graphical results illustrate the two-phase (air-liquid) interaction processes that occur when a
stream of hot air is introduced across the liquid volume. As the hot air flows downward, its elevated
temperature induces an intensive evaporation process in the region near the liquid surface. During this
process, the thermal energy carried by the air is transferred to the liquid molecules, causing a portion of
the liquid to undergo a phase change and transition into vapor. In the boundary layer where this phase
transformation occurs, a strong temperature gradient is formed, which enhances the local heat flux. The
colored contours in the figure represent the distribution of air volume fraction: the upper region shows
a high concentration of air, while the lower region is dominated by liquid. As the hot air penetrates into
the liquid, convective up flow patterns are generated, promoting mixing, the formation of local vortices,
and an increase in turbulence intensity. These vortex structures significantly increase the local rate of
evaporation and lead to the formation of air bubbles within the liquid. As the bubbles rise, additional
heat and mass transfer occur across the liquid—gas interface, further intensifying the overall energy ex-
change within the system.
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Fig.4. Isoclines of airflow motion in a channel with value Re=3552
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Fig.5. Isoclines of airflow motion in a channel with value Re=2764

In this method, the dimensions to the cohesion muxite decrease more rapidly compared to the
dimensions in the entire boundary layer. As can be seen from the above (figures 3,4,5)in the sun air
heater collector concave air channel, as the Reynolds number increases, heaps begin to form between

the heaps in the air channel

4. Discussion

In this study, two-phase heat transfer processes occurring between the liquid phase and the gas phase
in a solar polygeneration system operating on the basis of solar air-heating devices were thoroughly
investigated using numerical modeling. The model accounted in detail for the penetration of hot air into
the liquid surface and volume, the transfer of thermal energy from the air to the liquid molecules, the
formation of an evaporation front, and the intensification of the interfacial temperature gradient. The
investigation was conducted within the Reynolds number range of Re = 2000 to Re = 5000, which made
it possible to observe the transition from laminar to turbulent flow, the emergence of vertical structures,
and increased mixing intensity. Simulation results demonstrated that as the Reynolds number increases,
convective heat transfer in the air—liquid contact zones intensifies significantly. At higher Re values,
the appearance of upward-flowing vortices, enhanced turbulent momentum exchange, and active bubble
diffusion introduce additional mechanisms of energy transfer that contribute to the rise in liquid evapo-
ration rate. Consequently, the effective absorption of thermal energy delivered by the hot air stream
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increases, the temperature gradient near the phase interface becomes steeper, and the expansion rate of
the evaporation front grows substantially.

This scientific approach provides a strong theoretical basis for the detailed analysis of two-phase
heat-transfer mechanisms, the enhancement of evaporation processes, and the improvement of the over-
all thermal performance of solar polygeneration systems.

5. Conclusion

The conducted numerical and experimental investigations have demonstrated that the heat-transfer
processes in a solar air-heating polygeneration system are strongly influenced by the interaction mech-
anisms between the gas and liquid phases, the intensity of convective mixing, and the evolution of
turbulence structures within the flow domain. Analysis of two-phase interaction revealed that the intro-
duction of hot air into the liquid volume significantly increases the evaporation rate due to enhanced
convective heat flux, steep temperature gradients near the phase interface, and the formation of vortex-
induced mixing zones. The transition from laminar to turbulent regime within the Reynolds number
range of Re = 2000 and 5000 was found to play a decisive role in intensifying momentum exchange,
bubble dispersion, and thermal energy absorption in the system. Experimental studies performed on the
newly developed solar air collector with a triple-shaped bottom channel confirmed that channel geom-
etry has a substantial effect on airflow stability, turbulence generation, and heat-transfer enhancement.
The triple-channel configuration promotes improved mixing and higher local velocities, which contrib-
ute to more uniform temperature distribution and an overall increase in the collector’s thermal effi-
ciency. These experimental findings validate the numerical observations and highlight the need for a
refined mathematical model capable of accurately describing airflow behavior in complex channel ge-
ometries. Therefore, the research results justify the development of an advanced mathematical model
of airflow within the collector’s air channels. Such a model should account for transitional and turbulent
flow regimes, geometric-induced flow restructuring, temperature-dependent fluid properties, and multi-
phase evaporation effects. The creation of this model will enable more precise prediction of thermal
performance, optimization of collector design, and enhancement of polygeneration system efficiency
under varying operational conditions
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