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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybnukacbkl ¥nmmabiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fbiibIMU XKypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabblindaHraHbiH xabapnaliobl. byn uHOekcmery 6apbicbiHOa Clarivate Analytics KomnaHUsICbi XypHanobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, bacnawbinap MeH MeKkemesiepee KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramMOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n npuHsam 0nsi uH0ekcuposaHusi
e Emerging Sources Citation Index, obHoeneHHol sepcuu Web of Science. CodepxxaHue 8 3mom UHOeK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate Analytics 0ns OanbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4pexdeHul. BknoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHCcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 0515 Hauea2o coobuwecmea.
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EXPERIMENTAL METHOD OF STUDYING
THE LIMIT STATE OF THE HEAT EXCHANGE
SURFACE COVERED BY A CAPILLARY-POROUS MEDIUM

Abstract. Capillary-porous systems have high intensity, high heat transfer ability, reliability, compactness. The
results of calculations and experiments showed that the maximum thickness of the particles that break off under the
action of compression forces for coatings from granite is (0,25+0,3)-10% m. Sections of compression curves that
determine the separation of particles with dimensions of more than 0,3-10% m for large heat fluxes and short feed
times, are screened by the melting curve, and in the case of small heat fluxes and time intervals, the expansion curve.
The research is aimed at creating porous coatings in cooling systems from well — and poorly conductive materials.

Keywords: heat transfer crisis; capillary-porous structure; heat and power installations, cooling systems.

Introduction. Successful use of capillary-porous materials in engineering attracted many researchers
and inventors to create different devices on their basis. The intensity of heat-eliminating systems and the
forcing of processes taking place therein increased [1-3]. In addition to cooling systems, the use of porous
materials allowed the creation of units which addressed the problems of explosion safety, labor protection
and durability [4, 6]. This was facilitated by the ability to control evaporation processes due to excess fluid
in pores and capillary structures, formed by the combined action of capillary and mass forces [7-9].

In thermal power plants (TPPs), capillary-porous materials are used to cool highly-forced detonation
burner units [3], to create steam coolers in steam boilers [9], oil coolers that prevent oil from entering
cooling water and water from entering the bearing system [10] and labyrinth seals [11], and are used in
other devices [10]. The main areas of practical application of capillary-porous systems are presented in
[3, 5, 8-11].

Equipment and technological processes in the energy sector should be introduced from the ecological
and economic positions primarily. The proposed development of capillary-porous systems will facilitate
the implementation of processes, significantly improving and preserving the natural environment.

The main advantages of capillary-porous systems include high intensity, high heat transport ability,
reliability, compactness, simplicity in manufacture and operation. These systems improve operational and
technological performance and have low capital and operating costs. Based on the study of capillary-
porous systems, new technical solutions have been developed to improve the performance characteristics
of the thermal power plant in relation to the powerful power units of combined heat and power plants.

The authors of [12] carry out a comparative analysis of methods for calculating the heat transfer,
based on the water boiling with underheating in vertical channels, and they consider that the hot spot
corrosion of fuel element claddings of nuclear reactor fuel elements is similar to the capillary-porous
structure [13, 14]. However, no studies of heat transfer through a regular structured surface have been
carried out.

According to the authors' opinion [15,16], surface boiling on porous surfaces can influence the
development of corrosion due to the erosive action on the heat exchange surface, when the bubbles of
steam fall in an underheated liquid. Therefore, it is required to investigate the evaporation of liquid in
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capillary-porous structures in the field of capillary and mass forces, taking into account the velocity and
underheating, which are formed by excess fluid.

An estimated intensity of heat transfer for liquid boiling in a large volume and thin films on a smooth
surface showed equal possibilities [12-14] at high thermal flow and higher heat transfer parameters than
that in systems with a capillary-porous coating [15, 16]. It is required to carry out investigations of the
heat transfer capabilities of capillary-porous coatings operating in the field of capillary and mass forces,
and to establish ultimate (critical) load values leading to the destruction of the heating surfaces. Figure 1
presents a method for studying capillary-porous systems for various elements of power plants. The
systems differ in the fact that they have predominantly a gravitational fluid supply and occupy an
intermediate position between thin-film evaporators and porous evaporators with a predominantly
capillary fluid supply (heat pipes) in terms of the intensity of heat transfer. Therefore, such systems should
be identified in a separate class of heat-eliminating systems. The performed researches make it possible to
give recommendations on the selection of the heating-and-cooling medium, take into account the type of
its circulation, determine the geometry and material of apparatuses and heat exchange intensifiers, taking
into account the conditions and orientations of the system operation under pressure or underpressure, the
energy supply and type and the system orientation. Generalization of the experimental results and
calculation procedure for heat and mass transfer in capillary-porous systems in accordance with Figure 1,
are presented in [17-21].

Model of the capillary-porous structure of the cooling system. Figure 1 shows the model of a
capillary-porous coating applied to the coolable surface of a heat-loaded element of power plants. At the
onset of the boiling crisis, the critical state of the heating surface arises, and the latter is destroyed along
with the coatings. Such a scheme allows to make a model of fissures of brittle coatings and plastic porous

structures.
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Figure 1 — Physical model of heat and mass transfer in a porous structure covering the coolable surface:
Straight lines — fluid movement; wavy lines — steam movement: q — thermal flow, T,, T,,, Ts — temperatures of gases,
walls and saturation; G (y), G — liquid and steam flow rates; 8., 8y, 81, 0 — steam-generating surface, porous coating,
liquid and vapor thicknesses, b,, d — width of porous coating cells and grain diameter

Mechanism and calculation of the critical state of the heat transfer surface. experimental data
analysis. The results of the calculations are shown in figure 2-5. The maximum thickness of the particles
that break off under the compression forces for granite coatings is (0,25-0,3)-10 m, which is in agreement
with the results obtained by high-speed filming. Sections of the compression curves, which determine the
breaking-off of particles with a size >0,3-107 m for large thermal flows and small ones 7, are screened
with the melting curve, and in the case of small thermal flows and significant time intervals, they are
screened with the expansion curve.
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Figure 2 — Dependence of thermal flows causing compression stresses I1I of a granite coating according
to the time of action t for different thickness  of the breaking-off particles:
I — tension stresses sufficient for destruction (I', I' — copper and stainless steel, h =0,1-10° m);

I1 — surface fusion (II', II" — copper and stainless steel, h = 0,1-10° m)
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Figure 3 — Stress diagrams for the thickness of the limiting plate for different thermal flows and time of their action:
q; = 0,142-10 W/m?%; ¢* = 0,042-107 W/m?; g3 = 0,075-10" W/m?; 117 — ultimate tension strength: o, -10° H/m?, E, -10° H/m®
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Figure 4 — Change in the ultimate destruction energy Q of the granite coating depending of q for various 8. Q=q t/ &
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Figure 6 — A record of flight of husks with the size 5 =2,5-10" m
when a granite coating particle is destroyed by a rocket-type burner
(q=1,2-10° W/m?):

1 — capillary-porous coating; II — burner axe, from which supersonic
high-temperature, pulsating detonation gas flow flows out;

III — a particle broken off from the coating

The relationship between tension and compression stresses is stress diagrams within the plate for
various time intervals from the beginning of the process under consideration. At small 1, in the region of
10" s, only compressive stresses arise. Starting from t =~ 1 s, in some region A(h-z) up to 0,3-10% m, the
compression stresses turn into tension stresses in a very short period of time, and for different time
intervals, they are at different depth from the plate surface.

The upper limit of the stable destruction of the quartz coating is 10’ W/m?, and that from granite is up
to 0,5-10" W/m?, and the lower limits, when there is still a detachment of particles under the influence of
thermal stresses of compression are 0,25-10" and 0,05-10” W/m?, respectively.

The destruction of an anisotropic medium under the action of directional heating is based on the
uneven expansion of its components (crystals). When increasing in volume, the heated layer of the coating
rock starts to press adjacent less heated layers. Since the expansion in all other directions is hampered by
the reaction of the unheated layers, the rock starts to expand freely from the open side and, due to its
overextension, it separates and splits off.

If vacancy cavities can be transformed into dislocations, the investigated coating obtain plastic
properties and is not destroyed by the action of the torch. All metals are the same. Some rocks also have
such property. The testing was conducted with steam generating metal heating surfaces at the time of the
boiling crisis [2]. For metals, crystals are destroyed in directions up to 10 V. The process of destruction
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consists of steps of initiation of fissures and their development. As a result of the thermal action,
microcracks are initiated in the region of stress concentrators (inclusions, inhomogeneities, fissures). High
internal stresses can also arise due to the inhomogeneous flow of plastic deformation, after which brittle
failure occurs. In this regard, plastic deformation is considered as the primary cause of destruction,
although it can delay the growth of fissures. on the one hand, bond discontinuities due to thermal fluctua-
tions are at the heart of the destruction, and on the other hand, destruction is a kinetic thermoactivation
process, which is based on the displacement of vacancies to fissures, the growth of which determines the
kinetics of destruction.

Conclusion. Based on the conducted studies in case of exposure with a torch of a kerosene-oxygen
burner of the porous coating within working area, we have up to 4-10" W/m? corresponded to q of coatings
of =~ 0,4-107 W/m”. The metals destruction mechanism is fundamentally different from the rocks coatings
destruction mechanism. Despite this, thermal flow dependences on time of their action and depth of
penetration of temperature perturbations were identified on the basis of analogy, which help to avoid the
boiling crisis in the cooling system and ensure an optimal selection of porous coatings of low porosity and
thermal conductivity. In the future, the studies of other porous natural materials are required.
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A. A. T'enbay, J1. FO. bonaapuesn
ATMaThI SHEpreTHKa JKoHe OaiilaHbIC yHUBEpCcHTeT, AnMatsl, Kazakcran

KbLITYTIKTI-KEYEKTI OPTAMEH JKABBLIFAH KbLJIYAJIMACY BETIHIH
IIEKTIK KYUIH 3EPTTEYIH TOKPUBEJIIK 9ICI

AnHoTanusi. KpUITyTIKTi-KeyeKTi JKyienep >KOFapbl KapKbIHIBUIBIKKA, JKOFapbl JKbUIyOepy KaOileTi MeH
CEHIMIJIIK JK9HE BIKIIAMJIBUIBIK KacueTTepine ue. Taxprbe MeH ecenTeyiiep HOTHKeNepi KopceTKeHAeH, rpaHuTTeH
JKacalFaH XKaOBIHIBUIAP YIIIH CBHIFY KYIITEPl 9CEpiHEeH >KYJIBIHBIN aJbIHATHIH OOJIEeKTepIiH MaKcHMalibl KajlbH-
eiFel (0,25+0,3)-107 M. YIIKeH x&blly aFblHIaphl MEH OepicTiH a3 yakbIThl yirin emmemaepi 0,3-1072 M apTeik Goi-
IIEKTEPAIH KYJIBIHBIN AJIBIHYBIH AHBIKTAWTBIH CHIFY KHCBIKTapBIHBIH ayMarbl OalKy KHUCBIFBIMEH, ai Killi >KbLIy
aFpIHIAPEI MEH YaKbIT HHTEPBAIAAPHI YIIIH — CO3bUTY KACHIKTAPRIMEH dKpaHalafbl. 3epTTeyJiep OTKI3TIIITIT HalTap
JKOHE OTKI3TIIITIr jKaKChl MaTepHaIIapAaH CYBITY XKYHelepiHae KeyeKTi »KaObIHIbIIap bl JKacayFa OarpITTaFaH.

Tyiiin ce3aep: xpuTyOepy KpHU3HUCI; KaIMIUIAPIBI-KEYEKTI KYPBUIBIM, JKBUTYJIBIK 3HEPrOKOHABIPFBUIAP, CYBITY
Kynenepi.

A. A. Tenbau’ , . 1O. ]30}1;[apue131’2

'AVAC, Anmarsl, Kazaxcran,
’AO «Tpect CpenazsnepromonTax», Anmarel, Kazaxcran

3KCHEPI/IMEHT1§JILHLII71 METOA HCCIEJOBAHMS IPEAEJIBHOTI'O COCTOAHUA
TEIINIOOBMEHHOU NOBEPXHOCTH, IOKPBITOU KAITNJIJIAPHO-IIOPUCTOU CPEJIOU

AnHoTanus. KanmuisspHO-TIOpHUCTRIE CHCTEMBI 00JIaIal0T BBHICOKON MHTEHCHBHOCTBIO, OOJBIION Teruionepe-
JIAroIel CrocOOHOCTBIO, HA/IEKHOCThIO, KOMIAKTHOCTBIO. Pe3yNbTaTel pacueToB M 3KCHEPHMEHTa ITOKa3alH, 4To
MaKCHMallbHas TOJIIMHA YacTUI], OTPHIBAIOLIMXCS IOJ JACHCTBHEM CHJI CKaTHsA U1 HOKPHITUH W3 TIpaHHUTa
coctapser (0,25+0,3)-107 M. YuacTKH KPUBBIX CXKATHS, ONPE/IEISIONINE OTPBIB YACTHIL ¢ pazmepamu Gosee 0,3-107
M Ui OOJBIIMX TETJIOBBIX IMOTOKOB M MajOro BPEMEHHU IOJIauH, 3KPaHUPYIOTCS KPHBOI IUIaBICHMS, a B Clydae
MaJIbIX TCIIJIOBBIX MMOTOKOB U MHTEPBAJIOB BPEMCHHU — Kpl/IBOﬁ PaCTAKEHUS. I/ICCJ’IC}IOBaHI/IH HaIpaBJICHbI Ha CO3/1aHNE
TMOPUCTBIX HOKprTI/Iﬁ B CUCTEMAX OXJIAXKACHUS U3 XOPOIIO — U IIJIOXO0 IMPOBOAHBIX MaTCPHUAJIOB.

KiroueBble cj10Ba: KpHU3HC TEIUIONEpeadyl; KaWUIIPHO-IIOPUCTAs CTPYKTYpPa; TEIUIOBBIE SHEPTrOYCTAHOBKH,
CHCTEMBI OXJIQKICHUSL.
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