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NAS RK is 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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабаршысы" ғылыми журна-

лының Web of Science-тің жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге 
қабылданғанын хабарлайды. Бұл индекстелу барысында Clarivate Analytics компаниясы журналды 
одан əрі the Science Citation Index Expanded, the Social Sciences Citation Index жəне the Arts & 
Humanities Citation Index-ке қабылдау мəселесін қарастыруда. Web of Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА 
Хабаршысының Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне 
беделді мультидисциплинарлы контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Вестник НАН РК» был принят для индексирования 

в Emerging Sources Citation Index, обновленной версии Web of Science. Содержание в этом индек-
сировании находится в стадии рассмотрения компанией Clarivate Analytics для дальнейшего 
принятия журнала в the Science Citation Index Expanded, the Social Sciences Citation Index и the Arts 
& Humanities Citation Index. Web of Science предлагает качество и глубину контента для 
исследователей, авторов, издателей и учреждений. Включение Вестника НАН РК в Emerging 
Sources Citation Index демонстрирует нашу приверженность к наиболее актуальному и 
влиятельному мультидисциплинарному контенту для нашего сообщества. 
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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)10-2 m. Sections of compression curves that 
determine the separation of particles with dimensions of more than 0,310-2 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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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107 W/m2 corresponded to q of coatings 
of  0,4107 W/m2. 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.  

  
REFERENCES 

 
[1] Polyaev V.M. et al. Methods of Monitoring Energy Processes, Experimental Thermal and Fluid Science, International 

of Thermodynamics // Experimental Heat Transfer, and Fluid Mechanics. Avenue of the Americas. New York, USA, 1995.            
Vol. 10. P. 273-286. 

[2] Polyaev V.M., Genbach A.A. Heat Transfer in a Porous System in the Presence of Both Capillary and Gravity Forces // 
Thermal Engineering. 40 (1993), 7. P. 551-554. 

[3] Polyaev V.M. et al. A Limit Condition of a Surface at Thermal Influence (in Russian) // Teplofizika Vysokikh Tempe-
ratur. 29 (1991), 5. P. 923-934. 

[4] Polyaev V.M., Genbach A.A. Control of Heat Transfer in a Porous Cooling System // Proceedings, 2nd World 
Conference on Experimental Heat Transfer, Fluid Mechanics and Thermodynamics. Dubrovnik, Yugoslavia, 1991. P. 639-644. 

[5] Polyaev V.M. et al. Processec in the Porous Elliptic Heat Exchanger (in Russian) // Isvestiya Vuzov. Mashinostroyenie. 
(1991), 4-6. P. 73-77. 

[6] Genbach A.A., Bakhytzhanov I.B., Protection Against Earthquakes TPP Bases with the Help of Porous Geo Screens (in 
Russian) // Poisk. MES of RK. 2012. 1. P. 289-298. 

[7] Genbach A.A., Danilchenko I. Porous Desuperheater Steam Boilers (in Russian) // Promyshlennost Kazakhstana.                 
70 (2012), 1. P. 72-75. 

[8] Genbach A.A., Olzhabayeva K.S. Visualization of Thermal Impact on Porous Material in Thermal Energy Installations 
of Power Plants // Bulletin of the National RK Engineering Academy. 45 (2012), 3. P. 63-67. 

[9] Genbach A.A., Islamov F.A. Research of the Nozzle Fillets in Electrical Installations (in Russian) // Vestnik KazNTU. 
97 (2013), 3. P. 245-248. 

[10] Genbach A.A., Baibekova V.O. Modeling of heat transfer in a porous turbine bearing cooling system // Energetika. 
Proceedings of CIS higher education institutions and power engineering associations. 2017; 60(6): 558-570. (In Russ.) 

[11] Polyaev V.M., Genbach A.A. Control of Heat Transfer in Porous Structures // Proceedings, Russian Academy of 
Sciences, Power Engineering and Transport. 38 (1992), 6. P. 105-110 (in Russian). 

[12] Jamialahmadi M., et al. Experimental and Theoretical Studies on Subcooled Flow Boiling of Pure Liquids and 
Multicomponent Mixtures // Intern. J Heat Mass Transfer. 51 (2008), 9-10. P. 2482-2493. 

[13] Ose Y., Kunugi T. Numerical Study on Subcooled Pool Boiling, Progr. In Nucl. Sci. and Technology. 2, (2011).                        
P. 125-129. 

[14] Krepper E., et al. CFD Modeling Subcooled Boiling-Concept, Validation and Application to Fuel Assembly Design // 
Nucl. Eng. and Design. 237 (2007), 7. P. 716-731. 

[15] Ovsyanik A.V. Modelling of Processes of Heat Exchange at Boiling Liquids // Gomel State Technical University named 
after P. O. Sukhoy, Gomel, Belarus, 2012 (in Russian). 

[16] Alekseik, O.S., Kravets V.Yu. Physical Model of Boiling on Porous Structure in the Limited Space // Eastern-European 
Journal of Enterprise Technologies. 64 (2013), 4/8. P. 26-31. 

[17] Polyaev V.M., Genbach A.A. Analysis of Laws for Friction and Heat Exchange in the Porous Structure (in Russian) // 
Bulletin of MGTU. Mechanical Engineering Series. (1991), 4. P. 86-96. 

[18] Polyaev V.M., et al. The Influence of Pressure on the Intensity of Heat Transfer in a Porous System // Isvestiya Vuzov. 
Mashinostroyenie. (1992), 4-6. – P. 68-72 (in Russian). 

[19] Polyaev V.M., Genbach A.A. Field of Application of Porous System (in Russian) // Isvestiya Vuzov. Energetika. – 
(1991), 12. – P. 97-101. 

[20] Genbach A.A., Jamankylova N.O., Bakic Vukman V. The processes of Vaporization in the Porous Structures Working 
With The Excess of Liquid // Thermal Science: 2017. Vol. 21, N 1A. P. 363-373. DOI: 10.2298/TSCI160326313G 

[21] Genbach A.A., Olzhabayeva K.S., Iliev I.K. Boiling Process in oil Coolers on Porous Elements // Thermal Science: 
2016. Vol. 20, N 5. P. 1777-1789. DOI: 10.2298/TSCI150602166G 



ISSN 1991-3494                                                                                                                                                № 3. 2018 
 

 
55 

 
А. А. Генбач, Д. Ю. Бондарцев 

 
Алматы энергетика жəне байланыс университеті, Алматы, Қазақстан 

 
ҚЫЛТҮТІКТІ-КЕУЕКТІ ОРТАМЕН ЖАБЫЛҒАН ЖЫЛУАЛМАСУ БЕТІНІҢ  

ШЕКТІК КҮЙІН ЗЕРТТЕУДІҢ ТƏЖРИБЕЛІК ƏДІСІ 
 
Аннотация. Қылтүтікті-кеуекті жүйелер жоғары қарқындылыққа, жоғары жылуберу қабілеті мен 

сенімділік жəне ықшамдылық қасиеттеріне ие. Тəжрибе мен есептеулер нəтижелері көрсеткендей, граниттен 
жасалған жабындылар үшін сығу күштері əсерінен жұлынып алынатын бөлшектердің максималды қалың-
дығы (0,25÷0,3)10-2 м. Үлкен жылу ағындары мен берістің аз уақыты үшін өлшемдері 0,310-2 м артық бөл-
шектердің жұлынып алынуын анықтайтын сығу қисықтарының аумағы балқу қисығымен, ал кіші жылу 
ағындары мен уақыт интервалдары үшін – созылу қисықтарымен экрандалады. Зерттеулер өткізгіштігі нашар 
жəне өткізгіштігі жақсы материалдардан суыту жүйелерінде кеуекті жабындыларды жасауға бағытталған.  

Түйін сөздер: жылуберу кризисі; капиллярлы-кеуекті құрылым, жылулық энергоқондырғылар, суыту 
жүйелері. 
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ЭКСПЕРИМЕНТАЛЬНЫЙ МЕТОД ИССЛЕДОВАНИЯ ПРЕДЕЛЬНОГО СОСТОЯНИЯ 

ТЕПЛООБМЕННОЙ ПОВЕРХНОСТИ, ПОКРЫТОЙ КАПИЛЛЯРНО-ПОРИСТОЙ СРЕДОЙ 
 
Аннотация. Капиллярно-пористые системы обладают высокой интенсивностью, большой теплопере-

дающей способностью, надежностью, компактностью. Результаты расчетов и эксперимента показали, что 
максимальная толщина частиц, отрывающихся под действием сил сжатия для покрытий из гранита 
составляет (0,25÷0,3)10-2 м. Участки кривых сжатия, определяющие отрыв частиц с размерами более 0,310-2 
м для больших тепловых потоков и малого времени подачи, экранируются кривой плавления, а в случае 
малых тепловых потоков и интервалов времени – кривой растяжения. Исследования направлены на создание 
пористых покрытий в системах охлаждения из хорошо – и плохо проводных материалов. 

Ключевые слова: кризис теплопередачи; капиллярно-пористая структура; тепловые энергоустановки, 
системы охлаждения.  
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