2L volution

SimTerm202?2
PROCEEDINGS

20t International Conference
on Thermal Science and
Engineering of Serbia

NiS, Serbia, October 18-21

ENERGY EFFICIENCY economylllll ccoocy Tl



SimTerm2022
PROCEEDINGS

20 International Conference on

Thermal Science and Engineering of Serbia
October 18 - 21, 2022
Nis, Serbia

The University of Nis$, Faculty of Mechanical Engineering,
Department of Thermal Engineering and
Society of Thermal Engineers of Serbia

ISBN 978-86-6055-163-6

Publisher: Faculty of Mechanical Engineering in Ni$

2022



20" International Conference on
Thermal Science and Engineering of Serbia

under the title
ENERGY -ECOLOGY -EFFICIENCY -ECONOMY
Is organized by

THE UNIVERSITY OF NIS, FACULTY OF MECHANICAL ENGINEERING,
DEPARTMENT OF THERMAL ENGINEERING AND
SOCIETY OF THERMAL ENGINEERS OF SERBIA

under the patronage of the

GOVERNMENT OF THE REPUBLIC OF SERBIA
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGICAL DEVELOPMENT

CITY OF NIS
and supported by donors and sponsors

SD CRVENI KRST NIS
RESALTA

NIGOS ELEKTRONIK



Resalta

Higit!

UPBEHHM KFPCT
H 1 W




45/0%(5/&/( The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm?2022

Nis, Serbia, October 18-21

International Scientific Committee

Dr Jordan Hristov, University of Chemical Technology and Metallurgy, Department of Chemical Engineering, Sofia, Bulgaria
Dr Gligor Kanevée, Macedonian Academy of Sciences and Arts, Skopje, North Macedonia

Dr Mikhail Shatrov, Moscow Automobile and Road Construction State Technical University, Moscow, Russia

Dr Zvonimir Guzovi¢, University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Zagreb, Croatia

Dr Igor Vusanovié, University of Montenegro, The Faculty of Mechanical Engineering, Podgorica, Montenegro

Dr Anna Stoppato, University of Padova, Department of Industrial Engineering, Padova, Italy

Dr Slavtcho G. Slavtchev, Institute of Mechanics, Bulgarian Academy of Sciences, Sofia, Bulgaria

Dr Agis Papadoupoulos, Aristotle University Thessaloniki, Department of Mechanical Engineering, Thessaloniki, Greece

Dr Joseph N. Moore, University of Utah, Energy & Geoscience Institute, Salt Lake City, USA

Dr Konstantinos Papakostas, Aristotle University Thessaloniki, Department of Mechanical Engineering, Thessaloniki, Greece
Dr Sophia Natalia Boemi, Aristotle University Thessaloniki, Department of Mechanical Engineering, Thessaloniki, Greece

Dr Tliya Iliyev, University of Ruse,Department of Thermotechnics, Hydraulic and Ecology, Ruse, Bulgaria

Dr Dusan Golubovié¢, University of East Sarajevo, Faculty of Mechanical Engineering, Sarajevo, Bosnia and Herzegovina

Dr Ljubica Kanevée, St. Kliment Ohridski University, Faculty of Technical Sciences, Bitola, North Macedonia

Dr Petar Gvero, University of Banja Luka, Faculty of Mechanical Engineering, Banja Luka, Bosnia and Herzegovina

Dr Maria Ichim, Institute for Bioengineering, Biotechnology and Environmental Protection, Bucharest, Romania

Dr Vesna Barisi¢, Sumitomo SHI FW, Espoo, Finland

Dr Decan Ivanovi¢, University of Montenegro, The Faculty of Mechanical Engineering, Podgorica, Montenegro

Dr Friedrich Dinkelacker, Leibniz University Hannover, Faculty of Electrical Engineering and Computer Science, Hannover,
Germany

Dr Risto Filkoski, Ss. Cyril and Methodius University, Faculty of Mechanical Engineering, Skopje, North Macedonia

Dr Tetyana Morozyuk, Technical University Berlin, Institute for Energy Engineering, Berlin, Germany

Dr Zlatan Car, University of Rijeka, Faculty of Engineering, Rijeka, Croatia

Dr Darko KnezZevi¢, University of Banja Luka, Faculty of Mechanical Engineering, Banja Luka, Bosnia and Herzegovina

Dr Gyula Gréf, Department of Energy Engineering Hungary, Budapest, Hungary

Dr Zdravko Milovanovi¢, University of Banja Luka, Faculty of Mechanical Engineering, Banja Luka, Bosnia and Herzegovina
Dr Breda Kegl, University of Maribor, Faculty of mechanical engineering, Maribor, Slovenia

Dr Vladimir G. Tuponogov, Ural Federal University named after the first President of Russia B. N. Yeltsin, Ekaterinburg, Russia
Dr Vladimir Mijakovski, St. Kliment Ohridski University, Faculty of Technical Sciences, Bitola, North Macedonia

Dr Violeta Rasheva, University of Food Technology Plovdiv, Department of Industrial Thermal Engineering, Plovdiv, Bulgaria
Dr Oleh Onysko, Ivano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, Ukraine

Dr Lubomir Dimitrov, Technical University of Sofia, Sofia, Bulgaria

Dr Birol Kilkis, Turkish Society of HVAC & Sanitary Engineers, Ankara, Turkiye

Dr Andrej Kitanovski, University of Ljubljana, Faculty of Mechanical Engineering, Slovenia

ENERGY EFFICIENCY




45'0%(5/&/( The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm?2022

Nis, Serbia, October 18-21

Program Committee

Dr Mladen Stojiljkovié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Milan Radovanovié, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

Dr Simeon Oka, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Dr Milo§ Banjac, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

Dr Dragoslava Stojiljkovié, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

Dr Predrag Stefanovié¢, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Dr Miodrag Mesarovi¢, Serbian World Energy Council member committee, Belgrade, Serbia

Dr Dusan Gvozdenac, University of Novi Sad, Faculty of Technical Sciences, Novi Sad, Serbia

Dr Milun Babié, University of Kragujevac, Faculty of Engineering, Kragujevac, Serbia

Dr Vladan Karamarkovi¢, University of Kragujevac, Faculty of Mechanical and Civil Engineering, Kragujevac, Serbia
Dr Maja Todorovié, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

Dr Dragoljub Zivkovié, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Dragan Panti¢, University of Nis, Faculty of Electronic Engineering, Ni§, Serbia

Dr Velimir Strefanovié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Borislav Grubor, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Dr Valentino Stojkovski, Ss. Cyril and Methodius University, Faculty of Mechanical Engineering, Skopje, North Macedonia
Dr Maja Durovié¢ Petrovié, University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia

Dr Mirjana Lakovi¢-Paunovié, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Mi¢a Vukié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Vukman Bakié, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Dr Dejan Ivezié, University of Belgrade, Faculty of Mining and Geology, Belgrade, Serbia

Dr Uros Karadzi¢, University of Montenegro, The Faculty of Mechanical Engineering, Podgorica, Montenegro
Dr Jelena Janevski, University of Nis, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Predrag Zivkovi¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Predrag Raskovi¢, University of Nis, Faculty of Technology Leskovac, Serbia

Dr Miomir Raos, University of Ni§ Faculty of Occupational Safety, Nis, Serbia

Dr Petar Stanojevi¢, University of Belgrade, The Faculty of Security Studies, Belgrade, Serbia

Dejan Stojanovi¢, TOPS, Serbia

Dr Branislava Lepoti¢ Kovadevié¢, UPES, Serbia

Dr Sa$a Nikoli¢, University of Nis, Faculty of Electronic Engineering Nis, Serbia

Dr Nikola Dankovi¢, University of Ni§, Faculty of Electronic Engineering Nis, Serbia

ENERGY EFFICIENCY




45/0%{5/&/( The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm?2022

Nis, Serbia, October 18-21

Honorary Committee

Dr Mladen Stojiljkovié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia
Dr Goran Janevski, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Vlastimir Nikoli¢, University of Nis, Faculty of Mechanical Engineering, Ni§, Serbia
Dr Slobodan Lakovié¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia
Dr Nenad Radojkovi¢, University of Nis, Faculty of Mechanical Engineering, Ni§, Serbia
Dr Gradimir Ili¢, University of Nis, Faculty of Mechanical Engineering, Ni8, Serbia

Dr Zoran Boricié¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Organizing Committee

Dr Mirjana Lakovi¢, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Dejan Mitrovié, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Mirko Stojiljkovié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Marko Ignjatovié, University of Nis, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Branislav Stojanovi¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Mi¢a Vukié, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Jelena Janevski, University of Nis, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Predrag Zivkovi¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Milos Tasié¢, University of Ni§, Faculty of Mechanical Engineering, Nis, Serbia

Milica Jovéevski, University of Nis, Faculty of Mechanical Engineering, Ni8, Serbia

Dr Marko Mandéi¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Milena Raji¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dragana Dimitrijevi¢ Jovanovi¢, University of Nis, Faculty of Civil Engineering and Architecture, Nis, Serbia
Aleksandar Pantié¢, University of Nis, Faculty of Electronic Engineering Nis§, Serbia

Milena Man¢ié, University of Ni§ Faculty of Occupational Safety, Ni§, Serbia

Branka Radovanovié, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

Dr Ivan Pavlovi¢, University of Nis, Faculty of Mechanical Engineering, Nis, Serbia

Dr Sasa Pavlovi¢, University of Nis, Faculty of Mechanical Engineering, Ni8, Serbia

Vladan Jovanovi¢, University of Nis§, Faculty of Mechanical Engineering, Nis§, Serbia

Danijela Stanisavljevié¢, University of Nis§, Faculty of Mechanical Engineering, Nis, Serbia

Jovan Mili¢, University of Belgrade, Faculty of Economics and business, Belgrade, Serbia

Marko Vucéeti¢, Infostud, Serbia

Dr Filip Stojkovski, Iskra Impuls, Kranj, Slovenia

Ivana Petkovié, University of Ni§, Faculty of Mechanical Engineering, Nis, Serbia

Dr Mili¢ Eri¢, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia

Dr Zoran Markovié, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia
Dr Milica Mladenovié, University of Belgrade, Institute of Nuclear Sciences Vinca, Belgrade, Serbia
Dr Zorana Kostié¢, University of Ni§, Faculty of Mechanical Engineering, Nis, Serbia

Petra Ziki¢, University of Ni§, Faculty of Mechanical Engineering, Ni§, Serbia

ENERGY EFFICIENCY




4506%(5/0/( The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm?2022

Nis, Serbia, October 18-21

DISCLAIMER

The contents of the papers presented in this publication are the sole responsibility of
their authors and can in no way be taken to reflect the views of the Organizer.

ENERGY EFFICENCY  IECONCIN ECOIOSH




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

PLENARY SESSION 1

HEAT TRANSFER INCREMENT STUDY TAKING INTO CONSIDERATION FIN LENGTHS FOR CUO-WATER

NANOFLUID IN CROSS FLOW-IMPINGING JET FLOW CHANNELS 2

Koray Karabulut 2

ANALYSIS OF HEAT TRANSFER ENHANCEMENT IN A VARIABLE VISCOSITY NANOFLUID FLOW IN A
MICROCHANNEL 18
Oluwole Daniel Makinde 18

THE EFFECT OF HEAT AND COOLING TEMPERATURE ON POWER SYSTEM PERFORMANCE FOR HUANGSHADONG

GEOTHERMAL FIELD, CHINA 28
Chao LUO 28

EXPERIMENTAL STUDY ON THE EFFECT OF WATER BASED NANOFLUIDS USED AS HTF IN A PCM BASED

THERMAL ENERGY STORAGE SYSTEM INTEGRATED WITH SOLAR FLAT PLATE COLLECTOR FOR SOLAR HEATING
APPLICATIONS 39
Krishna Reddy? Meenakshi Reddy®, Hemachandra Reddy® 39

PERFORMANCE INVESTIGATION OF THERMAL MANAGEMENT SYSTEM ON BATTERY ENERGY STORAGE CABINET

51
Indra Permana?, Alya Penta Agharid® Fujen WangP, and Shih-Huan Lin® 51
ENERGY SOURCES AND POTENTIALS 63
ENERGY TRANSITION IN NORTH MACEDONIA IN THE WAKE OF THE EUROPEAN ENERGY CRISIS 64
Vladimir Mijakovski?, Monika Lutovska® and Filip Mojsovski® B4

URBAN ENERGY MAPPING: BEST PRACTICES AND PERSPECTIVES OF IMPLEMENTATION AND APPLICATION IN
SERBIA 72

Ana Momd&ilovié?, Zorana Petojevi¢®, Ana Nadazdi®, Gordana Stefanovid¢® 72

APPLICATION OF MACHINE LEARNING TECHNIQUES IN THE PREDICTION OF GLOBAL SOLAR RADIATION

INTENSITY 82
Pavle Stepanié?® SneZana Dragidevié®, Nedeljko Dugié® and Milan Marjanovié? 82
CHALLENGES IN USING WASTEWATER HEAT PUMPS IN DISTRICT HEATING SYSTEMS 92

Dejan Ivezié?, Marija Zivkovié?, Aleksandar MadZarevié?, Boban Pavlovié?, Dugan Danilovi¢® and

Dimitrije Manic¢® 92

ELECTRICITY SYSTEM INTEGRATION IN THE EAEU: CHALLENGES OF LIBERALIZATION OF NATIONAL MARKETS

100
Vahe Davtyan 2, Ylia Valeeva ®, L.I.Nurtdinov®and L.Shargu? 100




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

DISTRIBUTED ENERGY RESOURCE SYSTEM VALIDATION ACCORDING TO THE IEEE 1547-2018 STANDARD

CURRENT DISTORTION LIMITS 107
Marko Dimitrijevié® and Milutin Petronijevié® 107
THE OPTIMAL USES OF BIOMASS FOR ELECTRICITY AND FUEL PRODUCTION 112
Andrijana Stojanovié? Nenad Crnomarkovicé®, Aleksandar Mili¢evic® 112
ANAEROBIC CO-DIGESTION: CURRENT STATUS AND PERSPECTIVES IN SERBIA 117
Andrijana Stojanovié?, Ivan Tomanovic¢®, Aleksandar Mili¢evic® 117
THE LIMITING FACTORS FOR ACHIEVING FULL BOILER LOAD WITH POOR COAL QUALITY 124
Lidija Joleska Bureska 124
TECHNOLOGIES AND PLANTS 130

NEURO-FUZZY SELECTION OF THE INFLUENTIAL FACTORS FOR LOW HEATING VALUE OF COAL BASED ON
INFRARED SPECTROSCOPY 131

Dalibor Petkovié?, Milo8 Milovand&evié® 131

INTEGRAL APPROACH TO COMPETITIVENESS ANALYSIS OF ELECTRIC POWER SYSTEMS IN TECHNOLOGICAL

TRANSITION AND POST TRANSITION 139
Vojin Grkovié?, Miroslav Kljaji¢®, Dordije Doder® and Vladimir Zivkovi¢® 139
APPLE DRYING IN CONVECTIVE BELT DRYER 150
Filip Mojsovski?, Vladimir Mijakovski® 150

EMHD FLow AND HEAT TRANSFER OF A CASSON NANOFLUID FE304/BLOOD IN A POROUS MEDIUM 154
Jelena Petrovié?, Zivojin Stamenkovic¢®, Milos Kocié®, Jasmina Bogdanovié Jovanovié® and Milica

Nikodijevi¢ Dordevié® 154

SYSTEM DYNAMICS BEHAVIOR BASED ON THE HYPERPARAMETERS IMPACT IN HYDROPOWER PLANT CONTROL
163

Radmila Koleva 2, Darko Babunski ? Emil Zaev @ 163

DYNAMIC ANALYSIS OF A SOLAR DISH CONCENTRATING COLLECTOR COUPLED TO AN ORGANIC RANKINE CYCLE

WITH REHEATING 169

Sasa Pavlovic?, Evangelos Bellos ®, Milan Grozdanovic °, Velimir Stefanovic ¢, Mica Vukic °, Mirjana

Lakovic-Paunovic f, Christos Tzivanidis & 169
TRIGENERATION FACILITY (PLANT) IN BOILER HOUSE CLINIC CENTER IN NIS 177
Robert Russo 2, Vladislav Pavicevic®, Miroslav Vujnovic®, Dragisa Nikolic® 177
DYNAMIC LOADS ON GUIDE VANES OF A FRANCIS TURBINE WITH VARIABLE SPEED 188
Marija Lazarevikj?, Zoran Markov® and Valentino Stojkovski® 188
RECOMMENDED ACTIONS AIMING AT DHS DEVELOPMENT AND REFURBISHMENT 199

Milica Mladenovié?, Biljana Vudiéevidé® 199




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

NEW AND RENEWABLE ENERGY SOURCES 210
SIMULATION BASED SOLAR WATER HEATING SYSTEM OPERATION IN RESIDENTIAL ENVIRONMENT 211
Milovan Medojevic®®, Milana Medojevic®®, Marko Vasiljevic-Toskic® and Miroslav Kljajic® 211

INVESTIGATION ON UTILIZATION OF BIOGAS IN NOVEL CONCEPT OF PREMIXED SPARK IGNITION ENGINE 225

Andrijana Stojanovié? 225

MAPPING AGRICULTURAL WASTE WITH A FULLY CONNECTED CONVOLUTIONAL NEURAL NETWORK FOR BIOGAS
PRODUCTION 230

Maga MiloSevic?, Emina Petrovi¢®, Ana Momé&ilovié®, Gordana Stefanovié¢®, Milog Simonovié® 230

THEORETIC PHOTOVOLTAIC CELL/MODULE TEMPERATURE BASED ON REAL WEATHER DATA FOR CONTINENTAL
CLIMATE 236

Danijela Karda$ Ancié?®, Mirko Komatina® and Petar Gvero? 236

NUMERICAL INVESTIGATION OF THE INSULATION USE POSSIBILITY IN THE GLASS TUBE SOLAR COLLECTOR WITH
A FLAT ABSORBER PLATE 243

Aleksandar NeSovi¢?, Nebojda L ukié®, Novak Nikolié® 243

INVESTIGATION OF THE EFFECT OF PV PANEL PASSIVE COOLING BY ALUMINUM HEAT SINKS AND ANSYS

FLUENT SIMULATION 250
Lana Pantic® Marko Krstic?, Stefan Djordjevic?, Ivana Radonjic®, Marko Mancic®, Branka Radovanovic®,
Veljiko Begovic® 250
TRANSIENT CONDITIONS AT THE PUMP STATION WITH COMBINED PUMPING UNITS 257
Valentino Stojkovski?, Marija Lazarevik|®, Viktor Iliev ° 257

ENERGY EFFICIENCY IN INDUSTRY, CIVIL ENGINEERIG, COMMUNAL SYSTEMS AND

TRAFFIC 266
EXERGY ANALYSIS FOR THERMOENERGETIC BLOCKS ADAPTATION WITH A COMBINED GAS CYCLE 267
Blagoj Dimovski?, Cvete DimitrieskaP®, Sevde Stavreva® and Vladimir Mijakovski® 267
FLUE GAS HEAT RECOVERY IN W0OOD CHIP BOILER USED FOR CHIP DRYING 274

Srecko Manasijevic?, Mirko Komatina®, Jelena Vidakovic?, Pavle Stepanic? and Ivana Vasovic

Maksimovic? 274

PHASE CHANGE MATERIALS USE IN BUILDING ENVELOPE FOR ENERGY SAVING AND THERMAL COMFORT 279

Biljana Vudgidevié? Dragoslav Mrda®, Valentina Turanjanin® 279
SIMULATION OF INSULATION PROPERTIES USING MODIFICATION OF TROMBE WALL 288
Jovan Setraj8i¢?, Siniga Vudenovié®, Nikola Vojnovié® and Dudan 11ig° 288
CLAY POTENTIAL USE AS PHASE CHANGE MATERIAL 293

Predrag Zivkovié?, Gradimir Cvetanovi¢®, Stania Stojilikovié °, Predrag Ragkovié ¢, Ahmed Jado®,

Branka Radovanovidf 293




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

INTEGRATION OF BUILDING INFORMATION MODELING (BIM) AND BUILDING ENERGY MODELING (BEM):
SCHOOL BUILDING CASE STUDY 305

Danka Kostadinovi¢?, Dragana Dimitrijevié Jovanovié®?, Du8an Randelovié®, Marina Jovanovié® and

Vukman Bakidé® 305

FLOW, HEAT AND MASS TRANSFER, COMBUSTION 316

NEW METHOD FOR CALCULATING HEAT TRANSFER IN UNSTEADY MHD MIXED BOUNDARY LAYERS WITH

RADIATIVE AND GENERATION HEAT OVER A CYLINDER 317
Aleksandar Bori¢i¢?, Mirjana Lakovic¢®, MiloS Jovanovié® 317
NANO AND MICROPOLAR MHD FLUID FLOW AND HEAT TRANSFER IN INCLINED CHANNEL 327
Milo$ Kocié?, Zivojin Stamenkovié®, Jasmina Bogdanovié-Jovanovié® and Jelena Petrovié® 327

PERFORMANCE AND ACOUSTIC CHARACTERISTICS OF CENTRIFUGAL FAN OPERATING WITH DIFFERENT AIR
TEMPERATURES 337

Jasmina Bogdanovié¢-Jovanovié?, Zivojin Stamenkovié®, Jelena Petrovié® and Milog Kocig® 337

NANOFLUID FLOW AND HEAT TRANSFER IN A POROUS MEDIUM IN THE CHANNEL WITH A MOVING WALL 351
Milica Nikodijevié Dordevié?, Zivojin Stamenkovié®, Jelena Petrovié®, Jasmina Bogdanovi¢-Jovanovié®,

Milo8 KocicP 351

MULTIPHASE FLOW MODELING TO PREDICT HYDRODYNAMIC FORCES AND OUTFLOW CONDITIONS OF A DAM
BoTTOM OUTLET REGULATION GATE 361
Filip Stojkovski?, Sado BelSakP, Robert Broz®, Valentino Stojkovski® 361

INFLUENCE OF THE TURBULENCE-RADIATION INTERACTION ON RADIATIVE HEAT EXCHANGE IN A PULVERIZED
COAL-FIRED FURNACE 372

Nenad Crnomarkovié?, Srdan Belo3evié®, Ivan Tomanovié?, Aleksandar Milidevié?d, Andrijana

Stojanovié®. Dragan Tucakovié' 372

IMPACT OF AMBIENT TEMPERATURE ON A TEMPERATURE DISTRIBUTION WITHIN A HUMAN HEAD WHEN
EXPOSED TO ELECTROMAGNETIC RADIATION 378

Ugljeda Jovanovié?, Dejan Krstié®, Jelena Malenové-Nikolié®, Darko Zigar?, Aleksandar Pantic® 378

HOMOGENEITY ASSESSMENT OF THE VELOCITY DISTRIBUTION IN THE CHAMBER OF ELECTROSTATIC

PRECIPITATOR OF UNIT A1 IN TPP NIKOLA TESLA 387
Zoran Markovié?, Mili¢ Erié®, Predrag Stefanovic®, Ivan Lazovié®, Aleksandar Milidevié® 387
EXPERIMENTAL INVESTIGATION OF PROCESSES 396
EXPERIMENTAL RESEARCH OF MICROCLIMATE CONDITIONS IN A CABIN OF A SCHOOL MIDIBUS 397
Dragan RuZié? Dejan Popovic¢® and Dalibor Feher? 397

EXPERIMENTAL CHARACTERIZATION OF HEAT TRANSFER IN COILED CORRUGATED TUBES 407



#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

Milan Dordevié?, Marko Mangic®, Velimir Stefanovié® and Mida Vukid?® 407

EXPERIMENTAL INVESTIGATION ON THE PERFORMANCE AND EMISSION CHARACTERISTICS OF A DIESEL

ENGINE FUELLED WITH JATROPHA BIODIESEL 417

Ahmed Jado?, Tatiana Morosuk®, Predrag Radkovié®, Gradimir Cvetanovié?, Jinming Pan® 417

EXPERIMENTAL AND NUMERICAL STUDY OF RAYLEIGH-BENARD CONVECTION IN A RECTANGULAR TANK 430

Predrag Zivkovié?, Mladen Tomi¢®, Jelena Janevski®, Mida Vukié®, Cristian Barz®, Gradimir Cvetanovid'

and Branka Radovanovicé® 430
MATHEMATICAL MODELLING AND NUMERICAL SIMULATIONS 437
MODELING OF DRYING PROCESS OF SYNTETIC RUBBER ON CONVEYOR-BELT DRYER 438
Dusko Salemovié?, Aleksandar Dedié®?, Matilda Lazié?® Dragan Halas® 438
APPLICATION OF DIFFERENT TYPES OF NUMERICAL MESH FOR HEAT TRANSFER PROBLEMS 446

Branka Radovanovié?, Milica Jov&evski®, Veljko Begovié¢®, Mirjana Lakovié®, Predrag Zivkovié®, Gradimir

Cvetanovidf 446

COMPARATIVE ANALYSIS OF THERMAL POLLUTION USING MATHEMATICAL AND NUMERICAL METHODS 452

Milica Jov&evski?, Mirjana Lakovic®, Iliva Ilieve, Milog Banjac?, Filip Stojkovski® and Marko Mangié™ 452

TEMPERATURE SPATIAL MODULATION OF AN INCLINED VISCOUS FLUID FLOW 459
Milo$ Jovanovié?, Saga Milanovié?, Aleksandar Bor&ié? Zivan Spasié? 459
MONTE CARLO METHOD “TOUR DU WINO" FOR PARABOLIC PARTIAL DIFFERENTIAL EQUATIONS 475
Predrag Rajkovic¢?, Ljiljana Radovié®, Milica Barag® 475
NUMERICAL STUDY OF SIMULTANEOUS HEAT AND MASS TRANSFER IN BREAD BAKING PROCESS 481
Ahmed Jado? Tatiana Morosuk®, Predrag Raskovi¢ °, Gradimir Cvetanovic ¢ 481
NON-ISOTHERMAL STEADY LAMINAR WAXY OIL FLOW SIMULATION 491
Daniyar Bossinov and Uzak Zhapbasbayev 491
IMPROVING THE EJECTOR'S PERFORMANCE USING CFD 498
Veljko Begovié?, Zivan Spasié®, Jasmina Bogdanovi¢ Jovanovié® and Milo$ Koci¢® 498

DEVELOPMENT OF A MATHEMATICAL MODEL OF A DRUM STEAM BOILER BY USING THE AUTOMATIC CONTROL

SYSTEM — FIRST STEP 506
Aleksandra Jankovié 2 Milica Ivanovié ® 506
ENVIRONMENTAL PROTECTION 513

GENERAL OVERVIEW OF THE OPERATION, EFFICIENCY, AND EMISSIONS OF WASTE-TO-ENERGY TECHNOLOGIES
514
Monika Uler-Zefikj?, Igor Shesho?, Risto Filkoski?, Done Tashevski? and Dame Dimitrovski® 514

COMPARISON OF GREENHOUSE GAS EMISSIONS IN NORTH MAACEDONIA OVER THE LAST THREE DECADES 521



#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

Monika Lutovska?® Vladimir Mijakovski® and Nikola Rendevski® 521
STUDY OF WASTE TREATMENT ENERGY EFFICIENCY 529
Ljubica Stojkovié¢?, Dragoslav Pavlovié®, Ivan Mihajlovié?® 529

REVIEW OF PARTICULATE MATTER EMISSION REDUCTION AT THE TPP NIKOLA TESLA A AFTER

RECONSTRUCTION AND MODERNIZATION ALL SIX UNITS 534

Mili¢ Eri¢?, Zoran Markovié®, Predrag Stefanovic¢®, Aleksandar Miliéevié? and Ivan Lazovié® 534

LIVING GLOBALLY — GAMING AS AN INTERACTIVE LEARNING METHODOLOGY FOR SUSTAINABLE LIVING,

CLIMATE CHANGE AND CO, EMISSIONS 543

Jasmina Pislevikj?, Milica Jovcevski®, Zoran Markov® 543

COMPOSTING SYSTEM'S RELIABILITY IN CONTROLLED CONDITIONS OF THE HIGH-TEMPERATURE WASTE

TREATMENT 549
Milica Ivanovi¢ 2, Miroslav Mijajlovié¢ °, Duan Cirié®, Filip Pe&ié®, Gordana Jovié® 549
AUTOMATICS AND CONTROL OF PROCESSES 557
TORQUE REGULATION OF THE OUTPUT PULLING DEVICE OF THE CABLE LINE FOR INSULATION 558

Sa8a S. Nikolié?, Igor Kocié¢?, Dragan Anti¢?, Darko Miti¢?, Aleksandra Milovanovié?, Petar Deki¢® and

Nikola Dankovic¢? 558

SIMULATION ANALYSIS OF FEEDFORWARD-FEEDBACK CONTROL OF WINDING DEVICE USING 2-DOF CONTROL

STRUCTURE AND CONTROL STRUCTURE IN STATE SPACE 573

Igor Kocié?, Sada S. Nikoli¢?, Darko Mitié?, Aleksandra Milovanovié?, Nikola Dankovié® and Petar Dekic?

573
AUTOMATION OF THE PRODUCTION PROCESS OF BEHATON BOARDS USING PROGRAMMABLE LOGIC
CONTROLLERS 582
Natalija Ivkovic? 582
WATER, AIR AND SOIL QUALITY MANAGEMENT 593

QUALITY CONTROL OF SOIL AND WATER IN THE VICINITY OF COAL FIRED POWER PLANTS — RADIOLOGICAL

ASPECT 594
Jelena Krneta Nikoli¢?, Marija Jankovi¢® Milica Rajaci¢?, Ivana Vukanac?, Dragana Todorovi¢? and

NataSa Sarap? 594
THE ECONOMIC POTENTIAL OF THE URBAN AGRICULTURE IN SMART CITIES 601
Zorana Kostié?, Ivana Ili¢® 601
MATHEMATICAL MODEL FOR MUNICIPAL WASTE MANAGEMENT 607

Ljubica Stojkovié? Dragoslav Pavlovic¢®, Ivan Mihajlovi¢a© 6807




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

EXPERT SYSTEMS 613

IMPROVEMENT OF SUPERCONDUCTING PROPERTIES OF THE ULTRATHIN CRYSTALLINE FILMS USING PHONON

ENGINEERING 614

Jovan Setrajgié¢?, Dugan Ili¢®, Stevo Jadimovski® and Sinida Vudenovié? 614

EFFECT OF CARBON NANOTUBES AND NANOFIBERS ADDITION ON THE THERMAL PROPERTIES OF COCONUT OIL
PCM 622

Dragoslav Mrda?, Jasmina Mu$ovicP®, Biljana Vugidevié®, Valentina Turanjanin®, Tatjana Trti¢-Petroviée,

Milena Marinovié¢-Cincovi¢' and Milan Gojak® 622
THE COMPACT CYCLOIDAL REDUCER MODEL FOR ULTRA LIGHT LEGGED ROBOT 628
Qleh Onysko?, Cristian Barz®, Lolita Pitulei®, Tetiana Lukan® Sova Anton® 628
SEARCH OF FLOATING MINES BY UNMANNED AERIAL VEHICLES 634
Orysia Strohan® 634
ANN MODEL OF MC-SI SOLAR CELL 642
Aleksandar Pantié, Neda Stanojevi¢, Adriana Petkovié, Sanja Aleksi¢ and Dragan Panti¢ 642
ENERY MANAGEMENT IN INDUSTRY AND BUILDINGS 648
NEURO FUZZY SENSING OF THERMAL COMFORT BASED ON HEART RATE VARIABILITY INDICES 649
Milo§ Milovangevi¢? and Dalibor Petkovic® 649

METHOD FOR SELECTION OF THE OPTIMAL SOLUTION FOR DEEP ENERGY RENOVATION OF A BUILDING 658

RuZica Budim?, Denis Dergestin?, Frano Knezovi¢ ®, Ivan Badan?® 658
VARIANTS FOR CALCULATING THE ANNUAL THERMAL ENERGY CONSUMPTION FOR BUILDINGS 670
Blagoj Dimovski? Cvete Dimitrieska® Sonja Calamani® and Vladimir Mijakovski® 670

EVALUATION OF THERMAL COMFORT BASED ON THE RELATION BETWEEN THERMAL COMFORT METRICS AND

SATISFACTION SURVEY OF OCCUPANTS 675

Jelena Stevanovié?, Miomir Vasov®, Sne7ana Dori¢ Veljkovié®, Jelena Bijelji¢®, Marko Ignjatovic®,

Jugoslav Karamarkovidf 675

CLIMATE RESPONSIVE BUILDING DESIGN STRATEGIES: CASE STUDY OF THE CITY OF BELGRADE, SERBIA 683

Milan Dordevié?, Marko Mangié®, Milena Mandié® and Jasmina Skerlié® 683

ENERGY EFFICIENCY INDICATORS OF INDUSTRIAL FACILITIES BASED ON THE ANALYSIS OF ELECTRIC MOTOR

EFFECTIVENESS 691

Jelena Malenovié Nikolié¢?, Velimir Stefanovié¢®, Dejan Krstié®, Uglje8a Jovanovic? 691

THE ROLE AND POSITION OF THE DISTRICT HEATING SYSTEMS (DHS) IN THE ENERGY SYSTEM OF THE FUTURE
696

Amer Karabegovié? 696

THERMODYNAMIC EFFICIENCY OF INDUSTRIAL BAKING OVENS: ANALYSIS AND IMPROVEMENT 703



#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Ni§, Serbia, Oct 18-21 2022

Ahmed Jado? Tatiana Morosuk®, Predrag Radkovié®. Gradimir Cvetanovié® 703
IMPACT OF PHASE-CHANGE MATERIALS ON THERMAL COMFORT 721
Biljana Vugidevié?, Dragoslav Mrda®, Valentina Turanjanin® and Predrag Skobalj¢ 721
PERFORMANCE ASSESMENT OF SOLAR THERMAL HEAT STORAGE 728
Milena Mand&ié?, Miomir Raos?, Milena Medenica?, Milan Protié?, Marko Mangi¢® 728
STUDENT PAPERS 735
GREEN TRANSPORT 736
Denié Aleksa @, Ili¢ Mateja? Nikolié¢ Kristina® 736

DESIGN AND CONSTRUCTION OF A LOW COST OFFSET PARABOLIC DISH SOLAR CONCENTRATOR FOR MEDIUM

TEMPERATURE CONVERSION OF SOLAR RADIATION TO HEAT 742
Marija Dordevi¢? , Nemanja Andelkaovi¢? Sasa Pavlovi¢?, Velimir Stefanovié¢? 742
NUCLEAR POWER PLANTS - THE FUTURE OF EUROPE ENERGETICS 750
Luka Marinovié? Mirjana Lakovi¢?, Milica JovEevski? 750
USE MOBILE SOLAR UNITS IN AGRICULTURE 758
Nevena Veljkovic?, Nikoleta Zivic® 758
APPLICATIONS OF PROGRAMMABLE LOGIC CONTROLLERS AND SCADA SYSTEMS IN INDUSTRY 763
aViktor Nikolic, 2Sasa Nikolic 763

NOTES

769




#£wtatin The 20" International Conference on
Thermal Science and Engineering of Serbia

SimTerm2022

Nig, Serbia, Oct 18-21 2022

Variants for Calculating the Annual Thermal Energy Consumption
for Buildings

Blagoj Dimovski®, Cvete Dimitrieska®, Sonja Calamani‘ and Viadimir Mijakovski‘

“Faculty of Technical Sciences, University ,,Kliment Ohridski”, Bitola, MK,
blagoj.dimovski@uklo.edu.mk

bFaculty of Technical Sciences, University ,, Kliment Ohridski” Bitola, MK,

cvete.stefanovska@tfb.uklo.edu.mk

“Faculty of Technical Sciences, University ,,Kliment Ohridski” Bitola, MK,
sonja.calamani@uklo.edu.mk

AFaculty of Technical Sciences, University ,, Kliment Ohridski” Bitola, MK,

viadimir.mijakovski@tfb.uklo.edu.mk

Abstract: This paper presents an alternative method for determining the annual consumption of thermal
energy for heating of certain buildings. A comparison is made between two methods that have a different
approach for selecting input parameters. Arguments are given for the selection of parameters that affect the
analysis and are aimed at the effectiveness of use of the facilities and improving energy efficiency. A
concrete example for calculation of the annual thermal energy consumption for the building of Faculty of
Technical Sciences — Bitola, Republic of North Macedonia, is presented where both methods are applied.

Keywords: Energy consumption, Heat loads Models, Parameters.

1. Introduction

The assessment of thermal energy consumption for heating buildings is an important factor in achieving the
required energy efficiency. This data is necessary for the creation of energy infrastructure based on the specific
conditions inside and outside the building. Rational use of energy should be correlated with the set energy
strategies that depend on the dynamics of climate change at the local and global level [1]. Energy consumption
is directly proportional to fuel consumption, but also depends on its availability. The assessment of thermal
energy consumption for heating buildings is an important factor in achieving the required energy efficiency.
This data is necessary for the creation of energy infrastructure based on the specific conditions inside and
outside the building. Rational use of energy should be correlated with the set energy strategies that depend on
the dynamics of climate change at the local and global level [1]. Energy consumption is directly proportional
to fuel consumption, but also depends on its availability. Also, the detailing of the calculations where specific
(refinement) parameters are considered additionally increases the accuracy in determining the annual energy
consumption and accordingly the fuel and maintenance costs, the impact on the environment and the
improvement of the energy structure in the building. This paper presents a methodology for estimating energy
consumption, (Fig. 1) [2], presented through a mathematical model, in which static parameters are considered
as average values for certain time intervals. A concrete example is also given for determining the annual energy
consumption for the heating of the Faculty of Technical Sciences - Bitola [3].

£\ £\

Normalization

@ @

Figure 1. Methodology for predicting thermal energy consumption

Parametrization Application
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2. Defining the model

For predicting the actual consumption of thermal energy, certain influences are taken into account, such as:
interruptions of heating for weekends, holidays, night hours, which are inserted in the calculations through
correction factors selected from the scientific literature [4]. However, the crucial part in the calculation is
outdoor temperature which is specific to a certain area and is determined by statistical analysis of the
temperature change in the area over a short and long period of time. The basic expression for calculating the
annual thermal energy consumption is (1), [4]:

t,—t,
Qg=24.Q.Z.t . .y.et.eb (1)
v ‘np
where:
A lth 1 .. [wh
Qg - nnual thermal energy consumption, in [ﬁ]'
0 - Total heat loss in the building, in [W].
z - Number of days in the heating season,
¢ - Internal temperature in the building, in [°C].
v
t, - Average temperature during the heating season, in [°C].
tp - Project outdoor temperature for the specific area where the building is located, in [°C]
er-ep Coefficient that considers the cases when the heating system does not work 24 hours a day

(er) (Table 1), and the heating is interrupted on certain days (Saturday, Sunday and
holidays) - operating restrictions, (ep), (Table 2).

% - Coefficient for the time frame of the impact of adverse conditions that do not affect
constantly and at the same time on all rooms in the building and reduce the allowances that
are adopted in the transmission losses of the building, (Table 3)

Table 1. Coefficient of temperature limitation e,

Type of object e,
hospital 1.0
residential building with heating of all rooms 0.95
residential building with pronounced night heating limitation 0.9
administrative building, and school with two shifts 0.85
school with one shift and high accumulation capacity 0.8
school with one shift and low accumulation capacity 0.75

Table 2. Ccoefficient of operating limitation e,

Type of object ep
buildings with constant heating (hospitals, residential buildings...) 1.00
buildings with limited heating (weekends and holidays) 0.9
schools 0.75

Table 3. Values of factor Y
Conditions Y

normal windy area and sheltered space  0.63
normal windy area and exposed space  0.60
windy area and sheltered space 0.58

windy area and exposed space 0.55

The usual calculation of the annual thermal energy consumption is performed with expression (1). However,
each facility has its own specific mode of operation, location and exposure to climatic conditions. This means
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that additional, specific parameters are needed to complicate and refine the calculation, which will bring the
results closer to the real heat consumption.

Firstly, the value of z can be reduced according to the exact number of days for which the given building
operates in the heating season (excluding weekends, holidays, and non-working days), whereby the correction
coefficient is excluded from the expression (1). Therefore, the newly acquired number of days is determined
by the expression (2):

5

z,=-"z-a (2)

if the facility does not operate on weekends, while the value a refers to holidays and non-working days.

24- e, of the equation (1) can be replaced by the average number of heating hours per day during the heating
season (x), (3) which causes a temperature drop in the building.

Ze
Z Xpn = Zg * X 3)
n=1

where x,,,, is the number of heating hours in the n day of the heating season.

The outdoor temperature on a daily, monthly, and annual bases depend on the project temperature for a certain
area. Climate changes and global warming are seriously affecting temperatures around the world. Therefore,
an analysis of the tendency of temperature increases in the last period compared to previous decades is needed.
The average temperature for the heating season of the area where the building is located (t4), (4) is determined
by the dependence:

z
Z tn = 2t “4)
n=1
where t,,, is the average temperature on the n™ day of the heating season.

The value t; is taken from the professional literature based on statistical analyzes of temperature changes in a

certain area over a longer period of time. However, in recent years there are serious temperature deviations
compared to that data, so it is necessary to update the temperature changes.

The factor Y can be compensated in the latest standards which include additions that address the positive and
negative impact on the building (intensity and exposure to light, wind, moisture, groundwater, orientation,
etc.).

The above arguments transform expression (1) for the calculation of annual thermal energy consumption,
giving the following expression (5):

'x'Q'Ze'(tv_tg) (5)

ro_
O = t,—t

np
3. Estimation of Q4 and Q'j for the building of the Faculty of Technical
Sciences - Bitola

In addition, the annual thermal energy consumption is calculated according to equations (1) and (5) for heating
the building of the Faculty of Technical Sciences - Bitola. There is a deviation in the obtained results.

The three-storey building (Fig. 2) was built in 1961. The total net area of the building is 5952 m* (area of
heating space), and the total net volume is 21325 m? (volume of heating space), [3].

Faculty of Technical Sciences - Bitola is exposed in a normal windy area. The building usually operates one
shift and has a low accumulation capacity. Based on these data, the coefficients from Table 1, 2 and 3 are e, =
0.75, e, = 0.75 and Y= 0.6 respectively. According to the thermal calculation of the heat losses in the
premises, segments, and the building as a whole, the standard MKS EN 12831 - 1: 2017, [3] is used as
simplified procedure for calculating the heat loads for heating the buildings, @ = 724823 W. The heating
season starts on October 15 and ends on April 15, which means z = 182. The adopted internal temperature in
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the building is ¢, = 19°C, t,, = —18°C [3]. The average temperature in the heating season (according to
project data for Bitola) is t; = 5°C) [4]. These values are calculated in equation (1).

Figure 2. Building of the Faculty of Technical Sciences - Bitola

The parameters in equation (5) are determined according to the working regime of the building during the
heating season (working days and working hours). Hence, x = 12 h and z, = 120. Because of the significant
deviation of the outdoor temperature due to global warming in relation to the existing values of t,, a
temperature analysis was performed during the heating period for 2017/2018, 2018/2019, 2019/2020 [5]. Fig.
3 shows the temperature changes during the heating season in Bitola.

20.0
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10.0

>0 \/
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Figure 3. Temperature changes during the heating season in Bitola

The results of the analysis show that the average outdoor temperature in the heating season for the period 2017-
2020 is t; = 6.5°C [3].

Table 4 shows the results of expressions (1) and (5) according to the above methods including the relative and
absolute difference.

Table 4. Results for annual thermal energy consumption for the building of Faculty of Technical Sciences — Bitola
Q, Qy Difference %
404310 kWh 353617 kWh 50693 kWh 12.54
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4. Conclusion

Accurate predicting and planning of the annual consumption of heat and energy in the facilities, significantly
improves the conditions and effectiveness of the operation of the facilities. It enables the adoption of correct
conclusions and measures to improve the energy efficiency of the facility, organization of the regime and
schedule of use of the premises, regulation and planning of fuel consumption in the heating system. This
analysis improves the accuracy of the annual economic plan for determining the financial costs associated with
the energy consumption of the facility. By applying the specified method, the accuracy in determining the
annual heat consumption is increased, due to the influence of the parameters that apply to each building
separately and are determined according to the internal and external conditions.
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