SIMTERM

PROCEEDINGS

17'" Symposium on Thermal Science and
Engineering of Serbia

Sokobanja, Serbia, October 20-23, 2015

University of NiS, Faculty of Mechanical Engineering in Ni$
Society of Thermal Engineers of Serbia

ISBN 978-86-6055-076-9

Publisher:
University of NiS, Faculty of Mechanical Engineering in Ni$

2015



SIMTERM

PROCEEDINGS

17" Symposium on Thermal Science and
Engineering of Serbia

Sokobanja, Serbia, October 20 — 23, 2015

University of NiS, Faculty of Mechanical Engineering in Ni$
Society of Thermal Engineers of Serbia

ISBN 978-86-6055-076-9

Publisher:
University of NiS, Faculty of Mechanical Engineering in Ni$

2015



17" Symposium on Thermal Science and Engineering of Serbia
under title:

“Energy — Ecology — Efficiency”

is organized by:

University of NiS, Faculty of Mechanical Engineering in NiS
and
Society of Thermal Engineers of Serbia

Under patronage of the

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

and supported by:

Donors and Sponsors

TESLIANUM
ENERGOPROJEKT ENTEL
SERBIAN CHAMBER OF ENGINEERS
BOSCH
WILO
HERZ
FENIKS BB
TROX TECHNIK
VIA OCEL
YUTKL
SUKOM



Biiaga Penyo6sinke Cpouje

MI/IHI/ICTapCTBO IIpoCBEeTE, HAYKE H
TEXHOJIONIKOr pasBoja

Energetski inovacioni centar
TESLIANUM

MIEENERGOPROJEKT ENERGOPROJEKT
ENTEL a.d. ENTEL

UHXeHwepcka komopa Cpbouje

© BOSCH W)lo

!@ ® s
T ROZ®TECHNIK .

The art of handling air FEN i(s BB

j Knjazevac -(\?\,a &
via ocEL BIRRY o




International Scientific Committee

Prof. Dr. Gligor Kanevée [MK] Prof. Dr. Ljubica Kanevée [MK]

Prof. Dr. Slavtcho G. Slavtchev [BG] Prof. Dr. Sa$o Medved [SI]
Prof. Dr. Petar Novak [SI] Prof. Dr. Jordan Hristov [BG]

Prof. Dr. Sc. Neven Dui¢ [HR] Prof. Dr. Agis Papadoupoulos [GR]

Prof. Dr. Konstantinos Papakostas [GR] Prof. Dr. Sophia Natalia Boemi [GR]
Prof. Dr. Du$an Golubovi¢ [BA] Dr. Maria Ichim [RO]

Dr. Vesna Barisi¢ [FI] Prof. Dr. Deéan Ivanovi¢ [ME]

Dr. Gyula Gréf  [HU] Dr. Friedrich Dinkelacker [DE]

Dr. Zlatan Car [HR] Mr. Sc. Luka Carapovi¢ [HR]

Dr. Darko KneZevi¢ [BA] Dr. Zdravko N. Milovanovi¢ [BA]

Dr. Mihajlo J. Stoj¢i¢  [BA]

Program Committee

Prof. Dr. Mladen Stojiljkovi¢, University of Nis, Faculty of Mechanical Engineering in Ni$
Prof. Dr. Milan Radovanovié, University of Belgrade, Faculty of Mechanical Engineering
Prof. Dr. Simeon Oka, University of Belgrade, Vinca Institute of Nuclear Sciences
Prof. Dr. Gradimir Ili¢, University of Ni$, Faculty of Mechanical Engineering in Nis
Prof. Dr. Bratislav Blagojevi¢, University of Nis, Faculty of Mechanical Engineering in Nis
Prof. Dr. Dragoljub Zivkovi¢, University of Nig, Faculty of Mechanical Engineering in Ni$
Prof. Dr. Velimir Strefanovi¢, University of Nis, Faculty of Mechanical Engineering in Nis
Prof. Dr. Dragoslava Stojiljkovi¢, University of Belgrade, Faculty of Mechanical Engineering
Dr. Predrag Stefanovi¢, University of Belgrade, Vinca Institute of Nuclear Sciences
Prof. Dr. Dragoslav Sumarac, University of Belgrade, Faculty of Civil Engineering
Dr. Miodrag Mesarovié¢, Energoprojekt ENTEL, Belgrade
Prof. Dr. Dusan Gvozdenac, University of Novi Sad, Faculty of Technical Sciences
Prof. Dr. Milun Babi¢, University of Kragujevac, Faculty of Engineering
Prof. Dr. Vladan Karamarkovié¢, University of Kragujevac, Faculty of Mechanical and Civil Eng. in Kraljevo
Dr. Zarko Stevanovié, University of Belgrade, Vinéa Institute of Nuclear Sciences
Prof. Dr. Maja Todorovi¢, University of Belgrade, Faculty of Mechanical Engineering

Honoured Committee

Prof. Dr Nenad T. Pavlovié, University of Nis, Faculty of Mechanical Engineering in Ni$
Prof. Dr. Dragan Anti¢, University of Nis, Faculty of Electronic Engineering in Ni$
Prof. Dr Vlastimir Nikoli¢, University of Ni$, Faculty of Mechanical Engineering in Ni$
Prof. Dr. Cemal Doli¢anin, State University of Novi Pazar
Prof. Dr. Maja Durovié Petrovi¢, European University, Faculty for International Engineering Management
Jaroslav UroSevi¢, Energoprojekt ENTEL, Belgrade

Organizing Committee

Doc. Dr. Dejan Mitrovié, University of Nis, Faculty of Mechanical Engineering in Nis

Doc. Dr. Mirjana Lakovi¢, University of NiS, Faculty of Mechanical Engineering in Ni$

Dr. Mirko Stojiljkovi¢, University of Nis, Faculty of Mechanical Engineering in Ni$

Marko Ignjatovi¢, University of Nis, Faculty of Mechanical Engineering in Nis

Prof. Dr. Branislav Stojanovi¢, University of Ni$, Faculty of Mechanical Engineering in Nis
Prof. Dr. Miéa Vuki¢, University of Nis, Faculty of Mechanical Engineering in Nis

Prof. Dr. Jelena Janevski, University of Nis, Faculty of Mechanical Engineering in Ni$
Prof. Dr. Gordana Stefanovi¢, University of Nis, Faculty of Mechanical Engineering in Nis
Dr. Goran Vuckovi¢, University of Ni$, Faculty of Mechanical Engineering in Ni$

Doc. Dr. Predrag Zivkovi¢, University of Ni§, Faculty of Mechanical Engineering in Ni$
Mr. Dragan Kustrimovi¢, University of Nis, Faculty of Mechanical Engineering in Ni$



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.



Contents

1. Plenary Session 1
Activities of the automotive industry in the field of environmental protection
Dusan Gruden 2
Energy Systems in a Controversial Transition
Miodrag Mesarovié 22
LEEN* Concept: Driving Force of Sustainable Country Development
Eberhard Jochem, Mirjana Prljevic, Michael Mai, Ursula Mielicke 34
2. Experimental Examination of Processes and Plants 46

Integrated evaluation of composite cool thermal insulation materials under temperate

climates

Sofia-Natalia Boemi, Panagiota Antoniadou, Efrosini Giama, Stella Hadiarakou, Theoni

Karlessi, Mat Santamouris, Agis Papadopoulos 47

A Comparison of Various Heating Systems in Greece Based on Efficiency and Fuel Cost
Konstantinos T. Papakostas, Georgios Martinopoulos, Agis M. Papadopoulos 53

Development of new traceable European capabilities in thermal metrology
Jean-Rémy Filtz, Narcisa Arifovic, Mohamed Sadli, Guillaume Failleau, Bruno Hay,
Dubaltach Mac Lochlainn, Ales Blahut, Jovan Bojkovski, Nedzadeta Hodzic, Lenka
Knazovicka, Nenad Milosevi¢, Slavica Simié, Danijel Sestan, Radek Strnad, Emese

Thurzo-Andras, Davor Zvizdic 67
Measurements and Simulation of the Temperature in the Flow Fields of the Rocket

Nozzle with Jet Tabs

Sasa Zivkovic, Momcilo Milinovic, Nikola Gligorijevic, Pavle Pavlovic 72

Experimental Measurement of the Temperature Field on the Barrel of Automatic Weapon
Aleksandar Kari, Nevena Stevanovic, Momcilo Milinovic, Damir Jerkovic 82

Experimental Equipment Research for Cryogenic Joule-Thompson Microcoolers of IR
Homing Heads
Aleksandar Sicovic, Momcilo Milinovic, Dragutin Debeljkovic, Olivera Jeremic 89

Experimental and Analytical Research of the Heat Transfer Process in the Package of

Perforated Plates
Mladen A. Tomic¢, Predrag M. Zivkovi¢, Mica V. Vukié, Zana Z. Stevanovié, Biljana B.
Milutinovi¢ 97

Experimental Research of Effects of Adding Supplementary Component Generated by
Catalytic Reactor on Combustion at Gasoline Engines

Milos Milosevic¢, Ljubisa Tjupa, Boban Nikoli¢, Dusan Stamenkovi¢, Dusan Pribak 105
Experimental Determination of the Minimum Fluidization Velocity of Two-Component

Fluidized Bed

Jelena N. Janevski, Branislav V. Stojanovi¢, Mladen M. Stojiljkovi¢ 113

Measurement of air pollutants in College of Textile — Design, Technology and
Management in Belgrade
Marija Zivkovic¢, Ivan Lazovi¢, Sandra Stefanovié¢, Zarko Stevanovié, Danka Kostadinovié 122



Experimental energetic analysis of hydraulic excavator work
Predrag Mili¢, Dragoslav Janosevié, Vesna Jovanovié 128

Experimental Investigation on Energy Performance of Air Heating Solar Collector with
Forced Constant Airflow Rate
Milovan Medojevi¢, Jovan Petrovié¢, Milana Medojevi¢ 133

A Comparison of Performance of Axial Fans at Full and Partial Geometric Similarity
Zivan Spasi¢, Dragica Milenkovic, Jasmina Bogdanovic¢-Jovanovié, Viadislav Blagojevi¢ 144

Experimental Validation of a Multi-Storey Naturally Ventilated Double Skin Facade
Aleksandar S. Andelkovié, Jovan Petrovi¢, Miroslav Kljajic, Igor Mujan 151

3. Fluid Flow and Heat and Mass Transfer 159

Study of integral characteristics and efficiency of a finned tubes thermosyphon’s type
heat exchanger
lliya K. lliev, Veselka Kamburova, Krisztina Uzuneanu, Vassil Voutev 160

Short simulation test of initial flight total temperature on the small caliber cannon
projectile
Momcilo Milinovié, Damir Jerkovié, Aleksandar Kari 170

Numerical Modeling of Temperature Field on High Velocitiy Explosively Formed
Projectile
Milos Markovi¢, Momcilo Milinovié, Olivera Jeremic, Slobodan Jaramaz 175

MHD Flow and Heat Transfer of Incompressible Electrically Conductive Micropolar
Fluid
Milos Kocié, Zivojin Stamenkovié, Jelena Petrovi¢, Milica Nikodijevié 181

MHD Flow and Heat Transfer of Two Immiscible Fluids Trough Porous Medium
Zivojin Stamenkovié, Jelena Petrovi¢, Milos Koci¢, Milica Nikodijevi¢ 192

Universal Method in the MHD Boundary Layer mixed Flow with Effects of Chemical
Reaction and Heat Source/Sink

Aleksandar Z. Borici¢, Milos M.Jovanovi¢, Branko Z. Boricié¢ 202
Unsteady MHD Thermal and Diffusion Boundary Layer from a Horizontal Circular

Cylinder

Aleksandar Z. Borici¢, Milos M. Jovanovic¢, Branko Z. Borici¢ 215

Influence of sorbent particle dispersion in pulverized coal-fired furnace on
desulphurization process efficiency
Ivan Tomanovi¢, Srdan Belosevié¢, Aleksandar Milic¢evié, Dragan Tucakovic¢ 228

Determination of dynamic thermal characteristics of building wall
Zorana Petojevi¢, Milica Mirkovi¢, Zeljko Jovanovi¢, Radovan Gospavi¢, Goran
Todorovi¢ 236

Re-Design of Deflector’s Flow Domain at Howell Bunger Valve Refere to Free Jet and
Cavitation
Valentino Stojkovski, Zvonimir Kostic 244



The Research of Heat Balance of Bearing Mounting Realized by Axial Ball Bearings with
Angular Contact Intended For the Threaded Spindles

Viadislav Krsti¢, Dragan Milci¢ 251
Quality of Thermal Comfort CFD Models Based On Error Analysis and Statistical

Analysis

Zana Stevanovi¢, Gradimir 1li¢, Mica Vuki¢, Predrag Zivkovi¢, Mladen Tomic 257

Forced Rayleigh-Benard convection in an inclined fluid layer
Milos Jovanovié, Sasa Milanovié, Viadislav Blagojevié¢, Sasa Randelovié, Jelena
Manojlovié 265

Transient CFD Analysis of Rotating Stall in Centrifugal Pump Impeller
Zivojin Stamenkovié, Jasmina Bogdanovié-Jovanovié, Dragica Milenkovié, Dragan
Svrkota 273

Prediction of In-Furnace Flue Gas Desulfurization by Lime-Based Sorbent Injection
Srdan Belosevic¢, Stevan Nemoda, Nenad Crnomarkovié, Ivan Tomanovi¢, Aleksandar

Miliéevic 284

Centrifugal fans with backward-curved and forward-curved blades

Jasmina Bogdanovié-Jovanovié, Bozidar Bogdanovié, Zivan Spasic¢ 290
4. Renewable Energy Sources 297

An assessment of energetic and exergetic efficiency of biomass residues gasification
Uzuneanu Krisztina, Marcel Dragan 298

Application of biogas based cogeneration to improve energy efficiency and
competitiveness of agricultural farms

Dragoljub Zivkovi¢, Marko Manci¢, Milena Todorovié, Andrijana Stojanovié 305
Assessment Feasibility of Construction a Small Hydropower Plant

Filip Stojkovski, Zvonimir Kostic, Valentino Stojkovski 320
Design of wind farm Vinca utilizing WASsP software

Aleksandra Mikic, Zeljko Purisié 329
Cost optimal energy supply of a livestock farm

Marko Mancié, Dragoljub Zivkovié, Milena Todorovié 351
Ray Tracing Study to Determine Optical Performance of Dish Solar Thermal

Concentrator

Sasa Paviovi¢, Darko Vasiljevic, Velimir Stefanovi¢, Milan Pordevié, Marko Mancic,

Dragan Kustrimovi¢ 364

Use of photovoltaic systems on the facades of buildings
Jelena Stevanovié 374

Application of wind energy in architecture
Jelena Stevanovic 382

Main barriers to the implementation of projects utilizing RES in the Republic of
Macedonia
Viadimir Mijakovski, Tale Geramitcioski, Vangelce Mitrevski 389



Analysis of Rtanj Mountain Wind Energy Potentials
Predrag M. Zivkovié, Mirjana S. Lakovié, Mladen A. Tomié, Zana Z. Stevanovic,
Dragana G. Dimitrijevié, Milica Jovi¢ 397

5. Energy Efficiency and Environmental Protection 403

Analysis of Energy Efficiency of Schools Using the Energy Balance Method
Aleksandra Nedeljkovi¢, Marko Mancié, Milena Jovanovié, Peda Milosavijevi¢, Bojan

Stankovi¢ 404
Architectural strategies of wind turbine implementation in buildings and the urban

environment

Sanja Spasi¢ Pordevié¢, Hristina Krsti¢ 414

Model of energy efficient and sustainable design through conceptual architectural-urban
design of an Eco Green Village in Belgrade
Hristina Krsti¢, Sanja Spasi¢ Dordevic, Dusan Randelovi¢, Miomir Vasov, Marija Goci¢ 422

Production Process Reengineering - Production of Steel Panel Radiators
Dragana Temeljkovski, Milos Milovancevi¢, Dragan Temeljkovski, Stojance Nusev 432

Environmental Sustainability and Thermal Comfort with Green Roof Implementation in
the Building Envelope
Dragana Dimitrijevié, Predrag Zivkovié, Mladen Tomic¢ 438

Influence of district heating on future energy systems: Case study for the heat demand

mapping and energy planning of the City of Osijek

Tomislav Novosel, Marko Ban, Neven Duic¢, Natasa Markovska, Vesna Borozan, Tomislav

Puksec, Tihomir Tomi¢, Goran Krajacic¢ 444

Central Heating of Buildings with integrated thermally activated Building Systems
Branislav Stojanovié, Jelena Janevski, Milica Ljubenovi¢, Marko Ignjatovié, Dejan
Mitrovié¢ 452

Energy balance of College of Applied Sciences in Ni§
Milan Pavlovi¢, Dragoljub Zivkovié, Biljana Milutinovi¢, Aleksandra Borici¢, Dejan
Blagojevi¢ 459

Potential Energy Efficiency Improvments on Faculty of Technical Sciences Institute
Igor Mujan, Aleksandar Andelkovié, Momcilo Spasojevié, Jovan Petrovi¢, Miroslav
Kljaji¢ 466

Sustainability assessment of different heating system options for single family house by
multi-criteria analysis
Biljana Vucicevi¢, Marina Jovanovié, Valentina Turanjanin 474

Electrolyzer based on molybdenum carbide for separation hydrogen from water
Aleksandra Stojanovic 480

The Possibility of Energy Saving in Interior Lighting Using the New Type of Lamps
Marko Sucurovic, Sasa Stojkovié, Snezana Dragicevié, Momcilo Vujici¢ 514

Analysis of zero energy public object
Jelena Stevanovié¢ 524



Improvements and Developments Made by CFD Tools Especially for the Semidry CDS
Technology
Riidiger Baege, Christian Moser 530

Natural Radioactivity in Coal, Slag, and Fly-ash Samples from “Nikola Tesla” Power

Plant — Risk Assessment

Bojan Seslak, Mirjana Purasevi¢, Mili¢ Erié, Aleksandar Kandié, Ivana Vukanac, Zoran
Markovié, Zoran MiloSevié 542

Denitrification Techniques at Biomass Combustion
Milica Mladenovi¢, Milijana Paprika, Stevan Nemoda, Ana Marinkovi¢ 548

An Analysis of NOx EU And Serbian Emission Limits
Milica Mladenovié, Milijana Paprika, Stevan Nemoda, Goran Zivkovié 560

Reduction of Particulate Matter Emission by the Modernization of the Electrostatic
Precipitators at Unit B1 of the TPP Kostolac B
Mili¢ Eri¢, Predrag Stefanovié¢, Zorvan Markovié, Dragan Zivié, Zeljko 1li¢ 569

Application of Air to Water Heat Pump in Serbian Climate Conditions
Maja N. Todorovi¢, Bojan Grujicki 577

Influence of Window U-value on Energy Performance of School Building
Danka Kostadinovié, Ivan Lazovié, Marija Zivkovié¢, Zana Stevanovié, Sandra Stefanovic 586

The influence of temperature correction factor to determine the buildings heat losses
Valentina Turanjanin, Biljana Vucicevic, Marina Jovanovic, Nikola Mirkov, Ivan Lazovic 594

Indoor Air Quality in Office Buildings — Experimental Investigation
Tamara S. Bajc, Maja N. Todorovié, Agis M. Papadopoulos 601

6. Technologies and Plants 608

Exergetic valuation method for producing energy in cogeneration
Marcel Dragan, Uzuneanu Krisztina 609

Influence of elemental composition of ethanol - gasoline mixtures on heat transfer in
engines
Krisztina Uzuneanu, Iliya Illiev 615

Sunflower Husk Combustion in 18 MW Boiler Cyclone Furnace in District Heating
System - Case Study
Ivan Pesenjanski, Biljana Miljkovié, Pordije Doder 622

Field Tests Of Mixed-flow Rice Dryer
Filip Mojsovski 630

Maintenance of Turbo Generator in Accordance with Monitoring on the Example of TPP
Ugljevik with Installed Power of 300 MW
Zdravko N. Milovanovic, Darko Knezevic, Svetlana Dumonjic-Milovanovic, Jovan

Skundric 635
Analysis of Cooling System at Injection Molding Tool for Products with Different

Geometry

Sasa Randelovi¢, Mladomir Milutinovi¢, Mic¢a Vukic¢, Taniki¢ Dejan 649

Comparative Exergetic Performance Analysis for Some Thermal Power Plants in Serbia
Dejan M. Mitrovi¢, Marko G. Ignjatovic¢, Branislav V. Stojanovié, Mirko M. Stojiljkovic¢ 655



Impact of disconnecting the Apartment from Central Heating System in Multi-Family

Building

Branislav Stojanovié, Jelena Janevski, Milica Ljubenovi¢, Marko Ignjatovié, Dejan

Mitrovié¢ 666

Heat Pump Drying of Green Peas
Jelena N. Janevski, Stefan D. Jovanovi¢, Mladen M. Stojiljkovié¢ 671

Optimal Design of Combined Heat and Power Production Plant Using Particle Swarm
Optimization
Emina Petrovi¢, Dejan Mitrovi¢, Viastimir Nikoli¢, Milos Simonovi¢ 677

Techno-Economic Analysis of the Closed-Cycle Cooling System in the 110 MW Thermal
Power Plant

Mirjana Lakovic, Milica Jovi¢, Milos Banjac 686

Parameters of the Atmospheric Air in the Dimensioning of Industrial Cooling Tower

Lakovi¢ Mirjana, Lakovi¢ Slobodan, Jovi¢ Milica 695
7. Automatics, Process Control and Expert Systems 706

Algorithm of Practical Tracking with Vector Settling Time: Application in Process
Industry
Mihajlo J. Stojcié, Viastimir Nikoli¢ 707

Pulse Width Modulation Asymmetric Hydraulic Cylinder Control
Viadislav Blagojevi¢, Miodrag Stojiljkovi¢, Milos Jovanovié, Zivan Spasi¢ 717

Computationally Intelligent HVAC Controller Optimization
Zarko Cojbasi¢, Milan Ristanovié, Nemanja Markovié, Stefan Tesanovi¢ 723

Thermal vision based intelligent system for human detection and tracking in mobile robot
control system
Ivan Cirié¢, Zarko Cojbasi¢, Danijela Risti¢-Durrant, Viastimir Nikoli¢, Milica Ciric,

Milos Simonovi¢, Sofija Pavlovié 735
Heat Consumption Prediction of Small District Heating System Using Artificial Neural

Networks

Milos Simonovié, Viastimir Nikoli¢, Ivan Ciri¢, Emina Petrovié, Sofija Pavlovi¢ 741

Determining the Theoretical Reliability Functions of the Thermal Power System in Power
Plant "Pljevlja”
Dragan Kalaba, Milan Pordevi¢, Viadan Ivanovié 749

Influence of the Soil Layer on the Roof Membrane in the Green Roof Assembly
Dragana Dimitrijevi¢, Milos Milosevi¢, Misa Tomi¢, Vukasin Paviovi¢ 756

Breakdowns of hot water boilers
Milena Todorovic, Dragoljub Zivkovi¢, Marko Mancié¢ 761

Analysis of PV/Wind/Battery/Hydrogen Systems for Supply of Meteorological Mast in
Very Low Temperature Conditions
Sasa Stojkovié, Vukman Baki¢ 770

Techno-economic Analysis of PV/Battery/Diesel Generator System for Supply of
Meteorological Mast Equipment in Cold Climates
Vukman Baki¢, Sasa Stojkovié¢ 780



Determination of Flow Rate through Radial Clearance at Zero Overlap inside the
Hydraulic Components
Darko Knezevié, Aleksandar Milasinovi¢, Sasa Lalos

A Numerical Study on Laminar Forced Convection of ZnO-Ethylene Glycol Nanofluid in
a Trapezoidal Microchannel
Cuneyt Uysal, Kamil Arslan, Huseyin Kurt

Analysis of dynamic stability of excavator depending on the temperature of the hydraulic
oil in excavator drive system
Vesna Jovanovi¢, Dragoslav Janosevi¢, Jovan Paviovi¢

Modeling of Cutting Temperature in the Biomedical Stainless Steel Turning Process
Dusan Petkovi¢, Milos Madi¢, Miroslav Radovanovi¢, Predrag Jankovi¢, Goran
Radenkovi¢

Mathematical Model for Evaluation of Cost-effectiveness of Waste-to-Energy Treatment
Technique

Biljana Milutinovi¢, Gordan Stefanovi¢, Ksenija Denci¢-Mihjlov, Petar S. Dekic,
Aleksandra Borici¢

Numerical Investigation on the Convective Heat Transfer in a Spiral Coil with Radiant
Heating
Milan Dordevic, Velimir Stefanovié, Mica Vukié¢

On Mathematical Modelling in Solving Scientific and Engineering Problems
Ljiljana Petkovi¢

Influence of Polynomial Coefficients on the Weighted Sum of Gray Gases Model
Optimization

Nenad Crnomarkovi¢, Srdan BeloSevi¢, Ivan Tomanovic, Aleksandar Milicevic,
Andrijana Stojanovi¢, Goran Stupar

Genetic Algorithm Approach for Optimization of Energy Integrated ATAD System under
Uncertainties
Natasha G. Vaklieva-Bancheva, Raika K. Vladova, Elisaveta G. Kirilova

Structural Assessment of Guyed Mast — Finite Element Method Approach
Milada Pezo, Vukman Baki¢, Zoran Markovié

Tribological criteria of efficiency evaluation in work of loader manipulator
Jovan Paviovié, Dragoslav Janosevié, Vesna Jovanovic¢

Three Phase Eulerian Model Applied on Numerical Simulation of Oil-Water Mixtures
Combustion in a Bubbling Fluidized Bed
Stevan Nemoda, Milica Mladenovi¢, Milijana Paprika, Aleksandar Eri¢, Dejan Purovié

Numerical Investifgation of Nucleate Pool Boiling Heat Transfer
Andrijana Stojanovié, Viadimir Stevanovié, Milan Petrovic, Dragoljub Zivkovic,
Branislav Stankovi¢

Design Aspects and Analysis of Adhesive Bonded Joint
Natasa Jovanovié, Boban Andelkovi¢, Biljana Pordevié¢, Vukasin Pavlovic¢

790

802

814

822

829

836

845

853

859

871

879

885

900

911



8. Energy Efficiency in Transport 918

Selection of Working Process and Turbocharging System for Locomotive High Boosted
Engine Fed with Natural Gas
Mikhail G.Shatrov, Alexey S.Khatchiyan, Viadimir V.Sinyavski, Ivan G. Shishlov 919

Research of the Influence of Injection Pressure up to 300 MPa on Diesel Engine Working
Processes and Its Fuel System Parameters

Mikhail G. Shatrov, Leonid N. Golubkov, Andrey U. Dunin, Andrey L. Yakovenko, Pavel

V. Dushkin 927

The Importance of Energy Efficient Trasportation
Stojan Petrovic 938

Energetic and Ecological Aspects of the Application of Electric Drive Vehicles in Serbia
Miroljub Tomi¢, Zoran Jovanovi¢, Marko Kitanovié¢ 948

The characteristics of combustion process of diesel engine using vegetable oil methyl
esters
Dragan Knezevi¢, Miroljub Tomic, Viada Staji¢, Velimir Petrovic, Zeljko Bulatovi¢ 957

Engine with Alternative Otto/Diesel Processes
Aleksandar Davinié, Radivoje Pesi¢, Dragan Taranovi¢, Miroslav Ravli¢ 965

Downsizing IC engine with Variable Compression Ratio: effects and potentials
Radivoje Pesic, Snezana Petkovi¢, Emil Hnatko, Stevan Veinovic¢ 975

Application natural gas on city buses and their introduction in the traffic
Sasa Milojevi¢, Radivoje Pesic 987

Human Thermal Model for Evaluation of Thermal Sensation in Vehicle Cabin Using
CFD Simulations
Dragan Ruzic¢, Sinisa Bikic¢ 994

Efficiency of radial-rotary IC engine
Jovan Dorié¢, Ivan Klinar 1004

Some aspects of temperature distribution in IC engine crankshaft bearing
Nebojsa Nikoli¢, Jovan Dori¢, Zivota Antonic¢ 1010

Fuel saving through use of new generation of low-viscosity motor oils
Snezana Petkovic, Omer Kovac, Zeljko Djuric, Stevan Veinovié¢ 1016

Reducing fuel consumption and CO2 emissions from motor transport
Velimir Petrovic, Dragan Knezevic, Ivan Sirotanovic, Stojan Petrovic 1025

Local Model Networks as Virtual Combustion Sensors in IC Engines
Nenad Milji¢, Slobodan Popovi¢ 1038

Internal Combustion Engine Torque Nonuniformity
Milasinovicé A., Milovanovic Z. 1044

Light Vehicles Test Procedures on an Automated Engine Test Bed
Stefan Dini¢, Viadimir Petrovi¢, Predrag Mrda, Slobodan Popovi¢, Nenad Milji¢ 1056



Software and Hardware Challenges of Engine Test Bed Automation — Example of FME
ICED Lab

Viladimir Petrovic, Stefan Dini¢, Marko Kitanovi¢, Nenad Milji¢, Slobodan Popovié
Marko N. Kitanovic, Slobodan J. Popovic,

Parameterisation of friction in engine piston-cylinder assembly
Slobodan J. Popovi¢, Nenad L. Millji¢

Analysis of experimental and theoretical results of the energy efficiency of different bus
subsystems in Belgrade public transport
Slobodan Misanovié¢, Zlatomir Zivanovic

Energy efficiency trends in the road transport sector in Montenegro
Vera Mirkovi¢, Mirjana Grdini¢, Viadimir Pajkovié¢

Activities of the Administration of Montenegro’s Capital City, Podgorica, for Energy
More Efficient Road Traffic
Radoje Vujadinovic

Use of models for the calculation of CO2 emissions for passenger cars in Montenegro
Radoje Vujadinovic, Stojan Petrovic

Ecological and economic aspects of installing devices and equipment for LPG-fuelled
vehicles
Boban Nikoli¢, Predrag Mili¢, Milos Milosevi¢, Sasa Milanovié¢

Metaheuristics for solving Vehicle Routing Problems with Stochastic Demands for waste
collection
Danijel Markovi¢, Goran Petrovi¢, Milos MiloSevi¢, Predrag Mili¢, Milos Madi¢

1062

1066

1074

1083

1089

1110

1115

1123



17" Symposium on Thermal Science and Engineering of Serbia
Sokobanja, Serbia, October 20-23, 2015

Society of Thermal Engineers of Serbia Faculty of Mechanical Engineering in Ni$

Architectural strategies of wind turbine implementation in buildings
and the urban environment

Sanja Spasi¢ Dordevic®, Hristina Krstid®
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Abstract: Exploitation of wind power in urban areas is a new idea in which, in the last few years, architects
are very interested in. The growing need to improve the environmental performance of buildings and life
environment in general, leads to increased need of architects for the projects which rely on the use of
renewable energy. In addition to the use of solar energy in urban areas, a new idea is the implementation of
wind turbines in architectural projects. This idea needs to meet in the first place ecological, but also technical
and aesthetic characteristics in order to become applicable in practice. The paper deals with different
strategies of implementation of these solutions and also with analyse of examples in practice.
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1.0. Introduction

Energy efficiency is a wide range of activities that aims to reduce consumption of all kinds of
energy, with increasing use of renewable energy sources. Most often when we talk about renewable energy
we think of solar energy, however, it includes also wind energy, biomass and geothermal energy. In recent
years, an increasing number of studies is dedicated to wind energy and its exploitation.

The electricity we use today is harmful due to emissions of gases that have a negative impact on the
environment and human health. In the fight against climate change and improving the life environment, a
growing number of architects and engineers got into the studies about how to reduce the percentage of
electricity use in urban areas. Of course, depending on the intensity of the wind, this strategy is not
applicable everywhere. However, the development and improvement of the performance of wind turbines
makes implementation possible in windy environments. During the implementation of wind turbines, three
important steps must be taken into account:®

- Wind flow in a constructed area must be estimated

- Optimal way of installation of wind turbines must be chosen

- The third important step is research on the impact of solution on the environment, research of
economic viability and feasibility study which must be done.

!Abohela I, Hamza N, Dudek S: Urban wind turbines integration in the built form and environment, FORUM Ejournal
10 ,June 2011
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Following these steps architect comes up with the answer is the implementation desirable in the
present case.

This reasoning raises a number of questions: Does this kind of savings can impair the living space of
man and other living beings? Does the implementation is losing the aesthetic factor in the design of
buildings? Is the implementation only possible with the newly designed solution or it can be adapted to the
existing condition? In this paper we will try to answer on all of these questions. Also through analyses of the
examples that have already been built in the world, we will observe how the implementations are done but
also whether this form of energy use can lead to cost savings. The aim is to highlight the positive and
negative aspects of the use of wind turbines in urban areas.

2.0. Application of wind turbines in architecture

Wind energy has always attracted the attention of researchers who wanted to make it useful and
therefore helpful. First, the conversion of wind energy into mechanical work was used for sailing and later
for windmills. In the last decades of the twentieth century that wind is proved as an important resource for
generation of electricity. "Wind farms" became popular in recent years. A large number of wind turbines to
each other, in areas of strong winds is an efficient way of distributing electricity. With advances in
technology and new tendencies towards the preservation of the environment, an increasing number of
architects is involved in researches about the most efficient way to implement wind turbines in buildings and
urban areas. Implementation would reduce the need for use of electricity and would enable energy
production to be carried out on the spot (ie. on the parcel). This would be leading to a reduced need for
expensive transmission systems - infrastructure. This also reduces the losses in transmission, and the amount
of material required (cables, poles, etc.). As another advantage of this approach in the design concept of the
architecture of an object must be mentioned clearly and visually expressed the view that the owner of the
building is dedicated to the preservation of resources and planet for itself.
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Figure 1. Landscaping stand-alone Figure 2. Retro-fitting wind Figure 3. Full integration,
wind turbines in urban locations, turbines onto existing buildings, http://inhabitat.com
http://www.alternativeconsumer.co http://www.pljgroup.com
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This case we do not have with the solar panels because they often cannot be visible from the street
while generating electricity. In some cases, in addition to the benefits that we get from the use of wind
turbines, by installing wind generators the facilities can get more original and aesthetic impact. If the project
meets the technical, aesthetic and environmental factors we can consider it as a success.
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Three main strategies for the implementation of wind turbines on buildings in urban areas are:?
- Landscaping stand-alone wind turbines in urban locations ( SI.1)
- Retro-fitting wind turbines onto existing buildings
- Full integration, such that the wind turbines drive the architectural form

The first strategy is possible in areas that have high levels of population, while the second strategy is
for high buildings due to better wind flow. In the third case, the integration is done by placing wind
generators on the tops of the buildings, on the sides of the facades but also at the voids which are projected
within the building.

When it comes to systems of large buildings that should receive high gusts of wind, the
implementation have to be carried out at the earliest stage of the project. Besides from technical
characteristics: size of the turbine and RPM, which are subjects for research from the side of engineers,
architects approach the solution by analyzing the position of the building at the location, its shape and
orientation of the object. For smaller systems best for use are horizontal and vertical axis turbines, which can
be installed in a later phase of the project too.

However, the use of wind energy in urban areas is faced with major problems that need to be
thoroughly analysed and solved during implementation.

2.1 Difficulties with implementation of wind turbines

Every innovation as itself brings with it some risk and problems. The biggest obstacle that arises in
integrating architectural facilities and wind energy is low profitability. While large independent turbines
provide the cheapest electrical energy, small wind turbines are less profitable, and therefore are not always
alluring choice to users as opposed to solar panels. With the use of wind energy in urban areas it is necessary
particular attention to be paid to the following problems:

- Noise and vibration of wind turbines are the most common obstacles to their integration in
architectural and urban planning projects. The problem of noise generated by the rotor blades can be reduced
by changing their design, while the noise from the electrical generator can be minimized with good sound
insulation within the turbine head. The vibrations are more intensified when the turbine is raised to a pillar
standing on the roof of the building. In this case, there can be a harmonious resonance in the house. To
prevent noise and vibration it is necessary to take into account the materials from which the facility is built.
Less noise is generated by wind turbines with a vertical axis.

- Air flow problem is more pronounced in urban areas then at free-fields, that are reserved for "wind
farms" normally. In such environments the existence of wind is linear and all flows going in one direction. In
urban areas, the flow of wind encounters various obstacles (other buildings, green), which leads to the stream
breaks and it operates in several different directions. This separation creates turbulence that affect the
efficiency of wind turbines. During the implementation of wind turbines in the architectural structures it is
necessary to examine the environment and depending on the height of surrounding buildings to assess the
best position for placing turbines.

- Safety for the environment is another of the problems that occur during installation. There is a risk
that some of the blades, under the strong gusts of wind, a flight of birds in the turbine or under the influence

2 N. Campbell, S. Stankovic, M. Graham, P. Parkin, M. van Duijvendijk, T. de Gruiter, S. Behling, J. Hieber, M.
Blanch, "Wind Energy for the Built Environment (Project WEB)”, European Wind Energy Conference & Exhibition,
Copenhagen, 2-6 July 2001.
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of another element, detach and fall. With "wind farms" such a risk also exists, but because they are located in
unpopulated areas, the fear that people would be injured is minimal. This is one reason why the majority of
investors do not opt for this type of deployment.

3.0. Applied strategies for implementation of wind turbines in architectural projects

There are many examples of the implementation of wind turbines in architectural objects in the
world. The paper contents analysis of several examples which had undergone the full implementation. Such
examples have a great impact on architectural projects because setting up of wind turbines requires
additional analysis of the location, form and materials from which the facility is built. In Serbia, these
examples are still lacking.

3.1. Bahrain World Trade Center

World Trade Center in Bahrain ( Figure 4,5) is one of the largest facilities of an independent
renewable energy sources. It is characterized by three wind turbines, solar collectors covering more than half
of the facades of both multi-storey buildings, as well as energy-saving materials used in construction.

Figure 4. Bahrain World Trade Center, wind turbines, Figure 5. Bahrain World Trade Center,
http://inhabitat.com http://www.atkinsglobal.com/

The most impressive innovation in this project is the implementation of wind turbines. Wind turbines are
mounted on the walkway between the two multi-storey tower whose height reaches 787 meters. The towers
are connected with three gangways and on each of them has one wind turbine diameter of 39 meters, which
is designed to convert mechanical energy into electricity. The capacity of each turbine is 225kVA. These
wind turbines operate roughly 50% of the time and provide 11% - 15% of the entire structures total power
consumption (1.1-1.3 MWh / year). Weather in Bahrain are variable, abundant periodic droughts and dust
storms occur, and the design of turbines adapted to such conditions. The turbines are designed to
automatically adapt to the weather, in order to avoid any damage due to unstable wind power.

Wind turbines are set between objects, whose rounded form reduces contributing to air flow. As the
wind speed varies with increasing altitude, the architects have developed a strategy which is designed conical
shape of the object which satisfies the relationship building height and wind speed. In this way,
implementation is influenced building in aesthetic terms, but did not alter his appearance. As a downside of
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this implementation the negative impact on the environment (birds) can be pointed out, but also the
possibility of falling of the blades which endangers the safety of passers-by.

3.2. The Pearl River Tower

The Pearl River Tower ( Figure 6.) was built in 2012 in China. As with the previous one, in this
example, the form of the building is designed to direct the flow of wind to places turbines are installed.
Unlike the previous example, it was used.

Figure 6. The Pearl River Tower, http://inhabitat.com Figure 7. The Pearl River Tower, "wind tunnel”
http://inhabitat.com

In Bahrain World Trade Center building is set with narrow side toward the flow of the wind in order
to reduce the exposed surface. It is not the case with Pearl River Tower. Skyscraper is projected to have a
rectangular shape with a curved front facade. There are four slots that penetrate the building structure and
make the "wind tunnel” ( Figure7.). Four wind generators are placed in these tunnels and having a vertical
axis (propeller in horizontal position). Wind turbines are located on two floors. When it comes to the wind
strike, the air strikes in the building and running the facade to find its way and to avoid the obstacle. This
attack, causes turbulence that is softened when the air reaches the edges of the object. Part of air that hits the
object is brought to the tunnel, accelerates as it passes through the reduced space of the tunnel, it starts wind
turbines and comes from the other side of the building with full its strength. The negative side in this
example is that it relies on the fact that the wind effect on the object always come from the same direction, so
that energy production is reduced when there is a side impact. However, unlike the previous example in
Bahrain, negative impact on the environment in the Pearl River Tower is reduced. This is because the wind
turbines are placed in the tunnel.

3.3. An incomplete objects

In this chapter will be presented projects where wind turbines are planned to be implemented, but
they are not implemented yet. Different implementation strategies have been applied that influenced on
object shape as well as on environmental characteristics.
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- Taiwan Tower (_Figure 8.): This building was conceived as a skyscraper with cover around it in which are
housed wind turbines. Unlike the previous two examples where the setting up of wind turbines influenced on
the orientation of the objects, in this model this is not the case. Wind turbines are placed on all sides of the
building and there are 600 of them. They are supposed to produce 6 megawatts of electricity. In this way a
great effect will be gained, as well as noise reduction caused by use of small wind turbines, and the facility
comes to the form that still has not been seen in architecture.

Figure 8. Taiwan Tower, http://www.designboom.com Figure 9. Miami COR Tower

http://www.archdaily.com/

- Miami COR Tower (_Figure 9.) is yet another example of a skyscraper in which wind turbines are applied.
The method used is similar to the principle of integration as in the previous example. It is based on using of
cover of building made with openings in it where wind turbine is placed. However, the main difference is
that it is applied to a much smaller number of wind turbines and they are located only in the upper parts of
the building. This allows a clear view from the windows of the building and the strongest wind strikes are
more likely to be used because wind turbine is located at a high altitude where winds are much stronger. This
is yet another object in which the implementation of wind turbines is planned to satisfy all aesthetic and
technical characteristics.

- The Gate Residence (Figure 10, 11): Unlike all previous examples, this object is not a skyscraper but the
entire eco-village in which wind turbines are implemented. Wind turbines are implemented in environment
around buildings as well as in buildings as them self.. They are placed on the roof of the buildings and also
all along the streets that follow the objects. According to technical calculations this system with additional
solar panels can produce sufficient electricity for the entire settlement. As in example of Taiwan Tower,
vertical axis wind turbines were applied also here.

The turbines are designed in the way that smaller ones are placed on rooftops in order to reduce
noise in the houses, while along the streets wind turbines of larger capacity are placed and lifted off the
ground on several pillars in order to avoid obstacles that can slow down and degrade wind and reduce
efficiency. If this project was implemented, this facility would become the most complicated architectural
structure with wind generators.
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Figure 10. The Gate Residence, http://inhabitat.com Figure 11. The Gate Residence, http://inhabitat.com

4.0. Conclusion

The continuing architects need to improve living environment and environmental performances of
buildings leads to increased exploring of the use of renewable energy sources. The paper presents the basic
principles by which are the architects guided when the implementation of wind turbines in architectural
projects is in question. It also pointed to the problems that can arise during implementation, but also analyzed
examples that have already been built in the world.

From presented examples we can conclude that in the examples which are already built, wind
turbines were used cautiously, while in the unbuilt examples we can notice new unseen methods which are
not enough researched yet. When it comes to the use of wind energy in urban areas, certain amount of
hesitation still exists. As we noted in the paper, the main reason for this are certainly problems that occur
during this procedure, the second reason, perhaps more important, is that this is still an expensive
investment. Investing in something complex like this is always a risk. By the losses could occur if the wind
force is not constant, or even if the wind changes direction. Architects have found a variety of solutions in
order to prevent such cases, however, it is still not enough of them to make use of wind generators in urban
areas started to implement regularly.

Implementation of wind turbines in urban areas requires the involvement of different professionals
such as mechanical engineers, urban planners, architects, and all those who are directly involved in the
building where is implementation in process. When it comes to the implementation at the already built
facility, that includes the city government to give the green light that such a facility cag wind n be
implemented, but also the people who will live in this house. On the aesthetic side implementation of already
constructed facility often spoils the appearance of the object and the initial idea of architects. In urban
projects for the main town nucleus we have rarely met with the strategies of application of wind turbines.
Important condition for implementation of wind turbines is great height for placing wind turbines. If you lift
the wind turbine at a great height, it further requires a large area of the grounds for doing so and in this way
usable area is making smaller. Therefore, this method of implementation of wind turbines in urban areas is
least developed.

Most often when we speak about the full implementation, high towers are planned from the start and
at the tops of buildings places are reserved for wind turbines. This principle we could have noticed in in the
analyzed examples in this paper. Also, full implementation is rarely about implementation of just one type of
renewable energy. The most often used methods are implementation of solar panels, green roofs, integration
of the architectural principles of saving, such as the impact on the shape of the object, the materials, the
position and orientation of the object.
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Finally, we can conclude that these are only initial steps, developing of new systems for checking the
security of these solutions can lead to an increasing use of wind turbines in architecture. Based on the
examples we have to conclude that wind turbines can be implemented in facilities in the way to meet the
aesthetic and functional characteristics.
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