
 

 

 

 

PPRROOCCEEEEDDIINNGGSS  
1166tthh  SSyymmppoossiiuumm  oonn  TThheerrmmaall  SScciieennccee  aanndd  
    EEnnggiinneeeerriinngg  ooff  SSeerrbbiiaa  

SSookkoobbaannjjaa,,  SSeerrbbiiaa,,  OOccttoobbeerr  2222  ––  2255,,  22001133  

  

  

UUnniivveerrssiittyy  ooff  NNiišš,,  FFaaccuullttyy  ooff  MMeecchhaanniiccaall  EEnnggiinneeeerriinngg  iinn  NNiišš  
SSoocciieettyy  ooff  TThheerrmmaall  EEnnggiinneeeerrss  ooff  SSeerrbbiiaa  

  

  

IISSBBNN  997788--8866--66005555--004433--11  

  

PPuubblliisshheerr::  
UUnniivveerrssiittyy  ooff  NNiišš,,  FFaaccuullttyy  ooff  MMeecchhaanniiccaall  EEnnggiinneeeerriinngg  iinn  NNiišš  

22001133  



 

 

International Scientific Committee 
Dr. Gligor Kanevče [MK]  Dr. Sophia Natalia Boemi [GR] 

Dr. Slavtcho G. Slavtchev [BG]  Dr. Dušan Golubović [BA] 
Dr. Agis M. Papadopoulos [GR]  Dr. Petar Gvero [BA] 

Dr. Petar Novak [SI]  Dr. Maria Ichim [RO] 
Dr. Neven Duić [HR]  Dr. Vesna Barišić [FI] 

Dr. Ljubica Kanevče [MK]  Dr. Dečan Ivanović [ME] 
Dr. Sašo Medved [SI]  Dr. Uroš Karadžić [ME] 
Dr. Peter Stankov [BG]  Dr. Gyula Gróf [HU] 

Dr. Jordan Hristov [BG]  Dr. Friedrich Dinkelacker [DE] 

Program Committee 
Prof. Dr. Mladen Stojiljković University of Niš, Faculty of Mechanical Engineering in Niš 
Prof. Dr. Milan Radovanović University of Belgrade, Faculty of Mechanical Engineering in Belgrade 

Prof. Dr. Simeon Oka Vinča Institute, Belgrade 
Prof. Dr. Miroljub Adžić University of Belgrade, Faculty of Mechanical Engineering in Belgrade 

Prof. Dr. Gradimir Ilić University of Niš, Faculty of Mechanical Engineering in Niš 
Prof. Dr. Bratislav Blagojević University of Niš, Faculty of Mechanical Engineering in Niš 
Prof. Dr. Dragoljub Živković University of Niš, Faculty of Mechanical Engineering in Niš 
Prof. Dr. Velimir Stefanović University of Niš, Faculty of Mechanical Engineering in Niš 

Prof. Dr. Dragoslava Stojiljković University of Belgrade, Faculty of Mechanical Engineering in Belgrade 
Dr. Predrag Stefanović Vinča Institute, Belgrade 

Prof. Dr. Dragoslav Šumarac University of Belgrade, Faculty of Civil Engineering in Belgrade 
Dr. Miodrag Mesarović Energoprojekt ENTEL, Belgrade 

Prof. Dr. Dušan Gvozdenac University of Novi Sad, Faculty of Technical Sciences 
Prof. Dr. Milun Babić University of Kragujevac, Faculty of Enginnering Sciences in Kragujevac 

Prof. Dr. Vladan Karamarković University of Kragujevac, Faculty of Mechanical and Civil Eng. in Kraljevo 
Dr. Žarko Stevanović Vinča Institute, Belgrade 
Prof. Dr. Zoran Stajić University of Niš, Faculty of Electronic Engineering in Niš 

Prof. Dr. Miloš Banjac University of Belgrade, Faculty of Mechanical Engineering in Belgrade 
Prof. Dr. Maja Todorović University of Belgrade, Faculty of Mechanical Engineering in Belgrade 

Prof. Dr. Goran Jankes University of Belgrade, Faculty of Mechanical Engineering in Belgrade 

Honoured Committee 
Prof. Dr Vlastimir Nikolić, University of Niš, Faculty of Mechanical Engineering in Niš 

Prof. Dr. Dragan Antić, University of Niš, Faculty of Electronic Engineering in Niš 
Prof. Dr. Jovan Stepanović, University of Niš, Faculty of Technology in Leskovac 
Prof. Dr. Ćemal Dolićanin, State University of Novi Pazar 

Prof. Dr. Maja Đurović Petrović, European University, Faculty for International Engineering Management 
Jaroslav Urošević, Energoprojekt ENTEL 

Organizing Committee 
Doc. Dr. Dejan Mitrović University of Niš, Faculty of Mechanical Engineering in Niš 

Doc. Dr. Mirjana Laković University of Niš, Faculty of Mechanical Engineering in Niš 
Prof. Dr. Branislav Stojanović University of Niš, Faculty of Mechanical Engineering in Niš 

Prof. Dr. Mića Vukić University of Niš, Faculty of Mechanical Engineering in Niš 
Doc. Dr. Jelena Janevski University of Niš, Faculty of Mechanical Engineering in Niš 

Prof. Dr. Gordana Stefanović University of Niš, Faculty of Mechanical Engineering in Niš 
Dr. Goran Vučković University of Niš, Faculty of Mechanical Engineering in Niš 

Doc. Dr. Predrag Zivković University of Niš, Faculty of Mechanical Engineering in Niš 
Mr. Dragan Kuštrimović University of Niš, Faculty of Mechanical Engineering in Niš 

Mirko Stojiljković University of Niš, Faculty of Mechanical Engineering in Niš 
Marko Ignjatović University of Niš, Faculty of Mechanical Engineering in Niš 

 



 
 
 

ii 

3.02. Possibilities and Directions for Participation of Available RES in Macedonia with Scenarios 
for Achieving the 20/20/20 Goal of the EC 

 Mile Dimitrovski 123

3.03. Optical Design of a Solar Parabolic Concentrator Based on Square Flat Facets 

 
Saša R. Pavlović, Velimir P. Stefanović, Ivan Stojanović, Suad Suljković, Dragan 
Kuštrimović 128

3.04. Techno-economic Analysis of Photovoltaic-based Stand-alone Power System for Supply of 
Metrological Masts’ Equipment 

 Saša Stojković, Vukman Bakić 139

3.05. Solar Drying of Fruits and Vegetables 
 Filip Mojsovski 147

3.06. Comparative Analysis Between Two Methods for Temperature Measurement of PV panels 
 Uglješa Jovanović, Igor Jovanović, Zoran Petrušić, Dragan Mančić 152

3.07. Technical and Economic Analysis of Hybrid Wind-photovoltaic Power System for Supply 
of Meteorological Masts’ Measuring Equipment 

 Saša Stojković, Vukman Bakić 160

3.08. Technical Feasibility and Financial Analysis of Hybrid Wind-photovoltaic System for 
Supply of One Educational Institution 

 Saša Stojković, Snežana Dragićević 168

3.09. Current State Wind Energy Utilisation in the Republic of Macedonia 
 Monika Lutovska, Vladimir Mijakovski, Cvete Dimitrieska, Vangelče Mitrevski 176

3.10. Agricultural biomass utilization for energy purposes 
 Dejan Đurović, Branislav Repić, Dragoljub Dakić, Aleksandar Erić, Stevan Nemoda 182

3.11. Biogas – Overview of the Possibilities for Implementation in the Macedonian Agricultural 
Sector 

 Dame Dimitrovski, Mile Dimitrovski, Gordana Popsimonova, Done Tashevski 188

3.12. Utilization of crude glycerol for the production of biofuels 
 Bojana Danilović, Dragiša Savić, Vlada Veljković 199

3.13. Renewable energy potential in the Rusanda rehabilitation center 
 Milana Perić, Milovan Medojević 207

3.14. Guide Vane Position Control of the Mini Hydro Power Plant by Digital Sliding Mode with 
Additional Integral Action 

 Vladislav Blagojević, Miodrag Stojiljković, Živan Spasić 220

3.15. Recent Progress in Biomass Pyrolysis/Gasification Technologies 
 Velimir Stefanović, Andrijana Stojanović, Saša Pavlović 226

4. Mathematical Modeling and Numerical Simulation 237

4.01. Dimensioning of Underground Vertical Heat Exchangers for Geothermal Heat Pump 
 Miloš Banjac, Zara Komnenić 238

4.02. Heat exchangers comparation 
 Kire Popovski, Igor Andeevski 246

4.03. Modeling Thermal Processes Using Bond Graphs 
 Gordana Janevska 252



Heat Exchangers Comparation 

Kire Popovskia, Igor Andeevskib 

a Faculty of Technical Sciences, Bitola, MK, kire.popovski@tfb.uklo.edu.mk  
b Faculty of Technical Sciences, Bitola, MK, igor.andreevski@uklo.edu.mk 

Abstract: Extended surface heat exchangers are used for water and air as operating mediums, and can be 
differentiated by the ribs shape. The one has sinuous type ribs, while the other one has flat lamella ribs. In 
this paper comparison between both types of heat exchangers is made with reference to air velocity in the 
minimum flow cross - section and Reynolds' number. Better heat transfer can be provide using exchanger 
with higher values of coefficient αr and factor ja. Computer program for mathematical model is made and 
graphical representation or the results is given. 

Keywords: heat exchanger, heat transfer.    
 

1. Mathematical model  
 Temperature condition for the calculation of heat transfer through ribbed surface of tubes at lamella 
type heat exchangers, for working mediums water-air and where cooling of the air occurs is visible on Fig. 1. 
Here, we can see that heat from the fluid surrounding the pipe outside (air) is transferred on the fluid inside 
the pipe (water). 
 Heat transfer from the air onto the water is constant since there is neither heat source nor heat sink 
between both medias. 
 Total transferred heat is a sum of heat transferred through the outer surface of the pipe [without ribs] 
Acn, and the heat transferred through ribs area, Ar. 
 

( ) ( )cnacncnrmarr ttAttAQ −⋅⋅+−⋅⋅= αα ,  W (1) 
 
 αr and αcn are almost equal, 
 

( ) ( )[ ]cnacnrmarr ttAttAQ −⋅+−⋅⋅= α    , W (2) 
 
 Coefficient of convective heat transfer from the outer side is, 
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 The degree of usefulness is the ratio between heat transferring onto the ribs and heat that would be 
transferred on the ribs, when all of them would have temperature tcn. 
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Fig. 1. Temperature variations on ribbed pipe 
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(6) 

coefficient of convective heat transfer of ribs. 
 Expressions for ηp and αr form system of two equations with two unknowns that is solved through 
iteration method. Approximately, for the first iteration ηp=0,8. 
 Air flows by the length of the rib and upright on the pipe. Cross-section of the fluid between ribs is 
changed through the current flow. Because of that and sinuous form of lamellas, local coordinates depend on 
the direction and value of speed. 
 Most of authors, [1] and [2], in their calculations, use maximum velocity of the air in the minimum 
cross-section, 
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(7) 

 
 Hydraulic diameter is taken as a characteristic value when Reynolds' number is calculated [1], 
 

cn

inm
h A

A
d

⋅
=

4

 
(8) 

 
where Reynolds' number, 
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 Heat transfer factor, ja,  is usually in non-dimensional form [3], 
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 Stanton's-number, 
 

aa rPeR
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⋅
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(11) 

 
 Solution of the previous two terms is, 
 

n
a

pasa

nmia
a rP

cm
A

j ⋅
⋅

⋅α
=

 
(12) 

  
 A number of authors, in the calculation of convective heat transfer, take the value of exponent of 
Prantdl's number to be n =0,667. Kotke and Blenke examined the influence of flow on this exponent. They 
suggest the following function in the expression of convective heat transfer, [4], 
 

( ) 8,08,1Pr 3,0 −⋅== aa
n
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 Now, 
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 Factor ja can be found as a function of Reynolds' number, 
 

b
aa eRaj ⋅=  (15) 

 
 Constants a and b are coefficients of correlation of the values for ja and Reynolds' number. 
 
 
2. Numerical example 
 Measurements are taken on two heat exchangers, and their dimensions are visible on Table 1. Heat 
exchanger number 1 has sinuous lamellas, while heat exchanger number 2 has flat lamellas, [5]. 
 
Table 1. Measured dimensions  of heat exchangers  

Dimensions No. 1 No. 2 
Ht  [mm] 468 468 
Bt  [mm] 500 500 
Hr  [mm] 465 465 
δr  [mm] 0,15 0,15 
Br  [mm] 172,8 172,8 
Rr  [mm] 2,6 2,6 
nr  192 192 
Ch [mm] 33,3 33,3 
Cb [mm] 28,8 28,8 
dv  [mm] 11 11 
dn  [mm] 12,3 12,3 
nred 6 6 
nred1 14 14 
npc 16 16 
nc 84 84 
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 Calculated surface areas of the heat exchangers are presented on Table 2. Calculations are made 
according to [6], while surface area is given in m2. 
 
Table 2. Calculated dimensions of heat exchanger  
Dimensions No. 1 No. 2 
Frontal surface area of heat exchanger: ttf BHA ⋅=  0,234 0,234 

Minimum flow cross-section: ( ) rrncrrinm RndnHA ⋅⋅⋅−=  0,146 0,146 

Ratio: 
f

nmi

A
A

=σ  0,625 0,625 

Surface area of non-ribbed pipes: crrncn nRndA ⋅⋅⋅π⋅=  1,620 1,620 

Surface area of ribs: 
( )

cr
nr

r nnddA ⋅⋅
π⋅−

=
2

22
 29,812 27,102 

Pipe surface area between ribs: ( ) crnrrg nndRA ⋅⋅π⋅⋅δ−=  1,527 1,527 

Total area of heat transfer: grn AAA +=  31,339 28,629 

Internal pipe area: rcrvv RnndA ⋅⋅⋅π⋅=  1,449 1,449 
 
Table 3. Measured and calculated values for heat exchanger number 1  
msa 
kg/s 

msw 
kg/s 

tav 
oC 

tai 
oC 

twv 
oC 

twi 
oC 

Qa 
W 

Qw 
W 

Qs 
W 

k 
W/m2K 

αw 
W/m2K 

wa 
m/s 

αr 
W/m2K 

Rea ja ηr ηp 

0,233 0,231 20,88 12,83 5,32 10,18 5029 4715 1965 17,20 513,19 1,309 27,86 2566 0,0143 0,89 0,88 
0,315 0,231 19,90 13,40 5,32 10,27 5059 4802 2138 17,68 513,16 1,768 34,38 3473 0,0130 0,86 0,86 
0,413 0,231 19,69 13,66 5,21 10,23 5126 4870 2586 17,81 512,80 2,318 43,97 4553 0,0127 0,83 0,83 
0,491 0,231 19,94 13,86 5,22 10,31 5235 4938 3087 17,96 512,83 2,758 55,51 5407 0,0135 0,80 0,79 
0,563 0,231 20,57 14,28 5,31 10,57 5341 5103 3652 17,65 513,12 3,168 61,04 6185 0,0129 0,79 0,78 
0,665 0,231 18,77 13,42 5,49 10,12 4716 4492 3652 17,94 513,65 3,725 78,11 7349 0,0140 0,74 0,73 
0,754 0,231 18,06 13,35 5,91 10,25 4335 4211 3638 17,88 514,95 4,218 84,45 8346 0,0134 0,73 0,72 
0,833 0,231 19,66 14,46 5,82 10,78 5040 4812 4436 18,18 514,69 4,682 99,82 9167 0,0143 0,70 0,68 
0,925 0,231 22,34 16,46 6,03 12,06 6100 5850 5568 18,61 515,39 5,241 121,37 10071 0,0156 0,66 0,64 
1,009 0,231 22,77 17,13 6,04 12,40 6302 6170 5823 18,23 515,44 5,728 108,04 10958 0,0128 0,68 0,67 
1,084 0,230 23,25 17,75 5,97 12,70 6395 6501 6097 18,64 514,11 6,165 133,03 11742 0,0146 0,64 0,62 
1,138 0,231 25,81 19,16 5,28 13,42 8376 7897 7750 18,91 513,10 6,516 143,12 12214 0,0150 0,63 0,61 
 
Table 4. Measured and calculated values for heat exchanger number 2  
msa 
kg/s 

msw 
kg/s 

tav 
oC 

tai 
oC 

twv 
oC 

twi 
oC 

Qa 
W 

Qw 
W 

Qs 
W 

k 
W/m2K 

αw 
W/m2K 

wa 
m/s 

αr 
W/m2K 

Rea ja ηr ηp 

0,235 0,225 24,45 15,42 6,16 12,64 6310 6124 2251 19,82 550,59 1,334 27,96 2552 0,0142 0,89 0,88 
0,324 0,225 22,90 15,85 5,91 12,31 6142 6048 2408 19,77 549,71 1,836 30,98 3528 0,0114 0,88 0,87 
0,415 0,225 22,25 15,97 5,95 12,11 5850 5821 2727 19,30 549,82 2,349 34,41 4525 0,0099 0,86 0,86 
0,477 0,226 21,80 15,67 5,87 11,72 5593 5553 3041 18,87 550,75 2,697 37,77 5209 0,0094 0,85 0,85 
0,542 0,226 21,54 15,45 5,74 11,41 5436 5382 3417 18,51 550,30 3,062 41,89 5926 0,0092 0,84 0,83 
0,595 0,228 21,61 15,40 5,72 11,31 5359 5353 3812 18,16 552,65 3,361 45,00 6505 0,0090 0,83 0,82 
0,717 0,217 20,67 14,88 5,59 11,04 5087 4967 4262 18,43 538,69 4,040 62,00 7865 0,0103 0,78 0,77 
0,827 0,218 21,52 15,52 5,04 11,20 5624 5640 5087 18,42 538,13 4,672 68,59 9041 0,0099 0,77 0,75 
0,923 0,219 22,83 16,28 3,84 11,07 6679 6650 6194 19,16 535,42 5,233 85,59 10042 0,0111 0,73 0,71 
1,025 0,223 18,30 14,27 5,91 10,69 4578 4477 4219 19,45 547,11 5,746 84,78 11318 0,0099 0,73 0,71 
1,104 0,226 18,39 14,51 5,84 10,74 4677 4651 4374 19,87 550,54 6,192 93,60 12182 0,0101 0,71 0,70 
1,177 0,227 18,88 14,93 5,46 10,76 5071 5053 4747 20,04 550,49 6,612 98,11 12961 0,0099 0,70 0,69 
1,200 0,227 20,80 16,37 5,57 11,63 5549 5778 5429 20,39 550,89 6,780 114,14 13115 0,0113 0,67 0,65 
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 Measured values are taken according to [7]. 
 
3. Conclusions 
 Measured and calculated values for both heat exchangers are presented on Tables 3 and 4, 
respectively. Calculations are made for constant mass flow of water, with the aim of calculating heat transfer 
from the outer side of heat exchanger. Values for convective heat transfer of the ribs,  αr, and heat transfer 
factor, ja, are also shown. 
 The dependence of both factors [αr and ja] relative to wa and Re is shown on Fig. 2, and Fig. 3., 
respectively, while analytical dependence is given with the following expressions,  

- Heat exchanger number. 1, 1119,5104,22 −⋅= ar wα   0531,0Re0086,0 aaj ⋅=  

 - Heat exchanger number 2,  7355,0476,15 −⋅= ar wα   0912,0Re00233,0 −⋅= aaj  
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Fig. 2. Dependence of coefficient of convective heat transfer from the air onto pipe with ribs αr, from air 

velocity in the minimum flow cross-section wa 
 

0.008
0.009
0.010
0.011
0.012
0.013
0.014
0.015
0.016

2000 7000 12000 17000

ja

   Re

1

2

 
Fig. 3. Dependence of heat transfer coefficient, ja, from Reynolds' number 

 
 Heat exchangers with higher values of coefficient αr and factor  ja have better heat transfer. 
According to this, heat exchanger number 1, with sinuous shaped lamellas has better heat transfer. This is 
expressed in larger values for wa, or when wa > 4 m/s and with greater Reynolds' number values, Re > 9000. 
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Nomenclature 
Br - lamella's width [mm] 
Bt - heat exchanger's width [mm] 
Cb - distance between pipes onto heat exchangers' width [mm] 
Ch - distance between pipes onto heat exchangers' height [mm] 
dn - external pipe diameter [mm] 
dv - internal pipe diameter [mm] 
fa - friction coefficient [dimensionless] 
Hr  - lamella's height [mm] 
Ht - heat exchanger's height [mm] 
ja - heat transfer factor [dimensionless] 
nc - number of pipes [dimensionless] 
nr - number of lamellas [dimensionless] 
Q - heat energy [W] 
Rr - spacing between lamellas [mm] 
ta - temperature of the air [°C] 
tcn - temperature on the pipe's external surface [°C] 
tcv - temperature on pipe's internal surface [°C] 
tm - mean temperature [°C] 
trm - mean temperature on the rib [°C] 
tw   - water temperature [°C] 
αcn - coefficient of convective heat transfer from the air onto pipe without ribs [W/m2K] 
αr     - coefficient of convective heat transfer from the air onto ribbed pipe [W/m2K] 
αw    - coefficient of convective heat transfer on the side of the water [W/m2K] 
δr - lamella's thickness [mm] 
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