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PREFACE

The Quality fest is being held for the first time in the Republic of Srpska, Bosnia and
Herzegovina. In addition to the First National Conference on Quality of BiH, the First
International Quality Conference in BiH is being held at the Quality Festival, as well as
44 National Quality Conference of Serbia, 11th International Conference on Quality
(Serbia), 21st SQM 2017 (Montenegro) and 11th. international conference ICQME
(Montenegro).

At the previous conferences, some important issues of quality, quality management,
engineering, environmental management and food safety were discussed. Lectures to
be presented at this annual conference include those areas, but thay are also extended
to other areas of science on quality, quality management and standardization. The
special value of the conference is in a wide aspect of the issues related to the quality of
production and the quality of products and services, as well as interdisciplinarity, since
many authors from the practice works from the practice, universities and institutes dealt
with topics in the field of machine industry, electrical industry, food industry, education

The conference program is divided into 3 thematic units: Global Quality, Quality basic,
Quality Engineering and Management. Participation at the national conference were
reported by 63 authors from the 5 countries with a total of 28 papers, while at the
international conference 80 was reported from the 11 countries with 26 papers. In
addition, 5 introductory reports will be presented at the conference, and through
discussion on two roundtables ("ISO 9001: 2015" and "Quality Infrastructure in BiH") will
discuss the current state of arts and opportunities for improving the application of the
actually quality standards in the Republic Bosnia and Herzegovina and the countries of
the region.

The presence of a large number of participants from the countries of the region, as well
as issues wich will be presented at the conference, coincide with the efforts of the
countries of the region in the way to EU and European integration.Based on the above,
it can be assumed that the presence of scientific workers, researchers and practitioners
will represent not only the exchange of knowledge and achievements in the quality of
processes, products and services, but also a serious attempt to unify productive work
and create new values with economic development and strengthening awareness of the
need for quality improvement as a prerequisite for sustainable development and the
preservation of the true values of society.

In the name of the Scientific and Organizational Committee of the QFEST 2017, we wish

to express our gratitude to all authors, reviewers, institutions and individuals who
contributed to the realization of this Conference.

East Sarajevo, October, 26" 2017.

President of the Scientific Committee President of the Organizing Committee

Prof. dr Radoslav Gruji¢ Prof. dr SlaviSa Moljevi¢






CONTENT

PLENARY LECTURES

GLOBAL QUALITY

Chairpersons:

Stanislav Karapetrovi¢, Aleksandar Aleksi¢, Marija Malenkovska Todorova

1.

Katharina Astleitner, Stanislav Karapetrovi¢

INTEGRATIVE AUGMENTATION WITH ISO 10004 IN
ENGINEERING EDUCATION

Sandra Milunovié Koprivica, Aleksandar Marié, Slavko Arsovski
CERTIFICATION IN SERBIAN AGRI-FOOD INDUSTRY

Kiril Lisichkov, Erhan Mustafa, Stefan Kuvendziev, Mirko
Marinkovski, Aleksandar Radevski, Radoslav Gruji¢, Zoran
Bozinovski

DESIGN AND MANAGEMENT OF URBAN WASTEWATER
TREATMENT PROCESSES

AYSEL IOz, BULENT EKER

QUALITY DEVELOPMENT ACTIVITIES IN FOOD LABORATORIES
AND THEIR CONTRIBUTION TO FOOD SAFETY

Danijela Nikoli¢, Jasmina Skerli¢, Jasna Radulovié,
Aleksandar Miskovié

ENVIRONMETAL IMPACT OF SOLAR SYSTEMS - CASE OF
SERBIAN RESIDENTIAL BUILDING WITH SOLAR COLLECTORS
AND PV PANELS

Aleksandar Pavlovié, Miroslav Vuli¢, Aleksandar Tomovic,
Bayoumi Hosam Hamuda, Danijela Tadi¢

ELV RECYCLING INFLUENCE MODEL ON SUSTAINABLE
DEVELOPMENT

Maja Mrki¢-Bosanci¢, Petar Gvero, Jusuf Ibrulj, Azrudin Husika,
Srdjan Vaskovié

COMPARATIVE OF THE DISTRICT HEATING SYSTEM OF
COUNTRIES IN TRANSITION

Jadranka Skarica, Ivana Stanié

DIGNIFIED LIFE OF SENIOR CITIZENS

Marija Malenkovska Todorova, Natasa Petrova - Popovski
HIGHER EDUCATION POLICY IMPACTS ON THE QUALITY
ASSURANCE IN MACEDONIA

Xl

15

17

23

31

37

45

53

59

67

75



QUALITY BASIC

Chairpersons: Zorana Tanasi¢, Biljana Markovi¢, Tomislav Marcela

1.

Mohammad Ashiqur Rahman Khan, Stanislav Karapetrovic,
Linda J. Carroll

ISO 10004-BASED MEASUREMENT IN A HEALTH CARE
CONTINUUM

Zivko Kondié, Kresimir Buntak, Vesna Sesar, Branislav Bojanié¢
THE RESEARCH ABOUT THE USE OF STATISTICAL TOOLS AND
METHODS IN MANAGEMENT SYSTEM

Biljana Markovi¢

AS/EN 9100:2016 TRANSITION PROCESS, KEY CHANGES
Dragan Cvetkovié, Aleksandar NeSovi¢

IMPACT OF CHANGE IN INLET TEMPERATURE OF HEATED
FLUID ON TERMIC CHARACTERISTICS OF OPOSITE
DIRECTIONAL HEAT EXCHANGER ,BEAN OF PIPES IN A SHELL
Tomislav Mrcela, Zvonimir Mrcela

BREAKDOWN OF WIND POWER PLANT AS A CONSEQUENCE OF
MICRO-PITTING OCCURRENCE ON A POWER TRANSMISSION
Zorana Tanasi¢, Goran Janji¢, Milos Sorak, Miroslav Dragié

A SUCCESSFUL BUSINESS SYSTEM — PROCESSES AND
PERFORMANCE

Rada Ku¢inar, Predrag Pravdi¢, Snezana Gavrilovi¢, lvana Terzi¢
SOFTWARES PERFORMANCES IN EDUCATION

Svetomir Simonovié¢

ON ACHIEVING PRODUCT QUALITY THROUGH A HOMEOSTATIC
SYSTEM

QUALITY ENGINEERING AND MANAGEMENT
Chairpersons: Slavko Arsovski, Bulent Eker, Mirko Sokovic¢

Slavko Arsovski, Zora Arsovski, lIvan MiloSevi¢, Milan Pavlovié
APPROACH TO DEVELOPMENT OF INNOVATION DISTRICTS
Snezana Nesti¢, Miladin Stefanovié, Aleksandar Aleksi¢, Marija
Zahar Dordevié¢

THE SYSTEMATIC INNOVATION MANAGEMENT PRACTICES AT
UNIVERSITIES AND THEIR ECOSYSTEM

Jelena Jovanovié, Zdravko Krivokapié, Sanja Pekovié¢, Aleksandar
Vujovié

THE STATE OF ENTREPRENEURSHIP AND INNOVATIVENESS IN
MONTENEGRO

BULENT EKER, AYSEGUL AKDOGAN EKER

CHANGES IN THE CONCEPT OF QUALITY IN THE INDUSTRY
Matic Iskra, Igor Budak, Mirko Sokovi¢, Borut Kosec
APPLICATION OF LCA AS QUALITY IMPROVEMENT TOOL IN
STEEL MAKING COMPANY AS BASE FOR TYPE Il
ENVIRONMENTAL DECLARATION

Xl

83

93

101

107

117

123

129

141

147

155

163

175

181



Maja Dordevié, Nikola Campar, Jelena Panti¢, Joseph Ricciardelli
QUALITY OF TRAINING AND EDUCATION — THE ESSENTIAL 187
INGREDIENT OF AN ORGANIZATIONAL CULTURE

Milan Pordevié, Rodoljub Vujanac, Dragan Rajkovié

KITTING AS THE WAY OF HUMAN ERROR ELIMINATION
Vesna Radonji¢ Dogatovié, Aleksandra Kosti¢-Ljubisavljevi¢,
Branka Mikavica 203
USER-CENTRIC PERSPECTIVE ON SERVICE QUALITY IN
TELECOMMUNICATION NETWORKS

Jasmina Skerli¢, Budimir Sudimac, Danijela Nikolic, Blaza

Stojanovi¢, Jasna Radulovié, Aleksandar MiSkovi¢

ANALYSIS AND ASSESSMENT OF BUILDING ENVELOPE WITH 209
INTEGRATED VEGETATION MODULAR ELEMENT FOR A

SUSTAINABLE FUTURE

195

PRESENTATIONS OF PARTICIPANTS

XM



University of East Sarajevo
Faculty of Mechanical Engineering
Letfest s

October 26™-28t 2017.
Jahorina, RS, B&H

IMPACT OF CHANGE IN ENTRY TEMPERATURE OF HEATED
FLUID ON TERMIC CHARACTERISTICS OF OPOSITE
DIRECTIONAL HEAT EXCHANGER ,,BEAN OF PIPES IN A SHELL"“

Dragan Cvetkovi¢', Aleksandar NeSovi¢?

Abstract: Although the most simple type and despite the fact there are more efficient
heat exchangers, those of a type “pipe and a shell” are used often. Goal of this paper is
to show how change in temperature in heat fluid on the entrance into the heat exchanger
affects its thermal characteristics. Object of research is opposite stream heat exchanger
“flux of pipes in shell.” Role of working fluid on the side of primary has water, as on side
of secondary. Research is conducted numerically and commercial software ANSYS
Workbench 15.0 was used.

Key words: heat exchanger, ANSYS, heated fluid, heat transfer, mean logarithmic
temperature difference.

1 INTRODUCTION

Heat exchanger “pipe and shell“is the oldest group of heat exchangers. Although
they have lower percentage of usefulness when compared to other heat exchangers,
they are used frequently in different process systems. Reason for their frequent use is
simple construction, easy installation, easy cleaning and maintenance. Main
representative of this group of heat exchangers is ,beam of pipes in a shell“ [1] [2].

With this kind of construction, beam of pipes is placed in a bigger pipe which
represents a shell. Heat exchange is done between a fluid that streams inside beam of
pipes and a fluid that streams between beam of pipes and a shell so that active surface
for heat exchange is defined by number of pipes which are part of the beam, by its outer
diameter and by its length [3] [4].

Within this subgroup of heat exchangers there are different constructions. Beam
can contain straight pipes, ,U“ shaped pipes or spiral ones. According to direction of
stream, these heat exchangers can be one directional or opposite directional. As for
number of passes of fluids that take part in heat exchange, there are heat exchangers
with one, two or more passes. Also, one or two fluids can take part in heat exchange.
Fluids that take part in the exchange can ne in fluid or gas phase [3].

There are many scientific papers which present research results in relation to
.pipes and shall“ heat exchangers.

B. Jayachandriah and K. Rajasekhar examined [5] how choice of materials that
were used to make beam of pipes impacts exit temperature of working fluids that are

' Dr Dragan Cvetkovi¢, Faculty of engineering, University of Kragujevac, Serbia, dragan_cw8202@yahoo.com
2 Msc Aleksandar Ne$ovi¢, Faculty of engineering, University of Kragujevac, Serbia,
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used for heat exchange in heat exchanger “ Pipes and shell.” Impact of copper and steel
pipes has been examined through the experiment.

Vindhya Vasiny Prasad Dubey and others [6] examined impact of choice of
materials on coefficient of heat passage and exchanged heat flux in heat exchanger,
while materials of shell and pipe are changed. Materials used in this analysis are steel,
copper and aluminum.

Impact of Reynolds number on pressure fall and coefficient of heat exchange
and the exchanger were examined by Rehman [7]. Research has been conduced
numerically (ANSYS Workbench) and experimentally.

Obijective of this paper is to see how change in temperature of fluid on the
entrance of heat exchanger impacts exit temperature of heat fluid and mean logarithmic
difference of temperatures. Also, it will be shown that exit temperature of primary from
every pipe inside beam is not the same, despite the entry temperature is the same.

2 OBJECT OF RESEARCH

2.1 Construction of heat exchangers

Obiject of research is opposite directional heat exchanger ,beam of pipes in a
shell* with one passage of primary hear fluid and one passage of secondary heat fluid.
(Figure 1, Figure 2).

A ®3B8x2.6 (x2)

{4
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Figure 1. Opposite directional heat exchanger ,beam of pipes in a shell*
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Figure 2. Electric streams of working fluids inside of analyzed heat exchanger (primary
— red colored, secondary — blue colored)

As it can be seen (Figure 1) total length of heat exchangers is 1000 mm. Beam

consists of 5 straight pipes, each with diameter of J26,9x2,6 mm. Secondary both enters
and departs the heat exchanger through pipe with diameter of &J38x2,6 mm. Diameter
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of shell is &114,3x3,6mm([8].
Complete heat exchanger is made of custom steel pipes, which can be seen in
the following table below (Table 1).

Table 1. Characteristics of custom steel pipes from Ansys Fluent

Size Sign Unit Value
Density Pc [kg/m3] 8030

Specific heat Cec [J/kg K] 502,48
Heat conductibility Ac [W/m K] 16,27

Water has the roles of primary and secondary so that heat exchanger is classifies
as ,water-water. “

Physical and chemical characteristics of water are provided in the table below
(Table 2).

Table 2. Physical and chemical characteristics of water from Ansys Fluent

Size Sign Unit Value
Density pv [kg/m3] 998,2
Specific heat cv [J/kg K] 4182
Heat conductibility Av [W/m K] 0,6
Dynamic viscosity )Y [kg/s m] 0,001003

2.2 Thermodynamic calculation of heat exchangerslets

Power of heat exchanger is determined by formula (1)[1] [4].

Q =Au U AT, (1)
where is:
Q W] - power of heat exchanger;
Ak [m?] - active surface for heat exchange of heat energy;
U [W/m2 K] - coefficient of heat passage;
AT, [K] - mean logarithmic difference between temperatures.

Active surface for heat exchange is in this case determined on the following way (2.2.2)
[4].

Age =n-dg 1" Lo (2)
Where is:
n [-] - number of pipes contained in a beam;
dg [m] - outside diameter of pipes in a beam;

Lok [m] - Length of pipes that take part in the exchange actively.

To calculate coefficient of heat passage, this formula is used (3). Mean
logarithmic difference of temperatures (with opposite directional heat exchanger) is
determined by formula (4) [9].
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1
U=
1 dg &, dg 1
R PR (3)
h, d, 1. (ds + du) h,
2
ar = T =) = (T — T
m In (Tlu — TZi) (4)
(Tli - TZu)
Where is:
: - coefficient of heat passage on the side of primary (on
h, hy [Wim® K] side of secondary);
d, [m] - inside diameter of pipes in the beam;
o [m] - thickness of pipe's wall in the beam;
Ac [W/m K] - heat conductibility of pipe in the beam;
- temperature of the primary on the entrance (on the
Tlus TlL [K] eXit)'
- Temperature of the secondary on the entrance (on the
Tou, Ty, (K] exit).

Coefficient of heat passage (5) depends from the Nusseltf's number (N,) of
hydraulic radius (Ry), and heat conductibility of primary and secondary, in this case water

(Av) [1][4].

N, - /117
=%, (5)
Where is:
Ny [-] - Nusselt's number;
Ry [m] - hydraulic radius;

Ay [W/m K] - Heat conductibility of fluids (water).

For the case of forced convection, Nusselt's number determined by size in
expression (6) [10].

0.25

Nu=C'R2'Prm'G¥'<E) (6)
Prc
Where is:

R, [(] - Reynolds number;

P. [(] - Prandtl’s number,

G, [[] - Grashof's number;

P.. [[] - Prandtl's number of pipe’s wall;

c,n,m,r [[(] - Coefficients that depend from stream direction.

2.3 Method of final volumes

Method of final volumes (Figure 3) j is one of the most applied methods in
modeling of fluid streams. First of all, calculated volume is exchanged with certain
number of controlled volume. After that laws of preservation are applied on every
controlled volume [11].

Goal of this method is to translate differential equations that describe every
control volume to algebra equations by applying integrals. After translated, they are to
be solved [11].
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Figure 3. Method of final volumes

By using regular equation of preservation (7) it is possible to describe all
equations of preservation that are described by streaming and heat transfer [11].

d(p- D)
ot
By making integral to the equation (7) according the control volume and time it
is possible to get integral form of preservation equation (8) which represents basis for
application of final volumes method [11].

+ div(p ‘w- ®) = div([" - grad®) + Se (7)

9
f& fp-cb-dv -dt+ffﬁ-(p-w-cp)-d,4-dt=
At cv At A (8)

=j]ﬁ-(F-gradCI3)-dA-dt+J JSq)-dV-dt

At A At CV

3 RESULTS AND DISCUSION

On the following figures (Figure 4 and, Figure 5) temperature field is shown in
meridian plain of heat exchanger when temperature of primary on the entrance were
40°C, 65°C and 90°C.

Adopted temperature of secondary on the entrance is same in all cases and it is
30°C. It is same for speed of primary and secondary (in all examined cases it amounts
to 0,02 m/s).

1: Contours of Static Temper +~ |

"
3.28+01
3.22e+01
3.168+01
3.008+01

203401
Z9Ge+01

Za0e+01

Z83a+01 J
2.77e+01 -

2.70e+01

Figure 4. Temperature field in meridian plain (temperature of primary on the entrance
into the heat exchanger is 40°C)
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1: Contours of Static Temper |

-
Figure 5. Temperature field in meridian plain (temperature of primary on the entrance
into the heat exchanger is 90°C)

On the figures below (Figure 6, Figure 7, Figure 8) it is shown that temperature
field in plain normal to the direction of pipe (distance of plain from place of the entrance
of primary into the heat exchanger is 500 mm.

1: Contours of Static Temper

283e+01
2778+01
2.70e+01

Figure 6. Temperature field in plain normal to the direction of pipes (temperature of
primary on the entrance is 40°C)

1: Contours of Static Temper +

2.91e+01
272e+01

Figure 7.Temperature field in plain normal to the direction of pipes. (temperature of
primary on the entrance into the heat exchanger is 65°C)

1: Contours of Static Temper ~

3.38e+01
3.04e+01
2.72e+01

Figure 8.Temperature field in the plain normal to the direction of pipe (temperature of
primary on the entrance into the heat exchanger is 90°C)
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Way by which temperature of primary on the entrance into the heat exchanger
impacts the temperature of secondary on the exit and to the total mean logarithmic

differences of temperatures is shown on the diagram (Figure 8).

Total mean value of temperature o primary on the exit from heat exchanger is
calculated according to the equations (9), (10), (11).

€j

n TC1 n C2 n
a=1"1i, a=1 1m_+._' a=1"1i,
. ___n n n
T sr max(1,2, ..., )
n €1 2 4 ... ¢j
n (T + T2 4Ty )
S n
liysr = ]
n
_ Za:l Tlisr
1i == -
lusr n-j

(9)

(10)

(11)

Value of total mean temperature of primary on the exit depending from the entry
temperature of primary shown on Figure 9.
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Figure 9. Dependence between entry temperature of primary and exit
temperature of secondary

Mean temperature of primary on the exit from every pipe contained by flux for
every examined case is shown in the following table (Table 3). Table 3 is followed by

Figure10.

Figure 10. Position of pipes inside flux
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Table 3. Mean temperature of primary on the exit from every pipe contained by the flux

Entry temperature of Exit temperature of primary [°C]

primary [°C] Pipe 1 Pipe 2 Pipe 3 Pipe 4 Pipe 5
40 37,48 37,57 37,8 37,54 37,37
45 41,21 41,36 41,7 41,31 41,05
50 44,95 45,15 456 45,08 44,74
55 48,69 48,94 49,5 48,85 48,42
60 52,43 52,72 53,4 52,63 52,11
65 56,16 56,51 57,3 56,4 55,79
70 59,89 60,3 61,19 60,17 59,48
75 63,61 64,09 65,08 63,94 63,17
80 67,33 67,87 68,96 67,71 66,85
85 71,06 71,66 72,85 71,49 70,54
90 74,79 75,45 76,74 75,26 74,22

Change in temperature along every pipe contained by flux is not the same. That
is why mean temperatures of primary are different on the entry to each pipe in the flux.
If change in temperature is followed it will always be higher than mean temperature in
plain and it goes through the point of interest.

Change in temperature of every pipe in flux (for case when temperature of
primary on the entrance to heat exchanger is 40°C) is shown on the diagram (Figure
11).

On Figure 12 change of temperature is shown when the entrance temperature
of primary is 65°C, while on the Figure 13 for entrance temperature of primary is 90°C.

Diagrams on Figure 11, Figure 12 and Figure 13 are analogue to the Figure 10
and Table 11.

4.04e+01
4.028+01
4.008+01 - ——
Static 3.888+01
Termperature
(c)
3.968+01

3.94e+01

3492e+01
[t} 100 200 300 400 a00 600 700 gon 800 1e+02

Position (mm)

Figure 11. Change in temperature along the axis of all pipes in the flux
(temperature of primary on the entrance into the heat exchanger is 40°C
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Figure 12. Change in temperature along axis of all pipes in flux (temperature of primary
on the entrance to the heat exchanger is 65°C)
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8858401
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() 8.75e+01

B.70e+01
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Figure 13. Change of temperature along axes of all pipes in flux (temperature of
primary on the entry into the heat exchanger is 90°C)

4 CONCLUSION

Heat exchangers are used frequently in heating and air conditioning facilities and
in other process systems. Amongst them, heat exchangers “flux of pipes in a shell” take
very important place.

Inside this paper, possibility to change working parameter, such as temperature
on the side of primary (while other parameters stay unchanged) has been examined.
This is done frequently in practice. By changing entry temperature, exit temperature of
secondary, mean logarithmic difference in temperatures and finally strength of
exchanger are impacted greatly.

Research has shown that, if temperature of primary on the entry to the exchanger
is higher, exit temperature of the secondary (and mean logarithmic difference in
temperatures) will be higher as well. Also, the difference between entry and exit
temperatures will be higher.

ACKNOWLEDGMENT

This paper is a result of two investigations: (1) project TR33015 of Technological
Development of Republic of Serbia, and (2) project Il 42006 of Integral and
Interdisciplinary investigations of Republic of Serbia. The first project is titled
“Investigation and development of Serbian zero-net energy house”, and the second
project is titled “Investigation and development of energy and ecological highly effective
systems of poly-generation based on renewable energy sources. We would like to thank

115



Dragan Cvetkovic¢, Aleksandar Ne$ovic

to the Ministry of Education and Science of Republic of Serbia for their financial support
during these investigations.

REFERENCES

[1] Wang, L., (2008), Energy Efficiency and Management in Food Processing Facilities,
Taylor and & Francis Group

[2] Cornelissen,R.L., Hirs,G.G.:Thermo-dynamics optimization of a heat exchanger,1999

[3] Voronjec,D., (2014), TehnoloSke operacije, Masinski fakultet Univerziteta u
Beogradu,1998.

[4] Luki¢, N.: Skripta, Termoenergetski uredaji i postrojenja, Fakultet inZenjerskih nauka
Univerziteta u Kragujevcu

[5] Jayachandriah, B., Rajasekhar K., (2014), Thermal Analysis of Tubular Heat
Exchangers Using ANSYS, International Journal of Engineering Research Volume
No.3 Issue No: Special 1, pp: 21-25, 22nd March

[6] Vindhya, V. P. D., Raj, Verma, R., Verma, P. S., Srivastava, A. K., (2014), Steady
State Thermal Analysis of Shell and Tube Type HeatExchanger to Demonstrate the
Heat Transfer Capabilities of Various Thermal Materials using Ansys, Global Journal
of Researches in Engineering: AMechanical and Mechanics Engineering Volume 14
Issue 4 Version 1.0

[71 Rehman, U.U. (2011), Heat Transfer Optimization of Shell-and-Tube Heat
Exchanger through CFD Studies, Master's thesis, Chalmers University of
Technology, Goteborg, Sweden

[8] http://www.atenic-commerce.com/cevi.html (Accessed on 20.03.2017. r.)

[9] Yeaple, F.:Fluid Power Design Handbook, Marcel Deckker inc., New York, 1996.

[10]Luki¢, N., (2011), Priru¢nik za termodinamiku — GASOVI | PARE, Fakultet
inZenjerskih nauka Univerziteta u Kragujevcu

[11]Trp, A., Leni¢, K., (2013), Numericko modeliranje u termodinamici, biljeSke se
predavanja, Tehnicki fakultet, Sveuciliste u Rijeci, Rijeka.

116



