Trakya Universitesi
Miihendislik Bilimleri Dergisi

Cilt: 23 Sayn: 1 Haziran 2022

TRAKY A
UNIVERSITY
JOURNAL OF
ENGINEERING

Volume: 23 Number: 1 June 2022

Trakya Univ ] Eng Sci

http://dergipark.gov.tr/tujes
tujes@trakya.edu.tr

ISSN 2147-0308



Trakya Universitesi
Miihendislik Bilimleri Dergisi

Cilt: 23 Sayn: 1 Haziran 2022

Trakya University
Journal of Engineering Sciences

Volume: 23 Number: 1 June 2022

Trakya Univ J Eng Sci

http://dergipark.gov.tr/tujes
tujes@trakya.edu.tr

ISSN 2147-0308



Trakya Universitesi Miihendislik Bilimleri Dergisi
Cilt 23, Say: 1, Haziran 2022

Dergi Sahibi / Owner
Trakya Universitesi Rektorliigii, Fen Bilimleri Enstitiisii Adina

On behalf of Trakya University Rectorship, Graduate School of Natural and Applied Sciences

Prof. Dr. Hiiseyin Riza Ferhat KARABULUT

Yayin Kurulu Uyeleri | Editorial Board Members

Bas Editér / Editor-in-Chief

Dog. Dr.

Onder AYER

Alan Editorleri | Co-Editors

Prof. Dr.

Dog. Dr.

Dog. Dr.

Dog. Dr.

Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr.

Hac1 Ali GULEC

Esma MIHLAYANLAR
Hasan Faik KARA
Gokhan KACAR

Selin ARABULAN
Altan MESUT

Emir OZTURK

Gokhan KOCYIGIT
Sezer ULUKAYA
Giirkan IRSEL

Pmar Aydan DEMIRHAN

Danigma Kurulu | Editorial Advisory Board

Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr.
Dog. Dr.

Assoc. Prof. Dr.
Assoc. Prof. Dr.
Assist. Prof. Dr.
Assist. Prof. Dr.
Assist. Prof. Dr.
Assist. Prof. Dr.

Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr. Ogr. Uyesi
Dr.

Hiiseyin Erol AKATA
Aysegiil AKDOGAN EKER
Burhan CUHADAROGLU
Naci GENC

Ozer GOKTEPE

Tiirkan GOKSAL OZBALTA
M. Bahattin TANYOLAC
Pelin ONSEKIZOGLU BAGCI
[sa CAVIDOGLU

Yilmaz KALKAN

Cemil OZYAZGAN

Orhan ARKOC

Timur KAPROL

Umit HUNER

Jiri SOBOTKA

Regita BENDIKIENE
Tomasz JACHOWICZ
Mirostaw SZALA

Balazs BOKOR

Eldhose I'YPE

Mustafa ERGEN

Hamza F. CARLAK

Sedat BINGOL

Asli Giinay BULUTSUZ

Trakya University Journal of Engineering Sciences
Volume 23, Number 1, June 2022

Makine Miihendisligi

Gida Miihendisligi
Mimarlik
Mimarlik

Genetik ve Biyomiihendislik

Mimarlik
Bilgisayar Mithendisligi
Bilgisayar Miihendisligi

Elektrik-Elektronik Miih.
Elektrik-Elektronik Miih.

Makine Miihendisligi
Makine Miithendisligi

Makine Miihendisligi
Makine Mithendisligi
Makine Miihendisligi

Elektrik-Elektronik Miih.

Tekstil Miihendisligi
Insaat Miihendisligi
Biyo-miihendislik
Gida Miihendisligi
Gida Miihendisligi

Elektrik-Elektronik Miih.

Insaat Miihendisligi
Jeoloji Miihendisligi
Mimarlik

Makine Mithendisligi
Mechanical Engineering
Mechanical Engineering
Polymer Processing
Mechanical Engineering
Mechanical Engineering
Chemical Engineering
Mimarlik

Elektrik-Elektronik Miih.

Makine Miihendisligi
Makine Miithendisligi

ISSN 2147-0308

Trakya Universitesi

Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi
Trakya Universitesi

Trakya Universitesi

Istanbul Aydin Universitesi
Yildiz Teknik Universitesi
Karadeniz Teknik Universitesi
Yiiziincii Y1l Universitesi

Namik Kemal Universitesi

Ege Universitesi

Ege Universitesi

Trakya Universitesi

Yiiziincii Y1l Universitesi

Adnan Menderes Universitesi
Kurklareli Universitesi

Kurklareli Universitesi

Namik Kemal Universitesi
Kurklareli Universitesi

Technical University of Liberec
Kaunas University of Technology
Lublin University of Technology
Lublin University of Technology
Budapest Univ. of Tech. Econ.
BITS Pilani

Siirt Universitesi

Akdeniz Universitesi

Dicle Universitesi

Y1ldiz Teknik Universitesi



Trakya Universitesi Miihendislik Bilimleri Dergisi Trakya University Journal of Engineering Sciences
Cilt 23, Say: 1, Haziran 2022 Volume 23, Number 1, June 2022

Dizgi / Design
Dr. Ogr. Uyesi Gokhan KOCYIGIT

Tletisim Bilgisi / Contact Information
Address  : Trakya Universitesi, Enstitiiler Binasi, Fen Bilimleri Enstitiisii, Balkan Yerleskesi, 22030, Edirne / TURKIYE

Web site  : http://dergipark.gov.tr/tujes E-mail :tujes@trakya.edu.tr
Tel : +90 284 2358230 Fax : +90 284 2358237
Baski / Publisher

Trakya Universitesi Matbaa Tesisleri / Trakya University Publishing Centre

ISSN 2147-0308


http://dergipark.gov.tr/tujes

Trakya Universitesi Miihendislik Bilimleri Dergisi Trakya University Journal of Engineering Sciences
Cilt 23, Say: 1, Haziran 2022 Volume 23, Number 1, June 2022

ICINDEKILER / CONTENTS

ARASTIRMA MAKALELERI/RESEARCH ARTICLES

COOLING LOAD REDUCTION WITH TRANSPIRED SOLAR COLLECTORS
Balazs BOKOR, Hacer AKHAN, Dogan ERYENER, Laszl6 KAJTAR 1-10

SANAYIDE ENERJi YONETIMi: POMPA VE FAN SISTEMLERINDE VERIMLILIK
ARTIRICI UYGULAMALAR

Energy Management in Industry: Efficiency Improvement Applications in Pump and
Fan Systems

Hacer AKHAN 11-23

THEORETICAL AND EXPERIMENTAL INVESTIGATION OF THE EFFECT OF
DESIGN CRITERIA ON POROSITY IN HPDC OF AISi9Cu3(Fe) ALLOY

AISi9Cu3(Fe) Alasiminin Yiiksek Basin¢h Dokiimiinde Tasarim Kriterlerinin
Poroziteye Etkisinin Teorik Ve Deneysel Olarak Arastirilmasi

M. Tahir ALTINBALIK, F. Atahan YUKSEL 25-36

VIDEO DOSYALARI UZERINDE LSB YONTEMIYLE BiLGI GiZLEME
ISLEMININ SIRALI VEYA RASTGELE YAPILMASININ GUVENLIiGE
ETKILERININ INCELENMESI

Investigation of the Effects of Sequential or Random Hiding of Information on Video
Files Using the LSB Method on Security

Egemen TEKKANAT, Andag¢ Sahin MESUT 37-49

ISSN 2147-0308



Trakya University Journal of Engineering Sciences
http://dergipark.gov.tr/tujes

ISSN 2147-0308

Research Article / Arastirma Makalesi

COOLING LOAD REDUCTION WITH TRANSPIRED SOLAR

COLLECTORS

Balazs BOKOR!?

, Hacer AKHAN?Z*

, Dogan ERYENER?”, L4szl6 KAJTAR!

1Budapest University of Technology and Economics, Faculty of Mechanical Engineering, Department of Building
Service and Process Engineering, Budapest/Hungary

2Trakya University, Faculty of Engineering, Department of Mechanical Engineering, Edirne/Turkey

Cite this article as:

Bokor, B., Akhan, H., Eryener, D., Kajtar, L. (2022). Cooling Load Reduction with Transpired Solar Collectors, Trakya
University Journal of Engineering Sciences, 23(1), 1-10.

Highlights

» Cooling load reduction

» The passive cooling potential of transpired solar collector
> At night, the perforated plate acts as a radiating shield

Article Info

Abstract

Article History:

Received:
December 22, 2022

Accepted:
March 17, 2022

Keywords:

Transpired solar
collector;

Roof ventilation;
Nocturnal radiation;
Passive cooling;

Solar cooling load
reduction.

When considering energy reduction issues of the building sector, one cannot overlook
the importance of cooling load reduction. Depending on a country’s primary energy
conversion factor, producing one unit of cooling energy with a chiller can require three
times as much primary energy than producing one unit of heating energy with a boiler.
A remarkable amount of the cooling load of a building reaches the interior through the
roof, as roofs can be as hot as 70 °C under strong solar radiation. Roof ventilation with
double-layer structures offers a reliable temperature reduction between the solar
exposed upper layer and the lower one, which is the actual building roof. The transpired
solar collector (TSC) is a proven technology for solar air heating with numerous
installed and successfully operated systems around the world. This paper reflects on its
passive cooling potential, when the perforated metal plate absorber is installed on a
building’s roof. At night, the perforated plate acts as a radiating shield, which loses heat
towards the cold sky. The perforated plate cools below ambient temperature and cools
transpiring outdoor air which is later used for nocturnal ventilation of the building.
However, the predicted cooling energy during an analysis of the radiant cooling
strongly depends on the sky temperature model chosen. Different models of sky
temperature are compered in their result on the longwave radiant heat flux towards the
sky. The comparison has been carried out for four cities with different climate. Results
reflect on a novel application of the transpired solar collector, which therefore can be
used for the reduction of building energy consumption over the entire year.
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1. Introduction

As the building sector is responsible for 40-50 % of the
energy consumption in the EU (Kolokotroni, Aronis,
1999), in order to accomplish the 20/20/20 targets of
2011

(www.eea.europa.eu/highlights/eu-achieves-20-20-

the Energy Efficiency Plan of
20), it is crucially important to apply energy supply
systems which use renewable sources of energy.
Transpired solar collectors are economical systems to
include renewable energy supply into the heating

system of a building.

However, the production of a unit of cooling energy can
require multiple amounts of the production of one unit
of heating energy, depending on the primary energy
conversion factor of the country. This makes cooling
demand reduction even more important than the
reduction of heating demand. A vast proportion of
building cooling load arrives through the roof.
Ventilated double shell roofs can efficiently reduce the
temperature of the ceiling and thus the cooling load. Al-
Obaidi et al. (2014) designed an innovative roofing
system to reduce heat gain using reflective and
radiative pigment technique, as well as ventilation.
Results show that the developed roofing system was
able to reduce the indoor air temperature compared
with conventional roofing system by approximately
2.1°C under daylight condition. Roslan et al. (2016)
wrote that “it is natural to expect that an unvented
roofing system would affect the energy consumption of
a house”. Ciampi et al. (2005) investigated the
convenience of using ventilated roofs for the reduction
in summer thermal loads, taking into consideration the
case of roofs with small-sized-thickness duct in which
the airflow is laminar (microventilation). The obtained
results show that an energy saving, even exceeding the
30%, can be achieved by using ventilated roofs in
summer, compared to the same non-ventilated
structure. Puangsombut et al. (2007) carried out
experimental investigation on the natural ventilation

flow rate and heat gain reduction in an attic using an

open-ended inclined rectangular channel with radiant
barrier. When compared to a conventional roof solar
configuration with gypsum board on the lower part, it
was observed that the use of radiant barrier increased
convective heat transfer and airflow rate by about 40—
50%, thereby increasing heat transfer reduction through
the lower plate by about 50%. Results show that
extensive research have been made on the cooling load
reduction with ventilated roofs. However, none of them
investigated roof ventilation with the commercially
available TSC.

2. Transpired Solar Collectors

Transpired solar collectors are commonly used systems
for solar air heating in North America and they are
getting more widespread in Europe, too. Primary
energy can be reduced with their application in every
building with high fresh air demand and enough space
on the facade for their installation. Mainly large halls
like commercial and industrial buildings meet these
criteria, as both manufacturing processes and the
storage of certain goods can require ventilation with
fresh air. (Hollick J, 1994)

2.1. Construction and Operational Principle

The potential of the transpired solar collector lays in its
simple construction and thus reliable and almost
maintenance-free operation. The absorber, which is
made of conventional building cladding material, can
be included in the in the architectural conception of new
buildings, but it can be added to existing facades, too.
The trapezoidal, perforated metal shield is mounted in
15-20 cm distance onto the building’s original fagade,
creating an air gap, or plenum. This is closed from the
sides, so air can enter it only through the perforations

of the absorber plate.
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AHU

plate

Conventional heating
system

Figure 1. TSC construction and operational principle

As Figure 1 shows, the air passes the absorber as AHU
fans withdraw fresh air from the plenum. The
transpiration of the absorber ensures the transfer of the
solar heat to the fresh air. The simple construction and
maintenance free operation of the TSC ensures low
payback periods such as 2-10 years (Hall at al., 2011),
which is remarkably low among solar thermal systems.

2.2. Physics of Solar Air Heating with TSC

Seeing Figure 1, one could think that in the lack of
transparent glazing, the TSC has remarkable thermal
losses due to convection to the exterior. According to
Kutscher et al. (1993), assuming homogenous suction
on the surface the absorber, one can state that the
suction stabilizes the boundary layers on the external
side of the absorber, reducing the effect of convective
losses solely to the collector edges. This means that for
large collector surfaces the convective losses are
negligible and wind losses remain small, too. Kutscher
et al. (1993) describe that to ensure little impact of

wind:

o the suction face velocity should be preferably
0.04-0.05 m/s, but at least 0.02 m/s,
e at least 25 Pa pressure drop is to be obtained
across the perforated plate, and
o the wall should be designed to have uniform
flow through itself.
The flow rate through the surface of the TSC has to be
between  18-180 m%/(h-m?)  (RETScreen

International, 1997-2005) to ensure stable operation.

kept

Three air heating strategies can be defined by choosing

the appropriate airflow:

e high temperature rise in the range of 18-
54 m®¥/(h-m?)
e standard operation in the range of 54-
108 m%/(h-m?)
e high air volume in the range of 108-
180 m3/(h'm?)
High-flow TSC systems perform much better than low
flow ones, as the efficiency can reach its highest values
when high flow is cooling the absorber, utilising the
most of its heat, reducing all kinds of thermal losses. In
Figure 2 one can see that for a given wind speed the
collector efficiency only depends on the air flow rate,
which underlines the negligible impact of convective

losses depending on ambient temperature.
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Figure 2. TSC efficiency as a function of the air flow

rate (http://sahwia.org)

The decreasing collector efficiency in low flow
operation defines a minimum flow rate for the solar air
heating operation of the TSC. Under 18 m%/(h-m?) the
uniform transpiration of the absorber plate cannot be
ensured. Natural ventilation through the perforated
plate and in the plenum creates an outflow in higher
areas of the absorber. This is absolutely undesirable, as
this collector area does not take place in the solar air
heating process anymore. However, this phenomenon
can be made useful when applying the TSC on a

building roof.

1646
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3. Roof Ventilation with TSC

The installation of transpired solar collectors on a
building roof ensures new benefits of the system. Other
than one would first think, the absorbent surface which
reaches high temperatures during hot and sunny
summer days does not increase the cooling load of the
building. The natural airflow described above comes to
be too, if the collector is not installed for solar air
heating purposes, but simply as a ventilated, double

roof structure.

Warmer outflow through higher perforation:

Colder ambient air streams in ) )

SIS

Figure 3. Natural ventilation in a roof mounted TSC

The absorber plate, which reaches high temperatures,
evokes the natural airflow in the air gap between the
absorber and the original roof. The air in the cavity rises
driven by buoyancy the force, leaves through upper
perforations and at the same time colder ambient air
streams into the air gap beneath. The described process
is visualized in Figure 3. The continuous ventilation
thermally decouples the absorber plate from the back
plate which stands for the actual building roof. The
TSC reduces thermal load from the building roof this
way, which is proven by the experimental research
carried out by Bokor et al. (2017).

An experimental setup of 5 m? TSC with adjustable tilt
of 0-10-20-30-40° (see Figure 4) was used to
investigate the cooling load reduction capacity of the
TSC. Measurements were carried out in summer 2016
on the campus of Trakya University, Engineering
Faculty, Edirne, Turkey. Results show that the TSC is
capable to reduce heat gain between the absorber plate

and the back plate to 4-12 % of the incoming solar

radiation in average.

Figure 4. The 5 m? experimental setup used for roof

ventilation measurements
4. Nocturnal Radiant Air Cooling with TSC

Several studies (Artmann et al. 2007, Kolokotroni et al.,
1998, Blondeau, et al., 1997) have emerged about
cooling load reduction by nocturnal ventilation of
buildings. By natural or mechanical ventilation
buildings are supplied by cool ambient air during the
night, which aims to reduce the temperature of the
building mass. For this, a remarkable temperature
difference is necessary between the building mass and
the ambient air. Considering the climatic conditions in
Europe, one can state that in regions with warm
climates such as the Mediterranean basin where the
higher cooling peaks come to be, it is less likely to find

cool enough nocturnal ambient temperatures.

The efficiency of the cooling load reduction with
nighttime ventilation can be increased if the ventilation
air is cooled below ambient temperature using any
passive cooling method. Sky facing transpired solar
collectors can be used as radiating shields which cool
down below ambient temperature. Hollick (2012)

carried out night cooling tests with commercially
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available TSC absorbers and obtained results which
show that the plate “can be approximately 10 °C cooler
than ambient temperature in the Great Lakes region”,
cooling ambient air “by as much as 4.7 °C below” its

original temperature.

A oT,, e A

Longwave radiation to sky (Q_,)
L A & X
o1 | | Ambient air intTke‘ "r\lml‘»iem air intake - Touet

Il I

Perforated plate Back plate Fan J

Cooled air for building
(i, out Tair.out )

amb

Figure 5. Physical model of nocturnal radiative air

cooling with a transpired solar collector

Figure 5 shows the physical model of the nocturnal
radiant air-cooling method using TSC. It is to be noted
that unless the absorber surface of a solar collector has
been selectively coated, not only its absorptivity (o),
but also its emissivity (¢) value is high (Hall and
Blower, 2016). In the current investigation € = 0.77 was
considered, which is common for commercially

available transpired solar collectors.

The longwave radiant heat transfer between the
collector surface and the cold night sky can be
calculated using eq. (1) as given by Kumar and Leon
(2007).

QLW = &co1 " s " Acol 1
' (Tc‘l(.)l _FCS ’ Tslll'(y - Fc
' T;nd)

Here T is the collector temperature in K, Tsy is the

9

equivalent sky temperature in K, Tgng is the ground
temperature in K, while F¢s and Feg are view factors
given by eq. (2)-(3).

The collector-sky view factor is:

1+ cosy )
cs = T

Here 7y stands for the collector tilt.

The collector-ground view factor is:
ch =1- ch (3)

For the determination of the equivalent sky temperature
several models are available. In the following section it
is shown how different sky temperature models
influence the calculated longwave radiant heat flux,
which powers the nocturnal air-cooling process of a
TSC.

4.1. Clear Sky Temperature Calculation Models

The general equation of the clear sky temperature
(eqg. 4.) defines it as a function of the ambient air

temperature in K (Tamp) and the clear sky emissivity
(Esky)-

0.25 (4)

Tsky = Lamp " Esky

For the clear sky emissivity several studies have
delivered correlations. Pioneering studies of Angstrom
and Brunt delivered correlations which contain
which depend on the
2017).

Swinbank (1963) developed a correlation which

empirical  coefficients

geographical location (Vall and Castell,
delivers the clear sky temperature solely depending on

the ambient temperature.

Tory = 0.0552 - T 0o (5)

amb

Hatfield et al. (1983) stated in their study that models
which do not consider the effect of humidity only that
of the ambient temperature do not estimate the sky
emissivity in a precise manner.

Bliss (1961) developed a correlation (eg. 6.) which is
based on theoretical concepts of gas emissivity and
empirical correlations of gas properties (Vall and
Castell, 2017).

Esky = 0.8004 + 0.00396 £y, (6)

Clark (1981) developed the correlation below based on

dew point temperature too:
Esky = 0.787 +0,0028 - tyey @)

Berdahl and Fromberg (1982) developed correlations

for both day and night based on measurements in three
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cities in the USA. Eq. (8) predicts the nighttime sky

emissivity.
Eskymight = 0.741 + 0.0062 - tye,, (8)

Berger (1984) carried out measurements in Carpentras,
France and laid down all-day and nocturnal correlations

from which here the latter is considered as eq. (9):
Eskynight = 0.770 + 0.0038 - t 4, (9)

Based on measurements on the Negev Highlands in

Israel, Tang et al. proposed the following formula:

Esky = 0.754 + 0.0044  ty, (10)

Berdahl and Fromberg (1982) derived the sky
temperature from the ambient temperature Tamb in K,
the dew-point temperature in °C and the hour from

midnight T in eq. (11):

Toky = Tamp * [0.711 + 0.0056 -ty (11)
+0.000073 - t2,,,
+0.013 - cos(157)]/*

To see the effect of the sky temperature/emissivity
model choice, a comparison has been made between for
cities with different climates. The meteorological data
has been obtained from RETScreen 4 Clean Energy
Project  Analysis  Software, as well as
The

chosen are a) Bamako, Mali, b) Tunis, Tunisia, c)

(www.weatherbase.com/weather). locations

Milan, Italy and d) Hamburg, Germany.

Bamako, Mali has tropical savannah climate where
average daytime temperatures range between 24-30°C.
There is a yearly swing in relative humidity marking a
dry season from November to April with almost no
precipitation and a rainy season From July to
September. As seen in Figure 6a) there is cooling
season in the entire year. The lower sky temperatures in
the winter months are the result of the dry season when
the low amount of atmospheric humidity enables sky
temperatures to reach lower values. Figure Figure 7a)
shows the calculated sky temperatures. It can be seen
that the Swinbank equation — the only one which does

not consider atmospheric humidity — delivers the

highest values in the dry season and the lowest ones in
the rainy one. On the other hand, it can be stated that all
other models which incorporate humidity, result in
colder skies when the atmosphere is dry and warmer

ones in the humid rainy season.

Figure 8 shows the calculated longwave radiation from
a horizontal surface of ambient temperature using
eg. (1). As the plate cools down below ambient as a
result of the radiative heat transfer, these values get
smaller. However, Figure 8 is still suitable for
demonstrating the yearly course of the longwave heat
flux calculated using different methods. It can be
observed on Figure 8a) that for Bamako the Swinbank
equation predicts remarkably less radiant heat flux to
the sky for the dry and more for the humid season. The
yearly course of the other models is similar, however
there are significant differences between the results
which reflects on the importance of choosing the
suitable model. This can be found by a comparative
analysis with measurement results only. Bamako has a
visibly different course of longwave flux compared to
the other three cities, which is due to the high changes
in humidity in the Malian capital. For the dry season,
the model of Martin and Berdahl predicts 50 % of
longwave flux of that of the dry season. In other cities

the yearly course of the LW profiles is more balanced.

Tunis, Tunisia has hot summer Mediterranean climate
with hot and dry summers and mild winters. As seen in
Figure 6b) the cooling season in Tunis still expands to
the whole year, however in the winter months the
cooling degree days reach only a tenth of the peak
values in summer. The different models for the clear
sky temperature deliver much more correlating values
for Tunis than for Mali, this is due to the smaller change
in relative humidity over the year. As Figure 8b) shows
balanced values for the yearly course of longwave
radiation with the highest values in the winter time, one
can state that nocturnal radiant cooling with TSC could

possibly take a remarkable share in the cooling energy



Cooling Load Reduction with Transpired Solar Collectors

demand in winter and in the transitional period, but

could also reduce peaks in summer.

Milan has humid subtropical climate with hot summers
and foggy winters. The cooling season lasts from April
to October. As the sky temperature depends on the
ambient temperature, it can be seen that the locations
with colder ambient temperatures consequently have

lower night sky temperatures.

In Hamburg there is oceanic climate due to the vicinity
of the Noth and Baltic Seas. Winters are cold, but snow
is rare. Summers are mild, the cooling season restricts
only to a period from May to September with low
peaks. The theoretically calculated longwave radiant
heat flux towards the sky can be significantly reduced
by the often-thick cloud cover, which is not taken into

consideration in the present study.

The considered models result in remarkable differences
in longwave radiation for the examined locations. For
Tunis, Milan and Hamburg the lowest heat flux is
resulted by the model of Bliss. The highest one remains
Swinbank’s solution for Tunis, Milan and Hamburg.
However, the difference between minimum and
maximum is remarkable: for Hamburg the average of
the results delivered by Bliss’ model is 2/3 of the results

of the Swinbank equation.
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Figure 6. Monthly values of cooling degree days,
nocturnal average temperature and sky temperature for

Bamako, Tunis, Milan and Hamburg
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temperatures for Bamako, Tunis Milan and Hamburg

calculated according to the named correlations

5. Conclusion

Transpired solar collectors are reliable solar thermal
systems, which can reduce the primary energy
consumption of a building over the whole year. Their
simple construction and maintenance-free operation
result in short payback periods. They have been

successfully applied for solar air heating since the early
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Figure 8. The effect of different Tsy, models on the
monthly average LW radiation from a horizontal plate

of ambient temperature.

1990s, but the current research reflects on their ability

to reduce the cooling load of a building in summertime.

Experimental and theoretical research has shown that
the transpired solar collector is capable to reduce heat
gain between the absorber plate and the back plate to 4-
12 % of the incoming solar radiation in average.



Cooling Load Reduction with Transpired Solar Collectors

Different clear sky emissivity and temperature models
have been compared in their effect on the longwave
radiant heat flux towards the sky from a horizontal plate
of ambient temperature. It must be noted that the
applied models calculate clear sky emissivity and
temperature. Occasional cloud cover significantly
reduces the longwave radiant heat flow towards the
sky. However, the effect of cloud coverage is out of the

scope of the current investigation.

Although the sky temperatures are often close and vary
by a few degrees in the summer months as seen on
Figure 7 b) ¢) and d), the changes in longwave radiation
become remarkable between results delivered by the

different models.

It can be seen that the Swinbank equation does not
always deliver the lowest sky temperatures, when the
atmosphere is extremely dry like during the dry season

in Bamakao, it resulted in the highest sky temperatures.

Based on the current investigation it can be concluded
that the longwave radiation to the sky reaches the
highest potential during the dry season in Mali which
has the hottest climate of the four examined locations.
This result highlights on the need of further research to
investigate the possibly quick payback of the low
budget TSC alongside with its passive cooling fraction

in the entire cooling demand.
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> Pompa ve fan sistemlerinde verimlilik arttirict uygulamalar

» Pompa ve fan sistemlerinde frekans invertdr kullanilarak %60 enerji tasarrufu saglanmistir

> Pompa debisini biiyiik se¢ip pompay1 disiik debide calistirmak veya ¢ikis vanasini kismak enerji
tasarrufu saglamamaktadir.
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Enerji yonetimi, enerji kaynaklarinin ve enerjinin verimli ve tasarruflu kullanilmasini
saglamak iizere yiiriitiilen egitim, enerji etiidii, 6l¢lim, izleme, planlama ve uygulama
faaliyetlerini kapsamaktadir. Bu c¢alismanin amaci, sanayide pompa ve fan
sistemlerinde enerji verimliligini artirmaya yonelik enerji yonetimi uygulamalarini
gostermek ve analiz etmektir. Deneylerde, hangi kosullarda pompa ve fanlarin verimli
kullanilabileceginin tespiti i¢in ¢esitli varyasyonlar yapilmistir. Pompa debisini biiyiik
secip pompayr disiik debide c¢alisgtirmak veya c¢ikis vanasimi kismak tasarruf
saglamamaktadir. Calismada ele alinan baslica enerji verimliligi uygulamalari, kalite
ve performanst disiirmeden tiiketilen enerji miktarinin en aza indirilmesi igin
pompalarda ve fanlarda frekans invertér kullanimidir. Analiz sonucunda enerji
yonetimi ve enerji verimliligi uygulamalar1 ile, degisken debili fan ve pompa
sistemlerinde frekans invertdr kullanilarak %60 enerji tasarrufu saglanmistir.
Caligmanin literatiire temel katkisi, frekans invertér kullanimi ile enerji atiklarinin,

kayiplarin ve verimsizliklerin azaltilmasinin vurgulanmasidir.
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Energy management includes training, energy audit, measurement, monitoring,
planning, and implementation activities carried out to ensure efficient and economical
use of energy resources and energy. The aim of this study is to demonstrate and analyze
energy management practices to increase energy efficiency in pump and fan systems in
industries. In the experiments, various variations were made to determine under which
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conditions pumps and fans could be used efficiently. Selecting the pump flow rate large

and operating the pump at low flow rate or throttling the outlet valve does not save
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energy. The main energy efficiency applications discussed in the study are the use of
frequency inverters in pumps and fans to minimize the amount of energy consumed
without reducing quality and performance. As a result of this study, with energy
management and energy efficiency applications, 60% energy savings were achieved by
using frequency inverters in variable flow fan and pump systems. The main
contribution of the study to the literature is to emphasize the reduction of energy waste,

losses, and inefficiencies with the use of frequency inverters.

1. Giris

Niifus artis1, kentsel gelisim ve sanayilesme ile diinya
birincil enerji tiiketimi de giderek artmaktadir. Enerji
tiketiminin artmasina neden olan temel etkenlerin
basinda  niifus artigt  gelmektedir.  Yapilan
projeksiyonlar 2040 yilinda diinya niifusunun 9 milyara
yikselecegini gostermektedir. Bu durum 1,9 milyar
insan i¢in art1 enerji arzi saglanmasi gerekliligini ortaya
koymaktadir. Elektrik {iretimi i¢in kullanilan enerji
miktarinin 2040 yilina kadar yillik ortalama %?2 olmak
tizere %70 oraninda artacagi beklenmekte olup bu artis,
kiiresel birincil enerji bilylime oraninin %42’sine
karsilik gelmektedir (AEO, 2018). Sanayide kullanilan
birincil enerji tiiketiminde %81 oraninda artis
ongoriilmekte olup bu oran, diinya birincil enerji
bliyiime oraninin  %50’sini  olusturmaktadir. Bu
noktada sanayide enerji yonetimi ile verimliligin artigt
ve enerji tasarrufu giin gectikge daha fazla Gnem

kazanmaktadir.

Enerji yonetimi, enerji kaynaklarinin ve enerjinin
verimli ve tasarruflu kullanilmasini saglamak iizere
yiriitiilen egitim, enerji etiidi, 6l¢iim, izleme, planlama
ve uygulama faaliyetlerini kapsamaktadir. Enerji
tasarrufu, yeni teknolojilerin kullanimi ile iretimi,
kaliteyi ve performansi diisirmeden, sosyal refahi
engellemeden enerji tiiketiminin azaltilmasidir. Enerji
verimliligi, enerji kaynaklarmnin {retimden, iletim-
dagitim ve tiiketime kadar tiim agamalarda en yiiksek
etkinlikte degerlendirilmesidir.

Enerji  verimliligi,

binalarda yasam standardi ve hizmet kalitesinin,

endiistriyel isletmelerde ise iretim kalitesi ve
miktarinin diisiisiine yol agmadan birim hizmet veya
iiriin miktar1 bagina enerji tiikketiminin azaltilmasidir.
Enerji verimliginin amaci, enerjinin etkin kullanilmasi,
israfin  6nlenmesi,

enerji maliyetlerinin ekonomi

tizerindeki  yilikiiniin  hafifletilmesi ve ¢evrenin
korunmas: igin enerji kaynaklarinin ve enerjinin
kullaniminda verimliligin artirilmasidir. Temel hedef,
birim milli gelir basma tiiketilen enerjiyi azaltmaktir.
Vizyonu, enerjinin tamamini faydaya doniistiiren bir
iilke, kisi basina enerji tiiketimi yiiksek ve enerji

yogunlugu diisiik iilkeler arasinda yer almaktir.

Diinyada kullanilan enerjinin; %40°’1 binalarda, %32’si
ulasimda ve %28’i sanayide harcanmaktadir (IEA,
2018). Bu

kullanilmas1 ve enerji tasarrufu giin gectik¢e daha fazla

noktada sanayide enerjinin verimli

onem kazanmaktadir. Sanayide enerji tasarrufu
makinalar1 kapatmakla prosesi engellemekle veya
durdurmakla yapilamayacagina gore, asil amaci liretim
olan sanayi tesislerinde enerji yoOnetim sistemi
olusturulur. Ciinkii enerji, en diisiik tiiketim ile son
iriinii  gergeklestirmek icin iyi sekilde ydnetilmeyi
bekler. Bir fabrikadaki {iretim maliyetleri, ham madde,
iscilik, isletme ve enerji maliyetlerinin toplamini igerir.
Enerji maliyetleri sanayi sektoriiniin tipine, kullanilan
proseslere, ham maddelere ve imal edilen son iiriine
bagl olarak toplam iiretim maliyetlerinin %50" sinin

iizerine ¢ikabilir (EYDN, 2021).

Endiistriyel isletmelerde; enerji etiit caligmasi ile

belirlenen 6nlemlerin uygulanmasi ve enerji tasarruf
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potansiyelinin geri kazanilmasi i¢in hazirlanan projeler

Verimlilik  Artirict  Proje  (VAP) olarak ifade
edilmektedir. VAP endiistriyel isletmelerde enerji
atiklarinin, kayiplarin ve verimsizliklerin giderilmesi
icin gerekli Onlemlerin uygulanmasi amaciyla
hazirlanir. Endiistride enerji yonetimi uygulamalari ile
enerjinin verimli kullanilmasin1 saglayan baglica
uygulamalar: talep tarafi yonetimi, tretim, iletim,
dagitim tesislerinde ve agik alan aydinlatmalarinda
termik santrallerin

verimliligin artirilmas,

rehabilitasyonu ve atik 1sisindan yararlanilmasi,
alternatif yakit kullaniminin 6zendirilmesi, enerji
verimliligi i¢in yenilenebilir enerji kaynaklarinin
kullantmimin  arttirilmasi,  enerji  yogunlugunun
azaltilmasi, yanma sonucu diisik CO2 emisyonu
cikaran  yakitlara gecilmesi, yakit kalitesinin
iyilestirilmesi, enerji dretiminde kaynak cesitliligine
gidilmesi, yakit kalitesinin iyilestirilmesidir. Verimlilik
arttirict projeler yardimiyla enerji tiiketimi azaltilir,
enerji tiiketiminin azaltilmasi ile enerjiden kaynaklanan
masraflar kontrol altinda tutulur ve azalir. Cihaz ve
ekipman kullanimi kontrol altinda tutulur ve enerji
tiketiminin izlenmesi yoluyla performans hakkinda
bilgi edinilir, israftan kaynaklanan olumsuz ¢evre etkisi
azaltilir, emisyon izleme ve raporlama igin sistem
hazirlanir ve uygulanir, enerji bilinci ile ilgili olarak

toplum i¢inde sayginlig1 arttirir.

Enerji yonetimi kavrami ilk defa ikinci diinya savasi
sonrasi bir Ingiliz bilim adami tarafindan kullanilmustir.
Genelde binalar i¢in kullanilmistir. 1973  petrol
krizinden sonra bu kavram sanayide de kullanilmaya
baglamistir (EYDN, 2021). Bunse ve ark. (2011) {iretim
alanindaki enerji yonetimini kontrol, izleme ve enerji
verimliliginin 1iyilestirilmesi gibi faaliyetler olarak
tanimlamigtir. Her iki kavram arasinda bir iliskide
bulunan Uluslararasi Enerji Ajans1 (IEA, 2012) tanimu:
"Enerji yonetimi, enerji kullaniminin sistematik olarak
izlenmesini, analizini ve planlanmasini igerir. Enerji

yoOnetim sistemleri arasinda enerji yonetimi faaliyetleri,

uygulamalar1 ve siirecleri yer almaktadir". Thollander

ve Palm (2015) "Enerji yonetimi, bir sirketin enerji
izerinde stratejik olarak caligtign prosediirler olarak
tanimlanabilirken, bir enerji ydnetim sistemi bu
prosediirleri uygulamak igin bir aragtir" olarak
tanimlamigtir. Literatiir taramasinda Schulze ve ark.
(2016)  enerji  yoOnetiminin  "strateji/planlama,
uygulama/isletme, kontrol, organizasyon ve kiiltiir"den
olustugunu tanimlamistir. Enerji yonetimi; planlama,
koordinasyon ve kontrol gibi birbirinden bagimsiz
olduklarinda etkisiz kalabilecek islevlerin bir araya
gelerek olusturduklart bir biitiindiir. Sanayide Enerji
Yonetimi ise; uriin kalitesinden, giivenlikten veya
gevresel tiim kosullardan fedakarlik etmeksizin ve
iretimi azaltmaksizin enerjinin verimli kullanimi
dogrultusunda yapilandirilmig ve organize edilmis
disiplinli bir ¢aligmadir. Sanayinin enerjiyi verimli
kullanma diliminde
incelenebilir: 1973 Petrol Krizi Sonrasi, 1980’lerde

1990°’larda gelisen

gereksinimi i zaman
yasanan teknolojik gelismeler,

enerji ve gevre bilinci.

Diinyanin farkli iilkeleri enerji verimliligi 6nlemlerinin
yetersizligi sorununu ele alip enerji yonetimi alaninda
cesitli arastirmalar yapmugtir (Cagno ve ark., 2013;
Lozano et al. 2018). Ornegin, Cin (Zhang ve ark.,
2015), Amerika Birlesik Devletleri (Worrell ve ark.,
2000), Etiyopya (Tesema ve Worrell, 2015), Tayland
(Hasanbeigi ve ark., 2011) ve Tiirkiye'den (Ates ve
Durakbasa, 2012) daha once yapilan ¢alismalar
cimento  endiistrisindeki  enerji  verimliliginin
potansiyelini farkli bir bakis agisiyla arastirdi. Hasan ve
arkadaglar1 (2018, 2019), Banglades endiistrisinde
enerji verimliligi {lzerine daha once yapilan iki
aragtirmay1 arastirmigtir.  Andersson ve Thollander
(2010) isveg kagit hamuru ve kagit endiistrisinde enerji
ile ilgili temel performans gdstergelerinin mevcut
uygulama ve operasyonel hale getirme seviyesini
incelemigtir. Backlund ve ark. (2012) yo6netim

faaliyetlerinden  kaynaklanan  enerji  verimliligi

potansiyelinin, enerji yogun endiistriler i¢in daha fazla
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enerji verimli teknoloji uygulama potansiyelinden daha

biiyiik oldugunu tahmin etmistir.

Literatiirde, kuruluslarda enerji davranisi (Andrews ve
Johnson, 2016) ve ¢evresel davranislar (Cheng ve ark.,
2019) lizerine ¢aligmalar sunulmustur. Bu ¢alismalar
kuruluslardaki kuramindan

davranis ortaya

¢ikmaktadir. Bir organizasyon yapisinda, sirketin
operasyonlarina liderlik etmek igin bir yonetim ekibi
onemlidir (Tiller, 2012). Sola ve Mota (2020)
endiistrilerde enerji yonetimini etkileyen faktorleri bu
acilardan analiz etti. Martin ve ark. (2012) tarafindan
gelistirilen bir ¢alisma daha iyi enerji verimliligi ve
iiretkenliginin yonetim uygulamalariyla giiclii bir
sekilde iligkili oldugunu gostermektedir. Neves ve ark.
(2017) tarafindan gelistirilen bir arastirmaya gore

sisteminin  (ISO  14001)
Rekabet

pazar, c¢evre ydnetim

benimsenmesini  de  etkilememektedir.
avantaji, ISO 50001'i kuruluslarda uygulamak i¢in
harici bir nedendir (Marimon ve Casadesus, 2017). Bir
sanayi sirketi i¢indeki enerji yonetimi faaliyetleri, biri
enerji son kullanimini kontrol eden ¢esitli bilesenlerden
olusmaktadir (Schulze, 2016). Enerji ydnetiminin
kontrol unsurlari arasinda veri toplama ve izleme,
enerji performansini karsilagtirma ve performans
degerlendirmesi yer almaktadir. Bazi {iretim girketleri

icin ISO 50001 standardina uygun bir enerji yonetim

sistemi uygulamak dogal bir ilk adimdir.

Pompalarda uygulanan baslica verimlilik arttirict proje
ornekleri: degisken hiz siiriicii DHS (frekans invertor)
veya yumusak yol verici (soft starter) uygulamasi,
yiksek verimli motor uygulamasi, gereginden fazla
kapasitede secilmis pompalarda enerji verimliligini
artirict onlem olarak pompa carklarinin tornalanarak
kiigiiltiilmesi ¢alismalari, yiiksek verimli pompa
uygulamalaridir. Fanlarda degisken hiz siiriicii (frekans
invertér) uygulamasi, yiksek verimli  motor
uygulamasi, fan sisteminin modernizasyonu, uygun

hava kontrol ve debi ayarlama sistemi c¢aligmalari,

H. Akhan / Trakya Univ J Eng Sci, 23(1): 11-23, 2022

fanlarda kayip ve kagaklarin 6nlenmesi ¢aligmalar ile

verim artist saglanmaktadir.

Literatiirde yer alan pompalarda verimliligi ve enerji
tasarrufunu arttirmaya yonelik caligmalar, daha ¢ok
frekans invertor uygulamalarini kapsamaktadir. Ahmed
vd. (2022) ¢ok pompali bir sistemde iki gelismis
degisken hiz siiriiciisii (frekans invertdr) teknigi (¢ok
pompali tek siiriiciilii ve ¢ok pompali ¢ok siiriiciilii)
kullanarak enerji tasarrufunu incelemistir. John vd.
(2013) su pompasi istasyonlarinda ¢oklu pompa-motor
sistemlerinde frekans invertér kullanarak enerji
verimliligini iist diizeye ¢ikartmak ve enerji tilketimini
en aza indirerek enerji tasarrufu saglamistir. Bakmak
vd. (2014) ¢oklu pompa istasyonlarinda ¢alisan pompa
sayisinin bir model kontrol algoritmasina bagl olarak
secimine dayali ¢aliyma yapmislardir. Ayrica Bakmak
vd. (2015) diger bir ¢alismalarinda enerji verimlilige
gore calisan pompa sayisini belirlemislerdir. Bakman
(2015)
istasyonundaki verimliligi incelemistir. Vodovozov vd.
(2016), (2017) ve Vodovozov ve Raud (2017) goklu

pompa sistemlerinde degisken hiz siiriictisii (frekans

ve  Gevorkov paralel basli  pompa

invertdr) kullanimi iizerine g¢aligmalar yaptilar. Luna
vd. (2019) su pompalama sisteminde verimliligini
artirmak icin bir hibrit optimizasyon yontemi iizerine
calismiglardir. Giin boyunca pompalama programini
optimize etmek igin  bir

genetik  algoritma

kullanilmislardir.

Literatiirde yer alan fanlarda elektrik tiiketimini
azaltma yonelik c¢aligmalar, daha ¢ok tasarimsal
iyilestirmeleri kapsamaktadir. Sen (1997) eksenel
fanlarin aerodinamik, mekanik, elektriksel, yapisal ve
operasyonel faktorlerinin, fan verimliligi ve minimum
gli¢ tilkketimi iizerine etkisini incelemistir. Hustrulid ve
Bullock'a (2001) fanlarmin ¢ok diisiik verimliliginin
ana nedenlerinin, %50 in altinda statik verim saglayan
temel nedenler olan zayif aerodinamik tasarim, yanlis
fan se¢imi ve fan sahasindaki zayif aerodinamikten
Belle (2008), fan

kaynaklandigini  belirtmistir.
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verimliliginde %10'Iuk bir artis ile elektrik tiiketiminde
%10'Tuk bir azalmanin, yilda 10.81 MW elektrik
tasarrufu ile sonuglanabilecegini bildirmistir; bunun 10
yilda 16,08 milyon ABD Dolar1 kazang saglayacagini
belirtmistir. Literatiirde yer alan diger c¢alismalarda
Mishra (2004); Panigrahi, Mishra, Divaker ve Sibal
(2009), fan verimini arttirmak ve enerji tiiketimini
azaltmak i¢in fan kanat tasarimi ve frekans invertor
kullanim1 konularinda ¢aligmistir. Panigrahi ve Mishra
(2014) maden havalandirmasinda kullanilan fan kanat
profilini enerji verimliligi artiracak, havalandirmada
enerji tasarrufu saglayacak sekilde tasarlamistir. Souza
(2015) fan sistemlerinin performansini ve verimliligini
arttirmak i¢in mithendislik tasarim ilkelerinin nasil
uygulanabilecegi ve bunun sonucunun gii¢ tiiketimine,
isletme maliyetine ve sera gazi emisyonlaria etkisi
tizerine g¢alismistir. Okochi ve Yao (2016)’ nun
¢aligmalarinda fan sistemlerinin enerji tiiketimini en
aza indirmek igin besleme havasi sicaklig1 ve hava akis
hiz1 optimizasyonu ana hedef olmustur. Besleme havasi
sicakligini kontrol ederek fanlarin c¢alisma giiciliniin
yan sira 1sitma ve sogutma enerjilerini en aza indirmek
miimkiindiir (Wei, Claridge 2000). Shim vd. (2013) fan
enerjisi, statik basing kontrol stratejileri ile %35-30
oraninda azaltilabilecegini belirtmistir. Yee vd. (2002)
fan hizi kontrolii ile enerji tasarrufu ve finansal faydalar

saglanabilecegini belirtmistir.

Bu ¢alismada, T.C. Enerji ve tabii Kaynaklar Bakanlig1
Enerji Verimliligi ve Cevre Dairesi Bagkanligina bagl
Enerji Verimliligi Test Laboratuvarindaki “enerji
yOneticisi egitimi” i¢in tasarlanmig pompa ve fan deney
diizeneklerinde yapilan, enerji verimliligini artirici
uygulamalardan,

deneysel calismalardan

faydalanilmistir. Uygulamalardaki deney kosullari

belirlenirken sanayideki ger¢ek calisma ve isletme
kosullar1 dikkate alinmistir. Deneysel calisma ile
kastedilen, laboratuvar ortaminda sanayideki gercek
caligma ve igletme kosullarinin saglandigi gergek boyut
ve kapasitelerdeki tesisatlarda yapilan kontrollii

deneylerdir. Calismada, enerji yOneticisi egitimi

dersleri esnasinda yapilan kontrollii deneylerde 6lgiilen
veriler kullanilmistir. Deneylerden elde edilen 6lgiim
verileri kullanilarak, farkli c¢alisma kosullarindaki
pompa ve fan sistemleri igin verim ve enerji tasarrufu

degerleri hesaplanmustir.

Bu ¢alismanin amaci, endiistrilerde enerji verimliligini
artirmaya yonelik enerji yonetimi uygulamalarini
gostermek ve yapilan verimlilik artirict deneysel
caligmalarin verilerini analiz ederek, pompa ve fan
sistemlerinin enerji tasarruf degerlerini belirlemektir.
Deneylerde, hangi kosullarda pompa ve fanlarin
verimli  kullanilabileceginin  tespiti

igin  gesitli

varyasyonlar yapilmistir. Calismada, pompalarda ve

fanlarda frekans invertor kullanimi ile
gerceklestirilebilecek  enerji  verimliligi  artirici
uygulamalar1  Ornekleri ele alinmustir.  Yapilan

deneylerde olgiilen veriler ile yapilan hesaplamalar
sonucunda, frekans invertdr kullanilarak degisken
debili fan sistemlerinde ve pompa sistemlerinde %60

enerji tasarrufu saglanmistir.

Bu calismanin literatiire katkisi, Sanayideki gergek
calisma ve isletme kosullarinin dikkate alinip,
laboratuvardaki deney tesisatlarinda bu kosullarin
uygulanarak, pompa ve fanlarin hangi kosulda enerji
verimliligini {ist diizeye c¢ikartilabileceginin ve enerji
indirilerek tasarrufu

tiketimini en aza enerji

saglanabileceginin  vurgulanmasidir.  Fabrikalarda

prosessin kalitesini bozmamak igin sabit basing

gerektiginden, bir sanayi kurulusunda gercek

uygulamada bu derece degisken kosullarda deneyle
yapmak sakincali olmaktadir. Yapilan farkh
kosullardaki deney sonuglarina goére pompa ve fan
sistemlerinde degisken hiz siiriiciisii (frekans invertor)
kullanim1 ile enerji

atiklarinin, kayiplarin =~ ve

verimsizliklerin azaltilmasinin saglanmaktadir.
2. Yontem
2.1. Deney Tesisatlari

Pompa deney tesisati



16

Sekil 2°de santrifiij pompa deney tesisatinin sematik
resmi ve Sekil 3’te fotografi yer almaktadir. Deney
tesisati, pompa, elektrik motoru, su tanki, akis
kanallari, vanalar ve 6lglim cihazlarindan olugmaktadir.
Tablo 1°de pompa deney tesisati sistem elemanlari
listelenmistir.  Sisteminde, pompa yardimiyla su
tankindan alinan su tekrar tanka pompalanmaktadir.

Deneyde statik basma yiiksekligi 1 m*dir.

380V
Gl Kaynagi

Frekans
invertor

Motor

Sekil 3. Pompa deney tesisati

Tablo 1. Pompa deney tesisati sistem elemanlart

Numara Sistem elemani

Su tanki

Emis vanasi

Emis basing 6l¢limii manometre
Pompa — Elektrik motoru
Pompa ¢ikis basinci 6lgiimii
Cikis vanast

Hat sonu basing dl¢iimii (kullanicilar igin)

0 N oo o B~ W N B

Hat sonu vana (debi ayart i¢in) kullanici

vanasi

Fan deney tesisati

H. Akhan / Trakya Univ J Eng Sci, 23(1): 11-23, 2022

Sekil 4’te sematik resmi, Sekil 5’te fotografi goriilen

fan deney tesisatinda, radyal tip santrifiij fan
kullanilmistir. Tablo 2°de fan deney tesisatinin sistem
elemanlar1 yer almaktadir. Tablo 3’te fanin teknik
ozellikleri goriilmektedir. Fan girisinde ve c¢ikinda

damper, termokupl ve basing dlger vardir. K Tipi (Ni-

Cr-Ni) termokupl ile sicaklik Ol¢iimii yapilmistir.
debi

Damperle mekanik yontem ile kontrolii

yapilmaktadir.

Motor

380V
Guc Kaynag

Frekans
Invertor

2

Crlag Valfi Giris Valfi

Fan

Sekil 4. Fan deney tesisati semasi

Sekil 5. Fan deney tesisati

Tablo 2. Fan deney tesisati sistem elemanlari

Numara Sistem elemant

[y

Emis havzasi

Giris valfi

P1- Giris Basing dlger
T1- Giris termokupl
Radyant tip santrifiij fan
Elektrik motoru

Cikis valfi

P2- Cikis basing dlger
T2- Cikis termokupl

© 0o N oo g b~ w N

Tablo 3. Fan teknik ozellikleri
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Ozellikler

Tip Tek emisli

Kapasite 30m3/dk x 6.3 kPa x 2960 dk*
Motor 11 kw, 380 V, 2P

3. Deneysel calismalar, sonuclar ve tartismalar
Pompa deneyi

Pompa deney tesisatinda su debisi 10 m3h -30 m¥h
arast degerlerine ayarlanmistir. Emis basinci, ¢ikis
basici, hat sonu basinci ve enerji analizdriinden
tilketilen gii¢ Olciilmiistiir. Deneylerde, pompalarin
hangi kosullarda verimli kullanilabildiginin tespiti i¢in
6 farkli varyasyonlar test edilmistir. Tablo 4’te pompa

deney kosullar1 listelenmistir.

Tablo 4. Pompa deneyi kosullar

Deney no Deney kosullart
1 Normal kosullar =50 Hertz
2 Cikis vanast %50 kisilirsa =50 Hertz
3 Frekans invertor 45 Hertz
4 Frekans invertor 35 Hertz
5 Frekans invertor otomatik kumanda,
Peiis=250 kPa sabitlendi set degeri
6 Frekans invertér otomatik kumanda,

Peiis=150 kPa sabitlendi set degeri

Sekil 6, Sekil 7 ve Sekil 8 (Tablo 4’te belirtilen) 6 farkl
deney kosulu i¢in 10 m%h - 30 mdh pompa
debilerindeki pompa ¢ikis basincini, hat sonu basincini
ve pompa gii¢ tiikketimini gostermektedir. Sekil 9°da 5
farkli deney kosullarinda normal kosula (1 numarali
tasarrufu

deney kosuluna) goére saglanan enerji

goriilmektedir.
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@
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Debi (m#/h)

Sekil 6. 6 farkli deney kosulu i¢in pompa ¢ikis

basincinin farkli debilere gore degisimi
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Sekil 7. 6 farkli deney kosulu i¢in pompa hat sonu

basmcinin farkli debilere gore degisimi
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Sekil 8. 6 farkli deney kosulu igin pompa gii¢

titketiminin farkli debilere gore degisimi
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Sekil 9. 5 farkli deney kosulu i¢in pompa enerji

tasarrufunun farkli debilere gore degisimi
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1 numarali deney, pompanin normal kosullarda, 50
Hertz frekansta c¢alisma durumudur. 2 numarali
deneyde, pompa 50 Hertz te, ¢ikis vanasi %50 kisilarak
calistirilmigtir.  Sanayide degisken debi ile c¢alisan
sistemlerde pompa debisi azaldigi zaman Sekil 6°da
goriildigii tizere ¢ikis basinct ¢ok yiiksek degerlere
ulagsmakta, bu da gerek tesisata zarar vermekte veya
hattin sonunda ihtiya¢ duyulan basingtan daha yiiksek
bir basing olustugundan sanayi {iriinlerinde sikinti
olusturabilmekte ve iiretimi kesintiye
ugratabilmektedir. Bundan dolay: ¢ikig vanasi kisilarak
hattin igindeki basing kaybi arttirilir, ¢ikis basinci
degismez ama Sekil 7°de gorildigli gibi hattin
sonundaki basing degisir. Sekil 6’da goriildiigii gibi,
pompa debisi azaldiginda ¢ikis basinci artar. Yani
dinamik basma yiiksekligi artar. Debi arttik¢a kayiplar
artacagi igin, ¢ikis basinci ile hat sonu arasindaki basing
farki artar. Debi arttikga siirtiinme kuvveti artar. Debi
diisiik olunca Pguys V€ Phatsonu basiner arasindaki fark
daha az olur. Sekil 8’de goriildiigii gibi 1 ve 2 numarali
deneylerde c¢ekilen giigler esittir. Cikis vanasini
kisildiginda daha az giic harcanmamakta, sistem
tasarruflu ¢alismamaktadir. Ayrica, pompa debisini
bliyikk se¢ip, pompayi1 diisik debide ¢aligtirmak

tasarruf saglamamaktadir.

Tablo 4’te belirtilen 3 ve 4 numarali deneylerde, daha
diisiik ¢ikis basincina ihtiyag duyulursa frekans azaltilir
(Sekil 6). Boylece, Sekil 6, Sekil 8 ve Sekil 9°da
goriildigi gibi ¢ikis basiner azalir ve buna bagli olarak
gli¢ azalir ve tasarruf yapilir. Diyagramdan gorildigii
gibi, frekans azaltilinca pompa calisma egrisi asagiya
dogru kayar. invertérlii veya degisken frekansl siiriicii
sistemleri, alternatif akimin frekansin1 ve dolayisi ile
motorun doniis hizini degistirerek motorun gereginden
fazla yiik cekmesini onler. Ihtiya¢ duyulan ¢ikis basinci
degeri yakalanincaya kadar frekans azaltilir. Bu da ayni
isin ¢cok daha az enerji kullanarak yapilmasini saglar.
debili

kullanilmas: tasarruf saglar (Sekil 9). Debi sabit olan

Degisken sistemlerde  frekans invertor

H. Akhan / Trakya Univ J Eng Sci, 23(1): 11-23, 2022

yerlerde frekans invertor kullanimi fayda saglamaz.
Degisken debilerde en yiiksek debide minimum basma
yiiksekligi ihtiyact ve minimum ¢ikis basinci ihtiyacini

saglayacak bir pompa satin alinir.

Tablo 4’te belirtilen 5 ve 6 numarali deneylerde,
frekans invertdr, otomatik kumandada ¢ikis basinci igin
sabitlendi. Frekans invertor sadece ¢ikis basincina gore
degil, farkli parametrelere gore de sabitlenerek
ayarlanabilir. Boylece hedef parametreyi saglayacak
sekilde frekans degisimi saglanir. Ornegin kalorifer
tesisatinda debi degisimine, 1sinma ihtiyacina ve dig

ortam sicaklifina bagl olarak, suyun giris ve doniis

sicaklign arasindaki farka bagli olarak frekans
degistirilebilir. Diyagramda sadece ¢ikis basincina gore
ayarlanmustir.

Fan deneyi

Yapilan deneylerde fanin enerji tiikketimini azaltma
yontemleri incelendi. Fan sistemlerinde 6nemli olan
debi kontroliidiir. Ama giiniimiizde enerji fiyatlarin
artmastyla, maliyeti diisiirmek amag¢ olmustur. Fan ve
pompalarda elektrik tiiketimini azaltma ydntemleri

iizerine galigmalar yapilmaya baslanmistir.

Fan sisteminde kullanilan elektrik motorlarinin devri,
kullanilan frekansa baglidir. Degisken hiz siiriicii tek
basina ise yaramaz, mutlaka geri besleme sinyali almak
zorundadir. Yapilan deneylerde, fanin ¢ikisindan
degisken hiz siiriiciisiine sinyal gonderilmektedir.
Degisken hiz siirliclisii basing sensoriiniin 3 kPa ve 4
kPa degerlerine gore ayarlanmistir. Cilinkii fabrikalarda
prosessin kalitesini bozmamak i¢in sabit basing

gereklidir.

Fan deney tesisatinda hava debisi 500 m3/h - 1500 m%/h

arast degerlerine ayarlanmistir. Deneylerde, ¢ikis

basinci, statik basinci farki ve enerji analizoriinden
tiiketilen gii¢ 6l¢iildii ve enerji tasarrufu hesaplanmistir.

Deneylerde, fanin hangi kosullarda  verimli

kullanilabildiginin tespiti i¢in fan 7 farkli kosulda test

edilmigtir. Tablo 5’te fan deneyi kosullari
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listelenmistir. Deney kosullari belirlenirken sanayideki
gercek calisma ve isletme kosullar dikkate alinmustir.
Sanayide vana kisilinca enerji tasarrufun artacagi
diisiincesi yaygindir. Fakat deneysel veriler sonucu

yapilan analiz bu disiinceyi ¢lirlitmektedir.

Tablo 5. Fan deneyi kosullar
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Sekil 10. 7 farkli deney kosulu i¢in farkli debilerdeki

fan ¢ikis basinci

Deney Emis Cikis Frekans
No Damperi  Damperi
1 %100 %100 50 Hertz
2 %100 %50 50 Hertz
3 %50 %100 50 Hertz
4 %2100 %100 Frekans invertor 45
Hertz
5 %100 %100 Frekans invertor 35
Hertz
6 %100 %100 Frekans invertor
otomatik kumanda,
Paris= 3 kPa sabitlendi
set degeri
7 %2100 %100 Frekans invertor

otomatik kumanda,
Peiis= 4 kPa sabitlendi
set degeri

1 numarali deney, fanin normal kosullarda, 50 Hertz
frekansta ¢alisma durumudur. 2 numarali deneyde, fan
50 Hertz ‘te, ¢ikis vanast %50 kisilarak ¢aligtirilmistir.
3 numarali deneylerde, fan 50 Hertz ‘te, giris vanasi
%50 kisilarak caligtirlmigtir. 4 ve 5 numarali
deneylerde frekans invertér manuel olarak sirasiyla 45
Hz ve 35 Hz ‘e ayarlandi. 6 ve 7 numarali deneylerde,

frekans invertor, otomatik kumandada ¢ikis basinci igin

sirastyla 3 kPa ve 4 kPa’a sabitlendi.

Sekil 10, Sekil 11 ve Sekil 12, Tablo 5°te belirtilen 7
farkli deney kosulu i¢in 500 m%h - 1500 m%h fan
debilerindeki fan ¢ikis basincini, statik basing farkini ve
fan gii¢ tiiketimini gostermektedir. Sekil 13°te 6 farkli
deney kosullarinda normal kosula (1 numarali deney

kosuluna) gore saglanan enerji tasarrufu gortilmektedir.
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Sekil 11. 7 farkli deney kosulu igin farkli debilerdeki
statik basing farki
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Sekil 12. 7 farkli deney kosulu igin farkli debilerdeki

fan gii¢ tiiketimi
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Sekil 13. 7 farkli deney kosulu igin farkli debilerdeki

fan enerji tasarrufu
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Tablo 5’te belirtilen 4 ve 5 numarali deneylerde, daha
diisiik ¢ikis basincina ihtiyag duyulursa frekans azaltilir
(Sekil 10). Boylece, Sekil 10, Sekil 11, Sekil 12 ve
Sekil 13’te goriildiigii gibi ¢ikis basinci, statik basing
farki azalir ve buna bagh olarak gii¢ azalir ve tasarruf

yapilir.

Fanlarda damper kullanilarak debi azaltildiginda,
basma yliksekligi artmakta, Sekil 13’te goriildiigi gibi
diisiik azalma

tiiketiminde oranda bir

gu¢
gozlenmektedir. Ayni debi i¢in degisken hiz siiriiciisii
kullandigimizda, frekans azaldigi i¢in devir azalacak,
basma yiiksekligi azalacak ve dolayisiyla gii¢ tiiketimi
azalacaktir. Sekil 12’de gorildigi gibi fan
sistemlerinde debi ayar1 giris ve ¢ikis damperlerinin
kisilmasiyla yapilirsa, giigteki azalma maksimum %10
mertebesinde olmaktadir. Sekil 13’te goriilldigii gibi
fan sistemlerinde debi ayar1 fan devri degistirilerek
%60°lara

yapilmaktadir.

yapilirsa varan  bir tasarrufu

glic
Isletmede fan sistemlerinde ¢ikis
basmcinin sabit degerde olmasi istenmesi durumunda
frekans invertoriin otomatik basing kontrolii sistemle

caligtirilmast uygun olmaktadir.
4. Sonug

Endiistriyel tesislerde uygulanabilecek enerji tasarrufu
yontemleri, bilimsel olarak gercekligi tamamen ortaya
konmus uygulamalardir. Enerji yonetimi sayesinde
daha az fosil yakit yakilmasi sonucu istenmeyen
emisyonlar azalacak ve karbon emisyonunun neden
oldugu kiiresel 1smmma etkileri azalacaktir. Ayrica,
enerji tasarrufu ve verimliligi {ilkelerin yapmasi
gereken ve ¢ok yiiksek yatirim gerektiren yeni enerji
yatirimlarinin getirecegi yiikii azaltacaktir. Bu noktada
sanayide enerji yonetimi ile verimliligin artig1 ve enerji

tasarrufu gilin gectikce daha fazla 6nem kazanmaktadir.

Calismada ele alinan sanayideki enerji verimliligi

uygulamalari, kalite ve performanst diisiirmeden

tilkketilen enerji miktarmin en aza indirilmesi ig¢in
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pompalarda ve fanlarda frekans invertor kullanimidir.
Calismada, frekans invertor kullanimi ile enerji
atiklarinin, kayiplarin ve verimsizliklerin azaltildigi
vurgulanmigtir. Deney kosullar1 belirlenirken gergek
sanayideki calisma ve isletme kosullar1 dikkate
alimmistir. Sanayide vana kilinca enerji tasarrufun
artacagl diisiincesi yaygindir. Fakat deneysel veriler
sonucu yapilan analiz bu diisiinceyi ciiritmektedir.
Pompalarda ¢ikis vanasint kisildiginda daha az giig
harcanmamakta, sistem tasarruflu calismamaktadir.
Fan sistemlerinde debi ayar1 giris ve ¢ikis
damperlerinin kisilmasiyla yapilirsa, giigteki azalma
maksimum %10 mertebesinde olmaktadir. Frekans
invertdr sistemleri, alternatif akimin frekansim1 ve
dolayisi ile motorun doniig hizin1 degistirerek pompa ve
fan motorunun gereginden fazla yiikk c¢ekmesini
onlemektedir. Degisken debili pompa ve fan
sistemlerinde debi ayar1 devri degistirilerek yapilirsa
%60°lara varan bir gii¢ tasarrufu yapilmistir. Sanayide
enerji yoOnetimi konusunda yapilmasi planlanan
caligmalar, faaliyet gosteren bir fabrikada enerji etiit
calismasi yapip, mevcut durumu belirledikten sonra,
verimlilik arttirict proje uygulamalari ile fabrikadaki

enerji tasarrufunu artirip, iyilestirmeler yapmaktir.
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The aim of present study is to prevent the rejection of parts because of the
porosity during the high pressure die casting (HPDC) process. Die design was
carried out for the production of the engine connection part for automotive
industry with HPDC. Process parameters taken into consideration for study are

Accepted: number of runner and airflow, switch point location and second phase speed
May 15, 2022 value. Number of aiflows and runner was determined acoording to simulations.
In order to determine the number of runners, simulations were made by

: considering 5 basic parameters and care was taken not to turbulent material flow
Keywords: in the mold. Then, the location of the switch point and the second phase speed
HPDC; were determined by simulation studies. After the simulation studies were
Switch length; completed, the molds were manufactured. Then, HPDC process was carried out
Porosity; using AlSi9Cu3(Fe) alloy. The casted parts were analyzed by means of porosity
Airflow using computed tomography (CT) and optical microscope (OM). The porosity

level was found to be very low and acceptable according to the standards.

AISi9Cu3(Fe) ALASIMININ YUKSEK BASINCLI DOKUMUNDE TASARIM
KRITERLERININ POROZITEYE ETKIiSIiNIN TEORIK VE DENEYSEL OLARAK

ARASTIRILMASI

Makale Bilgileri 0Oz

Makale Tarihgesi: Bu ¢alismanin amaci, yiiksek basinghi dokiim (HPDC) prosesiyle elde edilen
Gelis: parcalarin porozite nedeniyle reddedilmesini Onlemektir. Kalip tasarimi

otomotiv endiistrisinde kullanilan bir motor baglanti par¢asinin HPDC ile
iiretimi igin yapilmistir. Calisma igin dikkate alinan proses parametreleri, yolluk
Kabul: ve hava cebi sayisi, svi¢ noktasit konumu ve ikinci faz hiz degeridir. Hava cebi
15 Mayis 2022 ve yolluk sayis1 simiilasyonlara gore belirlenmistir. Yolluk sayisini belirlemek
icin 5 temel parametre dikkate alinarak simiilasyonlar yapilmis ve kalipta
tiirblilansli malzeme akisi olmamasina 6zen gosterilmistir. Daha sonra
simiilasyon c¢aligmalar1 ile svi¢ noktasinin konumu ve ikinci faz hizi

30 Mart 2022

Anahtar Kelimeler:

HPDC; belirlenmistir. Simiilasyon ¢alismalar1 tamamlandiktan sonra kaliplar
Svi¢ uzunlugu; islenmigtir. Daha sonra A!Si9Cu3(Fe) alasimi kullanilarak basingli dokiim
Porozite; islemi gergeklestirilmistir. Uretilen pargalarda, bilgisayarli tomografi (CT) ve
Hava cebi optik mikroskop (OM) kullanilarak gézeneklilik kontrolii yapilmistir. Porozite

seviyesi standartlara gore ¢ok diisiik ve kabul edilebilir mertebede bulunmustur.
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1. Introduction

Doehler produced parts by applying the high-pressure
casting method to aluminum alloys in 1915, and the use
of HPDC has become a widespread industry. In the
high pressure die casting method for the alloys such as
aluminium, the most important component of the
design is the injection die. The injection die is designed
and produced according to different capacity injection
machines depending on the part to be produced. The
production life of the dies may vary and can be up to
100,000-150,000 parts.

The high pressure casting (HPDC) process is a very
useful and preferred manufacturing method for mass
production of casting alloys with high dimensional
accuracy, good surface quality and great productivity.
Aluminium, magnesium, copper and zink parts can
easily be produced by this method. The design and
layout of casting systems (gate and runner, overflows,
vents) are vital factors influencing melt flow properties
during HPDC die filling. Correct configuration of gate
and runner systems and optimum casting parameters
can lead to casting components with improved
mechanical properties and casting consistency. In order
to inject molten metal into the die, mainly two different
systems may be used as; hot chamber system and cold
chamber system. Karthik et al. (2020) experimentally
showed the optimization of high pressure die casting
process parameters such as melt temperature, die
preheat temperature and compression pressure load.
The researchers also determined the most important
process parameter affecting hardness and density. Zhou
et al. (2019) designed a new runner and showed that the
mechanical properties of the cast alloys produced with
the optimized runner system increased obviously.
Ultimate tensile strength and elongation for HPDC
aluminum alloys has been improved by Gunasegeram
et al. (2013) by optimization of runner design and
increasing the piston velocity. Kwon and Kwon (2019)
studied the design of HPDC gating systems using CAE
method and predicted the cast defects accordingly. Cho

and Kim (2014) investigated the effects of cooling rate
on the solidification behaviour of two aluminium alloys
during high pressure die casting (HPDC). They also
used MAGMA simulation in order to compare
experimental results with the software. Gokgil (2019)
performed a doctoral study on optimum die design and
determination of casting process parameters with the
help of Magmasoft software during the production of a
commercial product by high pressure casting method.
Thoma et al performed an experimental study. In the
mentioned study, the tensile specimens obtained from
the parts produced by the HPDC method were modelled
in numerical casting simulation according to their
geometry and position in the casting part. It has been
shown that the mechanical properties of the specimens
are compatible with the simulation results of a
commercial casting simulation software called Flow-
3D. Patel et al. (2014) studied the effect of process
parameters such as die temperature, pouring
temperature and compression pressure on the surface
roughness and density of the LM20 alloy. Balikai et al.
(2018) carried out studied the optimization of the
process parameters of the HPDC process for the ADC
(2018)

investigated the reduction of vents in the HPDC

12 aluminum alloy. Nagasankar et al.
machine by changing the levels in the process factor
high-speed change position. In their study, the authors
also changed the design of the die by changing the inlet
direction to improve the model of the molten metal
flow. They revealed that with the improved die design,

the rejection rate decreased from 20% to 8.9%.

On the other hand, depending on the process parameters
during injection, turbulent melt flow causes entrapped
air and gas porosity, which degrades the mechanical
properties. There are two types of porosity formation in
the HPDC process. The first of these occurs as a result
of gas entrapment in the die filling at high speed. In the
second, they are pores caused by shrinkage during
solidification (Li et al., 2016). Some investigators have

shown that the application of vacuum in HPDC
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processes significantly reduces the amount of
entrapped gas during the filling (Niu et al., 2000; Li et
al, 2016; Hu et al, 2017). Tsoukalas (2003)
investigated the effect of die casting machine
parameters (piston speed, condensation pressure, die
cavity filling time) on porosity formation in casting
components. In the mentioned study, it has been
revealed that the optimum selection of casting
parameters leads to the optimum porosity value in the
finished part. Dumanic et al. (2021) simulated high-
pressure die casting of A356 semi-solid aluminium
alloy by using three input parameters such as liquid
fraction of slurry, plunger velocity at 2nd phase and die
geometry. Optimal process parameters have been
obtained the Taguchi-based ‘grey relational analysis’
approach in order to prevent microporosity. Lu et al.
(2009) found that the initiation and expansion of the
fatigue crack were highly sensitive to geometry, size
and distribution of the porosity. Teng et al. (2009)
investigated the relationship between ductility and the
largest pore size on the fracture surface in the casting
of AI-9Si-0.3 Mg alloy with HPDC. In his thesis,
Kenar (2019) studied the valve (gas discharge) die
designs of two different automotive components
produced from AlSi12CulFe and AISil0MgFe alloys
by high pressure casting process and examined the
results. Studies have focused on cold bonding, blister
and porosity casting defects. In his thesis, Dogan
(2019) investigated the comparative performance of
three different degassing systems with different designs
on two different aluminum alloy parts (AlSi9Cu3-Fe,
AISi10Mg-Fe) in a high pressure die casting system.
For the quality analysis of the cast parts produced,
porosity regions, porosity ratios and distributions were
by X-Ray
tomography (CT).

determined radioscopy, computed

In this study, a die design for the production of the
engine connection part of an automotive with HPDC
was made for the company headquartered in Europe.

This connection part is expected to have high strength.

There should be no breakage in this part, which has a
critical task. For this reason, the porosity level of the
part should be very low and there should never be a
shrinkage gap. 5 main parameters were considered for
design of runner and then switch point location and
plunger speed were determined by a commercial CAD
NOVAFLOW&SOLID.

AISi9Cu3(Fe) alloy was chosen as cast material.

programme called
Porosity analyzes were carried out by computed

tomography optical microscope.

2. Determination of the Design Parameters

According to Simulation
2.1. Airflow Design

The primary task of the airflow is to expel the air and
the gases inside the die during the injection of the
product. At the design stage of the die, the airflow
should be placed in the thickest region of the product
and the furthest away from the runner. An important
point to be followed in the simulation is that the airflow
should not be filled before the product. Otherwise,
porosity will be occured in the part. In the presented
study, a total of four-airflows were designed for the part
to be produced and placed in the appropriate place of
the die.

2.2. Runner Design and Detection of Number of

Runners

There are certain parameters for the runner design. The
most important of these parameters is the calculation of
the cross-sectional area. While calculating the cross-
sectional area, it starts from the area of the entry region
and continues until the biscuit area. After the
calculating of the cross-sectional area, the runner
design is performed. Too many indentations, curves,
sharp corners are not preferred in the runner design.
The flow should always be laminar, and there should be
no loss of energy. In this study, the runner design of the

part was designed considering these criteria.
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Generally, it is not preferred to use more than single
runner when designing runners in injection dies.
However, since the part to be produced in the presented
study is relatively large and thick, two-runners can also
be preferred. In this regard, two different designs
including one runner and two-runners were considered
for the injection of the part to be manufactured and
shown in Figure 1. The simulation results for both
runner types are analyzed by considering different
parameters given below and the most suitable design in

terms of surface quality and porosity was determined.

b)

Figure 1. a) Design of two-runner for the part b)

Design of single runner for the part
2.2.1. Metal Flow into the Die

Metal flow simulation was performed under nominal
conditions and the results are shown in Figure 2. Figure
2.a shows the simulation results of the design with two-
runners. As it can be seen, while aluminum alloy will

be filled into the part from the large runner, aluminum

alloy has not yet come to the other runner inlet. This
will disrupt the laminar flow conditions in the die and
increase the possibility of porosity. Because after the
material flow from the first runner, the entry of material
from another runner creates turbulence. As can be seen

in Figure 2.b, there is no such danger in a single runner.

b)

Figure 2. Metal flow condition results a) Metal flow
simulation of two-runner design b) Metal flow

simulation of single runner design
2.2.2. Sticking over the Pin

Due to the original geometry of the part, there is a pin
on the part. This pin is very close to the smaller runner

in the two-runner system, depending on the design, as
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shown in Figure 3.a. When the simulation is examined
in detail, the molten aluminum hits the pin at high
speed. Therefore, the surface quality of the part will be
deteriorated and the part will be diccarded during the
quality control stage. In the single runner design shown
in Figure 3.b, the injected aluminum alloy fills the die
without hitting the pin and laminar flow takes place in
the die.

v Vekeitylom/s]

Max7214605
M
5000800
' 5000600
4000800
3000800

2000800
1000900

9000

a)

! Velozitylem/s]

Masc1715E+04
M3 MOE-00

6000000

. 5000000
4000000
3000000
2000000
1000900
0008

b)

Figure 3. Sticking situation results a) Molten material
hitting the pin b) No risk for the pin

2.2.3. Filling of Airflow before the Part

The filling of the molten alloy into the airflow is an
important problem that must be examined during the
simulation. If the airflow is fulfilled with alloy before
the part, there is a high probability that a turbulence will
form in the die after injection and this leads to porosity.
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Figure 4. Filling of airflows a)Turbulence in the die
b) Smooth flow in the die

When figure 4.a is examined, because turbulence
occurs in the two-runner design, the airflows are filled
with metal. Meanwhile, the inside of the die is not

completely filled. The material entering the airflow will
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fulfill the airflow and move towards the inside of the
die. This will cause the formation of porosity in the
part. The material flow simulation for the single runner
design is shown in figure 4.b. As can be seen from the
figure, in such this design, the airflow is filled with

material after the whole piece is fulfilled.
2.2.4. Metal Flow

As seen in the simulation in figure 5.a, there is a fast
and hot flow direction from the large runner to the thick
wall of the part for the two-runner design. The metal
entering through the smaller runner follows a different
flow direction. While the molten aluminum entering
from the large runner moves upwards, the molten
aluminum entering the die from the small runner on the
right flows directly across. Thus, molten metal coming
from two different directions collides with each other
inside the die. This situation creates turbulence at the
entrance of the die and traps the air inside, causing
porosity. For the single runner design in 5.b, the metal
flow is in one direction, as it can be seen. In this case,
there is a laminar flow and the possibility of porosity is

reduced.
2.2.5. Inspection of Porosity

The last step before the dies are processed, the possible
porosity sizes and ratios are examined by using the
simulation program. According to the porosity
standards, depending on the wall thickness of the piece
being examined, the porosity images are divided into 2
sections and 4 levels depending on the ASTM criteria.
The wall thickness of the part to be injection molded is
less than 9.5 mm in some places and larger in some
places. Accordingly, it is possible to make a
comparison by using the tables and images in the
“Standard Reference Radiographs for Inspection of
Aluminum and Magnesium Die Castings” ASTM E505
(2011). When figure 6.a and figure 6.b are examined
together, the porosity number and density are much less

for the single runner design. The dots in the image

represent the porosity. The change in the color of the
dots from blue to orange gives an idea about the size of

the porosity that will occur in that region.
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Figure 5. Metal flow simulations a)Turbulence in the
die b) Smooth flow in one direction
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Figure 6. Porosity formation points a) Size and
number for single runner design b) Size and number
for single runner design
Thus, based on the controls listed in the 5 sub-headings
given above, it is clear that it is appropriate to choose

the design with single runner and four airflows.
2.3. Detection of the Lenght of the Switch Point

In the HPDC method, the liquid metal fills the die in a
total of 3 phases. The 1st phase velocity is the velocity
at which the piston first strikes when the automatic
ladle transfers the molten alloy to the machine. As the
piston transfers the molten alloy into the die, there is a
transition from the 1st to the 2nd phase. The place in
the transition from the 1st to the 2nd phase is called the
switch point and it is the point that needs the most
attention in simulation studies. When the injection

process passes to the 2nd phase at the switch point, the

molten aluminum takes the shape of the die and the
injection ends here. After this stage, the third phase
begins. While velocity is an important parameter in the
first two phases, the parameter to be considered in the

third phase is pressure.

After deciding on the one-way (single runner) design,
the next step is to determine the switch point and the
speed of the 2nd phase, as known plunger speed also.
The material is pushed towards the runner at a slow
speed of about 0.25 m/s from the biscuit (1st phase
speed). After a filling of approximately 40% and
without material entering the main part, the 2nd phase
speed is started. The second phase plunger speed is the
speed of the piston pushing the material into the die.
Injection process is performed at high speed in the 2nd
phase speed. In the presented study, simulations were
distances.

made for 2 different switch point

Considering the simulation results, the most
appropriate point was determined. Then again, the
simulation images were examined and the 2nd phase
plunger speed selection was made for the switch point

position.
2.3.1 Determination of the Switch Point Location

The switch point should be close to where the feeder
runner ends and the part entry runner begins. At this
point, the injection speed is increased and the second
phase is started. The first simulation attempt was made
for a 60 mm switch point length and its simulation is
shown in figure 7.a. When the switch point is at 60 mm
and the system is still at phase 1, the filling volume is
approximately 35%. As seen in figure 7.b, when the
second phase speed is activated, the first color change
occurred for 36% filling volume. At this time, the
material has not yet completely filled the runner and the
metal has not reached the part inlet. Therefore, 60 mm

switch point is not the desired parameter.
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Figure 7. Switch point length simulations a)1% phase
for 60 mm  b)2" phase for 60 mm
If the switch point is selected as 70 mm, the filling
volume just before switching to the second phase speed
is 41%. Moreover, as can be seen in figure 8.a, the
runner is almost completely filled with material. At this
point, the second phase speed is activated and a color
change is observed on the simulation scale. At this
point, the filling volume also increased to 42% as
shown in figure 8.b. Since the start of the second phase
speed should be done when the material is very close to
the mold, it is appropriate to choose the switch point as

70 mm.
2.3.2 Determination of 2" Phase Plunger Speed

The most important parameter in the selection of the
second phase speed (plunger speed) is the die filling
speed of the metal. While the liquid metal fills the die
and takes the shape of the part, there should be no

freezing.
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Figure 8. Switch point length simulations a)1% phase
for 70 mm b)2" phase for 70 mm

Unexpected freezing will cause incomplete filling of
the part. Moreover, there is a risk of porosity and cold
bonding. In the presented study, 2 m/sec, 4 m/sec and 6
m/sec speed values were simulated as the plunger speed
for the 70 mm switch point as determined before. The
simulations are planned to examine the material filling
of the die in equal time intervals. Simulation images for
3 different second phase speeds are presented in Figure
9.

Figure 9.a shows the filling simulation for the 2 m/sec
second phase speed. It is impaossible to fill the die at this
speed. Because there are gaps around the pin holes
when the filling ratio is at 71%. There is a filling speed
of about 15 m/sec in the middle of the piece. However,
since the speed around the pin holes is null according
to the color scale, there is no material movement and it
is not possible to fill those spaces with material. It is
inevitable that the freezing or cold joining problem will

occur.
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Figure 9. Plunger speed simulations

a) for 2m/sec plunger speed b) for 4m/sec plunger
speed c¢) for 6 m/sec plunger speed
Since the 2 m/sec second phase speed did not perform
a successful filling, a new simulation study was carried
out by choosing the second phase speed as 4 m/sec. At
this speed, the filling ratio has increased to 77% as seen
in Figure 9.b, but there are still places where the
material is not filled. The velocity in the middle part of

the piece is around 18 m/sec.

However, the near region of the pin holes is still not
filled. Moreover, the flow rate here is null. At this
speed, the probability of formation of porosity in the

part is very high.

The last injection speed trial was performed for 6 m/sec
in the same time period as the first two injection speeds.
At this speed, the part is almost completely filled with
the material as seen in Figire 9.c. The filling ratio is
around 82% when evaluated together with the air flows.
The material velocity in the middle part of the piece is
around 22-24 m/sec, and the near area of the pin holes
is mostly filled. There is sufficient material speed in the

part for material flow to unfilled areas.

Figure 10. Representation of the die a) fix side of the
die b) moving side of the die
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3. Manufacturing of the Die and Selection of the

Material

In the light of all these data, it was decided that the
speed of the second phase, which we can also express
as the plunger or injection speed, should be 6 m/s.
Based on the simulation results explained above, it was
decided that the design would be as single runner. The
number of airflows will be four considering the
literature information. Two of the air flows are
designed to be on the moving side of the die and two on
the fixed side of the die. The switch point length was
determined as 170 mm in accordance with the
simulation images. As a result of the simulation studies,
the technical drawing of the die was drawn and
manufactured in the appropriate size and geometry, and

it is shown in Figure 10.

The experiments were carried out on a 750-ton hot
chamber high-pressure injection machine. Al-Si based
die casting alloy EN-AC 46000 AISi9Cu3(Fe) was
study. The chemical

chosen for the present

compositions of the alloy used are presented in Table 1.

Table 1. Chemical composition of grade EN-AC
46000-AlSi9Cu3(Fe) (weight%)

Fe Si Mn Ni Cr Ti
max. | 8-11 | max. | max. | max. max.
13 0.55 | 055 | 0.15 0.25
Cu Pb Mg Zn Sn Al
2-4 | max. | 0.05- | max. | max. | remainder
0.35 | 0.55 1.2 0.15

4. Results and Discussion

A sample part produced by the HPDC method is shown
in Figure 11. As a result of the naked eye examination,
it is seen that the part does not have a region remaining
in the mold or sticking to the mold. Moreover, no
adverse events such as breakage or freezing were
encountered. Thus, the simulation studies were

confirmed.

Figure 11. Casted Part

4.1. Radioscopic Examination

As mentioned before, the simulation studies focused on
surface quality and porosity. After it was understood
that there was no problem in the visual control, it was
time for the porosity control process. Porosity analysis
was performed on the Yxlon Computed Tomography
X-ray device. The examinations were made for regions
with a wall thickness of 9.5 mm and more, in
accordance with the relevant standards. The aim is to
comply with the ASTM E 505 Level 2 standard.
Obtained results are presented in Table 2. A small
amount of microporosity was seen on the piece and was
below the level 2 standard. In addition, cold flow,
shrinkage cavity and foreign material determination

were not made.

Table 2. Radioscopic examination results

Porosity Micro porosity. Acceptable for
ASTM E 505 LEVEL 2
Cold Flow No detected any cold flow limit of
ASTM E 505 LEVEL 2
Shrinking No detected any shrinking cavity
Cavity limit of ASTM E 505 LEVEL 2
Foreign No detected any foreign material
Material limit of ASTM E 505 LEVEL 2
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4.2. Porosity Examination with Microscope

As can be seen in Figure 11, the mounting areas of the
cast part, whose wall thickness is less than 9.5 mm, but
which must provide a certain strength value, were cut
and also porosity analysis was carried out. The section
planes and the cut of the parts are shown in Figures 12.a
and 12.b. After the cutting process, polishing was done
and then porosity determination was started. In this test,
the expectation is to find out whether the largest
porosity diameter is less than 0.5 mm in regions with a
thickness less than 9.5 mm according to ASTM E 505
Level 2. The second important parameter is the ratio of
the porosity area to the total area. As a result of the
examination, the porosity was found only in the A-A

section plane. The results are presented in Table 3.

a)

B-B Section

C-C Section

D-D Section

b)

Figure 12. Section planes of the part

a) Cutting directions b) Plane images of all sections

Table 3. Prosity examination results of A-A section

The biggest porosity diameter | 0.379 mm
Porosity area 0.1128 mm?
Total examined area 48.715 mm?
Ratio % 0.20
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1. Giris

Kisisel bilgilerin gizlenmesi ve gizli haberlesme
insanligin en eski donemlerinden beri var olan bir
kavramdir.

gereksinimleri  dogrultusunda

Cagin
insanoglu cesitli sebeplerden dolay: gizli haberlesme
yontemlerini tercih etmislerdir. Internet ve paralel
teknolojik  gelismeler  ¢agimizin  en  Onemli
getirilerindendir. Ozellikle iletim hizinmn artmast ile
bilgisayar sistemlerinin giivenligi ve bilgi giivenligi
konular1 olduk¢a 6nem kazanmistir. Internetin birgok
kisi tarafindan kolayca erisilebilmesi nedeniyle metin,
resim, ses, video vb. gibi bir¢cok bilgi ve mesajlar i¢eren
dosyalarin ag iizerinden paylasimi Onemli o6lgiide
artmigtir.  Paylagilan bu ortamlarin  giivenligini
saglayabilmek igin bilgileri sifreleme ve bilgileri
gizleme teknikleri giivenlik agiklarini kapatmak igin

gelistirilmis ve uygulanmaya baglanmistir.

Birbiri ile haberlesen kisiler arasindaki iletisime
disaridan lgilincii kigiler tarafindan erigilebilmekte ve
bu siireg sirasinda eristigi verileri degistirebilmektedir.
Bu da haberlesme siirecinin hatali olmasina sebep
olabilmektedir. Bu siiregte bilgi giivenligi konusu
oldukc¢a ciddi bir konudur. Bilgilere erisip bunlari
degistirebilme stireclerine karsilik cesitli koruma ve
onleme mekanizmalar1 gelistirilmistir. Sifreleme ve
bu mekanizmalarinin en Onemli

bilgi gizleme

pargalarindan birileridir.

Sifreleme gizlenecek verilerin anahtarlar yardim ile
anlagilmasi zor hale getirilmesini ifade ederken bilgi
gizleme ise bilgileri elde etmek isteyen iicilincii
kisilerden bilgileri saklamak amaci ile
kullanilmaktadir. Bu iki mekanizma bashi basina
glivenlik birlikte

saglayabildikleri gibi

kullanildiklarinda ise giivenlik 6zellikleri artmaktadir.

Bu iki mekanizma birlikte kullanildiginda iletigim

giivenli bir hale gelebilmektedir.

Bilgi gizleme bir¢ok alt alandan olusmaktadir. Bu
smiflandirma bilgi gizleme alaninda yapilan ilk
bilimsel toplantida kabul edilmistir (Pfitzmann B,
1996)

Bu ¢aligmada bilgi gizlemenin bir alt disiplini olan
steganografi yontemlerinin video dosyalar1 iizerinde
uygulanmasi incelenmistir. Hareketli goriintii dosyalar1
(video) tizerinde bilgi gizlemek amaciyla kullanilan
LSB yoéntemi incelenmis ve bunun igin bir uygulama
gelistirilmistir. Veri gizleme islemleri sirali ve rastgele
sekilde etkinlikleri

yapilmis ve  bunlarin

degerlendirilmistir.
2. Steganografi

Temeli antik caglara kadar dayanan eski bir bilgi
gizleme sanati olan Steganografi biliminin temel ¢ikis
amaci, gizli haberlesmenin iigiincii kisiler tarafindan
fark edilmeden iletilmesidir. Steganografi iki parcadan
olusan Yunanca bir kelimedir. “Steganos” ortiilii/gizli,
“graphy” ise yazim/¢izim anlamina gelmektedir (Cox,
I. J., Miller, M. L., Bloom, J. A ,2000). Kelime kokeni
Yunancadan gelmektedir ve tam olarak anlam
F.Johnson,1998).

Steganografi bilgi gizlemenin bir alt dalidir.

“oOrtillmiis yaz1” demektir (Neil

Steganografi tekniklerinde igine bilgi gizlenen ortama
ortii verisi (cover-data) veya ortii nesnesi (cover-object)
ve olusan ortama ise stego-metin (stego-text) ya da
stego-nesnesi (stego-object) denilmektedir. Bilginin
saklanmasi iglemi ve ayni zamanda saklanan bilginin
geri elde edilmesini zorlastirmak admna bir stego-

anahtar1 kullanilmaktadir. (Hu, S. D. ,2011).
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Veri Gdmme Algoritmasi

Veri Geri Elde Etme Algoritmasi

Verigikarma
anahtan, diger
anahtarlar

A
Stego Veri
¢clkarma

algoritmasi

Cikanimig

[—* | "giaii" veni

Sekil 1. Steganografik Sistem

Veni Gomme anahtan,diger
anahtarlar
'
Ve Gomme Veri Gomibnis
Tastvict : Z
Algoritmasi Tasvict (Stego)
.
(Resem ses, video dosyalan, IP paketlen
dizz metm)
Gizlenscek
Ven
Steganografi ses, metin, goriintii vb. ortamdaki

verilerin korunmasi i¢in kullanilan bir disiplin olarak

tamimlanmaktadir.  Metin ~ Steganografide  bilgi
gizlemek i¢in kullanilan ortam basili ya da dijital
ortamdaki metin dosyalaridir. Metin dosyasindaki
verileri gizlemek i¢in farkli yontemler kullanilabilir

(Akyiiz, D., & Kasapbasi, M. C. 2021). Genellikle, bu

yontemlerin -~ veri  saklama  kapasiteleri  diisiik
seviyededir. Ayrica metin dosyalar1 lizerindeki
degisikliklerin ~ kolay algilanabilmesi nedeniyle

dikkatlice uygulanmasi gerekmektedir. Bu sebeple

uygulanmasi zor bir veri gizleme seklidir.

Resim Steganografi tekniginde gizleme igleminde
gOriintli dosyalar1 kullanilmaktadir. Goriintii dosyalari
iletim ortamlarinda oldukga fazla kullanildig: i¢in ve
iletimleri 6zellikle internet {izerinden kolay oldugu igin
steganografik  sistemlerde en sik uygulandigi
formatlardir. Iletiminin kolay olmasinin yani sira
yaygm olarak kullanilmasin1 bir sebebi de kapasite

ozelligidir (Avce, E., Tuncer, T., & Ertam, F. , 2014).

Gorilintli  dosyalar1 iizerinde bilgi isleme sirasinda

kullanilan anahtar kavrami gizlenecek mesajin
giivenilirligi saglamaktadir. Kullanilan bu anahtar ile
gizlenilmesini istedigimiz verinin gémiilme noktalari
tespit edilmektedir. Giivenirliligi saglamak amac1 ile
kullanilan  bu  anahtar amaci ile
kullanilabilmektedir (Sahin Mesut A., Mesut A.,

Sakall1 M.T.,2010).

sifreleme

Ses Steganografi tekniginde ses dosyalar1 lizerinde
bilgi gizleme islemi yapilmaktadir. Insan isitme sistemi
frekans araligi sebebi ile Ses sinyalleri igine bilgi
gizleme islemi uygulanmasi ugrag gerektiren bir alandir

(Sahin, A., 2007).

Insan isitme sistemi sesleri 109:1'den biiyiik bir giic
araliginda ve 103:1'den biiyiik bir frekans araliginda
algilar. HAS (Human Auditory System)'in beyaz Gauss
giiriiltiistine (AWGN) duyarlilig1 da yiiksektir; bir ses
dosyasindaki bu giiriiltii, ortam seviyesinin altinda 70
dB kadar diisiik tespit edilebilir (Nosrati, M., Karimi,
R., & Hariri, M., 2012).

Ses Steganografinin dikkatli sekilde gerceklestirilmesi

gerekmektedir. Ses steganografide kullanilan
yontemler diger alanlarda kullanilan yontemlere gore
daha karmagiktir (Al-Othmani, A. Z., Manaf, A. A., &

Zeki, A. M.,2012).
3. Video Steganografi

Video Steganografi, bir videonun iginde bazi gizli
bilgileri gizleme islemidir. Bu bilgilerin videoya
eklenmesi, piksel rengindeki degisiklik ihmal edilebilir

diizeyde oldugundan insan gozii tarafindan taninmaz.

Video steganografi resim steganografinin genisletilmis
hali gibidir. Farkli noktalar: olarak ise video dosyasi
dinamiktir. Veri gizlenen resmi video igerisinde

bulmak bu yiizden daha zordur. Video steganografide
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daha fazla saldirt olanagi bulunmaktadir. Bunlar
kayipli sikistirma, ¢ergeve (frame) orani degistirme,
format degisimi, video isleme sirasinda gergeve ekleme
ve c¢ikarma gibi yontemlerdir. Video dosyalari ¢ok
sayida resim dosyasinin birlestirilmis hali oldugu i¢in

veri saklama kapasitesi daha fazladir.

Video steganografi yontemleri sikistirilmis ve
Sikigtirtlmamis (ham) videolar iizerinde uygulanabilir.
Video {izerinde veri gizleme yapan algoritmalar
gémme alani agisindan da iki sekilde uygulanir. Bunlar
Mekansal Alan ve Alan doniistiirme

teknikleridir (Hacimurtazaoglu. M, 2022).

teknikleri

Sikistirilmamis videolar iizerinde uygulanan Diizensiz
dikdortgen boliimlemesi (Non - Uniform rectangular
partition)  yonteminde ana  video  igerisine
sikistiritlmamig bir video saklanmasi seklindedir. Bu
asamada dikkat edilmesi gereken nokta ise gizlenecek
video ile ortii videosunun ayni boyutlarda olmasidir. Bu
yontemin  uygulanmasinda  ayristirilan  kodlar
sifrelenerek ortli videosunda yer alan her karenin en
Oonemsiz dort bitine saklanarak gerceklestirilmektedir

(Hu, S. D. ,2011).

Sikistirilmig videolar iizerinde uygulanan yontemlerde

veriler 1 g¢ercevesi alanina P, B alanlarindaki
maksimum hareket vektorleri ve maksimum kare
degisimiyle gomiilebilir. En yliksek performans olarak
ise AVC kodlama teknigi ile olusturulan videolarda

ulasilmaktadir (Misman, C. ,2018).

Mekansal Alan tekniklerinin en yaygm olarak
kullanilan1 En Onemsiz Bite Ekleme (Least Significant
Bit Insertion — LSB) yontemidir. Uygulanmasi en kolay
ve yaygin olarak kullanilmakta bir teknik olmakla
beraber dikkatsiz kullanilmasi durumunda veri
kayiplar1 ortaya g¢ikabilmektedir. Bu yontemde; resim
yapisi igerisinde yer alan piksellerdeki byte’ larin en
onemsiz bitlerinin yerine gizlenecek olan bilgilerin
bitleri sirastyla baslangicindan itibaren teker teker

yerlestirilmektedir (Sahin, A., Bulus, E., & tolga

Sakalli, M. ,2006). Iletisimin daha giivenli olmas1 adina
saklanacak olan veriler RSA ve AES gibi sifreleme
metotlari ile de desteklenebilmektedir. Bu yontemin tek
dezavantaji kapasite sinirt olmasidir yani génderilecek
mesaj ya da dokiimanin uzunlugu tasiyict medya
uzunluguna baghdir. Bu yontemde gizli bilgi bilgiler
sirali ya da rastgele sekilde saklanabilir. Bunlardan
birincisinde resim {izerinde sirali sekilde gizleme
yapma islemi, ikincisinde ise rasgele gizleme
fonksiyonu iireterek belirlenen bir pikselde gizleme
yapmak seklindedir. Giivenligi arttirmak i¢in ise Stego-
anahtar  (stego-key)  kullanilmaktadir. ~ Anahtar
kullanmanin avantaji Sifre ¢dzme islemi esnasinda
ortaya c¢ikmaktadir. Anahtara sahip olmayan kimse

gizli mesaj elde edilememektedir.

Alan doniistiirme tekniklerinde de ¢esitli doniisiim
fonksiyonlart kullanilmakta ve frekans diizlemde veri

gizleme islemleri gerceklestirilmektedir.
4. Gereg Ve Yontem:

Bu caligmada AVI formatindaki video dosyalart
iizerine bilgi gizleme islemi i¢gin MATLAB programi
ile bir uygulama gelistirilmistir.  Gergeklestirilen

uygulamada en Onemsiz bite ekleme yoOntemi
kullanilmig ve giivenligi arttirmak i¢in AES ve RSA
sifreleme teknikleri kullanilmigtir. Video tizerinde
gizlenecek bilgiler sirali ve rastgele olarak iki farkli

sekilde gizlenmektedir.

Swrali gizleme yoOnteminde veri her bite 0. bitten
baslayarak bit uzunlugu kadar saklanir. Rastgele

gizleme yonteminde ise bir algoritma mevcuttur.

Bu algoritma:
f= (ax + b) mod c seklindedir.
X: gizlenecek bit

c: frame sayist

a ve b: asal sayilar
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Bu algoritma ile gizlenecek olan veriler video

gergeveleri iizerinde rastgele olarak dagitilmaktadir.

Gizleme islemleri igerisinde var olan algoritmayi

giiclendirmek ve gizlenen bilginin anlasilir olmasini

engellemek amactyla sifreleme yontemleri
kullanilmistir. Bu  yontemler simetrik —sifreleme
algoritmast olan AES ve asimetrik sifreleme

algoritmasi olan RSA sifrelemesidir.

RSA sifreleme algoritmasi asimetrik bir sifreleme
algoritmasidir ve 1978 yilinda Ron Rivest, Adi Shamir
ve Leonard Adleman tarafindan gelistirilmistir. RSA
nin manti@ iki asal saymin c¢arpimindan olusan
tamsayilara dayanmaktadir. Bu algoritmanin giivenligi
ise kullanilan iki asal saymin biiyiikligi ile ilgilidir

(Rivest, R. L., Shamir, A., & Adleman, L. (1978).).

Simetrik bir sifreleme algoritmasi olan AES, kabul

edilmis bir sifreleme standardidir. AES algoritmasi

Gizli Mesaj

Hayir

Gizli Mesaji Gem

Kapak Video
Gizli Mesaj

Kapak Video Gomme
Kapasitesini Hesapla

omme Kapasitesi 3

sifreleme ve sifre ¢ézme iglemlerinde ayni anahtari
kullanmaktadir. DES algoritmasina gore daha hizli ve
giivenli olan AES algoritmasinda girdi ve ¢ikti
matrisleri her zaman 128 bit olmak zorundadir. Anahtar
uzunluklart 128, 192 veya 256 bit olabilmektedir. AES
algoritmasinin yapisi genel anlamda iki farkli bloktan
olusmaktadir. Bu bloklardan ilki tur doniisiim diger
blok ise anahtar tiretim blogudur. Algoritma tekrarli bir

yapiya sahiptir (Dogan, A. Y., 2008).

Yapilan gizleme islemleri sirasinda orijinal video ile
bilgi gizlenmis videolar arasinda bir boyut farki

olugmamaktadir.

Sekil 2’de video dosyalari {izerinde Onerilen gdmme
algoritmasinin uygulanmasi gosterilmistir. Sekil 3’te
ise video dosyalar1 iizerinde Onerilen veri ¢ikartma

algoritmasinin uygulanmasi gosterilmistir.

vet:
Gomme Yontemi Seg

Sifreleme Varmi 2

Sifreleme Yontemi Se¢

Gizli Mesaji Sifreleyerek
Gom

Sekil 2. Onerilen Gomme Isleminin Algoritmas:
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Hayr.

Stego Video
Gizli mesaj olan video
karelerini belirleyin
Mesaji cikart

Cikan mesaj
anlamsiz mi ?

Sifre Cozme
Algoritmas: Uygula

Sekil 3. Gizli Veriyi Elde Etme isleminin Algoritmasi

Steganografik bir algoritma incelenirken genellikle {i¢
temel unsur goz Oniinde bulundurulur. Bu unsular
dayaniklilik, saklanabilen veri miktar1 ve degisimin
fark edilememesidir (Cimen, C., Akleylek, S. ve
Akyildiz, E. ,2007). Tasiyicida ne kadar degisim
oldugu steganografi

bir algoritma i¢in oldukga

onemlidir. Tasiyicidaki degisimi ya da verideki
bozulma oraninin belirlenmesi igin g¢esitli Slgme
yontemleri mevcuttur.Bunlar arasinda en bilinenleri;
MSE, RMSE ve PSNR’dir. MSE hatalarin kareleri
toplaminin ortalamasidir. Goriintii dosyalarinda gergek
ve ideal piksel degerleri arasindaki ortalama kare

farkini 6lgmek i¢in kullanilmaktadir.

MSE genellikle 6 2 olarak gosterilir. MSE degerinin
sifira yakin olmasi iyi bir performans oldugunu ifade

eder MSE’nin karekokii ise RMSE’dir (Sayood, 1996).

2 1 s 2
ol == (X —Y,)
N n=1

PSNR tanim olarak en yiiksek sinyal giiriiltii orant
anlamina gelmektedir. Bir sinyalin sahip oldugu
maksimum giicii ile sinyalin giiriiltiisii arasindaki orant
hesaplamak i¢in kullanilan bir metriktir. Bazi
durumlarda Ortalama Kare Hata (MSE) yerine bu
metrik tercih edilebilmektedir, PSNR, genel olarak
sikistirilmig goriintiilerin kalitesini dlgmek icin tercih

edilmektedir (Sayood, 1996).

X2
PSNR(dB) =10log,, 2«

2
Oy

Steganografik sistemlerde bilgi gizlenen goriintii
dosyalarinda RGB degerleri degistirildigi i¢in renk
yogunluklar1 da degismekte ve bu da 6nemli bir konu
haline gelmektedir. Histogram kavrami piksellerdeki
renk  bilesenlerinin  dagilimlar1  gostermektedir.
Histogram analizleri bilgi gizlendikten 6nceki ve bilgi
gizlendikten sonraki goriintiiler arasindaki bu farki

ortaya koyabilmektedir.
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5. Bulgular ve Tartisma

Video dosyalar1 iizerinde gizleme iglemleri birgok
farkli video dosyasinda uygulanmistir. Sirali ve
rastgele bilgi gizleme iglemlerinin degerlendirilmesi
amaciyla tasiyicidaki degisim Ol¢lilmiis ve histogram

analizi yapilmistir.

Ornek olarak iki adet video secilmis ve tastyicidaki
degisimleri Ol¢ebilmek amaciyla MSE ve PSNR
degerleri ede edilmistir. Bu sonuglar tablo 1 ve tablo 2
de gosterilmistir. Video dosyalar1 {izerinde bilgi
gizleme iglemlerindeki metinlerin boyutlar1 0,1 KB ile
450 KB arasinda degismektedir.

Tablo 1. Video 1 igin elde edilen MSE ve PSNR degerleri

Sirali Gizleme Rastgele Gizleme

MSE PSNR MSE PSNR
450 KB 5.553 55,3612 450 KB 5.581 55.352
200 KB 5.552 55,3611 200 KB 5.580 55.351
116 KB 3.258 57.668 116 KB 3,217 57.660
60 KB 1.621 60.687 60 KB 1.634 60.672
30KB 0.7759 63.886 30KB 0.7798 63.881
12 KB 0.4721 66.056 12 KB 0.4735 66.055
10 KB 0.2803 68.323 10 KB 0.2807 68.331
7.5 KB 0.2196 69.384 7.5 KB 0.2195 69.394
6 KB 0.1818 70.200 6 KB 0.1825 70.202
4 KB 0.1118 72.306 4 KB 0.1116 72.327
3KB 0.0998 72.794 3KB 0.0999 72.812
2KB 0.0562 75.264 2KB 0.0565 75.289
1KB 0.0310 77.836 1KB 0.0321 77.780
0.6 KB 0.0175 80.334 0.6 KB 0.1795 80.289
0.3KB 0.0095 82.961 0.3 KB 0.0098 82.942
0.1 KB 0.0035 87.226 0.1 KB 0.0035 87.408

Tablo 1°de Video 1 dosyasi iizerine yapilan gizleme
islemi sonucunda girilen veri boyutu degistikce MSE
ve PSNR degerlerindeki degisim goziikmektedir. Veri
boyutu biiylidiikce MSE degeri artmakta PSNR degeri
ise azalmaktadir. Video 1 dosyasinin boyutu 7.99
MB’dir.

Asagida Videol dosyasina sirasiyla 0,1 KB, 30 KB,
120 KB ve 400 KB gizlendiginde olusan histogram
grafikler verilmistir. Gizleme islemi sirali ve rastgele

olacak sekilde ayr1 ayr1 gergeklestirilmistir.
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Sekil 4. (a) Veri gizlenmemis orijinal Videol dosyasinin histogram grafigi (b) Video 1 doyasina sirali olarak
0,1 KB veri gizlendiginde olusan histogram grafigi (c) Video 1 doyasina rastgele olarak 0,1 KB veri

gizlendiginde olusan histogram grafigi

] « L ] ] b=

Sekil 5. (a) Veri gizlenmemis orijinal Videol dosyasinin histogram grafigi (b) Video 1 doyasina sirali olarak
30 KB veri gizlendiginde olusan histogram grafigi (c) Video 1 doyasina rastgele olarak 30 KB veri

gizlendiginde olusan histogram grafigi

Sekil 6. (a) Veri gizlenmemis orijinal Videol dosyasinin histogram grafigi (b) Video 1 doyasina sirali olarak
120 KB veri gizlendiginde olusan histogram grafigi (c) Video 1 doyasina rastgele olarak 120 KB veri

gizlendiginde olusan histogram grafigi
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a | b

c

Sekil 7. (a) Veri gizlenmemis orijinal Videol dosyasinin histogram grafigi (b) Video 1 doyasina sirali olarak

450 KB veri gizlendiginde olusan histogram grafigi (c) Video 1 doyasina rastgele olarak 450 KB veri

gizlendiginde olusan histogram grafigi

Sekil 4’te Video 1 iizerinde 0,1 KB lik veri gizleme
islemi gergeklestirilmistir. Gizlenen veri miktar1 ¢ok
diistik oldugu icin orijial dosya ile sirali veya rastgele
gizleme sonucunda elde edilen histogram grafiklerinde

farkedilebilir bir degisim olmadig1 gozlenmistir.

Sekil 5°te ise Video 1 tizerinde 30 KB lik veri gizleme
islemi gerceklestirilmistir. Gizleme islemi yapildiktan
sonra orijinal dosyanin histogrami ile Sirali veya
rastgele gizleme sonucunda elde edilen histogramlar
arasinda fark oldugu gozitkmektedir. Orijinal dosyanin
elimizde oldugu durumda yapilan bir histogram analizi
soncunda gizli bilginin var oldugu anlasilabilmektedir.
Sirali yada rastgele gizleme histogramlar1 arasinda ¢ok

gozle goriiliir bir fark yoktur.

Sekil 6’da Video 1 iizerindeki 120 KB lik veri gizleme
islemi gergeklesmistir. Orijinal ve veri gizlenmis
videolarmn  histogramlar1  arasindaki fark iyice
belirginlesmistir. Bu biiyiikliikte bir veri gizlendiginde
sirali ya da rastgele gizleme soncunda olusan histogram

grafikleri de farklilasmaya baslamaktadir.

Sekil 7°de ise video 1 iizerinde 450 KB lik veri gizleme
islemi gerceklestirilmistir. Elde edilen histogram

grafiklerindeki  degisimlerin ¢ok fazla oldugu

gbzlemlenmistir.

Gizleme islemlerinde 120 KB lik ve tizeri veri gizleme
yapildiktan sonra histogram grafiklerindeki degisim

daha net goziikmektedir.

Tablo 2 de 6rnek olarak secilen bir diger video dosyast
olan Video 2 dosyasi iizerine yapilan gizleme islemi
sonucunda elde edilen PSNR ve MSE degerleri
verilmistir. Artan veri miktart nedeniyle bu
degerlerdeki degisimler go6zlenmistir. Veri boyutu
biiylidiikce MSE degeri artmakta PSNR degeri ise

azalmaktadir. Video 2 dosyasinin boyutu 5.99 MB dir.
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Tablo 2. Video 2 i¢in elde edilen MSE ve PSNR degerleri

Siral Gizleme Rastgele Gizleme

MSE PSNR MSE PSNR
450 KB 5.553 55,3612 450 KB 5.581 55.352
200 KB 5.552 55,3611 200 KB 5.580 55.351
116 KB 3.258 57.668 116 KB 3,217 57.660
60 KB 1.621 60.687 60 KB 1.634 60.672
30KB 0.7759 63.886 30KB 0.7798 63.881
12 KB 0.4721 66.056 12 KB 0.4735 66.055
10 KB 0.2803 68.323 10 KB 0.2807 68.331
75 KB 0.2196 69.384 75 KB 0.2195 69.394
6 KB 0.1818 70.200 6 KB 0.1825 70.202
4 KB 0.1118 72.306 4 KB 0.1116 72.327
3KB 0.0998 72.794 3KB 0.0999 72.812
2KB 0.0562 75.264 2KB 0.0565 75.289
1KB 0.0310 77.836 1KB 0.0321 77.780
0.6 KB 0.0175 80.334 0.6 KB 0.1795 80.289
0.3 KB 0.0095 82.961 0.3 KB 0.0098 82.942
0.1 KB 0.0035 87.226 0.1 KB 0.0035 87.408

. 3 —p— : ho ._ c: -

Sekil 8. (a) Veri gizlenmemis orijinal Video2 dosyasinin histogram grafigi (b) Video 2 doyasina sirali olarak
0,1 KB veri gizlendiginde olusan histogram grafigi (c) Video 2 doyasina rastgele olarak 0,1 KB veri

gizlendiginde olusan histogram grafigi
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Sekil 9. (a) Veri gizlenmemis orijinal Video2 dosyasinin histogram grafigi (b) Video 2 doyasina sirali olarak

L 100 C -

30 KB veri gizlendiginde olusan histogram grafigi (c) Video 2 doyasina rastgele olarak 30 KB veri

gizlendiginde olusan histogram grafigi
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Sekil 10. (a) Veri gizlenmemis orijinal Video2 dosyasinin histogram grafigi (b) Video 2 doyasina sirali olarak
120 KB veri gizlendiginde olusan histogram grafigi (c) Video 2 doyasina rastgele olarak 120 KB veri

gizlendiginde olusan histogram grafigi
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Sekil 11. (a) Veri gizlenmemis orijinal Video2 dosyasinin histogram grafigi (b) Video 2 doyasina sirali olarak
450 KB veri gizlendiginde olusan histogram grafigi (c) Video 2 doyasina rastgele olarak 450 KB veri

gizlendiginde olusan histogram grafigi
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Sekil 8 de Video 2 iizerinde 0,1 KB lik veri gizleme
islemi gergeklestirilmistir. Sirali ve rastgele sekilde
yapilan gizleme iglemi sonrasinda olugan histogram ile
orijinal videodan elde edilen histogram arasinda ¢ok
fark olmadigi gozlemlenmistir. Sekil 9 da Video 2
izerinde 30 KB ik veri gizleme islemi
gergeklestirilmistir. Orijinal histogram ile sirali ve
rastgele sekilde yapilan gizleme islemi sonrasinda
videodan elde edilen histogramlarda farkin arttig:
goriilmistiir. Sekil 10°da Video 2 iizerine 120 KB lik
veri gizleme islemi gerceklesmistir. Sekil 11°de video
2 dizerinde 450 KB nik veri gizleme islemi
gerceklestirilmistir. Sirali ve rastgele sekilde yapilan
gizleme iglemi sonrasinda histogram degisiklikleri

gosterilmistir.

Gizleme iglemlerinde 120 KB lik ve iizeri veri gizleme
yapildiktan sonra histogram grafiklerindeki degisim

daha net goziikmektedir.

Sirali ve rastgele gizleme sonrasinda ortaya g¢ikan
histogram grafikleri arasindaki farkin daha kigik
boyuttaki veri gizleme islemlerine gore daha fazla

oldugu gozlemlenmektedir.
6. Sonuclar ve Degerlendirme

Kisisel ya da kurumsal veri giivenligi glinimiizde ¢ok
onemli bir konudur. Veri giivenligini saglamak i¢in
cesitli yontemler gelistirilmistir. Bu ¢aligmada hareketli
gorlintii olarak tanimlanan video dosyalar1 iizerinde
veri gizlemek ic¢in kullanilan LSB yontemi
incelenmistir. Bu gizleme isleminin sirali bir sekilde ya
da bir fonksiyona bagli olarak rastgele bir sekilde
yapilmasinin giivenlik agisindan etkisi olup olmadigi
incelenmistir. Bunun i¢in bir uygulama gelistirilmis,
veri gizleme analiz iglemleri bu uygulama araciligiyla
yapilmistir. Tasiyicidaki degisimi Olgme amaciyla
PSNR ve MSE degerleri hesaplanmis, dayaniklilik i¢in
de Histogram analizi yapilmistir. Farkli bilylikliikteki
dosyalara ¢esitli biiyiikliikteki veriler sirali ve rastgele

sekilde gizlenmistir. Elde edilen sonuglar sayesinde

disiik miktarda saklanan verinin PSNR, MSE ve

Histogram analizinde bilgi varliginin sezilmesi
konusunda ayiric1 olmadigi goriilmiistiir. Bu yontem ile
diisik miktarda veri saklamanin oldukga giivenli
oldugunu gostermektedir. Gizlenen veri miktari
arttikca bir fonksiyona bagli olarak rastgele sekilde
yapilan gizleme yontemindeki analiz degerlerinin yani
orijinal dosya ile veri gizlenmis dosya arasindaki fark
ve benzerlik oranlarmin daha iyi oldugu sonucuna
varilmistir. Bu durum da rastgele veri gizleme
isleminin daha iyi oldugunu ortaya c¢ikartmaktadir.
Sirali gizleme isleminde gizli bilginin yerlestirilmesi
isleminin ilk pikselden bagslayarak sona dogru
yapilmasi nedeniyle gizli verinin varhigmin rastgele
yonteme goére daha kolay anlasilabilecegi sonucuna

varilmigtir.
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