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ABSTRACT

Pumps in fuel oil systems are mechanical equipment used for the transfer of liquid fluid from one place
to another. In particular, pumps are required to transfer the maximum flow rate in the transfer units in
minimum time. They consume a very high amount of energy for this transfer. In this research, research
studies were carried out to ensure the transfer of the highest possible amount of fuel oil by consuming
energy at optimal rates. In this experimental study, the energy consumption and flow rate were measured
across a range of engine speeds (100-700 RPM) and varying gear lengths (90-100 mm). According to
the findings, energy consumption reached ideal levels at 600 RPM engine speed. In addition, it was
determined that the lowest CO2 emission was obtained in the range of 600-700 RPM and by using
long gear length. In addition, it is observed that the effect of gear length on energy efficiency is
significant and energy consumption decreases as the gear length gets shorter. The results show that
minimum energy consumption can be obtained with maximum flow rate at 609 RPM engine speed
and 100 mm gear length. The ANOVA analysis used in the study reveals that the flow rate changes are
98% related to the engine speed, while the gear length is 78% effective in CO2 emission reduction.
This research provides an important contribution to energy efficiency and carbon emission reduction
in industrial applications. This study provides an innovative method that can be used to achieve
energy saving and environmental sustainability goals and makes valuable contributions to the
literature on optimizing internal gear pump designs.

Keywords: Carbon Footprint, Energy Efficiency, Energy Consumption, Internal Gear Pump.

1. INTRODUCTION Technically, "energy efficiency" means using
Pumps are machines that can use electrical fewer energy inputs while maintaining the same
energy for fluid transfer through a mechanical level of economic activity or service, whereas
transfer system. It is a part of a transfer system "energy conservation" is a broader concept that
used to transport all kinds of fluids from one includes reducing consumption through
place to a desired different place and to control behavioral change or reduced economic
the amount of flow (flow rate) [1]. The rapid activity. In practice, it is difficult to distinguish
filling or emptying of tanks is one of the most between these two concepts and the terms are
important factors directly affecting the often used interchangeably [4]. Energy
performance of these systems. However, it is efficiency means producing the same amount of
not enough to perform this process quickly. It is goods and services using less energy or
also very important to work with minimum producing more goods and services with the
energy consumption during this transfer same amount of energy. When this is achieved,
process. In other words, the system must both businesses can gain competitive advantage both
work fast and provide energy efficiency. Thus, locally and internationally [5].

performance can be kept at the highest level
while reducing costs [2-3].
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Among the machines that consume electricity,
pumps are one of the highest energy consumers
with a share of 20%. Therefore, the appropriate
use of pump systems and energy efficiency has
become an important issue. Although
improvements in pump efficiency are limited, it
has been determined that up to 30% energy
savings can be achieved with proper design and
optimization of pump systems [6]. Design
parameters in pumps have a direct impact on
efficiency and energy consumption; these
parameters affect pump performance and
energy consumption [7]. At the same time, the
use of highly efficient pumps alone is not
sufficient for a pumping system to operate at
maximum efficiency. Efficient operation of
pumping systems depends not only on the
design of the pump, but also on the correct
design of the entire system and favorable
operating conditions. In an incorrectly designed
or incorrectly installed system, even the most
efficient pump cannot perform as expected and
can become inefficient [8]. Therefore, it should
not be forgotten that system design and
installation play an important role in energy
efficiency as well as design parameters.

Pumps are inefficient systems that cause the
loss of approximately 40% of energy inputs.
Optimization of these systems can be achieved
through strategies such as correction of
misconfigured pump systems, replacement of
old and high maintenance cost systems and
detection of damaged pumps. Such
improvements can lead to significant energy
savings in motorized pump systems, which
account for approximately 25% of energy
consumption in the manufacturing sector [9].

In the study conducted by Bae et al., the rotor
profile was optimized using automatic design
methods and multiple calculation programs,
taking into account fuel efficiency and low
torque demands. During the design process,
various parametric analyses and calculations
were performed to obtain the ideal rotor profile.
The prototypes were subjected to performance
tests and the calculated torque values were
compared with experimental data.

The results show that the calculated torque
values show high agreement with the
experimental data, and this agreement reveals
the accuracy of the design and simulation
processes. This result proved that the rotor

429

design was successful in achieving the
efficiency and performance targets. [10]. In his
study, Akhan achieved significant energy
savings by using frequency inverter in variable
flow fan and pump systems. In the study, thanks
to the use of frequency inverter, the efficiency
of the systems was optimized and energy
consumption was reduced by 60% [11].

The highly efficient P/M internal gear pump
rotors developed by Sasaki and his team are
called Megafloid rotors and respond to the
demands for fuel consumption reduction and
hydraulic power increase in the automotive
industry. These rotors are equipped with an
innovative tooth profile and offer a discharge
volume of 10% or more compared to
conventional rotors of the same size. Thanks to
these features, the pumps can be produced in
smaller sizes and operate with lower torque,
resulting in significant improvements in fuel
efficiency. Megafloid rotors are widely used,
especially in automotive engine oil pumps,
contributing to energy efficiency targets in the
industry [12]. In their study, Oztiirk and Kiiciik
developed a new gear pump design to optimize
energy consumption. This design, obtained by
using the Fundamental Motion Analysis
method, aims to provide maximum flow rate
with low energy consumption during fuel
transfer. In the study, the effects of engine speed
and gear design on energy consumption were
investigated and it was determined that energy
consumption was minimized especially in the
500-600 RPM range. In the experiments, it is
predicted that 3506 kWh energy saving can be
achieved annually with the newly developed
spur gear pump design.[2]. In their study, Oziirk
et al. present an experimental investigation on
the optimization of energy consumption of
internal gear pumps using Taguchi and
Response Surface Method (RSM). In the study,
the effects of the pump design parameters of
tooth length and motor speed on flow rate,
power consumption and specific energy
consumption (SEC) were investigated. The
optimum motor speed was determined as 700
RPM and tooth length as 85 mm, and energy
consumption was reduced by 41% from 156.1
Wh/m® to 92.0 Wh/m* with the new pump
design. The effect of flow rate change on energy
consumption was found to be 83% [13].
Artificial Neural Networks, RSM, and Taguchi
techniques are frequently used in various fields
and diverse industrial applications due to their
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robust sensing and optimization capability [14-
17]. In a study conducted by the American
Hydraulic Institute, 20% of the energy
consumed in developed countries is consumed
by pumps. It is explained that 30% of this
energy can be saved with a good system design
and selection of suitable pumps [18].

The need for energy in the world has emerged
in four different areas: industry, transport,
housing and trade. The highest energy
consumption is realized in industry with 51%
and in transport with 27% (Figure 1). Energy
consumption in production worldwide has been
increasing continuously for the last 20 years and
it is predicted that it will be in a continuous
increase for the next 20 years (Figure 2). The
limited availability of energy resources has led
to a continuous increase in energy costs [19].

Industrial;

55.56%

Figure 1. Energy consumption areas in the world
[19].

Total energy consumption by sector, world
quads

45 2022
projections

150 transpariation

100 residentia

2000 2005 2030 2035 2040 2045 2080

Figure 2. Total energy consumption by sector,
World [19].

The concepts of sustainable production and
energy efficiency are of great importance in
modern engineering practice. Studies in these
fields aim to save energy, optimize resource use
and reduce environmental impacts in
production processes. In particular, life cycle
assessment and resource efficiency strategies in
manufacturing processes are widely applied to
increase  environmental and  economic
sustainability in production [20-22].
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Strategies to improve energy efficiency and
optimise resource use increase production
efficiency by reducing energy intensity in
industrial processes. In this way, businesses
reduce their carbon footprint while at the same
time reducing costs [22].

Carbon footprint is one of the most widely used
indicators to measure climate impacts today.
Since its introduction in public relations,
various stakeholders have continued their
efforts to reduce their carbon footprint and
communicate this to customers and other
interested parties. Carbon footprinting is a
component of life cycle assessment (LCA) that
focuses solely on greenhouse gas emissions.
LCA is guided by ISO 14040-44:2006
standards, while carbon footprint calculations
are performed according to ISO 14067:2018
standard [23].

In this study, experimental design methods
using RSM (Response Surface Method) will be
applied for the design and optimization of
energy consumption and energy efficiency. In
this way, it is aimed to develop an ideal pump
to increase sustainability.

2. MATERIAL AND METHOD

In the calculation of active power in 3-phase
electric motors, it is calculated with parameters
such as the energy load (I) measured with an
ammeter and the voltage value (V) of the motor.
For  three-phase  motors, this power
consumption is calculated in kW using energy
power conversion equations. The generally
used equation is converted into kW power
consumption with the equation (Equation 1).
I=Energy load measured by ammeter (A),
Cos 6=Power Factor (Induction Motor; 0,85) [8,
24,25].

Ptotal = 3.V.I.Cos o (1)

Carbon footprint is a measure of the total
emissions of carbon dioxide (CO,) and other
greenhouse gases released directly or indirectly
into the atmosphere by individuals, businesses
or products. These emissions can come from a
variety of sources, such as the burning of fossil
fuels, deforestation and agricultural activities.
The carbon footprint is usually expressed in
terms of carbon dioxide equivalents (CO,.),
which provides a combined measure of the
impacts of different greenhouse gases on the
climate. According to a report published by
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Defra, based on 2023 data, the emission factor
for natural gas is 0.202 kg CO,, per kilowatt-
hour (kWh), while the emission factor for coal
used in electricity generation is 0.33 kg COze
per kilowatt- hour. However, after taking into
account all production types and related
processes, the average emission factor is
considered to be 0.48 kg CO,, per kilowatt-hour
(Equation 2) [26,27].

At

CF(t)(co.) =0.48 x ZkWh

k=1

The Surface Method (RSM) has been used to
determine the optimal machining conditions of
extruded aluminum parts. Developed in 1951 by
Box and Wilson, RSM provides fast and
sequential results for the improvement,
optimization and modelling of complex
processes in industrial experiments [28]. This
method designs a series of experiments with the
aim of obtaining optimal results by analyzing
the interactions between various independent
variables and one or more response variables
[29,30]. When the linear function of the
independent variable closely matches the
response of the system, the approximation is
modelled using a first-order equation [31]. In
this research study, the selection of the gear
length and the number of revolutions required
to provide the most ideal fuel oil transfer during
this process while ensuring minimum energy
consumption was carried out using the RSM
method.

2)

Table 1. RSM Experiment Design.

RPM Length StdOrder | RunOrder | Blocks | PtType
(mm)
100 100 1 1 1 1
200 100 2 2 1 1
300 100 3 3 1 1
400 100 4 4 1 1
500 100 5 5 1 1
600 100 6 6 1 1
700 100 7 7 1 1
100 90 8 8 1 1
200 90 9 9 1 1
300 90 10 10 1 1
400 90 11 11 1 1
500 90 12 12 1 1
600 90 13 13 1 1
700 90 14 14 1 1

While the speed change in the range of 100-700
RPM was determined as the parameter level, the
gear length of 90-100 mm was selected as the
second parameter. The pump body and gear
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were manufactured by turning on a lathe
according to the technical drawing dimensions.
Table 1 shows the RSM experiment design.
The thrust gear pump used in the experiments
and the IPT Fuel Oil test system where the tests
were performed are shown in Figure 3. Within
the scope of university - industry cooperation,
all experiments were carried out with the
support of the R&D unit of the factory and all
results were reported and then the necessary
statistical analysis was carried out.

Figure 3. Pump efficiency test unit.

Figure 4. Internal gear pump

3. EXPERIMENTAL FINDINGS
All test results performed according to the
experimental design are presented in Table 2.

Table 2. Experiment Results.

Volume Power SEC SCF
(Lt) (W) (KW/It) (CO2)
108 1140 94.74 45.5
226 1980 114.14 54.8
326 2620 124.43 59.7
440 3340 131.74 63.2
560 4220 132.70 63.7
600 5070 118.34 56.8
660 5700 115.79 55.6

89 865 102.89 49 .4
188 1520 123.68 59.4
280 2150 130,23 62.5
390 2540 153.54 73.7
480 2880 166.67 80.0
560 3200 175.00 84.0
600 3600 166.67 80.0
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Specific energy consumption values are
considered as an important indicator in
determining the ideal energy consumption. As a
result of the analyses, it was observed that the
ideal energy consumption value was reached at
600 RPM. In instantaneous current changes, it
has been determined that a significant reduction
in energy consumption is achieved by reducing
the gear length. In particular, the instantaneous
power consumption was reduced from 5.7 kW
to 3.6 kW. The lowest CO, emission results
were obtained in the 600-700 RPM ranges with
the use of gears between 200-300 mm in length.
Similar results were obtained in the studies
conducted in the literature [32,33]. However, it
is considered that these ranges may not always
be a suitable choice due to the low amount of
flow rate required at lowspeed ranges. Figure 5
shows the SCF (Stress Concentration Factor)
and Figure 6 shows the Probability Plot graph
showing the accuracy of the values obtained for
the volume results. It can be stated that the
results obtained are within the lower and upper
limit value range and the experiments are
completed within the desired confidence
interval.

Probability Plot of SCF (C0O2)
Normal - 95% CI

Mean 63,45
StDev 11,80
N 14

AD 0,452
P-Value 0,231

Percent
=2

2 30 4 50 e 70 8 9 100 110
SCF (CO2)

Figure 5. Probability Plot of SCF (CO,) Results.

Probability Plot of Volume (It)
Normal - 95% CI

Mean
StDev
N

AD

80 P-Value 0453

3934

Percent

T T T T T T T
a0 200 0 200 400 600 800 1000 1200
Valume (It)

Figure 6. Probability Plot of Volume (Lt) Results.
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Figures 7, 8 and 9 show the Surface Plot graphs
generated using the Response Surface
Methodology (RSM) method.

600

Volume (It) 400

95
Length (mm)

Figure 7. RSM surface plot of volume.

6000

Power (W) 4000
2000

95
Length (mm)

Figure 8. RSM surface plot of power.

160

SEC (kW/It) 140

120

Length (mm)

Figure 9. RSM surface plot of SEC.

These graphs provide a clear observation of the
effects of level changes in the experimental
parameters on the results. It was found that the
increase in the number of revolutions has a
direct effect on the volume change, but the gear
length does not contribute much to this change.
In terms of power index change, both gear
length and speed change were found to be
effective at approximately similar rates. SEC
(Specific Energy Consumption) and SCF
(Stress Concentration Factor) graphs showed
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similar results and the maximum value of both
parameters was obtained at 400 RPM. This
shows the most critical range for both energy
consumption and CO, emission of the pumps.
However, the surface plot graphs for energy
consumption and CO; emissions exhibit a
parallel trend.

The RSM Optimizer results in Figure 10
allowed the determination of the ideal pump
operating range. RSM Optimizer is able to
evaluate the ideal values of the results according
to the order of importance and thus enables the
determination  of  optimum  conditions.
According to the analyses, it is predicted that
maximum flow rate, minimum energy
consumption and accordingly minimum CO,
emission can be obtained by producing at a
speed of 609 RPM and a gear length of 100 mm.

RPM Length (
Up‘;“‘ High ~700,0 m%,n_
0 [1000]

90,0

car [609,0009]
0,18456 | gyy 100,0

Composite
Desirability
0,19456

SEC (kW/

Minimum
y =123,9096 ) _ _om—m i
d=0,07270 //\\

Volume (
Targ: 600,0
y = 611,9824
d = 0,52070

Figure 10. RSM Optimizer.

Table 3 shows the ANOVA results which
provide information about the effect rates of the
experimental design parameter on the results

[34]. When these results are taken into
consideration, volume changes are 98% related
to the number of revolutions. In other words, a
change in gear size for flow rate change does
not have a significant effect. In the
instantaneous power consumption, it can be said
that a contribution of almost 50% - 50% is
provided. In other words, it has been observed
that reducing the gear size reduces energy
consumption at a very high rate. According to
these results, it is determined that the gear size
is 78% effective in CO, emission reduction
studies.

3.1 ANOVA Results and Evaluation

In Table 3, ANOVA (Analysis of Variance)
results showing the effects of the experimental
design parameters on the results are given.

According to these results, it is determined that
98% of the volume changes are related to the
speed. This shows that a change in gear size
does not have a significant effect in terms of
flow rate change [35]. On the other hand, speed
and gear size have an effect on instantaneous
power consumption by approximately 50%-
50%. This shows that reducing the gear size
leads to a significant reduction in energy
consumption. In CO, emission reduction
studies, it has been determined that the gear size
is 78% effective in line with these results. These
findings show that optimizing the gear size is
critical for energy efficiency and environmental
impacts [36].

Table 3. ANOVA results.

Source DF Seq SS Adj SS Adj MS F P % Effect
RPM 6 474353 474353 79059 435.24 0 98.1
Volume Length (mm) 1 7921 7921 7921 43.61 0.001 1.6
(L) Error 6 1090 1090 182
Total 13 483363 483363
RPM 6 20396496 20396496 | 3399416 12.72 | 0.003 47.1
Power Length (mm) 1 3822088 3822088 3822088 14.3 0.009 52.9
W) Error 6 1603225 1603225 267204
Total 13 | 25821809
RPM 6 931.06 931.06 155.18 3.07 0.099 21.3
SCF Length (mm) 1 574.3 574.3 5743 11.36_ [ 0.015 78.7
(CO») Error 6 303.39 303.39 50.57
Total 13 1808.76
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4. RESULTS

In this study, the effects of different engine
speeds (100-700 RPM) and gear lengths (90-
100 mm) on the flow rate and energy
consumption of an industrial internal gear pump
were investigated. According to the findings, it
was found that the energy consumption reached
ideal levels at 600 RPM engine speed and the
lowest CO, emission was obtained in this speed
range. The effect of gear length on energy
consumption is remarkable and significant
reductions in energy consumption are achieved
with decreasing gear length. In particular, it was
observed that the instantaneous power
consumption was reduced from 5.7 kW to 3.6
kW. These findings indicate that gear size is a
crucial parameter for optimizing the system in
terms of energy efficiency.

In addition, according to the results of ANOVA
analyses, it was determined that the flow rate
variations were related to engine speed by 98%
and gear length was effective in reducing CO,
emissions by 78%. These results show that
optimizing the engine speed and gear length
provides significant contributions in terms of
energy  efficiency and  environmental
sustainability.

As a result of the experimental studies,
maximum flow rate and minimum energy
consumption were obtained at 609 RPM motor
speed and 100 mm gear length. This study
presents an innovative approach to improve
energy efficiency and reduce carbon footprint in
the design of internal gear pump systems. The
findings of the study provide an important guide
to save energy and minimize environmental
impacts in industrial applications.

ACKNOWLEDGES

This study was conducted with the support of
IPT Akaryakit Malzemeleri Petrol Kimya
Sanayi ve Ticaret Ltd. Sti. The authors would
like to extend their sincere gratitude to the
company for providing access to their R&D
facilities and experimental setups. Their
contributions significantly enhanced the quality
and scope of this research.

434

REFERENCES

1 S. Chakraborty and K. Pandey, "Numerical
Studies on Effects of Blade Number Variations on
Performance of Centrifugal Pumps at 4000 RPM,"
International ~ Journal of Engineering and
Technology, Vol. 3, Issue 4, Pages 410, 2011.

2 B. Oztiirk and O. Kiigiik, "Development of a
New Pump Gear Using Basic Motion Analysis for
Optimisation in Energy Consumption," *Bilecik
Seyh Edebali University Journal of Science and
Technology, Vol. 6, Issue 1, Pages 49-57, 2019.

3 I. Diizdar Argun, B. Kantoglu, and B. Oztiirk,
"A New Product Design After Benchmarking
Analysis of Helix Gear Pumps and Optimisation in
Energy Consumption," Diizce University Science
and Technology Journal*, Vol. 6, Issue 3, Pages 610-
617,2018.

4 N. Di Franco and M. Jorizzo, "Efficiency,
Energy Saving, and Rational Use of Energy:
Different Terms for Different Policies," Innovation
in Energy Systems-New Technologies for Changing
Paradigms, T.S. Ustun (Ed.), Pages 93-112, 2019.

5 M. Aydin, "The Role of Energy Efficiency in
Sustainable Development: An Assessment of
Turkey," Journal of Management Sciences, Vol. 14,
Issue 28, Pages 409-441, 2016.

6 Z. Yumurtaci and A. Sarigul, "Energy
Efficiency and Applications in Centrifugal Pumps,"
Chamber of Mechanical Engineers Journal of
Installation Engineering, Pages 49-58, 2011.

7 M. Goleu, Y. Pancar, and Y. Sekmen, "Energy
Saving in a Deep Well Pump with Splitter Blade,"
Energy Conversion and Management, Vol. 47, Issue
5, Pages 638-651, 2006.

8 D. Kaya, F. Canka Kilig, and H.H. Oztiirk,
"Energy Efficiency in Pumps," in Energy
Management and Energy Efficiency in Industry:
Practical Examples, Springer, Pages 329-374, 2021.

9  J.L. Pellegrino, N. Margolis, M. Justiniano, M.
Miller, and A. Thedki, "Energy Use, Loss, and
Opportunities Analysis for US Manufacturing and
Mining," Energetics Inc., Columbia, MD, USA,
2004.

10 J.-H. Bae and C. Kim, "Design of Rotor Profile
of Internal Gear Pump for Improving Fuel
Efficiency," International Journal of Precision
Engineering and Manufacturing, Vol. 16, Pages 113-
120, 2015.



Ozdamar and Oztiirk /INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 8:3 (2024) 428-436

11  H. Akhan, "Energy Management in Industry:
Efficiency Increasing Applications in Pump and Fan
Systems," Trakya University Journal of Engineering
Sciences, Vol. 23, Issue 1, Pages 11-23, 2022.

12 H. Sasaki, N. Inui, Y. Shimada, and D. Ogata,
"Development of High Efficiency P/M Internal Gear
Pump Rotor (Megafloid Rotor)," SEI Technical
Review-English Edition, Vol. 66, Pages 124, 2008.

13 B. Oztiirk, S. Kaymak, and O. Kiigiik, "Taguchi
and RSM Based Optimization of Energy
Consumption on Internal Gear Pumps," International
Journal of 3D Printing Technologies and Digital
Industry, Vol. 6, Issue 1, Pages 164-175, 2022.

14 Y. O. Alpay, i. Uygur, M. Kilingel, and G.
Samtas, Cure cycle optimization of infrared cured
composites using Taguchi method, Journal of
Applied Polymer Science, Vol. 140, Issue 22, Pages
€53922. 2023.

15 1. Uygur, A. Cicek, E. Toklu, R. Kara, and S.
Saridemir, Fatigue life predictions of metal matrix
composites using artificial neural networks,
Archives of Metallurgy and Materials, Vol. 59, Issue
1, Pages 97-103. 2014.

16 C. V. Yidinnm, T. Kivak, F. Erzincanl, 1.
Uygur, and M. Sarikaya, Optimization of MQL
Parameters Using the Taguchi Method in Milling of
Waspaloy, Gazi University Journal of Science, Vol.
30, Issue 2, Pages 173-186. 2017.

17 Oktem, H., Uygur, 1., Sari, E. S., & Shinde, D.
“The hybrid approach of genetic algorithm and
particle swarm optimization on reduced weld line
defect in plastic injection molding.” Progress in
Rubber, Plastics and Recycling Technology, 2024.

18 A.O. Ertdz, "Energy Efficiency in Pumps,”
Tesisat Journal, Vol. 95, Pages 192, 2003.

19 U.S. Energy Information Administration,
"International Energy Outlook 2023 with Projections
to 2050," IEO2023 Release, CSIS, Available:
https://www.eia.gov/outlooks/ieo/ October 11, 2023.
20 S.A. Blume, "Resource Efficiency in
Manufacturing Value Chains,"Springer International
Publishing, Pages 9-40 Springer. 2020.

21 C. Hermann and S. Kara, "Sustainable
Production, Life Cycle Engineering and
Management," Springer International Publishing,
2012.

22 J. Duflou, K. Kellens, and W. Dewulf, "Unit
Process Impact Assessment for Discrete Part
Manufacturing: A State of the Art," CIRP Journal of

435

Manufacturing Science and Technology, Vol. 4,
Issue 2, Pages 129-135, 2011.

23 T.V. Uimonen, "Development of Climate
Responsible Actions for a Pump Manufacturer,"
Master's Thesis, Lappeenranta-Lahti University of
Technology, 2022.

24 B. Oztirk and O. Kiigiik, "Special Energy
Consumption Model for Two Different Types of
Production of Pipe Fittings Reinforced with Copper
and Brass Filings (SEC)," Polytechnic Journal, 2019.

25 B. Oztiirk, "Optimization in Mass Production
Energy Consumption of Solid Brass Pipe Fitting,"
Technological Applied Sciences, Vol. 14, Issue 3,
Pages 68-79, 2019.

26 1. Alagéz, E. Coskun, S. Babaoglu, R. Kaykag,
and A. Cidaci, "Calculating the Carbon Footprint of
EUAS Central Campus 2021," Environment Climate
and Sustainability, Vol. 23, Issue 2, Pages 161-166,
2022.

27 W. Lin et al., "A Multi-Objective Teaching-
Learning-Based  Optimization  Algorithm to
Scheduling in Turning Processes for Minimizing
Makespan and Carbon Footprint," Journal of Cleaner
Production, Vol. 101, Pages 337-347, 2015.

28 M. Jenarthanan and N. Neeli, "Mathematical
Modelling of Delamination Factor on Drilling of
ARALL Composites through RSM," Multidiscipline
Modelling in Materials and Structures, Vol. 13, Issue
4, Pages 578-589, 2017.

29 B. Oztiirk, "Investigation of Effects of Inverter
Frequency Changes on the Specific Energy
Consumption of Pipe Threading Using Response
Surface Methodology," Measurement, Vol. 152,
Pages 107296, 2020.

30 E. Nas, “Analysis of the electrical discharge
machining (EDM) performance on Ramor 550 armor
steel,” Materials Testing, Vol. 62, Issue 5 Pages 481-
491, 2020.

31 K. Panneerselvam and K. Lenin, "Parameters
Optimization in FSW of Polypropylene Based on
RSM," Multidiscipline Modelling in Materials and
Structures, Vol. 11, Issue 1, Pages 32-42, 2015.

32 B. Oztiirk and O. Kiigiik, Enerji Tiiketiminde
Optimizasyon I¢in Temel Hareket Analizi
Kullanilarak ~ Yeni Bir Pompa  Dislisinin
Gelistirilmesi, Bilecik Seyh Edebali Universitesi Fen
Bilimleri Dergisi, Vol. 6, Issue 1, Pages 49-57. 2019



Ozdamar and Oztiirk /INTERNATIONAL JOURNAL OF 3D PRINTING TECHNOLOGIES AND DIGITAL INDUSTRY 8:3 (2024) 428-436

33  Oztiirk, B., Endiistriyel Bir Icten Disli
Pompanin Debi Ve Enerji Tiiketim Degisimlerinin
Incelenmesi. 4th International Congress On 3d
Printing (Additive Manufacturing) Technologies
and Digital Industry, Antalya /Turkey 2019

34 E. Nas, B. Oztiirk, “Optimization of surface
roughness via the Taguchi method and investigation
of energy consumption when milling spheroidal
graphite cast iron materials,” Materials Testing, Vol.
60 Issue 5, Pages 519-525, 2018.

436

35 Yalgin, E., Oral, O., & Devecili, A. O. Disli
Pompalarin Mekanik Veriminin Artirtlmasi. Bilecik
Seyh Edebali Universitesi Fen Bilimleri Dergisi,
Vol. 8, Issue 2, Pages 553-566. 2021.

36 Demir, Yildirim, Sakir Isleyen, and Kerem
Ozen. "Secili Enerji Tiiketimlerinin Karbondioksit
Emisyonu Uzerindeki Etkisinin ARDL Smir Testi ile
Belirlenmesi." Yiiziincii Yil Universitesi Sosyal
Bilimler Enstitiisii Dergisi, Vol. 59, Pages 80-107.
2023



	ilk_Özdamar
	012_Özdamar
	2. MATERIAL AND METHOD
	3. EXPERIMENTAL FINDINGS
	3.1 ANOVA Results and Evaluation
	4. RESULTS


