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Abstract

Article Info

Graphene platelets (GPLs) are widely preferred as a second phase to improve the properties of
Research article advanced technology ceramics thanks to their excellent mechanical properties. However, their
Received: 23/11/2021 agglomeration tendency requires the application of dispersion processes before mixing with
Revision:09/12/2021 matrix powders. Sonication is the most commonly used technique for the dispersion of GPLs. In

Accepted:20/12/2021 this study, the effects of adding GPLs prepared at different probe-sonication times such as 1, 2, 4
and 6 h on the microstructure and mechanical properties of spark plasma sintered (SPS) silicon
Keywords carbide (SiC) were investigated. Scanning electron microscopy (SEM) examinations and size
measurements revealed that the size of GPLs decreased with increasing sonication time.
(G(’;’;%j”e Platelets However, the reduction in the size of the GPLs was very low up to the 2 h sonication time and

Sonication Time bec.ame more p‘ronoupced at the GPLs prepared ?.t 4 and 6 h sonication times. Ramap analys§s

Fracture Toughness indicated that dispersions of GPLs agglomerates increased as well as defects and/or disorders in

Silicon Carbide their structures with increasing sonication time. However, the thickness of the well-dispersed

SPS GPLs obtained at the 2 h sonication time did not change when the sonication time was increased
to 4 and 6 h. The highest increment in the fracture toughness of SiC matrix in both the through-
plane (//) and in-plane (L) directions was achieved with the addition of GPLs sonicated for 2 h
among the GPLs prepared at different sonication times. The higher contribution of 2 h sonicated
GPLs to fracture toughness than non-sonicated and 1 h sonicated GPLs was associated with their
more homogeneous distribution in the matrix microstructure, while higher toughness values they
provided compared to 4 and 6 h sonicated GPLs could be explained by the positive effect of their
higher lateral size and aspect ratio. GPLs have improved the fracture toughness of SiC matrix
with the help of bridging and deflection toughening mechanisms.

1. INTRODUCTION

In recent years, graphene platelets (GPLs), a two-dimensional form of carbon, have been attracted attention
as the second phase in improving the mechanical properties of advanced technology ceramics, thanks to
their high surface area and superior mechanical properties (high fracture strength (~125 GPa) and Young’s
modulus (~1TPa)) [1-3]. SiC as an important member of the advanced technology ceramics group, has a
combination of excellent properties such as high hardness and strength, corrosion and oxidation resistance,
chemical and thermal stability, and melting point. These properties of SiC have provided to be used in high
temperature, wear resistant and cutting applications in many industrial areas such as automotive and
aerospace industries [4-6]. However, the low fracture toughness of SiC restricts its usage areas.

It has been determined that the mechanical properties of matrix materials have increased significantly with
the addition of GPLs [7-15]. In a study [7] in which GPLs-SiC composites were produced with the SPS
technique at different temperatures, it was observed that the fracture toughness of SiC improved by
approximately 5-20 % with the addition of 1 wt % GPLs. Li et al. [8], who sintered the SiC matrix
composites containing 0.5, 1 and 1.5 wt % GPLs by using vacuum reaction sintering furnace, achieved the
highest strength and fracture toughness at 1 wt % GPLs content with an increase of ~ 50 %. In a different
study [9], the fracture toughness of SPSed SiC was improved by ~ 40 % with the addition of 2 wt % GPLs.
Yang et al. [10], sintered the SisN4 matrix composites containing 0.2, 0.5, 1, 2, 5 and 10 wt % GPLs using

*Corresponding author, e-mail: skayhan@eskisehir.edu.tr DOI:10.29109/gujsc.1027462
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the hot pressing technique determined that there was an improvement of ~ 10 and 3 % in the fracture
toughness and strength of the SisNa, respectively, at 0.2 wt % GPLs content.

The distribution of GPLs in the matrix microstructure is one of the critical parameters that affect the
properties and performance of the final composites. For high mechanical performances, the GPLs should
be homogeneously dispersed within the matrix microstructure without any agglomeration [16]. The fact
that the GPLs tend to agglomerate due to weak van der Waals interactions between them indicates the
importance of the applied dispersion techniques. It was determined that sonication is the most common and
effective method used to dispersion of the GPLs before mixing with matrix powders. Sonication can be
performed to the liquid containing GPLs in two ways, ultrasonic bath and probe-sonicator. The sound waves
applied during sonication causes to agitate the GPLs in a liquid medium. In this way, the GPLs in the outer
part of agglomerates peel off and become individual sheets [11]. Porwal et al. [12], who produces graphene
reinforced alumina nanocomposites by using the SPS technique, have dispersed the GPLs for 2 h by
sonication technique and then blended them with the alumina starting powders for 4 h using ball milling.
In another study [13] which GPLs-aluminum nitride (AIN) composites were sintered by hot pressing
technique and the mechanical properties of the products were measured, GPLs were first sonicated for 1.5
h and then mixed with AIN powders by using a planetary mill. To produce GPL-Si3N4 composites, Tapaszto
et al. [14] applied 30 min of sonication to GPLs following the 30 min of planetary milling in the presence
of melamine and blended the sonicated GPLs with SizN4 powders by mechanical milling.

In all these studies, GPLs were dispersed for different sonication times before mixing with matrix powders.
However, no study was found to determine the sonication time that would maximize the mechanical
properties of the matrix to which GPLs were added. Additionally, it has been reported that the probe-
sonication was more efficient in the dispersion of agglomerates than bath sonication [17]. Therefore, the
motivation of this study was to determine the sonication time which GPLs can be successfully dispersed
with minimal structural damage since the sonication process was known to cause defects/disorders in the
structure and surface of the GPLs [18] and to investigate the effects of the addition of GPLs prepared at
different sonication times on the microstructure and mechanical properties of SiC matrix such as hardness
and fracture toughness. For this purpose, GPLs were prepared with probe-sonication technique for 1, 2, 4
and 6 h. SiC matrix and GPLs-SiC composites were sintered using the SPS technique. Microstructure,
density, hardness, and fracture toughness measurements of the produced materials were carried out.

2.MATERIALS AND METHODS

Commercially available a-SiC powder (Saint Gobain Sika, DENSITEC 15) containing B4C (CRS
Chemicals, F2000 Grade) at a ratio of 1 wt % was used as starting material. Y203 (99.9% purity, H.C.
Starck Berlin, Germany) and AlOs (Alcoa-A16SG) powders were used as sintering additives. The matrix
material consists of the 93 wt % a-SiC, 5 wt % Y203 and 2 wt % Al,Os. ~ 12.2 um average lateral size, 5-
8 nm thickness and 99.9 % purity were the properties of the commercial GPLs (Graph. Chem. Ind. Comp.)
used during the study. The amounts of starting powders that form the SiC matrix and GPLs-SiC composites
are given in Tablel.

Table 1. The amounts of starting powders that form the SiC matrix and GPLs-SiC composites.

Compositions (g)

Starting Powders
SiC Matrix GPLs-SiC Composites
SiC 27.9 27.62
Y20; 1.50 1.49
Al>0; 0.60 0.59
GPLs - 0.3

Total 30 30
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Probe-sonication was applied to GPLs in the isopropanol medium for 1, 2, 4 and 6 h under the conditions
of successive vibration for 16 s and standby for 25 s, at the 20 kHz frequency, 40 % of amplitude. Sonication
processes were carried out in an ice bath to avoid the negative effects of heat on the structure and surface
of GPLs. The sizes of the GPLs were measured (Malvern Instruments, Hydro 2000) after each sonication
process. The SiC, Y»0; and Al,Os powders were blended in the planetary ball mill by using the SizN4
medium and SizN4balls for 1 h at 300 rpm. Non-sonicated GPLs and GPLs prepared at different sonication
times were added to the matrix material composition at a rate of 1 wt %, and mixing was continued with
planetary ball mill for 1 h at 120 rpm in the isopropanol medium. The evaporator removed the isopropanol
in the slurries and the obtained GPLs-SiC composite powders were sieved. The SiC matrix and GPLs-SiC
compositions were sintered using the SPS technique (HP 25D, FCT GmbH) at 1950 and 2000 °C,
respectively. Sintering of all samples carried out at 50 MPa uniaxial pressure for 4 min under a vacuum
atmosphere.

The samples' bulk density values were measured using the Archimedes method in the deionized water as
the immersion medium. The relative density values were calculated by the rule of mixtures. The theoretical
densities of SiC and GPLs were used as 3.21 and 2.26 gem™, respectively during the calculations. Samples
were cut parallel and perpendicular to the SPS pressing axis since several studies have reported that the
uniaxial pressure applied in the SPS causes the GPLs to be oriented within the matrix microstructure. The
investigation and measurement directions were called through-plane (//, parallel to the SPS pressing axis)
and in-plane (L, perpendicular to the SPS pressing axis) directions. The cutting and examination details
were given elsewhere [19].

The cut samples were polished from coarse to fine with diamond polishing solutions and appropriate
polishing cloths in the automatic polisher (STRUERS, TegraPol-25). XRD (Rigaku, RINT-2000) analyses
were carried out in the through-plane (//) direction between 20 and 80° (2@), at 40 kV accelerating voltage,
30 mA current, 2°/min scan speed and 0.02 step size since a distinctive graphene peak was obtained in this
direction [19]. The Raman (WITec, alpha 300) analyses were performed to each GPLs prepared at different
sonication times.

The hardness values of the samples were measured by using the Vickers indentation (Emco-Test) technique
under the conditions of 5 kg load and 10 s dwell time. At least five measurements were performed for each
sample, and average values were used to obtain statistical results. Furthermore, the fracture toughness
values were calculated by using the equation 1 given below [20]:

K. = 0.067 (:—V)O'4 Hya®S (g)-l-S (1)

While the morphologies of the GPLs were examined by secondary electron (SE-SEM) imaging technique,
the polished and indented surfaces of the sintered samples were investigated by backscatter electron (BSE-
SEM) imaging technique in the SEM (Zeiss, SUPRA 50 VP).

1. RESULTS AND DISCUSSION

Figure 1 shows morphological SE-SEM images of the non-sonicated GPLs (a) and GPLs sonicated for 1
(b), 2 (c), 4 (d) 6 (e) h. Additionally, the GPLs platelet sizes, measured after each sonication process are
given in Table 2. Morphological images and platelet size measurements were compatible with each other,
and they demonstrated that the platelet size of GPLs decreased as the applied sonication time increased.
Measurements indicated that the size of the non-sonicated GPLs, which was about 12.20 um, reduced by ~
2, 5,25 and 30 to 11.90, 11.55, 9.10 and 8.50 um with probe-sonication for 1, 2, 4 and 6 h, respectively
(Table 2). This revealed that the GPLs undergo fragmentation as well as dispersion due to the generation
of shear force caused by shock waves during the sonication process [18]. However, there was a very slight
decrease in the average platelet sizes of GPLs sonicated for 1 and 2 h, while the decrease has became
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evident when the sonication time was increased to 4 and 6 h. Although the size difference was large among
the non-sonicated GPLs, GPLs sonicated for 6 h had a more uniform platelet size distribution (Fig. 1).

Figure 1. Morphological SE-SEM images of the (a) non-sonicated GPLs and GPLs sonicated for (b)1,
(c) 2, (d) 4 and (e) 6 h.

Figure 2 and Table 2 present the Raman spectra and Raman analysis results of non-sonicated GPLs and
GPLs sonicated at different times, respectively. The single shape of the 2D band in the spectra of all GPLs
(Fig. 2) confirmed the graphene phase [21]. 2D-band generally related to the thickness of the GPLs, and
the ratio of the 2D-band intensity to the G-band intensity (Ion/lg) gives information about the number of
layers [22, 23]. During the study, at least ten Raman analyses were performed to each GPLs, and the
averages of the obtained values were given in Table 2. The average l»p/Ig value (0.880) and measurement
ranges (0.755-0.960) indicated that non-sonicated GPLs were multilayered in different thicknesses. With
the application of probe-sonication for 1, 2, 4 and 6 h, the average Ip/Ig value increased to 0.905, 0.937,
0.940, and 0.942, respectively. These results revealed that the stacked GPLs were de-agglomerated with
sonication and that the thickness of the GPLs decreased with increasing processing time. The fact that the
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lowest measured I,p/Ig limit increased as the applied sonication time increased showed that the dispersion
of GPL agglomerates continued with increasing sonication time. On the other hand, the upper Ip/lg limit
remained the same as the time increased after 2 h of sonication (Table 2), indicating that the thinnest GPLs
that could be obtained by sonication was achieved at this point, and no further thinning could occur as the
process continued.

Table 2. The average sizes of the non-sonicated GPLs and GPLs sonicated at different times and also
average Ip/lg, Ip/lg values calculated by using at least ten Raman analyses. The values in brackets
are for the measurements range

Sonication Time  Average Size

Lp/1 Iy1,
M (um) /e e
0 12.20 0.880 (0.755-0.960) 0.847 (0.769-0.895)
1 11.90 0.905 (0.782-0.967) 0.855 (0.786—-0.900)
2 11.55 0.937 (0.855-0.981) 0.870 (0.803-0.906)
4 9.10 0.940 (0.870-0.981) 0.884 (0.815-0.917)
6 8.50 0.942 (0.890-0.982) 0.892 (0.823-0.926)
G
2D
z| o o
S
LT
Ao 2h )_jk‘
} \ lh A_
)\ 0h N\
I I |
1200 1600 2000 2400 2800

Raman Shift (cm™)

Figure 2. Raman spectra of the non-sonicated GPLs and GPLs sonicated for 1, 2, 4, 6 h.

The ratio of the D-band intensity to the G-band intensity (In/lg) in the Raman spectra can be used to express
the degree of defects and disorders in the GPLs structure [23]. As seen in Table 2, the ratio of I/l increased
with increasing probe-sonication time. The fact that the increased degradation in the GPLs structure has a
negative effect on their reinforcement strength [16] has shown the necessity of achieving maximum
dispersion in short sonication times.

Table 3 gives the bulk and relative density values of SiC matrix and SiC matrix composites containing
GPLs. The bulk and relative densities of the SiC matrix were determined as 3.205 gem™ and 99.8 %,
respectively. This showed that the applied sintering conditions were suitable for obtaining highly dense
SiC. On the other hand, with the addition of GPLs prepared at different times, the bulk density of SiC
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decreased by about 2 %. Porosities that may occur in the composite microstructure and cracks formation in
the layered structures caused by the thermal expansion and elastic modulus mismatch between GPLs and
the matrix can be shown as the reasons for this decline in density [24, 25]. The relative densities of GPLs-
SiC composites higher than 97 % showed that high-density composites were produced in themselves.

Table 3. Bulk and relative density values of the SiC matrix and SiC matrix composites containing
non-sonicated GPLs and GPLs prepared at different probe-sonication times.

Sonication Time Bulk Density Relative Density
(h (gem™) (%)

SiC Matrix 3.205 99.8

0 3.125 98.2

1 3.115 97.9

2 3.120 98.1

4 3.120 98.1

6 3.100 97.4

The through-plane (//) direction XRD pattern (Fig. 3) obtained from the SiC matrix and GPLs-SiC
composites showed the presence of two main hexagonal polytypes of SiC, 6H-SiC and 4H-SiC. During
sintering, the 6H-SiC structure was partially transformed to 4H-SiC [26]. The low intensity graphene peak
determined at 26.6 degrees in the pattern of SiC matrix indicated that the free carbon contained in the initial
SiC powder crystallized during SPS. The intensity of the graphene peak increased with the addition of
GPLs.

m 6H-SiC A 4H-SiC o(C
A
u A
\ n A
m B | |
° Al m AN | N u = = ]

A R ‘L\ 1 h
A N A Oh
A . ’\ SiC

70

Intensity (a.u.)

20 80
20 (%)
Figure 3. Through-plane (/) direction XRD pattern obtained from the SiC matrix and SiC matrix
composites containing non-sonicated GPLs and GPLs sonicated for 1, 2, 4 and 6 h.
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Figure 4 presents low (a, c, e, g, 1, k) and high (b, d, f, h, j, 1) magnification BSE-SEM images of SiC matrix
(a, b) and GPLs-SiC composites (c-1) taken in the in-plane (L) direction. To investigate whether black
phases that are needle and spherical like observed in the microstructure of SiC matrix are porosity or not,
magnified BSE-SEM and in-lens-SEM images obtained from the same region are given in Figure 5 a and
b, respectively. The in-lens-SEM image, a surface sensitive imaging technique, revealed that the phases
marked with arrows in the BSE image were not porosities. The needle-like phase indicated by the blue
arrows may be associated with the crystallized carbon identified in XRD, while the spherical-like phase
(indicated with pink arrows) may be the crystallized carbon or B4C phase whose source was B4C powder
contained at the small amount in the starting powder mixture. In addition, the regions indicated by yellow
arrows demonstrated that some crystallized carbon or B4C grains were pulled out from the surface during
mechanical polishing. The homogeneous dispersion of the SiC grains, white liquid phase and black phase
associated with crystallized carbon and/or B4C without any porosity in the microstructure of the SiC matrix
supported the density result by showing that a highly dense SiC matrix was produced.
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Figure 4. BSE-SEM images taken at low and high magnifications from (a, b) SiC matrix and SiC matrix
composites containing (c, d) non-sonicated, (e, f) 1, (g, h) 2, (i, j) 4, (k, 1) 6 h sonicated GPLs.

Figure 5. (a) BSE-SEM and (b) in-lens-SEM images obtained from the same region of the SiC matrix.
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It was clear that the GPLs represented by black color were dispersed with orienting in the microstructure
of the GPLs-SiC composites (Fig. 4 c-1) due to applied uniaxial pressure in the SPS. Additionally, while no
significant change was observed in the size of the GPLs at the 1 and 2 h sonication times, a noticeable size
reduction has occurred in the 4 and 6 h sonicated GPLs as consistent with size measurement results.

Besides, the microstructures demonstrated the presence of thick GPLs in non-sonicated and 1 h sonicated
GPLs, and also showed that these stacked structures were highly dispersed in 2, 4 and 6 h sonicated GPLs.
However, there was no significant difference in thickness between the GPLs sonicated for 2, 4 and 6 h.
When the microstructures of all produced GPLs-SiC composites were evaluated together, it was determined
that the presence of thicker GPLs in the non-sonicated GPLs limited their homogeneous distribution in the
matrix microstructure compared to the sonicated GPLs. The applied sonication processes have enabled the
dispersed GPLs to be homogeneously distributed in the SiC matrix microstructure. Measurements and
microstructural studies have shown that GPLs could be effectively dispersed and retain their sizes without
much fragmentation at 2 h sonication time. In addition to all these, microstructures have shown that high-
density GPLs-SiC composites could be produced.

The effects of adding the GPLs dispersed at different probe-sonication times on the hardness and fracture
toughness of the SiC matrix are shown in Figure 6. Since no significant difference was observed between
the samples' through-plane and in-plane directions hardness values, the averages of the values measured in
both directions were used. The hardness of the SiC matrix was reduced by ~ 8 and 7, 6, 5, 5 with the addition
of 1 wt % non-sonicated GPLs and 1, 2, 4, 6 h sonicated GPLs, respectively. Weak interfacial bonding
between GPL agglomerates and SiC grains could be accepted as a reason for this decline. As the applied
sonication time increased, the degree of dispersion of the agglomerates also increased, and the decline in
the hardness of SiC relatively decreased (Fig. 6 a).

The fracture toughness of the SiC matrix did not exhibit a noticeable difference between the through-plane
and in-plane directions like the hardness value. GPLs sonicated at different times improved the fracture
toughness of the SiC matrix at different degrees in both directions. The fracture toughness of the SiC matrix
(5 MPa m'?) increased by ~ 4, 12, 28, 26, 24 % and by ~ 12, 22, 38, 30, 28 % in the through-plane and in-
plane directions, respectively, with the addition of non-sonicated, 1, 2, 4, 6 h sonicated GPLs. In both the
through-plane and in-plane directions, the highest fracture toughness value was achieved with the GPLs
sonicated for 2 h, while the non-sonicated GPLs provided the least enhancement (Fig. 6 b). Figure 7 shows
the BSE-SEM images of the representatively selected cracks obtained by in-plane direction indentations in
SiC matrix and 2 h sonicated GPLs-SiC composites. It was seen that black phases associated with
crystallized carbon and/or B4C also play an important role in the dissipation of the energy accumulated at
the tip of the crack formed in the SiC matrix in addition to the grain boundaries (Fig. 7 a). Crystallized
carbon and B4C grains preserved the fracture toughness of the matrix mainly by the bridging mechanism
(indicated with yellow arrows). On the other hand, the energy of the crack formed in SiC containing 1 wt
% GPLs sonicated for 2 h (Fig. 7 b) decreased under the influence of the bridging and deflection toughening
mechanisms (indicated with green arrows) provided by GPLs as well as the bridging mechanism of the
black grains associated with crystallized carbon and B4C (indicated by yellow arrows); thus, the crack has
thinned and stopped.

The lowest toughness value of the SiC containing non-sonicated GPLs among the produced GPLs-SiC
composites can be explained by the formation of GPLs-rich and GPLs-poor regions in the matrix
microstructure due to undispersed GPLs agglomerates (Fig. 4 c¢). Since the contribution of GPLs to
preventing or retarding crack propagation was limited in GPL-poor regions, the toughness values in the
measurements corresponding to these regions were close to that of the SiC matrix. As a result of the
dispersion of the GPLs by the applied sonication processes, their more homogeneous dispersion compared
to the non-sonicated GPLs in the matrix microstructure led to more improvement on fracture toughness.
The fracture toughness tended to increase up to the composite containing GPLs sonicated for 2 h, whereas
it started to decrease when the sonication time was increased to 4 and 6 h. The increase in the toughness of
SiC matrix by the GPLs sonicated for 2 h more than the 1 h sonicated GPLs can be explained by the fact
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that the crack has a greater chance of encountering homogeneously distributed GPLs, thus the activation of
more toughening mechanisms.

23 1 a) [

22 -

21

20

Hardness (GPa)
°

SiC 0 | 2 4 6
Sonication Time (h)

7.5

] —a— In-plane (L) 6.9 b) [
] —o— Through-plane (//)

6.5
6.0

5.5

Fracture Toughness (MPa m!?)

5.0

4'5 ] T T T I
SiC 0 1 2 4 6
Sonication Time (h)

Figure 6. (a) Hardness and (b) fracture toughness values of the SiC matrix and GPLs-SiC composites.

The higher fracture toughness of SiC containing GPLs sonicated for 2 h compared to the SiCs containing
GPLs prepared at 4 and 6 h indicated the positive effect of the large lateral size of GPLs on fracture
toughness. Larger GPLs were more successful than smaller ones at retarding crack propagation by
mechanisms such as deflection and bridging. This result was compatible with the study [27] in which the
mechanical properties of polymer matrix composites containing two different GPLs with lateral sizes of 5
and 25 um at the same thickness were measured. In that study, at the same GPLs contents, the fracture
toughness and flexural modulus values of the composites containing GPLs having 25 um lateral size were
found to be significantly higher than those containing a GPLs with a size of 5 um. Furthermore, this
different fracture toughness behavior of SiCs containing GPLs sonicated for 2, 4 and 6 h can also be
associated with the different aspect ratios of GPLs. As the Raman and microstructure analyses revealed that
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there was no obvious thickness difference between GPLs sonicated for 2, 4 and 6 h and the platelet size of
the 2 h sonicated GPLs was larger than the others, it can be assumed that the GPLs sonicated for 2 h had
the highest aspect ratio among these three GPLs. GPLs with a high aspect ratio bond more strongly with
the matrix than GPLs having a low aspect ratio, facilitating the transfer of load from the matrix to the GPLs
[28, 29].
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Figure 7. Representative toughening mechanisms occurred in the (a) SiC matrix and (b) SiC matrix
composite containing GPLs sonicated for 2 h in the in-plane (1) direction.

It was determined that the fracture toughness values of all the GPLs containing SiC composites were higher
in the in-plane direction than in the through-plane direction as consistent with studies on GPLs-ceramic
matrix composites produced with SPS [19, 30]. However, the toughness differences between the two
directions varied between ~ 8 and 3 %, indicating a slight anisotropy. The difference in toughness between
the two directions decreased with increasing sonication time applied to the GPLs. This can be explained by
the fact that it becomes more difficult for GPLs to be oriented in a particular direction in the matrix
microstructure as their platelet size decreases.

2. CONCLUSION

The effects of adding the GPLs sonicated for 1, 2, 4 and 6 h on the microstructure and mechanical properties
of SiC ceramics such as hardness and fracture toughness were investigated. Microstructural analyses
showed that GPLs agglomerates dispersed, and the platelet size of GPLs decreased with increasing
sonication time. Although this decrease in platelet size was minimal up to the 2 h sonication time, it became
evident in the GPLs sonicated for 4 and 6 h. Raman analyses indicated that stacked GPLs dispersed and
became thinner up to 2 h sonication time, and after this point, when the sonication time increased to 4 and
6 h, the GPLs agglomerates continued to be dispersed, but the thickness of the already thinned ones
remained the same. Optimum dispersion was achieved with the least change in platelet size at 2 h of
sonication. With the addition of GPLs sonicated at different times, the hardness of the SiC matrix decreased
by about 5-8%. Among the GPLs sonicated at different times, the highest fracture toughness in both the
through-plane and in-plane directions was obtained in the SiC containing GPLs sonicated for 2 h. The
toughness of 2 h sonicated GPLs-SiC composite was higher than SiCs containing non-sonicated and 1 h
sonicated GPLs because of their more homogeneous dispersion in the matrix microstructure. The higher
degree of increase in fracture toughness of SiC matrix by GPLs sonicated for 2 h compared to GPLs
sonicated for 4 and 6 h was due to the positive effect of larger platelet size and aspect ratio. GPLs have
increased the fracture toughness of SiC matrix through bridging and deflection toughening mechanisms.
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In this study, a 44-DABP/PGE modified electrode was prepared by coating graphite pencil
electrode (PGE) surface with 4,4'-diaminobenzophenone (44-DABP) molecule. The coating
process was carried out using the cyclic voltammetry (CV) method, in 1x10* mol L' 44-DABP
solution, with the number of 10 cycles. The prepared 44-DABP/PGE clectrode was characterized
by electrochemical methods using CV and electrochemical impedance spectroscopy (EIS)
techniques. In addition, the electrochemical behavior of 2-nitrophenol (2-NP) on the 44-
DABP/PGE surface was investigated using CV and differential pulse voltammetry (DPV)
techniques, and then the voltammetric determination was performed with the DPV technique.
Under optimum conditions, it was determined that the current value of the reduction peak of 2-
NP increased approximately 20 times by modifying the PGE electrode surface with 44-DABP.

OH
+2¢ +2H"
2-nitrophenol
3
Teflon band g 40
S 2-NP
OH s T PP
0, + H,0 Potential

2-nitrosophenol

Figure A. Reduction reaction and reduction peak of 2-NP on the prepared 44-DABP/PGE
surface

Purpose: The aim of this study to develop a new, cheap and applicable sensor in real samples
used for the determination of 2-NP.

Theory and Methods: The modified electrodes have acquired wide applications in various
physical, chemical and electrochemical methods are available for coating electrode surfaces with
organic or inorganic materials. The modified electrodes are using in electrochemistry research
due to their low cost, rapid response, low detection limit and high selectivity and high sensitivity.

Results: The working range for 2-NP with 44-DABP/PGE modified electrode was found as 0.75—
15 uM and the detection limit (LOD) was 0.23 uM. It has been found that the 44-DABP/PGE
electrode has good repeatability for the 2-NP determination. The determination of 2-NP in tap
water by using the modified electrode has been successfully performed using the standard
addition method with a good recovery and low relative standard deviation.

Conclusion: This study has indicated that the 44-DABP/PGE electrode exhibited highly
electrocatalytic activity to 2-NP reduction. The prepared electrode was successfully used to the
determination of 2-NP with no interference from common species present in real samples.
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Abstract

In this study, a 44-DABP/PGE modified electrode was prepared by coating graphite pencil
electrode (PGE) surface with 4,4'-diaminobenzophenone (44-DABP) molecule. The
coating process was carried out using the cyclic voltammetry (CV) method, in 1x10* mol
L' 44-DABP solution, with the number of 10 cycles between -1.5 V and +1.5 V with 0.1
Vs scan rate. The prepared 44-DABP/PGE electrode was characterized by
electrochemical methods using CV and electrochemical impedance spectroscopy (EIS)
techniques. In addition, the electrochemical behavior of 2-nitrophenol (2-NP) on the 44-
DABP/PGE surface was investigated using CV and differential pulse voltammetry (DPV)
techniques, and then the voltammetric determination was performed with the DPV
technique. With the 44-DABP/PGE electrode, optimum conditions such as supporting
electrolyte and pH suitable for 2-NP determination were determined. Under optimum
conditions, it was determined that the current value of the reduction peak of 2-NP increased
approximately 20 times by modifying the PGE electrode surface with 44-DABP. The
working range for 2-NP with 44-DABP/PGE modified electrode was found as 0.75-15 pM
and the detection limit (LOD) was 0.23 uM. It has been found that the 44-DABP/PGE
electrode has good repeatability for the 2-NP determination. The determination of 2-NP in
tap water by using the modified electrode has been successfully performed using the
standard addition method with a good recovery and low relative standard deviation.

Grafit Ug Elektrot Yiizeyinde 4,4’-diaminobenzofenon’un
Elektropolimerlesmesi ile Hazirlanan Modifiye Elektrot
Kullanilarak 2-Nitrofenoliin Elektrokimyasal Davranisinin
Incelenmesi ve Voltametrik Tayini

Oz

Bu ¢alismada, 4,4’-diaminobenzofenon (44-DABP) molekiiliiniin grafit kalem ug elektrot
(PGE) yiizeyinde elektropolimerlesmesi ile 44-DABP/PGE modifiye elektrodu
hazirlanmigtir. Elektropolimerlesme yontemi ile kaplama islemi, doniisiimlii voltametri
(CV) yontemi kullanilarak 1x10-* molL"! 44-DABP ¢ozeltisi igerisinde, 10 ¢evrim sayist
ile -1,5 V ile +1,5 V arasinda 0,1 Vs tarama hiziyla potansiyel taramasi yapilarak
gergeklestirilmistir. Hazirlanan 44-DABP/PGE elektrodu CV ve elektrokimyasal
impedans spektroskopisi (EIS) teknikleri kullanilarak elektrokimyasal yontemlerle
karakterize edilmistir. Ayrica, 44-DABP/PGE yiizeyinde 2-nitrofenoliin (2-NP)
elektrokimyasal davranisi CV ve diferansiyel puls voltametrisi (DPV) teknikleri
kullanilarak incelenmis ve ardindan DPV teknigi ile voltametrik tayini yapilmstir. 44-
DABP/PGE elektrodu ile 2-NP tayini i¢in uygun olan destek elektrolit ve pH gibi ¢alisma
sartlar1 belirlendi. Optimum sartlarda, PGE yiizeyinin 44-DABP ile modifiye edilmesiyle,
2-NP’nin indirgenme pikinin akim degerinde yaklasik 20 kat artig oldugu belirlendi.
odifiye elektrot ile 2-NP i¢in ¢aligma araligi 0,75-15 uM ve gozlenebilme sinir1 (LOD)
0,23 uM olarak belirlendi. 44-DABP/PGE elektrodunun 2-NP tayininde iyi bir
tekrarlanabilirlige sahip oldugu tespit edildi. Son olarak modifiye elektrotla, musluk


http://dergipark.gov.tr/gujsc
https://orcid.org/0000-0002-3712-7713
https://orcid.org/0000-0003-2006-1276
https://orcid.org/0000-0001-7564-9777

Tugba TABANLIGIL CALAM, Siileyman CALISKAN, Giilsen TASKIN CAKICI/ GU J Sci, Part C, 10(1): 15-26 (2022) 17

suyunda standart ekleme yontemi kullanarak iyi bir geri kazanim ve diisiik bagil standart
sapma (BSS) degerleri ile 2-NP tayini basariyla gergeklestirilmistir.

1. GIRIS INTRODUCTION)

Fenoller en yaygin kirleticilerden olan kimyasal bilesiklerdir. Fenoller endiistriyel atik sularda yaygin
olarak bulunurlar ve tiiketilen suyun kalitesi acisindan dikkat edilmesi gereken atik bilesiklerdir. Nitro
gruplar1 (-NO») igeren fenolik bilesikler nitrofenoller olarak bilinirler. Patlayici, cesitli ilaglar, bocek ve
mantar dldiiriicii ilaglar, endiistriyel kimyasallar ve organik boyalarin tiretimi sirasinda kullanilirlar [1-3].
Ancak, atik olarak dogaya karigmakta ve kanserojen ve mutajen 6zelliklerinden dolay1 canlilar i¢in tehdit
olusturduklar1 i¢in yiiksek bir toksisiteye sahiptir. Endiistriyel atik sularda ve tarimsal bolgelerde
bulunabilen ve bir nitrofenol tiirevi olan 2-nitrofenol (2-NP) bilesiklerinin igme suyunda bulunabilecek
diisiik derisimleri bile istenmeyen koku ve tada yol agar [4]. Canl1 saglig1 ve ¢evre ekosistemi agisindan bu
toksik etkileri sebebiyle 2-NP (Sekil 1) bilesikleri, Birlesik Devletler Cevre Koruma Ajansi (USEPA)
tarafindan oncelikli kirleticiler arasina alinmistir [5]. Bu toksik etkisi nedeniyle 2-NP’nin cesitli ¢evre
numunelerindeki tayini onemlidir. Literatiirde bildirilen baz1 ¢aligmalarda 2-NP tayini, yiliksek performansl
stv1 kromatografisi (HPLC) [6, 7], spektrofotometri [8, 9], floresans [10], kapiler elektroforez [11] ve gaz
kromatografisi [12] teknikleri kullanilarak yapilmistir. Bu calismalara alternatif olarak 2-NP tayinini
elektrokimyasal yontemler kullanilarak da yapilan ¢aligmalar vardir [1, 2, 13-15]. Diger tekniklerle
kiyaslandiginda elektrokimyasal yontemlerin kullanimi, uygulamasinin basit ve hizli olusunun yani sira
diisiik maliyetli, yliksek secicilige ve duyarliliga sahip olusu nedeniyle cokca tercih edilmektedirler [16-
19].

OH
NO

Sekil 1. 2-NP 'nin kimyasal yapist

Voltametrik yontemler, analitik tayinlerde en yaygin kullanilan elektroanalitik metotlar arasindadir. Ciinkii
voltametrik yontemler, yiiksek duyarlilik ve secicilige sahip olup, az miktar numunenin tayinine olanak
saglamaktadir. Ayrica voltametrik yontemlerle tayinlerde genellikle herhangi bir 6n hazirlik islemi
gerekmediginden, kisa siirede tayin miimkiin olmaktadir. Tiim bunlara ek olarak diger alternatif yontemlere
kiyasla, daha diisiik maliyetle, diisiik tayin siniri, iyi bir tekrarlanabilirlik ve kararlilikla tayini miimkiin
kilar [20-21].

Voltametride ¢alisma elektrodu olarak altin, platin, glimiis gibi metal yiizeylerinin kullanimin yani sira,
yiiksek duyarlilik ve segicilege ve genis bir potansiyel araliginda ¢aligma yapilmasina olanak saglamasi
nedeniyle karbon bazli elektrotlarin kullanim1 ¢ok yaygmdir [21, 22]. Son zamanlarda kullanilan karbon
pasta elektrotlar (CPE), cams1 karbon elektrot (GCE) ve kalem grafit elektrotlar (PGE) yaygin olarak
kullanilmaktadir [23-25]. Calisma elektrodu olarak kullanilan PGE, temin edilmesi ¢ok kolay, maliyeti ¢cok
diisiik olan bir materyaldir. Ayrica PGE, tek kullanimlik olmasindan dolayi elektrot temizleme siirecinde
kaybedilen zamandan da tasarruf saglamaktadir [21]. Literatiirde 2-NP tayini i¢in hazirlanan cesitli
modifiye elektrotlar mevcuttur. Rahman ve arkadaglari, camsi karbon elektrot kullanarak elektrokimyasal
yontemle 2-nitrofenol tayini yapmistir [26]. Tabanligil Calam, cams1 karbon elektrodu yiizeyini 1-Amino-
2-naftol-4-siilfonik asit (ANSA) ile modifiye etmis ve hazirlanan yeni yiizey ile 2-NP tayinini
gergeklestirmistir [1]. Baysal ve arkadaslari, kalem ug¢ elektrodu 3-amino-1,2,4-triazol-5-tiyol (3ATST)
molekiilii ile modifiye etmisler ve hazirladiklar yeni yiizey ile 2-NP tayinini basartyla gergeklestirmiglerdir

[2].

Bu c¢alismada, PGE elektrodu yiizeyinde 4,4'-diamino benzofenon (44-DABP) molekiiliiniin
elektrokimyasal yolla polimerlestirilmesi ile yeni bir modifiye elektrot (44-DABP/PGE) hazirlanmistir.
Hazirlanan 44-DABP/PGE modifiye elektrodu CV ve EIS gibi elektrokimyasal yontemlerle karakterize
edilmistir. 44-DABP/PGE modifiye elektrodu yiizeyinde 2-NP tayini i¢in uygun destek elektrolit ve pH
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degeri gibi optimum kosullar belirlenmistir. Ger¢ek numune olarak kullanilan musluk suyunda standart
ekleme yontemi ile 2-NP tayini yapilarak modifiye elektrodun analitik uygulamasi gerceklestirilmistir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)
2.1. Kullamlan Kimyasallar (Chemicals Used)

Tim kimyasallar analitik reaktif derecesindedir. Caligmada kullanilan 4,4’-diaminobenzofenon, 2-
nitrofenol, fosforik asit, potasyum kloriir Sigma-Aldrich, Sodyum asetat, asetik asit, sodyum fosfat
monobazik, sodyum fosfat dibazik, borik asit ve sodyum hidroksit Merck marka kullanilmigtir. 2-NP'nin
stok ¢ozeltisi, saf su kullanilarak 1x102 M derisimde hazirlanmistir. PGE elektrodunu kaplamak igin
kullanilan 44-DABP c¢ozeltisi 0.1 M KCl ¢ozeltisi igerisinde ¢oziilerek hazirlanmaistir.

2.2. Elektrokimyasal Ol¢iimler ve Cihazlar (Electrochemical Measurements and Devices)

Elektrokimyasal deneyler, bilgisayar kontrollii Ivium marka, compactstat model potansiyostat kullanilarak
iic elektrotlu elektrokimyasal hiicre sistemiyle gerceklestirildi. Calisma elektrodu olarak grafit kalem ug
elektrot (Faber Castell marka, 3.15 mm capinda), kars1 elektrot olarak platin tel (BAS, MW-1032) ve
referans elektrot olarak Ag/AgCl/KCI (sat.) (BAS, MF-2052) kullanilmistir. Elektrokimyasal dlgiimlerde
CV, elektrokimyasal impedans spektroskopisi (EIS) ve diferansiyel puls voltameri (DPV) teknikleri
kullanild.

Tiim sulu ¢6zeltiler, Niive marka ND8 model su aritma sistemi ile iiretilen saf su kullanilarak hazirlanmistir.
Elektrot yiizeylerinin temizliginde Isolab marka ultrasonik banyo kullanilmistir. Hazirlanan ¢ozeltilerin pH
ayarlamalari i¢in Ezodo marka, PL-700PC model dijital pH metre kullanilmustir.

2.3. 44-DABP/PGE modifiye elektrodun hazirlanmasi (44-Preparation of DABP/PGE modified
electrode)

Ik olarak, PGE'nin yiizeyi 0,05 pm aliimina bulamaglari ile mekanik olarak parlatilmis ve saf su ile
durulanmigtir. Elektrokimyasal 6l¢iimlerden 6nce, grafit kalem ucunun sadece alt ucu acgik kalacak sekilde,
¢ozeltiye temas eden yan ylizeyleri teflon bant ile sarilmistir. Hazirlanan PGE, dikey olarak sabitlenerek
elektrokimyasal hiicre icindeki ¢ozelti i¢ine daldirilmistir. Elektrot yiizey modifikasyonu, 0.1 M KCI
cozeltisi varliginda 0,1 mM 44-DABP ¢ozeltisi iginde, -1.5 ve +1.5 V potansiyelleri arasinda 0.1 Vs
tarama hiziyla 10 dongii ile ¢oklu doniistimlii voltametri teknigi kullanilarak gergeklestirilmistir.

3. SONUCLAR VE TARTISMALAR (CONCLUSIONS AND DISCUSSIONS)
3.1. Modifiye Elektrodun Hazirlanmasi (Preparation of the Modified Electrode)

[lk olarak, PGE'nin yiizeyi 0,05 um boyutundaki aliimina siispansiyonu ile mekanik olarak parlatilmis ve
saf su ile durulandi. PGE gdvdesi, sadece yuvarlak alt ucu agikta olacak sekilde Teflon bantla sikica
kaplandi. 44-DABP filmin yalin PGE iizerinde birikimi, 100 mVs' tarama hiz1 ile -1.5 ve + 1.5 V
potansiyelleri arasinda 10 dongii ile 0.1 mM 44-DABP ve 0.1 M KCI igeren sulu bir ¢ozelti iginde
donisiimlic voltametri (CV) teknigi kullanilarak gerceklestirildi. Hazirlanan modifiye elektrot (44-
DABP/PGE), saf su kullanilarak durulanmis ve kullanima hazir hale gelmistir.
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Sekil 2’de yalin PGE yiizeyinde 44-DABP filminin elektro-polimerlesmesi sirasinda elde edilen goklu
donisiimlii voltamogramlar (CVs) goriilmektedir. Yaklagik +0.17 V potansiyelde 44-DABP’a ait
karakteristik tersinmez anodik pik gézlenmistir. Dongii sayisinin artmasi ile pik akiminda kademeli bir artis
gozlendi. Ayrica ilk dongiide -0,9 V’da tersinmez katodik piki gériilmektedir. Ancak artan dondii sayist ile
pik akimi giderek kiiciilmiistiir. Bu sonuglar, 44-DABP filmin PGE yiizeyi iizerinde elektropolimerize
oldugunu gosterir.

0.1

Akim /mA

0
Potansiyel / V

Sekil 2. PGE yiizeyinde 0,1 M KCI varligindaki 0,1 mM 44-DABP'nin -1,5 ile 1,5 V potansiyel araliginda
10 dongii igin elektropolimerizasyonunu gosteren ¢oklu doniisiimlii voltamogramlari. Tarama hizinin
degeri 100 mVs™'dir.

3.2. Modifiye Elektrodun CV ve EIS Teknikleri ile Karakterizasyonu (Characterization of Modified
Electrode with CV and EIS Techniques)

Modifiye edilmis yiizeyleri yalin yiizeyle karsilagtirmak ve elektrokimyasal tekniklerle karakterize etmek
i¢in, ferrosen ve Fe(CN)¢*’* gibi redoks problari yaygin olarak kullamlmaktadir [27]. Redoks problarimin
yalin PGE ve 44-DABP/PGE yiizeylerindeki elektrokimyasal davranislari incelenmistir. Susuz ortam
olarak asetonitril iginde hazirlanan 0,1 M TBATFB ve 1,0 mM ferrosen (susuz ortam) igeren ¢ozelti (Sekil
3A) ve sulu ortam olarak 0,1 M KCI ¢ozeltisinde 1 mM KisFe(CN)¢/KsFe(CN)s cozeltisi (Sekil 3B)
varliinda modifiye elektrodun voltametrik karakterizasyonu CV teknigi kullanilarak gergeklestirilmistir.
PGE yiizeyinde 44-DABP filmi, KsFe(CN)s/KsFe(CN)s redoks ciftinin elektron transferini bloke etti ve
ferrosenin elektron transferini azaltti. Bu durum, elektrot yiizeyinde olabilecek kiigiik bosluklardan
kaynaklaniyor olabilir [28].

1A B
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-S04 ——44.DABP/PGE ——44-DABP/PGE
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Sekil 3. (A) Asetonitril ortaminda 0,1 M TBATFB ve 1 mM ferrosenin ve (B) 0,1 M KCI varliginda 1 mM
K3Fe(CN)s/K4Fe(CN)s nin yalin PGE ve 44-DABP/PGE yiizeylerinde alinan CV'leri. Tarama hizinin
degeri 100 mVs™"'dir
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Yalin PGE ve 44-DABP/PGE yiizeyleri ile 0,1 M KCIl ve 1 mM K3Fe(CN)¢/K4Fe(CN)s ¢ozeltisi ortaminda
alman elektrokimyasal impedans sektrumlari (EIS) ve fitleme ile elde edilen esdeger devre modelleri Sekil
4'te verilmistir. i1k eleman olan R, hiicre direncini ve R, yiik transfer direncini temsil eder. W, difiizyonu
temsil eden Warburg elemanidir. Q ve C, sirastyla PGE ve 44-DABP film arayiiziinde ve elektrot/cozelti
arayliziinde yiik ayrimini temsil eden sabit faz elemanlaridir [29]. Bu elemanlarin yalin ve modifiye elektrot
icin degerleri Cizelge 1'de gosterilmistir. Modifiye edilmis elektrotun yiik transfer direnci (48,33 ohm),
yalin PGE'ninkinden (21,70 ohm) cok daha biyiktir. Bu durum, yiizeyin modifiye edilmesi ile,
KsFe(CN)s/KsFe(CN)s redoks ciftinin elektron transferine karsi direncinin arttigini gostermistir. Bu sonug
Sekil 3B’de verilen CV’lerden elde edilen sonuglar ile uyumludur. Ayrica bu durum yiizeyin 44-DABP
filmi ile kaplandigin1 goéstermektedir.

1500 =
mmEPGE

| mmm 44-DABP/PGE
1200 4 — PGE fit
{ = 44-DABP/PGE fit

-Z.""/ohm
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Sekil 4. 0,1 M KCl iginde 1 mM K3;Fe(CN)s/KiFe(CN)s'nin yalin PGE ve 44-DABP/PGE elektrot
yiizeylerinde elektrokimyasal impedans spektrumlari. Uygulanan AC voltaji: 10 mV, frekans araligi 0.1
Hz ile 100 kHz arasindadir.

Cizelge 1. Fitleme sonucunda yalin PGE ve 44-DABP/PGE elektrotlart icin elde edilen devre
elemanlarvmin degerleri.

Elektrot RI(Q) R(Q WEY/Q QGEYQ N C (F)

Yalin PGE 69,59 21,70 4,423%10° 1,115x10° 0,7 -

44-DABP/PGE 45,52 48,33 1,784x10* 8,566x10° 0,9 6,185x107

3.3. 2-NP’nin 44-DABP/PGE Modifiye Elektrot Yiizeyindeki Elektrokimyasal Davramsi
(Electrochemical Behavior of 2-NP on 44-DABP/PGE Modified Electrode Surface)

3.3.1. Farkh destek elektrolit ve pH’nin 2-NP’nin indirgenme pikine etkisi (The effect of different
supporting electrolyte and pH on the reduction peak of 2-NP)

Cesitli elektroaktif tiirlerin voltametrik tayinlerinde destek elektrolitin cinsi ve pH degeri, tiiriin pik akim
degerini etkileyen en 6nemli parametrelerdir [30]. Bu amagla, 2-NP’nin 44-DABP/PGE modifiye elektrot
ylizeyinde fosfat tamponu (PBS, pH 7,0), asetik asit/asetat tamponu (ABS, pH 5,0) ve Britton-Robinson
tamponu (BR, pH 2,0 ve pH 7,0) olmak {izere {i¢ farkli tampon ¢ozelti ortaminda diferansiyel puls
voltamogramlar1 alinmistir. Bu ortamlarda alman voltamogramlar Sekil 5A’da verilmistir. pH 7,0 PBS, pH
5,0 ABS ve pH 2,0 ve pH 7,0 BR tamponu ortamlarinda 10 uM 2-NP’ye ait indirgenme pik potansiyelleri
sirastyla -0,69, -0,65, -0,46 ve -0,76 V seklindedir. Bu ortamlarda pik akimlari ise sirasiyla 0,34, 0,47, 3,37
ve 0,10 pA olarak elde edilmistir. En yiiksek katodik pik akim degeri pH 2,0 BR tamponu ortaminda elde
edildigi i¢in, uygun olan destek elektrolit ortami olarak BR tamponu segilmistir.

Hazirlanan modifiye elektrot yiizeyinde 2-NP tayini i¢in uygun olan destek elektrot ortami olarak BR
tamponunun secilmesinin ardindan, pH degeri 1,0, 2,0, 3,0, 4,0 ve 5,0 olarak hazirlanan BR tamponu
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ortamlarinda 10 uM 2-NP’nin diferansiyel puls voltametrisi ile katodik pikleri elde edilmistir (Sekil 5B).
pH degeri 1,0, 2,0, 3,0, 4,0 ve 5,0 olan BR tamponu ortamlarinda 2-NP’nin katodik pik akimlar1 sirasiyla
4,30, 3,37, 1,14, 0,73 ve 0,39 pA olarak elde edilmistir. En yiiksek pik akimi pH degeri 1 olan BR tamponu
ortaminda elde edildigi i¢cin bu ortam devem eden ¢alismalarda en uygun olan destek elektrolit ortam1 olarak
kullanilmistir. Ayrica, pH 1,0 BR tamponu ortaminda yalin PGE ve 44-DABP/PGE elektrot yiizeylerinde
10 uM 2-NP’nin diferansiyel puls voltamogramlar1 alinmigtir. Bu voltamogramlar Sekil 5B’de verilmistir.
PGE yiizeyinin 44-DABP molekiilii ile modifiye edilmesi ile 2-NP’nin yiizeydeki indirgenme pik akim
degerinde yaklasik 20 kat artis olmustur. Bu durum, 44-DABP/PGE modifiye elektrodunun 2-NP’nin diistik
derigsimlerde tayini i¢in avantaj sundugunu gostermektedir.
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Sekil 5. A. Farkl destek elektrolit ortamlarinda 10 uM 2-NP 'nin diferansiyel puls voltamogramlari. B.
Farkli pH degerlerindeki (1,0, 2,0, 3,0, 4,0 ve 5,0) BR tamponu ortamlarinda 2-NP 'nin diferansiyel puls

voltamogramlari.

3.4. Sensoriin Analitik Uygulamasi, Calisma Arahg ve Tayin Sir1 (Analytical Application of the
Sensor, Operating Range and Limit of Detection)

44-DABP/PGE elektrodunun 2-NP tayinindeki analitik performansmin incelenmesi amaciyla igerisinde
destek elektrolit bulunan elektrokimyasal hiicreye bilinen hacim ve derisimlerde 2-NP ilaveleri yapilmis ve
elde edilen voltamogramlar Sekil 6'da verilmistir. Voltamogramlardan okunan indirgenme pik akim
degerleri 2-NP derisimine kars1 grafige gecirilerek kalibrasyon grafigi olusturulmustur (Sekil 6-ek).
Kalibrasyon grafiginde, 2-NP’nin 0,75-15 pM derisim araliginda tek bir egim degerine sahip bir dogrusal
calisma aralig1 elde edilmistir. Bu calisma araliginin elde edildigi dogrusal boélgenin denklemi
I(nA)=0,495[2-NP](uM)+6,0404 (R*=0,9938) seklindedir. Ayrica 2-NP sensoriiniin ¢alisma araliginin
kalibrasyon hassasiyetleri sirasiyla yaklasik olarak 6,04 uA/uM olarak hesaplanmustir.
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Sekil 6. pH 1,0 BR tampon ortaninda 2-NP ilaveleri ile elde edilen diferansiyel puls voltamogramlar: ve
kalibrasyon grafigi, (1) 0 uM; (2) 0,75 uM; (3) 2,5 uM; (4) 6 uM; (5) 8 uM; (6) 10 uM, (7) 13 uM; (8) 15
uM 2-NP.
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Bu iki ¢alisma aralig1 i¢in gozlenebilme sinirlar1 (LOD) ve tayin sinirlari (LOQ) degerleri sirasiyla Es. 1 ve
2 ile hesaplanmistir. Bu esitliklerde Sb, standart sapmayi, m ise kalibrasyon grafiginden elde edilen
dogrunun egimini ifade eder. Buna gore hazirlanan 44-DABP/PGE modifiye elektrodu ile 2-NP tayini i¢in
LOD ve LOQ degerleri sirastyla 0,23 uM ve 0,77 uM olarak hesaplanmistir.

Es. 1

108
Cro0 = — Es. 2

3.5. Tekrarlanabilirlik Calismasi (Repeatability Study)

Hazirlanan bir modifiye elektrodun tekrarlanabilirligi, analitik performansi agisindan Onemli bir
parametredir [30-32]. Bu amagla pH 1,0 BR tampon ortaminda ve 44-DABP/PGE modifiye elektrodu ile
10 uM 2-NP’nin 20 kez tekrarlanan diferansiyel puls voltamogramlari elde edilmistir. Voltamogramlar
Sekil 7°de verilmistir. Elde edilen voltamogramlardan okunan katodik pik akimlar1 i¢in hesaplanan %bagil
standart sapma (BSS) degeri %3,87 olarak hesaplanmistir. Elde edilen bu %BSS degeri, 2-NP tayininde
hazirlanan sensoriin iyi bir tekrarlanabilirlige sahip oldugunu gdstermistir.

-1.2 -1.0 -0.8 -0,6
Potansiyel / V

Sekil 7. 44-DABP/PGE modifiye elektrodu ile pH 1,0 BR tampon ortaminda 10 uM 2-NP’nin alinmis
diferansiyel puls voltamogramlar

3.6. Sentetik ve Ger¢cek Numune Analizi

2-NP sensorii olarak hazirlanan 44-DABP/PGE modifiye elektrodunun analitik performansini incelemek
amaciyla, standart ekleme yontemi kullanilarak sentetik numune ve gergek numunede 2-NP tayini
yapilmistir. Sentetik numune laboratuvar ortaminda 10 uM 2-NP icerecek sekilde pH 1,0 BR tampon destek
elektroliti kullanilarak hazirlanmistir. Bu sentetik numune tizerine, derisimi bilinen 2-NP ¢ozelti ilaveleri
yapilmistir. Elde edilen voltamogramlar Sekil 8 A’da verilmistir.
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Sekil 8. Sentetik numune (A) ve musluk suyunda (B) 2-NP tayini icin elde edilen diferansiyel puls
voltamogramlart ve 2-NP derisimine karsi katodik pik akim grafigi

3 kez tekrarlanan 6l¢iim sonucunda elde edilen (Cizelge 2, satir 2) %geri kazamim degeri %102,2, %bagil
standart sapma degeri (%BSS) %3,59 ve dl¢timiin dogrulugu ile ilgili bilgi veren %bias degeri %2,2 olarak
elde edilmistir. Ger¢cek numune olarak musluk suyu kullanilmistir. Musluk suyu numunesi, esit hacimde
musluk suyu ve destek elektrolit ¢ozeltilerinin karigtirilmasiyla hazirlanmistir. Gergek numune analizinde
oncelikle ortama 2-NP eklenmeden voltamogram alinmis ve bu voltamogramda 2-NP’nin pikine
rastlanmamustir (Sekil 8B). Bunun iizerine, musluk suyu numunesinde 2-NP derisimi 10 uM olacak sekilde
2-NP ilavesi yapilmis ve bu ¢ozelti lizerine derisimi bilinen 2-NP ¢ozelti ilaveleri yapilmistir. Elde edilen
voltamogramlar Sekil 8B’de verilmistir. 44-DABP/PGE elektrodu ile gergek numune 2-NP analizinde,
%geri kazanim degeri %102,6, %BSS %4,47 ve %bias degeri %2,6 olarak elde edilmistir (Cizelge 2, satir
3). Elde edilen bu deneysel sonuglar, 44-DABP/PGE modifiye elektrodunun 2-NP tayini i¢in iyi bir analitik
performans sergiledigini gostermistir.

Cizelge 2. Sentetik ve gercek numune analizi

Numune Eklenen [2-NP]  Bulunan® [2-NP]  %Geri %BSS®  %DBias®
(M) (M) kazamm®
Sentetik numune 10 10,22 102,2 3,59 2,2
Musluk suyu 10 10,26 102,6 4,47 2,6
n=3,

®9%BSS= (S/X)*100,
c¢%Bias=[(Bulunan[2NP]-Eklenen[2NP])/Eklenen[2NP]x100,
d%Geri kazanim= (Bulunan[2NP]/Eklenen[2NP])x100.

4. SONUCLAR (RESULTS)

Bu c¢alismada, grafit kalem ug elektrot yiizeyi 44-DABP filmi ile modifiye edilerek 2-NP tayini i¢in bir
sensor olarak kullanilmistir. 2-NP, g¢evre ekosistemi ve canli saglhigi acisindan zehirli etkiye sahip
oldugundan, 2-NP’nin dogru bir sekilde tayini i¢in metot gelistirilmesi 6nemlidir. Hazirlanan sensér,
literatlirdeki alternatif metotlarla hazirlanan elektrokimyasal sensorlere kiyasla genis bir dogrusal ¢aligma
araligi gostermistir. Ayrica, elektropolimerlesme yontemi ile sensér hazirlanmasi basit ve hizli bir iglem
olmasinin yaninda, kullanilan grafit kalem ucun ¢ok diisiik maliyetle temin edilmesi nedeniyle oldukca
ucuzdur. Onerilen sensor hazirlama kolayligi, diisiik maliyet, kisa 8lgiim siiresi ve yiiksek hassasiyetle iyi
bir dogruluk ve iyi bir analitik performans saglamistir. Hazirlanan 2-NP sensorii ile gergek numunede 2-
NP tayini basariyla uygulanmigtir.
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Abstract

Article Info

The goal of this project is to investigate the effect of the spindle speed and feed rate used in
Research article milling X153CrMoV12 cold work steel by X5070 blue coated solid carbide end mill on surface
Received: 1.11.2021 roughness and hardness of the workpiece. For this purpose, 0.2 mm material was removed in
55;25?:&1221122.22%11 one pass without using refrigerant with the machining parameters of 2000, 2500, 2800, 3000
T rpm spindle speed and 160, 180, 200, 240 mm/min feed rate. As a result of the tests, the
topographic structure, surface roughness, surface hardness and microhardness of the machined

Keywords surfaces were determined by Leica DMS300, Mitutoyo SJ 210, HRS-150 digital rockwell
hardness tester and microhardness tester Future-Tech FM-700, respectively. As the feed rate

g/[i”i”g Rough increased at a constant 2800 rpm spindle speed, the surface roughness (SR) increased as the
urface Roughness amount of metal removed per unit time increased. As the spindle speed increased at a constant
Surface Hardness . . . .
Microhardness feed rate of 180 mm/min, the amount of chips for the next cutting decreased, as the cutting
blade removed more chips with each turn, and therefore the surface roughness decreased. The
effects of spindle speed and feed rate machining parameters on the surface hardness were not
much, and the hardness value before and after the process was measured between 60-62 HRC.
However, it was determined that the microhardness value decreased due to the use of heat-
hardened steel as well as the heat generated by the milling parameters in the regions 50-350 um
deep from the machined surface.
1. INTRODUCTION

The End Milling is a method of material removal by dipping a hard cutting tool into a material with a
lower hardness than itself in circular motions. Many materials such as heat treated steel, plastic, casting,
composite, alloy with different properties and shapes can be processed with very high productivity and
accuracy by the end milling method containing flat and/or ball end mills [1]. It is widely used in
aerospace, defense, military sectors due to it can achieve high surface quality in casting materials at low
cost, as well as precision processing of many materials [2-3]. The parts used in the aviation industry and
the molds used in the production of these parts must be processed precisely and with a good surface
quality [4]. High quality machining of X153CrMoV12, which is the most common cold work tool steel
used in these molds, is also important. The Cold work steel (X153CrMoV12) is widely used in the
industry, particularly in sheet metal dies for cold forming, deep drawing die as well as in rolling machines
such as roller, knife, comb [5-8]. It is preferred in cutting and crushing applications due to its features
such as high wear resistance and high toughness. Additionally, its hardness up to 62 + 2HRC makes it
charming to use [9]. However, tool wear and cost are encountered in the processing of hard materials with
traditional methods, and it is difficult to obtain good surface quality [10-12]. Lima et al. focused on the
turning of hardened AISI 4340 high strength low alloy steel and AISI D2 cold work steels (S8HRC) using
a coated carbide insert and a polycrystalline cubic boron nitride insert cutting tools. They reported that
when machining AISI 4340 steel selecting nominal feed rates and depths of cut, the forces were higher

*Corresponding author, e-mail: ferhatceritbinmez@gmail.com DOI:10.29109/gujsc.1017383
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when machining the softer steel and that SR of the machined part was improved as cutting speed was
elevated and deteriorated with feed rate. They also found that the surface roughness increased with the
increase in the feed rate and decreased with the increase in the cutting speed [13]. Campos et al. used
Response Surface Methodology to determine the optimal values of the machining parameters on the
turning of AISI 52100 steel with AI203/TiC tool with wiper geometry through the development of a
mathematical model of tool life, surface roughness and profile surface roughness parameters [14].
Vardhan et. al. used Artificial Neural Networks (ANN) to estimate material removal rate (MRR) and SR
in CNC milling of P20. In the experiments, they used the Taguchi’s L.50 orthogonal array to design the
experiments by selecting cutting speed, feed, axial depth of cut, radial depth of cut and nose radius as the
input parameters MRR and SR as the output parameters. They reported that the effect of cutting speed
(mm/min) on MRR and SR was minimal, on the other hand, the effect of feed rate (mm/tooth) was
significant [15]. Shokrani et al. investigated the effects of cryogenic coolingusing liquid nitrogen (LN2)
as a coolant on the surface integrityof Ti—6Al-4V titanium alloy in end milling operations using
solidcarbide tools. They reported that cryogenic cooling significantly improved surface integrity when
milling Ti-6Al-4V, reducing surface roughness by 39% and 31%, respectively, compared to dry and
flood cooling. They notified that the microhardness of surfaces treated using cryogenic processing
increased more than the dry and flood cooling method; nevertheless, in cryogenic and dry machining, the
depth of the heat-affected zone is lower than in flood cooling [16]. Xu et al., emphasized that minimal
lubrication is beneficial in machining metallic materials. They also studied the effects of thrust force and
delamination in the drilling of CFRP/Ti6Al4V composite materials with dry or minimal lubrication. They
reported that dry machining without the use of oil benefits the reduction of thrust force and delamination
[17]. Various cutting fluids are commonly used in this manufacturing process in order that decrease
friction and minimize the heat generated between the workpiece and the cutting tool, and to enhance the
workpiece surface and cutting quality [18]. Also Kulkarni et al. have expressed that the metal cutting
operation unrealizable exactly in the absence of coolants/cutting fluids [19]. But use of the dry cutting
method has gained importance due to its negative effects such as the high expenditure of using cutting
fluids and harm to the health of the machine operators [20].

In this study, experiments were carried out without using any coolant in order to eliminate the negative
environmental effects of fluids such as cutting oil used in cutting and chip removal processes, their harm
to operators and usage costs. There is not enough work in the literature on the milling of hard materials
with high surface quality without using coolants/cutting fluids. Hence, in this study, high hardness cold
work tool steel X153CrtMoV12 was processed using the end milling method and different machining
parameters without the use of refrigerant thereby surface roughness, macro hardness as well as micro
hardness of the processed steel surfaces were analyzed.

2.MATERIALS AND METHODS
2.1. Selected Test Materials

In this work, 1.2379 (X153CrMoV12) steel used in cold work applications, a ledeburitic steel containing
12% chromium, hardened up to 60-62 HRC hardness with a dimensions of 118 x 20 x 20 mm was used as
the workpiece. This steel is preferred for analysis since it has high wear resistance and high toughness and
is also widely used in cold forming molds. The workpiece was supplied with heat treatment from the
Saglam Metal company. The chemical composition as well as mechanical and physical characteristics of
X153CrMoV12 are given in Table 1 and 2, respectively.

Table 1. Chemical Composition of X153CrMoV12

Carbon  Chrome Molybdenum Vanadium
© (Cr) (Mo) (Z
1.55 12 0.8 0.9
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Table 2. Mechanical and physical properties of X153CrMoV12

Usage Hardness Thermal expansion coefficient Heat conductivity —Density Yield strength
(HRC) CK)"1x(10)7° (W/mK) g/em? (MPa>)

60 - 62 10.5-13.00 16.7 7.85 420

YG X5070 (4 Flute 30° Helix Stub End mill) was used for milling hardened 1.2379 cold work steel. The
X5070 blue — coated solid carbide end mills are preferred to machining high hardened mold & die steels
with high speed cutting & dry cutting. The dimensions and shapes of G8A02080 X5070 were taken from
YG catalogs; (D1:8) x (D2:8) x (L1:8) x (L3:20) x (L2:65) mm with 4 flute as well as h5 shank diameter
tolerance as shown in figure 1.

- =— S
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Figure 1. The G§402080 X5070 End mill technical drawing [21].

X153CrMoV12 Cold work steel and X5070 blue — coated solid carbide end mills that used in milling
operations are shown in figure 2. All surfaces of the cold work tool steel were ground.

(a) (b)
Figure 2. Materials: (a) The X153CrMoV12) Cold work steel, (b) G8A02080 X5070 End mills

2.2. Machining Methods

The acquisition time was changed to test whether the total counts obtained from both MCAs were
compatible with each other. So, it was adjusted to 50, 100, 200 and 300 s. Each measurement was
repeated three times to sensitively determine the number of counts for each time value. The counts from
both MCAs were accumulated, and their averages were compared with each other.

In this study, vertical machining was performed using Makino S33 CNC machine with different
machining parameters as shown in figure 3. In this figure, the milling process is shown in figure (a), while
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the dashboard where process parameters are controlled shown in figure (b). The cold work tool steel was
carefully fixed to the vise and then the milling cutter was attached to the spindle and zeroing was made
for each milling cutter. In each test process, only air was used as the coolant and milling operations were
carried out by removing 0.2 mm of chips in one pass. Before each experiment, the workpiece was cleaned
using compressed fresh air and a new milling cutter was used for each slot.

(=

0008 NOB&

@ wn
ot cont 15
o

CLE TINE 0N B25

(a) (b)
Figure 3. Machining centers MAKINO S33 CNC : (a) Vertical milling (b) Dashboard

2.3. Analysis Methods of Milled Parts

After the completion of the surface milling studies, surface examination with macro analysis, then surface
roughness and hardness measurements were made, respectively. Surface controls were performed under
high light and resolution using the digital microscope system Leica DMS300 as shown in figure 4: (a).
After taking microscopic images, the surface roughness of each milled slot was determined using
Mitutoyo SJ 210 as shown in figure 4 (b). Finally, surface hardness of all milled surfaces were measured
using HRS-150 digital rockwell hardness tester as shown in figure 4 (c). The arithmetic mean of all
measurements made was calculated and reported.

(b) (©)
Figure 4. Measurement analysis: (a) microscopical examination, (b) surface roughness, (c) hardness
measurement

All measurements after face milling were made in laboratories of Truva Makina Kalip and Tel Erozyon
San. Tic. Itd. Sti.
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3.RESULTS

3.1. Milling Parameters and Experimental Findings

The machining parameters used in the surface milling of steels and the numerical values of the effects of
these parameters are given in Table 3. The machining parameters used in the experiments were chosen by
considering the safe working parameters of the CNC machine, the cutting regimes of the cutting tool and
industrial applications. The results of the cutting operations using these parameters were recorded and the
average values of the results obtained were reported. These values reflect the average values of 3 different
tests for each procedure. The X5070 dry cutting high performance blue coated nanograin carbide end
mills were used as the cutting tool in each experiment. Some features of this milling cutter; made of high
hardness raw carbide material, high endurance and power. Its nano blue coating enables it to cut materials
up to 65 HRC hardness at high speed.

Table 3. Experimental set-up and milling parameters

Spindle Feed  Depth of Surface  Surface

T;;t Speed Rate Cut  Roughness Hardness

(rpm) (mm/min)  (mm) (Ra) (HRC)
1 2800 240 0.2 0.772 59.60
2 2800 200 0.2 0.497 60.50
3 2800 160 0.2 0.480 60.40
4 3000 180 0.2 0.489 60.80
5 2500 180 0.2 0.686 60.40
6 2000 180 0.2 0.692 61.00

According to the results of the analysis, it was obtained that the spindle speed and feed rate cutting
parameters had a remarkable effect on the roughness of the machined surfaces. On the other hand, the
surface hardness of the machined surfaces was measured in the range of 60-62 HRC values, which was
the steel hardness before machining. The topographic structure of the steels processed with different
processing parameters was examined with a digital microscope system Leica DMS300 and shown in
figure 5. Here, the cutting tool marks, which also affect the surface roughness, are clearly visible.
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2800 rpm, 240 mm/minj |2800 rpm, 200 mm/min| §2800 rpm, 160 mm/min

Roughness 0.772 Ra Roughness 0.497 Ra Roughness 0.480 Ra

3000 rpm, 180 mm/min{ 2500 rpm, 180 mm/min{ §2000 rpm, 180 mm/min

Roughness 0.686 Ra

Figure 5. Optical microscope images of test samples

Roughness 0.489 Ra Roughness 0.692 Ra

Surface roughness is an important parameter that affects the mechanical performance and machining cost
of a machined part [22]. The most considered Ra surface roughness measurement parameter is mostly
used to characterize or assign a finishing grade (ISO 1302) to a machined surface or a surface about to be
machined [23]. In operations with a lower depth of cut, the surface roughness is generally lower [24]. For
this reason, in this study, the cutting depth was chosen as 0.2 mm and the chip was removed. As a result,
as the feed rate increased at a constant 2800 rpm spindle speed, the surface roughness increased as the
amount of chip removed per unit time increased as shown in figure 6. Similarly, Brezocnik et al. reported
that the SR was commonly affected by the feed rate in their study on the estimation of surface roughness
by genetic programming [25]. As the spindle speed increased at a constant feed rate of 180 mm/min, the
amount of chips for the next cutting decreased, as the cutting blade removed more chips with each turn,
and therefore the surface roughness decreased as shown in figure 6. Kalidass and Palanisamy made a
study on a regression and artificial neural network model to estimate SR in terms of helix angle, spindle
speed, feed rate and depth of cut. They reported that enhancement in feed rate, depth of cut and spindle
speed increases the SR. Additionally, increasing the helix angle decreases the SR [26].
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Figure 7. Microhardness measuring points

Microhardness values were taken from the cross-section of each treated sample by using microhardness
tester Future-Tech FM-700. Values were measured from 4 different regions starting from the machined
surface, approximately 50 pm, 150 pm, 250 pm and 350 pm as shown in figure 7. It was observed that the
microhardness values in these regions were different from each other. There are findings in the literature
that the microhardness of machined surfaces of hard steels is affected by machining parameters such as
cutting speed, feed rate, axial depth of cut and radial depth of cut [27]. It is known that cutting speed and
feed rate are the parameters that affect the microhardness the most [27-28]. Pereira et al. reported that
increase cutting speed and feed per tooth lead to higher microhardness values near the surface of AISI
4340 steel; the former probably due to the presence of untempered martensite and the latter owing to
work hardening [29].
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Figure 8. Change of microhardness with increasing spindle speed at constant feed rate value

It is seen in figure 8 that the microhardness reduction as the spindle speed increases. It was determined
that the microhardness value, especially in the areas close to the machined surface, was lower than the
machined surface. Lu et al. reported that the microhardness of micromilled Inconel 718 decreased with
increasing spindle speed and increased with increasing axial depth of cut. The effect of size has a
extraordinary impact on micro-hardness when the feed per tooth increases, which at first increases micro-
hardness but then decreases it after the feed per tooth reaches the minimal cutting thickness [30]. The
increase in plastic deformation rate with increasing cutting speed causes this situation, resulting in a
narrower initial deformation zone. In addition, the yield strength increases as the plasticity of the
workpiece material decreases. These conditions produce a reduced degree of plastic deformation.
Moreover, as the cutting speed increases, the contact time between the cutting tool and the workpiece
decreases, which leads to a decrease in the thermal time. All these cases affect the reduction of surface
microhardness with increasing spindle speed [30]. Shokrani et al. determined that the depth of the
affected area is lower in dry machining and cryogenic machining than in flood cooling [16]. In this study,
microhardness change was determined in the region between 50-350 um by dry machining. In addition,
as the feed rate per revolution of the milling cutter decreased at a constant cutting speed of 2800 rpm, the
microhardness value decreased. This decrease was greater near the treated surface as shown in figure 9.
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Figure 9. Microhardness at different feed rates at constant cutting speed

A well milled surface significantly improves fatigue strength and corrosion resistance [25, 31]. In this
work, successful results were obtained by reaching a surface roughness of 0.480 Ra by processing
X153CrMoV12 Cold Work Tool Steel with 60-62 HRC hardness using 2800 rpm Spindle Speed and 160
mm/min Feed Rate processing parameters without the need for refrigerant fluid.

4.CONCLUSIONS

In this work, the following results were obtained about the effects of machining parameters on the surface
roughness and hardness by processing high hardness cold work tool steel without using coolant;

- As the spindle speed increased at a constant feed rate of 180 mm/min, the amount of chips for the next
cutting decreased, as the cutting blade removed more chips with each turn, and therefore the surface
roughness decreased.

- As the feed rate increased at a constant 2800 rpm spindle speed, the surface roughness increased as the
amount of chip removed per unit time increased.

- The increase in spindle speed caused a decrease in microhardness. It was determined that the
microhardness value, especially in the areas close to the machined surface, was lower than the machined
surface.

- As the feed rate per revolution of the milling cutter decreased at a constant cutting speed of 2800 rpm,
the microhardness value decreased. This decrease was greater near the treated surface.
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Abstract
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For our country, which has few renewable energy supplies, energy sustainability is becoming
Research article increasingly vital. Foam concrete is a porous building material having air spaces created by
Received: 4.11.2021 foaming agents, as well as a high energy efficiency due to its pores. The goal of this research is
ii‘c)’;?:dzjgl ]22'22%221 I to produce high-insulating building materials by using expanded perlite and granular polystyrene

T foam as aggregates and an aerogel layer on the concrete surface in foam concrete. Thermal

Keywords conductivity, physical and mechanical properties of samples produced using various cement types

and aggregate ratios were analyzed. Thermal conductivity values and mechanical properties were
Foam concrete, found to be better in foam concrete samples made with Portland composite cement. The use of
Expanded perlite, Portland composite cement resulted in the lowest thermal conductivity coefficient of (1) 0.09848
Z Ziyrsozg ?”efoam’ W/m.K. The use of less expanded perlite in foam concrete, likewise polystyrene foam, increased

the thermal conductivity coefficient. It has been discovered that using silica aerogel as a layer has
no major effect on the change in the thermal conductivity coefficient, and more extensive studies
should be conducted on its use in foam concrete.

Thermal conductivity

1. INTRODUCTION

Energy loss in buildings accounts for over 40% of global energy usage. In order to use energy consumption
more efficiently and reduce it to lower levels, construction materials, particularly those employed in
insulation, must be developed. In most cases, building insulation is applied to the structure's outside walls.
When the construction materials used on the external walls reduce the enormous quantity of energy
loss/leakage, it is expected that significant support for energy efficiency and the country's energy strategy
will be supplied. With this in mind, creating innovative construction materials is critical in order to reduce
losses and increase the material's thermal efficiency [1].

Raw perlite is widely available in our country, although it can only be used effectively in a few regions. To
generate a highly low-density, very small porous construction material, raw perlite stone is kept at a high
temperature of roughly 800 to 1100 °C [2]. It is known as expanded perlite (EP) because it expands by
roughly 20+5 times in volume and possesses insulating characteristics. Although expanded perlite is most
commonly used in agriculture, it is also employed in the construction industry as an insulation-based
construction material [3,4]. Perlite has a low thermal conductivity value, making it an excellent material
for improving the thermal qualities of external walls. Furthermore, the non-flammability of expanded
perlite can be considered as a significant benefit [2].

Foam concrete is a construction material that is classified as light concrete and can be used for high energy
efficiency in many definitions [5, 6] where the gaps formed by foam agents are trapped in the grout and
have low thermal conductivity and sound values [1] and it is effective in reducing the dead load of the
structure. With the ability to adjust the densities of cement-based foam concretes (density of 400-1850
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kg/m? [7]), it may be employed mainly in structural partition walls and places where high thermal insulation
values are required [8]. In addition, foam concrete has superior strength and fire resistance when compared
to organic insulation materials [7, 9-11].

Since its invention in 1950, numerous investigations on cement-based cellular foam concrete have been
done [12]. In order to increase the durability of plastic concrete, synthetic and protein-based foaming agents
that create stable air bubbles in the concrete were developed, particularly in 1990. In addition, thanks to the
hybrid foam agents created, foam concretes are used on a broad scale [13]

There are different studies on the rheological and mechanical properties [14, 15] of the different cements
that make up foam concrete, the contributions of fly ash and blast furnace slag [16, 17], the history of foam
concrete, the materials used and the properties of these materials [ 18], the fresh properties of foam concrete,
its properties related to fire resistance, thermal conductivity [19, 20] and its uses [21].

Granular polystyrene foam is a material that is widely used material in construction, automotive sector and
marine fields with good properties such as moisture resistance, chemical resistance, lightness and low cost
[22]. Especially due to its light weight, when used as aggregate in concrete, it creates a decrease in concrete
density and also contributes to the durability characteristics of concrete [11].

Aerogel is a very light material with a density of three times the density of air, three-dimensional nano-
pores, 95% of its structure can be porous. With its high surface area and surface porosity, it also has low
thermal conductivity, making it an important material for aerogel energy efficiency. Aerogel can be
produced hydrophilic or hydrophobic with materials such as carbon and silica [23, 24]. Silica aerogels,
which were first used in different sectors such as electronics, chemistry and automotive [25], are very good
thermal insulation material with nano pores with low density of 0.003-0.015 g/cm? and thermal conductivity
of 0.013-0.02 W/m.K [26, 27]. Aerogels with a low degree of toughness are known as highly fragile
materials at a high hardness/density ratio. Recent studies on the application of acrogel composite materials
are of great importance in terms of improving energy efficiency in structures [23, 24].

Hydrophobic silica aerogels benefit from low conductivity as well as increased moisture resistance in foam
concrete, but the mixing process during the preparation of foam concrete requires that the aerogel used be
hydrophilic. The use of hydrophobic silica aerogels during mixing causes a serious decomposition in the
matrix of foam concrete and deterioration of the foam structure created by foam agents [28]. This allows
new methods to be investigated for the use of hydrophobic silica aerogel, which is intended to be used in
foam concrete.

In this study, it is aimed to produce foam concrete that can provide both energy sustainability and building
lightness. The thermal conductivity, physical and mechanical effects of the cement type and the changes in
the aggregate ratios used on the foam concrete were investigated. It is aimed to produce foam concrete by
using two different cement types, expanded perlite aggregate, granular polystyrene foam, nano-silica
aerogel and synthetic-based foaming agent, and to obtain optimum thermal insulation values by using
different proportions of ingredients.

2. EXPERIMENTAL PRODUCERE
2.1 RAW MATERIALS AND MIXTURE RATIO

For the fabrication of foam concrete samples, two types of cement were employed as binders: CEM 1 42.5
R Portland Cement and CEM II A-M (V-L) 42.5 R Portland Composite Cement (BASTAS). The tras and
limestone in Portland composite cement cause the strong long-term resistance and low water supply. Since
Portland composite cement is expected to have stronger strength than Portland cement, its impacts on
thermal conductivity values have also been researched. Table 1 contains the technical specifications for
both binders.
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Table 1. Properties of CEM I and CEM II Portland cementl

Mechanical and Physical Properties
CEM1I CEM 11

Specific surface area (cm?/g) 3600 4200
Initial setting (min) 160 130
Final setting (min) 210 200
Volume expansion amount (mm) 0-2 0-2
Compressive strength 2 Days (N/mm?) 29 30
Compressive strength 28 Days (N/mm?) 48 58

The aggregates in the batch are powder expanded perlite (PEP) and granulated expanded perlite (GEP),
blended between 0.1 and 4 mm. In Table 2, the technical characteristics for both expanded perlite aggregates
are listed. EPS (expanded polystyrene) was also added to the mix in various percentages. EPS added to the
mixture has a density of 18.9 kg/m? and a thermal conductivity value of 0.031 W/m.K, in addition EPS
particles in granular form are between 2 and 4 mm in size.

Table 2. Properties of expanded perlite aggregate

Physical Property Powder Expanded Perlite Granular Expanded Perlite
Color White White
Hardness 515 5.23
pH 7.26 7.08
Dry density, kg/m’ 51.48 112.45
Water absorption (%) 55 66
Structural degradation 885 900
Melting point 1075 1150
Fire resistance Non-flammable Non-flammable
Thermal conductivity, mW/m.K 43.321 47.982

Additionally, nano-silica aecrogel (NSA) was put in a layer of ~5 mm thick on surface of the foam concrete
samples, to improve the thermal properties of the produced panel. The density of the NSA is 1.3 g/cm3,
with a silica content of 40% (by weight), a pH of 9.4, and a viscosity of 6 cP. To create the requisite air
bubbles in produced panels, a foaming agent containing calcium stearate, sodium nitrate, and acrylate
polymer emulsion was preferred as a stabilizer. Table 3 contains further technical standards for a synthetic-
based foam agent, as well as limit conditions. The water used to prepare the tests came from the Ankara
Metropolitan Municipality's tap. The network values have been found to be within TS 266 and EPA
limitations.

Table 3. Properties of Lightcon-28 foam agent

Property Value
Density 1.03+0.02 kg/l (ISO 758)
pH 5.0+1 (TS 6365 EN 1262)
Chlorine content <0.1% (TS EN 480-10)
Alkaline content <5.0% (TS EN 480-12)

Freezing point -5°C
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At +20°C, it was obtained under 50% relative humidity conditions.

2.2 TEST INSTRUMENT
2.2.1 Preparation Technology and Experimental Method of Foam Concrete

The following processes are used to prepare EPS-added foam concrete samples in accordance with the
chemical foam concrete model performance and molding technology.

e Eps-added particles make up 10% of the entire volume of the system.

e The dry density of foam concrete samples has been adjusted to a maximum of 480 kg/m?.

e CEM I and CEM II cements were mixed dry in order, and mortar was mixed with water. According to
the design data, the foam agent was foamed at a rate of 38/1 with water for 5.48 minutes in a separate
container. Gradually, grout was added and stirred until the mixture is homogenized.

e After the samples were created, ~5 mm thick layer of nano-silica acrogel was applied to the top (open)
area of the sample.

e The cement ratios in the samples were kept constant, and the W/B ratio is 0.45 for all mortars.

Table 4 lists the quantities of expanded perlite aggregate and granulated polystyrene foam used in the
foam concrete samples, which total 18 mixes.

Table 4. The mixing ratio

Materials used (kg) (for 1 m> foam concrete)

Sample Cement [Expanded perlite  Granular polystyrene Water Foaming agent
foam
CGpl100Pk75 250 130 100 115 80
CGpl100Pk50 250 130 65 115 80
CGpl100Pk30 250 130 40 115 80
CGp75Pk75 250 100 100 115 80
CGp75Pk50 250 100 65 115 80
CGp75Pk30 250 100 40 115 80
CGp50Pk75 250 65 100 115 80
CGp50Pk50 250 65 65 115 80
CGp50Pk30 250 65 40 115 80

The fresh foam concrete obtained was kept in molds for 24 hours in a laboratory environment at 20+£2°C
and 55-65% relative humidity. After 24 hours, it was taken out of the molds and kept in natural cure for 28
days. Experiments were applied to determine dry density, water absorption, flexural strength and thermal
conductivity coefficient.

2.2.2 Experimental Methods

Each batch of samples consisted of 30x300%x300 mm prism samples and 100x100x100 mm cubic
specimens. For foam concrete samples, tests were carried out to determine dry density and water absorption
in accordance with the TS EN 12390-7 standard, to determine the bending strength in accordance with the
TS EN 12390-5 standard, and to find the thermal conductivity coefficients in accordance with TS EN 12664
and TS EN 12667 standards. According to ASTM C518, JIS A1412, ISO 8301, and DIN 12667 standards,
the thermal conductivity coefficient of the samples was determined using LINSEIS HFM300. The heat flow
is measured by inserting the sample between the hot and cold plates and measuring the heat flow. The
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temperature difference between the device's plates is 20°C, with the top plate at 30°C and the bottom plate
at 10°C.

3. RESULT AND DISCUSSION

Fig. 1 depicts the dry densities of the foam concrete samples prepared as part of the research.
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Figure 1. Dry Density values of foam concrete samples

The density of foam concrete varies depending on the density of the foam, the time it takes to mix the
concrete grout, the proportions of the ingredients used, and the volume weights of the materials.

When the graph in Fig. 1 is examined, it is observed that when the amount of granular polystyrene foam
decreases the dry density of foam concrete increases in the same way that the amount of expanded perlite
aggregate is reduced, the dry density of foam concrete increases. This can be attributed to the fact that the
unit volume weights of the expanded perlite aggregate and granular polystyrene foam have a value lower
than the unit volume weight of the cement that replaces it when the amount decreases.

When the influence of cement type on dry density is investigated, it is discovered that the dry density of
foam concrete samples made with CEM I Portland cement is lower than that of foam concrete samples
made with CEM II Portland composite cement. The foam concrete mixture with the lowest dry density in
Gp100Pk75 using CEM 1 Portland cement is 397.16 kg/m?, while the combination with the maximum dry
density is 559.5 kg/m® in Gp100Pk75 using CEM II Portland composite cement. Foam concrete samples
are classified as lightweight concrete with all dry density values obtained [7].

The amount of aggregate and kind of cement used in foam concrete samples were utilized to determine
water absorption values by volume (Fig. 2).
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Figure 2. Volume water absorption values of foam concrete samples (%)

The water absorption values of foam concrete vary greatly, ranging from 59 to 74%. Concretes with high
porosity have high water absorption values. The water absorption rates in foam concrete are related to the
mortar structure rather than the foams formed [8]. The foam concrete sample with the highest water
absorption value is 74% in the sample with the CEM II type cement numbered Gp50Pk75, which contains
50% expanded perlite aggregate of the aggregate used in foam concrete design and 75% granular
polystyrene foam.

The flexural strength of foam concrete samples was measured after they had been water-cured for 28 days.
Fig. 3 in the graph shows the obtained flexural strength values.
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Figure 3. Flexural strength values of foam concrete samples oF (MPa)

The compressive strengths of foam concrete vary according to their density (360-1400 kg/m?) and range
between 1-10 MPa. The ratio of the bending strength value to the compressive strength is in the range of
0.25-0.35 [8,16]. The flexural strengths of foam concrete samples made with type CEM I cement range
from 0.99216 MPa to 1.27101 MPa. The sample number Gp50Pk30 has the maximum flexural strength of
1.27101 MPa (50 percent expanded perlite aggregate and 30 percent granule polystyrene foam). In foam
concrete samples with 1.01049 MPa and 1.3039 MPa values, CEM II type cement is used. In the foam
concrete samples using CEM Il type cement, the highest flexural strength value is 1.3039 MPa in the sample
numbered Gp50Pk30 (50 percent expanded perlite and 30 percent granular polystyrene foam), which is
similar to the sample using CEM I type cement.

With more granulated polystyrene foam and expanded perlite aggregate in the mortar, the flexural strength
of foam concrete samples decreases. It has been observed that the fractures occur at the aggregate-mortar
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interface (Fig 4). The flexural strength of foam concrete samples made with CEM II Portland composite
cement was higher than that of CEM I Portland concrete samples. This is due to the fact that the pozzolanic
elements in cement have an impact on strength.

Figure 1. Sample of foam concrete after flexural strength test

Normal concrete (p: 2200 kg/m?) has a conductivity coefficient of 1.6 W/m.K. In foam concrete, these
values are between 0.06 and 0.66 W/m.K at densities of 200-1600 kg/m? [7]. The produced foam concrete
samples' thermal conductivity coefficient (A) values are listed in W/m.K in Table 5.

Table 5. Thermal conductivity of CEM I and CEM Il cement types A (W/m.K)

Sample CEM1 CEM IT
Aerogel layerless Aerogel layered Aerogel layerless Aerogel layered
Gpl00Pk75 0.10777 0.115 0.09848 0.12059
Gpl100Pk50 0.13595 0.12 0.1144 0.12839
Gpl100Pk30 0.156 0.13294 0.116952 0.13176
Gp75Pk75 0.11483 0.13063 0.10985 0.12937
Gp75Pk50 0.11511 0.135 0.12114 0.13447
Gp75Pk30 0.138 0.137 0.12201 0.13511
Gp50Pk75 0.11373 0.12293 0.11106 0.134
Gp50Pk50 0.11676 0.12304 0.11214 0.138
Gp50Pk30 0.12003 0.124 0.11572 0.139

The lowest thermal conductivity coefficient is 0.09848 W/m.K in the Gp100Pk75 mixture, in which CEM
II Portland composite cement is used, expanded perlite aggregate at the same rate as the aggregate amount
in the foam concrete design calculation, and granular polystyrene foam used by reducing it by 0.25,
according to the given chart. Reduced foam granule polystyrene increased the coefficient of thermal
conductivity in the foam concrete samples, whereas increased use of expanded perlite aggregate decreased
the coefficient of thermal conductivity. It is thought that the low thermal conduction coefficients of the
expanded perlite aggregate and granular polystyrene foam are the cause of the decrease in the thermal
conduction coefficient of the foam concrete sample if the ratio increases in the concrete mixture.

When the cement type was examined in foam concrete samples without an aerogel layer, mixtures
containing CEM II composite Portland cement had a lower thermal conductivity coefficient. In this case,
the thermal conductivity coefficient was improved using pozzolanic elements in the CEM II composite
Portland cement.
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The addition of aerogel layer to the collected samples increased the thermal conductivity coefficient,
contrary to predictions. This could be owing to the hydrophobic nature of the nano-silica aerogel employed
in the mixture, which prevents it from fully adhering to the concrete surface.

Thermal Conductivity A (W/m.K)
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Figure 5. Density-thermal conductivity coefficient comparison of CEM I cement type
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Figure 2. Density-thermal conductivity coefficient comparison of CEM Il cement type

In the graphs given in the figure, the thermal conductivity coefficient obtained from the TS 825 standard
according to the dry density data of the sample and the thermal conductivity coefficients of the foam
concretes were examined comparatively. According to TS 825, the design density was taken as a basis on
the concrete, which should have a thermal conductivity coefficient of 0.1-0.49 W/m.K at the density values
of 300-1600 kg/m?. It was observed that the value of the thermal conductivity coefficient decreased with
the low dry density in the foam concrete. Expanded perlite aggregate and granular polystyrene foam, both
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of which are employed at a high rate in low dry density foam concrete, have been shown to have a favorable
effect on the thermal conductivity coefficient.

4. CONCLUSION

In this study, the change of thermal conductivity coefficient of various real density and proportions in foam
concretes with expanded perlite aggregate, granular polystyrene and nano-silica aerogels, which were
created with a dry density of 480 kg/m?, was examined.

In foam concrete samples prepared with a dosage of 250 kg/m® and a ratio of 0.45 W/B, the dry density
values found range from 397.16-559.5 kg/m®. These values were approximately + 18% different from the
targeted value. This is due to the fact that the dry densities of the materials employed in different ratios in
each mixture vary.

Foam concrete absorbs a lot of water due to its high void rate. The percentages of water absorption in the
foam concrete samples varied from 59 to 74 percent. Because the foam ratio is constant and the materials
used to fill the gaps in foam concrete, these numbers vary.

Increased perlite aggregate and granulated polystyrene foam rate in the content reduces the flexural strength
of foam concrete samples. Flexural strength values for foam concrete using CEM I and CEM II type cement
range from 0.99216 MPa to 1.3039 MPa. After the flexural test, cracks were discovered within the interface
area. Among the results collected, it was revealed that reinforcement the surface connection of the granular
polystyrene foam used in foam concrete can improve flexural strength.

In foam concrete samples, values of thermal conductivity coefficient (A) range from 0.09848-0.156 W/m.K.
Compared to the limit value of TS 825, it was observed that the foam concretes other than the Gp100Pk30
sample of CEM I type cement were below the desired value.

The addition of hydrophobic nano-silica aerogel in layers on the concrete surface has improved foam
concrete's thermal conductivity values. The hydrophobicity of silica aerogels could not prevent heat passage
by creating heat bridges on the concrete surface and caused the coefficient of thermal conductivity to
increase. In this case, new ideas are produced for the method of use of silica aerogels used and provides the
basis for further research.

In this study to investigate a method that can be used to increase energy sustainability in structures it was
concluded that foam concrete produced using the expanded perlite aggregate and polystyrene foam which
is abundant in our country may be one of these methods.
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In this study, machinability properties were investigated for optimum Sr ratio in machining Al-
128Si-Sr alloys.
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Figure A. Experimental setup for cutting force measurement

Purpose: In this study, it was aimed to investigate the effect of strontium (Sr) additions at
different rates (0.02; 0.1 and 1%) on the cutting force, surface roughness and BUE (Built up edge)
formation in Al-12Si-Sr alloy.

Theory and Methods: Al-12Si-Sr alloys were produced by permanent method. Machining
experiments of the produced alloys were carried out in CNC vertical machining center. Hardness
and tensile strength of the experimental alloys were measured by conventional methods. Kistler
dynamometer and Mahr perthometer M1 roughness measuring devices were used for cutting force
and surface roughness measurement, respectively. Microstructure and BUE images were obtained
with optical and digital microscopes, respectively.

Results: Highest hardness and tensile strength values were obtained from Al-12Si-0.1Sr alloy.
The elongation to fracture value of the alloys decreased continuously with increasing Sr ratio. It
was determined that the cutting force, surface roughness and BUE formation decrease with the
increase in cutting speed, and these values increase in case of an increase in feed rate. The lowest
cutting force and surface roughness values were measured in the machining of the Al-12Si-0.1Sr
alloy, while the highest values were measured in the Al-12Si-0.02Sr alloy. The least BUE
formation was observed in the machining of the Al-12Si-0.1Sr alloy, while the highest BUE
formation was observed in the Al-12Si-0.02Sr alloy.

Conclusion: It was determined that a combination of maximum cutting speed and minimum feed
rate should be used for minimum cutting force, surface roughness and BUE. It was observed that
the optimum results in terms of mechanical and machinability properties were obtained with the
addition of 0.1 Sr.
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In this study, three Al-12Si-Sr alloys containing different ratios (0.02; 0.1 and 1%) strontium (Sr) were
manufactured by the permanent mold casting method. The microstructures of the manufactured alloys were
determined by standard metallographic methods, and the hardness and tensile strength values were stated by
the Brinell method and tensile test, respectively. The effects of different Sr ratios and cutting parameters on
the cutting force and surface roughness during turning of these alloys were investigated using CVD-
TiCN/AL,O5/TiN coated carbide inserts under the different cutting speeds (200, 300 and 400 m/min), feed rate
(0.05; 0.1 and 0.15 mm/rev) and constant depth of cut (1.5 mm) conditions. Metallographic examinations
revealed that the microstructure of the Al-12Si-0.02Sr alloy consists of o, eutectic aluminum-silicon, Al-Fe-
Si (8) phases and primary silicon particles, while the Al-12Si-0.1Sr contains Al-Sr-Si phase in addition to the
phases observed in the Al-12Si-0.02Sr alloy. In these investigations, it was also observed that as the Sr ratio
increased, the Al-Sr-Si phase grew and/or the number of these phase particles increased. The highest hardness
and tensile strength values were obtained from Al-12Si-0.1Sr alloy among the produced alloys. The
elongation to fracture value of the alloys decreased continuously with increasing of Sr ratio. It was seen that
the cutting force and surface roughness decreased with the increase of cutting speed, whereas increased with
the increase of feed rate in the machining tests. The lowest cutting force and surface roughness values were
measured in the machining of Al-12Si-0.1Sr alloy, while the highest values were measured in Al-12Si-0.02Sr
alloy in turning tests. Built-up edge (BUE) formation was observed during the turning of the alloys. It was
revealed that BUE formation could be reduced by using a combination of high cutting speed and low feed
rate. While the least BUE formation was observed in the Al-12Si-0.1Sr alloy at the cutting tool rake face, the
highest BUE formation was observed in the Al-12Si-0.02Sr alloy. The findings obtained from the turning
tests were discussed in based on the structural and mechanical properties of the alloys.

Kokil Kaliba Dékiim Yéntemi ile Uretilmis Al1-12Si-(0,02-1)Sr
Alasimlarimin CVD-TiCN/ALO3/TiN Kaplamah Kesici Ug ile

Tornada islenmesinde Kesme Kuvveti ve Yiizey Piiriizliiliigii
Uzerine Deneysel Calisma

Oz

Bu calismada, farkl oranlarda (%0,02; 0,1 ve 1) stronsiyum (Sr) igeren ii¢ adet Al-12Si-Sr alasimi kokil
kaliba dokiim yontemiyle iiretildi. Uretilen alasimlarim igyapilar1 standart metalografik yontemlerle, sertlik ve
¢ekme dayanimi degerleri ise sirasiyla Brinell 6l¢liim yontemi ve ¢gekme deneyi ile belirlendi. Farkli Sr oranlar
ve kesme parametrelerinin bu alasimlarin tornada islenmesi esnasindaki kesme kuvveti ve yiizey piiriizliliigi
tizerindeki etkileri, farkli kesme hizi (200, 300 ve 400 m/dak), ilerleme (0,05; 0,1 ve 0,15 mm/dev) ve sabit
kesme derinligi (1,5 mm) kosullarinda CVD-TiCN/AL,O3/TiN kaplamali karbiir kesici u¢ kullanilarak
aragtirllmisgtir. Metalografik incelemeler, Al-12Si-0,02Sr alagiminin igyapisinin «, Otektik aliiminyum-
silisyum, Al-Fe-Si (8) fazlar1 ile primer silisyum pargaciklarindan, Al-12Si-0,1Sr alasiminin igyapisinin ise
Al-128i-0,02Sr alagiminda gozlenen fazlara ilave olarak Al-Sr-Si fazindan olustugunu gostermistir. Bu
incelemelerde ayrica Sr orani arttikga Al-Sr-Si fazinin biyiidiigii ve/veya bu faz pargaciklariin sayisinin
arttig1 gdzlenmistir. Uretilen alagimlar igerisinde en yiiksek sertlik ve cekme dayanim degeri Al-12Si-0,1Sr
alasimindan elde edilmistir. Alasimlarin kopma uzamasi degeri ise artan Sr orant ile siirekli azalmistir. Isleme
testlerinde kesme hizinin artmasi ile kesme kuvveti ve yiizey piiriizliligiiniin azaldigi, ilerlemenin artmast
durumunda ise bu degerlerin de arttig1 tespit edilmistir. Tornalama testlerinde en diisiik kesme kuvveti ve
yiizey purizliliigi degerleri, Al-12Si-0,1Sr alasiminin islenmesinde 6lgiiliirken, en yiiksek degerler ise Al-
12Si-0,02Sr alasiminda Olgiilmiistiir. Alagimlarin tornalanmasi esnasinda yigmti talag (YT) olusumu
gozlenmistir. YT olusumunun yiiksek kesme hizi ve diisiik ilerleme kombinasyonlar1 kullanilarak
azaltilabilecegi ortaya konulmustur. Kesici ucta en az YT olusumu, Al-12Si-0,1Sr alasiminda gézlenirken, en
fazla YT olusumu ise Al-12Si-0,02Sr alasiminda gozlenmistir. isleme deneylerinden elde edilen bulgular,
alasimlarin yapisal ve mekanik 6zelliklerine dayandirilarak irdelenmistir.
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1. GIRiS INTRODUCTION)

Al-Si esash alagimlar, agirlikli otomotiv endiistrisinde igten yanmali motorlarin ve yiiksek o6zgiil
mukavemet gerektiren bazi parcalarin {iretiminde tercih edilmektedir. Farkli dokiim teknikleri ile
iiretilebilmesi, yliksek 6zgiil mukavemet ve diisiik ergime derecelerine sahip olmasi bu alagimlarin 6nemli
avantajlarindandir [1]. Bu alagimlarin mekanik sistemlerde hassas bilesen olarak kullanilabilmesi igin
tornalama, delme ve frezeleme gibi talagli imalat islemlerine ihtiya¢ duyulmaktadir. Ancak, bu alasimlarin
islenebilirligi farkli nedenlerden dolay1 zordur. Diisiik Si igerigine sahip Al-Si alagimlarinin islenmesinde
kesici takim malzemelerine aliiminyum fazin yapigsmasi veya yigint1 talag olusumu, 6zellikle kuru igleme
sartlarinda ana sorundur. Yiiksek Si icerikli alasimlar ise genellikle kesici takimin serbest ylizey asinmasina
neden olmaktadir. Bu nedenle Al-Si alagimlarin iglenmesinde hem YT hem de takim aginmasi, Si igerigine
bagli olarak kesici takim geometrisinin bozulmasina ve takim émriiniin azalmasina sebep olmaktadir [2-4].
Diger taraftan bu durum, isleme esnasinda kesme kuvveti ve yiizey piiriizliiliigii ¢iktilarint arttiran bir
etkendir. Bu bagimli degisken ciktilarin isleme tizerindeki verimliligi, kesme parametreleri, kesici takim
geometrisi, kesici takim malzemesi ve sogutma teknikleri gibi bagimsiz degiskenlerin kontrol altina
almmasi arttirilabilmektedir. Buna gore bu alagimlarin istenilen hassasiyette iiretilebilmesi i¢in kesme
parametrelerinin optimum sec¢imi son derece 6nem tagimaktadir. Al-Si esasli alagimlarin islenmesi ile ilgili
yapilan ¢aligmalarda; Kuczmaszewski vd., AI10SiMg alagiminin iki agizli kaplamasiz, TiB> ve TiAICN
kaplamali kesiciler ile frezelenmesinde TiAICN kaplamali kesicilerin daha iyi isleme performansi
sergiledigini [5], Barooah vd., basingli dokiim yontemi ile iiretilen Al-12Si alasiminin kaplamasiz HSS ile
vida agma isleminde, YT ve abrasif asinma mekanizmalariin etkili oldugunu ve Al fazi igerisindeki sert
silisyum parcaciklarinin abrasif aginmaya neden oldugunu belirtmislerdir [6]. Bayraktar ve Demir, kokil
kaliba dokiim yontemi ile iiretilen Al-12Si-0.6Mg alasiminin tornada islenmesinde, kesme hizinin artmasi
ile kesme kuvveti, yiizey piiriizliiliigii ve YT’ nin azaldigin1 ve ilerlemenin artmasi ile arttigmni tespit
etmiglerdir. Kaplamasiz kesici uglarin TiCN/TiN ve TiAIN/TiN kaplamali kesicilere gore daha iyi
performans sergiledigi ve T6 1s1l islemin islenebilirlik 6zelliklerini iyilestirdigi ortaya konulmustur [7].
Bayraktar ve Afyon, kokil kaliba dokiim yontemi ile iiretilen Al-7Si alagiminda Zn ve Cu ilavelerinin delme
isleminde kaplamasiz karbiir matkap kullanarak sabit kesme parametreleri sartlar1 altinda islenebilirlik
ozellikleri iizerindeki etkisini incelemislerdir. En diisiik ilerleme kuvveti, tork, ylizey piiriizliligii ve
YT nin sirastyla Cu ve Zn ilaveli alasimlarda oOlgiildiigiinii ortaya koymuslardir [8]. Steininger vd.,
AlSi19Cu3 alasiminin kaplamasiz, TiCN, CrN, SCiL-TiCN, TiB, and DLC kaplamali kesiciler ile vida agma
isleminde YT olusumunun gézlendigi ve bunun kesme hizina ve sicakliga bagli oldugunu tespit etmislerdir.
YT olusumunun diisiik kesme hizinin etkisi ile arttig1 ve DLC kaplamali karbiir kesiciler ile daha iyi yiizey
kalitesi, minimum YT ve kesme torkunun elde edildigini ortaya koymuslardir [9]. Wain vd., Al-Si-Cu
(A319) alagiminin kuru delinmesinde diisiik siirtlinmeli Dymon-iC, Graphit-iC, MoST ve MoS; esasl
kaplamalarin performansini inceledikleri ¢alismada, Graphit-iC kaplamali kesicilerin en uzun takim
omriine sahip oldugu ve en az YT sergiledigini tespit etmislerdir [10]. Marani vd., kokil kaliba dékiim
yontemi ile iiretilmis Al-Si-Cu alagiminin tornada islenmesinde stronsiyum (Sr), Bizmut (Bi) ve Antimon
(Sb) ilavelerinin kesme kuvveti iizerindeki etkisini incelemislerdir. Sr ilavesi ile kesme kuvveti artarken Bi
ilavesi ile kesme kuvvetinin azaldigin1 ve ANFIS (Adaptive neuro-fuzzy inference system) ile optimum
kesme sartlar1 olarak maksimum kesme hizi (250 m/dak) ve minimum ilerleme (0,05 mm/dev)
kombinasyonunun kullanilmasi gerektigini tespit etmislerdir [11]. Kumaran vd., Al-Si;Cus alagimimin
sementit karbiir kesici ug ile farkli kesme hiz1 (800, 8500 ve 9000 dev/dak), ilerleme (0,6125; 0,634 ve
0,645 mm/dev), kesme derinligi (0,4; 0,6 ve 0,8 mm) ve u¢ yarigap1 (0,5; 0,75 ve 1 mm) kullanarak
frezelenmesinde kesme parametrelerini yiizey piriizliliigii, talas kaldirma orani, artik gerilme ve talag
kalinlig1 performans kriterlerine gore optimize etmislerdir. Taguchi-TOPSIS ile optimum kesme sartlari
8000 dev/dak kesme hizi, 0,6125 mm/dev ilerleme, 0,5 mm kesme derinligi ve 0,5 mm ug yaricap1 olarak
belirlenmistir [12]. Dokiim yoOntemi ile liretilen alasimlarin mekanik sistemlerde optimum tolerans
araliklarinda nihai iriin olarak kullanilabilmesi igin talasli imalat operasyonlarma tabi tutulmasi
gerekmektedir. Ayrica, bu alagimlarin mekanik sistemlerdeki servis dmiirleri, talagli imalat operasyonlari
esnasinda Olgiilen kesme kuvveti ve ylizey piiriizliliigli ¢iktilar1 ile yakindan iligkilidir. Bu ¢iktilarin
performansi, optimum kesme parametrelerinin belirlenmesi ile kontrol altina almabilmektedir. Optimum
kesme parametreleri ise alagimlarin yapisal ve mekanik 6zellikleri ile yakindan iligkilidir. Son yillarda
yapilan bazi ¢aligmalarda igyapir modifikasyonu ve mukavemet artirma amactyla Al-Si alagimlarina
stronsiyum elementi ilave edilmis ve belli oranlardaki stronsiyum katkilarinin bu alagimlarin igyapisindaki
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otektik silisyum pargaciklarini inceltip kiiresellestirdigi ve bunun sonucunda da mukavemetlerinde artisa
yol actig1 belirlenmistir [13-15]. Ancak stronsiyum ilavelerinin bu alasimlarin tornalama islemi sirasinda
kesme kuvveti, yiizey pliriizliiliigii ve takim asinmasi tizerindeki etkilerini ortaya koyan bir ¢alisma heniiz
yapilmamistir. Bu nedenle; bu ¢alismada, Al-12Si esasli alagima farkli oranlarda Sr ilaveleri ile birlikte
farkli kesme hizi, ilerleme ve sabit kesme derinligi parametrelerinin tornalama iglemi esnasinda kesme
kuvveti, yiizey piiriizliiliigii ve takim asinmasi {izerindeki etkilerinin ortaya konulmasi hedeflenmistir.

2. MATERYAL VE METOT (MATERIAL AND METHOD)

Al-12Si-0,02Sr, Al-12Si-0,1Sr ve Al-12Si—1Sr alagimlari, kokil kaliba dokiim yontemiyle iiretildi.
Uretilen Al-Si-Sr alasimlarinin kimyasal bilesimi, literatiirden [13-15] faydalamilarak belirlendi ve
iiretimlerinde yiiksek saflikta ticari aliiminyum, silisyum ile Al-15Sr alasimi1 kullanildi. Belirtilen kimyasal
bilesimleri saglayacak sekilde 1gr hassasiyetine sahip bir terazide tartilan alagim bilesenleri, fotografi Sekil
la’da verilen orta frekansl bir indiiksiyon ocaginda ergitildi. Homojen karisimin saglanabilmesi amactyla
ergimis durumdaki sivi metale 670 + 5 °C’lik dokiim sicakliginda iicer dakika ara ile 30’ar saniye karistirma
islemi uygulandi. Bu islem bes kez tekrarlandi ve ayrica alasim bilesimlerinin diflizyonuna zaman vermek
amaciyla sivi metal dokiim sicakliginda 20 dakika bekletildi. Ergimis durumdaki alasim karigimlart
yukarida belirtilen dokiim sicakligindan oda sicakliginda tutulan, 60 mm taban ve 110 mm agiz ¢apina
sahip 260 mm yiiksekligindeki bir kokil kaliba [13-15] dokiilerek katilagtirildi. SAE 8620 celiginden
yapilmis olan bu kalibin fotografi, Sekil 1b’de verilmektedir.

Niindemak

Sekil 1. Alasimlarin iiretiminde kullanilan ekipmanlar,- a) Indiiksiyonlu ergitme ocagi ve b) Alasimlarin
katilagtirilmasinda kullanilan kalip

Uretilen alagimlarin kimyasal bilesimleri, indiiktif olarak eslesmis plazma emisyon spektrometrisi-optik
emisyon spektrometresi (ICP-OES) teknigi ile i¢ yapilari ise standart metalografik yontemlerle hazirlanan
numunelerin optik mikroskopta incelenmesi yoluyla belirlendi. Igyapt numuneleri, @20x10 mm
boyutlarinda talaglh imalat ile alasim kiilcelerinden elde edildi. Bu numunelerin incelenecek ylizeyleri, ilk
asamada sirasiyla 300, 600, 800, 1200 ve 2000 numarali zimparalar ile zzimparalandi. Zimparalama
isleminden sonra ise s6z konusu yiizeyler, sirasiyla 9 ve 3 um’lik elmas ve 0,05 um’lik SiO; siispansiyonlar
ile parlatildi. Numunelerin parlatilmis yiizeyleri, daglama islemi uygulanmadan mikroskobik incelemeye
tabi tutuldu ve fotograflandi. Uretilen alasimlarin sertlik degerleri, Brinell sertlik lgme ydntemiyle
belirlendi. Bu 6l¢iimler, teknik resmi Sekil 2a’da verilen numuneler iizerinde 62,5 kgxf yiik altinda 2,5 mm
capinda bilye u¢ kullanilarak gergeklestirildi. Her bir alasim 6rnegi lizerinde en az on bes adet 6l¢iim
gerceklestirilerek elde edilen Olglilerin aritmetik ortalamasi alinmak suretiyle alasgimlarin sertlik degerleri
belirlendi. Cekme deneyleri, @8x40 mm’lik 6l¢ii boyutlarina sahip silindirik is parcalari iizerinde 1073 s-
Plik deformasyon hizi sartlar1 altinda gergeklestirildi (Sekil 2b). Her bir alasim igin alt1 adet 6rnek iizerinde
Olctim gerceklestirildi ve olgiilen degerlerin aritmetik ortalamasi hesaplanarak alagimin akma ve ¢ekme
mukavemeti ile kopma uzamasi degerleri belirlendi.
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Uretilen alasimlarin islenmesi esnasinda kesme kuvvetinin dlciilmesi icin kullanilan deneysel diizenek
Sekil 3’te verilmistir. Bu diizenekte, Fx, Fy ve Fz kuvvet sinyalleri Kistler dinamometre ile alinarak
ylikseltece ve Dynoware yazilimi ile grafiklere aktarilmaktadir. Her ii¢ kuvvet bileseninin bileskesi alinarak
kesme kuvveti tespit edilmektedir.
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Sekil 3. Kesme kuvveti ol¢iimii igin deneysel diizenek

Isleme deneylerinde Tablo 1°de teknik 6zellikleri verilen Sandvik marka DCMT 11T304-MM kodlu kesici
uc kullanilmistir. Isleme testleri icin is parcast Slgiileri $58x200 mm olarak kullanilirken kesme sartlari
icin kesici takim {iretici firma degerleri dikkate alinarak Tablo 2’de verilen parametre ve seviyeler
kullanilmagtr.

Tablo 1. Kesici uc teknik ozellikleri

- Kaplama Kaplama sertligi Kaplama kalinhg Tane <
Kaplama tiirii metodu (HV) (um) boyutu Baglayici
TiCN/ALO;/TiN CVD 1500 4,5 M L

Tablo 2. Kesme parametreleri

Kesme hiz1 (m/dak)-V ilerleme (mm/dev)-f Kesme derinligi (mm)-a,
200, 300, 400 0,05; 0,1, 0,15 1,5

Islenmis yiizeylerin yiizey piiriizliiliigii, ISO 4287 standardinda belirtilen kriterlere gore ortalama yiizey
piirtizliligi (Ra) degerleri olgiilerek tespit edilmistir. Mahr Perthometer izleyici uglu piiriizliilik cihazi
kullanarak her bir yiizey icin farkli noktalardan bes adet 6lgiim alinmig ve bu Ol¢limlerin aritmetik
ortalamasi ile Ra degerleri belirlenmistir. Kesici u¢larda olusan asinmalar ise Dino-Lite marka ve
AM4113ZT model dijital mikroskop ile tespit edilmistir.

3. SONUCLAR ve TARTISMA (RESULTS AND DISCUSSIONS)

Al-128i-0,02Sr, Al-12Si-0,1Sr ve Al-12Si-1Sr alasimlarinin kimyasal bilesimleri, Tablo 3’te, alasimlarin
icyapisim gosteren mikrograflar ise Sekil 4’te verilmektedir.
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Tablo 3. Uretilen alasimlarin kimyasal bilesimleri

Kiitlece element oram (%)

Alasim Fe, P, V, Zn, vb.
Alasim Kodu Silisyum  Stronsiyum (safsizhk Aliiminyum
elementleri)
Al-128Si-0,1Sr A 12,4 0,02 0,30
Al-128Si-0,02Sr B 12,3 0,11 0,31 Kalan
Al-128Si-1Sr C 12,1 1,02 0,35

Sekil 4’teki mikrograflar, B alagimmin igyapisinin aliiminyumca zengin o fazi, &tektik silisyum
parcaciklarinin ince kiiresel sekilli oldugu 6tektik aliiminyum-silisyum faz bdlgesi ve intermetalik Al-Fe-
Si (8) faz1 ile primer silisyum pargaciklarindan olustugunu gostermektedir (Sekil 4a). 4 alagiminin
igyapisinda ise B alasiminda gbzlenen fazlara ilave olarak Al-Sr-Si fazi ortaya ¢ikmistir (Sekil 4b). Kiitlece
%1 oraninda Sr iceren C alasgiminda ise A alagimindan farkli olarak sadece Al-Sr-Si (Al4Sr) fazinin
biiytidiigii ve/veya bu faz parcaciklarmin sayisinin arttigi goézlenmistir (Sekil 4c). Al-Si-Sr alagimlarinin
icyapisinda bu fazlarin olusumu daha Onceki c¢alismalarda alasimlarin soguma davraniglarina
dayandirilarak detayli bir sekilde ortaya koyulmustur [13-20]. Alagimlarin i¢yapilarinin incelenmesinden
elde edilen bulgularin bu konuda daha 6nceden yapilmis ¢alismalar ile uyumlu oldugu gézlenmistir.

Sekil 4. Al-128i-Sr alagimlarinin i¢yapisim gosteren mikrograflar, a) Al-12Si-0,02Sr (B alasimu),
b) Al-12S5i-0,1S8r (A alasimi) ve c) Al-12Si-1Sr (C alasimi)
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Uretilen alagimlarin sertlik, gekme dayanimi ve kopma uzamasi degerleri ile bu degerlerin stronsiyum
oranina gore degisimini gosteren egriler Sekil 5°te verilmektedir. 4 alasimi, B alasimindan azda olsa sertlik
bakimindan yiiksek bir deger sergilerken, C alagimi1 bu iki alasimdan daha diistik sertlik degeri sergilemistir.
Uretilen alasimlar icerisinde en yiiksek cekme mukavemeti degeri 4 alasimindan, en diisiik cekme
mukavemeti degeri ise C alasimindan elde edilmistir. Al-12Si-Sr alagimlarinin kopma uzamasi degerleri
ise artan stronsiyum orant ile stirekli azalmistir (Sekil 5). Sertlik 6lgme ve mekanik deneylerden elde edilen
bulgular, daha 6nce bu konuda yapilan ¢aligmalar ile uyumlu oldugu gézlenmistir. Al-12Si-Sr alagimlarinin
sertlik, mukavemet ve kopma uzamasi degerleri iizerinde stronsiyumun etkisini ifade eden daha 6nce
yapilan calismalarda [13-20] detayli olarak irdelenerek ortaya koyulmustur. Literatiirdeki bu ¢alismalarda;
s0z konusu alagimlarin sertlik ve mukavemetinde stronsiyum katkilarimin neden oldugu artis, Stektik
silisyum parcaciklarinin  kiiciiliip kiireselleserek alagimin igyapisinda daha homojen bir sekilde
dagilmasina, %0,1 Sr oranindan sonra bu degerlerde gozlenen azalma ise & fazinin morfoloji degistirmesi
ve/veya icyapidaki intermetalik Al4Sr fazinin miktarinin artmasina dayandirilarak agiklanmustir. Literatiirde
[21-26], alasimlarin kopma uzamas1 bir bagka deyisle siineklik degerlerinde meydana gelen azalma da
aliminyumca zengin dendritlerdeki morfoloji degisikligine ve dendritler arasi bolgelerde olusan
intermetalik Als4Sr fazinin etkisine dayandirilmastir.

100 - 7 200 520
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L —8— Cekme dayanimi— 180 _5 18
90 —4&— Kopma uzamasi ] ~ =16
4 ] ]
-4 160 & 7 -
80 ] =2 RS
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Stronsiyum orani (%)
Sekil 5. Al-12Si-Sr alagimlarimin sertlik, cekme mukavemeti ve kopma uzamasi degerlerinin
stronsiyum oranina gore degisimini gosteren egriler

A, B ve C alasimlarinin islenmesi esnasinda sabit ilerlemede 200, 300 ve 400 m/dak kesme hizlar1 i¢in
Olciilen kesme kuvveti ve ylizey piiriizliiliigii grafikleri, Sekil 6’da verilmistir. Bu grafiklere gore kesme
hizinin artmasi ile tiim alagimlarda kesme kuvveti ve yilizey piiriizliligli degerlerinin azaldigi tespit
edilmigtir. Kesme hizinin artmasi, birincil ve ikincil deformasyon bdlgesinde sicaklik olusumunu
attirmaktadir. Bu durum, kesme bolgesinde malzemenin akma mukavemetini azaltarak kesme iglemini
kolaylastirmaktadir. Boylelikle, kesme kuvveti azalirken islenmis ylizey kalitesi de artmaktadir [16, 27,
28].
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Sekil 6. Sabit ilerlemede kesme kuvveti ve yiizey piirtizliiliigii iizerinde kesme hizimin etkisi, a) f: 0,05
mm/dev, b) f: 0,1 mm/dev ve c) [ 0,15 mm/dev

Tiim alagimlarin sabit kesme hizinda 0,05; 0,1 ve 0,15 mm/dev ilerleme degerlerinde islenmesi sonucunda
Olciilen kesme kuvveti ve yiizey piiriizliligi grafikleri, Sekil 7°de verilmistir.
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Sekil 7. Sabit kesme hizinda kesme kuvveti ve yiizey piiriizliiltigii tizerinde ilerlemenin etkisi, a) V: 200
m/dak, b) V: 300 m/dak ve ¢) V: 400 m/dak

Sekil 7°teki grafiklerde sabit kesme hizi degerlerinde ilerleme oraninin artmasina bagli olarak kesme
kuvveti ve yiizey piiriizliiliigiiniin tiim alagimlarda arttig1 gézlenmistir. Bu durumun, artan ilerleme ile birim
zamanda kaldirilacak talags hacminin ve kesici takim-talas ara yiizey alaninin artmasindan kaynaklandigi
diistiniilmektedir [7, 29-31]. Diger bir ifade ile R,=f?/32r esitligine gore ilerleme hizinin yiizey piirtizliligi
ile dogru orantili oldugu ve ilerleme hizinin artmasi ile yiizey piiriizliliigiiniin de artacagi goriilmektedir.
Bu esitlikte, R,: ortalama yiizey piirlizliiliigi, f: ilerleme hiz1 ve r: kesici ug yarigapini ifade etmektedir [32].
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Sekil 6 ve 7°de sabit kesme sartlar1 altinda, Al-12Si alasimina %0,1 oraninda Sr ilavesi (4 alasimi) ile
%0,02 Sr ilaveli alasima (B alasimi) gore kesme kuvveti ve yiizey piiriizliiliigliniin azaldig1 gézlenmistir.
Bu durumun, 4 alagiminin kopma uzamasinda meydana gelen azalmadan kaynaklandig: diistiniilmektedir.
Literatlirde yapilan ¢aligmalarda, %0,02 Sr oranindan sonra kopma uzamasindaki azalmanin dendritik
yapidaki degisime ve dendritik bolgelerde AlsSr fazinin olusmasina bagli oldugu ifade edilmistir. Ayrica,
dendritik a (Al) faz hacminin azalmasi ve interdendritik bolgelerde intermetalik bilesiklerin olusmasindan
dolay1 aliiminyum esasli alasimlarda kopma uzamasinin azaldig1 bilinmektedir [23, 24, 33]. Al-12Si
alasimina %1 oraninda Sr ilavesi (C alasimi) ile 4 alagimina gore kesme kuvveti ve yiizey piirtizliligiiniin
artt1g1 gozlenmistir. Bu durum, yapisal inceleme sonucunda Al-12Si-Sr alagimlarinda %0,1 oraninda Sr ile
cokelmeye baslayan AliSr fazinin %0,1Sr oranindan sonra daha kaba bir yapiya doniismesinden
kaynaklanmus olabilir [13]. i¢yapida kaba bir yaprya doniisen AlsSr fazi, kesme islemi esnasinda plastik
deformasyonu zorlagtirarak kesme kuvvetini arttirdigt ve islenmis ylizey kalitesini azalttig
diistiniilmektedir. Alagimlarin tornada iglenmesi esnasinda kesici ugta y1ginti talagin (YT) olustugu tespit
edilmigtir (Sekil 8). YT olusumu, kesme hizinin artmasi ile azaldigi goriilmistiir [34]. Bu durumun asiri
deforme olmus yapinin yeniden kristallesmesi ve yumusamasini saglayan 1sinin artmasindan kaynaklandigi
diisiiniilmektedir [35-37]. Diger bir ifade ile kesme bolgesinde olusan sicaklifin artmasi ile plastik
deformasyon olusumu ve kesme islemi kolaylasmaktadir. Ilerlemenin artmasma bagl olarak YT
olugumunun arttig1 tespit edilmistir (Sekil 8). Bu durumun artan talas kesitine bagli olarak takim-talas ara
ylizey alaninin artmasindan kaynaklandigi diisiiniilmektedir [38-40]. Sekil 9’da sabit kesme sartlar1 altinda
alagimlarin islenmesinde kesici ugta YT olusumuna ait goriintiiler verilmistir. Bu goriintiilerde en az YT
olusumunun 4 alagiminda (Sekil 9b) ve en fazla YT olusumu ise B alasiminda gézlenmistir (Sekil 9a). Bu
durum, alagimlarin siineklik 6zelliklerine veya kopma uzamasi degerlerine dayandirilarak agiklanmaktadir
(Sekil 5). Literatiirdeki ¢calismalarda, malzemelerin siineklik 6zelligindeki artisin kesme esnasinda kesici
ucta olusan kararsiz yapidaki YT egilimini arttirdig1 ve islenmis yiizey kalitesini azalttigi bilinmektedir

[41, 43-47].

Sekil 8. Farkli kesme kosullarinda A alasiminin islenmesinde kesici ucta YT olusumu, a) V:200 m/dak ve
£:0,05 mm/dev, b) V:400 m/dak ve f:0,05 mm/dev, c) V:200 m/dak ve f-0,15 mm/dev ve d) V:400 m/dak ve
f:0,15 mm/dev
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4. SONUCLAR (CONCLUSIONS)

Al-Si esasl alagimlar, otomotiv endiistrisinde motor blogu, jant ve piston gibi bilesenlerde yayginlikla
kullanilmaktadir. Dokiim yontemi ile tretilen bu alagimlarin mekanik sistemlerde nihai iiriin olarak
kullanilabilmesi igin talasl imalat prosesleri uygulanmaktadir. Uretim verimliligi, iiriin servis émrii ve
kalitesi bakimindan bu alagimlarin hassas bir sekilde islenmesi gerekmektedir. Bu ¢alismada, 4, B ve C
alagimlarinin tornalanmasi esnasinda farkli Sr ilaveleri ve kesme parametrelerinin kesme kuvveti ve ylizey
puriizliiliigii tizerindeki etkileri aragtirilmistir. Calisma sonuglarindan elde edilen bulgular asagidaki gibi
siralanabilir;

e Balagiminin igyapisi aliiminyumca zengin a, dtektik silisyum parcaciklarinin ince kiiresel sekilli oldugu
otektik aliiminyum-silisyum ve intermetalik Al-Fe-Si (8) fazlar ile primer silisyum pargaciklarindan
olusmaktadir.

e A alasimi, B alasiminda gozlenen fazlara ilave olarak Al-Sr-Si (AlsSr) fazin1 da igermektedir. C alagimi
da A4 alagimi ile aynmi fazlardan olugmaktadir. Ancak, C alagiminin igyapisindaki Al-Sr-Si (Al4Sr) faz
parcaciklari, 4 alagimindakilere gore daha kaba sekilli ve fazladir.

e A4, Bve C alasimlan icerisinde en yliksek sertlik ve mukavemeti 4 alagimi, en yiiksek kopma uzamasi
degerini ise B alagimi sergilemektedir.

e Kesme hizinin artmasina bagl olarak kesme kuvveti ve yiizey piiriizliiliigii azalmistir. ilerlemenin
artmasi sonucunda artmustir.

e Sabit kesme sartlarn altinda en diisiik kesme kuvveti ve ylizey piiriizliligii degerleri 4 alagiminin
islenmesinde Olgiiliirken, en yiiksek degerler ise C alagiminda 6l¢iilm{istiir.

e Alasimin islenmesi esnasinda kesici kenarda YT nin olustugu, yiiksek kesme hizi ve diisiik ilerleme
kombinasyonu ile YT nin azaldig1 tespit edilmistir.

e Kesme esnasinda kesici ugta en az YT olusumu A4 alasiminda gézlenirken, en fazla YT olusumu ise B
alasiminda gozlenmistir.
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In this study, a new active cooling system was designed and prototyped for automobiles. In order
Article Info: to examine the results obtained from the experimental and numerical studies in more detail, points
were defined in the seating area and the temperature values at these points were examined.
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Figure A. The temperature values of the points defined in the seating area in the 180 second of
the (a) experimental (b) numerical study

Purpose: The main purpose of this study is to provide the desired thermal comfort conditions at
the hot seating area, especially in summer conditions by using the designed and prototyped active
cooling system.

Theory and Methods: The study consists of two main parts, experimental and numerical. In the
experimental study, after the seat was heated up to 60°C in a climatic cabin, temperature
measurements were made from the defined points on the seat with the help of a thermal camera
when the seat cooling system was active. In the numerical study, only the sitting area of the seat
was modeled, and CFD analyzes were performed under similar conditions of the experimental
study when the seat cooling system was both active and passive.

Results: When the temperature distribution of the seat removed from the cabin is examined, it
can be seen that almost all surfaces are at a temperature of 56.5°C. In the process of time, it was
observed that the surface temperature value approached the ambient temperature value. However,
there were faster decreases in the blowing areas due to the air blown to the surface by the fan.
The porous structure of the seat surface decreased to 25°C in the 60th second and the other
surfaces were around 50°C. Although there were areas on the seat that did not cool down until
the 180™ second, after this time the almost entire seat surface was nearly 25°C. In the CFD
analysis, the air flow provided by the fan entered the seat model with a velocity of about 2 m/s
and increased up to 4.5 m/s in the porous region.

*Corresponding author, e-mail: halil.bayram@amasya.edu.tr DOI: 10.29109/gujsc.1019643
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Conclusion: In this study, a new active cooling system for automobiles was designed and
prototyped to quickly cool the overheated seat surfaces in hot summer conditions. This system
uses the indoor air conditioned by the vehicle air conditioning (AC) system and can provide more
effective cooling with an additional cooling unit if desired. In the numerical study, the porous
structure area added to the seat surface to obtain a homogeneous air distribution. When the results
of the analysis, in which the fan effect is disabled and only natural convection cooling is realized,
are compared with the results of the systems with fans, it is seen that at 60" seconds, the average
seat surface temperature decreased to 49°C with only natural convection. On the other hand, this
value is approximately 43 and 42°C for the experimental and numerical study, respectively, when
the fan is activated. At the end of the experiment, these values are approximately 39°C for the
natural convection model, while they are approximately 34°C for the fanned models. In addition,
the experimental and numerical study results are in good agreement.
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Increasing technology in the automotive sector offers users more advanced comfort conditions.
While the desired levels of thermal comfort in automobile seats are provided by seat heating
systems in winter conditions, it is achieved by cooling the hot seat surfaces by using seat cooling
systems in summer conditions. In this study, a new active cooling system was designed and
prototyped for automobiles. This system uses the indoor air conditioned by the vehicle air
conditioning (AC) system and can provide more effective cooling with an additional cooling unit
if desired. The seating area of this developed seat design is modelled for three-dimensional (3D)
Computational Fluid Dynamics (CFD) analysis. Experimental and numerical studies were carried
out with the seats produced and modelled under conditions that would comply with both the
automotive manufacturer's standards and the studies in the literature. The porous structure area
added to the seat surface for a homogeneous air distribution decreased to 25°C in the 60th second
and the other surfaces were around 50°C. In the CFD analysis, the air flow provided by the fan
entered the seat model with a velocity of about 2 m/s and increased up to 4.5 m/s in the porous
region. The experimental and numerical study results are in good agreement. When the results of
the analysis, in which the fan effect is disabled and only natural convection cooling is realized,
are compared with the results of the systems with fans, it is seen that lower values of up to 8°C
are obtained on the seat surface with the active seat cooling system. It is thought that this
developed system will contribute to the provision of thermal comfort conditions, especially in hot
summer conditions.

Otomobillerde Yenilik¢ci Hava Kanalh Koltuk Tasariminin
Deneysel ve Sayisal Olarak incelenmesi

Oz

Otomotiv sektoriinde artan teknoloji kullanicilara daha gelismis konfor kosullart sunmaktadir.
Otomobil koltuklarinda 1s1l konfor a¢isindan arzu edilen seviyeler kis kosullarinda koltuk 1sitma
sistemleriyle saglanirken yaz kosullarinda koltuk sogutma sistemleri kullanilarak sicak koltuk
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ylizeylerinin sogutulmasiyla saglanir. Bu c¢alismada otomobiller igin yeni bir koltuk sogutma
sistemi tasarimi yapilmig ve prototipi tretilmistir. Gelistirilen bu aktif havalandirmali koltuk
sistemi tasit iklimlendirme sistemi tarafindan sartlandirilan i¢ ortam havasini kullaniyor olup
istenildiginde ilave bir sogutucu iinite ile daha etkin bir sogutma da saglayabilir. Ayrica
gelistirilen bu koltuk tasariminin oturma bélgesi lig-boyutlu 3D) Hesaplamali
Akiskanlar Dinamigi (HAD) analizleri yapilmak {izere modellenmistir. Uretilen ve modellenen
koltuklarla hem otomotiv iiretici standartlarma hem de literatiirde yer alan galismalara uygun
olacak kosullar altinda deneysel ve sayisal calismalar gergeklestirilmistir. Koltuk yiizeyine
homojen bir hava dagilimi igin eklenen gézenekli yap1 bolgesinin sicakligi 60. saniyede 25°C’ye
distiigli ve diger yiizeylerin 50°C civarinda oldugu gorilmiistir. HAD analiz sonuglari
incelendiginde ise fan vasitasiyla saglanan hava akimi yaklasik 2 m/s hizla koltuk modeline
girmis ve gozenekli bdlgede 4.5 m/s’ye kadar yiikselmistir. Deneysel ve sayisal calisma
sonuglarinin uyum i¢inde oldugu gézlenmistir. Fan etkisinin devre dis1 birakildig1 ve sadece dogal
tasimimla  sogumanin  gergeklestigi  analiz  sonuglar1 fanli sistemlerin  sonuglar1 ile
karsilastirildiginda ise aktif koltuk sogutma sistemiyle koltuk yiizeyinde yaklagik 8°C’ye kadar
daha diisiik degerlerinin elde edildigi goriilmistiir. Gelistirilen bu sisteminin 6zellikle sicak yaz
kosullarinda 1s1l konfor sartlarinin saglanmasina katki saglayacagi diistiniilmektedir.

1. GIRiS INTRODUCTION)

Giinliik hayatimizda yaygin bir sekilde kullandigimiz tagitlarin performanslariyla birlikte konfor kosullar
da artmaktadir. Otomobillerde bulunan Ozelliklerin kullanici tarafindan arzu edilen seviyelere
getirilebilmesi konforun en 6nemli faktorlerindendir. Tasit konfor parametrelerinin baginda gelen 1sil
konfor temel olarak ortamdan duyulan 1sil memnuniyet olarak tanimlanabilir [1]. Isil konfor kisinin
metabolik aktivite diizeyi ve giyinmeden olusan kisisel faktorler ve ortam sicakligi, ortam bagil nemi, ortam
hava hizi ve ortalama 1sinim sicakligindan olusan g¢evresel faktorler olmak iizere iki temel faktérden
olugmaktadir [2-5]. Otomobillerin diger tasitlara gére daha sinirli bir hacme sahip olmasindan dolay1
icerisindeki hava hiz1 ve sicaklik dagilimlari degiskenlik gdstermekte ve dolayisiyla tasit igerisinde
bulunanlarin 1s1l konforu etkilenmektedir. Diger yandan 1s1l konfor 6zellikle uzun mesafeli yolculuklarda
giivenli bir siiriis icinde 6nemli faktorlerdendir [6].

Tasit iklimlendirme sistemleriyle tasit icerisinde havanin sicaklik, nem ve hizi kontrol altinda tutularak 1s1l
konfor sartlar1 elde edilebilmektedir. Ancak soguk kis aylarinda ya da sicak yaz aylarinda tasit igerisinde
yer alan oturma alanlarinin sicakliklar1 da 1s1l konforu etkileyen parametrelerdendir. Rusya, Danimarka gibi
soguk iklim tilkelerinde standart haline gelmis olan koltuk 1sitma sistemleri {ilkemiz gibi daha 1liman iklime
sahip tilkelerde ise kullanici tercihine birakilmistir [6]. Koltuk 1sitma islemi ise genel olarak tasit Heating,
Ventilation and Air Conditioning (HVAC) sisteminden faydalanilarak ya da termoelektrikli cihazlar (TED)
yardimiyla gerceklestirilmekte olup ikinci secenegin hem tasit 1sitma sisteminin kararli hale gelmesinin
siire almas1 hem daha basit uygulanabilirlige sahip olmas1 hem de mali agidan daha uygun olmasi1 daha ¢ok
tercih edilmesini saglamaktadir [7]. Termoelektrikli sistem alternatif sistemine gore daha hafif olmasindan
dolay1 tagit emisyonuna da katkida bulunmaktadir [6]. Koltuk sogutma iglemi incelendigindeyse yine 1sitma
sistemlerinde oldugu gibi tasit iklimlendirme sistemine bagli bir sekilde ¢alisabilen sistemler ve TED koltuk
havalandirma sistemleri mevcuttur. ikinci sistemde koltuga yerlestirilen fandan ¢ikan havamin koltuk 6n
ylizeyinde belirlenen noktalardan ¢ikmasiyla koltuk sogutma islemi gerceklestirilmektedir. Bu sistem hem
daha hafif yapisi hem de daha az maliyetli olmasi1 dolayisiyla daha c¢ok tercih edilmektedir [7]. Karimi ve
ark. ise TED koltuk sogutma sisteminin insanlar iistlindeki konfor parametrelerine etkilerini
incelemislerdir. Gergeklestirdikleri deneysel ¢alismada farkli boy, kilo ve yas grubuna ait 26 kisi (13 erkek
ve 13 kadm) yer almig olup her bir kisinin viicudunda gerceklesen sicaklik degisimleri viicudun farkl
noktalarindaki 10 adet 1s1l ¢ift ile gézlenmistir [8]. Su ve ark. ise tasit HVAC sistemiyle entegre calisan
koltuk sogutma sisteminin tasit performansina ve yakit tiiketimine olan etkisini deneysel ve sayisal olarak
incelemislerdir [9]. Lee ve Lee bu her iki sistemi de kullanarak deneysel bir ¢alisma gergeklestirmislerdir.
50°C’ye kadar 1sitilan koltugun iizerinde belirlenen 6 noktada gerceklesen sicaklik degisimlerini
incelemislerdir. Sonug olarak ise her iki sistemin de benzer sogutma performanslar1 gosterdigini ancak tagit
HVAC sistemiyle entegre c¢alisan koltuk sogutma sisteminin tasit siiriis performansii da etkiledigini
gozlemlemislerdir. Tasit siirlis performansinda goriilen bu degisimden dolayr TED koltuk sogutma
sisteminin kullanimini 6nermislerdir [7].
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Bu ¢alismada ise yukarida bahsedilen koltuk sogutma sistemlerinden farkli olarak fan ve gézenekli yapinin
giris kesitinde tasit iklimlendirme sistemi tarafindan sartlandirilan i¢ ortam havasinin kullanildig
dolayisiyla ilave bir sogutma sisteminden faydalanilmadigi ancak arzu edildiginde ilave bir sogutucu iinite
ile daha etkin bir sogutmanin saglanabilecegi aktif havalandirmali koltuk sistemi tasarlanmig, prototip
imalat1 gerceklestirilmis ve hem otomotiv iiretici standartlarina hem de literatiirde yer alan ¢alismalara
uygun olacak kosullar altinda deneysel calismalar gergeklestirilmistir. Ayrica iiretilen koltugun sayisal
olarak da incelenebilmesi i¢in 3D modellenerek deneylerle benzer kosullar altinda analizleri
gerceklestirilmistir. Literatiirde yer alan koltuk sogutma metotlarindan farkli olarak direk tasit ic ortam
havasindan faydalanilarak daha diisiik maliyetli bir sistem tasarimi 6nerilmis olup yaz aylarinda 6zellikle
giines 1sinlarma dogrudan maruz kalmis koltuk yiizeylerinde siiriicii ve yolcular i¢in daha iyi 1s1l konfor
sartlarinin saglanabilmesi hedeflenmistir.

2. MATERYAL VE METOTLAR (MATERIALS AND METHODS)
2.1. Deneysel Calisma (Experimental Study)

Bu ¢aligsma kapsaminda gergeklestirilen deneyler yaz kosullarinda giines altinda kalmis bir tasit koltugu
i¢cin benzer ortam sartlari elde edilerek gergeklestirilmistir. Bu kapsamda tasit koltugu Sekil 1°de goriilen
klimatik kabin igerisine yerlestirilmis olup bu kabinin i¢ ortam sicakligi1 60°C’ye kadar yiikseltilmistir. Bu
kabinin teknik ozellikleri Tablo 1° de sunulmus olup kabin i¢ yiizeyleri yalitimlidir. Kabin i¢ ortam
baslangic sicakligmin 60°C olarak belirlenmesinde otomotiv iiretici standartlar1 goz Oniinde
bulundurulmustur. Bu kapsamda baslangi¢ aninda 60°C olan koltuk yiizey sicakliginin 5 dakika sonrasinda
40°C sicaklik degerinin altina diismesi beklenmektedir [6]. Ayrica literatiirde yer alan giines 1s1nimiyla
ilgili ¢alismalar incelendiginde giines 1sinlar1 altinda kalmis olan tasit koltuk oturma yiizey sicaklik
degerlerinin 60-70°C mertebelerine kadar yiikseldigi, tasit kabin i¢ ortam sicakligimin 30-35°C degerlerinde
oldugu gozlenmis ve ¢alismada belirlenen sinir sartlarinin literatiirle de uyumlu oldugu goériilmistiir [10].
Koltuk, kabin icerisinde 10 dk bekletilip tizerinde homojen bir sicaklik dagilimi elde edildikten sonra ortam
sicakligma cikartilmig, oturma ve sirt kisimlarina yerlestirilmis olan kii¢iik salyangoz fanlar galigtirilarak
stinger igerisine konulan difiizor yardimiyla koltuk sogutma islemine baslanmistir. Bu esnada koltuk
tizerinde gerceklesen sicaklik degisimleri ise 640*480 ¢oziiniirliige sahip -20 ile 600 °C arasinda 0.02°C
hassasiyetle sicaklik 6lgebilen Flir marka termal kamera ile gozlenmistir.

(a) (b
Sekil 1. Deneylerde kullanilan (a) klimatik kabin ve (b) kontrol paneli
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Tablo 1. Klimatik kabin teknik ozellikleri

Sicaklik 6l¢iim araligt
Genigslik

Derinlik

Yikseklik

Hacim

-40°C...+120°C (£0.1°C)
2.6 m

2m

2m

104 m?

67

Deneylerde kullanilan koltuk {izerine kanal agilarak yerlestirilen salyangoz fan Sekil 2’de goriilmektedir.
Kullanilan fan 8.6 gr agirhiginda olup 12V ile calistinlmaktadir ve teknik ozellikleri Tablo 2° de

sunulmustur.

Sekil 2. Deneysel calismada koltuga yerlestirilen salyangoz fan

CSUNON
Maglev
('-B\;’n‘wr'r\’\vli‘i'fjﬁx\‘
DC12V=1.0W
YSBOPS zP

Tablo 2. Salyangoz fan teknik 6zellikleri

Boyut

Hava akis hiz1

Agirlik

Devir

Caligma sicaklik araligi
Ses seviyesi

30x30x10 mm
5.5 CFM
8.6¢g

9500 rpm

-10 -+70 °C
23 dB

Deneysel calismada kullanilan koltuk Sekil 3 (a)’da goriilebilmektedir. Bu koltugun sayisal ¢alismada

kullanilabilmesi icin modellenmis hali ise Sekil 3 (b)’de goriilebilmektedir.
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4\
1060 mm
v
825 mm
(b)
Sekil 3. (a) Deneysel ¢alismada kullanilan koltuk (b) havalandirma sistemi eklenmemiy koltuk CAD

modeli

Koltugun oturma kisminda havanin daha efektif bir sekilde yayilabilmesi i¢in oturma bolgesinde agirligin
geldigi alan secilerek koltuk siingeri tasarimi yapilmistir. Dikkat edilmesi gereken noktalardan birisi de
koltuk siingeri lizerinde yapilacak olan islemlerden sonra koltugun konfor noktasi olarak bilinen koltuk ve
ara¢ tasariminda 6zellikle dikkat edilen H noktasinin degismemesidir. H noktasi koltuk {izerine oturan yolcu
ya da siirlictiniin kalga, iist bacak ve gévdenin birlestigi yer olarak tanimlanmaktadir [6]. Koltukta bu konum
sabit tutularak {izerinde gerekli tasarim caligmalar1 yapilmaktadir. Bu noktanin dl¢limii, yapilan insan
modeli tasarimlari ile olgiilmektedir. Oturma siingeri 60 [gr/dm?®] yogunluktadir. Ayrica oturma ve sirt
stingerlerine delik agildiktan sonra fan calistirildiginda homojen bir sekilde dagilim saglanmasi icin 6n
ylizeylere diflizor eklenmistir. Deneysel ¢alismada kullanilan koltuk geometrisinde bazi sadelestirmelere
gidilerek sayisal calismada kullanilacak olan koltuk modeli olusturulmustur (Sekil 4).

Sekil 4. Sayisal caligsma icin koltuk modelinin sadelestirilmesi
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Sekil 4°te sadece koltuk siinger yapisi yer almaktadir. Sekil 5’te ise bu koltuk tasarima ilave olarak oturma
yiizeyinde bosluk goriinen yapiya gozenekli bir yapi1 eklenmis hali de goriilebilmektedir. Bu eklentinin
amaci1 ise hem koltuk stil yilizeyinin bozulmamasi hem de siiriicii veya yolcu oturdugunda mevcut boslugu
hissetmemesi amaglanmistir. Ayrica en dis yiizeye ise 3 mm kalinliginda bir kumas eklenerek gergek koltuk
ylizeyi modellenmeye calisilmistir.

Gozenekli Yapi

Kihf

Hava giris kanali

Stinger

Sekil 5. Sadelestirilmis koltuk modelinde oturma yiizeyi iiriin agaci

Sayisal caligmada kullanilacak koltuk siingeri, koltuk kilifi, gdzenekli yap1 ve havanin girecegi hava
kanalindan olusan koltuk oturma modelinin CutCell kullanilarak olusturulmus 950000 elemandan olusan
ag yapis1 Sekil 6’da goriilebilmektedir. Sayisal ¢alismada kullanilan diger sinir sartlar1 ise Tablo 3’te
sunulmustur.

N | ™ im0

Sekil 6. Oturma yiizeyi ag yapisi tasarimi
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Tablo 3. Sayisal calismada kullanilan sinir sartlart

Oturma bolgesi yiizey sicakligi 60 °C

Dis ortam sicakligt 25°C

Giris menfez sicaklig1 25°C

Giris menfez hizi 2.88 m/s

Oturma bolgesi dis ylizeyler Oda sicakligina bagl taginim sinir sarti
Yakinsama Kriteri 10

Basing-Hiz iliskilendirilmesi SIMPLE

Ayriklagtirma metodu (Basing) Standart

Ayriklagtirma metodu (Akis, enerji ve dig.)  2.dereceden Upwind yontemi

Gozenekli ylizey olarak modellenen kilifin akis yonleri, direng katsayilar1 ve gegirgenlik katsayisi
tanimlanmigtir. Daha sonra ise icerisinde bulunan direng katsayilar ise asagidaki formiiller yardimiyla
bulunmustur [11]. Burada yer alan gozenekli yiizey hava gecirgenlik katsay1 (¢) ve gozenekli yap1 0l¢ii
(Dp) degerleri sirasiyla 0.95 ve 0.001 m alinmistir. Bu degerlerin belirlenmesinde ise deneysel ¢alismada
kullanilan koltuk malzemesinin 6zellikleri goz dniinde bulundurulmustur.

Viskoz direnci;

o= Dby € 1
150 (1 —¢€)?
Atalet direnci;
351 —-¢€) 5
2= D, €3
Sayisal ¢aligmalarda kullanilan korunum denklemleri ise agagida verilmistir [12].
ap -
P V(pV) = Sp, 3

Bu denklemde yer alan Sm kaynak terim seklinde ifade edilir. Sisteme eklenen kiitleyi ifade eder. Ornegin
faz degisimi sirasinda buharlasma sonucunda eklenen kiitle miktarin1 gosterir. Momentum ve enerji
denklemleri ise agagidaki gibi ifade edilmistir.

TG = V) = -GG 5, 4
a(g’t") = V(pvV) = — Z_f/ +V(uvv) + S, ’
a(gtw ) (pwi) = - Z_[z) VI + S, 6
d(pe) _ V(peV) = —pVV + V(kVT) + ®+S, '

ot



Halil BAYRAM, Gékhan SEVILGEN, Ahmet IBIS / GU J Sci, Part C, 10(1): 63-76 (2022) 71

Kartezyen koordinat sisteminde ifade edilen denklemlerde; p yogunlugu, V hiz vektdriinii, u, v ve w hiz
vektorlerinin sirastyla x, y ve z bilesenlerini, Sm kiitle kaynak terimini, SM momentum kaynak terimini, p
basinci, Se enerji kaynak terimini, @ ise disipasyon (yaymim) terimini temsil etmektedir. Buradaki
disipasyon terimi enerji kaybini ifade etmektedir. Ayrica sayisal hesaplamalarda literatiirde yer alan benzer
sayisal ¢alisma sonuglarinin kararliligi géz 6niinde bulundurularak standart k-¢ tiirbiillans modeli tercih
edilmigtir [12].

3. BULGULAR VE TARTISMA (RESULTS AND DISCUSSIONS)

Klimatik kabin icerisine konumlandirilan koltuk, kabin igerisinde 10 dk bekletildikten sonra dig ortama
alimmis ve termal kamerayla koltugun soguma islemi incelenmistir. Koltuk yiizey sicakliginin zamanla
degisimi Sekil 7°de sunulmustur. Kabin igerisinden c¢ikarilan koltugun ilk andaki sicaklik dagilimina
bakildiginda neredeyse tiim yiizeylerin 56.5 °C sicaklik degerinde oldugu goriilebilmektedir. Bu esnada
sadece koltugun sirt ve oturma bolgelerine yerlestirilen ve icerisinde hava bulunan goézenekli yapinin
bulundugu alanlarda kiiciik lokal bolgelerin sicakliginin bir miktar diisiik oldugu gozlenmistir. Gegen
zamanla birlikte koltuk ylizey sicaklik degerinin ortam sicaklik degerine dogru yaklastigi ancak fan
vasitasiyla ylizeye Uflenen hava sayesinde lifleme alanlarinda daha hizli disiisler oldugu da rahatlikla
goriilebilmektedir. Ozellikle 60 saniye gectigi halde koltuk yiizeyinin biiyiik bir cogunlugunun 50°C’nin
iizerinde olmasina ragmen ortam havasinin iiflendigi gézenekli bolge sicakliginin yaklagik 25°C’ye kadar
diistiigii gézlenmistir. Bunun diginda 120. saniyede ise koltuk ylizey sicakliginda diisiisler gdzlenmesine
ragmen 50°C mertebesinde alanlarin oldugu, hava iiflenen bolgedeki diisiik sicaklikli alanda hissedilir artis
oldugu goriilebilmektedir. 180. ve 300. saniyeler arasinda ise koltuk yiizey sicaklik mertebeleri neredeyse
esit olmakla beraber gozenekli yapinin bulundugu alanin yaklasik tamami 25°C sicaklik mertebesine
erismigtir.

Sayisal ¢alismalardan elde edilen iz dagilim sonuclar incelendiginde gbzenekli yap1 bolgesinde fandan
yaklagik 2 m/s hizla ¢ikan hava gozenekli yap1 bolgesinde yaklasik 4.5 m/s hiz mertebelerine kadar
yiikselmistir. Fan {lifleme alaninda en yiiksek hiz degerinde olup bu boélgeden uzaklastik¢a yiiksek hizli
alanin azaldig goriilebilmektedir (Sekil 8).
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0 sn 60 sn 120 sn

180 sn 240 sn 300 sn

Sekil 7. Termal kamera ile olgiilmiis koltuk yiizey sicaklik dagilimlar

Velocity Magnitude
4.86e+00

4.37e+00
3.89e+00
3.40e+00
2.92e+00
2.43e+00
| 1.94e+00
H 1.46e+00
9.72e-01
4.86e-01
[mis] 0.00e+00

Sekil 8. Koltuk oturma bélgesinde gozenekli yapi i¢inde havanin hiz (m/s) dagilimi

Deneysel ve sayisal ¢alismadan elde edilen sonuglar1 daha detayl bir sekilde inceleyebilmek adina koltuk
oturma bdlgesine noktalar tanimlanmis ve bu noktalardaki sicaklik degerleri incelenmistir (Sekil 9). Bu
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noktalardan Sp1 ve Sp6’nin 180. saniye igin karsilastirilmasi ise Sekil 10°da verilmis olup bu noktalardaki
sicaklik degerlerinin olduk¢a uyumlu ¢iktig goriilmiistiir.

39,80 °C S
- ]
39,80 °C 39,80 °C
n n
A - Sp6 39.4 : ‘ 40,79 °C 40,79 °C
 5p139.2 ﬁ_ Sp1137.6 — & =
[ Sp237.3 | | l ]
- Sp7 32.3 1 =
= Sp12 32.5 l 40,79 °C 40,79 °C
E — e
Sp3 38.1 [ | l Sp1735.6 n u
[Sps 34.4 || —Sl==
= Spi3 34.3 l I 31,13°C =
o ] — M| Sp1836.1 40,79°C - 8113°C || 4079
Spd 36.7 | | —_ - = -
. i
5p9 36.9 514 36.3 1 —
I | == S5pi0 37.2 1
—_— Lt
Sp537.0 Sp10 e e J i 40,79° SS:SC 33.85°C | 4079°C
—IEIEEN EREER | . TR
- =
40,79°C 40,79°C
(a) (b)

Sekil 9. 180. saniyede (a) deneysel (b) sayisal calismada yer alan koltuk oturma bélgesine tamimlanmus
noktalarin sicaklik degerleri

¢ Spl Deneysel A Sp6_Deneysel

45 mSpl CFD ® Sp6 CFD
6‘ 42.5
o
A
= 40
e s 2
S
A 375

35

Spl Sp6

Sekil 10. 180. saniyede Spl ve Sp6 noktalari sicaklik degerlerinin karsilastiriimasi

Tanimlanan bu noktalardaki sicaklik degerlerinin aritmetik ortalamasi alinarak farkli zaman adimlarinda
deneysel ve sayisal calismadan elde edilen sonuglar karsilastirilmistir (Sekil 11). Tk 60 saniye deneysel
calismadan elde edilen ortalama sicaklik degerleri daha yiiksek gelmistir. Gegen zamanla birlikte aradaki
farkin azaldig1 ve 120. saniyeden sonra neredeyse esit degerler aldig1 gortilmektedir. Genel olarak grafikte
yer alan sonuglar incelendiginde ise deneysel ve sayisal ¢aligmalarin sonuglarinin uyum igerisinde oldugu
rahatlikla sdylenebilir.



74 Halil BAYRAM, Gékhan SEVILGEN, Ahmet IBIS / GU J Sci, Part C, 10(1): 63-76 (2022)

60
55 ODeneysel Calisma
50 | O & CFD_Fanli_Model
— <&
s 45
g 40 8
= ©
E 35 © ©
) 0]
30
25
20
0 60 120 180 240 300

Zaman [saniye]

Sekil 11. Koltuk oturma bolgesinde zorlanmus tasimim etkisinde olan noktalarda sayisal ve deneysel elde
edilen ortalama sicaklik degerlerinin karsilastirilmasi

Koltuk yapisina eklenen salyangoz fanin sogutma islemine etkisini gdzlemleyebilmek igin olusturulan
koltuk modeli fan iiflemesinin aktif olmadigi durumda sadece dogal taginimla sogutulmaya birakilmistir.
Bu sayisal galisma esnasinda diger tiim sinir sartlar1 fanli model ile ayn1 olacak sekilde segilmistir. Elde
edilen sonuglar incelendiginde ise 60 saniye gectiginde sadece dogal tasinimla ortalama koltuk ylizey
sicakligimin ancak 49°C’ye kadar diistiigii, fanli modellerde ise deneysel ve sayisal ¢alismalarda sirasiyla
yaklagik 43 ve 42°C’ye kadar diistiigii gézlenmistir (Sekil 12). Bu degerler ¢calismanin sonunda ise sadece
dogal tasinimli model i¢in yaklasik 39°C iken fanli modeller i¢in yaklasik 34°C’dir. Koltukta yer alan
salyangoz fan ile gerceklestirilen sogutma islemi sayesinde koltuk yiizeyi ortalama sicaklik degerlerinin
yaklasik 6°C daha diigiik oldugu gozlenmistir.

60
55 ODeneysel Caligma
J ©CFD_Fanli_Model
—0 3 O OCFD_Dogal Tasinim
S 45 . =
= 40 8 0
< (o}
35
E © o
30
25
20
0 60 120 180 240 300

Zaman [saniye]

Sekil 12. Koltuk oturma bélgesinde zorlanmis ve dogal tasimim etkisinde olan noktalarda sayisal ve
deneysel elde edilen ortalama sicaklik degerlerinin karsilastiriimasi

4. SONUCLAR (CONCLUSIONS)

Bu caligmada otomobiller i¢in mevcut literatiirde yer alan koltuk sogutma sistemlerinden farkli olarak,
koltuk sogutma sistemi kapsaminda koltuga eklenen fan ve gdzenekli yapinin giris kesitinde ilave bir
sogutma sisteminden faydalanilmaksizin direk tasit iklimlendirme sistemi tarafindan sartlandirilan i¢ ortam
havasmin kullanildigi ancak arzu edildiginde ilave bir sogutucu iinite ile daha etkin bir sogutmanin
saglanabilecegi aktif havalandirmali koltuk sistemi tasarimi yapilarak prototipi iiretilmis ve bu koltugun
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oturma bolgesinin 1:1 &lgekte 3D HAD modeli sadelestirmelere gidilerek olusturulmustur. Uretilen ve
modellenen koltuklar ile hem otomotiv iiretici standartlarina hem de literatiirde yer alan calismalara uygun
olacak kosullar altinda deneysel ve sayisal ¢aligmalar gergeklestirilmistir. Deneysel ¢aligmada koltuk once
60°C klimatik kabin igerisinde homojen bir sicaklik dagilimi elde edilebilmesi i¢in 10 dk boyunca
bekletilmis sonrasinda ise ortam sicakliginda koltuk igerisine yerlestirilen fan yardimiyla sogutulmustur.
Bu esnada koltuk ylizey sicaklik degisimleri termal kamerayla incelenmistir. Sogutma isleminde fandan
gelen havanin koltuk ara yiizeyinde homojen bir sekilde dagilabilmesini saglamak icin gozenekli yapi
kullanilmistir. Koltuk oturma boélgesi tizerinde noktalar tanimlanarak bu noktalardaki sicaklik degerleri ile
deneysel ve sayisal ¢alismalarin sonuglari karsilagtirilmistir. Sonuglar incelendiginde ise genel olarak fan
yardimiyla sogutulan gézenekli yapinin bulundugu alanlarda diger koltuk yiizeylerine gore daha hizli bir
soguma oldugu goriilmiistiir. Deneye baslandiktan 60 saniye sonrasinda koltugun goézenekli bolgesinin
sicaklig1 yaklagik 25°C’ye kadar diiserken diger yiizeylerin sicaklik degerleri 50°C mertebelerinde oldugu
gozlenmistir. 180 saniye ve sonrasinda ise koltuk yiizey sicakliklarinda ¢ok biiyiik degisimler gdzlenmemis
ve fan yardimiyla havanin dolastigi gézenekli bolgenin neredeyse tamami 25°C degerlerine ulagmustir.
HAD analiz sonuglar1 incelendiginde ise fan vasitasiyla saglanan hava akimi, koltuk modeline yaklagik 2
m/s bir hizla girmis ve gozenekli yap1 icerisinde yaklasik 4.5 m/s degerlerine kadar yiikselmistir. Koltuk
ylizeyine tanimlanan noktalarin deneysel ve sayisal calismalardan elde edilen ortalama sicaklik degerleri
karsilastirildiginda ilk 60 saniyede diisiik mertebede farkliliklar goriilmekle birlikte 120 saniye ve
sonrasinda neredeyse esit sonuglarin elde edildigi, her iki ¢alismanin sonuglarinin da uyum iginde oldugu
gdzlenmistir. Koltuk yiizeyinin fan etkisiyle sogutulmasinin etkisini gérebilmek amaciyla HAD modeli ile
fan etkisinin devre disi birakildigi ve sadece dogal taginimla sogumanin gerceklestigi analizler
gerceklestirilmistir. 60. saniyede sadece dogal tasinimla koltuk yiizeyinin ortalama sicaklik degeri yaklasik
49°C’ye kadar diiserken fan etkisinin devrede oldugu deneysel ve sayisal calismalarda sirasiyla 43 ve
42°C’ye kadar diigsmiistiir. Bu degerler ¢alismanin sonunda fan etkisinin olmadigi durumda yaklasik 39°C
iken fan devreye alindiginda gerceklestirilen ¢aligmalarda yaklagik 34°C olarak gézlenmistir. Bu ¢alisma
kapsaminda, kabin i¢ ortam havasindan faydalanilarak koltuk yiizeyini sogutabilmek i¢in gelistirilen aktif
koltuk sogutma sistemiyle koltuk yiizeyinde yaklasik 6°C daha diisiik sicaklik degerlerinin elde edildigi,
bu degerin bazi anlarda yaklasik 8°C’ye kadar yiikseldigi goriilmiistiir. Ayrica gelistirilen bu aktif koltuk
sogutma sisteminin ozellikle sicak yaz donemlerinde yolcu ya da siiriiciiler i¢in 1s1l konfor sartlarinin
saglanmasina katki saglayacagi diisliniilmektedir.
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SEMBOLLER VE KISALTMALAR (NOMENCLATURE)

Semboller  Aciklama

P basing [Pa]
A delta operator -

Se enerji kaynak terimi -

u dinamik viskozite [Pas]
/) disipasyon (vayinim terimi) -

c2 gozenekli yapt atalet direnci [1/m]
Dp gozenekli yapt ol¢iisii [m]

€ gozenekli yiizey hava gegirgenlik katsayisi -

V hiz [m/s]
u,v,w hiz vektorleri -

Sm kiitle kaynak terimi -

v Laplacian operatorii -

SM momentum kaynak terimi -
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o viskoz direnci [1/m’]
Yz yogunluk [kg/m’]
XY,z yon vektorleri -

Kisaltmalar Aciklama

AC Air Conditioning

CFD Computational Fluid Dynamics

HVAC Heating, Ventilation And Air Conditioning

HAD Hesaplamali Akiskanlar Dinamigi

SIMPLE Semi-Implicit Method For Pressure Linked Equations
TED Termoelektrikli Cihazlar

3D U¢ Boyutlu
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Titanium alloys are one of the materials that are difficult to process due to their high strength,
high hardness and low thermal conductivity, wherefore low tool life and surface quality and high
energy consumption are involved in shaping them with traditional manufacturing methods. In
particular, special tool geometries are required for the machining of complex geometry parts
including helical groove, keyseat, micro-holes, etc. with traditional manufacturing methods,
which leads to increases in machining costs. In such cases, non-traditional alternative processing
methods are preferred. In this study, keyseat shaping procedures were performed according to
DIN 6885 standard in the electro (die-sinking) erosion machine for Ti-4Al-6V alloy. As a result
of experiments conducted in copper electrode and Belone EDM F dielectric fluid environment,

l;{ach:n:ng the effects of different processing parameters (discharge current, pulse on time and pulse off time)

i-6A41-4V Alloy . . . .. .

Keyseat on measuring accuracy were investigated. In addition, the effects of 3D surface and SEM images

Measurement Accuracy and processing parameters on the accuracy of the coordinate measurement were evaluated. With
the low discharge current, less thermal energy is transferred to the workpiece and smaller particles
are removed from the workpiece, obtained in closer results to the targeted values. The biggest
difference between the targeted keyseat depth, width and length and the measured value was
18.13%, 4.24% and 0.625%, respectively. The results closest to the specified standard keyseat
dimensions were obtained in [p=9A, Ton=150us, Toff=120us processing parameters.

1. INTRODUCTION

Key and keyseat are widely used in power transfer operations. It is very important that it is done with the
characteristics and precision to withstand the forces formed during the power transfer [5-6]. The dimensions
of the keyseat are determined according to the diameter of the shaft. If the keyseat is not made within the
intended dimensions, it can cause serious problems. Therefore, it is important that the keyseat is produced
within the intended size limits and from high strength material. The fact that the machined parts will be
used in important places such as movement and power transmission by working at high temperature and
speed increases the importance of processing parameters even more. In this context, in the studies on the
processing of titanium alloy with the EDM method, Verma et al. investigated the effects of different
machining parameters by die-sinking electro-erosion on the machining of titanium alloy using copper
electrodes. In the experiments, they used to pulse on time, pulse off time, dielectric pressure, and voltage
parameters as processing parameters. In their studies, they achieved higher material removal rate in the use
of high voltage, high pulse on time and medium dielectric pressure. Increasing the pulse on time caused an
increase in microcracks on the machined surfaces. In addition, dielectric flow pressure has played an
important role in increasing the material removal rate. They observed that when dielectric flow pressure
was low, it was inadequate to remove debris [7]. Klocke et al. [8] compared the effect of polarity in
processing Ti-6Al-4V titanium and 42CrMo4 iron alloy with die-sinking electro erosion. Bhaumik et al.
[9] The effect of titanium G6 alloy on the material removal rate (MRR) and tool wear rate (TWR) of
different tool materials such as copper, brass, and zinc during EDM performance they have evaluated. They
obtained higher MRR with brass and zinc tools than copper team. However, copper electrode performed
better in tool wear. Singh et al. [10] have attempted different flushing methods to improve the flushing
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action during EDM. They used copper tools with and without holes. They observed that flushing using
compressed argon gas from perforated tools had a positive effect on MRR and TWR throughout. Prakash
et al. [11] investigated the dimensional accuracy of the processing depth by processing AISI 1035 material
with EDM. In their study, they used discharge current, pulse on time and pulse off time as processing
variables. Gambling et al. [12] investigated the surface integrity and dimensional accuracy of P91 steel in-
EDM processing. Sanchez et al. [13] investigated the effects of the parameters used in the EDM method on
dimensional accuracy and optimized the result. After the literature research, it was observed that there was
no comprehensive study to machining keyseat in standard sizes determined by mile diameter with EDM.

In this study, electro-erosion machining experiments were carried out in different processing parameters in
order to machining keyseat in DIN 6885 standard for Ti-6Al-4V alloy with cylindrical geometry. As a result
of the experiments, keyseat dimensions were measured with CMM device. In addition, the effects of 3D
surface and SEM images and processing parameters on the accuracy of the measurement were analyzed.

2.MATERIALS AND METHODS

2.1. Experimental Equipment

The main purpose of this study is to determine the effects of processing parameters on the completeness of
the measurement in the process of machining the keyseat with EDM to the Ti-6Al-4V alloy. In this study,
Ti-4Al-6V titanium alloy with a diameter of 14 mm was used as the workpiece material. For the specified
diameter, the DIN 6885 standard is set to be keyseat dimensions width (b) Smm, depth (h) Smm, keyseat
depth (t1) 3mm and length (L) 20mm. Keyseat sizes according to DIN 6885 standard are given in Figure
1.

Keyseat Dimensions
DIN 6885

in accordance to
DIN 6885

Diameter | Width | Depth | Shaft Keyseat Depth | Hub Keyseat Keyseat

Depth Length

d b h t1 t2 L
(Min.-Max.) (Min_-Max.)
mm mm mm mm mm
12-17 5 5 3 d+2.3 10-56

Figure 1. Keyseat dimensions according to DIN 6885 standard

Copper material with 99.5% purity was preferred as a tool (electrode). The tools were prepared by cutting
on a wire erosion bench based on the keyseat dimensions. In Figure 2, the dimensions of the workpiece and
tool, and the processing principle are shown. The experiments were carried out on the Furkan compact 1
Z-NC type die-sinking electro erosion bench. Belone EDM F liquid with high flash point and low viscosity
was used as dielectric fluid.
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a) 214 b)

Workpiece
Ti-6Al-4V
60

Ti-6 Al-4V

o =

20

Keyseat

Figure 2. a) Dimensions of the workpiece and tool (electrode), b) processing principle and keyseat
dimensions

2.2. Experimental design

As a result of preliminary experiments and literature review, three different discharge currents (Ip), three
different pulse on times (Ton) and two different pulse off times (Toff) were determined as variable
parameters. Table 1 shows the levels of variable processing parameters and the parameters kept fixed.

Table 1. Processing parameters

Processing Parameters Levels

Variable parameters 1 2 3
Discharge current, A 9 12.5 15
Pulse on time, s 150 200 250
Pulse off time, s 100 120 --
Fixed parameters

Dielectric pressure, kgf/cm2 0.4

Retract distance, mm 4.5

Workpiece material Ti-6Al-4V

Workpiece polarity Negative

Tool (Electrode) material Copper

Tool polarity Positive

Dielectric fluid BELONE EDM F
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Figure 3. Experimental setup and workflow

Dimensional measurements of keyseats obtained after the experiments were made with Global Classic
091508 model coordinate measuring machine (CMM). Before the measurements, the calibration process
was performed at the angle of A90B-90. The plane formed from the ground surface of the workpiece was
leveled and the position of the workpiece was fixed by verifying with the "line" formed from one side of
the keyseat. “t1” measurement results were obtained by calculating the plane on the ground and the extreme
point of the outer diameter. The "b" measurement results were obtained with the lines obtained by
contacting two points on the side surfaces of the keyseat. Radius (R) measurements were obtained with
circles created by touching three points, and the distance measurement between the circles and the "L"
dimension were checked. Perpendicular to the ground "line" was formed from the side walls of the keyseat,
and perpendicularity checks were made with the plane on the floor. All calibration and measurement
processes were carried out at 21°C. The experimental setup and workflow are shown in Figure 3.

3.RESULTS

In this study, experiments were carried out according to the Taguchi Lis experimental design, which was
created according to different machining parameters for keyseat machining in DIN 6885 standard on Ti-
6Al-4V alloy by EDM method. As a result of the experiments, dimensional measurements of the keyseat
were made and the results are given in Table 2.

Table 2. Experimental design

Experiment Discharge Pulse on | Pulse off time | Depth Width Length Radus

No. current time Tofr
Ip Ton t1 b L Favg

1. 9 150 100 2.952 5.153 20.075 2.5680
2. 9 200 100 2.946 5.191 20.124 2. 5800
3. 9 250 100 2.704 5.212 20.117 2.5810
4. 12.5 150 100 2.459 5.150 20.066 2.5670
5. 12.5 200 100 2.851 5.167 20.112 2. 5805
6. 12.5 250 100 2.914 5.169 20.100 2. 6205
7. 15 150 100 2.570 5.132 20.092 2.5590
8. 15 200 100 2.597 5.173 20.118 2.5620
9. 15 250 100 2.891 5.202 20.125 2. 5865
10. 9 150 120 3.014 5.042 20.080 2.5780
11. 9 200 120 2.950 5.166 20.094 2.5945
12. 9 250 120 2.890 5.175 20.118 2. 6070
13. 12.5 150 120 2.700 5.161 20.094 2.5675
14. 12.5 200 120 2.830 5.182 20.105 2. 5650
15. 12.5 250 120 2.872 5.184 20.125 2.5815
16. 15 150 120 2.456 5.161 20.079 2. 5640
17. 15 200 120 2.763 5.145 20.070 2. 6065
18. 15 250 120 2.695 5.182 20.097 2. 5900
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Figure 6. Keyseat length

Figure 4-6 shows the graphs created according to the keyseat values obtained as a result of machining Ti-
6AI-4V alloy with different machining parameters. When Figure 4 is examined, the closest value to the
targeted keyseat depth was obtained in experiment no. 10 (Ip=9A, Ton=150us, Toff=120us). The difference
between the average keyseat depth of 3.014 mm and the keyseat depth obtained as a result of this experiment
was calculated as 4.10%. The biggest difference between the target value and the measured values was
18.13% in the test condition no. 4. It is thought that these changes in depth are caused by the machining
process and tool wear depending on the machining parameters. When the discharge current and the pulse
on time are high, the chip removal rate increases, but the high temperature caused causes faster tool wear
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[14]. On the other hand, it can be said that the sticking of chips from the machined material to the tool
causes irregularity in arc formation, reducing the chip removal rate and thus moving away from the target
value in depth. As a matter of fact, the deviation is higher due to the reasons mentioned in the experiments
where the discharge current and pulse duration are high (Table 2).

Figure 5 and Figure 6 show the changes in keyseat width and length, respectively, according to the
machining parameters. The average of the keyseat width and length values are 5.0819 and 20.0497,
respectively. The largest difference between the targeted keyseat width and the measured value was 4.24%,
while the deviation between the keyseat length was 0.625% at most. These values indicate that the deviation
in keyseat width is larger. This result is mainly due to the large surface area falling on the keyseat width
and thus the formation of chips and sparks on the larger surface. On the other hand, it is thought that the
increasing arc gap [15] with the increase of thermal energy in experiments with high pulse duration causes
an increase in the amount of deviation from the target value. However, less thermal energy is transferred to
the workpiece with a low discharge current and chip removal in smaller particles from the workpiece
resulted in closer results to the targeted values (Table 2). In addition, the low pulse on time and high pulse
off time reduced the rate of spark falling on the workpiece surface per unit time [16]. Thus, less melting
and evaporation processes, less pits and less crater formations increased the accuracy of measurement.

| 1,59 A, Top:150 pis, T,e120 s |

Figure 7. 3D topographies of processed surfaces

Figure 7 shows the 3D surface topographies taken from the base of the keyseat. Considering that the pulse
on time (Ton) remains the same, the formation of irregular structures consisting of high peaks and valleys
on the machined surface in Figure 7a draws attention, while in Figure 7b it is seen that the machined surface
has a relatively more homogeneous structure. High Ip and low Toff values caused deterioration of the
homogeneous structure on the surface and had a negative effect on both surface roughness and measurement
accuracy. By increasing the impact dwell time, that is, when the metal removal rate is reduced, shallower
craters were formed on the workpiece surface [17]. In order to examine these formations more clearly, SEM
images were taken from the machined keyseats for the same machining conditions (Figure 8).
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Figure 8. SEM images of corner radius and cross section

It is very important to clean the residues in the processing area accurately and quickly in reducing the
amount of error in the geometric dimensions of the machined surfaces. Removal of debris from the keyseat
cavity is necessary to achieve stable machining performance. If residues cannot be removed from the
machined area, it can lead to unstable machining performance and poor geometric dimensions [18-20]. The
desired edge radius depending on the machining geometry and the SEM images obtained after
metallographic polishing on the cross-section of the processed samples are given in Figure 8. It is seen that
the craters and keyseat profile lines on the machined surfaces change depending on the machining
parameters. As can be seen from the cross-section pictures (Figure 8b), deeper and wider craters due to
machining parameters that provide high metal removal rate increased the deviation from the dimensions.
At the same time, sparks will occur on the larger surface, as possible adhesions on the tool surface disrupt
the tool geometry [21]. It is thought that this process enlarges the removed surface area, causing both
deviations from the keyseat profile and an irregular form of surface quality.

In the light of all the results, it has been observed that in the machining of parts with complex geometry by
electro-erosion, deviations may occur in different sizes due to arc formation according to the profile-tool
surface area. It has been revealed that the most important parameters affecting the material removal rate
and surface integrity in EDM of Ti-6Al-4V alloy are flow and pulse on time. On the other hand, the fact
that no residues stick to the machined surfaces indicates that the dielectric fluid and application pressure
used in the experiments were chosen correctly. When electro-erosion machining is required on parts
produced from Ti-6Al-4V alloys, it is recommended to use low current, medium pulse on time and high
pulse off time in order to achieve the desired dimensions and surface qualities.

4.CONCLUSIONS

In this study, a comprehensive evaluation of the dimensional measurement results obtained as a result of
keyseat forming into Ti-4Al-6V alloy with different machining parameters in EDM was made. The findings
obtained as a result of the study are presented below:

e By transferring less thermal energy to the workpiece with low discharge current and
removing chips from the workpiece in smaller particles, results closer to the targeted values
were obtained.

e High Ip and Ton and low Toff values caused deterioration of the homogeneous structure on
the machined surface and had a negative effect on the measurement accuracy.
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e Optimum parameters were obtained as [p=9A, Ton=150us, Toff=120us for keyseat cutting
into Ti-4Al-6V alloy. In this context, the closest keyseat depth to the target value was
measured as 3.014 mm.

e The largest deviations between the targeted keyseat depth, width and length and measured
values were 18.13%, 4.24% and 0.625%, respectively.

e It has been observed that correct and rapid cleaning of the residues in the processing area is
an important factor in reducing the amount of errors in the geometric dimensions of the
surfaces processed by electro-erosion.
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*Crystallization kinetics of
Bil,8-
xGaxPb0,2Sr2CaCu2Oy -
glasses studied.

* Activation energies
calculated using Kissinger
and Augis-Benett models k

This article presents the variation in the thermal properties of Bi-Ga partial substitution in Bis-
xGaxPbo2Sr2CaCu20y (BSCCO) glass ceramic structures. The experimental steps of BSCCO
glass ceramic samples are specified. The samples were produced with Bi-Ga partial substitution
at different ratio using the melt casting method. Thermal properties were analyzed using the
differential thermal analysis (DTA) method. The mass gain in the samples was investigated by
the thermogravimetric analysis (TGA) method.

. Figure 1 Schematic representation of experimental processes of Bi,s-
xGaxPbo,2Sr2CaCu20y samples

Purpose: The aim is to examine the effect of Bi-Ga partial substitution on the thermal properties
of the BSCCO glass ceramic structure.

Theory and Methods: First, the heat treatment stage of the powder samples was specified. Then,
the process of transforming the molten material into glass was performed (Figure 1). Finally, the
effect of partial substitution ratio of Ga in the BiisxGaxPbo2Sr2CaCu20y on thermal properties
using DTA and TGA measurements.

Results: In the DTA curves of all samples, it is seen that as the heating rate is increased, it shifts
to the high temperature regions at the glass transition temperature and crystallization temperature.
Avrami parameters were calculated for each sample using the crystallization peaks in the DTA
curves. The Avrami parameters of samples were calculated as 3,45; 2,82; 2,25 and 2,58 for A, B,
C and D respectively. Compared to the A, the activation energy of the B increased by 1-2 kJ/mol,
but this energy level started to decrease as the substitution ratio increased. When the graphs are
examined for all samples, it is seen that the crystallization rate increases with the increase in the
substitution ratio.

Conclusion: Since the required energy range for crystallization will be lower at low temperatures,
there will be sufficient time for nucleation. However, as the higher heating rates are increased,
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the required energy range is exceeded rapidly and there will be no time required for nucleation,
and the crystallization temperature will increase proportionally. Volumetric nucleation from the

Keywords surface inwards in all samples shows that the surface nucleation is more dominant than the
DTA/TGA, volumetric nucleation as the substitution ratio increases. It can be said that samples with high
Glass Ceramics, energy level are thermally more stable than samples with low energy levels.
Avrami parameter,
Thermal properties
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Oz

Bu c¢alismada, x = 0; 0,025; 0,1; 0,2 oranlarinda Bi-Ga kismi yer degistirmesinin, Biis-
Makale Bilgisi xGaxPbo2Sr2CaCu20y yapisinin termal Ozellikleri iizerindeki etkisi incelenmistir. Deneysel
cekirdeklenme oranlari, sicakligin ve kismi yer degisitirmenin bir fonksiyonu olarak Arvami
parametreleri  kullanilarak  ¢ekirdeklenme teorisi agisindan analiz  edilmigtir.  Biis-
Basvuru: 13/01/2022 GaxPbo2SrCaCu0 da birinci kristall ki ici Kti = deperleri
Diiseltme: 05/02/2022 xGaxPbo.2SrCaCux0y yapisinda birinci kristallenme piki igin aktivasyon enerji degerleri,
Kabul- 07/02/2022 izotermal olmayan Kissinger, Takhor ve Augis-Bennet yontemleri kullanilarak hesaplandi. Bi-

Arastirma makalesi
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Anahtar Kelimeler Ga kismi yer degistirmesinin, kiitle degisim mekanizmasindaki etkisi oksijen gazi akisinda
incelendi.

DTA/TGA,

cam seramik,

Avrami parametresi,

Termal ozellikler

Investigation of Thermal Properties of Bii,s-xGaxPbo,2Sr2CaCuz20y

Keywords Glass Ceramics

DTA/TGA,

Glass Ceramics, Abstract

Avrami parameter,

Thermal properties In this study, the effect of Bi-Ga partial substitution at x = 0,0; 0,025; 0.1; 0,2 on the thermal

properties of the BiisxGaxPbo2Sr2CaCuz20y structure. Experimental nucleation ratios were
analyzed in terms of nucleation theory using Arvami parameters as a function of temperature and
partial displacement. The activation energies of the first crystallization peak in the Bil,8-
xGaxPb0,2Sr2CaCu20y structure were calculated using non-isothermal Kissinger, Takhor and
Augis-Bennet methods. By using the thermogravimetric analysis (TG) method, the effect of Bi-
Ga partial substitution on the mass change mechanism was investigated in oxygen gas flow.

1. GIRiS INTRODUCTION)

Camlar izotropik, homojen, seffaf ve kimyasallara direngli ancak kirilgan sert maddelerdir. Camlarin atom
dizilimleri, kristallerde oldugu gibi uzun mesafe diizeni degil, aksine kisa mesafe dizilim sergiler. Camlarin
atomik ve molekiiler yap1 birimleri kristallerle ayni olmalarina ragmen bu birimler diizenli degildirler [1].
Camlarin atomik diizeni, kristal yapidaki gibi 10 nm’den biiyiik olmadigindan ve rastgele yerlesmis
diizende olduklarindan x-1smnlart kirinmim deseni incelendiginde 26=30° civarinda genis bir tepe
gozlemlenir. Camin seffaflik 6zelligi de tanecik sinirlarinin olmamasindan kaynaklanmaktadir [2].

Cam seramik malzemeler; uzay ve havacilik sanayisinde, elektronik sanayisinde, malzeme kaplama
teknolojisinde, medikal uygulamalarda, insaat sektoriinde, siiperiletken malzeme iiretiminde kullanilir [3-
7]. Yiksek dielektrik sabitine sahip malzemelerin iiretiminde basta olmak iizere, ¢esitli malzemelere kiyasla
korozyon ve asinma dayanimi, {istiin darbe direnci ve tokluk 6zelliklerinden dolay1 pek ¢ok alanda tercih
edilmektedirler.

Cam seramik malzeme iiretiminde en yaygin kullanilan ydntem kat1 hal tepkime, sol jel ve eritme dokiim
yontemleridir. Eritme dokiim yontemi yapi icerisindeki gézenekleri azaltarak yiiksek yogunlukta homojen
orneklerin hazirlanmasina olanak saglamaktir. Boylece pargaciklar arasi baglantilar artmakta ve var olanlar
kuvvetlenmektedir. Bunun sonucunda da orneklerin elektriksel, yapisal ve mekanik o6zellikleri
degismektedir. Baska bir avantaj1 da farkli sekil ve biiytikliikte 6rnek hazirlanabilmesidir. Bu yontemde en
onemli nokta, yiiksek sicakliklarda pota ile iiretilen madde arasinda olusabilecek kimyasal reaksiyonlardir.
Bu reaksiyonlart 6nlemek icin genellikle yiiksek erime sicakligina sahip platin krozeler kullanilmaktadir

[8].

Cam seramik yapilardan BSCCO sisteminin genel formiilli, Bi»Sr2Cay.1CunOant4+y seklindedir. n=1, 2, 3
degerleri kullanilarak elde edilen sistemler Bi, Sr, Ca ve Cu elementlerinin alt indisleri kullanilarak sirasiyla
2201, 2212 ve 2223 kristalografik yapi olarak tanimlanirlar. Cam seramik {iretim yontemi kullanilarak
BSCCO (Bi-Sr-Ca-Cu-0) yapisi iizerine gergeklestirilen ilk ¢alisma Komatsu ve arkadaslari tarafindan
1988 yilinda yapilmistir [9]. BSCCO yapist cam 6rnek elde etmeye uygun ve basit bir sistemdir. Ancak,
BSCCO cam seramik iiretilirken, baslangic malzemelerin stokiyometrik oranli karigimlari, hazirlama
metotlari, sinterleme sicakligi ve siiresi géz oniinde bulundurulmalidir.

Ga'nin sirastyla 0.62 A ve 0.81 A iyonik yarigapli Ga 3+ veya Ga 1+ durumunda veya bunlar arasindaki
durumda olabilecegine inanilmaktadir. Baslangi¢ bilesiminde Ga + 3'liin kullanildigi varsayilirsa, Ga'nin
degerlik durumu, 1s1l islem sirasinda meydana gelen faz gecisleriyle degisebilir, bu da cam seramik
malzemenin Ozelliklerini dogal olarak etkileyebilecegi ifade edilmektedir [10]. Aksan ve arkadaglar
tarafindan yapilan ¢aligmada, BSCCO malzemelerde Ga katkisi veya kismi yer degistirme de, galyumun
cam yapici iyon olarak hareket ettigi belirlenmistir. Bu g¢aligmada, Bi-Ga kismi yer degistirmesinin
manyetik 6zellikleri iizerindeki olumlu etkisini ve kritik akim yogunluguna etkisi incenmistir [ 11]. Dimesso
ve ark. BiSrCaCu,GaOy sisteminde wisker yapilarinin iiretimini ve biiytime mekanizmasinm arastirdi. Cam
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malzemelerin termal 6zelliklerinin Ga konsantrasyonuna bagli oldugu bulundu. Wisker yapilarinin sadece
855 °C'de 1s1l islem gérmiis x = 0.6 malzemede iiretildigini gosterdiler [12]. Balc1 ve arkadaslari, BSCCO
nun farkli fazlar icin, farkli oranlarinda Pb ve Ga,O; katkisi i¢in oksitlenme mekanizmalarini incelemis
ve optimum oksitlenme sicakligini arastirmislardir [13].

Bu calismada; eritme dokiim yontemi kullanilarak Bi-Ga kismi yer degistirme orani x = 0; 0,025; 0,1; 0,2
olan Bij 3.xGaxPbgSr:CaCu,Oy cam ornekler hazirlanmistir. x = 0; 0,025; 0,1; 0,2 kismi yer degistirme
oranlarina sahip ornekler sirasiyla A, B, C, ve D olarak isimlendirilmis ve kismi yer degistirmelerin termal
ozellikler iizerine etkisi DTA yontemi ile kristallesme ve ¢ekirdeklenme mekanizmalarina ait, Avrami
parametresi incelenmistir. Kristallesme aktivasyon enerjisi, Kissinger, Takhor ve Augis-Bennet yontemleri
kullanilarak hesaplanmigtir. TGA yontemi kullanilarak da orneklerdeki kiitle degisimi, oksijen gazi
akisinda incelenmistir.

2. MATERYAL ve YONTEM (MATERIALS & METHODS)

Bu ¢alismada, malzeme iiretimi agisindan nispeten diger yontemlerden daha kolay ve islem basamaklart
kontrol edilebilen bir yontem olan eritme dokiim ile cam iiretimi secilmis ve BSCCO malzemelerinin
hazirlanis1 hakkinda detayli bilgi verilmistir.

2.1. Ornek Hazirlama

Bii 3xGaxPbo»Sr2CaCu,Oy cam yapi icerisinde x=0; 0,025; 0,1; 0,2 oranlarinda Bi-Ga kismi yer degistirme
yapilacak drnekleri hazirlamak i¢in, yiiksek saflikta (%99.99) Bi»Os, PbO, SrCOs, CaCO3, Ga,03 ve CuO
tozlar1 hassas terazide stokiyometrik oranlarda tartild1 ve agat havanda 6giitiildii. Toz 6rnekler yiiksek 1s1ya
dayanikli a-Al,Os (aliimina) potalara konularak, ortalama 1sitma hiz1 20 Kdk™! olacak sekilde 1373 K’ye
kadar kiil firinda 1s1tildi, 1373 K de 10 dk bekletilen 6rnekler, firin sicakligl 1423 K’ye ¢ikarilarak 150 dk
bekletildi ve eriyik Ornekler elde edildi. Eriyik hale getirilen 6rnekler, firindan alinarak 6rneklerin
kristallesmesini onlemek icin onceden sogutulmus iki bakir plakanin arasina dokiilerek hizli sogutma
yapildi. Bu iglemler sonucunda, kalinlig1 yaklagik 0.5-0.8 mm olan siyah cam numuler elde edildi (Sekil

).

pr—

=

Bi1.8xGaxPbo.2Sr2CaCu20y

it

Sekil 1. Bi;s.GaxPboSr>CaCu:0, 6rnegini tiretmek icin kullanilan iglem basamaklart
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2.2. Termal Analiz Yontemleri

Termal analiz yontemi ile malzemelerin sicakliga bagl olarak, kristallesme sicakliklari, ¢cekirdeklenme,
cam gecis sicakligi, erime sicakligi, bozulma, entalpi, entropi gibi parametreler hesaplanabilir. Elde edilen
ornekler iizerindeki kinetik caligmalar, izotermal olmayan teknikle EXSTAR 1200 DTA/TG cihazi
kullanilarak yapildi. Omeklerin =5, 10, 15, 20 K dk! 1s1tma hizlarinda alinan DTA egrileri kullanilarak,
kristallesme ve gekirdeklenme mekanizmalarina ait, avrami parametresi, ii¢ farkli yontemle kristallesme
aktivasyon enerjisi degerleri, TGA yontemi ile de, oksijen gazi akisi altinda 6rneklerdeki kiitle kazanci
hesaplanarak, Bi-Ga kismi yer degistirmesinin etkisi incelendi. Sekil 2a da tipik DTA egrisi goriilmektedir.
DTA egrilerinde malzemelerin o6zelliklerine bagli olarak, isitilmasiyla endotermik veya ekzotermik
reaksiyona karsilik gelen pikler olusabilir. Bu pikler yardimiyla 6rneginin sicaklik parametreleri olan
kristallesmeye bagladig1 sicaklik (Ts), kristallesme pik sicakligi (Tp), kristallesmenin bitis sicakligi (Tr)
hakkinda bilgi alinabilir. Sekil 2b incelendiginde 1sitma hizlarina bagl olarak ekzotermik pikin siddetinin
arttigt ve pik maksimum degerinin yiiksek sicakliklara dogru kaydigi goriilmektedir. Bu kaymadan
yararlanarak, Avrami parametresi, entalpi degisimi ve aktivasyon enerjileri hesaplanabilir [14].

(a) (b),

Isitma hizi 3
A Isitma hizi 2
! Isitma hizi 1

1
1
Tx

Sekil 2. DTA Egrileri a) Tipik DTA egrisi b) Farkl isitma hizlarindaki DTA egrileri

Avrami Parametresi

Elde edilen kristallesme piklerinden faydalanilarak hesaplanan Avrami parametresi (n), cam Orneklerde
kristal biiytimesi hakkinda énemli bilgiler verir. Hesaplamalar sonuncunda elde edilecek olan n degerleri
farkli kristallesme mekanizmalarma karsilik gelir. Xie ve Gao’ya gore; n=1; yiizeysel ¢cekirdeklenme ve tek
boyutta, n=2; hacimsel ¢ekirdeklenme ve tek boyutta, n=3; hacimsel ¢ekirdeklenme ve iki boyutta, n=4;
hacimsel ¢ekirdeklenme ve {i¢ boyutta, biiylime oldugu anlamina gelmektedir [15]. n degerleri;

__dlinC-In(1—4))]
- din(B) (1)

Es. 1’deki Ozawa Egsitligi’nden hesaplanabilir [16]. Burada £ 1sitma hizidir (5, 10 15, 20 K dk™!). Doniisiim
orani olarak adlandirilan ¢ ise, Sekil 2’deki gibi farkli 1sitma hizlarindaki kristallesme piklerinden keyfi
olarak alman ortak bir sicaklik degerine kadar olan alanin (Ax), pikin toplam alanina (A) orani (¢=Ax/A)
seklinde hesaplanabilir. Ayrica Ozawa Esitligi’ndeki In(-In(1-¢)) karsilik Inf grafiginin egimi, n degerini
verir [15].

Aktivasyon enerjisi
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Farkli 1sitma hizlar1 ile ekzotermik pik sicaklik degerlerindeki kaymalar aktivasyon enerjisi
hesaplamalarinda kullanilabilir [17]. Kristallesme aktivasyon enerjisini hesaplamak i¢in Kissinger, Takhor
ve Augis-Bennet yontemleri kullanilmistir. Bu ii¢ yontem de Johnson-Mehl-Avrami esitligi esas alinarak
gelistirilmistir [18]. Hazirlanan 6rneklerin aktivasyon enerjileri Kissinger yontemi ile;

B
2
Tp __Ea

£ =
d(ﬁ) RTp

din(

2)

esitligi kullanilarak hesaplanir [19,20]. Burada E,, aktivasyon enerjisi, R gaz sabitidir (R=8,314 j/molK).
In(B/T,*) nin 1000/T,’ye karsilik grafiginin egimi aktivasyon enerjisine esit olacaktir.

Aktivasyon enerjisini hesaplamak i¢in diger bir yontem ise Takhor yontemidir. Takhor’a gore aktivasyon
enerjisi;

din(B) _ Ea

P 3)

dG) R

esitligi ile hesaplanir [21]. Burada da Inf’nin - (1000/T,)’ye karsilik gelen dogrunun egimi Takhor
metoduna gore aktivasyon enerjisini vermektedir.

Diger bir aktivasyon enerjisi hesaplama yontemi ise Augis-Bennet’tir. Bu yonteme gore aktivasyon enerjisi
ise;

B
dln(Tp—TO) _ E

a
- 4
d) R 4)

esitligi ile hesaplanir [22]. Buradaki Ty mutlak sicakliktir. Bu yontemde de In(f/(Tp-To)’m (1000/T,)’e
karsilik gelen dogrunun egimi aktivasyon enerjisini vermektedir.

2.3. Termogravimetrik Analiz

TGA’da, 6rnegin 1sitilmasi ya da sabit bir sicaklikta tutulmasi sirasinda kiitlesindeki degisiklikler, zamanin
veya sicakligin bir fonksiyonu olarak 6lgiiliir. Ol¢iimlerde kiitle degisiklikleri 6rnekte olusan buharlasma,
siiblimlesme, ayrisma, oksitlenme, gaz aligverisi gibi olaylar ile olusan ekzotermik veya endotermik
reaksiyonlarin sonucunda olusabilir.

Toplam kiitle kazanc1 TGA egrisinin maksimum oldugu deger ile minimum oldugu deger arasindaki farktir.
Malzemeye ait birim sicaklik basina kiitle kazanci (Am/AT), birim zamanda kiitle kazanc1 (Am/At) olarak
hesaplanabilir. Eger malzemede kiitle artisi sz konusu ise ve bu kiitle artisinin oksitlenmeden
kaynaklandig1 biliniyorsa; birim sicaklik ve oksijen atomu bagimna kiitle kazanci ((Am/AT).mo), birim
zaman ve oksijen atomu basina kiitle kazanci da ((Am/At).mo;) olarak hesaplanabilir [13].

Bu c¢alismada, 10-20 mg arasinda A, B, C ve D y1gin 6rneklerinin termal 6zellikleri, EXSTAR 1200
DTA/TG cihaz ile oksijen gazi1 akis1 altinda incelenmistir.

3. BULGULAR VE TARTISMA (RESULTS & DISCUSSION)

A 6rneginin 5, 10, 15, 20 Kdk™! 1sitma hizlarinda alinmis DTA egrileri Sekil 3 te goriilmektedir. Isitma hiz1
artirlldiginda Ts, Tp, pik genisligi ve pik yiiksekliginin arttigi goriilmektedir. Bu artis, birim zamanda
verilen yiiksek miktardaki enerjinin Ornek icerisindeki atomlarin hareketliligini artirmasindan
kaynaklanmaktadir. Ayrica 1sitma hizlar artirildiginda pik noktasinin yiiksek sicakliklara dogru kaydigi
goriiliir. Bu durumun, 6rnegin ¢ekirdeklenme oranindan dolay1 kaynaklandigi sdylenebilir. Yani, 1sitma



92 Siikrii CAVDAR, Durak BULUT, Selcuk IZMIRLI, Neslihan TURAN, Haluk KORALAY / GU J Sci, Part C, 10(1): 86-
102 (2022)

hizinin diisiik oldugu durumlarda enerji depolama siiresi artacagindan, 6rnekteki ¢ekirdeklenme orani da
artacaktir. Bununla birlikte 1sitma hiz1 yiiksek oldugunda ise ¢ekirdeklenme icin gerekli olan enerji siiresi
hizl1 bir sekilde gecilecegi icin ¢ekirdeklenme orani azalacaktir. Bdylece, 6rnekte kristallesme igin gerekli
olan enerjinin daha yiiksek sicakliklarda saglanacagi ifade edilebilir.

5=20 Kdk” AN

——> Ekzo

mV(K.b)

600 650 700 750 800 850 %0 %0
T(K)

Sekil 3. A orneginin farkl isitma hizlarindaki DTA egrileri

A, B, C ve D drneklerinde meydana gelen kristallesme pik sicakliginin degisimini incelemek igin drneklere
ait 20 Kdk! 1sitma hizindaki DTA egrileri Sekil 4’te goriilmektedir. Burada, C érneginde ihmal edilebilecek
derecedeki kiigiik bir diisiis haricinde genel olarak yer degistirme orani arttik¢a kristallesme sicakliginin
arttigi gozlemlenmistir.

—> Ekzo

mV(K.b)

T(K)

Sekil 4. A, B, C ve D ornekleri icin 20 Kdk™ isitma hizinda DTA egrileri
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DTA olctimlerinden elde edilen kristallesme pik sicaklik degerleri kullanilarak hesaplanan Avrami
parametresi, cam Orneklerin kristallesme siirecinde kristal biiytimeleri hakkinda bilgi verir. Es. 1°de verilen
Ozawa esitligine gore, In(-In(1-¢))’ye karsilik gelen Ing grafigi ¢izildiginde, elde edilen dogrunun egimi
Avrami parametresini verir. A drnegi icin Avrami parametresi 3,45 (Sekil 5), B 6rnegi i¢in 2,82, C 6rnegi
icin 2,25 ve D 0Ornegi igin ise 2,58 olarak hesaplanmistir. Bu sonuglara gore, A orneginde hacimsel
¢ekirdeklenme ve ii¢c boyutlu biiyliime gerceklesirken, B, C ve D 6rneklerinde ise hacimsel gekirdeklenme
ve iki boyutlu biiylime gergeklestigi gdzlemlenmistir. Bu da bize, Bi-Ga kismi yer degistirme orani arttik¢a
genel olarak yiizeysel ¢ekirdeklenmenin hacimsel ¢ekirdeklenmeden daha baskin oldugunu géstermektedir.

1 ) W =5 Kdk '

W =10 Kdk™
M p=15 Kdk™"
M p=20 Kdk™

In(-In(1-¢))

y=-3,45237x+6,84204
R’=0,93599

1 F 1. % X ¥ L & 0 . .
1.4 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0 3.2

In(5)

Sekil 5. Ozawa yontemine gére A 6rnegi icin In(-In(1-@))-Inp grafigi

A, B, C ve D orneklerine ait DTA egrilerinden elde edilen termal parametreler Tablo 1’de goriilmektedir.
Isitma hizinin artmasiyla biitiin 6rneklerin Ts ve T, degerlerinin yiiksek sicakliklara kaydigi goriilmektedir.
B 6rnegi hari¢ A, C ve D orneklerinde 1sitma hiziyla beraber pikin genisledigi, ayni 1sitma hizlarinda
ornekler birbiri ile kiyaslandiginda B 6rnegi harig, Ts, T, degerleri yer degistirme oraninin artmasiyla
artmaktadir.

Bir ornekte kristallesmenin gergeklesebilmesi i¢in gerekli olan minimum diizeydeki enerji miktarina
kristallesme aktivasyon enerjisi denir. Tablo 1’de verilen DTA analiz sonuglar1 kullanilarak Kissinger,
Takhor, Augis-Bennet yontemleri yardimi ile A, B, C ve D oOrneklerine ait aktivasyon enerjileri
hesaplanmustir.

Orneklerin Kissinger yontemine gdre aktivasyon enerji degerleri Es. 2 kullanilarak, DTA analiz sonuglarina
gore In(B/T,»)-1000/T, grafigi ¢izildiginde, karsilik gelen dogrunun egiminden aktivasyon enerjisi
hesaplanmustir. Grafiklerde dort 1sitma hizinda da In(f/T,?)-1000/T, arasinda lineer bir iliski oldugu agikga
goriilmektedir. Kissinger yontemi kullanilarak, Sekil 6’daki egrilerin egiminden A 6rneginin aktivasyon
enerjisi 378,83 kJ/mol olarak hesaplanmistir. Yine ayni yontem ile B, C, D o6rneklerinin aktivasyon
enerjileri sirasiyla; 380,41; 365,60; 359,42 kJ/mol olarak hesaplanmuistir.

Tablo 1. A, B, C ve D ornekleri icin DTA egrilerinden hesaplanan parametreler
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Ornekler B T, T, d=AJ/A Avrami
(Kdk1) (K) (K) Parametresi
(m)
5 732,6 742 .4 0,94
10 738,3 750,2 0,40
A 15 739.,8 755,1 0,11 343
20 7424 759,1 0,02
5 730,7 7443 0,05
10 740,2 751,8 0,16
B 15 745,2 756,6 0,70 2,82
20 746,6 761,1 0,93
5 734.,6 741,5 0,52
10 738.,8 749,0 0,14
¢ 15 743,6 754,4 0,06 2,52
20 745,0 758,7 0,02
5 744,2 750,3 0,60
10 749,2 757,6 0,09
D 15 752,0 763,8 0,09 2,58
20 7549 768,0 0,02
-10.2 4 W 6=5 Kak'
| M 5=10 de:“
352
-10.6
-10.8 -

-11.0

In(B/T2)

1.2
114 4

-11.6 1

y=-45,56373x+49,77776

R?=0,99787

-11.8
1.315

T T Y T v T T T
1.320 1.325 1.330 1.335 1.340 1.345 1.350

‘lOOO/Tp
Sekil 6. Kissinger yontemine gére A érnegi icin In(B/T,*)-1000/T, grafigi

Aktivasyon enerjisi hesaplanmasinda kullanilan diger bir yontem olan Takhor yontemi ile Es. 3 kullanilarak
A, B, C ve D 6rnekleri i¢in enerji degerleri hesaplanmistir. Tiim 6rnekler igin ayr1 ayri In()-1000/T,, grafigi
cizildiginde, karsilik gelen dogrunun egiminden aktivasyon enerjileri hesaplanmistir. Takhor yontemine
gore, Sekil 7°deki egrinin egiminden A Orneginin aktivasyon enerjisi 391,31 kJ/mol olarak hesaplanmuistir.
Yine ayn yontem ile B, C ve D 6rneklerinin aktivasyon enerjileri sirasiyla 392,92; 378,07; 372,04 kJ/mol
olarak hesaplanmistir.
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3.2

1 W 5=5 Kdk'
3.0 1 W 8=10 Kdk '
M =15 Kdk"

] =20 Kdk'
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2.6

2.4 4

In(B)

2.2 4
2.0 1

1.8

y=-47,06464x+65,0192

164 R’=0,99802

1.4 Y T . T ? T ¥ T L T v T "
1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350

1000/Tp

Sekil 7. Takhor yontemine gore A ornegi icin In(p)-1000/T, grafigi

Augis-Bennet yontemiyle Es. 4 kullanilarak enerji degerleri hesaplanmistir. A, B, C, D 6rnekleri igin tiim
1sitma hizlarinda In(8/Tp-To)-1000/T,’ye karsilik gelen dogrunun egiminden aktivasyon enerjileri
hesaplanmistir. Augis-Bennet yontemine gore, Sekil 8’deki egrinin egiminden A Grneginin aktivasyon
enerjisi 381,50 kJ/mol olarak hesaplanmistir. B, C ve D 6rneklerinin aktivasyon enerjileri sirasiyla; 383,10;
368,26; 362,18 kJ/mol olarak hesaplanmistir.

W 6=5 Kdk '

324 W 8=10 Kdk '
M p=15 Kdk "
M =20 Kdk'

-3.8

4.0

In(B/(T,-Tg))

y=-45,8847x+57,27872
R’=0,99791

T T T v T v T T T T T v T v
1.315 1.320 1.325 1.330 1.335 1.340 1.345 1.350

1000/Tp

Sekil 8. Augis-Bennet yontemine gore A ornegi icin In(p/T,-To) - 1000/T, grafigi

Tablo 2’de Kissinger, Takhor ve Augis-Bennet yontemleri ile DTA egrilerindeki kristallesme pikleri igin
aktivasyon enerji degerleri listelenmistir. Bu aktivasyon enerjilerinde, Kissinger ve Augis-Bennet
yontemleri +3 kJ/mol’liik bir degerle birbirine yakin sonuglar vermesine ragmen, Takhor yonteminden elde
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elden degerlerde Kissinger’e gore yaklasik olarak 13 kJ/mol, Augis—Bennet’e gore ise 9-10 kJ/mol kadar
bir artig hesaplanmistir. Her yontem icin hesaplamalar kendi arasinda tutarlilik ve paralellik gostermektedir.

Yapilan hesaplamalarda, A 6rnegine gore B o6rnegi her yontemde de 1-2 kJ/mol artig gostermistir. Bu da B
Orneginin A’ya gore ¢ok az da olsa termal olarak kararli yapida oldugunu ve kristallesme igin 1-2 kJ/mol
kadar daha fazla enerjiye ihtiya¢ duyacagini gostermektedir. Diger taraftan, A 6rnegine goére C ve D
orneklerinin enerji degerlerinde diisiis yasanmistir. Buradan da C ve D 6rneklerinin A ve B’ye gore termal
olarak daha kararsiz yapida oldugu ve kristallesme i¢in daha az enerjiye ihtiyag duyacagi sonucu
cikarilabilir [23,24].

Sonug olarak; B ornegi i¢in aktivasyon enerjisi az da olsa artis gdstermis ve Bi-Ga kismi yer degistirme
arttikga aktivasyon enerjisi diismeye baglamistir. Camlarda, kristallesme ve cam gegis sicakligi arasindaki
fark, cam kararliligin1 verdigi bilindigine gore aktivasyon enerjisinin yiiksek olmasi Ornekteki fazin
kararlilik derecesini gostermektedir [24]. Burada B 6rnegi digerlerine gore daha kararli yaprya sahiptir. B
orneginin kiigiik orandaki artis1 géz ardi edildiginde Ga yer degistirme miktar1 arttiginda aktivasyon
enerjisinin azaldig1 goriilmistiir. Elde edilen sonuglarin literatiir ile uyumlu oldugu goriilmiistiir [23,24].

Tablo 2. A, B, C, D érnekleri icin aktivasyon enerji degerleri

Ornekler Kissinger Takhor Augis-Bennet
Metodu Metodu Metodu
(kJ/mol) (kJ/mol) (kJ/mol)
A 378,83 391,31 381,50
B 380,41 392,92 383,10
C 365,60 378,07 368,26
D 359,42 372,04 362,18

Elde edilen degerler daha dnce yapilan ¢alismalar ile karsilastirildiginda; katkisiz 6rneklerdeki aktivasyon
enerjilerinin en yiiksek oldugu, PbSe ve PbO+Se katkilama calismalarinda aktivasyon enerjilerin katki
arttikca azaldigi [26,27] ve RuPb katkilama calismasinda ise ilk katkiyla birlikte katkisiz 6rnege gore
azaldig, ancak katki arttik¢a artmaya basladig [28] goriilmektedir. Buradaki ¢alismalarda da, goriiliiyor ki
katkili 6rnekler katkisiz drneklere gore daha katkiya gore daha kararsiz yapida olabilir.

Hazirlanan 6rnekler i¢in farkli 1sitma hizlarinda sicakligin bir fonksiyonu olarak Sekil 9’daki A 6rneginin
kristallesme kesri egrisi incelendiginde, kristallesme biitiin 1sitma hizlarinda yaklagik olarak aymi
sicakliklarda baglamasina ragmen kristallesmenin sona erdigi sicaklik degerleri 1sitma hizinin artmasi ile
daha yiiksek sicakliklara ¢iktig1 goriilmistiir.
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Sekil 9. A ornegi icin farkl isitma hizlarinda sicakhigin bir fonksiyonu olarak kristallesme kesri

Sicakligin bir fonksiyonu olarak verilen Sekil 10°daki A 6rneginin kristallesme hizi egrileri ise bize, yiiksek
1sitma hizlarinda kristallesmenin daha hizli oldugunu gostermektedir Bu sonuglar literatiirdeki ¢aligmalarla
da uyumludur [29,30].

Sicakligin fonksiyonu olarak kristallesme hiz1 grafikleri tiim 6rnekler i¢in incelendiginde ise, Bi-Ga kismi
yer degistirme oraninin artmastyla kristallesme hizinin da artig1 goriilmiistiir (Sekil 11).

dy/dt

14

12

10

B=5 Kdk™*

B= 10 Kdk™

B=15Kdk®

T
740

T
750

T T
760 770

T(K)

T
780

790

Sekil 10. A ornegi icin farkli isitma hizlarinda sicaklhigin bir fonksiyonu olarak kristallesme hizi
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10 —

dy/dt

—————— 71— 17—
735 740 745 750 755 760 765 770 775 780
T(K)

Sekil 11. A, B, C, D érnekleri icin 15 Kdk' farkli 1sitma hizinda sicakhigin bir fonksiyonu olarak
kristallesme hizi

Orneklerin 5, 10, 15, 20 Kdk™' 1sitma hizlarindaki yiizdesel olarak kiitlelerindeki degisim (TG%-T) tespit
edilmistir. Orneklerin baslangictaki kiitleleri %100 olarak alinirsa artan sicaklik ile kiitlede yiizde olarak
artma ya da azalma olacaktir. Analizlerin oksijen akis1 altinda yapildigindan dolay1 6rneklerin oksitlenmesi
ile birlikte 6rneklerde kiitlesel bir artis olacaktir.

Sekil 12. de 20 Kdk! sabit 1sitma hizinda A, B, C, D &rneklerine ait (TG%-T) egrilerinden elde edilen
sayisal veriler kullanilarak yapilan hesaplama sonuglar1 Tablo 3’de verilmistir. Sekil 12. incelendiginde A,
B, C, D ornekleri kiitle kazancina sirastyla; 905, 877,927, 931 K civarinda baslayip 1144, 1094, 1087, 1086
K’da sona ermistir. Diger 1sitma hizlarinda 6rneklerin davraniglari incelendiginde, 6rnekler ortalama olarak
900 K civarinda oksitlenme ile kiitle kazancina bagladigi ve 1100 K civarinda da kiitle kaybetmeye
basladig1 sdylenebilir. Ayrica, A, B, C ve D 6rnekleri igin 5, 10, 15, 20 Kdk™! 1sitma hizlarindaki toplam
kiitle kazanci (Am), birim sicaklikta toplam kiitle kazanci (Am/AT), birim zamanda toplam kiitle kazanci
(Am/At), birim zamanda birim oksijen atomunda toplam kiitle kazanci ((Am/At).mo2) ve birim sicaklikta
birim oksijen atomunda kiitle kazanci ((Am/AT).mo;) sonuglart Tablo 3°de verilmistir.

Yapilan hesaplamalar sonucunda, A 6rnegi 5 Kdk! isitma hizindaki toplam kiitle kazanci 3,06x10-g, 20
Kdk! 1s1tma hizinda ise 5,79 x107 g, oldugu goriilmiistiir. Diger taraftan, B, kiitle kazancinda A drnegine
gore diisiis yasarken, Bi-Ga kismi yer degistirme oraninin artirildigi, C ve D orneklerinde toplam kiitle
kazanglarinda artis oldugu goriilmektedir. Buradan da genel olarak, yer degistirme orani ile birlikte 1sitma
hiz1 artirildiginda toplam kiitle kazancinda bir artis oldugu sdylenebilir.

Ote yandan; 6rneklerin birim sicaklikta toplam kiitle kazanci, birim zamanda toplam kiitle kazanci, birim
zamanda birim oksijen atomunda toplam kiitle kazanci ve birim sicaklikta birim oksijen atomunda kiitle
kazancinda da B 6rnegi A Ornegine gore diisiis yasarken yer degistirme ve 1sitma hizinin artmasiyla bu
sonuglarda da artma oldugu goriilmektedir.
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Sekil 12. A, B, C, D érnekleri icin 20 Kdk™ 1sitma hizinda TGA egrileri.

Tablo 3. A, B, C, D érnekleri icin TGA sonucglart

Birim Birim Birim
Toplam Sicaklik Birim Sl.cz.lkllkta qu.nanda
. Kiitle Basina Zamanda Birim O2 Birim O:
Ornek Isitma Kazanci Kiitle Kiitle Atomu Basina | Atomu Basina
Hiz1 (B) Am(g) Kazanci Kazanci Kiitle Kazanc1 | Kiitle Kazanci
(x107) Am/AT Am/_Ast (g/s) | (Am/AT).Mo: (Am/At).Moz
(g/K) (x107) (Atom/K) (Atom/s)
(x1073) (x10%%) (x10725)
5 3,06 0,31 1,49 0,83 3,95
A 10 3,89 0,24 3,16 0,65 8,41
15 3,64 0,24 3,50 0,63 9,31
20 5,79 0,35 6,89 0,92 18,34
5 2,46 0,18 0,92 0,48 2,46
B 10 2,50 0,22 2,29 0,57 6,10
15 4,19 0,37 5,74 0,98 15,27
20 6,24 0,43 9,31 1,14 24,77
5 2,88 0,42 2,17 1,11 5,76
C 10 5,30 0,52 5,46 1,38 14,53
15 6,78 0,63 8,37 1,67 22,27
20 5,05 0,37 8,02 0,98 21,32
5 2,63 0,43 2,27 1,15 6,03
D 10 6,41 0,76 8,01 2,03 21,31
15 5,89 0,50 7,96 1,33 21,17
20 7,51 0,57 12,52 1,52 33,29
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4. SONUC (CONCLUSION)

Bu calismada; Bii sxGaxPbo,Sr2CaCu,0y (x= 0; 0,025; 0,1; 0,2) ornekleri 5, 10, 15, 20 Kdk™' 1sitma
hizlarinda termal 6zelliklerini incelemek tlizere DTA egrileri elde edildi. Biitiin 6rneklerin DTA egrilerinde
1sitma hizinin artmasiyla kristallesme sicakliginda yiiksek sicaklik bolgelerine kayma goriildii. DTA
egrilerindeki kristallesme pikleri kullanilarak her 6rnek icin ayr1 ayr1 hesaplanan Avrami parametresinde,
A 0Ornegi i¢in 3,45; B icin 2,82; C i¢in 2,25 ve D 6rnegi icin ise 2,58 olarak hesaplandi. Bu sonuglar
neticesinde A Orneginde yiizeyden ige dogru hacimsel gekirdeklenme ve ii¢ boyutlu biiylime, diger tim
orneklerde ise yine yiizeyden ice dogru hacimsel ¢ekirdeklenme ve iki boyutlu biiyliime gerceklestigi
gozlemlenmistir. Bi-Ga kismi yer degistirme orami arttikga yiizeysel cekirdeklenmenin hacimsel
¢ekirdeklenmeden daha baskin oldugu goriildii. Ayrica da C ve D orneklerinin A ve B’ye gore termal
olarak daha kararsiz yapida oldugu ve kristallesme i¢in daha az enerjiye ihtiyag duyacagi sonucu
cikarilabilir [23,24]. Sicakligin bir fonksiyonu olarak ¢izilen A 6rneginin kristallesme hiz1 egrileri ise bize,
yliksek 1sitma hizlarinda kristallesmenin daha hizli oldugunu gostermektedir Bu sonuglar literatiirdeki
calismalarla da uyumludur [29,30].

DTA egrilerindeki kristallesme pikleri yardimi ile Aktivasyon enerjisi hesabinda kullanilan Kissinger,
Takhor ve Augis-Bennet yontem sonuglarinin kendi igerisinde tutarlilik ve paralellik gosterdigi goriildii.
Her ii¢ yontemde A 6rnegine gore, B 6rneginin aktivasyon enerjisi 1-2 kJ/mol kadar artis gdstermis ancak
Bi-Ga kismi yer degistirme orani arttik¢a bu enerji seviyesi diismeye baslamistir. Bu azalmanin sebebi
olarak, yiiksek enerji seviyesine sahip olan orneklerin diisiik enerji seviyesine sahip olan orneklere goére
termal olarak daha kararli yapida oldugu soylenebilir. Alinan TGA degerlerinden ise hazirladigimiz
orneklerde kiitle kazanci oldugu goriilmistiir. Bunun sebebi ise BSCCO yapisi icerisinde oksijen tutmaya
elverigli atomlarin bulunmasidir. TGA egrilerinden Bi-Ga kismi yer degistirme orani ve 1sitma hizi
arttirildiginda kiitle kazancinda bir artma oldugu sdylenebilir.

TESEKKUR

Bu calisma 05/2016-05 no’lu proje ile Gazi Universitesi Bilimsel Arastirmalar Birimi tarafindan
desteklenmistir.

KAYNAKLAR (REFERENCES)

[1] McMillan, P.W. (1979). Glass-Ceramics (Second Edition). London: Academic Press,
1-266.

[2] Lewis, M. H. (1989). Glasses and Glass-Ceramics. Chapman and Hall, London, 42-58.

[3] Leidreiter, P. G., Durschang, B., Kolb, U., Sextl, G., Crystal structure determination of a new
LaPO4 phase in a multicomponent glass ceramic via 3D electron diffraction, Ceramics
International , 48, 3, 3790-3799, (2022).

[4] Deng, L., Fu, Z., Mingxing, Z., Li, H., Yao, B., He, J., Chen, H., Ma, Y., Crystallization, structure,
and properties of Ti02-ZrO2 co-doped MgO-B203-A1203-Si02 glass-ceramics, Journal of Non-
Crystalline Solids , 121217, (2022)

[5] Guo, X., Cai, X., Song, J., Yang, G., Yang, H., Crystallization and microstructure of CaO-MgO—
Al203-Si02glass—ceramics containing complex nucleation agents, Journal of Non-Crystalline
Solids, 405, 63-67, (2014)

[6] Kumar, A., Mariappan, C.R., A new biocompatible phosphate free mesoporous calcium
borosilicate glass-ceramics for medical application, Materials Letters 305, 130752, (2021)



Siikrii CAVDAR, Durak BULUT, Selguk IZMIRLI, Neslihan TURAN, Haluk KORALAY/GU J Sci, Part C,10(1):86-102(2022) 101

[7] Koralay H., Hicyilmaz O. Cavdar S. Ozturk O. Tasci A.T. Experimental and theoretical approaches
on thermal and structural properties of Zn doped BSCCO glass ceramics, Materials Science, 34, 1,
25-321, (2016).

[8] Ozkurt, B. (2007). Nd ve Gd katkili BSCCO cam seramik siiperiletken sisteminin fiziksel ve iletim
ozellikleri. Doktora Tezi, Cukurova Universitesi Fen Bilimleri Enstitiisii, Fizik Anabilim Dali,
Adana.

[9] Komatsu, T., Sato, R., Imai, K. and Yamashita, T., High-Tc superconducting glass ceramics based
on the Bi-Ca-Sr-Cu-O system. Japanese Journal Of Applied Physics, 27(4), 550, (1988).

[10] Weast, R.C., Astle MLJ.. (1982), Handbook of Chemistry and Physics, CRC press, London

[11] Altin, S., Aksan, M. A., Yakinci, M.E., Fabrication of single crystalline Bi-2212 whiskers
from Ga added; Bi2Sr2Ca2Cu30x composition and their thermal, structural, electrical and
magnetic properties, Materials Chemistry and Physics ,133, 2-3,706-712, (2012).

[12] Dimesso, L., Matsubara, 1., Ogura, T., Funahashi, R., Yamashita, H., Tampieri A., Effect
of the Ga-doping on the growth and superconducting properties of the Bi2Sr2CaCu2QOy whiskers,
Physica C, 235, 473-474, (1994).

[13] Balci, Y., Ceylan, M., Aksan, M.A. and Yakinci, M. E., Oxidation behavior of
Bi(Pb,Ga)SrCaCuO system. Journal of Superconductivity and Novel Magnetism, 24, 511, (2011).

[14] Li Zhang, Huan Xiao, Shun Li, Liming Xu, Bingge Zhao, Qijie Zhai, Yulai Gao, Revealing
the crystallization kinetics and phase transitions in Mg65Zn30Ca5 metallic glass by
nanocalorimetry Journal of Alloys and Compounds Volume 899, 5 April 2022, 163353

[15] Xie, X. and Gao, H.. Calorimetric studies on the crytallization of Li2S-B203 glasses.
Journal of Non-Crystalline Solids, (240); 166-176, (1998)

[16] Ozawa, T., Kinetic analysis of derivative curves in thermal analysis. Journal Thermal
Analysis, (2); 301, (1970).

[17] Koralay, H. (2007). Farkli Oranlarda Vanadyum Katkisi yapilmis Bi-Tabanl Yiiksek
Sicaklik Siiperiletkenlerinin Uretimi, Yapisal ve Fiziksel Ozelliklerinin Incelenmesi, Doktora Tezi.
Gazi Universitesi Fen Bilimleri Enstitiisii, Ankara, 53, 54, 115

[18] Avrami, M., Kinetics of phase changes 1. general theory, Journal of Chemical Physics,
7(12); 1103-1112, (1939).

[19] Kissinger, H.E., Varition of peak temperature with heating rate in differential thermal
analysis. Journal of Research of the National Bureau of Standards, 57 (4); 217-221, (1956).

[20] Kissinger, H., Reaction Kinetics in Differential Thermal Analysi. Anal.Chem., 29, 1703,
(1957).

[21] Takhor, R.L., Advances in nucleation and crystallization of glasses. Ohio: The American
Ceramics Society, 166-172, (1972).

[22] Augis, J.A. and Bennett, J.D., Calculation of the Avrami Parameters for heterogeneous
solid state reactions using a modification of the Kissinger Method. Journal of Thermal Analysis,
13(2), 283-292, (1978).

[23] Arslan, A., Koralay, H., Cavdar, S. and Giinen, A., Crystallization kinetic studies on
Bi1.75Pb0.25Sr2Ca2Cu3-xSnxOy glass-ceramic by using non-isothermal technique. Journal of
Non-Crystalline Solids, 358, 1190-1195, (2012).



102 Siikrii CAVDAR, Durak BULUT, Selcuk IZMIRLI, Neslihan TURAN, Haluk KORALAY / GU J Sci, Part C, 10(1): 86-
102 (2022)

[24] Altin, S., Effects of SnO on growth and physical properties of BSCCO whiskers . Energy
Materials: Materials Science and Engineering for Energy Systems, (5) 1125-1131, (2012).

[25] Mahedevan, S. G., Calorimetric Measurements on As-Sb-Se Glasses. J. of Non-Crystalline
Solids , (88) 11-34, (1986).

[26] Cavdar, S., Deniz, E., Koralay, H., Ozturk, O., Erdem, M., Gunen, A., The Effect of PbSe
Addition on the Mechanical Properties of Bi-2212 Superconductors, Journal of Superconductivity
and Novel Magnetism, 25, 2297-2307, (2012).

[27] Koralay H. , Kili¢ G., Tugluoglu N., Cavdar $., (2017), Farkli Oranlarda PbO ve Se
Katkisinin Bi2Sr2CalCu20x (BSCCO) Cam Seramik Sistemindeki Isil Ozelliklerine Etkisi, Gazi
Universitesi Fen Bilimleri Dergisi Part C: Tasarim ve Teknoloji, cilt.5, sa.1, ss.91-98.

[28] Ozturk O., Gokcen T., Cavdar S.,Koralay H., Tasci A. T., A study on nucleation,
crystallization kinetics, microstructure and mechanical properties of Ru-Bi partial substituted
BSCCO glass ceramics, Journal of Thermal Analysis and Calorimetry, 123, 1073—1082. (2016).

[29] Qun Gao, Y. W., On The Crystallization Kinetics of Pd80B4Si16 Glass. J. of Non-Cryst.
Solids (81) 135, (1986).

[30] Vasquez, J.W.-G., Glass Transition and Crystallization Kinetics in Sb0.18As0.345e0.48
Glassy Alloy by Using Non-Isothermal Techniques . J. Non-Cryst. Solids, 235-237, 548-553,
(1998).



GU J Sei, Part C, 10(1): 103-117 (2022)

Gazi University

Journal of Science

PART C: DESIGN AND TECHNOLOGY

http://dergipark.gov.tr/gujsc

Experimental Investigation on the Cooling Performance of a Counterflow

Dew Point Evaporative Cooler

Ekrem OZDEN-2" ) Mahmut Sami BUKER??

! SOLIMPEKS Solar Co., Konya, Tiirkiye

2 Necmettin Erbakan University, Energy and Semiconductors Research Group, BITAM, Konya, Tiirkiye

3 Necmettin Erbakan University, Aeronautical Engineering, Konya, Tiirkiye

Abstract

Article Info

Research article

Received:16.12.2021
Revision:02.02.2022
Accepted:13.02.2022

In this study, an innovative indirect evaporative cooler is presented and experimentally
analysed. Although there are many evaporative cooler designs, this study proposes a unique M-
cycle type evaporative cooler with newly designed heat exchanger to enhance the cooling
performance of indirect evaporative coolers. The prototype was assembled for the experimental
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capacity, cooling efficiency, energy efficiency and exergy efficiency of the system for each
case. The findings showed that the highest wet bulb effectiveness, dew point effectiveness and
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Abbreviations

DEC Direct evaporative cooling
IEC Indirect evaporative cooling
EER Energy efficiency ratio

1. INTRODUCTION

The ever-increasing use of technology and the desire to live in more comfortable environments
substantially increase the use of air conditioning systems around the world. Consequently, excessive use
of air conditioning systems is responsible for approximately 50% of the energy consumption in the
building sector, which has a significant share of 30%-40% energy consumption [1]. Therefore, it is now
more crucial to attempt to develop and use more efficient and environmentally friendly processes in air
conditioning sector ever before. To reduce emissions from cooling processes and protect the ecosystem,
high-energy efficiency “Green Cooling” technologies, which uses natural fluids such as water and air,
should be widespread [2—4].

There are great quanta of studies have been performed in the existing literature showing that evaporative
coolers are highly energy efficient and very environmentally friendly systems compared to conventional
mechanical vapor compression cooling systems [5—6]. Although evaporative coolers are used in
residential air conditioning, they can also be effectively used in foundries, livestock farms and
greenhouses that needed moist air [7]. Evaporative cooling systems have simple principle based on the
evaporation of water introduced into the air. In these systems, the latent heat required for the evaporation
of water is taken from the sensible heat of the air. Due to heat and mass transfer, that decrease the air
temperature, the cooling process is performed. Structurally, evaporative cooling systems are divided into
two types as direct evaporative cooling (DEC) and indirect evaporative cooling (IEC) according to
whether the product air is exposed to water or not [1].

Since the air is directly cooled in direct evaporative coolers, wet bulb effectiveness is usually high (80%-
90%) in such systems [8]. Although the efficiency of DEC systems is relatively high, their
implementations are limited especially in humid areas. They are less preferred due to reasons such as
increasing the ambient humidity, causing corrosion of the materials and unsuccessfully meeting the
human comfort conditions [9]. However, it is suitable for use in arid climatic regions as it provides
comfort by humidifying the air [3]. Indirect evaporative coolers, on the other hand, can provide air-
cooling without adding moisture to the product air. Unlike DEC systems, IEC systems have secondary
channels and separate the air flow from the water flow. This advantage allows IEC systems to be used in
humid areas. However, wet bulb efficiencies are relatively lower (55%-65%) than DEC systems [8]. In
this context, to increase the efficiency of IEC systems and eliminate this drawback, a new type of heat
exchanger design was introduced by Maisotsenko [10,11]. This design can cool the product air at levels
close to the dew point below the wet bulb temperature, and known as M-cycle [12—14].

There are many studies have been conducted on M-cycle evaporative coolers. To exemplify a few, Zhao
et al. [15] introduced an M-cycle based counter-flow heat and mass exchanger. In this design, part of the
product air is directed to the wet channels through the holes at the end of the flow channels. It was
observed that the cooling efficiency was substantially improved. The wet bulb effectiveness and the dew
point effectiveness of the system were reached 1.3 and 0.9, respectively. Also, in another study, they
presented a performance comparison of M-cycle type cross and counter flow indirect evaporative coolers.
The results showed that the counter-flow system yielded 20% more cooling capacity, 15% higher wet
bulb effectiveness, and 23% higher dew point effectiveness compared to the cross-flow system [16].
Additionally, a feasibility study of this proposed system was conducted for different regions of China and
England. Because of these studies, it was stated that the M-cycle indirect evaporative cooling system can
be used in regions where the relative humidity level is below 70% [17—18]. Zhan et al. [19] compared an
M-cycle cross-flow cooler with a conventional cross-flow indirect evaporative cooler in a numerical
study. It was proved that the wet bulb effectiveness and the cooling capacity of the M-cycle system were
16.7% and 15.7% higher, respectively. Rogdakis et al. [20] conducted a theoretical and experimental
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study to evaluate the performance of an M-cycle indirect evaporative cooler under the prevailing climatic
conditions of Greece. The findings revealed that the system with a wet bulb effectiveness between 97%
and 115% can be used in most of the cities of Greece. Riangvilaikul et al. [21] presented changes in the
cooling efficiency of an evaporative cooler system according to different temperatures and humidity
values in their numerical study. For 35 °C of ambient air temperature 26.4 g/kg of humidity level, they
found the wet bulb effectiveness as 1.09 and the dew point effectiveness as 0.86 and confirmed their
results experimentally. Lei et al. [22] performed the exergy efficiency analysis of a counter-flow
evaporative cooler operating on the M-cycle principle. Findings demonstrated that the exergy efficiency
was 21% for 1 m duct length and 0.01 m duct width, 33.5 °C air inlet temperature, and 8.244-g/kg-
specific humidity. Aydin et al. [23] evaluated the use of evaporative coolers with dryers in regions where
the ambient relative humidity is more than 50%. It was decided that the system with the dryer offers 40%
a more specific cooling capacity than the system without a dryer.

This work introduces and experimentally investigates a new type of M-cycle evaporative cooler. The
system is unique in terms of its newly designed heat exchanger having M cycle applied to the system. The
proposed evaporative cooler was tested in a laboratory environment, and wet bulb effectiveness, dew
point effectiveness and EER of the system performance were determined. In this context, this study is
thought to be important in terms of its potential contribution to the current literature and efforts in the
field of evaporative cooling technologies.

2. DESCRIPTION OF THE DEW POINT EVAPORATIVE COOLER

Evaporative cooling has mainly two configurations as direct evaporative cooler (DEC) and indirect
evaporative cooler (IEC). DEC systems cool the air entering the system via pads, which are kept constant
wet (Figure 1). However, since the air is in direct contact with water, the humidity of the incoming air
increases significantly (70%-90%) [24]. However, IEC systems have separate water and air channels.
Heat transfer arises through the surface between these two channels. Since air and water flows do not
come into direct contact, cooling is performed by means of latent heat and without a significant increase
in the humidity of the product air (Figure 2).

w;
T T
Dry bulb temperature (°C)

specific humidity (g/kg)

inlet air m—— wet channel P outlet air
1 2

Figure 1. Direct evaporative cooling (DEC) [25]
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Figure2. Indirect evaporative cooling (IDEC) [25]

In this study, an evaporative cooler with an improved M-cycle heat exchanger design that can effectively
cool with an insignificant increase in humidity has been introduced [10]. M-cycle evaporative coolers also
have two separate dry and wet channels. However, unlike IEC systems, part of the product air entering
the system from the dry channel is transferred at the end of each dry channel to the wet channels (working
air) (see Figure 3). The process air loses its heat to the end of the dry channel and is transferred to the wet
channel, thereby increasing the cooling efficiency of the system. Working air flowing in the opposite
direction to the inlet air causes the water on the surface of the wet channel to evaporate, allowing heat to
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be absorbed from the channel walls. While the working air flowing in the wet channel is exhausted from
the system as exhaust air, the inlet air that is not directed into the wet channel is used as a product air for
cooling. As a result, the system can achieve 85% dew point efficiencies, thanks to the working air that
passes through the wet channel after pre-cooling [15].
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Figure3. M-cycle indirect evaporative cooler [25]

2. EXPERIMENTAL SETUP

The prototype of the proposed system assembled is shown in Figure 4. Holes are drilled at the end of each
channel to introduce the working air from the dry channel to the wet channel (see Figure 4a). The
channels are stacked on top of each other thanks to the bends on the edges of the wet and dry channels
(see Figure 4b). Additionally, plates with equilateral triangle geometry were placed between each wet and
dry channels to increase cooling efficiency and the heat exchanger was fitted and sealed. Then, the heat
exchanger was placed inside the construction so that it could stand in the right position and the necessary
fittings were retained. A fan was incorporated into the system, ensuring that the inlet air is transferred to
the dry channels. Additionally, a blower fan provides that fraction of the inlet air (working air) in the dry
channels passes through the holes to the wet duct and is discharged from the heat exchanger as exhaust
air. The pump in the system maintains the circulation of the cooling water from the reservoir to the wet
channels. A 25-L capacity reservoir is used to collect the circulating water. A completely assembled and
insulated system, with all mechanical and electrical connections, is seen in Figure 4b.

wet channel

dry channel

pneumatic hose
holes

dry channel
triangle plate

Figure 4. (a) Dry and wet channels
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Figure 4. (b) Assembly and test setup of the proposed system

The wet and dry channels of the system and flows inside the channels are shown in the schematic diagram
of the heat exchanger (see Figure 5). As can be seen in the figure, the air entering from the lower left-
hand side of the heat exchanger moves along the dry channel and fraction of the air passes into the wet
channels at the end of each channel (working channel). The air passing through the wet duct, which has a
continuous water flow from above, flows in the opposite direction to the inlet air and exits as exhaust air
from the lower right-hand side of the heat exchanger. The process air that enters the system and does not
pass into the wet duct is blown to the air-conditioned area (product air).

air passage
holes in wet
ducts

exhaust air

outlet air

Figure 5. Schematic view of the M-cycle heat exchanger

The proposed evaporative cooler has a fan with a maximum flow rate of 520 m?/h for process air inlet and
a blower with a flow rate of 410 m*h and 80 W power for exhaust air. A pump with a flow rate of 3 m*h
was also used for water circulation. Additionally, ENDA ESHT-102-W-50 temperature and humidity
sensor with 1 °C temperature and 2% humidity sensitivity is used to measure the temperature and
humidity values of the process, product and exhaust air. A VFA float type flowmeter with a measuring
range of 100-3000 1/h was used to measure the flow of water. Air velocities entering and leaving the
cooler were measured manually using the CEM DT-619 anemometer with £0.20 m/s sensitivity. All
related data were recorded at a sampling rate of 10s by Novus data logger with 8 analog and digital
channels each. A direct link between data logger and PC was provided to save and export data on Excel
spreadsheet. The technical details of the components and measuring devices used are presented in Table
1.
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Table 1. Technical specifications of system components and measuring devices

Blower fan (exhaust air) Power sSow
Voltage 20V
Revolutions Per Minute 2325
Max. flow rate 410 m*h
Fan (for inlet air) Power 210 W
Voltage 220V
Revolutions Per Minute 2800
Max. flow rate 520 m¥h
Circulation pump Power 750 W
Voltage 220V
Max. flow rate 3 m¥h
Anemometer Range 0.4-30 m/s
Accuracy +0.20 m/s
Hum. and Temp. Temperature -40 °Cto +125 °C
transmitter
Accuracy + 1 (0-+70 °C)
+0.5 (20-+40 °C)
2% RH
Datalogger # of channels 8 digital, 8 analog
Analog input types Thermocouples, V,
mV, mA, Pt100
3.PERFORMANCE ANALYSIS

A numerical model suitably tailored to the configuration of the proposed system was adapted to simulate
the thermal performance of the system. For the sake of simplicity, several assumptions were considered
during the thermodynamic analysis of the system as follows;

* The heat is transferred vertically to the partition plate,

* Air flow rate is constant throughout the duct,

* There is always water on the wet surfaces of the channels,

* Air is considered as incompressible since the Mach number of the air flow rate is less than 0.3,

* As the thickness of the partition plate is low, the temperature difference between the dry and wet
surfaces of the partition plate can be neglected.

4. ENERGY ANALYSIS

To evaluate the system performance of M-cycle evaporative coolers, wet bulb and dew point
effectiveness values are examined. These efficiency values are calculated according to the temperature
values of the air entering and leaving the system. The wet bulb effectiveness, as seen in Equation 1, is the
ratio of the dry bulb temperature difference in the inlet and outlet air to the inlet dry bulb temperature and
the inlet wet bulb temperature difference [22].

Tab1—Tap
Ewp = = - (1)
Tab1—Twb,1

The dew point effectiveness, on the other hand, is the ratio of the dry bulb temperature difference in the
inlet and outlet air to the inlet dry bulb temperature and the inlet dew bulb temperature difference, as seen
in Equation 2.
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Tap1—Tdb,2
Edp = T ——= 2

dp Tab1—Tdp, &)
The cooling capacity of the evaporative cooler is calculated using the following equation. Here, cp, is the
specific heat of the inlet air, p, is the density of the air, V is the volumetric flow rate of the air, Ti, is the
temperature of the inlet air and T,y is the outlet temperature of the process air [22].

Qcooling = Cp,apaV(Tin—Tout) (3)

The Energy Efficiency Ratio (EER) of the evaporative cooler is calculated using the following equation.
EER is found by the ratio of the cooling capacity to the total power consumption of the cooler. It is
preferred instead of COP in cooling systems, which provides insight about how much cooling capacity
could be obtained from a specific amount of energy used. EER requires the calculation of electrical power
consumption by fan and water pump in the system [22].

EER = Qcooling (4)
Ptotal

Where Py is the total energy consumed instantly by each device in the system and it is determined by

measurement.

5.EXERGY ANALYSIS

The exergy in the air conditioning process, which reaches thermal, mechanical and chemical equilibrium
under ambient conditions, can be written as follows [22]
et = emp T eme T €cn (5)

Air and water are two types of fluids flowing across the evaporative cooler. Wet air can be considered a
mixture of ideal gas consisting of dry air and water vapor. Then, the exergy of moist air and water can be
written as [22]

ey = (Caq + Wey)T, (Tl0 —1- lnTio) +(1+ 1.608W)RaTolnP% + RaTo [(1 + 1.608W)In =000
1+ 1.608Win—2- (6)

Woo
ew = [iw(T) — iy, (To)] — Tolsw(T) — sy, (To)] — R, Tolng, (7

The definition of the dead state condition is pivotal for exergy analysis. Generally, a stable atmospheric
conditions are chosen as reference. However, air that is not saturated with moisture under atmospheric
conditions still has useful energy. Therefore, the dead state is defined as the saturated outside air in the
study. The exergy of this is, then, expressed as [22]

(mlel,a + mw,iew,i) = (mfez,a + m3e3,a) +1 (®)

Where 1 is the exergy destruction, which is a measure of resource degradation and specifies where in
system destruction occurs. The exergy destruction describes the lost work potential and is also called
irreversibility or exergy loss that occurs mainly due to air leakage, pressure loss and flow friction in
evaporative cooling systems.

In the heat and mass transfer process, the moisture added to the air is considered as the amount of water
inlet. The exergy efficiency of evaporative cooler is defined as the ratio between the useful exergy of
obtained cooling effect and overall exergy used to drive the evaporative cooling system. The second law,
exergy, is an important criterion for evaluating cooling performance, and exergy efficiency is defined as
[22]

7, =1 oo ©)

(myeq,q+my,iew,)
Uncertainty of the experimental results

The relative uncertainty in the efficiency and cooling capacity calculations based on the temperature and
humidity values obtained from the tests can be by [26]
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Ax dy Axi 2
== 2T (10)
Where x and y refer to the directly measured and calculated parameters. It was found that the relative
uncertainty of wet bulb thermometer and dew point effectiveness was 7%, while the relative uncertainty
of the cooling capacity was 9.1%. It is noted that the main parameter affecting the efficiency and cooling
uncertainty is the sensitivity of the temperature sensors used in the measurements. Utilisation of high
sensitivity equipment in assessment and evaluation would substantially reduce the uncertainty values
attained in this study. However, when the results were compared with similar studies in the literature, the
uncertainties were found reasonable [26].

6.EXPERIMENTAL RESULTS AND DISCUSSION

In this study, an M-cycle counter-flow evaporative cooler was experimentally tested in the Low Carbon
Technology Laboratories of Science and Technology Research and Application Centre (BITAM) of
Necmettin Erbakan University. The tests were conducted at water temperatures of 15 °C and 20 °C, air
inlet temperatures of 25 °C and 30 °C and air inlet humidity of 9g/kg and 13g/kg, respectively. The
corresponding data on product and exhaust air were recorded. Wet bulb effectiveness, dew point
effectiveness, EER, cooling capacity and exergy values related to system performance were calculated
using the obtained data and evaluations were performed on the basis of these calculations. Therefore, the
effect of cooling water and inlet air parameters on the performance of an M-cycle evaporative cooler is
demonstrated.

In this section, the findings obtained from the laboratory tests of the proposed evaporative cooler are
evaluated. Temperature and humidity data of product air and exhaust air were recorded in 8 different tests
performed at different water temperatures, air inlet temperatures and humidity values, and performance
analyses of the system were conducted in line with the recorded data. Table 2 demonstrates the test
conditions.

Table 2. Experimental test conditions

Inlet air flow rate Water temperature Inlet air temperature Inlet air humidity

(m’/h) (°C) °0) ratio (g/kg)
1. Exp. 350 15 30 9
2. Exp. 350 15 30 13
3. Exp. 350 15 25 9
4. Exp. 350 15 25 13
5. Exp. 350 20 30 9
6. Exp. 350 20 30 13
7. Exp. 350 20 25 9
8. Exp. 350 20 25 13

6.1. 15 °C of Water Temperature
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Figure 6. Findings for 15 °C of water and 30 °C of inlet air temperatures at (a) 9 g/kg and (b) 13 g/kg of
inlet air humidity levels

Figure 6 demonstrates the test results conducted for 9g/kg and 13g/kg moisture levels when the water
temperature was 15 °C and the air inlet temperature was 30 °C. While the humidity of the inlet air was
9g/kg (Figure 6a.), the inlet air temperature (30 °C) decreased by about 9 °C at the outlet and the
humidity increased by about 1g/kg. While the inlet air humidity was 13g/kg (Figure 6b), the air was
cooled by 7 °C down to 23 °C. Similarly, the humidity level increased by 1 g/kg and departed the system
as approximately 13.5 g/kg.
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Figure 7. Findings for 15 °C of water and 25 °C of inlet air temperatures at (a) 9 g/kg and (b) 13 g/kg of
inlet air humidity levels

When the water temperature was still 15 °C and the air inlet temperature was set to 25 °C, two tests were
conducted for the humidity of 9 g/kg and 13 g/kg. The values of the temperature and humidity at the inlet-
outlet of the system are presented in Figure 7a and 7b. In the test performed for 9g/kg air inlet humidity,
the inlet air at 25 °C was cooled by approximately 6.5 °C, while it was down by approximately 5 °C for
13g/kg air inlet humidity. Moisture levels increased by approximately 1g/kg in both tests. It is seen that
the air was cooled more at 30 °C air inlet temperature (Figure 6) then 25 °C air inlet temperature (Figure
7).

6.2. 20 °C of Water Temparature
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Figure 8. Findings for 20 °C of water and 30 °C of inlet air temperatures at (a) 9 g/kg and (b) 13 g/kg of
inlet air humidity levels

The results obtained in the tests when the circulating water temperature in the system was 20 °C and the
inlet air temperature was 30 °C are shown in Figure 8a and 8b, respectively. While the water temperature
was 20 °C, the air inlet temperature was 30 °C, the air inlet humidity was 9 g/kg, the air was humidified
by approximately 1g/kg and its temperature was reduced by around 8 °C (see Figure 8a). The air was
cooled by 6.5 °C by humidifying approximately 1g/kg when the inlet air humidity level was 13 g/kg.
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Figure 9. Findings for 20 °C of water and 25 °C of inlet air temperatures at (a) 9 g/kg and (b) 13 g/kg of
inlet air humidity levels

Figure 9 demonstrates the findings when the water temperature was 20 °C, air inlet temperature was 25
°C and inlet air humidity levels were 9 g/kg and 13g/kg, respectively. It has been determined that when
the water temperature was 15 °C, compared to the 20 °C water temperature, the system could perform
better as shown in Figure 9. While the air inlet temperature and air humidity were 25 °C and 9g/kg and
13g/kg, the air was chilled by approximately 4.2 °C and 3.5 °C, respectively. In some cases, extra energy
could be needed to supply 15 °C water, which contributes to the increase in cooling capacity.

6.3. Wet Bulb Temperature and Dew Point Effectiveness
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Figure 10. (a) Wet bulb and (b) dew point effectiveness at 15 °C water temperature
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Figure 11. (a) Wet bulb and (b) dew point effectiveness at 20 °C water temperature

Dew point and wet bulb effectiveness are decisive parameters in the performance evaluation of
evaporative cooling systems. The wet bulb and dew point effectiveness depend on the temperature of the
outlet air (product air) and inlet air, and humidity values as expressed in Eqns. 1 and 2. The higher the
wet bulb and dew point effectiveness, the closer the outlet air temperature approaches the inlet air wet
bulb and dew point temperature. As can be seen in Figures 10 and 11, it is shown that when wet bulb and
dew point effectiveness increase, the temperature and humidity of the inlet air increase as well. In
contrast, when the water temperature increases, it is noticed that the wet bulb and dew point effectiveness
decrease.

While the water temperature was 15 °C, the inlet air temperature was 30° C and the specific humidity was
13 g/kg, the highest wet-bulb and dew point effectiveness values were achieved as 0.91 and 0.62,
respectively. While the water temperature was 20 °C, the inlet air temperature was 30 °C and the specific
humidity was 13 g/kg, the highest wet bulb and dew point effectiveness were attained as 0.80 and 0.53,
respectively. As shown, the cooling effectiveness is highly affected by the inlet air temperature and
humidity values, while the water temperature has relatively less impact on the cooling effectiveness.

6.4. Cooling Capacity and EER
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Figure 12. (a) Cooling capacity and (b) EER at 15 °C water temperature
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Figure 13. (a) Cooling capacity and (b) EER at 20 °C water temperature

In evaporative cooling systems, cooling capacity and EER are also essential in addition to the cooling
efficiency. The cooling capacity of an evaporative cooler should sufficiently encounter the heat gains in
the air-conditioned space. EER, on the other hand, indicates how efficiently the system works. For 15 °C
and 20 °C water temperatures, the highest cooling capacity was achieved as 574.5 and 460.8 W, and
highest EER was attained as 77.6% and 61.4% at inlet air temperature of 30 °C and specific humidity of 9
g/kg. However, the lowest cooling capacities were recorded as 245.3 and 227.4 W, and the lowest EERs
were 32.7% and 30.3% at 25 °C of inlet air temperature and 13 g/kg of specific humidity. It can be
deduced that the cooling capacity and EER decrease as the water temperature and specific humidity
increase. Yet, as the inlet air temperature increases, the cooling capacity and EER values increase.
However, note that the EER of the system will decrease if extra energy must cool down the water
temperature circulating across the system.

6.5. Exergy Efficiencies and Destruction
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Figure 14. Exergy efficiencies and exergy destruction at (a) 15 °C and (b) 20 °C water temperatures

The exergy analyses in line with the data obtained from the tests performed under different water
temperature and air inlet conditions are shown in Figure 14. Findings reveal that the exergy efficiency and
exergy destruction increases with the increasing air inlet temperature. Adversely, exergy efficiency and
destruction decrease as the inlet humidity increases. The highest exergy efficiency was found as 0.46 at
air inlet temperature of 30 °C and air inlet humidity of 9 g/kg, while the lowest exergy efficiency was
0.20 at air inlet temperature of 25 °C and inlet humidity of 13 g/kg air. Corresponding exergy destruction
was 110 W and 75 W, respectively.

The energetic and exergetic performance of the investigated M cycle evaporative cooler could be further
improved by increasing the distance travelled by process air inside the heat exchanger, which would
increase the cooling capacity. However, the pressure drop due to air friction is a drawback which may be
overcome through oval channels.

7. CONCLUSION

In this study, an experimental investigation on the cooling performance of an innovative M-cycle
evaporative cooler was conducted. Series of tests were performed at different water temperatures (15 °C
and 20 °C) and different air inlet conditions (inlet temperature of 25 °C and 30 °C and inlet humidity of
9g/kg and 13g/kg). The concluding remarks outlined are as follows:

o It was noted that the water temperature has a significant impact on the wet bulb and dew point
effectiveness, that can seriously alter the product air outlet temperature by approximately 2—3 °C.
o The inlet air temperature and inlet air humidity has the reverse effect on the wet bulb and dew

point effectiveness. As such, the wet bulb and dew point effectiveness increase with the increasing inlet
air temperature and decrease with the increasing inlet air humidity.

o It was observed that the air inlet humidity increased by about 1 g/kg. This humidity increase is
minimal comparing to the humidity increase in conventional direct evaporative coolers.
o The highest wet bulb and dew point efficiencies obtained from the system were attained at the air

inlet temperature of 30 °C and air inlet humidity of 13 g/kg. The highest wet-bulb effectiveness at water
temperatures of 15 °C and 20 °C was found to be 91.5% and 80%, respectively, while the highest dew
point effectiveness was found to be 62.8% and 53.6%, respectively.

o The highest EER value was achieved as 76.6% at a water temperature of 15 °C, air inlet
temperature of 30 °C and air intake humidity of 9 g/kg.
o The highest exergy efficiency was achieved as 46.8% at 15 °C water temperature, 30 °C air inlet

temperature, and 9 g/kg air inlet humidity. However, the lowest exergy efficiency was attained as 20.3%
at a water temperature of 20 °C, air inlet temperature of 25 °C and air intake humidity of 13 g/kg.

It was also deduced that the performance of the developed M-cycle cooler can be further improved
substantially through;
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. sealing each layer of the heat exchanger separately during assembly,

. constructing an outer case, preventing the system being exposed to the external environment,

. preserving water temperature by using water storage without exposing the water to the ambient
temperature

. and finally utilising blower fans with lower capacities.

It is inferred that the proposed cooling unit can be used in hot, dry and even humid climates. In humid
climates, however, a dehumidifier must be integrated into the system so the air humidity level can be
adjusted to human comfort conditions.
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In this study, a cloud-based web application is developed that extracts information such as
names, phone numbers, e-mail addresses, job titles from physical business cards prepared in
Turkish using Tesseract-based optical character recognition method (OCR).
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Figure A. System architecture of the proposed cloud-based business card reader application

Purpose: In the literature, there are various applications developed based on Mobile Vision,
OpenCV and Tesseract for the digitization and extraction of information on paper-based
business cards in English, Vietnamese, Japanese and Chinese languages. In this study, it is
aimed to develop a high-accuracy cloud-based business card recognition software
(TRCardScan) compatible with Turkish language with Tesseract-based OCR in order to extract
the information from paper-based business cards in Turkish.

Theory and Methods: The system architecture of the proposed paper-based Turkish business
card reader application is given in Figure A. As can be seen, firstly, business card photos, are
taken from the camera or image gallery as input to the application. Then, these photos are
subjected to character reading process with Tesseract-based OCR method. As a result of the
OCR process, the read and converted texts such as name, surname, mobile phone, e-mail
address and contact address on the business card are parsed by algorithms specific to the
characteristic of the parts in which it is located. In the last stage, the data that is parsed and
transformed into meaningful information is sent to the web service to be written in the relevant
field in the database.

Results: In the analyzes made with 15 paper-based Turkish business cards with different
features, it was observed that the proposed TRCardScan software was able to extract the
information from physical business cards with 84.76% accuracy, 96.05% precision, 84.88%
recall and 90.12% F1 score. In addition, the average extraction time per business card is 1.6
seconds.

Conclusion: The proposed TRCardScan can read and parse data from physical business cards
with an average extraction time of 1.6 seconds and high accuracy of around 85%. These results
show that the parsing algorithm designed for the Turkish language in the proposed web-based
application is successful, considering the time and performance criteria. Finally, when
compared to similar software, TRCardScan is considered to be quite successful with its high
accuracy rates and reasonable extraction times.
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In this study, digital-business card holder software was developed that digitally stores physical
business cards prepared in Turkish in a cloud-based database. In the proposed software, the
information on the physical business card is converted into text by optical character recognition
method (OCR) using business card photos, and then the texts obtained with the help of
developed algorithms are separated and grouped. Finally, the digitally obtained business card
data is stored in the cloud-based database for later use. Considering the Turkish business cards,
it is known that there are a wide variety of complex business cards unique to the country as well
as the characters specific to the Turkish language. In this context, first of all, a method that
correctly recognizes Turkish characters has been determined in the study. Later, name, mobile
phone, e-mail address, company title, position and similar meaningful information were
separated from the data read. In order to make these decompositions, special methods have been
developed for each field and more accurate and meaningful data has been obtained with field-
based algorithms. Thanks to the developed cloud-based platform-independent interface, it is
possible to access data from more than one device with a single user over the internet. The study
also offers a layered service architecture and database infrastructure that can be used by
multiple accounts and multiple users connected to it simultaneously from a single platform. In
the experimental studies, the proposed software can extract the data on 15 physical business
cards with different features with 84.76% Accuracy, 96.05% Precision, 84.88% Recall, 90.12%
F1 Score and an average extraction time of 1.6 seconds.

Otomatik Tiirk¢e Kartvizit Tanima icin Bulut Tabanh WEB
Uygulama Tasarimi ve Performans Degerlendirmesi

Oz

Bu c¢alismada, Tiirk¢e hazirlanmig fiziksel kartvizitleri, sayisal olarak bulut tabanh
veritabaninda saklayan dijital-kartvizitlik yazilimi gelistirilmistir. Onerilen yazilimda, fiziksel
kartvizit lizerindeki bilgiler kartvizit fotograflarindan optik karakter tanima (Optical Character
Recognition: OCR) yontemi ile metne ¢evrilmekte daha sonra gelistirilen algoritmalar
yardimiyla elde edilen metinler ayristirilarak gruplandirilmaktadir. Son olarak sayisal olarak
elde edilen kartvizit verileri, daha sonra kullanilmak iizere bulut tabanli veritabaninda
saklanmaktadir. Tiirkge kartvizitler g6z oniine alindiginda, Tiirk diline 6zgiin karakterlerin yani
sira iilkeye Ozgiin ¢ok gesitli-karmagik kartvizitlerin de oldugu bilinmektedir. Bu kapsamda
caligmada oOncelikli olarak Tiirk¢e karakterleri dogru taniyan bir yontem belirlenmistir. Daha
sonra okunan verilerden isimler, cep telefonu, e-posta adresi, sirket unvani, gérevi ve benzeri
anlamli kartvizit bilgilerinin ayristirilmast yapilmistir. Bu ayristirmalart yapabilmek icin her
alan i¢in kendine 6zel yontemler gelistirilerek alan bazli algoritmalarla daha dogru ve anlaml
verilerin elde edilmesi saglanmistir. Gelistirilen bulut tabanli, platformdan bagimsiz arayiiz
sayesinde internet iizerinden tek kullanici ile birden fazla cihazdan verilere erisilebilmesine
olanak saglanmistir. Caligma ayni zamanda tek bir platformdan, birden ¢ok hesap ve ona bagh
birden fazla kullanicinin ayni anda kullanabilecegi katmanli servis mimarisi ve veritabani alt
yapisi da sunmaktadir. Yapilan deneysel calismalarda, gelistirilen yazilim, farkli 6zelliklere
sahip 15 adet fiziksel kartvizitteki verileri, %84,76 Dogruluk, %96,05 Kesinlik, %84,88
Duyarlilik, %90,12 F1 Skoru ve ortalama 1,6 sn’lik cikartim siireleriyle okuyarak
ayristirabilmektedir.


http://dergipark.gov.tr/gujsc
https://orcid.org/0000-0001-6714-9182
https://orcid.org/0000-0002-9023-0023
https://orcid.org/0000-0003-1081-1598

120 Ibrahim SAH[N, Mustafa Hikmet Bilgehan UCAR, Serdar SOLAK / GU J Sci, Part C, 10(1): 118-134 (2022)

1. GIRIS INTRODUCTION)

Teknolojik gelismelere paralel olarak giinlilk hayattan, is hayatina kadar cesitli alanlardaki birgok
isleyisin, siirecin veya uygulamanin dijitallesmesine ragmen bazi geleneksel kullanmimlar yayginligim
korumaktadir. Bu tercihlerin sebepleri olarak kullanim kolaylig1 veya aliskanliklar olarak siralanabilir.
Ozellikle is hayatinda yaygin bir sekilde kullanilan fiziksel kartvizitler bu kullanim tercihine 6rnek olarak
gosterilebilir. Kisilerin telefon, e-posta adresi veya diger iletisim bilgilerinin toplu halde bir arada yer
almasi ve kisa siirede paylasma imkani tanimasi fiziksel kartvizitlerin yaygin olarak tercih edilme
sebepleri arasindadir. Thtiya¢ duyuldugu zaman kullanmak iizere saklanan fiziksel kartvizitlere ulasmak
zor veya imkéansiz olabilmektedir. Kartvizitlerin cep telefonu veya dijital asistan gibi cesitli kayit
ortamlarina aktarimi, veri giriginin zaman almasi ve ugrastirmasi sebebiyle genelde yapilmamaktadir. Bu
bilgiler kaydedilse bile ilgili cihazlarin arizalanmasi, yanlislikla formatlanmas1 veya cihaz degisiklikleri
gibi durumlarda bu bilgilere erisimin kaybolmasi da s6z konusudur. Fiziksel kartvizitlerin kolay erisebilir
olmasi, iizerindeki bilgilerin sayisallastirilarak bulut ortamina aktarilmasi ile miimkiin olabilir. Bu
kapsamda calismada, Tiirk¢ce hazirlanmis fiziksel kartvizitleri, sayisal olarak bulut tabanli veritabaninda
saklayan kullanic1 dostu dijital-kartvizitlik yazilimi gelistirilmistir. Onerilen yazilimda, fiziksel kartvizit
izerindeki bilgiler, kartvizit goriintiilerinden optik karakter tanima (Optical Character Recognition: OCR)
yontemi ile metne cevrilmekte daha sonra gelistirilen algoritmalar yardimiyla ayristirilan metinler
gruplandirilarak bulut tabanli veritabaninda saklanmaktadir. Fotografi ¢ekilen veya tarayici ile taranan
fiziksel kartvizit hem resim hem de islenebilir veri olarak saklanabilmektedir. Cevrimigi olarak ¢alisacak
bulut tabanli kartvizit uygulamasi hem saklama islevini saglarken hem de veri girisi esnasinda
kaybedilecek zamani kisaltmaktadir. Fiziksel kartvizit iizerindeki bilgilerin sayisallastirilmasinda
kullanilan OCR yo6ntemi, basili veya el yazmasi metinlere ait goriintiilerin, goriintii isleme teknikleri
kullanarak yaziya ve islem yapilabilir veriye doniistiirme isidir. OCR giinlilk hayatimizda; plaka tanima
sistemleri [1], gorme engelliler icin destek uygulamasi [2], bankacilik uygulamasi [3], otonom siiriig
uygulamasi [4] gibi birgok alanda kullanilmaktadir.

Literatiirde, Ingilizce [5], Vietnamca [6], Japonca [7], Cince [8, 9] dillerinde hazirlannus kagit tabanl
kartvizitlerde yer alan bilgilerinin dijitallestirilmesi ve ¢ikarilmasi amaciyla Mobile Vision, OpenCV ve
Tesseract [5-11] gibi ¢esitli goriintii isleme kiitiiphaneleri kullanarak gelistirilmis uygulamalar yer
almaktadir. Bu kapsamda, Thuan ve arkadaslari Google Vision kiitiiphanesini kullanarak ingilizce
hazirlanmis kagit tabanli kartvizitler iizerinde yer alan bilgilerin OCR yontemi ile dijitallestirilmesini
gerceklestirmistir [5]. Ayrica bu ¢alisma kagit kartvizit bilgilerini dijitallestirmek ve ¢ikarmak i¢in mobil
cihazlar i¢in bir Android uygulama saglamaktadir. Hung ve arkadaslari hem Vietnamca hem de Ingilizce
kartvizitlerden Tesseract acik kaynak OCR ile isim, telefon numaralari, e-posta adresleri, is unvanlari gibi
anlamli bilgileri gikartan bir android uygulama gelistirmistir [6]. Calismada 6nerilen, tanima algoritmast;
kartvizit isleme, metin blogu bulucu, goriintii ikililestirme, OCR isleme ve dil isleme seklinde bes
asamadan olusmaktadir. Ote yandan, Saiga ve arkadaslar1 ise hem format hem de yaz tipi olarak ¢ok
cesitli Japon kartvizitlerini taniyan deneysel bir kartvizit tanima sistemi 6nermislerdir [7]. Ayrica onerilen
sistem Onceden tanimlanmis birkag kategoride kartvizit veri tabaninin otomatik olarak olusturulmasini da
saglamaktadir. Chiou ve arkadaslari, Cince ve Ingilizce dilinde hazirlanmis renkli kartvizitlerden,
karakterleri goriintii isleme teknikeri ile ¢ikararak, istatistiksel bir karakter tanima sistemiyle tanimaktir
[8]. Wang ve arkadaslar tarafindan kartvizit tizerindeki Cince karakterleri tanimak i¢in Sakli Markov
modelini kullanan bir yaklagim onerilmistir [9]. Tanima oranini iyilestirmek i¢in bir son isleme yontemi,
Sakli Markov modeliyle birlestirilmistir. Calisma kapsaminda, Cince kartvizitlerden sirket ve adres
Ogesinin taninmasi iizerine deneyler gerceklestirilmistir. Dangiwa ve Kumar iOS cihazlar i¢in Tesseract'a
dayali Kartvizit okuyucu uygulamasi gelistirmislerdir [10]. Shinde ve arkadaslar ise Google Vision dil
ceviri ozelligi kullanarak coklu dil destekli kartvizit okuyucu onermislerdir [11]. Ozellikle Tiirkge
kartvizitlerde Tiirk diline 6zgiin karakterlerin kullanilmasinin yani sira iilkeye 6zgiin ¢ok cesitli-karmagik
kartvizitler bulunmasi sebebiyle literatiirde yer alan bu uygulamalarin Tiirkge kartvizitlerde bagariminin
diisiik ve kullaniminin zor oldugu goriilmektedir. Bu ¢alismada, Tesseract agik kaynak OCR yontemi ile
Tiirk¢e hazirlanmig fiziksel kartvizitlerden isim, telefon numaralari, e-posta adresleri, is unvanlar1 gibi
anlamli bilgileri ¢ikartan bulut tabanli WEB uygulamasi gelistirilmigtir. Caligmada kullanilan ag¢ik kaynak
OCR yontemi olan Tesseract, los ve Android de dahil cesitli isletim sistemlerinde kodlama yapan
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yazilimcilar tarafindan tercih edilen bir metin tanima motorudur. Tesseract, Hewlett-Packard tarafindan
gelistirilerek 1985-1995 yillar1 arasinda ticretli bir ara¢ olarak kullanicilara sunulmustur. Daha sonra,
2005 yilinda Nevada Universitesi ve Hewlett-Packard tarafindan acik kaynak olarak paylasilmistir. 2006-
2018 yillar1 arasinda gelistirme siirecleri Google tarafindan desteklenen Tesseract'in son siiriimii (Long
short-term memory, LSTM bazli)) 2019 yilinda yayinlanmigtir [12]. Tesseract, piyasadaki 6zgiir
yazilimlar arasinda en ¢ok tercih edilen ve en dogru sonug iiretebilen OCR motorlarindan biri olarak
kabul edilmektedir [13-19].

Calismanin tiim katmanlarinda kullanilan bulut bilisim (Cloud Computing, CC) daha az maliyetle, daha
cok kaynaga, daha hizli ulasma imkéani veren bir teknolojidir. Bulut bilisim, ihtiya¢ duyulan bilgisayar
kaynaklarin1 veya verilerini, uzaktan erisimle hizli bir sekilde kullanabilmek ve yonetebilmektir. 2006
yilinda hizmete baglayan “Amazon S3”, ger¢ek anlamda ilk bulut bilisim hizmeti olarak kabul
edilmektedir. Nesnelerin interneti (IoT) ve yapay zekanin (Al) ihtiya¢ duydugu bilisim kaynaklari, bulut
bilisim kullanimin1 ve kullanim alanlarini ciddi bi¢imde artirmistir [20]. Bulut Bilisim’in temelinde Sekil
1.’de gosterilen, Yazilim (Software As A Service, SaaS), Platform (Platform As A Service, PaaS) ve
Altyapt (Infrastructure As A Service, laaS) hizmet katmanlarindan olugmaktadir. SaaS katmaninda,
yazilim hizmeti servis olarak sunulmaktadir. Bu servise Ornek olarak c¢evrim i¢i mail sunuculari
(Gmail.com), ¢evrim i¢i 6deme sistemleri (PayPal.com) veya c¢evrim i¢i muhasebe, misteri iligkileri
yonetimi (Pircloud.com) yazilim hizmetleri verilmektedir. PaaS katmaninda, yazilim gelistiricilerin
platform olarak kullanabilecegi bir yap1 sunulmaktadir. Veritabani, yazilimin sunulacagi web ortami ve
bunlarin gereksinim duyabilecegi diger tiim yan ihtiyaglar1 i¢in alinan hizmetler biitiin olarak
tammlanmaktadir. Windows Azure, Google App Engine gibi platformlar 6rnek olarak verilebilir. IaaS,
bulut hizmetlerinde ihtiya¢ duyulan fiziksel donanimin sunuldugu katmandir. Kullanici ihtiya¢ duydugu
depolama alani, islemci kapasitesi, a§ kaynag1 ve diger bilisim kaynaklarmi kendisi yapilandirabilmekte
ve uygulama alanina gore ihtiyaci olan igletim sistemi ve yazilimlar1 yiikleyebilmektedir [20].

'Iﬁ Gmaail P'
ayPal

www.pircloud.com

P|atf0|'m EOR App Engine

Windows Azure

Altyapi

D
DigitalOcean I|||

Amazon EC2

Sekil 1. Bulut bilisim servis katmanlart

Gelistirilen yazilim, platform bagimsiz olmasi i¢in bulut tabanli bir web uygulamasi olarak tasarlanmistir.
Bu sayede farkl platformlardan ve dolayisiyla c¢esitli cihazlardan (telefon, tablet, bilgisayar, ara¢ paneli,
akilli TV gibi) kolayca erigilebilen bir uygulama olmasi saglanmistir. Fotografi ¢ekilen veya daha 6nce
resim dosyasi olarak kaydedilmis fiziksel kartvizitin hem goriintii hem de islenebilir metin (OCR ile
resimden metne doniistiirme) olarak bulut tabanli bir veritabaninda saklanmasi amag¢lanmigtir. Veritabani
islemlerini yapmak i¢in de ayr1 bir WEB servis yazilmistir.

Calismada, Tesseract acik kaynak OCR yoOntemi ile kartvizit goriintiilerinden yaziya ¢evrilen veriler,
kartvizit alaninin karakteristik ve dilsel 6zelliklerine gore gelistirilen 6zgiin algoritmalarla ayristirtlmistir.
Bu veriler, telefon, e-posta, adres, isim, sirket veya diger anlamli bilgilerden olusmaktadir. Ek olarak,
gelistirilen yazilimda, algoritma disinda kalan ve ayristirilamayan bilgiler kullaniciya segenek olarak
sorulup diizenleme esnekligi de saglanmistir.
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2. GELISTIRILEN BULUT TABANLI OTOMATIK KARTVIZIT TANIMA WEB
UYGULAMASI: TRCARDSCAN (DEVELOPED CLOUD-BASED AUTOMATIC BUSINESS
CARD RECOGNITION WEB APPLICATION: TRCARDSCAN)

Bu boliimde, gelistirilen bulut tabanli kartvizit tanima yaziliminin (TRCardScan) genel yapisina ve
gelistirme siireclerine yer verilmektedir. Onerilen kagit tabanli Tiirkce kartvizit okuyucu uygulamasina ait
blok diyagram Sekil 2’de yer almaktadir. Blok diyagramdan da goriildiigii {lizere, ilk olarak kartvizit
gorilintlileri kamera vasitasiyla uygulamaya girdi olarak alinmaktadir. Daha sonra alinan bu kartvizit
goriintiileri, Tesseract [21] OCR yontemi ile karakter okuma islemine tabi tutulmaktadir. OCR islemi
sonucu okunmus ve doniistliriilmiis metinler ayristirma siirecine tabi tutulur. Bu siirecte isim, soy isim,
cep telefonu, e-posta adresi ve iletisim adresi gibi veriler yer aldig1 alanin karakteristigine 6zgii yazilmis
algoritmalarla ayristirilmaktadir. Son asamada ise ayrigtirilan ve anlamli veriler haline doniistiiriilen her
bir bilgi veri tabanindaki ilgili alana yazilmak iizere web servisine gonderilmektedir.

o m
ADI SOYAD!
(
CEP ONL
POSTA ADRES

Kameradan
Fotograf Cekildi

A

BULUT WEB BULUT ‘INEB

UYGULMA SRS VERITABANI

Dosya-Galeriden V
Yiiklendi

Sekil 2. Onerilen bulut tabanli kartvizit okuyucu uygulamasina ait blok diyagram

2.1. Veritabani ve Web Servis Tasarimi (Database and Web Service Design)

Calismaya 6zgii olarak MS SQL veritaban1 yonetim sisteminde hazirlanan veritabani, kartvizit iglemleri,
tiyelik iglemleri ve sistem gereksinimlerini kapsayan Sekil 3’te betimlenen 6 adet tablodan olugmaktadir.
“Account” tablosu iiyelik sistemi i¢in hesaplarin tutuldugu, “AccountUsers” tablosu ise hesaba baglh
kullanicr bilgilerinin tutuldugu tablodur. Giris ekraninda yazilan kullanici adi ve sifre “AccountUsers”
tablosu ile karsilastirilmaktadir.

Accounts 9 BussinesCardInfo ErrorLog
9 D AccountUsers % 0 9 D
Accountid 90 Accountid Accountid
AccountName Accountid NameSurname UseriD
CreateDate UserName Name IpAdress
Suspended UserPassword Surname ErMessage
LoginExpireDate EMail MobilPhone ErrCode
NickName LinePhone SubErrCode
[P=————°9  sessionChecked Email SubErrMessage
InSessionid Web FunctionName
Lo Suspended CompanyName ErrorDate
- Title InterfaceName
[ LoginLog CardimageFrontBase64 WhichPage
8 % D CardimageBackBase64
ConfigData Accountid Adress
% D lod  userName ReadFullText ]
Accountid LoginlpAdress ReadFullTetEN
Category LoginDateTime Description
SubCategory Suspended
ParameterName CreatedDate
ParameterValue UpdatedDate
CreateBy
ModifiedBy

Sekil 3. Onerilen bulut tabanli kartvizit okuyucu uygulamasina ait veritabani varlik iliski diyagrami
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“BussinesCardInfo” tablosu kartvizit bilgilerinin tutuldugu tablodur. OCR yardimi ile okunan ve
ayristirilan veriler bu tablodaki ilgili alanlara yazilmaktadir. Ayrica daha sonra ihtiya¢ duyulmasi halinde
kullanilmak tizere ham veri de bu tabloda saklanmaktadir. “ConfigData” kullanici1 ve hesap bazl
parametrik olmasi gereken ayarlarin sakladigi sistem tablosudur. “LoginLog” tablosu, istatistiksel bilgi ve
kullanict giivenligini saglanmak icin giris bilgilerinin tutuldugu sistem tablosudur. “ErrorLog” tablosu,
kullanicilarin aldigi hatalarm saklandigi tablodur.

Veri tabani iglemleri i¢in web uygulamasi ve veri tabani arasinda haberlesmeyi saglayacak bir web servis
tasarlanmigtir. Sekil 4.’de Sistem mimarisi diyagraminda belirtildigi gibi kullanici ya da uygulama
dogrudan veri tabanina erisemez. Bu yap1 veri gilivenligi icin uygulanan bulut mimarisinde tercih edilen
bir yapidir. Ayn1 zamanda trafigin paylasilmasi ve kaynaklarin verimli kullanilmasi agisindan da fayda
saglamaktadir. Web servis, kullanict yetki kontrolleri, veri ekleme, veri diizenleme, veri silme ve veri
listeleme gibi bircok veri tabani islemlerini yapan metotlar1 icermektedir. Bu metotlarin uygulama
tarafinda erisimine olanak taniyan ug¢ noktalar yardimu ile kullanilabilmektedir.

— TRCardScan

Kartvizit Qp : - E :- :
- - ' R e
Kartvizit Fotografi : L o

(Kamera) : Ll UL
% Tesseract Metin Ayristirma
-—— - E H —
- ' 1
v QH ___hat : *—>@
tt—— Guvenlik :
Kullanici L Duvari : : MS sQL
W,:,N é = i = i Veritabani
eb Arayuz H )
- — =
= . ‘-’*
-- . Web Uygulama DB Webservis
Kartvizit Fotografi Server
(Dosya-Galeri)

Sekil 4. Onerilen bulut tabanly kartvizit okuyucu uygulamasina ait sistem mimarisi

2.2. Arayiiz Tasarim ve Uygulama (Interface Design and Implementation)

Calismada kagit tabanh kartvizit goriintiileri, Sekil 4’te yer alan sistem mimarisine gore, web ara yiizii
araciligi ile TRCardScan uygulamasina aktarilmaktadir. Kartvizit goriintiileri kamera yolu ile fotografi
cekilerek sisteme gonderilebilecegi gibi var olan bir resim galerisinden secgilerek de sisteme
aktarilabilmektedir. Sistemin glivenlik duvari, gelen istekleri karsilayarak yetkili kullanicinin istegini web
uygulama sunucusuna iletmektedir. Gonderilen istek TRCardScan uygulamasina entegre edilmis
Tesseract OCR motoru sayesinde islenebilir metne g¢evrilmektedir. Kartvizit goriintiilerinden
donistiiriilmiis ham veri metin ayrigtirma algoritmalari araciligtyla alanlara ayristiritlmaktadir. Bu alanlar
kartvizitin igeriginde bulunan isim, soy isim, cep telefonu, e-posta adresi, unvani-gdrevi, iletisim adresi
vb. alanlar1 igermektedir. Metin ayristirma isleminden sonra anlamli veriler haline doéniistiiriilen alanlar
DB web servis araciligiyla MS SQL veri tabanina yazilmaktadir. Kullanici daha 6nce sisteme kaydettigi
kartvizitleri goriintiilemek i¢in web ara yiiziinii kullanarak, 6nce web uygulama sunucusuna istek
gondermektedir. Uygulama sunucusu, yazilim araciligryla gelen kriterlere uygun veriyi DB web servisten
cekerek web ara yiiziine gondermektedir. Gelistirilen TRCardScan uygulamasina ait giris sayfasi arayiiz
goriintiisii Sekil 5°te yer almaktadir. Goriildiigii izere uygulama ara yiizii, kullanic1 dogrulama sayfasi ile
baslamaktadir. Bu sayfada kullanici ad1 ve sifre alanlan girilerek kullanici kontrolii yapilmakta ve
degerler dogru ise ana sayfaya yonlendirilmektedir. Daha Once hesap olusturmamis kullanicilar igin
“Hesap Olustur” ve sifresini hatirlamayan kullanicilar i¢in ise “Sifremi Unuttum” butonlar1 da bu sayfada
yer almaktadir.
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TRCardScan
| a B

GIRIS YAP

Sekil 5. Onerilen bulut tabanli kartvizit okuyucu uygulamasina ait giris sayfasi goriintiisii

Kullanic1 kontrolii sonrasi agilan ana sayfa goriintiisii Sekil 6’da verilmistir. Bu sayfada kullanicinin
kaydettigi son 6 kartvizit on izleme seklinde listelenmektedir. Ayrica yeni kartvizit okuma islemi
yapabilmek i¢in kartvizit yiikleme araci da bu arayiiz ile gelmektedir. Kartvizitler sayfasinda daha 6nce
kaydedilen kartvizitler ile ilgili islemler yapilmaktadir. Liste i¢inde arama, yeni kayit ekleme, var olan
kayitta giincelleme, silme gibi islemler bu sayfadan yapilabilmektedir. Uyelik islemleri sayfasinda hesap
bilgileri ve kullanic1 bilgileri ile ilgili islemler yapilabilmektedir. Sifre degistirme, hesap bilgilerini
giincelleme, yeni kullanici tanimlama gibi islemler de bu sayfadan yapilabilmektedir.

STemressen.  Kartvizitler

Karvizit Uygulamas:

# Ana Sayfa

Sekil 6. Onerilen bulut tabanli kartvizit uygulamasina ait ana sayfa goriintiisii

2.3. Kartvizit Géoriintii Isleme (Business Card Image Processing)

Calismada resim igsleme ve metne ¢evirme islemleri Tesseract OCR motoru kullanarak yapilmaktadir.
Tesseract’in varsayilan dili Ingilizce oldugundan herhangi bir giincelleme yapilmadan kullanildiginda
ozellikle isim ve adres kisimlarindaki Tiirkge karakterlerin algilanmadigi goriilmustiir. Tesseract
motorunda her dil igin yapilmis egitim verileri bulunmaktadir. Tiirk¢e egitim verileri “tur.traineddata”
dosyasinda bulunmaktadir [21]. Yazilimda “tur.traineddata” dosyast “tessdata” klasorii igerisine
kopyalanmasi gerekmektedir. Tesseract motoru ¢agirilirken de dil parametresi olarak Tiirkge igin “tur”,
Ingilizce icin “eng” degeri goénderilmelidir.

Sekil 7’de bir Tiirk¢e kartvizite ait Tesseract OCR ile tanima sonuglarina yer verilmektedir. Tesseract
motoru Tiirkge cagirildiginda e-posta adresinde ozellikle “@” isaretinin, telefon numaralarinda “+”
seklindeki karakterlerin algilanmadig1 gdzlemlenmistir. Tesseract ile hem Tiirkge hem de Ingilizce tarama
sonucglart satir satir karsilastirilmis, tarama basarimi yiiksek olan dil referans alinarak alanlarin
ayristirilmast  gerceklestirilmistir. Ote yandan, fotografi cekilen veya klasorden secilen kartvizit
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gorilintiileri Tesseract OCR ile islenebilir metinler seklinde veritabaninda saklanirken, Sekil 8.’de
goriildiigii gibi Base64 formatinda resim olarak da kaydedilmektedir.

TRCardScan J

Kartvizit Tara (Tesseract-ocr)

Kart Vizit GdrUnUmU Kart Vizit Gér‘unl;‘lrnu@

Dogruluk Orani : %81,00 Dogruluk Orani : %74,00

OCR Tarama Sonucu: OCR Tarama Sonucu:

Du.nmn@vm - mmmmuw
CTO, Director CTO, Director
HEPO 544 833 8[#po 544 833
Ao 262 341 4004 [FP0 262 341 40 04
) isahinfifsm.com.tr >) isahirf@}sm.com.tr
WWW.YSM.com.tr WWw.YSM.com.tr
Kocael[Ufiversites! Teknopark

9 Ko(,J(:hIW'V!‘-I(\,‘.’»I Teknopark

No:A-5 Bglskele/KOCAELT} No:A-5 Befikele/KOCAEIE]

Sekil 7. Tesseract OCR ile ornek bir Tiirkce kartvizitin tanima sonuclart

Kart Vizit Goriinim Kisisel Bilgiler iletisim Bilgileri
Adi Soyad: : Ibrahim SAHIN E-Posta Adresi : isahin@ysm.com.tr
Gor vani : CTO, Director Cey +90544833¢

11 +902623414004
www.YSM.com.tr

dresi : © Kocaeli Universitesi Teknopark
— © Kocaeli Universitesi Teknopark — No:A-5
Bagiskele/KOCAELI —

YSM YAZILIM

Ibrahim SAHIN
€T0, Director

Sekil 8. Uygulamada kayith ornek kartvizite ait ekran goriintiisii ve ayrigtiriimis anlamh bilgiler

2.4. Metin Ayristirma ve Alanlarin Tespiti (Text Parsing and Fields Detection)

Kartvizitte bulunan her alan (isim, soy isim, cep telefonu, sabit telefon, adres vb.) kendi karakteristik
ozelliklerini tasidigi i¢in ayrigtirma ve alan tespit yontemleri farklilik gostermektedir. Ayrica karakter
tanima isleminin daha verimli olmasi ve dogruluk oraninin artirilmasi i¢in daha dnce kullanilmis bazi
yontemlerden de faydalanilmaktadir. Ayristirma islemi en kolay ayristirilacak alanlardan en zora dogru
bir siralama ile yapilmaktadir. Buna gore kolaydan zora dogru; web adresi, e-posta adresi, cep telefonu,
sabit telefon, gorevi-unvani, ad1 soyadi, adres ve sirket unvan bilgileri seklinde ayrigtirilmaktadir.

2.4.1. Web adresi ayristirma (Web address parsing)

Web adresinin metin icerisinde belirlenebilmesi diger alanlara gére daha kolaydir. Metin igerisinde
“www” veya “http” ifadeleri ve nokta “.”” karakterinin ayn1 anda gectigi satir1 belirleyip o satirdaki deger,
web adresi olarak alinabilmektedir. Web adresinde okuma hatasi sonucu, normal sartlarda olmamasi
gereken “><) (” vb. karakterlerin geldigi gozlemlenmistir. Bu karakterleri temizlemek iizere yazilima
eklenen kod blogu ile daha dogru sonuglar elde edilmektedir.
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2.4.2. Web adresi ayristirma (Web address parsing)

E-posta adresinin metin icerisinde belirlenebilmesi de diger alanlara gére daha kolaydir. Bunun icin “@”
karakteri ve nokta ““.” karakterinin ayni1 anda gectigi satir belirlenip, ilgili satirdaki deger e-posta adresi
olarak ayrigtirilabilmektedir. E-Posta adresinde normal sartlarda olmamasi gereken ‘“><) (7 wvb.
karakterlerin geldigi gozlemlenmis ve karakterleri temizlemek i¢in de web adres boliimiindeki yaklasim
kullanilarak daha dogru tanima gergeklestirilmistir.

2.4.3. Cep ve sabit telefon numarasi ayristirma (Mobile and line phone number parsing)

Cep telefonunun 0’dan sonra ilk ii¢ hanesinin belirleyici oldugu bilinmektedir. Kartvizitten OCR ile
cikartilan metinlerden cep telefonu verisini belirleyebilmek icin Bilgi Teknolojileri ve Iletisim Kurumu
(BTK), tarafindan diizenlenen ve Tiirkiye’deki tiim operatdrlerin alan kodu bilgisinin yer aldigi “Tiirkiye
ulusal numaralandirma plani1” kullanilmaktadir. Bu kodlar bir diziye yazilarak karsilastirma igin
kullanilmistir. Bazi durumlarda ii¢ haneli kodun bagka metinlerin iginde de gegebildigi tespit edilmistir.
Cozlim icin farkli bir algoritma daha kurgulanmistir. Buna gore, okunan metinde yan yana 10 adet sayisal
karakter var ve sifirdan sonraki ilk 3 rakam operatorlerin kodlari ile eslesiyorsa o satirdaki degeri cep
telefonu bilgisi olarak tespit edilmektedir. Cep telefonunda oldugu gibi; eger okunan metinde yan yana 10
karakter, sayisal karakter ise ve sifirdan sonraki ilk {i¢ rakam sehir kodlar1 ile eslesiyorsa, o satirdaki
deger sabit telefon bilgisi alanina yazilmaktadir.

2.4.4. Is unvany/ gorevi ayristirma (Job title/ task parsing)

Is unvanlari veya gorevi Kkartvizitlerden okunan metinlerden ayrigtirilmasi diger bilgilerin
ayrigtirllmasindan nispeten daha zordur. Unvanlarin kisaltilmis halleri yazildigi gibi bazi durumlarda
yaygin kullanilmayan kisaltmalarin da yapildigr goézlemlenmistir. Bazi kartvizitlerde uluslararasi
firmalarda yaygin olarak kullanilan ve iilkemizde de kabul gérmiis CEO, CTO, CFO gibi kisaltmalar da
kullanilmaktadir. Baz1 durumlarda pozisyon, gorev, riitbe gibi unvanlarin da kullanildigi gézlemlenmistir.
Bu durumlara uygun olarak en dogru ayristirmay1 yapabilmek i¢in kapsamli bir eslestirme listesi ve sirali
karsilastirma mantig1 kurgulanmasi gerekmektedir.

Bu kapsamda, en yaygim kullanilan Ingilizce kisaltmalari listesi bir diziye eklenerek ilk karsilastirma bu
dizi ile yapilmistir. Kisaltma listelerinde eslesme bulunamamasi halinde bir sonraki karsilagtirma listesine
gecilmektedir. Bu liste unvanlarda en ¢ok gecen kelimeleri igeren bir listedir. Listeyi olusturmak ig¢in
Tiirkiye’de yaygin olarak kullanilan insan kaynaklar sitesinden faydalanilmustir. Kisaltilmis bu listede
“Midir”, “Baskan”, “Uzman”, “Eleman”, “Amir”, “Usta” gibi birgok unvanda ge¢mesi muhtemel
kelimeler vardir. Sik kullanilan unvanlar listesinde de eslesme bulunamadiysa daha fazla bilgiyi igeren
tam unvan listesi ile karsilastirma yapilmaktadir. Liste igerigi Ornegin; Acil Tip Uzmani, Akademik
Personel, Bilisim Teknolojileri Ogretmeni, Grafik Tasarimci, Kalibrasyon Uzmani, Kdse Yazari gibi
yaklasik 1600 pozisyon ismi yer almaktadir. Ug listeden herhangi biriyle eslesen satir belitlenip o
satirdaki deger, unvan alani olarak belirlenmektedir.

2.4.5. Ad1 ve soyad1 ayristirma (Parsing name and surname)

Ad ve soyad bilgisinin metin igerisinde belirlenebilmesi i¢in ayra¢ olarak, Tirkiye’de kullanilan tiim
isimlerin listesi kullanilmigtir [22, 23]. Liste, yazilim igerisinde bir sinif olusturularak karsilastirma
yapilmak tizere diziye aktarilmistir. Bu listede yaklagik 12.900 isim bulunmaktadir. Eger okunan deger,
isim listesi ile eslesiyorsa o satirdaki deger, ad1 soyadi alanina atanmaktadir.

2.4.6. Adres ayristirma (Address parsing)

Adres bilgisinin metin igerisinde belirlenebilmesi igin ayra¢ olarak iki faktorlii bir karsilagtirma
yapilmistir. Bunun ic¢in Tiirkiye’deki sehirlere ve adreste ge¢mesi muhtemel kelimelere ihtiyag
duyulmustur. Sehir isimlerinin oldugu bir smif olusturularak isimler diziye yazilmistir. Ayrica gesitli
kartvizitler incelenerek adreste gegmesi muhtemel kelimeler de belirlenmistir. Ornek olarak mahalle,

2 <

sokak, cadde, no, apartman, blok, bina, posta kutusu vb. kelimeleri ve bunlarin “apt.”, “mah.”, “cad.” gibi
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kisaltmalar1 verilebilir. Ayrigtirma isleminde satirda, sehir ismi gegiyor ve ayni zamanda mahalle, sokak
gibi adres belirten kelimeler gegiyorsa o satirdaki deger adres alani olarak belirlenmistir.

2.4.7. Sirket unvam ayristirma (Company title parsing)

Diger alanlara gore ayristirmasi ve tespit edilmesi en zor sirket unvani alanidir. Sirket Unvani bilgisinin
metin igerisinde belirlenebilmesi icin unvan icerisinde kullanilan kelimelere ihtiya¢ duyulmaktadir. Ornek
kartvizitler incelenerek ‘“Anonim”, “Sirketi”, “Sanayi”, “Ortaklig1”, “Komandit”, “Kolektif”,
“Kooperatif®, “Ticaret”, “Hizmetleri”, ‘“Pazarlama”, “Yatirrm”, “Universitesi”, “Fakiiltesi” gibi
kelimelerin ve bunlar igin kullanilan “Sti.”, “A.S.”, “A.0.”, “San.”, “Tic.”, “Ltd.” gibi kisaltmalarin
kullanildig1 gézlemlenmistir. Bu kelimeler ve kisaltmalari igin bir sinif olusturularak, her biri bir diziye
aktarilmistir. Ayristirma isleminde satirda, bu listedeki ayraglardan herhangi biri geciyorsa o satirdaki
deger sirket unvani alani olarak belirlenmigtir. Bu alani ayrigtirmanin zor olmasinin en énemli sebebi,
siklikla sirkete ait tam unvan kullanmak yerine sirket logosunun kartvizitlerde kullanilmasidir.

2.5. Gozlem ve Degerlendirilmesi (Observation and Evaluation)

Gelistirilen yazilimin, kartvizit okuma ve metin ayristirma performansint degerlendirmek i¢in Sekil 9°da
yer alan arayliz kullanilarak 15 adet, farkli karakteristik 6zelliklere sahip Tiirk¢e kartvizit kullanilarak bir
dizi test calismasi gergeklestirilmistir. Test ¢caligmasi neticesinde elde edilen alan bazli ve kart bazindaki
ayrintili dogruluk sonuglar1 sirasiyla Tablo 1 ve Tablo 2’de yer almaktadir. Calisma kapsaminda
gelistirilen Tiirkge kartvizit tamima yaziliminin fiziksel kartvizitin tiim alanlar1 dikkate alindiginda
ortalama %82’lik bir dogrulukta okuma ve ayristirma yaptigi tespit edilmistir. Ayristirilan alanlarin
dogruluk oranlari, ad1 soyadi %93, e-posta adresi %93, cep telefonu %87, web adresi %89, gorevi /
unvani %92, sirket ad1 %33, posta adresi %73 oranlarinda hesaplanmistir. Ote yandan, Kartvizit isleme
stiresi, kartvizitin ¢oziiniirliigiine, icerdigi bilgilerin karmasikligina ve satir sayisina gore degiskenlik
gosterdigi gdzlemlenmistir.

TRCardScan =

Karvish Uygulomon Kartvizit Okuma Test Formu (Tesseract-ocr)

# Ana Sayfa

Kart Vizit Goranama  Kisisel Bilgiler iletisim Bilgileri
C@ el o .

’ Gikig Yap 9 +90 544 523 8

© hxaet Ureverstes Teknopark. K N %85 Bagiskele/KOCAEL

Sekil 9. Fiziksel kartvizit okuma ve metin ayristirma arayiizii

Metin ayristirma algoritmalarinin birgok kartvizit i¢in dogru ¢alistigi gézlemlenmistir. Bununla birlikte
okunamayan metinlerin, tespit edilemeyen alanlarin da oldugu goézlemlenmistir. Karakterlerin ya da
metinlerin okunamadigi durumlar ¢ogunlukla ¢oziiniirliigii diisiik, 151k ve parlakligin koétii oldugu, koyu
arka plan kullanilmig kartvizit goriintiilerinin islenmesinde gozlemlenmistir. Karakterleri okundugu ve
metne ¢evrildigi halde herhangi bir alanla eslestirilemeyen bilgiler, ¢ogunlukla ayni satirda birden fazla
alana ait bilginin yer aldig1 satirlardan kaynaklanmaktadir. Ay satirda 6rnegin web sayfas1 ve e-posta
adresi yan yana yazilmigsa sadece bir tanesi ile eslestirilebildigi gozlemlenmistir. Eksik eslestirilen
alanlarda ise sorun, ¢ogunlukla ayni alan verisinin birden fazla satirda yazilmis olmasi durumunda
karsilasilmigtir.
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Tablo 1. Kartvizit okuma ve ayristirma dogruluk analizi

Dogru: D; Yanlis: Y Okunamadi: x  Veri Yok: -

Ad1 E-Posta Telefon Web Gorev  Sirket Posta Dogruluk
Soyadi  Adresi Nu. Adresi Unvamm  Ad1  Adresi %

SN  Kartvizit

D D D - D - D 100
D D D D D D D 100
3 . D D D - D Y D 83
4 D D x x - X D 43
5 x D D D Y Y Y 43
6 D D D D D - D 100
7 D D x - D - D 80
Qkardelen
8 D x D - - X D 60
9 D D D - D D x 83
10 == / D D D D D - X 100
LITERWILA ME
11 D D D D D Y D 86
12 D D D D D X X 71
13 D D D D D D D 100
14 D D D D D - D 100
15 D - D - - - D 75
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Tablo 2. Ayristirilan alanlara gére dogruluk orant tablosu

Ayristirma yapilan Dogruluk Oram %
alan ad1 (15 Kartvizit)

1- Ad1 Soyadi %93
2- E-Posta Adresi %93
3- Cep / Sabit Telefon %87
4- Web Adresi %89
5- Gorevi / Unvani %92
6- Sirket Adi %33
7- Posta Adresi %73

Tablo 2’de yer alan 15 adet kartvizitin tiim alanlar1 i¢in bagarimi degerlendirildikten sonra, hemen hemen
tiim kartvizitlerde yer alan isim, telefon ve posta adresi gibi ortak alan bilgilerinin ¢ikartim basarimi da
degerlendirilmistir. Bu degerlendirmede “Basarili” tanimlamasi ilgili alana ait kartvizit bilgisinin dogru
bir sekilde ¢ikartildigini, “Basarisiz” tanimlamasi ise ilgili alana ait kartvizit bilgisinin ¢ikartilamadig
veya yanlis ¢ikartildigi anlamina gelmektedir. Tablo 3’ten goriildiigii iizere, TRCardScan yazilimi, isim,
telefon numaras1 ve e-posta adresi bilgilerini sirastyla %93, %87 ve %93 oranlarinda basarili oldugu
tespit edilmektedir. Bircok kartvizitte yer alan bu ortak alanlarin basarili bir sekilde ¢ikartimi ortalama
%91°dir.  Literatiirde yer alan caligmalarla kiyaslandiginda bu oranin makul ve kabul edilebilir
seviyelerde oldugu degerlendirilmektedir [5-11].

Tablo 3. Kartvizit okuma ve ayrigtirma dogruluk analizi

Kartvizit Alam Toplam Kartvizit (%)

OKkuma
Adi o 14 93
Soyadi ¢ 1 7
Telefon o 13 87
Numaras: | ¢ 2 13
E-posta | & 13 93
Adresi $ 2 7

©: Basarili, §: Basarisiz

TRCardScan yazilimmin Tablo 2’de yer alan 15 adet fiziksel kartvizitin, ¢esitli alanlarin1 okuma ve
ayrigtirma basarimini degerlendirmek i¢in Sekil 10°da yer alan karmasiklik matrisleri asagidaki
aciklamalar c¢ercevesinde olusturulmustur. Buna goére 7P, FN, FP ve TN elemanlar asagidaki gibi
tanimlanmaktadir:

TP: Gergekte fiziksel kartvizitte ilgili alan bilgisi var iken, Tesseract OCR tabanli TRCardScan yazilimi
bu bilgiyi dogru olarak bulmaktadir. Tablo 2’de “D” ile gosterilen “Dogru Okudu” verisi burada
degerlendirilmektedir.

FN: Gergekte fiziksel kartvizitte ilgili alan bilgisi var iken, Tesseract OCR tabanli TRCardScan yazilimi
bu bilgiyi dogru olarak bulamamaktadir. Tablo 2°de “x” ile gosterilen “Okunamadi1” verisinin
tamami ve “Y” ile gosterilen “Yanlis Okundu” verisinin bir kism1 burada degerlendirilmektedir.

FP: Gergekte fiziksel kartvizitte ilgili alan bilgisi yok iken, Tesseract OCR tabanli TRCardScan yazilim
bu alanla ilgili bilgiyi bulmaktadir. Tablo 2°de “Y” ile gosterilen “Yanlis Okundu” verisinin kalan
kismi1 burada degerlendirilmektedir.

TN: Gergekte fiziksel kartvizitte ilgili alan bilgisi yok iken, Tesseract OCR tabanli TRCardScan yazilimi
bu alanla ilgili bilgiyi bulamamaktadir. Tablo 2’de “-” ile gosterilen “Veri Yok™ bilgisi burada
degerlendirilmektedir.
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TRCardScan TRCardScan
(Ad1 Soyadi) ( Telefon Numarasi )
Okudu Okumadi Okudu Okumadi
5| 5 TP FN 5| 5 TP FN
e A
= (14) 1) - (13) )
N N
s =
= =
2 ¥/
S| FP TN T | FP TN
2 | .2 < | .2
ks ) ) 5|~ ) O]
<3 =)
(a) (b)
TRCardScan TRCardScan
( E-posta adresi ) ( Tiim Alanlar )
Okudu Okumadi Okudu Okumadi
5 5 P FN 5| 5 7P FN
S AES
= (13) 1) = (73) (13)
N N
z z
T | FP TN 2 | x FP TN
2|3 20z
8 ) 6] s 3) (16)
= <9
(c) (d)

Sekil 10. Kartvizit alanlar igin karmagikltk matrisleri: (a) Adi/ Soyadt, (b) Telefon Numarasi,
(c) E-posta adresi ve (d) Tiim alanlar

Bilindigi iizere, dogruluk (Accuracy, A), kesinlik (Precision, P), duyarlilik (Recall, R) ve FI skoru gibi
performans metrikleri agagidaki gibi hesaplanmaktadir;

B TP +TN O
" TP +TN +FN + FP
TP
Pp=—0 )
TP + FP
TP
R=— 3)
TP + FN
P xR
F1=2x 4
P+R

Onerilen Tesseract OCR tabanli TRCardScan yaziliminin performans metrik degerleri (1-4) denklemleri
ile hesaplanmis ve Tablo 4’te listelenmistir. Goriildiigii tizere Onerilen TRCardScan yazilimi, %84,76
Dogruluk, %96,05 Kesinlik, %84,88 Duyarlilik ve 9%90,12 F1 Skoru ile fiziksel kartvizitlerden, sayisal
kartvizit verilerini ¢ikarabildigi goriilmektedir. Bu oranlar, 6nerilen Tesseract OCR tabanli TRCardScan
yaziliminin fiziksel kartvizitlerden, sayisal kartvizit verilerinin ¢ikariminda kabul edilebilir oranlardaki
basarima sahip oldugunu dogrulamaktadir.
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Tablo 4. Kartvizit okuma ve ayristirma dogruluk analizi

Metrik Degerleri
Kartvizit Dogruluk  Kesinlik ~ Duyarlilik Fi
Alanlan (4) (P) (R) Puam
Ad Soyadi 0,9333 1 0,9333 0,9654
Telefon No. 0,8666 1 0,8666 0,9285
E-posta Adresi 0,9333 1 0,8666 0,9285
Tiim Alanlar 0,8476 0,9605 0,8488 0,9012

Onerilen TrCardScan yaziliminm, Tablo 2’de yer alan 15 adet fiziksel kartvizit icin Ingilizce ve Tiirkce
modelleri kullanilarak kartvizit alanlarinin okuma ve ayristirma siire analizleri Sekil 11°de yer almaktadir.
Goriildiigii iizere, Ingilizce model kullanilarak gerceklestirilen ¢ikartim siireleri, Tiirkce modele gore
ortalama 0,608 saniye daha hizlidir. Karmasik olmayan ve az veri olan kartvizitlerde okuma hiz1 farki
yaklagik 0,39 saniye iken daha karanlik ortamda c¢ekilmis, koyu renkli ve daha cok yazi igeren
kartvizitlerde ise okuma hiz farki 0,88 saniye olarak tespit edilmistir. Tiirkge OCR isleminin daha yavas
olmasi, temelde, Ingilizce dilinde olmayan Tiirkce diline 6zgii “¢, &, 6, s, 1, i, C, G, O, S, 1, U”
karakterlerin kullanilmasidir. Bu karakterler, OCR motorlarinin varsayilan egitim verilerinde taniml
olmadigi i¢in ya kendine en yakin harf olarak algilanmakta ya da ayristirilan metinlerde farkli karakterler
(><,), (, gibi) olarak tespit edilmektedir. Okuma ve ayristirma iglemi Tiirk¢e dili i¢in hazirlanmis egitim
verileri kullanilarak yapildiginda ise metin ayrigtirma algoritmasina daha dogru veri iletildigi i¢in
metinlerin dogru sekilde tespit edilerek ilgili alanla eslestirme oranlar1 da artmaktadir.

m ingilizce Tarama Siiresi M Tiirkce Tarama Siiresi

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Kartvizit Sira No

uo u_ \.N
n — h o W

Sayisal Kartvizit Verilerinin Cikartim Siiresi (s)

[

Sekil 11. Onerilen TrCardScan yazilimin Ingilizce ve Tiirkce egitim modelleri icin 15 adet kartvizitteki
ctkartim stireleri.

Ote yandan gelistirilen yazilimn, literatiirde yer alan erisime agik yazilimlarla ilgili kartvizit alanlarinin
¢ikartim basarimlari ve calisma hizlari agisindan karsilastirmalart sirasiyla Sekil 12 ve Tablo 5°te
sunulmaktadir. Gorildigii iizere, 15 adet kartvizit i¢in elde edilen ortalama dogruluk oranlar
TRCardScan, Google Cloud Vision API ve Abbyy BCR Mobile uygulamalari i¢in sirasiyla %84,76, %90
ve %60 dir. Ayrica Tablo 5’te verilen ortalama okuma ve ayrigtirma siirelerine gore en hizli Abbyy BCR
Mobile uygulamasi iken, énerilen TrCardScan yazilimi, kart basina ortalama 1,6 sn’lik ¢ikartim siiresine
sahiptir. Google’in saglamis oldugu OCR API ise 5,30 sn’lik bir silirede kartvizit verilerini
sayisallastirabilmektedir. Bu sonuglara gore onerilen TRCardScan yazilimi benzerleri ile kiyaslandiginda
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yiiksek dogruluk oranlarinda makul ¢ikartim siireleri ile fiziksel kartvizitlerdeki verileri basarili bir

sekilde okuyarak ayristirabilmektedir.

100%
90% - >ﬁ
80% #
= 70%
=
5 60% —
S
= 50%
c V/
ED 40% Y
| 30%
=o—TRCardScan Tesseract-OCR
20%
=~ Google Cloud Vision API
10%
Abbyy BCR Mobile
0% T T T T T T T 1
Adi E-Posta Cep Web  Gorevi/ Sirket Adi  Sabit  Dogruluk
Soyadi  Adresi Telefonu Adresi Unvan Telefonu Oram %
Kartvizit Alanlar:

Sekil 12. Onerilen TrCardScan yaziliminmn, literatiirde yer alan benzer kartvizit okuyucular ile

karsilastiriimasu.

Tablo 5. Onerilen TrCardScan yaziliminin, literatiirde yer alan benzer kartvizit okuyucular ile ortalama

veri ¢ikarim siireleri.

TrCardScan Google Cloud Abbyy BCR
(Tesseract-OCR) Vision API Mobile
Kartvizit Tarama 1,60 5.30 137

Siiresi (s)

Tablo 6. Onerilen TRCardScan ve literatiirde yer alan benzer ¢calismalarin degerlendirme sonuglar

Kullanilan : Ornek < o

Referans Yéntem Dil Sayisi Dogruluk (%)
Adi Soyadt: 77,1
. . Ingilizce Telefon N : 93,5
Thuan ve dig. [5] Google Vision Vietnamea 170 E-posta  :94.7
Ortalama : 88,4
Adi1 Soyadz: 80,0
) Ingilizce Telefon N : 96,7

Hung ve Linh [6] Tesseract Vietnamea 54 E-posta )
Ortalama : 88,6
Adi Soyadz: 53,8

. Lo Telefon N : 100
Dangiwa ve Kumar [10] Tesseract Ingilizce 55 E-posta  : 83,3
Ortalama : 79,0
Adi Soyadz: 93,0
Ingilizce Telefon N : 87,0
TRCardScan Tesseract Tiirkce 15 E-posta  :93.0
Ortalama : 84,7
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Son olarak, onerilen yazilimin literatiirdeki yerini ve katkisini ortaya koymak i¢in benzer yazilimlarla
kiyaslanmis ve fiziksel kartvizit alanlarmin ¢ikartim performanslar1 Tablo 6’da sunulmustur. Goriildiigii
iizere, Onerilen Tesseract OCR tabanli yazilim Adi Soyadi, Telefon Numarasi, E-posta adresi alanlarinin
cikariminda yliksek dogruluk oranlari ile basaril bir performans sergilemektedir.

3. SONUCLAR VE ONERILER (CONCLUSIONS AND RECOMMENDATIONS)

Calisma kapsaminda, giinliik hayatta yaygin olarak kullanilan Tiirk¢e dilinde tasarlanmis kartvizitlere ait
gorilintiilerin OCR ydntemi ile islenebilir anlamli bilgilerin elde edilerek ayristirilmasi ve bu bilgilerin
bulut tabanli bir veritabaninda saklanmast i¢in bir yazilim gelistirilmistir. Gelistirilen yazilimda, kartvizit
gorlintlilerinden  islenebilir  bilgilerinin elde edilmesi Tesseract kiitiiphanesi  kullanilarak
gerceklestirilmistir. Calismada kartvizit bilgileri dort asamali bir akis ile ayristirilmustir. Ik asama,
kartvizitin sisteme aktarilmasi, ikinci agsama Tesseract OCR motoru araciligiyla karakterlerin okunmasi,
liclincli asamada metin ayrigtirma, dordiincii ve son asamada ise ayrigtirilan ve anlamli veriler haline
doniistliriilen her bir alanin veritabaninda yazilmasi seklindedir.

Analiz ve degerlendirme icin 15 adet farkli o6zellikteki kartvizit ile yapilan calismalarda onerilen
TRCardScan yazilimi, %84,76 Dogruluk, %96,05 Kesinlik, %84,88 Duyarlilik ve %90,12 F1 Skoru ile
fiziksel kartvizitlerden, sayisal kartvizit verilerini ¢ikarabildigi gdzlemlenmistir. Isim/ soyisim, telefon
numarasi, e-posta adresi, gibi bircok kartvizitte yer alan ortak alanlarin basarili bir sekilde g¢ikartimi
ortalama %90"'1n iizerindedir. Bu sonug ilgili alanlar i¢in kurgulanan ayristirma algoritmasini basarili
oldugunu gostermektedir. Sirket adi ¢ikartim algoritmasi %33 oranla en diigiik dogruluk oranina sahiptir.
Bu sonu¢ bu alanla ilgili farkli algoritmalar olusturulmasi gerektigini gostermektedir. Sonraki
calismalarda c¢ikarim basarim oramit diisilk olan kartvizitler ve alanlar daha detayli incelenerek
algoritmalarin iyilestirilebilir ve yeni algoritmalar gelistirilerek daha iyi sonuglar elde edilebilir. Ek olarak
TRCardScan, benzer yazilimlarla kiyaslandiginda ortalama 1,6 sn’lik makul ¢ikartim siireleri ile fiziksel
kartvizitlerdeki verileri yliksek dogruluk oranlarinda okuyarak ayristirabilmektedir.

Ayrica gelecek calismalar kapsaminda, eslesmeyen kartvizit veriler i¢in bir algoritma ile kendi kendine
karar verebilecek ve kullaniciya onerilerde bulunabilecek akilli bir sistem tasarlanmasi hedeflenmektedir.
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Figure A. Experimental system, numerical modeling and results

Purpose: In order to meet our ever-increasing energy needs, it may not be convenient to directly
use the coal reserves. Gases obtained from coal exposed to heat treatment in an oxygen-free
environment, on the other hand, would be more appropriate to consume because it is requires a
simple and small burner, and especially forms less pollutant emissions.

Theory and Methods: A premixed burner pre-mixing the fuel and air, and introducing the
mixture to the combustion chamber was used to burn the coke oven gas. The fuel-air mixture was
consumed as premixed at excess air ratios of A=1,2 and A=1,5 under lean combustion conditions.
In the study presented, the amount of fuel corresponding to a power of 10 kW was introduced to
the combustion chamber. The experimental setup in which the measurements were made was
modeled as three-dimensional through a commercial code ANSY S-Fluent. Combustion modeling
was carried out by integrating the Eddy Dissipation Concept into the combustion model by
creating 21,27, 78, 162 and 239-step reactions for the coke oven gas and end-of-combustion NOx
estimations with the help of GRI-Mech 3.0 chemical kinetics as a combustion model. P-1 was
chosen as the radiation model, and 3 different turbulence models were used to determine the effect
of the turbulence model.

Results: It was observed that the number of reaction steps did not significantly affect the
temperature, but significantly affected the NO emission estimation values.

Conclusion: The obtained temperature and NOx profiles were compared with the experimental
data and it was determined that there was a satisfactorily good agreement, it was seen that the
162-step reaction was sufficient.

*Corresponding author, e-mail: sezgin.tsdmr@gmail.com.tr DOI: 10.29109/gujsc.1059160
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Abstract

In order to meet our ever-increasing energy needs, it may not be convenient to directly use the
coal reserves, which are abundant in our country, because it is difficult to transport, requires large
volumes of combustor, leaves wastes such as ash and slag, and especially due to the high pollutant
emissions. Gases obtained from coal exposed to heat treatment in an oxygen-free environment,
on the other hand, would be more appropriate to consume because it is easy to transport, requires
a simple and small burner, and requires less air during combustion, and especially forms less
pollutant emissions. In this study, the premixed combustion performance and emission
characteristics of coke oven gas, which is a by-product of coal coking, were numerically
investigated. A premixed burner pre-mixing the fuel and air, and introducing the mixture to the
combustion chamber was used to burn the coke oven gas. The fuel-air mixture was consumed as
premixed at excess air ratios of A=1,2 and A=1,5 under lean combustion conditions. In the study
presented, the amount of fuel corresponding to a power of 10 kW was introduced to the
combustion chamber. The experimental setup in which the measurements were made was
modeled as three-dimensional through a commercial code ANSYS-Fluent. Combustion modeling
was carried out by integrating the Eddy Dissipation Concept into the combustion model by
creating 21, 27, 78, 162 and 239-step reactions for the coke oven gas and end-of-combustion NOx
estimations with the help of GRI-Mech 3.0 chemical kinetics as a combustion model. P-1 was
chosen as the radiation model, and 3 different turbulence models were used to determine the effect
of the turbulence model. The obtained temperature and NOy profiles were compared with the
experimental data and it was determined that there was a satisfactorily good agreement, it was
seen that the 162-step reaction was sufficient.

On Karisimh Bir Yakicida Kok Firim1 Gazi Yanma
Karakteristiklerinin Sayisal Olarak Incelenmesi

Oz

Her gegen giin daha da artan enerji ihtiyacimizi kargilamak igin iilkemizde de ¢ok¢a bulunan
komiir rezervini dogrudan kullanmak, gerek taginmasinin zor olmasi, gerek biiyiilk hacimli
yakiciya ihtiyag duymasi gerekse de kiil, cliruf gibi atiklar birakmasi ve o6zellikle kirletici
emisyonlarinin fazla olmasi nedeniyle dogrudan kullanilmasi elverisli olmayabilir. Oksijensiz
ortamda 1s1l isleme maruz kalan kdmiirden elde edilen gazlar ise hem taginmasi kolay, hem basit
ve kiiciik yakiciya ihtiyag duymasi hem de yakma sirasinda daha az havaya ihtiya¢c duymasi ve
ozellikle daha az kirletici emisyon olusturmasi nedeniyle bu gaz yakitin tiiketilmesi daha uygun
olacaktir. Bu c¢aligmada, kdmiiriin koklastirma yan iiriinii olan kok firmi gazinin, 6n-karigimlt
olarak yanma performansi ve emisyon karakteristikleri sayisal olarak incelenmistir. Kok firini
gazini yakmak i¢in yakit1 ve havay1 dnceden karistirirarak yanma odasina génderen 6n-karigiml
bir yakict kullanilmistir. Yanma kosullarinda fakir karigim bolgesinde kalinarak hava fazlalik
katsayist A=1,2 ve A=1,5 kosullarinda yakit-hava karisimi 6n-karisimli olarak tiiketilmistir.
Caligmada 10 kW giice karsilik gelen yakit miktar1 yanma odasma gonderilmistir. Olciimlerin
yapildig1 deney diizenegi ANSY S-Fluent ticari kodu ile li¢ boyutlu olarak modellenmistir. Yanma
modeli olarak GRI-Mech 3.0 kimyasal kinetigi yardimiyla kok firin1 gazi ve yanma sonu NOyx
tahminleri i¢in 21, 27, 78, 162 ve 239 basamakli reaksiyonlar olugturulmasiyla Eddy Dissipation
Concept yanma modeline entegre edilerek yanma modellenmesi gergeklestirilmistir. Radyasyon
modeli olarak P-1 se¢ilmis olup, tiirbiilans modelinin etkisini belirlemek i¢in de 3 farkl tiirbiilans
modeli kullanilmstir. Elde edilen sicaklik ve NOy profilleri deneysel verilerle karsilagtirilmis ve
oldukga iyi bir uyum oldugu saptanmis, 162 basamakli reaksiyonun yeterli oldugu goriilmiistiir.
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1. GIRiS INTRODUCTION)

Enerjiye olan ihtiyag bir¢ok farkli kaynaklardan saglanmaktadir. Giinlimiizde alternatif kaynaklara olan
yonelim artsa da hala enerji ihtiyacinin biiyiik ¢ogunlugu fosil kaynaklardan saglanmaktadir ve tilkemizde
komiir rezervleri fazla oldugundan sahip oldugumuz enerji potansiyelimiz yiiksektir. Fakat, fosil yakitlar
ozellikle de iilkemizde bulunan 1s1l degerleri diisitk komdiir rezervlerinin ¢ok miktarda inorganik madde
barindirmasi ve igerisindeki azot ve kiikiirt maddelerinden dolay1 dogrudan kullanilmasi durumunda fazlaca
kirletici emisyonlar olusturmaktadir [1]. Bu ¢alismada elverisli olmas1 agisindan kdmdiriin koklastirma yan
iriini kok firin1 gazi yakit olarak kullanilmistir. Yanma sartlarininda 6zellikle reaksiyon basamak sayisinin
etkisi iizerinde durulmustur. A¢iga ¢ikan yanma iirlinlerinden NOx degerlerinin belirlenmesi ve bu kirletici
emisyonun diisiiriilme yollar arastirilmistir. Bu alanda yapilan ¢alismalardan bazilar1 agagida belirtilmistir;

[lbas ve Karyeyen (2016), hidrojen igeren yakitlardan sehir gazi ve kok firmi gazimin én-karisimli bir
yakicida deneysel olarak yanmasini incelemislerdir. Yanma odasinin eksenel ve radyal 6l¢liim sonuglarini
belirlemislerdir. Eksenel ve radyal 6l¢timlerin (Sicaklik, NOy, CO, ve CO) yaklasik ¢ogunlugunda kok firin
gazinin degerlerinin yiiksek oldugu, 6zellikle sehir gazinda hacimce daha fazla N, gazi olmasina ragmen
yanma sonucu daha az NOy olusmasinin nedeni bu gazin kalori degerinin diger gazdan daha az olmasindan
kaynaklandigi belirtilmistir [2].

Ortiz vd. (2021), metal yiizeyine carptirtlmis kismi on-karisimli bir metan alevinin deneysel ve sayisal
analizini yapmis, farkli giliclerde yakilan metan alevinin sicaklik ve CO emisyon degerlerini
karsilagtirmigtir. Radyal olarak sicaklik dl¢iimlerinin genelde deneysel verilere uygun olarak azaldigi,
merkezdeki sicakligin 10 mm uzagindaki alev sicaklifindan diisiik olmas1 6n-karisimli alevde meydana
gelen siiriiklenme alaninin olusturdugu koniden olustugu [3], alev hizi1 yoniinden sayisal calismada yapilan
k-omega tiirbilans modeli ile deneysel sonuglarin uyumlu oldugu, yakit giicliniin artirilmasi giris hizinin
artmasiyla koni kisminin genislemesine yol agtig1 bu nedenle radyal olarak merkez konumdaki sicakligin
hizla ters orantili oldugu belirtilmigtir. CO degerinin ise giiciin artmasiyla arttig1 ve merkezden uzaklagtikga
azaldig1 vurgulanmig, yakit hava girig ¢apinin degistirilmesiyle farkli giiclerde CO ve sicaklik degerleri de
incelenmis, bu duruma gore 350-400 W araliginda maksimum termal verimlilik saglanmasina ragmen CO
degerinin de fazla oldugu gosterilmistir [4].

Zhen vd. (2016), giris havasinin sicakligi artirilarak olusturulan Bunsen alevinin 1s1 transferine etkileri
deneysel olarak arastirilmis, CH,-H,, CH4-H,-N, ve CH4-H,-CO,’den olusan farkli yakitlar {izerinde
yapilan deneysel Ol¢iimlerde giris sicakliklarinin artirilmasiyla hepsinin adyabatik sicakliklarinin ve
laminar alev hizlarinin arttig1 belirtilmis, CH,-H,-CO, ve CH4-H,-N, alevinde olusan siiriiklenme alaninin
olusturdugu koni yiiksekliginin yakit giris sicakliginin artirilmasiyla ters orantili olarak azaldig
gosterilmis, yine bu ii¢ yakitin giris sicakliginin artirilmasiyla yanma sonucu olusan NOy degerinin de
artt1g1, bu degerlerden en yiikseginin CH,-H, yakitinda oldugu, orta seviyede CH,-H,-N, yakitinda oldugu,
en azinin ise digeri olan CH,-H,-CO, yakitinda meydana geldigi 6l¢iilmiis, ayni deney CO i¢in de yapilmis
ve bu sefer en yiiksek CO degerine sahip olan yakitin CH,-H,-CO,’de meydana geldigi, orta seviyede CHy4-
H,-N,’de meydana geldigi en azinin ise CH4-H, yakitinda oldugu gosterilmistir. CH4-H, yakitt i¢in
nozuldan uzaklastike¢a 1s1 transfer oraninin azaldigi, CH,-H,-CO, yakit hava karisiminin farklh girig sicaklik
degerlerindeki Sl¢limlerde giris hava sicakligimin artirillmasiyla 1s1 transfer oranmin da arttigi dlglim
sonuglariyla gosterilmistir [5].

Salem (2018), CH,, H, ve CO yakitlarinin 2, 5 ve 10 basamakli reaksiyonda 6n-karisimli yanma sartlar
incelenmis, reaksiyon basamak sayisi arttikgca maksimum sicakligin distiigli goésterilmistir. Ayrica
Chemkin kodu iizerinde de yanma iiriin mol degisim sonuglar1 paylasilmistir. Farkli oranlarda karistirilan
CH,4-H, yakitinin yine farkli hava-yakit oranlarinda yanmasinin alev hizi sonuglar irdelenmis ve CH,
icerisine eklenen H, orami artirildik¢a alev hizimin arttigi ve bu hizin stokiyometrik yanma sartlarinda
maksimum oldugu belirtilmistir. Yine hava fazlalik katsayisinin bir oldugu durumda maksimum sicakligin
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en yiiksek oldugu, eksenel uzaklik arttikca ise yiiksek sicakligin hava fazlalik katsayisinin bir buguk oldugu
sartlara dogru kaydig1 gosterilmistir. Ayrica 10 basamakli reaksiyonda H,-CO yakitinin farkli yakit-hava
yanma sartlarinda deneysel ve sayisal olarak yanma sonuglarinin adyabatik sicaklik kiyaslamasi yapilmis
ve en iyi uyumlu sonucun stokiyometrik yanma sartlarinda oldugu gosterilmistir [6].

Zhai vd. (2021), CH4 ve H; karisimh yakitin, kismi 6n-karisimli yakicida yakilmasi sonucu alev boyutu ve
rengi lizerinde durulmus, oncelikle hidrojen gazinin yogunluguna bakilmaksizin giris hava miktar
artirtldikca siiriiklenme alaninin kiiciildiigii yani koni yiiksekliginin azaldigi belirtilmis, H, gazimin
artirtlmasiyla 6zellikle fazla hava girisli yanmalarda daha belirgin olmak iizere alev boyunun kii¢iildiigii ve
alev parlakliginin azaldig1 gosterilmistir [7].

Jiang vd. (2017), 6n-karisimli bir yakicida biogazin yanmasi incelenmis, biogazin igeriginde bulunan CHyg,
CO,, H, ve N, gazlar1 miktar1 iizerinde degisiklik yapilarak 5 farkli yakit olusturulmus ve bu yakitlarin
yanma sonugclari iizerinde kiyaslama yapilmistir. Chemkin kodu {izerinde laminer biogaz alevi simiilasyonu
yapilmis, sicaklik ve yakit ile yanma friinlerinin kiitlesel degisimleri gosterilmistir. Sonuglara gore
tamamen CH, ten olusan biogaz sicakliginin daha yiiksek oldugu, biogaz igerigindeki CO, miktar arttik¢a
sicakligin diistiigii, biogaz iceriginde bulunan CO, miktarinin bir kisminin N, ile degistirilmesi durumunda
sicaklik boyutunda onemli degisikligin olmadig1 gosterilmistir. Laminer alev hiz1 konusunda tamamen
CH,’ten olusan biogaz yakitinda en yiiksek oldugu, biogaz igerigindeki CO, miktar arttikca laminer alev
hizinin azaldigi, biogaz icerigindeki CO, miktarinin bir kisminin N, ile degistirilmesi durumunda laminer
alev hizinin da arttig1 gosterilmistir. Tek boyutlu bir similasyon ¢alismasinda biogaz laminer alev iizerinde
metan konsantrasyonunun 6nemli bir etkisinin oldugu belirtilmistir [8].

Jozsa vd. (2022), biitonal karigimli dizel yakitin sicaklik kontrollii girdapli yakicida yakilmasi incelenmis,
esdegerlik oranmi 0,86 ile 0,76 arasinda olacak sekilde PID kontroliiyle yakiciya gelen havanin sicakligi
degistirilmis, basing kontroliiyle de yakit ve hava miktar1 kontrol edilmis, hava debisini kontrol eden basing
degeri artirildikca alev renginin degistigi ve renk kaybettigi, ayn1 zamanda kirletici NO(ppm) ve CO(ppm)
seviyelerinin azaldig1, yakit igerisindeki biitanin artirilmasiyla alev kalinliginin azaldigi, gériiniimii itibari
ile sadece dizel yakitta OH reaksiyonlarinin arttig1, fakat yakit icerisine biitan ilave edildiginde OH ara {iriin

yogunlugunun azaldig1, giiriiltii seviyesinin de yaklasik 10 dB civarinda azaldig1 gosterilmistir [9].

Konvansiyonel veya ¢ok bilesenli yakitlarin yanma sartlarini aragtiran ¢ok sayida literatiir vardir, fakat 6n-
karisimli olarak tiiketilme kosullarinda alev ve reaksiyon basamak sayisi etkilesimi, basamak sayisinin
yanma sonu iriinlerine etkisi konulartyla ilgili kritik sorular hala devam etmektedir. Ayrica 6n-karisiml
yakicilarda, hava ile yakit yanma bdlgesine gelmeden Once karistigi i¢in 6n-karisimsiz yakicilara gére daha
homojen bir yakit-hava karigimi saglamaktadir. Bu nedenle 6n-karisimli yakicilarda olusan NO emisyon
seviyesi On-karigimsiz yakicilara gore daha az olmaktadir [10]. Daha temiz enerji elde etmek temel
motivasyon kaynagimiz oldugu i¢in bu ¢alismada 6n-karigimli yanma sartlari incelenmistir.

2. MATERYAL VE METOT (MATERIAL and METHOD)

Yakitlar, kimyasal reaksiyonla 1s1 Uretiminde elverisli maddelerdir. Yakitlarda C, H, S gibi yanici
elementler ile beraber O ve N gibi diger elementler de bulunur. Fiziksel 6zelliklerine gore yakitlari
siniflandirdigimizda tag komiirii, esmer kdmiir, turb, odun gibi dogal ve kok ve odun kdmiirii gibi yapay
olan kat1 yakatlar, tag ve esmer komiiriin gazlastirilmasindan veya odunun karbonizasyonundan iiretilen
katran veya alkol gibi siv1 yakitlar ile dogal olan1 yer gazi1 yapay olanlar1 ise hava gazi, su gazi, kuvvet gazi,
kok gazlari, metan, asetilen, biitan gibi gaz yakitlar da vardir [11].

Kat1 yakitlar kapali ortamda 1s1l islemden gegirilirse koklastirilmis olurlar ve siv1 ile gaz yakitlara
doniistirler, eger 600 °C derecelere kadar 1s1l islem yapilirsa katran elde edilir, eger 1200 °C dereceye kadar
1s1l islemden gecerlerse katrandan tamamen temizlenmis fazla oranda karbon igeren kok elde edilir, bu
ikinci agsamada gaz verimi daha fazladir. Yapilan 1s1l islemde sicakligin artis hizi dnemlidir. Eger hizl
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sicaklik artisina maruz kalirsa gazlasma asamasi sicakligin yiiksek oldugu kesimlere kaymaktadir.
Hidrokarbonca yiiksek gaz elde etmek i¢in algak sicaklik koklastirmasi, hidrojence yiiksek gaz elde etmek
icin yiiksek sicaklik koklastirmasi yapilir. Koklastirmaya her komiir uygun degildir [11]. Ornegin alev
komiirii, gaz komiirli ve yagsiz komiirler elverisli olmayip, yagh komiir elveriglidir. Baglica olarak yiizey
1sitmali, yikama gazl, akigkanlagtirilmis yatak ve pnomatik koklastirma yontemleri ile komiirler
gazlagtinlmaktadir. Komiirliin gazlastirilmasi sonucu elde edilen kok firin gazinin igerdigi bilesenler
asagidaki tabloda gosterilmistir.

Tablo 1. Kok Firin Gazi Iceriginin Hacimce Bilegenleri [1]

Kok Firin Gaz Bilesenleri Hacimce(%)

H, 55-60
CH, 23 -27

Co 5-8
CO, 1-2

N, 3-6
C,H, 1-1,5
C,Hg 0,5-0,8
C3;Hg <0,07
H,S <3,2E-5

Bu ¢alismada, %55H,, %27CH,, %6C0, %2C0, ve %10N, igerigine sahip, 3678 kcal/m> 1s1l deger ve
yaklagik 0,45 kg/m? yogunlugundaki kok firin1 gazi kullanilmustir [2].

Yukarida belirtilen gazi yakmak igin deney diizeneginde kullanilan yanma odasi, paslanmaz gelikten
iiretilmis 40 cm ¢apinda ve 1 metre yiiksekliginde silindirik sekildedir. Yanma odasinin yan tarafinda, belli
araliklarla dizilmis (10cm, 30cm, 50cm, 70cm ve 90cm) deneysel 6l¢iimlerin yapilabildigi toplam 5 adet
dlgiim noktalar1 bulunmaktadir. On tarafinda da alevin goriilebilecegi gdzlem penceresi bulunmaktadir.

Deney Diizenegi Geometri ! On Kar|_§|mll Yakici

Yanama Odasi
Criigt

[
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2
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g ==
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g #

!

Yakici

On Kangimh

Sekil 1. Yanma odasi ve on karisimli yakici [1-2]

Bu yanma odasinin alt kisminda takili olan 6n-karisimli yakici, 70 mm ¢apindaki paslanmaz ¢elik iizerine
belli araliklarla agilmis 9 adet 10 mm capindaki deliklerden olusmaktadir. On-karisimli yakicinin kesit
goriiniimil asagidaki resimde gosterilmistir.
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Sekil 2. On-karisimli yakicinin kesit goriiniimii [1-2]

3. SAYISAL MODELLEME (NUMERICAL MODELLING)

Yakitlarda C, H, S, O ve N atomlar1 bulundugundan ve yanma i¢in oksitleyici olarak hava (O, ve N)
kullanildigindan yanma sonucu CO, NOx gibi havayi kirletici gazlar olusmaktadir. Bu ¢caligmada 6zellikle
NOy kirleticileri iizerinde durulmustur. NOx, NO, NO,, N>O, N>O3 ve N>Os olmak iizere 5 adet gaz
bileseninin genel ismidir. Bunlardan {i¢ii olan NO, NO, ve N,O asil éneme sahip olup toplam NOx
olusumunun da biiyiik ¢ogunlugunu NO olusturmaktadir. NOx’in farkli mekanizmalarla olustugu kabul
edilir. Bunlardan 1s1l (Zeldovich) NOx olusum mekanizmasi; hava-yakit orani yiiksek olan yanma
sartlarindaki NO yanma iiriinii olusumunda énemli reaksiyonlardir [12]. Ani NOx olusum mekanizmasinda
ise NO olusumunun yaridan fazlas1 hava-yakit orani diisiik olan yanma sartlarinda meydana gelmektedir.
Sonuncu olan yakit NOx olusumu da yakit igerisinde bulunan bagil azotun oksidasyonundan meydana gelir
[13].

Yanma, zincirleme kimyasal reaksiyonlarda girenler ile iiriinler arasindaki doniisiimde agiga cikan
enerjidir.

Bu kimyasal reaksiyonlar agagidaki gibi gosterilirse;

ned + B © ncC + ndD (1

Na, Nb, Nc, nd: Reaksiyona giren elementi yada molekiillerin stokiyometrik katsay1 degeri,
ABCD : Reaksiyona giren veya ¢ikan element yada molekiiller,

Bu reaksiyondaki giren veya iiriinlerin konsantrasyon degisimi ise asagidaki gibi gosterilirse;

1 d[A] 1 d[B] 1 d[C] 1 d[D]

—_—_, = ——_ = ———— = —— = x y
ng dt np dt ne dt ng dt k[A] [B] (2)
k : Hiz sabiti, x ve y: reaksiyon derecesi,
Bu denklemi Arrhenius formatinda asagidaki gibi gosterilebilir.
E
k = Aexp(——2) (3)

T’ Sicaklik(K), R: Universal gaz sabiti (cal/mol.K), £ Aktivasyon enerjisi (cal/mol), A: Arrhenius faktorii,
Buradaki A terimi yani Arrhenius faktoriinii T" sicaklik tstel faktorii ile ¢arparsak;
E
_ n 5
k=A.T"exp( RT) 4)

Denklem 4’deki gibi Ansys Chemkin kodu i¢in kimyasal reaksiyon giris parametleri elde edilmis
olmaktadir. Chemkin formati i¢in asagidaki tabloda bazi NOy olusum reaksiyonlar1 gosterilmistir.
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Tablo 2. GRI-Mech 3.0 kimyasal kinetigine gore baz1 NOy olusum reaksiyonlar

Reaksiyon Kimyasal Reaksiyon Arrhenius Sicaklik Ustel | Aktivasyon
Sayisi Faktorii Degeri Enerjisi
1. N+NO<=>N,+0 2.70E+13 0.0 355.0
2. N+0,<=>N0+0 9.00E+09 1.0 6500.0
3. N+ OH<=>NO+H 3.36E+13 0.0 385.0

4. CH+ N, <=>HCN +N 3.12E+09 0.9 20130.0
S. CN + H,0 <=> HCN + OH 8.00E+12 0.0 7460.0

6. C+NO<=>CN+O0 1.90E+13 0.0 0.0
e N,O0(+M) <=> N, + 0(+M) 7.91E+10 0.0 56020.0
8. N,0+ 0 <=>2NO 2.90E+13 0.0 23150.0
9. HO, + NO <=> NO, + OH 2.11E+12 0.0 -480.0
10. NO, + H <=> NO + OH 1.32E+14 0.0 360.0

Tablo 2°deki 1. ve 2. reaksiyonlar (Zeldovich) ile 3. Reaksiyon (Lavoie ve ark.) 1s1l NOyx olusum
reaksiyonlaridir [14]. Bu olusumlar genellikle yiiksek alev sicakliklarinda (1800 K’dan fazla) meydana
gelmektedir. Digeri olan ani NOy olusum mekanizmasi i¢in 4., 5. ve 6. reaksiyonlar gosterilebilir. Zengin
yakit-hava karisimlarinda fazlaca meydana gelmekle birlikte diger iki NOx olusum mekanizmasina gore
daha azdir. Yakit NOy olusumu, 5. ve 6. reaksiyonlarda meydana gelen CN ve HCN gibi molekiillerin
oksijenle bulusmasiyla NOy’in olusmasidir [15-16]. Diger reaksiyonlarda da gosterildigi gibi farkli NOg
tiirlerinin (N, 0O, NO,, gibi) olusum mekanizmalari da vardir.

Daha ekonomik ve enerji tasarrufu agisindan yanma simiilasyonlart kullanmak yeni bulgulara kilavuzluk
saglayabilir. Bu amacla deney diizenegi ticari bir hesaplamali akiskanlar dinamigi kodu (Ansys Fluent)
yardimiyla {i¢ boyutlu olarak modellenmistir (Yanma odasinin 1s1l iletkenlik katsayis1 k=16,27 W/mK).
Kok firin1 gazi i¢in 3678 kcal/m? 1s11 deger referans almarak 10 kW 1s1l giice karsilik gelen yakit debisi ile
hava fazlalik katsayis1 A=1,2 yanma sartlarindaki hava debisi toplanarak giris yakit-hava debisi elde
edilmistir. Bu debi Sekil 2°de gosterilen 6n-karisimli yakicinin akiskan kesit alanina oranlanarak sinir sarti
olan giris hiz1 elde edilmistir. Deneyin yapildig1 sartlardaki gibi giris yakit-hava sicakligi 293 K’dir
(Dinamik viskosite p=1,72e-5 kg/ms, 1s1l iletkenlik k=0,0454 W/mK). Is1 tasinim katsayist h=20 W /m?K
ve ortam sicakligi 293 K smir sartlarinda sayisal ¢oziimleme yapilmistir. Elde edilen sayisal sonuglar
bulgular boliimiinde irdelenmistir. Sayisal modellemenin matematiksel alt yapis1 kiitle, momentum ve
enerji korunumu denklemlerine dayanmaktadir. Kiitle korunumu denklemi (Denklem 5) [17];
9p | 9(pw)

apv) | A(pw) _
6t+ ax+6y+ 9z =0 ®)

p: Akiskanin yogunlugu, £ Zaman, u, v, w: Referans eksenine gore hizlar

Momentum korunumu denklemi (Denklem 6, 7, 8) [18-19];

Au _ 9(txx—p) | OTyx | 0(Tzx

At ox Ty T, THu=0 (6)
ﬂ __ 0(tyy—p) O0Tyxy | 0(Tzy _
At~ Bx +6y+ 9z + By =0 ™
Aw _ 0(tzz—p) | 0Txz , 9(Tyz _
At ox +ay+ 9z + Fpxe = 0 ®)

p: Basing, 72 Viskoz gerilim tensorii, F: Kuvvet,

Parcacik boyutunda enerji korunumu denklemi (Denklem 9) [6];

AQ . OWixy)  O(vTyx) | A(Tsy)  O(Vixy) | 0(vTyy) . 0(vTgy)
P At dlU(pV) + ox + dy + 0z + 0x + dy + 0z (9)
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0 (vTyz) + a(vaZ) 3(17‘[22)

+ x ay

+ div(kAT)+Q =0

V: Hiz, k: Is1 iletim katsayisi, T: Sicaklik,
Silindirik ve simetrik yanma odas1 geometrisi igin transfer denklemi (Denklem 10) [1];

a(p®) | Apv;®) _ 3
o T axj OXJ[ (I’(33c1]+scI> (10)

Se: Tagima denklemi i¢in kaynak terim, @: Bagiml degisken, v;: Bagimli degisken @’ye karsilik gelen

hiz, I': Degisken i¢in diflizyon katsayisi,

Zincirleme kimyasal reaksiyonlarin gergeklestigi anda alevin yayilmasi asagidaki formiillerle
tanimlanabilir ve tiirbiilansli alev hiz1 hesab1 i¢in formiil agsagida gosterilmistir (Denklem 11, 12, 13) [3-15-
20].

a(px) + V(pvx) = ( - Vx) + pS, (11)
Sxt
pSx = puSy|Ax| (12)
0,25
S, = A@W')¥4V,05r-025x0%5 = Av' (2) (13)

S,: Tiirbiilans alev hizi, V;: Laminer alev hizi, v': RMS hizi, A: Model sabiti, p,: Yanmis karigimin
yogunlugu, /* Yanmamis karisimin difiizyon katsayisi, X;: Tirbiilans uzunluk 6lgegi, T, ve T, Tiirbiilans
zaman Olgegidir. Buradaki x terimi, CFD modelinde bir smir sartidir ve giriste x=0 (yanmamis), x=1
(yanmig) anlamindadir.

4. BULGULAR ve TARTISMA (RESULTS and DISCUSSION)

On-karisimli alevler én-karisimsiz alevlerden farklidir. On-karisimsiz alevlerde yakit ile hava birlesmesi
esnasinda yanma islemi baglamasina ragmen on-karigimli alevlerde, hava ve yakit karigtiktan belli bir siire
sonra yanma islemi meydana gelmektedir. Hava ve yakit dnceden karisimli yakici ile yanma odasina
gonderilmesi akabinde belirli bir siire siiriiklenmeden sonra reaksiyonlar baglar, hava ve yakitin 6nceden
bulusmasi ve yanma alanina da siiriiklenerek karigmasi kirletici emisyon olusumunda azalma saglayabilir
[10]. Reaksiyonlarin bagladig1 bu alan genelde koni seklini olusturur, bu koninin yiiksekligi ve genisligi
yakit ve havanin yanma odasina gonderilme hizina baghidir. Koni i¢ kisminda yanma (reaksiyonlar)
olmadigindan sicaklik diisiiktiir. Yanma (reaksiyonlar) koninin dis kisminda meydana geldiginden sicaklik
artis1 bu kisimda meydana gelmektedir. Bu sayede yakici ekipmanin zarar gdrmesi de dnlenebilir. On-
karisiml alevlerin rengi digerinden farkli olmaktadir. Alev rengi yakit-hava karisimindaki hava miktarina
ve yakitin bilesenleri gibi bir¢ok etkene baglidir. Ayrica 6n-karisimli yakicilarda yanma sonucu yanma
odasinda olusan dinamik basing degisimleri 6n-karigimsiz yakiciya gore daha azdir [21]. Bu nedenle deney
diizeneginde kullanilan On-karisimli yakici ayrica emisyon seviyesinde azaltma etkisi gosterecegi
diistiniilmektedir.

Deneyin yapildig sartlar referans alinarak 10 kW giice karsilik gelen kok firmi gazi ve hava fazlalik
katsayis1 A=1,2 oranindaki hava miktar1 yanma odasina gonderilmistir. Bu sinir sartlarinda, farkli reaksiyon
basamak sayilarinda, modellemenin yapildig1 ticari kod flizerinde c¢ozdiiriilmiistiir. Radyal sicaklik
Ol¢limleri yanma odasinin 10 cm, 50 cm ve 90 cm’deki noktalarindan dlgiildiigiinden [2], bu noktalardaki
radyal sicaklik profilleri ve 10 cm, 30 cm, 50 cm, 70 cm ve 90 cm’deki eksenel sicaklik 6l¢iim sonuglar
farkli reaksiyon basamak sayilarindaki sayisal verilerle karsilagtirilmistir. NO emisyon eksenel 6l¢iim
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sonuclart [2] da yine farkli reaksiyon basamak sayilarindaki sayisal sonuglar ile karsilastirilmasi
gosterilmistir (Sekil 3 ve Sekil 4).
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Sekil 3. Radyal sicaklik sonuglarimn karsilastiriimast

Yanma sirasinda en yiiksek sicaklik stokiyometrik yanma sartlarinda meydana gelmektedir. Stokiyometrik
yanma sartlarindan uzaklastik¢a reaksiyona katilmayan fazla havanin yanma odasindan ayrilirken sicakligi
da beraberinde gotiirmesi sonucu sicakligin azaldig1 bilinmektedir. Yanma sirasinda yakitin hepsi tamamen
CO, veya H,0 doniismediginden, yanma sirasinda olusan ara Uriinler de sicakligin diismesine neden
olmaktadir. Yani yanma bir basamakli reaksiyondan olusmayip zincirleme bir¢ok basamakli reaksiyondan
olugmaktadir. Sekil 3’te goriildiigii gibi Olgiilen deneysel sonuglarin sayisal verilerle uyumunun
saglanabilmesi i¢in sadece deneyin yapildigl ortam ve yakit hava giris verilerini hesaplamali akiskan
dinamigi kodu iizerinde caligtirmak yeterli degildir. Ara {iriin sayisin1 yani reaksiyon basamak sayisini
artirarak sayisal ¢oziimleme yapmak da gerekmektedir.
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Sekil 3’te yanma odasinin eksenel olarak 10 cm, 50 cm ve 90 cm’deki 6l¢lim noktalarindan 6lgiilen radyal
sicaklik sonuglar1 [2] ile sayisal modelleme sonuglari, GRI-Mech 3.0 kimyasal kinetigi yardimiyla kok
firm1 gazi ve NOx i¢in olusturulan 5 farkli reaksiyon basamak sayisinda analiz edilmistir. Basamak
sayisinin sonuglara olan etkisinin daha belirgin olarak gérmek icin eksenel NO sonuglart Sekil 4’te
gosterilmistir.
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Sekil 4. Eksenel NO sonuclarimin karstlastiriimasi

Sekil 4’te de goriildiigii gibi GRI-Mech 3.0 kimyasal kinetigi yardimiyla kok firmi gazi ve NOx igin
olusturulan 5 farkli reaksiyon basamak sayisindaki eksenel NO (ppm) emisyon sayisal sonuglar ile
deneysel Ol¢lim sonuglarinin [2] karsilastirilmasi yapildiginda, reaksiyon basamak sayisi artirildikga
deneysel sonuclarla daha iyi bir uyum oldugu goriilmektedir. Ozellikle 162 basamakli ve daha fazla
reaksiyon kinetiginin kullanildig1 kimyasal kinetikler ile elde edilen sonuglarin, daha diisiik reaksiyonlar
ile yapilan modellemelere gore iyi sonuglar verdigi ve deneysel verilerle biiyiik 6l¢lide hem deger hemde
egilim bakimimdan uyumlu oldugu sdylenebilir. Alev bdlgesinden (x/D=0,25) elde edilen NO verilerinin
de biiyiik olciide tutarli olmasi olduk¢a 6nemli bir kazanimdir. Bu sonuglarin temel nedeninin, daha fazla
ara reaksiyonun dikkate alinmasinin daha gergek¢i olmasindan kaynaklanmaktadir.

Sekil 3’e gore reaksiyon basamak sayisinin artmasi sicaklik verilerinde fazla bir degisiklige neden olmasa
da NO (ppm) emisyon verilerinde oldukga farklilik géstermesi nedeni ile, yani Sekil 3 ve Sekil 4 birlikte
degerlendirildiginde, 162 reaksiyon basamak sayisinin kok firmi1 gazinin ger¢ek¢i modellemesi igin yeterli
olacagi sonucuna varilmigtir. Caligmanin bundan sonraki boliimiinde gergeklestirilecek modellemelerde de
162 basamakli reaksiyon kinetigi kullanilmistir.

Sayisal sonuglarin dogrulugunu etkileyen diger 6nemli bir faktor de tiirbiilans modeli olup 3 farkli k-¢
tiirblilans modelinin (Standard, RNG ve Realizable) eksenel NO ve radyal sicaklik dagilimlarina olan
etkileri Sekil 5 ve Sekil 6’da gosterilmistir.
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Sekil 5. Tiirbiilans modelinin eksenel NO profiline etkisi
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Sekil 6. Tiirbiilans modelinin radyal sicaklik profiline etkisi
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Sekil 5 ve Sekil 6°da 3 farkl: tiirbiilans modeli i¢in deneysel [2] ve sayisal eksenel NO (ppm) emisyon ve
radyal sicaklik profilleri karsilastirilmis olup, yine sicaklik degerlerinde 6nemli derecede farkliligin
olmamasina karsi NO (ppm) emisyon degerlerinde, tiirbiilans model etkisinin énemli derecede farklilik
olusturdugu goriilmiistiir. Ancak yine de, 6zellikle standard k-e ve RNG k-¢ tiirbiilans modellemeleri
kullanilarak elde edilen NO (ppm) dagilimlarinin deneysel 6l¢lim sonuglar ile daha iyi bir uyum iginde
oldugu saptanmis olup, genel olarak, daha fazla noktadaki NO degerlerini yakalayabildigi i¢in standard k-
¢ tlirbiilans modeli, 6n-karisimli bir yakicida, toplam 162 basamakli reaksiyon ile yapilan kok firini gazi
modellemesi i¢in daha uygun oldugu sonucuna varilmaistir.
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Sekil 7. Hava fazlalik katsayisinin radyal sicaklik ve NO dagilimlarina olan etkisi

Calismanin bu boliimiine kadar yapilan modellemelerde, oncelikle farkli basamak sayili reaksiyon
kinetiklerinin ve tiirbiilans modellerinin 6n-karigimli bir yakicidaki kok firin1 gaz1 modellemelerine olan
etkileri arastirilmis olup, ¢alismanin devaminda ise, hava fazlalik katsayisinin yanma sonu sicaklik ve NO
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emisyon dagilimlarina olan etkileri sayisal olarak arastirilmistir. Bu amag dogrultusunda, Sekil 7°de, 1,2 ve
1,5 hava fazlalik katsayilari icin yanma sonu sicaklik ve NO dagilimlar1 gosterilmistir. Yanma odasi giris
kismindan yanma odasi ¢ikisina dogru gidildikge sicaklik degerleri azalmis, buna bagli olarak da NO
olusumlar1 (1s11 NOx) azalma gostermistir. Ayrica, hava fazlalik katsayis1 1,2’den 1,5’e ¢ikarildiginda,
Ozellikle alev bolgesindeki sicaklik degerlerinin bir miktar diistiigii gézlemlenmistir. Hem sicaklik
diisiisiine hem de reaksiyon hizinin yavaglamasina bagli olarak NO degerlerinde kayda deger bir diisiis
gozlemlenmistir. 1,2 hava fazlalik katsayisi i¢in yanma odasi ¢ikisinin merkezinde yaklagik 30 ppm
dolaylarinda olan NO sayisal tahmin degeri, 1,5 hava fazlalik katsayisi i¢in 10 ppm’in altina kadar
distirilmiistiir.

5. SONUC (CONCLUSION)

On-karisimli bir yakic1 ve bagli oldugu yanma odasini iceren bir yanma sistemi icin, dncelikle yanma
sirasinda olusan ara iriinlerin sayisi1 artirilarak yani reaksiyon basamak sayisi artirilarak sayisal yanma
sonuclar1 deneysel veriler ile karsilastirilmigtir. 21 basamakli reaksiyon yanma sonuglarinda maksimum
sicaklik 2115 K seviyesinde iken 239 basamakli reaksiyon yanma sonuglarinda 2048 K seviyesine kadar
gerilemesine ragmen maksimum NO emisyon seviyesi 1995 ppm seviyesinden 87 ppm seviyesine kadar
diismiistiir. Reaksiyon basamak sayisinin sicakligi onemli 6lgiide etkilememesine karsin NO emisyon
tahmin degerlerini 6nemli dl¢iide etkiledigi sonucuna varilmistir. Kok firin1 gazi i¢in 5 farkli basamak sayili
reaksiyon kinetigi ile gerceklestirilen yanma modellemeleri neticesinde elde edilen sicaklik ve NO
profillerine gore, 162 basamakli reaksiyon kinetiginin modelleme sonuglari igin yeterli oldugu sonucuna
varilmuistir.

Calismanin diger boliimiinde ise, 6n-karisimli kok firini gazi yanma modellemeleri igin tiirbiilans modelinin
etkisi arastirilmigtir. Bu amag¢ dogrultusunda modellerinden standard, RNG ve realizable tiirbiilans
modelleri kullanilarak sicaklik ve NO dagilimlar1 degerlendirilmis ve deneysel dlgiimlerle en iyi uyumun
standard k-€ tiirbiilans modelinin kullanildig1 modelleme ile ulasildig1 sonucuna varilmistir.

Calisma kapsaminda son olarak hava fazlalik katsayisinin etkisi aragtiritlmistir. Bu amagla A=1,2 ve A=1,5
hava fazlalik katsayilari icin yanma modellemeleri gergeklestirilmis ve yanma odasi1 boyunca sicaklik ve
NO dagilimlan karsilastinnlmistir. Elde edilen bulgulara gére (83 ppm olan NO emisyon seviyesinin 6
ppm’e kadar diismesi), hava fazlalik katsayisinin, ozellikle NO dagilimlarim1 6nemli Slciide etkiledigi
sonucuna varilmigtir. Fakir yanma sartlar1 igin, hava fazlaligi nedeniyle, 6zellikle fazla oksijen ve azotun
yanma reaksiyonlarina katilmadan yanma odasini terk ederken de ortam 1sisim1 beraberinde gotiirdiigii, bu
nedenle bir miktar sicaklik diisiisiine sebep oldugu, diisiik sicaklik neticesinde de NO olusumunu azalttig
gbzlemlenmigtir.
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Ek:
Reaksiyon Kimyasal Reaksiyon Arrhenius Sicakhk | Aktivasyon
Sayisi Faktorii Ustel Enerjisi
[mol-cm-sn-K] Degeri [kal/mol]
1. 20+tM<=>02+M 1.20E+17 -1.0 0.0
2. O+H+M<==0OH+M 5.00E+17 -1.0 0.0
3. O+H2<=>H+OH 3.87E+04 2.7 6260.0
4. O+HO2<=>0OH+02 2.00E+13 0.0 0.0
s. 0 + H202 <=> OH + HO2 9.63E+06 2.0 4000.0
6. O+ CH<=>H+CO 5.70E+13 0.0 0.0
7. 0+ CH2 <=> H + HCO 8.00E+13 0.0 0.0
8. 0+ CH2(S) <=>H2+ CO 1.50E+13 0.0 0.0
9. 0 + CH2(S) <=>H + HCO 1.50E+13 0.0 0.0
10. 0 + CH3 <=>H + CH20 5.06E+13 0.0 0.0
11. O+CH4<=>0OH+CH3 1.02E+09 1.5 8600.0
12. O+CO(+M)<==CO2(+M) 1.80E+10 0.0 2385.0
13. O+HCO<=>0H+CO 3.00E+13 0.0 0.0
14. O+HCO<=H+CO2 3.00E+13 0.0 0.0
1S. 0+CH20<=>0OH+HCO 3.90E+13 0.0 3540.0
16. 02+CO<=>0+C02 2.50E+12 0.0 47800.0
17. 02+CH20<=>HO2+HCO 1.00E+14 0.0 40000.0
18. H+O2+M<=>HO2+M 2.80E+18 -0.9 0.0
19. H+202<=>H02+02 2.08E+19 -1.2 0.0
20. H+O2+H20<=>HO2+H20 1.13E+19 -0.8 0.0
21. H+O2+N2<=>HO2+N2 2.60E+19 -1.2 0.0
22. H+O2+AR<=>HO2+AR 7.00E+17 -0.8 0.0
23. H+02<=>0+0OH 2.65E+16 -0.7 17041.0
24, 2H+M<=>H2+M 1.00E+18 -1.0 0.0
25. 2H+H2<=>2H2 9.00E+16 -0.6 0.0
26. 2H+H20<=>H2+H20 6.00E+19 -1.2 0.0
27. 2H+CO2<=>H2+CO2 5.50E+20 -2.0 0.0
28. H+OH+M<=>H20+M 2.20E+22 -2.0 0.0
29. H+HO2<=>0+H20 3.97E+12 0.0 671.0
30. H+HO2<=>02+H2 4 48E+13 0.0 1068.0
31. H+HO2<=>20H 8.40E+13 0.0 635.0
32. H+H202<=>HO2+H2 1.21E+07 2.0 5200.0
33. H+H202<=>0H+H20 1.00E+13 0.0 3600.0
34. H+CH<=>C+H2 1.65E+14 0.0 0.0
35. H+CH2(+M)<=>CH3(+M) 6.00E+14 0.0 0.0
36. H+CH2(S)<=>CH+H2 3.00E+13 0.0 0.0
37. H+CH3(+M)<=>CH4(+M) 1.39E+16 -0.5 536.0
38. H+CH4<=>CH3+H2 6.60E+08 1.6 10840.0
39. H+HCO(+M)<=>CH20(+M) 1.09E+12 0.5 -260.0
40. H+HCO<=>H2+CO 7.34E+13 0.0 0.0
41. H+CH20<=>HCO+H2 5.74E+07 1.9 2742.0
42. H2+CO(+M)<=>CH20(+M) 4.30E+07 1.5 79600.0
43. OH~+H2<=>H+H20 2.16E+08 1.5 3430.0
44. 20H(+M)<=>H202(+M) 7.40E+13 -0.4 0.0
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45. 20H<=>0+H20 3.57E+04 2.4 -2110.0
46. OH+HO2<=>02+H20 1.45E+13 0.0 -500.0
Declared duplicate reaction
47. OH-+H202<=>HO02+H20 2.00E+12 0.0 427.0
Declared duplicate reaction
48. OH+H202<=>HO2+H20 1.70E+18 0.0 29410.0
Declared duplicate reaction
49. OH+C<=>H+CO 5.00E+13 0.0 0.0
50. OH+CH<=>H+HCO 3.00E+13 0.0 0.0
51. OH+CH2<=>H+CH20 2.00E+13 0.0 0.0
52. OH+CH2<=>CH+H20 1.13E+07 2.0 3000.0
53. OH+CH2(S)<=>H+CH20 3.00E+13 0.0 0.0
54. OH+CH3<=>CH2+H20 5.60E+07 1.6 5420.0
5S. OH+CH3<=>CH2(S)+H20 6.44E+17 -1.3 1417.0
56. OH+CH4<=>CH3+H20 1.00E+08 1.6 3120.0
7. OH+CO<=>H+CO0O2 4.76E+07 1.2 70.0
58. OH+HCO<=>H20+CO 5.00E+13 0.0 0.0
59. OH+CH20<=>HCO+H20 3.43E+09 1.2 -447.0
60. 2HO2<=>02+H202 1.30E+11 0.0 -1630.0
Declared duplicate reaction
61. 2HO2<=>02+H202 4.20E+14 0.0 12000.0
Declared duplicate reaction
62. HO2+CH2<=>0H+CH20 2.00E+13 0.0 0.0
63. HO2+CH3<=>02+CH4 1.00E+12 0.0 0.0
64. HO2+CO<=>0H+CO0O2 1.50E+14 0.0 23600.0
65. HO2+CH20<=>HCO+H202 5.60E+06 2.0 12000.0
66. C+02<=>0+CO 5.80E+13 0.0 576.0
67. CH+02<=>0+HCO 6.71E+13 0.0 0.0
68. CH+H2<=>H+CH2 1.08E+14 0.0 3110.0
69. CH+H20<=>H+CH20 5.71E+12 0.0 -755.0
70. CH2+02=>0H+H+CO 5.00E+12 0.0 1500.0
71. CH2+H2<=>H+CH3 5.00E+05 2.0 7230.0
72. CH2+CH4<=>2CH3 2.46E+06 2.0 8270.0
73. CH2(S)+N2<=>CH2+N2 1.50E+13 0.0 600.0
74. CH2(S)*AR<=>CH2+AR 9.00E+12 0.0 600.0
75. CH2(S)+02<=>H+OH+CO 2.80E+13 0.0 0.0
76. CH2(S)+02<=>CO+H20 1.20E+13 0.0 0.0
77. CH2(S)+H2<=>CH3+H 7.00E+13 0.0 0.0
78. CH2(S)+tH20<=>CH2+H20 3.00E+13 0.0 0.0
79. CH2(S)+CH4<=>2CH3 1.60E+13 0.0 -570.0
80. CH2(S)+CO<=>CH2+CO 9.00E+12 0.0 0.0
81. CH2(S)+C0O2<=>CH2+C0O2 7.00E+12 0.0 0.0
82. CH2(S)+C0O2<=>CO+CH20 1.40E+13 0.0 0.0
83. CH3+02<=>0H+CH20 2.31E+12 0.0 20315.0
84. CH3+H202<=>HO2+CH4 2.45E+04 2.5 5180.0
85. CH3+HCO<=>CH4+CO 2.65E+13 0.0 0.0
86. CH3+CH20<=>HCO+CH4 3.32E+03 2.8 5860.0
87. HCO+H20<=>H+CO+H20 1.50E+18 -1.0 17000.0
88. HCO+M<=>H+CO+M 1.87E+17 -1.0 17000.0
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89. HCO+02<=>H02+CO 1.34E+13 0.0 400.0
90. N+NO<=>N2+0 2.70E+13 0.0 355.0
91. N+02<=>NO+0 9.00E+09 1.0 6500.0
92. N+OH<=>NO+H 3.36E+13 0.0 385.0
93. N20+0<=>N2+02 1.40E+12 0.0 10810.0
94. N20+0<=>2NO 2.90E+13 0.0 23150.0
95. N20+H<=>N2+OH 3.87E+14 0.0 18880.0
9. N20+OH<=>N2+HO2 2.00E+12 0.0 21060.0
97. N20(+M)<=>N2+0(+M) 7.91E+10 0.0 56020.0
98. HO2-NO<=>NO2+OH 2.11E+12 0.0 -480.0
99. NO+O+M<=>NO2+M 1.06E+20 14 0.0
100. N0O2+0<=>NO+02 3.90E+12 0.0 -240.0
101. NO2+H<=>NO+OH 1.32E+14 0.0 360.0
102. NH+O<=>NO+H 4.00E+13 0.0 0.0
103. NH+H<=>N+H2 3.20E+13 0.0 330.0
104. NH+OH<=>HNO+H 2.00E+13 0.0 0.0
105. NH+OH<=>N+H20 2.00E+09 1.2 0.0
106. NH+02<=>HNO+O 4.61E+05 2.0 6500.0
107. NH+02<=>NO+OH 1.28E+06 1.5 100.0
108. NH+N<=>N2+H 1.50E+13 0.0 0.0
109. NH+H20<=>HNO+H2 2.00E+13 0.0 13850.0
110. NH+NO<=>N2+OH 2.16E+13 0.2 0.0
111. NH+NO<=>N20+H 3.65E+14 0.5 0.0
112. NH2+O<=>0OH+NH 3.00E+12 0.0 0.0
113. NH2+0<=>H+HNO 3.90E+13 0.0 0.0
114. NH2+H<=>NH+H2 4.00E+13 0.0 3650.0
115. NH2+OH<=>NH+H20 9.00E+07 1.5 -460.0
116. H+NO+M<=>HNO+M 4.48E+19 1.3 740.0
117. HNO+0<=>NO+OH 2.50E+13 0.0 0.0
118. HNO+H<=>H2+NO 9.00E+11 0.7 660.0
119. HNO+OH<=>NO+H20 1.30E+07 1.9 -950.0
120. HNO+02<=>H02+NO 1.00E+13 0.0 13000.0
121. CN+O<=>CO+N 7.70E+13 0.0 0.0
122. CN+OH<=>NCO+H 4.00E+13 0.0 0.0
123. CN+H20<=>HCN+OH 8.00E+12 0.0 7460.0
124, CN+02<=>NCO+0 6.14E+12 0.0 ~440.0
125. CN+H2<=>HCN+H 2.95E+05 2.5 2240.0
126. NCO+0<=>NO+CO 2.35E+13 0.0 0.0
127. NCO+H<=>NH+CO 5.40E+13 0.0 0.0
128. NCO+OH<=>NO+H+CO 2.50E+12 0.0 0.0
129. NCO+N<=>N2+CO 2.00E+13 0.0 0.0
130. NCO+02<=>NO+CO2 2.00E+12 0.0 20000.0
131. NCO+M<=>N+CO+M 3.10E+14 0.0 54050.0
132. NCO+NO<=>N20+CO 1.90E+17 1.5 740.0
133. NCO+NO<=>N2+CO2 3.80E+18 2.0 800.0
134. HCN+M<=>H+CN+M 1.04E+29 33 | 126600.0
135. HCN+O<=>NCO+H 2.03E+04 2.6 4980.0
136. HCN+O<=>NH+CO 5.07E+03 2.6 4980.0
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137. HCN+O<=>CN+OH 3.91E+09 1.6 26600.0
138. HCN+OH<=>NH2+CO 1.60E+02 2.6 9000.0
139. C+N2<=>CN+N 6.30E+13 0.0 46020.0
140. CH+N2<=>HCN+N 3.12E+09 0.9 20130.0
141. CH2+N2<=>HCN+NH 1.00E+13 0.0 74000.0
142. CH2(S)+N2<=>NH+HCN 1.00E+11 0.0 65000.0
143. C+NO<=>CN+O 1.90E+13 0.0 0.0
144. C+NO<=>CO+N 2.90E+13 0.0 0.0
145. CH+NO<=>HCN+O 4.10E+13 0.0 0.0
146. CH+NO<=>H+NCO 1.62E+13 0.0 0.0
147. CH+NO<=>N+HCO 2.46E+13 0.0 0.0
148. CH2+NO<=>0OH+HCN 2.90E+14 -0.7 760.0
149. CH2(S)*NO<=>0OH-+HCN 2.90E+14 -0.7 760.0
150. CH3+NO<=>HCN+H20 9.60E+13 0.0 28800.0
151. CH3+N<=>HCN+H?2 3.70E+12 0.1 -90.0
152. NH+CO2<=>HNO+CO 1.00E+13 0.0 14350.0
153. CN+NO2<=>NCO+NO 6.16E+15 -0.8 345.0
154. NCO+NO2<=>N20+CO2 3.25E+12 0.0 -705.0
155. N+CO2<=>NO+CO 3.00E+12 0.0 11300.0
156. O+CH3=>H+H2+CO 3.37E+13 0.0 0.0
157. OH+HO2<=>02+H20 5.00E+15 0.0 17330.0
Declared duplicate reaction
158. OH+CH3=>H2+CH20 8.00E+09 0.5 -1755.0
159. CH+H2(+M)<=>CH3(+M) 1.97E+12 0.4 -370.0
160. CH2+02=>2H+CO2 5.80E+12 0.0 1500.0
161. CH2+02<=>0+CH20 2.40E+12 0.0 1500.0
162. CH2(S)+H20=>H2+CH20 6.82E+10 0.2 -935.0
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1.INTRODUCTION

Despite the remarkable development of the dam industry and the application of modern methods and
equipment in dam constructions, homogeneous earth-fill dams are still in use thanks to their ease of
application, environmental compatibility, local material usage, and availability to be built on a low-
strength foundation [1]. Therefore, homogeneous earth-fill dams are one of the most common types [2].

Homogeneous earth-fill dams are hydraulic structures made of impermeable material built along a river
to form an upstream reservoir to hold water for various purposes. The purposes of impoundment may
include irrigation, hydropower generation, flood control, shipping, and fishing. Dams can be built to
meet any of the purposes mentioned above or constructed to achieve more than one purpose [3].

The homogeneous earth-fill dam is designed with relatively fewer slopes to stay safe while being built.
(Generally, 1:3 on upstream side and 1:2 on downstream side) [4]. The design differs due to dam location
and the material variety in the construction. Furthermore, the building purpose of the dam also affects
the design. It is not possible to present a general design criterion for earth-fill dams [5]. But each design
criteria should include the following design aspects.

o Stability of embankments and foundations in critical conditions such as earthquakes and floods
e Seepage and pressure check for both filling and foundations
e Erosion control methods

Critical conditions such as earthquakes, overflows, and unexpected increases in seepage must be
overcome with control structures such as filter-protected stack drains, horizontal drains, relief wells, and
edge drainage [6,7].
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Figure 1 illustrates that the drains are divided into horizontal, triangular toe, chimney, and combined
drain based on their location and geometry [8].

a

Figure 1. Different types of drainage in homogeneous earth dams, (a) Horizontal drain, (b) Triangular
toe drain, (c) Chimney drain, (d) Combined drain.

The horizontal drainage method is a cost-effective and widespread method for seepage design. These
drains dissipate excess pore water pressure, causing equipotential lines to become closer to the ground
surface and more horizontal. They also have a very substantial effect on the stability of the upstream
slope during a rapid drawdown. The efficiency of the horizontal drainage system is a function provided
by several factors such as soil properties, slope geometry, drainage location, length, and spacing [8].

There is limited scholarship to describe several parameters that control horizontal drainage design or
evaluate the feasibility of using a horizontal drainage system to reduce groundwater levels [9-11].
Moreover, Rahardjo et al. (2002) analyzed the effectiveness of horizontal drainage for slope stability in
dams [12,13].

Properly designed horizontal drainage can provide dam safety by shortening the seepage flow length
[14]. Therefore, it is essential to design a drainage system long enough to hold the water surface within
the dam structure and short enough to prevent excessive seepage volume [15].

Horizontal drains are commonly used in medium-height homogeneous dams up to 50 m high [16]. This
drainage should have adequate length and thickness to channel the water safely from the dam body. The
recommended drain thickness is at least 1 meter [17]. The upper limit for the length of the drain is
defined in the USBR (1987). The limitations indicate that the distance between the dam's centerline and
the upstream end of its horizontal drainage should not be less than H+1.55 m, where H is the height of
the dam. Furthermore, the drain should be placed in such a way that no capillary rise above the waterline
is visible on the downstream slope [18-20].

This study includes an analysis on horizontal drainage systems applied in homogeneous earth-fill dams.
The data from the literature, drainages of different lengths were designed, and the stability and pore
water pressures on the downstream side of the dam were detailed.



Ahmet ERDAG, Pinar Sezin Oztiirk KARDOGAN / GU J Sci, Part C, 10(1): 153-163 (2022) 155

2.MATERIAL AND METHODS

2.1. Materials

The slope stability and pore water pressures varying along the slip surface were examined under the
conditions of drainage systems with different geometry of a homogeneous earth-fill dam. The sample
dam considered from the literature data was defined according to the USBR (1987) criteria.

Since the properties of the dam material largely determine the seepage and stability behavior of the dam,
these properties were collected from sources containing actual data in the literature. Therefore, the soil
properties of the homogeneous earth-fill dam investigated are available in Table 1, while the dam model
used in the analysis is detailed in Figure 2 [21,22].

Table 1. Properties of materials used in seepage and stability analyses

o 4 Yunsat Vsat k
¢ (kPa) (degree) | (degree)| (kN/m’) |(kN/mY)| Y E (kPa) (m/s)
Homogeneous  Earth-fill |, 30 0 18 192 | 030 | 6000 | 107
Dam
Impervious Foundation 25 40 10 19 22 0.32 | 73200 | 10710
Horizontal Filter Drain 0 35 5 17.8 20.9 0.25 12250 |4x10°3

0m

8m 2

] M Horizontal Filter Drain Length
H Earth-Fill D.
7 lomogeneous Ea ill Dam
158 m

Figure 2. The general section of a homogenous earth dam with a horizontal filter drain

2.2. Methods

Numerical models were used to analyze how the dam stability is affected under seepage conditions. It
is possible to mathematically model the physical process of water flowing through the environment with
numerical modeling by creating a mathematical simulation of an actual physical process. It is also purely
mathematical, in this regard, and very different from scale physical modeling in the laboratory or full-
scale field modeling [23]. Limit equilibrium approach modeling is a well-known method regarding
stability analysis problems. This method considers the force or moment balance of the soil mass above
a possible failure surface.

Figure 3 shows the simulation steps. This process includes creating geometric models and mesh,
defining material properties and boundary conditions, solving boundary conditions and governing
equations, and finally, visualizing and interpreting the results.
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End of construction

-_—

Figure 3. Simulation process of the study

2.3. Governing equation

The equations are two-dimensional diffusion equations in the unstable state. The general partial
differential water flow equation for seepage, derived from the combination of Darcy's law and the mass
conservation equation, can be detailed as follows [24].

(k.h) = ss%(l)
The sum of elevation head (z) and pressure head is called piezometric head.
k: the hydraulic conductivity
h: the piezometric head
Ss: specific storage and t is time

The two-dimensional form of equation (1) can be formulated as [1]

slog) +5 (ke 5) = 850

2.4. Seepage and Stability Solutions

The purpose of the analysis is to define the pore water pressures in the dam-downstream system needed
for slope stability and calculations. The analyzes were performed through the SLIDE module of the
Rocscience geotechnical software package.

Figure 3 shows the boundary conditions and mesh at the dam and around the horizontal drainage system.
A tight mesh was applied around the drainage system and in the dam body.
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Elevation (m)

Distance (m)

Figure 4. Initial conditions for the dam as it is designed in Rocscience Slide [25].

The upstream and downstream boundaries are defined as the water height behind the reservoir and the
water height in the tail-water region. It should be noted that the boundary condition is assumed to be
load-free since there is no water downstream of the dam.

The Bishop method, one of the limit equilibrium methods, was applied to analyze the slope safety in the
downstream region of drainage systems with different geometries. The Bishop method is prevalent in
practice for circular cutting surfaces. It uses the interslice normal forces while omitting the interslice
shear forces [26-27].

3.ANALYSES

It is critical to evaluate the embankment body, upstream and downstream slope at the end of construction
before analyzing the pore water pressures that may occur in seepage cases. Therefore, displacements
that may occur on the downstream side of the drainage system were examined through FEM-based
PLAXIS 2D software after the construction of the homogeneous earth-fill dam (Fig. 7 (28)

Figure 5. Total displacements during the end of construction using FEM (downstream-45 m drain)

The geological section was placed in the Rockscience Slide 6.0 software. Moreover, the stability
analysis and the maximum and minimum pore water pressure values varying along the slip surface were
calculated.

Horizontal drainage lengths of 15, 20, 25, 30, 35, 40, and 45 meters were included and applied to the
dam geometry, respectively. Factors of safety on the downstream side were calculated for each drainage
length. In contrast, the minimum and maximum pore water pressures after the seepage along the slip
surfaces were calculated (Figure 6).
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Figure 6. FoS and pore-water pressure for various lengths of the drain (15-20-25-30 m)

The results obtained showed that the lowest factor of safety belonged to the 15-meter horizontal drainage
system. A linear correlation was observed between the horizontal increase in drainage lengths and the
factor of safety. However, after a certain length (35-40-45 m), it was found that the factor of safety did
not change much (Table 2). This might be rooted in the idea that exceeding the horizontal drainage
length specified in the design at certain levels will not affect the safety of the dam.

Table 2. The Pore water pressures and factor of safety for various lengths of the blanket drain.

Hori Along Surface Minimum and Maximum Pore Water Pressure

orizontal

. . Factor of

Filter Drain Safet . .

Lengths (m) y Minimum Maximum
15 1.249 -40,720 93,671
20 1.369 -32.309 85.452
25 1,474 -24,444 65.603
30 1.563 -22.525 50.070
35 1.637 -36.501 24.643
40 1.673 -60.400 8.269
45 1.673 -64.728 8.270

Figure 7 shows the pore water pressure variation along the slip surface beside the correlation between
the horizontal drainage length and downstream stability. Considering the length variation of the
horizontal drainage system, it was found that the drainage geometry affects the reduction of pore water
pressure after 25-30 meters for both combinations.
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Figure 7. Pore water pressure distribution and factor of safety

However, it cannot be asserted that increasing the length beyond 35 meters significantly affects pore
water pressure. This might be rooted in the fact that the horizontal drain length should be increased in
length to reduce pore water pressure, and the design length should be considered.

The analyses for the critical loading situation revealed that the drainage systems of different lengths do
not meet all the requirements of the United States Army Corps of Engineers (USACE), British Dam
Society (BDS), and Canadian Dam Association (CDA) recommendations. This is detailed in Table 3
[21].

Table 3. Summary slope stability analysis results

Condition FoS (USACE) FoS (BDS) FoS (CDA) Length (m) FoS Status
15 1.249 x

20 1.369 x
25 1474 x
Steady-State 1.5 1.3-1.5 1.5 30 1.563 v
35 1.637 v
40 1.673 v
45 1.673 v

The data obtained from the SLIDE program was used in the analysis through the SEEP/W software with
the design system of the maximum drainage length (45 m). SEEP/W software is a finite element program
that can simulate groundwater flow in soils. Different materials and boundary conditions can be modeled
two-dimensionally under saturated or unsaturated conditions for steady-state or transient analysis. It is
widely used for groundwater flow modeling by several scholars.

Graphic data showing the variation of soil permeability and volumetric water content with matric suction
pressure in the seepage analyses made according to soil mechanics principles are available in Figure 8.
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Figure 8. Soil-water characteristic curve and permeability function for soil materials

The analysis performed in the SEEP/W program was applied to the design with a horizontal drainage
length of 45 meters [29]. As in the Rocscience Slide analysis, the seepage analysis was performed, while
the maximum water was assumed to be 27 m above the foundation level. The pore water pressure
distribution in the downstream region of the dam was obtained (Figure 9) through the seepage analysis.

50 —
40 —

30

Elevation (m)

20

1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Distance (m)

Figure 9. Pore water pressure contours of the Dam (45 m)

Figure 10 shows the variation of pore water pressure by the distance along the critical slip circle in the
downstream slope. The graph shows that the pore water pressure is negative due to suction at the heel
of the downstream slope, increasing towards the phreatic line. The critical sliding surface is zero when
it intersects the phreatic line. The pore water pressure rises to the maximum ordinate of the slices from
the phreatic line and begins to decrease towards the end of the downstream slope.
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Figure 10. Pore-water pressure and distance for the 45-meter drainage system.

4.RESULTS

Seepage control in earth-fill dams is crucial for the safe and sustainable operation of constructed dams.
The effects of horizontal drainage systems with various lengths on stability and seepage properties were
analyzed with the Geotechnical software. The length of the downstream drainage on the seepage in
homogeneous earth-fill dams was evaluated for seven different cases.

The main findings of this study can be summarized below:

1-

6-

It was observed that the increases in drainage length caused decreases in the pore water
pressures passing through the body. Downstream slope protection is essential to the safety of
the dam, but the use of drainage provides improved safety against seepage effects.

The downstream drainage system shifts the waterline away from the downstream slope, thereby
preventing downstream slope failure. It also quickly removes the seeping water and reduces the
pore water pressure inside the dam.

The drain length extending beyond the point of intersection with the critical failure surface does
not provide a significant change in the factor of safety.

It was found that the maximum length has a more significant effect on the safety factor for the
overall length combination when different horizontal drainage length combinations are applied
for the full reservoir level and the steady-state condition regarding the fill dams.

The water discharged by the horizontal drain is impeded to rise in the filling on the drain.
Suppose the horizontal drain does not have sufficient capacity. In that case, the upstream line
will reach the downstream embankment, reducing the stability of the downstream slope and also
potentially causing pipe collapse in the downstream fill.

The basic guidelines for drainage design were also provided, and particular suggestions were
propounded on evaluating their performance by the seepage properties.

In the study, the effect of climatic conditions on the dam was ignored. These effects can be included in
a future analysis. In addition, the effect of the water level change that may occur on the upstream side
of the dam model used in this study (eg rapid drawndown) on the drainage filter and dam stability can
be examined and can be an example for future studies.
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