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ABSTRACT: The effects of sewage sludge ash (SSA) and silicon carbide (SiC) 
particles on the mechanical properties of S-glass fiber reinforced epoxy composites 
were investigated. Composite laminate samples for tensile and flexural were 
prepared and tested according to ASTM standards tests. The results showed that, 
the tensile and flexural strength were optimum at SSA content of 10 wt% by 8.4% 
and 33.1% compared to 1.5% and 24.2% with SiC content of 10 wt% and 5 wt%, 
respectively. Tensile and flexural modulus values of the composites were 
enhanced compared with the unfilled composite. 
 
Key words: particle, polymer, fiber, mechanical properties. 
 
 
INTRODUCTION 
 
Polymeric materials have been used for a long time and continue to their 
important role today. Nevertheless, pure polymers have some limitations such as 
low strength and stiffness, hence their performance in various fields can be 
enhanced by adding rigid inorganic fillers in the common matrix resulting in 
increase of some mechanical properties like strength, modulus, toughness, etc.; 
furthermore, some of them can provide a significant cost reduction (Fu et al., 2008; 
Qinghua et al., 2015). Furthermore, particulate polymer composite are often 
limited from using in automobile, aviation, renewable energy construction and 
military application, accordingly glass fiber has the advantages of low cost 
compared to many fibers have been used in fabrication of composite laminates. 
therefore, using the glass fiber with particulate-filler modified polymer in order to 
produce cheapest composite laminates having wide applications and superior 
properties such as high stiffness, strength, thermal stability and resistance to 
chemical hurt (Sathishkumar et al., 2008; Patnaik et al., 2015). Thus, most polymer 
matrix has been usually used in these laminate composites is epoxy. Therefore, 
Epoxy matrix is modified by adding additional components, like thermoplastics 
(Van et al., 2014) and rubber fillers (Dadfar et al., 2013). For rubber particles, while 
the phase-separated structure in mixtures often raises the delamination resistance, 
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the strength and modulus are reduced. Thermoplastics behavior the similar of 
rubber filler do. Moreover, resin viscosity is greatly increased when high 
molecular weight thermoplastics are blended with epoxy resin, which causes 
processing difficulty. In addition, there are important factors strongly affected the 
mechanical properties of the particulate filled polymer composites, such as 
interfacial interactions and composite structure. Therefore, the production of good 
quality composite depends on the homogeneity and compatibility of filler within 
polymer matrix, which this can reduce the particle aggregation and improve the 
efficient of particle/matrix interfacial bonding energy and thus mechanical 
properties (Moczo J and Pukanszky, 2008). 
 
Until most recently, researches focused mainly on rigid particles, like nano-silica, 
carbon nanotubes nano-clay, and nano-alumina (Wang et al., 2005; Coleman et al., 
2006), due to their enhancement for mechanical properties of fiber/epoxy 
composite laminates. The strength of PEEK/AS-4 composite was significantly 
improved 12% by adding nano-silica particles of 1 wt% (Jen et al., 2005). Patnaik et 
al. (2009) found that the addition of FA and SiC micro-particles to glass fiber 
polyester composites significantly improved the flexural strength by about 10 wt% 
of FA content, while the tensile modulus increased for both fillers. Wang et al. 
(2016) raised flexural strength, impact strength values by 16% and 37%, 
respectively, by adding micro-particle of Al2O3 to the carbon fabric/epoxy 
composite. Bhagyashekar and Rao (2010) indicated that the addition of SiC 
particles having 44 µ particle size to epoxy was improved the tensile and flexural 
modulus of the epoxy/SiC composites. Some researchers have been used SSA as 
an industrial waste filler to improve some mechanical properties like tensile and 
flexural strength of the composites used for construction application such as bricks 
and tiles, as a raw materials for cement production, as aggregates for concrete and 
mortar (Smol et al., 2015). Hence, compared with the earlier studies, the addition 
of rigid inorganic particulate fillers may be modified for better prediction of the 
mechanical properties of the composite laminates. Therefore, it is more suitable to 
study the behavior of mechanical properties for the composite laminates 
containing micro- and nano-particles.  
 
Population and plants growth increase wastewater in all over the world. Sewage 
sludge ash is generated during the combustion of dewatered SSA in a burner. SSA 
is stored and can be used as a filler material. One of the major environmental 
issues is eliminated some materials can give economical and sustainable solutions. 
SSA contains compound not harmful to the environments like oxides. The annual 
amount of SSA is about 3.5 billion m3 in Turkey (TUIK, 2010). When the 4 
percentage of this amount is considered as waste sedimentary, 140 million tons 
SSA potential is available in Turkey. Sewage sludge incineration system was first 
developed in Gaziantep (Kütük, 2013). System generates electric by burning 
approximately 150 tons SSA per day. About 15 tons ash remains at the end of 
combustion. When the established mechanism is thought as a recycling system the 
use of remain ash increase the value of mechanism and also use of ash can be 
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regarded as a versatile earning due to its environmental problem. Applying of the 
SSA in the fabric/epoxy composites materials was examined in the present study. 
 
Based on the above studies, many of these studies have investigated the flexural 
and tensile properties of the particulate fillers filled composite laminates. To the 
best of found knowledge, researchers in literature do not inspected the effect of 
SSA content on the mechanical properties of S-glass fiber reinforced epoxy (GFRE) 
composite. In this study, the mechanical properties (flexural and tensile) of GFRE 
composite were determined with the use of micro size SSA and SiC particles 
within epoxy matrix. In addition, the SSA and SiC variation of 5, 10, 15 and 20 
wt% contents were incorporated with GFRE composites.  
 
 
MATERIALS AND PROCEDURES 
 
Materials  
  
Epoxy (MOMENTIVE-MGS L285) and hardener (MOMENTIVE-MGS H285) were 
mixed with a weight ratio of (1/0.4) in the production of composite plates. Woven 
plain S-glass fiber with areal density of 200 g/m2 were used as reinforcement 
fibers in the ply. All above materials were supplied by DOST Chemical Industrial 
Raw Materials Industry, Turkey. The fillers of SSA and SiC were supplied by 
Çatalağzı Power Plant, Şahinbey Belediyesi, Gaziantep, Turkey and Eti Mine 
Works General Management, Turkey, respectively. The particle size of the fillers 
was measured approximately 1-35 µm for grinded and garbled SSA filler and 35 
µm for SiC filler. The bulk densities were measured: 0.72 and 1.49 gr/cm3 for SSA 
and SiC, respectively, and their chemical compositions are given in Table 1.  
 
Table 1. Chemical compositions of filler materials. 

Filler Chemical formula/Composition (wt %) 

Sewage sludge 
ash 

P2O5 (23.56), CaO (19.58), SiO2 (16.6), SO3 (8.53), MgO (8.22), 
Fe2O3 (7.46), Al2O3 (5.73), K2O (4.87), ZnO (2.09), TiO2 (1.08), 
Cl (0.54), Na2O (0.44), Cr2O3 (0.24), BaO (0.21), CuO (0.19), 
MnO2 (0.18). 

Silicon carbide SiC (100). 

 
Composites production and samples preparation. 
The composites were prepared by adding particulate SSA or SiC filler in epoxy 
resin with four different particle contents. The particulate filler quantity was 
mixed with epoxy with a constant speed of 750 RPM using a mechanical stirrer for 
25 minutes to obtain a homogeneous particulate blend. Then hardener was mixed 
with particulate blend for quick setting of composite. Then, the particulate blend 
was applied to the fibers layer by layer until all the 16 layers were placed at room 
temperature 25°C. Afterward, modified laminated fabrics with dimensions of 160 
mm×200 mm were subjected to 0.3 MPa pressure in the flat molds for 1 h curing 
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time with 80 °C temperature. Afterward, laminate were cooled to the room 
temperature under the pressure (Lamination production process is shown in 
Figure 1). After the production composite laminates (In this work, the particulate 
composites will be referred to, for suitability as GFRE-SSA and GFRE-SiC), their 
sizes were cut to produce tensile and flexural specimens according to ASTM 
standards. Figure 2 shows the tensile and flexural specimens of GFRE-SSA and 
GFRE-Si Composites with various particle contents. 
 
 

 
Figure 1. Production process and unit. 

 

 
 

Figure 2. specimens of tensile test: (a) GFRE-SSA, (b) GFRE-SiC composites  and 
flexural test: (c) GFRE-SSA, (d) GFRE-SiC composites. 

 
Tensile and flexural tests 
 
The tensile and flexural properties of the SSA and SiC  particle-filled GFRE 
composite specimens were determined at room temperature using the Shimadzu 
testing machine AG-X series (Kyoto, Japan) and data acquisition card Ni-9237  

(b) (a) 

(d) (c) 
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(National Instruments Corporation, Austin, TX, USA) configuration (Figure 3). 
Tensile and flexural test samples were prepared according to the ASTM D 
638(2010) in size of 165 × 13 mm for a gauge length of 50 mm and ASTM D 790 
(2010) in size of 185 × 12.7 mm with span to thickness ratio of 32:1, respectively. 
All specimens had thickness in range of 3.4±0.3 mm due to particle content 
variation. The crosshead speeds for tensile and flexural testing were 2 mm/min 
and 5 mm/min, respectively. At least three specimens were tested for each 
composite, and the average value of the output data was depended. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Shimadzu AG-X series testing machine (a) Tensile test, (b) Flexural test 
 
 
RESULTS AND DISCUSSIONS 
 
Effect of SSA and SiC contents on tensile properties  
 
Table 2 displays the tensile properties of GFRE, GFRE-SSA and GFRE-SiC 
composites for various SSA and SiC filler contents. The tensile tests show a linear 
response of the elastic and the elastic plastic curves (Figures 4, 5) of the studied 
particulate composites, as shown in Figure 6, all the fracture surfaces of the 
samples were flat without any nicking, which means that the samples fail in a 
brittle manner when they were tested. Moreover, there was no effective 
permanent decreasing in samples’ cross sectional area. Therefore, the samples of 
particulate composite exhibit a brittle behavior. In addition, whether it was filled 
or unfilled with SSA or SiC particles, the tensile samples were failed at higher 
stress. The tensile results show that, for the tested specimens of micro-particle 
filled GFRE composite, the tensile strength enhanced at 10 wt% content of, SSA 
and SiC, and then followed the trend of decreasing due to particle aggregation 
when the SSA and SiC addition above 10 wt%, forming stress concentration and 
thus weaknesses in the composite strength (Wang et al., 2016; Patnaik et al. 2009). 
The highest improvement of tensile strength was obtained at 10 wt% content of 
SSA and SiC with maximum increment of 1.5% and 8.4%, respectively.  
 

(b) 
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Ni-9237  
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Furthermore, the elongation at break decreased with the addition of SiC inorganic 
solid particles, while it increased with SSA addition due to the chemical 
compatibility of the SSA is better than SiC with composite system. Hence, the 
elongation at break improved by 18.2% with SSA addition compared to 4.3% with 
addition of SiC.  
 
Moreover, as shown in Table 2, tensile modulus has been slightly enhanced by 
addition of SSA and SiC particles to the GFRE since rigid inorganic particles 
usually have much higher stiffness values than the organic polymer matrix. 
Hence, the composite modulus regularly increases with increasing particle 
content. The highest improvement of tensile modulus is obtained at  10, 5 wt% 
content of SSA and SiC with maximum increment of 5.2% and 9.4%,  respectively, 
this difference may attributed to SiC particles have rigidity more than SSA 
particles . The Poison’s ratio values of particulate GFRE change randomly with 
increasing particulate filler content, with slightly decreasing from unfilled GFRE 
composite.  
 
Table 2. Tensile properties for the GFRE modified by SSA and SiC particles. 

Composite 
type 

Filler 
content 
(wt%) 

Tensile 
strength 
(MPa) 

Elongation 
at break (%) 

Tensile 
modulus 
(GPa) 

Poison’s 
ratio 
 

GFRE 0 389 (±15) 2.29 (±0.08) 19.1 (±0.62) 0.149 

GFRE-SSA5 5 391 (±11) 2.45 (±0.16) 19.3 (±0.15) 0.147 

GFRE-SSA10 10 422 (±16) 2.71 (±0.08) 20.1 (±0.37) 0.142 

GFRE-SSA15 15 386 (±14) 2.60 (±0.19) 19.8 (±0.60) 0.141 

GFRE-SSA20 20 370 (±8) 2.18 (±0.11) 19.0 (±0.29) 0.139 

GFRE-SiC5 5 374 (±12) 2.11 (±0.07) 20.9 (±0.19) 0.142 

GFRE-SiC10 10 395 (±17) 2.17 (±0.12) 20.5 (±0.48) 0.146 

GFRE-SiC15 15 354 (±9) 2.39 (±0.16) 20.2 (±0.20) 0.140 

GFRE-SiC20 20 344 (±11) 2.23 (±0.12) 19.8 (±0.15) 0.137 
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Figure 4. Tensile stress–strain responses for the composites: (a) GFRE-SSA and (b) 

GFRE-SiC. 
 

 
Figure 5. Comparison of tensile stress–strain responses according to composites 

have maximum strength. 
 
 

 
Figure 6. The failed specimens of maximum tensile strength for (a) GFRE, (b) 

GFRE-SSA and (c) GFRE-SiC composites. 
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Effect of SSA and SiC contents on flexural properties  
 
The flexural test results are presented in Table 3, all the specimens of the micro-
particle filled composite laminates have flexural strength higher than unfilled 
GFRE composites (Figure 7) Wang et al. (2016). In addition, the flexural strength 
increased from 410 MPa to 546 MPa when the content of micro-Bx particles 
changed from 0 wt% to 10 wt%, then further increasing the micro-SSA, the flexural 
strength reduced to 491 MPa. Same flexural strength trend was observed with 
addition of SiC particles. Therefore, the maximum increment was 33.1% at SSA 
content of 10 wt% compared to 24.2% at SiC content of 15 wt%. 
 
The stress-strain responses of the GFRE, SSA-GFRE and SiC-GFRE composites 
obtained from three-point bending tests are shown in Figure 7. The stress-strain 
curves exhibited steadily increasing with a linear fashion. In addition, flexural 
specimens fail at higher stress, for unfilled and SSA or SiC particles-filled 
composites. In principle, the failure strain values of the GFRE specimens are 
increased by adding SSA and SiC micro size particles. Hence, the failure strain 
values increased by 22.5%, and 19.7% at particle content of 10 wt% SSA, 20 wt% 
SiC, respectively. 
 
Moreover, the flexural modulus relatively improved with SSA micro-particle 
addition, which it was increased firstly from 2.08 GPa to 2.55 GPa and then 
decreased to 2.35 GPa, while the flexural modulus of the SiC-GFRE composites 
was less than unfilled GFRE composites. This behavior is clearly shown in Figure 
8, in addition the linearity style of the stress-strain curve for SiC-GFRE composite 
is less than linearity of the unfilled GFRE and SSA-GFRE curves. 
 
Table 3. Flexural properties for the GFRE modified by SSA and SiC particles. 

Composite 
type 

Particle 
content 
(wt%) 

Flexural 
strength 
(MPa) 

Failure 
strain 
(%) 

Flexural 
modulus 
(MPa) 

GFRE 0 410 (±19) 2.08 (±0.05) 21.0 (±0.32) 

GFRE-SSA5 5 501 (±22) 2.41 (±0.01) 21.6 (±0.85) 

GFRE-SSA10 10 546 (±25) 2.55 (±0.09) 21.7 (±0.36) 

GFRE-SSA15 15 520 (±9) 2.41 (±0.04) 22.2 (±0.62) 

GFRE-SSA20 20 459 (±14) 2.35 (±0.07) 20.9 (±0.14) 

GFRE-SiC5 5 422 (±15) 2.13 (±0.05) 19.3 (±0.40) 

GFRE-SiC10 10 440 (±7) 2.20 (±0.08) 18.7 (±0.09) 

GFRE-SiC15 15 509 (±16) 2.45 (±0.09) 19.6 (±0.20) 

GFRE-SiC20 20 476 (±24) 2.49 (±0.11) 18.1 (±0.75) 
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Figure 7. Flexural stress–strain responses for the composites: (a) GFRE-SSA and (b) 

GFRE-SiC. 
 

 
Figure 8. Comparison of flexural stress–strain responses for the composites have 

maximum strength. 
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Figure 9. The failed specimens of the maximum flexural strength composites: (a) 
GFRE, (b) GFRE-SSA and (c) GFRE-SiC. 

 
Flexural damage mechanisms of the GFRE, SSA-GFRE and SiC-GFRE composite 
specimens were characterized by taking pictures for the tension and side view of 
the fractured surfaces (Figure  9).The compressive and tensile failures are common 
failures under flexural loading and they include matrix cracking, fiber breakage 
and delamination (Davis et al. 2010). The failure of particulate-filled composite in 
flexural test is dependent on the maximum bending moment that the constituent 
materials can carry. Representative images for the tension and side view showed 
all these failure types. The tension views showed clearly the particulate-filled 
epoxy matrix cracking and the glass fiber breakage. On the other hand, side views 
illustrated the delamination of glass fiber plies. 
 
 
CONCLUSIONS 
 
The effects of sewage sludge ash industrial waste and silicon carbide ceramic 
particles with variation in contents on tensile and flexural properties of the glass 
fabric/epoxy composites were examined experimentally. The highest 
improvement of the tensile and flexural strength for GFRE-SSA composites was 
obtained at 10 wt% content, with a maximum increment of 8.4% and 33.1%, 
respectively. The tensile and flexural modulus was increased for all the GFRE-SSA 
composites and the highest improvement was at 10 wt% and 15 wt% content, with 
a maximum increment of 5.2% and 5.7%, respectively. Generally, the tensile and 
flexural failure strains of the GFRE-SSA composites were increased. All the above 
mechanical properties were better than unfilled GFRE and GFRE-SiC composites. 
Hence, this performance indicates the good adhesion strength and chemical 
compatibility of the SSA composite system. As a result, due to good mechanical 
properties and the lower cost of the GFRE-SSA composites, SSA industrial waste 
can be used as particulate-filler for polymer composites, and this the advantage of 
this study.  
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ABSTRACT: The purpose of this in vitro study was to compare the two-body 
wear resistance of nanofilled (3M ESPE Filtek Silorane ) and microfilled (3M ESPE 
Filtek Z250) composite restorative materials. Eight standardized disc shape 
specimens (6mm diameter X 8mm height) were prepared from two composite 
materials. Specimens were subjected to chewing simulation using a chewing 
simulator (F=49N (vertical 6 mm, horizontal 2 mm)  2,4 X 105 cycles and frequency 
1,6 Hz) and simultaneous thermal cycling (3000 cycles, 5°C/55°C, 1min/cycle). 
AL2O3 balls were used as antagonists for every experiment chewing cycle. Mean 
volume loss  values were determined using 3D laser scanning device. Mean values 
and standard deviations were calculated and statistical analysis was performed 
using one-way Anova and Tukey’s test (α=,05). Vicker hardness values for Filtek 
Z250 (about 69HV) and for Filtek Silorane (about 45HV) were measured. Mean 
volume loss of Filtek Z250 (3,8µm3 p=.021) is measured to be lower  than Filtek 
Silorane (5,9µm3 p=.017). In this study, suggested  the excellent two body wear 
behaviour of the microfilled Filtek Z250. However, this study isn’t correlations 
linear between filler volume values and two body wear resistance 
 
Key words: Two-body Wear, Composite Restorative Materials, Chewing 
Simulation, Thermal Cycling 
 
 
INTRODUCTION 
 
The use of light-activated resin composites has dramatically increased in the past 
years as a response to an increased demand for esthetic restorations.(Kurachi, 
Tuboy, Magalhaes, & Bagnato, 2001) Dental resin composites are heterogenous 
materials, usually consisting of three major components, namely resin matrix, 
inorganic fillers, and a silane coupling agent.(Bicer, Karakis, Dogan, & Mert, 2015) 
The amount and size of filler particles incorporated in the resin matrix determine 
the type, and ultimately, the most advantageous clinical application of each 
composite. Wear is the net result of a number of fundamental processes: abrasion, 
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adhesion, adhesive effects between two contacting surfaces, fatigue and corrosive 
effects, which act in various combinations depending upon the properties of the 
materials. Abrasion and attrition have largely been accepted as the primary 
clinical wear mechanisms for dental resin composites(Bicer et al., 2015; Harsha & 
Tewari, 2003; Heintze, Zellweger, Cavalleri, & Ferracane, 2006; Lim, Ferracane, 
Condon, & Adey, 2002). Wear of teeth and restorative materials is the result of 
different complex processes that depend primarily on the abrasive nature of food, 
the properties of the antagonistic material, the thickness and hardness of enamel, 
the chewing behaviour along with parafunctional habits, and neuromuscular 
forces.(Johansson, Haraldson, Omar, Kiliaridis, & Carlsson, 1993; Kim, Kim, 
Chang, & Heo, 2001; Mair, Stolarski, Vowles, & Lloyd, 1996) Therefore, it is 
clinically crucial issue to predict wear behavior of different composite restorative 
resins used in oral environment.  Although most in vivo wear is three-body wear, 
however, wear at the occlusal contact areas (OCA) that stabilizes the vertical 
distance between the mandible and the maxilla is correlated with two-body wear 
simulations.(Bicer et al., 2015) Despite the improvement in wear resistance of 
restorative materials, wear continues to be a problem.(Bicer et al., 2015) Until 
recently, much of the published clinical data on composite restoratives have 
focused on generalized contact free abrasion (CFA) of the material.(Bicer et al., 
2015) Although this type of wear pattern is clinically important, localized OCA 
wear, which is directly attributed to the presence of a contacting cusp on the 
occlusal restorations, may be of great concern.(Yap, Chew, Ong, & Teoh, 2002) A 
number of publications have suggested that OCA wear may be two to three times 
greater than CFA wear.(Lutz, Phillips, Roulet, & Setcos, 1984; Willems, 
Lambrechts, Braem, & Vanherle, 1993) If the amount of OCA wear, which may be 
accelerated by the chemical environment, is of sufficient magnitude appreciable 
changes in occlusion may develop.(Bicer et al., 2015) It has been demonstrated that 
dental restorative materials show different wear mechanisms under different in 
vitro wear conditions.(Hu, Shortall, & Marquis, 2002), and that none of the 
existing wear devices can simulate the clinical wear process completely 
realistically. (Condon & Ferracane, 1996) However, the clinical evaluation of wear 
is expensive and time consuming, and various important variables such as 
chewing forces or environmental factors cannot be controlled sufficiently.(Condon 
& Ferracane, 1996) Thus, despite of the complexity of the clinical wear processes, 
laboratory mastication simulation allows the investigation of single parameters of 
the wear processes, though it has to be borne in mind that even in vitro wear 
simulations show considerable variability.(Heintze, 2006) The objective of a 
laboratory simulation is to produce wear that correlates well with clinical 
performance and that can predict survival time.(DeLong et al., 2012; Souza et al., 
2010) Ideal dental restorative materials yield wear resistance similar to that of 
tooth tissues. For improving the wear resistance of restorative materials and for 
minimizing filler exfoliation during wear processes, filler shape, size and volume 
have been modified extensively in the recent years (Christensen, 2007). In 
addition, several innovative dental restorative materials for application in 
posterior restorations have been introduced, featuring ormocer and Silorane 
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technology. However, particularly for Silorane-based materials, the information 
on wear resistance that is available in the literature is very limited, and profound 
analysis of the wear behaviour of these materials has been 
demanded.(Christensen, 2007) Thus the purpose of this study is to evaluate effect 
of two-body wear on microfilled(3M ESPE Filtek Z250), and nanofilled(Filtek 
Silorane 3M ESPE) composite restorative materials. 
 
 
METHODS 
 
Information provided by material manufacturers for materials used in this study 
are given in Table 1. A total of 16 specimens (6mm diameter and 8mm height) 
consisting of 8 specimens for each material were prepared following the 
manufacturer’s instructions. All of the specimens were stored in distilled water for 
one week at 37 °C prior to two-body wear tests. In this study, a chewing 
simulation device designed to investigate dental materials was employed. The 
specimens and antagonists were mounted in chewing simulator using a ball-on-
block design and were loaded pneumatically with vertical load of 49 N for 2,4 x 
105cycles at a frequency of 1.6 Hz (1 mm lateral movement 2 mm mouth opening). 
 
Table 1 Composite restorative materials used in this study 

Materials Manufacturer 
/Type 

Filler Matrix Filler 
Volume(%) 

Filtek 
Silorane 

3M ESPE / 
Nanofilled 

Quartz fillers, 
Yttrium 
fluoride 

Siloranes 76 

Filtek Z250 3M ESPE / 
Microfilled 

 
ZrO2, SiO2 

Bis-GMA, 
UDMA, Bis-
EMA 

60 

 
 
RESULTS AND FINDINGS 
 
One-way ANOVA indicated significant differences in Vicker hardness(HV) 
between the three restorative materials. Mean vicker hardness values ranged 
between approximately 49 and 69 HV were measured. (table 2)  
 
Table 2 Vickers hardness of the restorative materials that were used in this study 

Materials Mean Vickers Hardness (SD) 

Filtek Silorane 49,15(2,1) 

Filtek Z250 69,25(1,4) 

 
The results of the qualitative SEM analysis are presented in fig1 (respectively a: 
Filtek Silorane, b: Filtek Z250), showing image pairs of contact areas and wear 
track areas on specimens after chewing actions. Fig1(a) showed the contact area 
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delineated by a sharp line from the polished specimen surface. However, Fig 1(b) 
which represents microfilled resin (Filtek Z250) showed significantly less wear of 
track by a sharp line from the polished surface than fig1(a) Filtek Silorane 
composite materials. 
 
 

 
 

Figure 1. Respectively A:Filtek Silorane, B: Filtek Z250 (After 2,4X105  49 N 
chewing simulation and 3000 thermal cycles, 5°C /55 °C, 1 min/cycle )( HV:10kV 

mag: 500X 400µm) 
 
Mean volume loss of Filtek Z250 (3,8µm3 p=.021) is measured to be lower than 
Filtek Silorane (5,9µm3 p=.017). In this study, suggested the excellent two body 
wear behaviour of the microfilled Filtek Z250. Moreover, each composite resin 
showed a distinct performance, which suggests that results were dependent upon 
each composite resin formulation. Other investigation has been reported that the 
filler particles play a particular important role for both hardness and wear 
resistance.(Cao, Zhao, Gong, & Zhao, 2013)The effect of filler volume on wear 
resistance follows a linear relationship, with high volumes decreasing wear rates 
due to lower expanse of resin unprotected by filler particles(Condon & Ferracane, 
1997) which was supported by other researchers.(Heintze, Zellweger, & Zappini, 
2007)However, regression analysis showed no correlation linear between filler 
volume values  and two body wear resistance for the composite restorative 
materials investigated in this study. This can be explained as Filtek Z250 could 
most likely be attributed to the unique polymer structure which consist of well-
dispersed microsize fillers. 
 
It is difficult to reproduce the oral environment exactly in any two body wear 
testing system. Direct prediction of clinical wear resistance deduced from the 
present wear data results is thus not possible. Wear is a multifactorial process that 
probably cannot be described adequately with one material characteristic only 
(Koottathape, Takahashi, Iwasaki, Kanehira, & Finger, 2014). Thus further 
investigations is needed to examine characteristics such as three body wear, 
fatigue wear and fracture properties. 
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CONCLUSION  
 
Within the limitations of this study, the following conclusions can be drawn: 
Among the composite materials used this study the microfill composite resin 
Filtek Z250 showed the least mean volume loss which was significantly lower than 
that of material of Filtek Silorane. Among the composite materials used this study 
isn’t correlations linear between filler volume values and two body wear 
resistance. 
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ABSTRACT: In this study, experimental outcomes from a Spark ignition engine 
(SI) which fueled with E1 to E20 (Percentage of alcohol content in total fuel blend 
is various between 1% and 20%) were collated with recital of combustion codes for 
one dimensional analysis.1-D codes, which is called SRM-Suite (Stochastic Reactor 
Model) and Chemkin-Pro, were estimated from combustion, emissions and heat 
transfer point in an SI engine. The estimations are based on empirical data and 
working situations which were done at karadeniz technical university Research 
Labs in Turkey. A bunch of empirical data was employed for analysis in both of 
software’s according to both expanded and decreased kinetic mechanisms. 
Simulation outcomes were collated to empirical data from heat release rate, 
pressure and emission point. The vicissitude of the H2O2, temperature and OH 
which weren’t available experimentally were achieved by comparisons between 
two codes. Analysis demonstrates that each code has pluses and minuses. The 
advantages of SRM-. Suite are blow-by Crevice, ring gap, and probability density 
function (PDF) – based stochastic reactor modeling and these advantages helped 
with better convergence of the outcomes. But, Chemkin-Pro outcomes were logical 
and solution duration was much shorter than SRM-.Suite. Also it was clear that 
both decreased and expanded kinetic mechanisms had huge effect on analysis. 
 
Key-words: One-dimensional simulation, Chemical kinetic mechanism, SI engine, 
SRM-Suite, Chemkin-Pro. 
 
 

INTRODUCTION 
 
The expanded - mechanisms which has been set for fuels with high number of 
carbon commonly behold high number of elements and chemical reactions. By 
employing new generation of computers it’s possible to achieve solution in very 
short period of time even for cases which have developed mechanisms [1]. During 
the past years’ lots of computer engineers have tried to develop a software 
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packages that be able to analyze 1-dimensional combustion to modeling of SI 
engines effectively. [2] One of the software’s that was used in this study is 
Chemkin-Pro which aim of its develop is to determine the accuracy of chemical 
mechanisms with evaluating of delay that happens in the ignition. Beside that its 
capable of doing analysis according to various reactor types. First one is a 1-D IC 
reactor. As the Chemkin-Pro software is capable of simulating engine combustion 
1-D reactor, it is possible to be integrated with several zone models and CFD 
modeling to achieve much expanded numerical outcomes. Second one is SRM-
Suite its 1-D codes for analyzing combustion the main aim for developing this 
software was to analyze SI engines according to probability density function (PDF) 
based on stochastic reactor model. The model works on assuming statistical 
uniformity of the blend inside the cylinder by factoring in the turbulent mixing 
[3][4]. 
 
Table 1. Nomenclature, Abbreviations 
1-D → Οne Dimensional 
3-D → Ƭhree Dimensional 
CAD → Ϲrank Аngle Degree 
CFD → Ϲomputational Ϝluid Dynamics 
ЕGR → Еxhaust Ǥas Ɍecirculation 
VϹ → Еxhaust Ѵalve Ϲlosing Ƭime 
ЕVO → Еxhaust Ѵalve Οpening Ƭime 
HɌɌ → Ήeat Ɍelease Ɍate 
ІϹ → Іnternal Ϲombustion 
ІVϹ → Іntake Ѵalve Ϲlosing Ƭime 
ІVO → Іntake Ѵalve Οpening Ƭime 
ŁMM → Łocalness Мixing Мodel 
PDF → Ƥrobability Density Ϝunction 
PɌF → Ƥrimary Ɍeference Ϝuel 
ɌƤM → Ɍevolution Ƥer Мinute 
SɌM → Stochastic Ɍeactor Мodel 
Symbols 
a, b, c → Ϲonstants for Nusselt Еquation 
Ϲ11, Ϲ12, Ϲ2 → Ϲonstants of Woschni Ϲorrelation 
Νu → Νusselt Νumber 
Ƥ → Іnstantaneous Ϲylinder Ƥressure (bar) 
Ƥr, Vr, Tr→Volume, Ƭemperature and Ƥressure Еvaluated at any Ɍeference 
Ϲondition 
Ɍe → Ɍeynolds Νumber 
Sp → Ƥiston Speed 

Vd → Displaced Ѵolume 
Ŵ → Аverage Ϲylinder Ǥas Ѵelocity 
 
Here an SI engine was evaluated under two various mechanisms in the same 
working situation employing Chemkin–Pro and SRM-Suite software’s results of 
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both chemical mechanisms expanded for the same fuel were tested according their 
nearness to the empirical facts. Also, CPU analyzing times of codes were assumed 
as performance norm. To obtain the codes performances precisely, both decreased 
and expanded chemical kinetic mechanisms were employed [5]. In this study we 
compared computational outcomes to empirical results from CO, O2, CO2, heat 
release rate and pressure point. 
 
 
EXPERIMENTAL AND MODELING PARAMETER 
 
Experimental part of study was carried out at Karadeniz Technical University 
Laboratories in the Turkey. The engine used in the tests is a single-cylinder, four-
stroke, water-cooled, variable compression engine. Engine specifications are given 
in detail in Table 1. [6]. 
 
Table 2. Engine Parameters 

Number  
 

Characteristics  
 

Values 
(Dimension)  
 

Ϲylinder Diameter 90 mm 

Stroke 120 mm 

Łength Οf Ϲonnecting 
Ɍod 

140 mm 

Ϲompression Ɍatio 9.25  

Еngine ɌPM 2000 Ɍev/min 

Іntake Valve Diameter 30 mm 

Νumber Οf Ѵalues 4  

Іntake Ѵalve Οpening 
Ƭime 

340 BTDC CAD 

Іntake Ѵalve Ϲlosing 
Ƭime 

108 BTDC CAD 

Exhust Ѵalve 
Οpening Ƭime 

120 ATDC CAD 

Exhust Ѵalve Ϲlosing 
time 

322ATDC CAD 

 
To catch SI engine situation practically the head of piston was lifted to reach the 
compression ratio of 15.06 as well inlet temperate into the cylinder raised to 250 
Co. Experimental steps were done when the pressure of intake manifold was 1bar. 
ɌƤM of engine was taken as2000 to obtain steady combustion. The ethanol content 
which used in alcohol–gasoline fuel in the engine was various between 1% and 
20%. These studies done under two categories: first mechanism is decreased and 
second mechanism is expanded. 
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1D COMBUSTION MODELING 
 
Combustion simulation was done using both SRM-Suite codes and Chemkin-Pro, 
under module of SI engine. All of the study were done between two times it starts 
at the closing time of intake valve and ends at the opening time of exhaust valve. 
The compression ratio is 9.25 for Chemkin-Pro . 
The proportion of length of connection rod to the radius of crank assumed is 1.58. 
Operating criterions were chosen on 2000 ɌƤM . 
Equivalent values were employed for decreased and expanded mechanisms and 
the test steps assumed as 0.1.  
The temperature of inlet blend was assumed as 450 for reduced mechanism and 
for detailed mechanism it was assumed as 530k. 
 

 
Figure 1. (i) Pressure Diagram Of Empirical And Simulating With Expanded 

Mechanism. (ii) Empirical And Simulating With Expanded Mechanism Of Heat 
Release Grade Diagrams 

 
The pressure of intake assumed as 1.43 bar according to empirical information. 
The following equation was employed for simulating the heat transfer: [7] 
 
Νu=a × Ɍeb×Ƥrc                                                   (1) 
  
According former researches for an SI engine constant parts of equation are 
assumed as: 
 
a=0. 32, b=0.69, c=0.001. 
 
The temperature of cylinder boundary parts was assumed as 420 K.  
 
The Chemkin-Pro employs woschini relations to calculate heat transfer:  
 
W=c1× sp +c2 (Vd ×Tr/Ƥr×Vr) (Ƥ-Ƥm)                      (2) 

http://www.collinsdictionary.com/dictionary/english/proportion
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For a SI engine constants are assumed as Ϲ11=2.28 , Ϲ12=0.308 ,Ϲ2=3.24.  
 

SRM画-Suite models were arranged and modeled also within the time interim of 
the closing of intake valve and opening of exhaust valve .  
 
The data entered in Chemkin-Pro assumed same with data entered in SRM-Suite 
modeling.  
 
110 particles were employed to decently evaluate inside-cylinder feature and also 
weight factor assumed as 13. The time for mean mixing assumed as 5.5 ms also 
localness mixing model (ŁMM). is specifically suggested for SI engine demands 
because it factors in localness into calculation [8]. 
 
 
RESULTS 
 
In expanded mechanism case entire time that CPU needed was 123,016 s and in 
decreased case it was 2851s for SRM-Suite software. It’s totally different when we 
used Chemkin-Pro software for expanded case it was 3050 s and for decreased 
case it was 355 s. estimated out comes were tested compared to heat release rate 
pressure–crank angle change, temperature and mole fractions of C2H5OH, C8Ή18, 
CΟ, CΟ2, Ή2O and OΉ [9]. Empirical outcomes were collated to estimated data 
from heat release rate, pressure, temperature and fractions of CΟ, CΟ2, and Ο2 

point. The data that isn’t accessible empirically like C2H5OH, C8Ή18, CΟ, CΟ were 
obtained by employing computational amounts also variation of Ή2O2 and OΉ, 
that are middle species in SI combustion, were shown graphically by employing 
computations.  In figure 1. i it’s obvious that expanded case from peak pressure 
point, SRM-Suite has much better consistency with empirical data in pressure vs 

crank angle diagrams compared with Chemkin-Pro. Figure1. ii demonstrates the 
empirical heat release value against crank angle and estimated outcomes of 
expanded mechanism by employing SRM-Suite and Chemkin –Pro. It’s obvious in 
figure SRM-Suite outcomes are in much better compliance from inclinations and 
rates point than Chemkin-Pro when collated to empirical outcomes.  
It’s clear in figure 2 i that the decreased mechanism outcomes demonstrate less 
proper results than expanded mechanism when collated to the empirical 

outcomes, 画SRM画-画Suite and 画Chemkin画-画Pro pressure vs crank angle 
diagram demonstrates this fact that combustion began afterwards, but occurred 
faster when collated to the empirical results. If we analyze Figure 2. ii it 
demonstrates stalled and quicker burning in computational estimations. Broadly, 
from heat release rate and pressure point computational outcomes achieved by the 
expanded mechanism demonstrated better compliance with empirical out comes 

[10]. From heat release rate point 画SRM画-画Suite out comes demonstrated more 

consistency than Chemkin–Pro. In addition, both 画Chemkin画-画Pro and 画SRM

画-画Suite画 run on the same basic correlations the major disagreement among 

http://www.collinsdictionary.com/dictionary/english/interim
http://www.collinsdictionary.com/dictionary/english/specifically
http://www.collinsdictionary.com/dictionary/english/value
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them is the significant participation of stochastic on results. Chemkin-Pro 
presumes that gas temperature stays uniform at the whole burning chamber so 
assumption results in abrupt pressure increase [11]. Beside this burning processes 
happen quicker compare with empirical actions due to the erasure of lots of 
middle reactions to decrease the CPU time remarkably. This process results to 
abrupt pressure increase and the variation in heat release grade [12]. Even so 
because of the effect of the decreased mechanism on CPU time it’s possible to 
ignore the deviation. Figure.3 demonstrates computational increasing of 
temperature during the burning process. At most temperature for combustion 
values are among 2000K and 2100K. Figure.4 demonstrates depletion of fuel for 
each of pieces C2H5OH and C8H18. In case of decreased mechanism (Tsurshima), 
fuel was used rapidly and finished steadily. The reason for rapid fuel depletion of 
the decreased mechanism is lack of middle reactions. [13] It worth to say that 
whole of calculational studies demonstrated the same duration of time for 
depletion of fuels. Figure.5 demonstrates variation of CΟ andCΟ2 vs crank angle. 
Commonly, the outcomes demonstrated identical tendency apart from the cases 
running on SRM-Suite expanded mechanism. It’s not possible to test the exactness 
of the outcomes by collating with other results destitute of reasonable empirical 
values[14]. Figure 6. demonstrates variation of ΟΉ and Ή2Ο vs crank angle. While 
curves are analyzed it’s clear that mole fraction of ΟΉ varied for two mechanisms 
SRM-Suite expanded mechanism studies demonstrated faster appraisal of OΉ 
which has less apogee amount [15]. 
 
Mass portion of Ή2Ο2 vs crank-angle obtained before, throughout and later than 
burning in an SI engine by employing empirical results. Empirical results were in 
concession with SRM-Suite Studies employing the method of Tsurushima. [16] 
Also the calculation outcomes for Ή2Ο2 were impossible to be ratified empirically. 
It is clear the alternation of SRM-Suite expanded mechanism demonstrated in ϹΟ, 
ϹΟ2 and ΟH point is impossible to be seen in Ή2Ο2 [17]. It’s obvious in Figure.6 ii, 
the developing of Ή2Ο2 starts in advanced compared with modeling with 
decreased method. As the consuming duration of Ή2Ο2 is approximately equal for 
whole studies, it indicates the ignition stall of engine overlap [18] 

http://www.collinsdictionary.com/dictionary/english/destitute-of
http://www.collinsdictionary.com/dictionary/english/appraisal
http://www.collinsdictionary.com/dictionary/english/apogee


 

 
 

28 The International Journal of Energy & Engineering Sciences 

 
 

 
 



 

 
 

29 The International Journal of Energy & Engineering Sciences 

 
 
 

 
 



 

 
 

30 The International Journal of Energy & Engineering Sciences 

 
In Figure.7 empirical and some estimational outcomes of ϹΟ, ϹΟ2 and Ο2 are 
demonstrated. In ϹΟ case, Chemkin-Pro demonstrated better concession with the 
empirical data compared with SRM-Suite for either decreased and expanded 
methods. In ϹΟ2 and Ο2 case, whole estimated outcomes are in agreeable 
compliance with empirical outcomes. 
 

 
Figure. 7. Empirical And Estimated Amounts Of CO, CO2, And O2. 
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CONCLUSION 
 
In this study I have researched and optimized the effect of fuel ethanol in gasoline 
combustion engines from emission and performance point. At the first level, I 
surveyed the engine performance for pure gasoline fuel; then I used a mixture of 
ethanol and gasoline in which the amount of ethanol varies from 1% to 20 %. The 
engine RPM was chosen as 2000 and the engine parameters, when it works with 
100% gasoline fuel, were compared to when ethanol-gasoline fuel were blended. 
From the performance and emission value points it was obvious that 8% ethanol-
gasoline blend is the desirable amount. It is clear that from performance and CO 
point, there is a good agreement between the results and literature researches. 
From performance and emission point it can be easily perceived that the gasoline-
ethanol blend has advantages over pure gasoline. However, for obtaining the most 
decent value of gasoline-ethanol blend all of the engine parameters should be 
evaluated in an advanced optimization software in which the meantime factors in 
the gasoline-ethanol such as cost, engine performance and emission. If this 
conditions are met this study will be useful and practical.  
 
In this study all of the engine parameters were defined variable, at the same time, 
engine performance and emission values were optimized together.  
If renewable sources are used to produce ethanol the cost of product will be high. 
Despite this, it is preferable to use gasoline-ethanol blend from performance and 
emission point under aforementioned conditions since passenger cars emissions 
have turned to be the main problem in air pollution and governments, therefore, 
pass strict rules about passenger cars which result in emission every year. From 
software point of view each, SRM-Suite and Chemkin-Pro have pluses and 
minuses: The major strong point of SRM-Suite codes is that it employs PDF 
method that ease CFD procedure when it sustains estimation ability of three 
dimensional CFD codes. Chemkin-Pro software presumes a bulk volume 
empirical outcomes. SRM-Suite factors in simulation of piston position and blow-
by, so it makes possible to give better estimation outcomes when collated to 
Chemkin-Pro.  
 
Also if we go through results it’s obvious that expanded mechanisms are more 
sustainable and near to empirical data from intake temperature and emissions 
point nevertheless the expanded method has some weak points. One is that it rises 
CPU time it’s different for both codes .in fact the expanded method rises CPU time 
up to 10 times for Chemkin-Pro and almost 100 times for SRM-Suite. 
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ABSTRACT: The purpose of this study is to determine how to generate electricity 
for household needs with onsite natural gas and heat the residence with the 
released exit gas.  In this study the issue of individual electricity generation has 
been experimentally investigated with a sample application. The need of heating 
and hot water is met by the conversion of natural gas, LPG and gasoline fuels to 
electricity by means of an internal combustion motor and an alternator.  Full and 
low load operating systems operated at full load, while 1 kWh of electricity can be 
produced with natural gas at $0.31, it can be produced at $0.71 with LPG and $1.11 
with gasoline. When the system is run with low load 1 kWh electrical energy the 
costs are $0.34 with natural gas $0.95 with LPG and $1.61 with gasoline. With the 
waste heat generated with the burning of fuels to heat the residence and obtain 
hot water, hot water between 38°C and 50°C was obtained. 
 
Keywords: Natural Gas Generator, Waste heat, LPG/Natural Gas, Electricity 
Generation, Cogeneration 
 
 
INTRODUCTION 
 
Energy is indispensable for the daily life of individuals and industrialization, 
development, of countries. Due to an ever- increasing human population and 
energy consumption, global capacities of conventional fossil energy resources 
have been decreasing for more than 2 decades [1].  For this reason, energy 
efficiency is important issue for individuals and societies [2] . There is an 
important link between countries' economies, partly independence, and their 
energy sources. Numerous countries have stated sustainable development plans 
by means of energy and have developed strategies to reach these targets [3]. In the 
light of this issue, a great deal of developing countries have been working to 
improve the productivity in energy in accordance with international laws to 
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protect the environment, the focus has been on energy types which are less 
harmful to the environment. 
 
Energy types distribution used worldwide can be listed as fossil fuel 86%, nuclear 
6%, hydraulic 6%, renewable energy 2%. It is known that fossil fuel source are 
inadequate in energy generation in Turkey. In Turkey, the demand of energy met 
by local production was 47.7% in 1990, 33% in 2000 and it is anticipated to be 
23.6% in 2023 [4]. Even though Turkey is poor in terms of primary energy sources, 
the technical and commercial losses were announced as 25.64 % in 2012 [5]. The 
fact that ¼ of the produced energy could not be used is a serious loss for a country.  
For this reason, using energy sources appropriately, minimizing energy loss and 
increasing energy productivity is extremely important for the future of our 
country. 
 
Currently natural gas is provided to necessary places for heating and hot water. 
For this reason natural gas is ready-to-use in residences. It is observed that the 
natural gas used in residences could be burned in internal combustion engines 
and burned by means of an alternator to generate electricity and meet the demand 
of heating and hot water, so consequently it is possible to increase the productivity 
of natural gas as a primary source of energy [6].  
 
In this study, an internal combustion motor coupled with a generator having an 
alternator and using natural gas, LPG and gasoline to generate electricity onsite 
and the heating of a residence with waste energy has been researched. A 
comparison has been conducted among natural gas, LPG and gasoline fuels in 
terms of energy, cost and usability. 
 
 
MATERIALS AND METHOD 
 
In this experimental system of the study, natural gas, LPG and gasoline were used 
separately and hot water was obtained from waste heat in the exhaust. During the 
experiment, the amount of electricity and system parameters were recorded 
against time for each type of fuel. As it is difficult to determine instant readings for 
three types of fuel, the cumulative consumption was recorded for each type of 
fuel. The schematic view of the experimental system has been shown in Figure 1. 
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Figure 1. The view of the experimental system 

 
During the experiment, some alterations were implemented in the fuel system and 
exhaust of the generator to measure the amount of benefit from the waste heat of 
each fuel. The alterations are a LPG tank on the generator resistant to a pressure 30 
bars and decrease of gas pressure to a useable level and installation of a regulator 
(evaporator) to convert LPG to gas. Multivalve on the tank and regulator open and 
close with electricity, so electricity was provided with an accumulator and 
adapter. Due to the high pressure between the LPG tank and the regulator, some 
connections were established with standardized copper pipes. To install an 
atomizing nozzle, a screw thread was cut. A gas regulator valve was installed on 
the standard rubber pipe, one end on the carburettor, the other end on the fuel 
atomizing nozzle. 
 
Due to the fact that the internal combustion engine is air cooled, the need of hot 
water for the conversion of LPG from liquid to gas form in the vaporizer, was 
eliminated with exhaust heat. Consequently the copper pipe under high pressure, 
as shown in figure 2 which was in contact with the exhaust caused the LPG to 
convert from liquid to gas form. Liquid LPG which has a pressure of 4 bars in the 
tank, owing to its high pressure contacted with exhaust heat via the copper pipe in 
the high pressure line and was converted into gas form. After the pressure 
decreased to a usable level, the motor was run by atomizing the LPG to the 
carburettor from the atomizing nozzle in the low pressure line where the gas 
regulator valve was located. LPG connections of the system is shown in Figure 5.  
 
The experimental system was run with natural gas used at residences with 21 
mbar pressure, and natural gas was connected to the system with a standardized 
flex hose. The gas regulator valve and fuel atomizing nozzle used for LPG, were 
also used for natural gas. 
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Figure 2. Water connection to the heat exchanger and preheating of the LPG on the 
exhaust 

 
The dimensions of the schematic view of the exhaust shown in Figure 3 are A 
length of 220mm, B height of 200 mm and C depth of 120 mm. The copper pipe 
used as heat exchanger has a length of 5650 mm, 6.350 mm of external diameter, 
4.826 mm of internal diameter and a wall thickness of 0.76 mm. In order to prevent 
the accumulation of particles as a result of burning and because of the exhaust 
structure on the heat exchanger, vanes were not used on the copper pipe. For this 
reason the copper pipe was designed as a spiral heat exchanger and was installed 
as 18 pass in the exhaust. Water entered the heat exchanger as reverse bias and the 
flow rate was measured with a rotameter. The heat of input and output water was 
measured K type thermocouple. The design phases of the exhaust in the 
experimental system is shown in Figure 4.  
 
 

 
Figure 3. Schematic view of the exhaust in the experimental system. 
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Figure 4. Design phases of the exhaust and heat exchanger 
 
As shown in Figure 5 in this study an 4-stroke air cooled single cylinder, with a 
maximum output of 6.5/3000 HP/rpm internal combustion motor was used. The 
generator coupled with the motor was an alternator with a maximum 230 V 
output voltage, 50 Hz output frequency and a nominal output power of 2.5 kWh. 
 
The electrical output power generated by the system was measured by an 
electricity meter.  Exhaust heat and power measurement were conducted when the 
generator reached a specific load capacity and steady state conditions. Meanwhile, 
to determine the duration of the system coming to regime, results were constantly 
recorded. For the maximum output power of the system rheostats of 2.8 kWh 
power were used. 
 
 

 
 

Figure 5. The generator and LPG connections used in the experimental study 
 
 
RESEARCH FINDINGS 
 
It has been observed that the system reached the regime 10 minutes after the start. 
After the system reached the regime, it was run full and low load for each fuel and 
results were obtained for each load. The system which was run with two loads, 
when run with full load could produce 1 kWh electricity with natural gas at $0.31, 
LPG $0.71 and gasoline at $1.11. The full load system run values are shown in a 
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graphic in Figure 6. According to the readings, in full load natural gas is 1.25 times 
cheaper than LPG and 2.5 times cheaper than gasoline. 
 
 

 
 

Figure 6. System run at full load for 1kWh electricity generation 
 
It can be seen in the graphic in figure 7 that natural gas is superior to other types 
of fuel in terms of cost as well as it is in full load run. When running with low 
load, the system could produce 1 kWh electricity with natural gas at $0.34, LPG 
$0.95 and gasoline at $1.61. According to the readings, in full load natural gas is 
1.8 times advantageous than LPG and 3.7 times more advantageous than gasoline. 
 
Gasoline sale unit rate: ₺4.30 = $1.47 Feul/liter [7]. 
LPG sale unit rate: ₺2.54 = $0.86 fuel/liter [8]. 
Natural gas sale unit rate: ₺0,099 = $0.033 fuel//kWh [9]. 
 

 
 

Figure 7. System run at low load for 1kWh electricity generation 
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It has been observed from the results of the experiments that in both loads natural 
gas is more advantageous; however running the system at low load was more 
costly for three types of fuel. As shown in Figure 8 when the system is run at low 
load, fuel cost increases for natural gas, LPG, gasoline respectively by %7, %34 and 
% 44. Therefore in terms of system cost, the best results were obtained with full 
load and natural gas. 
 

 
 

Figure 8. Comparison of system run with full and low load 
 
In the second phase of the study, in order to compare consumption, cost and 
energy generation of the fuel in the system, the experiments were conducted in 
two different types; such as full and low load. Data obtained as a result of one 
hour operation in full load are shown in details in Figure 9. A one-hour system 
run, revealed that the highest energy production was with gasoline as 1.51 kWh, 
secondly LPG as 1.32 kWh and the lowest with natural gas as 1.21 kWh. Natural 
gas as fuel performance could generate 9% less electricity than LPG and 24.7 % 
less than gasoline. In the first phase of one-hour system run, it has been 
established that the lowest cost was with natural gas, the highest gasoline. 
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Figure 9. Full load system run in one hour 
 
In the second phase of the hourly system run, the system was tested in low load. 
The results of the one-hour system run have been shown in details in Figure 10. 
The highest energy generation in a one-hour run was with natural gas 0.99 kWh, 
0.78 kWh with LPG and lowest with gasoline as 0.68 kWh. According to the data, 
the lowest fuel cost was natural gas and the highest gasoline. In contrast with the 
full load run, in terms of fuel performance, natural gas generated 26.9% more 
electricity energy than LPG and 45.5 % more than gasoline. 
 
 

 
 

Figure 10. System run at low load in one hour 
 
In the experiments to determine electricity generation and consumption of fuel, 
another aspect was to measure exhaust gas heat and by means of a heat exchanger 
in exhaust, production of hot water from waste heat. The experiments were 
conducted at low and full load for all the three types of fuel. When the system was 
run at full load, the input temperature of the exhaust gas was between 450°C and 
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507°C.Water entering the heat exchanger in this heat range with 23°C and a flow 
rate of 0.015 kg/s, exits with a temperature of 45°C and 50°C. As a result, the 
output temperature of exhaust was between the range of 190°C and 237°C. When 
the system run at low load the input temperature of exhaust gas was between a 
range of 320°C and 362°C and the output temperature between 158°C and 161°C. 
Water entering the heat exchanger in this heat range with 23°C and a flow rate of 
0.015 kg/s, exits with a temperature of 38°C and 41°C. In this experiment the 
results for all three fuel types were quite close to each other. The results reveal that 
exhaust gas installed in such a system could meet the demand of heating and hot 
water in residences. The values about natural gas, LPG and gasoline in exhaust 
gas and heat exchanger are shown in graphics from Figure 11 to 13 
 

 
a) Full load                        b) Low load 

 
Figure 11. Values obtained from exhaust gas and heat exchanger for natural gas in 

full and low load 
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a) Full load                             b) Low load 

 
Figure 12. Values obtained from exhaust gas and heat exchanger for LPG in full 

and low load 

 
a) Full load                          b) Low load 

 
Figure 13. Values obtained from exhaust gas and heat exchanger for gasoline in 

full and low load 
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CONCLUSION 
 
In this study electricity generation onsite, which could be a model for small scale 
cogeneration has been researched. This study could minimize the loss of electricity 
during transportation and energy transportation costs [10]. This implementation 
will also benefit to the transformation of waste heat to usable energy, which has an 
important role in using energy more productively. 
 
It is anticipated that with such a system installed in residences and with more 
productive devices and better designed and insulated exhaust and heat exchanger, 
the need of heating and hot water could be met with waste heat. It is highly 
probable that there will be a surplus to requirement. If the surplus energy is 
included to the mains electricity, both the country's economy and the household 
will benefit [11]. This benefit can be regarded to meet the demand of energy 
(electricity, hot water) with less cost and as income by selling the surplus energy 
to the current system. The contribution to the country could be listed as less 
polluted environment, keep national funds in the country and more production. 
 
As a result natural gas is used in more than 70 cities, and it is planned to spread 
this usage to the whole country [12]. It is known that the vast majority of 
residences have started to use natural gas where available. Therefore, it seems 
possible to use natural gas which is cheaper, environmentally friendly, free of 
storage problems compared with other fuel types more productively and more 
efficiently. 
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ABSTRACT: This work is  proposed  the results of current and voltage 
measurements in the real low voltage distribution system and explains the effects 
of Harmonics in the Power System with high accuracy with many factors, the 
relationship between the load and no load and its effects on electrical equipment 
are practically analyzed , caused by connecting  the resistive load and no loading 
with conclusion two form frequencies, the system behavior is analyzed using the 
power quality analyzer device (Fluke-435B). This paper will imitate to these sets 
and include graphs which should explain the variances between individual power 
quality disturbances. the analysis of the results with respect to k factor and THD 
and how these can be analyzed  to check more successfully w.r.t IEEE 519 are 
showed. The elements of the distribution system consist of:1 kVA transformer, 
load resister, and Adjustable Speed Drivers(ASJ) are modeled. 
 
Keywords: Power System, Harmonics, THDi  , THDv, Kfactor, Power quality, 
LVDS, RERC.  
 
 
INTRODUCTION 
 
The Harmonic disturbances were principally less in the earlier period as the 
designs of power systems were very easy and conformist. However, these days 
with using of compound devices in the industry and traditional harmonic 
disturbances has too enlarged. So the Harmonics are one of the highest worries in 
a power system investigates.  
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There are numerous resolves aimed at the standards which are taking from the 
power quality. One of the highest details is the consumers are well informed about 
the power quality subjects like interruptions, sagging and switching transients. 
Besides, many power organizations are internally joined to low voltage network. 
The component of electrical power (current and voltage) distortion waveforms 
caused by harmonics are realizing to weaken of the power systems analyses [1,2]. 
The harmonics produce in a power system from two different forms of loads. The 
First type of loads is entitled the linear loads. The linear time-invariant loads are 
deliberated which the function of sinusoidal voltage outcomes in a sinusoidal drift 
of current. Aconstant steady-impedances are directed from these loads through 
the applied sinusoidal signals. The Non-linear loads are considered the second 
kind of loads. The application of sinusoidal voltage does not consequence in a 
sinusoidal flow smeared sinusoidal voltage for a non-linear devices.   
The non-linear loads draft a current which may be discontinuous and distortion. 
The power system in the Iraq uses a fundamental frequency of 50 Hz. All loads are 
reproduction to receive untainted sinusoidal waveforms however due to non-
linear loads, the untainted sinusoidal waveforms are distorted by electromagnetic 
phenomena called harmonics [3,4, 5]. Harmonics are  contenting of the signal that 
frequency is an integer multiple of the system’s fundamental frequency, 
Harmonics for this frequency are shown in Table 1.  
 
Table 1: Fundamental frequency of 50 Hz and its harmonic values 

 
 
 
 

 
The other variables may be ducked as the dc presents a less angle pattern and the 
detailed analytical procedure is functional [6]-[8]. This detailed analytical 
procedure  (DAPs) uses the Laplace transformation requires estimations of 
lengthy inverse Laplace transformations [6] or the state variable approach [7]. 
Once a study is complete, a report will be issued containing:    
 
Voltage & current harmonic distortions  
Graphical one-line display of harmonic results 
Voltage & current harmonic spectrum plots 
Updated one-line diagram (optional) 
Fundamental load drifts outcomes 
Recommendations for corrective action 
 
This paper presents a measurement of the total harmonic distortion levels and k-
factor created by ASD in building contents of twenty labs. materials, Refrigeration 
& Air Conditioning,electrical test, solar energy, electronic lighting ballasts, 
uninterruptible power supplies,Number of printers therefore, The effect of phase 

Nth Harmonic Fundamental 2nd Harmonic 3rd Harmonic 

N(50) Hz 50 Hz 100 Hz 150 Hz 
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shift transformers and distortion are inspected and cast-off as methods to analyses 
the harmonic distortions.    
 
 
POWER LOSSES 
 
The Non-linear loads that cause harmonics are magnetic devices, converters, and 
rotating machines. Many motors that are used in industrial applications are 
collected of magnetic materials and are driven by a changing flux and magnetic 
field. This increasing a back electromotive force (EMF) and straight contributes to 
a form of harmonic distortion known as as voltage distortion. The harmonic 
currents are generated by non liner loads, additional losses in the transformers 
feeding the loads. The overall load loss be able to be listed as:[9]-[11].   
 

                           (1) 

                           (2)  

      (3) 

                                                         (4) 
 
Table 2: Fundamental frequency of 50 Hz and its harmonic values 

PLoad The totalload of the transformer 

I the rms current 

RDC Winding DC resistance 

PDC the winding eddy-current loss 

REC-R is the equivalent resistance corresponding to the eddy-current loss 

ft  The Individual harmonic 

fL  The Fundamental frequency  

POSL POSL is the other stray loss 

 
Small dc modules (up to the rms magnitude of the transformer excitation current 
at rated voltage) are predictable to have no effect on the load carrying capability of 
a transformer determined by this optional practice. Higher DC components may 
unfavorably affect transformer proficiency and should be avoided [12]-[14]. In 
observation, it is important to use the real harmonic current values sooner than 
theoretical values [15].    
  
 
ESTIMATION OF HARMONIC LOAD METHODS 
 
The IEEE Standard 1100-1999 distinct power quality disturbances based on the 
wave shape. There are five primary categories of waveform distortion: 
 
1. DC offset 
2. Harmonics 
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3. Inter harmonics 
4. Notching 
5. Noise 
There are three methods for estimation harmonic load content: 
 
Total Harmonic Distortion(THD) 
 
Distortion Index, the best commonly used directory for computing the harmonic 
gratified of a waveform, is the total harmonic distortion (THD).   It is a degree of 
the actual importance of a waveform and can be practical to both  voltage or 
current. Just as waveforms can be added to generate imprecise signles, distorted 
components may be decomposed into fundamental and harmonic signles. This 
guide can be intended for either current  and voltage. [8,9,16].  The following 
formulas are computing the total harmonic distortion for both    17 

              (5)  

             (6) 

                   (7) 

          (8)  

K-Factor Rated Transformers 
K-factor transformers are considered to stream non-sinusoidal loads, and there are 
used smaller, insulated, the secondary conductor in matching to reduce skin effect, 
but that is more expensive than conventional transformers[8,9,16].The zero 
sequence current goes in the neutral as the majority  harmonic current frequencies 
comprise harmonic components consuming multiples of  (3,6.9…etc.).  

                                                                                  (9) 

 
Crest factor method 
It is means of determining the max load that can be safely placed on a transformer 
which deliveries harmonic loads.By definition, a perfect sine wavecurrent or 
voltage will have a crest factor of 1.414, and any deviation fromthis value 
represents a distorted waveform[11,12,13].    
 

                                                                        (10) 

 
 
HARMONIC LIMITS (DISTORTION LIMITS) 
 
Bear in mind that ahead of harmonics may still be necessary, whether or not the 
aim is to meet IEEE Std. 519-1992 standards. In low-voltage schemes (600 V or 
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less), capacitors are generally the deepest impedance at harmonic frequencies, and 
practice as a result high RMS currents and enlarged the temperature that sources 
them to burn. 
 
Harmonics Stander Limit 
According to IEEE 519, harmonic voltage distortion on power systems 69 kV and 
below are restricted to 5.0% total harmonic distortion (THD) with each harmonic 
restricted to 3%. The harmonic current limits vary based on the shortcircuit 
strength of the system they are being injected into basically, the new system can 
hold harmonic currents,  The utility switches providing a clean voltage to the 
customer.  
 
ISC/IL Ratio 
As presented in Table 2 and stated previously in this work, the harmonic limits 
which apply to a particular customer depend on the ISC/IL ratio at that 
customer’s point of common joining  with the utility. As distincted in IEEE 519 ISC 
is the maximum short-circuit current at PCC. This should be a three-phase bolted 
fault current. This is a current calculated from the maximum billing (e.g. 15 or 
30minute) demand, not an instantaneous peak—avery important distinction. This 
ratio indications the relative impact that a given customer can have the utility. 
Acustomer with a small demand relative to the short circuit current available 
cannot cause much disruption to the utility system. The actual measurement on 
non-linear devisees is very imported to devices specifications in zones and 
construction such that the maximum total harmonics distortions (THD) of circuit 
currents,at rated load conditions, shall be restricted to those figures as presented 
in Table 3 below.  
 
Table 3. Maximum THD of current in percentage of fundamental 

Maximum 
Total 
Harmonic 
Distortion 
(THD) of 
Current  
 

Circuit Current at 
Rated Load 
Condition ‘I’ at 
380V/220V 

20.0% I<40A  

15.0% 40A≤I<400A  

12.0% 400A≤I<800A  

8.0% 800A≤I<2000A  

5.0% I≥2000A  

 
The maximum acceptable of fifth harmonic current distortion (THDi5) at the 
Adjustable Speed Drives (ASD) operation within the variable speed range is less 
than 35%. The compensation group at sub-panel is accepted in this state [18].     
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EXPERIMENTAL SETUP 
 
The experiments parts were performed on a single phase transformer. The results 
value is very accurate because All result parameters were got with theFluke-435B 
power quality analyzer. Open- Circuit and Short-Circuit tests were applied to a 
1kVA, 220/105-V single-phase transformer.   
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Table 4. List of used components in the experiment 

item Model 
number(specifications) 

ASD N700E 

Power 
quality 
analyzer  

Fluke-435B 

Many 
Variable 
resistors  

From 500w to 1000w 

435BStorage 
oscilloscope  

SFRAM 

Transformer  1KVA 

Personal 
Computer 

 

 
 



 

 
 

53 The International Journal of Energy & Engineering Sciences 

 
Figure 1. Practical experimental components Harmonics Effect at Frequencies. 

 
RESULTS and DISCUSSION 
 
Using mat lab Program, the values of internal resistance is showed for different 
frequencies, according to noload and load at Fig(2) and Fig(3), without DC effects, 
the normalize of the first one is 0. 1263 and the second one is 0. 1466  for 16 points 
used for fitting for each other at 50 Hz. 
 
The Total Harmonic Distortion (THD) Using power quality analyzer, is computed 
at the PCC and (fig.6 to fig.11) show that. Results are presented in approximate 
percentage of the 50 Hz component. The current flow in the neutral is distorted 
with following percentage, At no load case the THDi and k factor 57.4%,14.6 
respectively. However, at load THD and k factor 64.9%,19.4 respectively. The 
increasing value of Thai and k factor is 11.55%,24.74 respectively. 
 
The current flow in the line is distorted with following percentage, At no load case 
the Thai and k factor 77.6%,81.3 respectively. Though, at load THD and k factor 
230.1%, 178.3 respectively. The increasing value of Thai and k factor is 66.27%,54.4 
respectively. 
 
The voltage distortion in the neutral is distorted with following percentage, At no 
load case the THDv =67.9%. But at load THDv = 88.6 %,. The increasing value of 
THDv is23.36%, the Total Harmonic Distortion (THD) is computed at the PCC For 
50 Hz show that. 
  
At 400 Hz, (fig.12 to fig.17)The current flow in the neutral is disfigured with 
following percentage. At no load case the THDi and k factor 68 %, 21 respectively. 
However, at load THD and k factor 108.6%, 36.3 respectively. The increasing value 
of THDi and k factor is 37.3% 42.2 respectively. 
 
The current flow in the line is distorted with following percentage. At no load case 
the THDi and k factor 226.6% 169.8 respectively. However, at load THD and k 
factor 182%, 93 respectively. The increasing value of THDi and k factor is (- 24.5 
%,-82.5) respectively. The voltage distortion in the neutral is distorted with 
following percentage. At no load case the THDv = 90.8%. But at load THDv = 38.3 
% The increasing value of THDv is (- 1.37 %).    
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Table 5. Parameters Analysis under states of variable Load Conditions 
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Figure 2. At  no load 
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Figure 3. At load 

 
 

 
Figure 4. Amplitude of THDNi and THDLi at (50Hz and 400Hz) with and without 

resistive load (neutral and line for the current waveform) 
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Figure 5. Amplitude of the k factor at (50Hz and 400Hz) with and without 

resistive load (neutral and line for the current waveform) 
 
 
 

 
Figure 6. Amplitude of Harmonics at 50Hz without resistive load (neutral line for 

the current waveform) 
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Figure 7. Amplitude of Harmonics at 50Hz with resistive load (neutral line for the 

current waveform) 
 
 
 
 

 
Figure 8. Amplitude of Harmonics at 50Hz without resistive load ((Line harmonics 

for the current waveform) 
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Figure 9. Amplitude of Harmonics at 50Hz with resistive load ((Line harmonics 

for the current waveform) 
 
 
 
 

 
Figure 10. Amplitude of Harmonics at 50Hz without resistive load (Neutral Line 

harmonics, volt) 
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Figure 11. Amplitude of Harmonics at 50Hz with resistive load (Neutral Line 

harmonics, volt) 
 
 
 
 

 
Figure 12. Amplitude of Harmonics at 400Hz without resistive load (neutral line 

for the current waveform) 
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Figure 13. Amplitude of Harmonics at 400Hz with resistive load (neutral line for 

the current waveform) 
 
 
 
 

 
Figure 14. Amplitude of Harmonics at 400Hz without resistive load (Line 

harmonics for the current waveform) 
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Figure 15. Amplitude of Harmonics at 400Hz with resistive load (Line harmonics 

for the current waveform) 
 
 
 
 
 
 

 
Figure 16. Amplitude of Harmonics at 400Hz without resistive load (Neutral Line 

harmonics, volt) 
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Figure 17. Amplitude of Harmonics at 400Hz with resistive load 

(Neutral Line harmonics, volt) 
 
 

CONCLUSIONS 
 
In this investigation two kinds of frequency, the first50 Hz and the second 400Hz 
under no load and pure resistive load. At no load and load Have been observed of 
THDNi increasing with frequency,the values w.r.t the line distortion it low 
because overlap waveform,the phase shift between the phases decreases, PCC and 
flow direction of all harmonics. The behavior at no load and load of THDLi is 
changed at 400 Hz only where the value of THDLi at no load higher than load 
because changed the electrical load of building. The behavior of the THD is the 
same behavior of K-factor However, this values exceed over the rate of IEEE 
519(I<40A) cause by their many technical labs, in this building of RERC. Both No 
load and Load losses are effected by the presence of harmonics in load currents. 
However, the variation in load losses contributes more to excessive heat 
generation in distribution transformer. The Fluctuation between the high and the 
low-frequency especially at increasing the load is present this must take into 
consideration when designing and manufacture of Electric devices. 
 
 
RECOMMENDATIONS FOR FUTURE WORK 
 
New laboratory tests on dissimilar transformers are required. A wide study of 
loads such as the individually of the inductance or capacitance is required for 
finally this issue. To rise above this state the optional action is to twice over the 
size of the neutral. 
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