H
| ',

I55N: 21439144
o
Joumalof
(ool
Eyernn]

Scesngmailcon it

| ne: 4 - No:3 - 2018 E\ ‘ I eeﬁll

" Founder-Editor in Chief : Prof.Dr. Iskender AKKURT

ipark.gov.tr/ijcesen




Journal Info

Web dergipark.gov.tr/ijcesen
E-mail ijcesen@gmail.com
ISSN 2149-9144

Frequency March-July-November
Founded 2015

Journal Abbreviation IJCESEN

Language English-Turkish

Founder-Editor-in-Chief

Prof.Dr. Iskender AKKURT

| Suleyman Demirel University-TURKEY

Editorial Board

Prof.Dr. Mahmut DOGRU

Firat University- TURKEY

Prof.Dr.Mitra DJAMAL

Institut Teknologi Bundung-INDONESIA

Prof.Dr. Sevil CETINKAYA

Cumhuriyet University- TURKEY

Prof.Dr. Mohamed EL TOKHI

United Arab Emirates University-UAE

Prof.Dr. Nezam AMIRI

Sharif University-IRAN

Prof.Dr. Berin SIRVANLI

Gazi University- TURKEY

Dr. Nabi IBADOV

Warsaw University of Technology-POLAND

Dr. Zuhal ER

Istanbul Technical University- TURKEY

Dr. Nurten Ayten UYANIK

Isparta Uygulamali Bilimler University- TURKEY

Dr. Amer AL ABDEL HAMID

Yarmouk University-JORDAN

Dr. Zehra Nur KULUOZTURK

Bitlis Eren University- TURKEY

Dr. Dhafer ALHALAFI

De Montfort University, Leicester-UK

Dr. Zeynep PARLAR

Istanbul Technical University- TURKEY

Dr. Mandi ORLIC BACHLER

Zagreb University of Applied Sciences-CROATIA

Dr. M. Fatih KULUOZTURK

Bitli Eren University- TURKEY

Dr. Irida MARKJA

University of Tirana-ALBANIA

Dr. Kadir GUNOGLU

Isparta Uygulamali Bilimler University- TURKEY

Dr. Ahmet BEYCIOGLU

Adana Bilim Teknoloji University- TURKEY

Dr. Hakan AKYILDIRIM

Suleyman Demirel University- TURKEY

Dr. Zakaria MAAMAR

Zayed University-UAE

Dr. Tomasz PIOTROWSKI

Warsaw University of Technology-POLAND



http://dergipark.gov.tr/@zuhaler
http://dergipark.gov.tr/@iridamarkja
http://dergipark.gov.tr/@zakariamaamar

Table of Contents

Volume: 4 No: 3 November-2018
Authors Title DOI: Pages

Ayfer ERGIN, Mustafa Fatih ERGIN Reduction of Ship Based CO, Emissions from Container Transportation 10.22399/ijcesen.429944 | 1-4

Serkan Aydin, Hakan YUKSEL Internet Based Data Collection and Analysis of Objects in Solar Energy Production 10.22399/ijcesen.358359 | 5-8
Systems

Sedat YILMAZ, Ziiheyr KAMACI Resistivity and Seismic Refraction Studies on Kisikli Landslide (Antalya, Turkey) 10.22399/ijcesen.348792 | 9-14

Giir Emre GURAKSIN, Eyiip Can BICER, Atilla Characterization of Hydroxyapatite Coating on Ti6Al4V by Sol-gel Method 10.22399/ijcesen.379088 | 15-19

EVCIN

Xueli GUO, Jun LI, Gonghui LIU, Hui YAN Numerical Simulation of Casing Stress during Multi-stage Fracturing Based on Stage 10.22399/ijcesen.418035 | 20-24
Finite Element Method

Lei ZHENG, Xiaodong WU, Ruidong ZHAO, Study on performance of progressing cavity pumps (PCPs) in different fit modes 10.22399/ijcesen.474462 | 25-29

Huachang LI, Mengyun LIU

Nai CAO, Hong LI, Mengyun LIU Effect of Stress Sensitivity on Production of Tight Heterogeneous Reservoir 10.22399/ijcesen.444575 | 30-33

Ismail YUCE Yarns that Emit Far Infrared Rays 10.22399/ijcesen.368405 | 34-38

Baki BAGRIACIK, Sefer Ercan EPSILELI, Emre | Comparison of Bearing Capacity of Piled Raft Foundations Consisting of Different | 10.22399/ijcesen.477263 | 39-42

PINARCI, Mustafa BELEN Number of Piles under Static and Repetitive Loads

MURAT OZSOY, Ismet TIKIZ, Hiiseyin PEHLIVAN | Thermal Analysis of a Zirconium Dioxide Coated Aluminum Alloy Piston 10.22399/ijcesen.479222 | 43-50




Copyright © IJCESEN

HOESEN

International Journal of Computational and ——
Experimental Science and Engineering T
(IJCESEN) e

Vol. 4-No.3 (2018) pp. 1-4  ——
http://dergipark.gov.tr/ijcesen T
ISSN: 2149-9144

Research Article

Reduction of Ship Based CO2 Emissions from Container Transportation

Ayfer ERGIN'*, M. Fatih ERGIN?

Ystanbul University, Engineering Faculty, Maritime Transportation Management Engineering Name of

Institution/Department, 34320 Istanbul/ TURKEY

2Istanbul University, Engineering Faculty, Chemistry Engineering, 34320 Istanbul/ TURKEY

* Corresponding Author : ayfersan@istanbul.edu.tr
ORCID: 0000-0002-6276-4001

Article Info:

DOI: 10.22399/ijcesen.429944
Received : 2 June 2018
Accepted : 19 July 2018

Keywords

Container transportation

CO2 emissions
Carbon footprint

Abstract:

Today, with the globalization of the world, traders have almost removed the
borders. Therefore, there has been a considerable increase in demand for people
to reach each other. This also led to the increase in maritime transport which has
approximately 80% of the volume of worlds’ freight load and also is the most
economical mode of transportation. Despite being the most environmentally
friendly transport system, the current CO, emission rate due to sea transport is
2.5%. Also, 26% of CO, emissions and energy consumption resulting from
maritime transportation is caused by container ships which only generate 16% of
world fleet. In this context, container transport has been examined in terms of
CO; emissions. Slower steaming requires less bunker consumption and fewer
bunkering port calls thus lowering CO, emissions compared to steaming at
normal speeds. However, it takes more navigation time and vessels to meet the
vessel-routing schedule but it can also reduce fuel cost. This study investigates
CO; emissions responsible for a container ship to determine bunker fuel saving
and CO; reduction strategies for container shipping lines. A case study was
carried out using the real shipping data of a container ship with a capacity 1880
TEU between Ambarli and Savannah ports. Additionally, two different scenarios
have been proposed to reduce the emission of a real container ship in operation.

1. Introduction

International shipping trade is vital for the global
economy. It is responsible for more than 80% of
world trade. Seaborne trade volume increased by
2.6% from 2015 to 2016 and reached 10.3 billion
tons [1]. Maritime transport system is the most
environmentally friendly among other
transportation systems. Nevertheless it gives off
around 1000 million tons of CO; per year and is
account for approximately 2.5% of global
greenhouse gas emissions [1,2]. Growing emissions
of greenhouse gases cause of negative impacts on
human health and the climate change [3]. Container
shipping is the fastest growing segment of marine
transportation by about 5% growth. One of the
reasons for this increase is that container
transportation can easily be integrated with other
transportation modes. In addition, container

transport has vital importance to supply chains with
short transit time ability.

Bunker fuel costs comprise of a large part of the
operating costs of container shipping line. Ronen
emphasizes that bunker fuel costs are responsible
for around 75% of the operating costs of a large
container ship [4]. In this context, in order to save
fuel consumption and to decrease the amount of
emission, a case study was made. The case study
was implemented utilization the real shipping data
of a container ship with a capacity 1880 TEU
between Ambarli and Savannah ports. Two
different scenarios have been suggested to reduce
the emission of a real container ship in operation.

1.1. Literature Review

The sailing speed is the main criterion that
determines the fuel consumption of a ship. There
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are many studies in the literature that deal with
speed optimization to reduce fuel consumption and
emissions. Fagerholt et al. addressed the problem of
determining the optimal speed on a particular route
[5]. Carlou analyzed effects of relation of CO;
emission and reducing of speed in the container
ship [6]. Kim et al. investigated amount of fuel and
optimum ship speed for a fixed ship route [7].
Notteboom and Cariou researched the effects of
slow sailing on BAF charge paid by shipper as well
as fuel consumption at the ship [8]. Khor et al.
implemented a software program to optimize the
speed of large container ships. As a result the
optimum speed was found to be 19.5 knots [9].
Sheng developed a mathematical model that takes
into account the size and optimum speeds of
container ships. The model cannot be used for
vessels higher than 16,000 TEU [10]. Doudnikoff et
al. investigated differences speed between inside
and outside SECA which amount of CO, emissions
and the total transit time [11]. Meng et al. used a
mathematical model to investigate the fuel
efficiency of container ships [12]. Mao et al.
established a model for ship's speed prediction by
using two statistical approaches [13]. Tai and Lin
analysed possible changes main routes in the
container shipping as a result of the Panama canal
expansion. These changes on emissions was
examined [14]. There are studies in the literature
that focus on emissions in certain regions and ports
such as sea of Marmara sea [15], Candarli Gulf
Turkey [16], United States ports [17], Taiwan ports
[18].

2. Calculation of Emission

The ship emission is influenced by fuel type, engine
type, fuel consumption, operation mode, time
period in operation mode, emission factors and
weather conditions. The amount of shipping
emissions between Turkey and USA is calculated
for a container ship. Additionally, in this study, real
data obtained from a container ship with a capacity
of 1880 TEU was used. The emission amounts
emitted by sailing ship are calculated as follows
[16, 19]:

E® = E¢ + Ef, + Ef (1)

E§ =Ts X F) X K3,

Di.j Di.;
=—;’xF[‘°xK§fg+—;]xF{1°xK_gg (2)

Ef =Tu X FY XKy,
= Ty % (F° x K% + FA° X K%, (3)

Qi
EE=Tp xF)xXKp, = 2r FPO x K29 (4)

2.1. Case Study

In the study is utilized case study of a real container
ship from a global shipping. The transit time of the
selected ship in the case study is 25 days between
Ambarli and Savannah ports. The container ship
has been standing on the port for about 9 days for
loading and unloading operations and sailing for 15
days on sea. In the study, firstly the emission
amount for a specific route was calculated. The
total CO; emissions of the ship are calculated 7.46
tonnes CO; per specific route. Then, daily amount
of emissions per TEU are found. The daily CO;
emission for the dry container is 0.15 kg and the
reefer container is 0.22 kg.

Two different scenarios have been proposed to
reduce the emission of a real container ship in
operation. In the first scenario, the ship speed is
reduced by 0.5 knots from the speed value in the
actual scenario. Reduced fuel consumption of the
ship is calculated. The total CO. emissions of the
ship is found 6.62 tonnes CO, per route for first
scenario. The daily CO; emission for the dry
container is 0.13 kg and the reefer container is 0.20
kg. Reduced ship speed causes the transit time to
increase. As a result the transit time between
Ambarlt and Savannah ports is increased by 10
hours. However, this situation has led to a decrease
in the amount of fuel consumed. The amount of
emissions generated by the container ship has
decreased. In scenarios first a reduction of 11.27%
was calculated for the CO, emission amount from
the container ship per a specific route.

In the second scenario, the ship speed is reduced by
1.0 knots from the speed value in the actual
scenario. Reduced fuel consumption of the ship is
found. The total CO, emissions of the ship is found
5.90 tonnes CO; per route for second scenario. The
daily CO; emission for the dry container is 0.12 kg
and the reefer container is 0.19 kg. Reduced ship
speed causes the transit time to increase. As a result
the transit time between Ambarli port and Savannah
port is increased by 21 hours. However, this
situation has led to a decrease in the amount of fuel
consumed. In Figure 1 show that the fall in speed
has an effect on fuel consumption.

The amount of emissions generated by the
container ship has decreased. In scenarios second a
reduction of 20.84% was calculated for the CO;
emission amount from the container ship per a
specific route. Not only the carbon footprint of the
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ship but also the carbon footprint per container is
calculated in the study. Figure 2 shows reducing a
container ship' speed is decreased amount of
emissions per container.
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Figure 1. Fuel consumption rates of container ship at
different speeds.
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Figure 2. CO; emissions of per container at different
speeds.

3. Conclusion

This study researches CO, emissions responsible
for a container ship to determine bunker fuel saving
and CO; reduction strategies for container shipping
lines. A case study was carried out using the real
shipping data of a container ship with a capacity
1880 TEU between Istanbul Ambarli port and
Savannah port. The emission amount of the
container ship was calculated during the route. The
total CO, emissions of the ship are calculated 7.46
tonnes CO; per specific route. This research also
involves carbon footprint calculation per dry
container and reefer container. A container ship
accounts for daily CO, emission for the dry
container is 0.15 gr and the reefer container is 0.22
kg.

Two different scenarios have been proposed to
reduce the emissions of the container ship. In the
first scenario shows that reducing the container
ship’s speed form 17 knot to 16.5 knot has

decreased CO, emissions by around 11.27%
between Istanbul Ambarl port and Savannah port.
In the second scenario indicates that reducing the
container ship’s speed form 17 knot to 16 knot has
decreased CO- emissions by around 20.84% for the
same route.

Positive impact of slow steaming provides that
emission reduction from ship and fuel consumption
saving. Bunker fuel costs also comprise of a large
part of the operating costs of container shipping
lines. The slow steaming strategy is crucial in terms
of fuel and emissions reduction for container
shipping industry. Global container companies
should adopt a wvariety of technological and
operational  strategies to  reduce  bunker
consumption, such as lower ship speeds, energy-
saving and low-carbon power and drive systems,
better body designs, voyage optimization systems
and renewable energy sources.
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In this study, some parameters were measured during the production
phase of the electricity generated by the solar panel. Light, temperature,
humidity, voltage, current and power measurements were carried out
during the production of the electric energy of the solar panel.
Measurements were instantly transferred to the cloud technology. The
Internet of Things (IoT) is very popular today. Many objects can
communicate with each other. Measured data for objects can also be
analyzed on an instantly, hourly, daily, etc. basis thanks to cloud
technology. Renewable energy keeps updating the energy generation

system of the future and it is constantly developing. In this study, the
parameters measured in renewable energy systems were examined.

1. Introduction

It is important that the information used in automation
and industrial systems be used in real time. Different
systems are used to transfer this information in real time
[1]. These systems generally store the measured values
as a database or cloud-based. Thanks to this data, many
faults are prevented. Within the system efficiency, the
necessary values are obtained. These systems are often
called the Internet of Things (1oT).

Internet of Things (loT) is technologies that enable
sensors to transmit data generated by sensors attached to
objects wirelessly and control objects. Nowadays, it has
started to have a very important place by using a lot of
fields and has played an important role in the
development of this technology in various fields and it
continues to play important roles [2].

Usage rates of devices connected to the Internet are
increasing and we use in most areas. Today, there are
billions of devices connected to the Internet [3]. In recent
years, the Internet of Things (1oT) has begun to be used
in many areas, and some of them are smart houses. In
similar systems, the measured data is stored in the cloud
technology via different systems. With these records, it
is possible to instantly or later display the data presented
to the user's use [4]. Smart houses do not only control
data and control but also they are now in the process of

producing their own energy. One of the most commonly
used methods of producing their own energy is solar
energy.

Solar energy is an important renewable energy source.
The Wi-Fi system is an important system for control
systems in terms of speed and accuracy in solar panel
systems. By combining similar systems, instantaneous
monitoring of measured values, energy efficiency
detection and prevention of failures will be facilitated
[5]. Solar energy or photovoltaic systems are one of the
most important sources of renewable energy resources.
The charge control system in solar energy systems is the
heart of the system. If charge control is well done in
solar energy systems, system efficiency can reach 97-
98% [6]. There are many factors on PV panel power
output in photovoltaic systems, some of which are
surface temperature, panel position and electrical load
resistance [7].

This study is a combination of intelligent systems such
as the solar energy system, the Internet of Things, and
the Arduino microcontroller system.

2. Materials and Methods

In this study, DHT11 air temperature and relative
humidity sensor for the installed solar panel and
temperature and humidity measurements of the
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environment of the solar panel were made. The LDR
light sensor also was measured the light value of the
solar panel. The ACS709 current sensor was measured
the voltage and current values of the solar panel. With
the Arduino Due microcontroller card, the values from
the sensors were processed and transferred to the
database using the cloud technology, with the help of the
ESP8266-ESP-201 Wi-Fi module. The reason for using
Arduino Due is that the values read from the sensors are
processed more quickly and stably and the GPIO pins
work better with the ESP8266-ESP-201 Wi-Fi module
due to the operation with 3.3 volts. In the installed
system, the values read from the sensors are recorded
graphically in the database with the cloud technology.
These values can be examined on an hourly, daily,
monthly and annual basis. Figure 1 shows the block
diagram of circuit components.

DHT 11

(T)
LDR ARDUINO ESPBZSG-U
SENSOR DUE ESP201
ACS709
BATTERY
SOLAR CHARGING | BATTERY |—» INVERTER |—» LICHT
PANEL BULB
UNIT
SMARTPHONE
CHARGING
UNIT

Figure 1. Circuit Components Diagram

The installed solar panel system is a 140 Watt solar
panel. The electricity generated by the solar energy
charges a 12V 60Ah hour gel accumulator via the
charging circuit with a 10 A digital sun charge regulator.
The accumulator is connected to a 300 W inverter. 220V
5W three led bulbs and a socket and photocell relay
control are connected to the inverter. In addition, 12V /
5V six USB chargers are connected.

Figure 3. Charging and Wireless Data Transfer Station

For a more stable measurement, the wireless data
transmission system, the algorithm is drawn in Figure 4.

START
CONTROL J

SENSORS
ACTIVE?

Yes

-t

TEMPERATURE
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HUMIDITY (%H)

LIGHT
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DELAY
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VOLTAGE (U)
POWER (P)

l

SEND MEASURED
VALUES

Figure 4. System Algorithm
3. Results

With the installation of the system, the data transferred
to the cloud technology are transformed into graphics.
For example, the hourly data of air temperature, relative
humidity, light, current, voltage and power values are
shown in Figures 5, 6, 7, 8, 9 and 10.
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Figure 10. Data of Power

As a result of this study, the current, voltage and power
values of the installed solar panel according to daylight,
temperature and humidity values were recorded in the
database via cloud technology. With these data, it is
possible to determine at which intervals the most
productive values can be reached. The measured values
are recorded instantly to the cloud technology thanks to
the Wi-Fi module.

As you can see from the figures, the measurements of
relative humidity, air temperature and light values as
well as the voltage, current and power values produced
by the solar system have been applied. In this way, the
efficient working data intervals of the system will be
determined and the efficiency of solar systems will be
improved.

4. Discussion

In today's technology, developments in renewable
energy and cloud technology have gained momentum.
The necessary calculations can be made to remove the
hot spot effect in the solar panel systems and obtain the
highest efficiency. By doing these calculations, studies
can be developed to determine the positioning and
turning angles of solar panels.

In addition, thanks to similar work, prototypes can be
installed and measurements can be made prior to solar
panel installation. These measurements will ensure that
more accurate information is obtained before installing
more powerful solar panels.
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Abstract:

When natural slope is disturbed by human activity such as road construction and
infrastructure, continuous landslide monitoring is important to prevent loss of
material and life. Therefore, this study aims to determine the landslide material,
the possible sliding surface and the influence of groundwater on the landslide
occurrence. Low cost monitoring landslide is performed which is vertical
electrical sounding (VES) and seismic refraction methods. The case study area is
located in the district of Kisikli (Antalya province) in the Mediterranean Region of
Turkey. VES survey were performed using Schlumberger electrode array at six
locations. VES results interpretation leads to detect of maximum five geoelectrical
layers. First, second and third layers represent saturated and permeable layer,
while fourth and fifth layers correspond to an impermeable layer. Seismic
refraction measurements were carried out on three profiles. Low velocity and
elastic parameters relatively correspond to the permeable materials in near surface
with thickness about 4-5 m higher porosity. The integrated of VES and seismic
surveys allow mapping the weathered material at depth and providing depth
information of the sliding surface which occurs at a depth between approximately

5mand 20 m.

1. Introduction

Landslide is one of natural hazard that probably
impact thousands of deaths and losses of billions of
dollars every year [1]. It has different properties
according to the cause of occurrence and shape [2].
It occur in the form of slipping, flowing and falling
along a certain surface [3]. Therefore landslides are
geologic complex formed from the combination of
changes in contrast and physical values possessed
by the layer [4].

Because of the high cost of geotechnical methods
based on direct research, geophysical surveys are
the best way to study landslides by determining
landslide characteristics [5-7]. Therefore, relatively
low cost and noninvasive geophysical methods
provide new deals for promptly survey of large
areas and produce detailed information about the
landslide internal structure [8-10]. Vertical
electrical sounding (VES/one-dimensional

resistivity) and seismic refraction from field
geophysical exploration methods are widely used to
investigate the landslide area [11-16]. The success
of the resistivity method is connected directly to the
electrical resistivity contrast of different lithological
units (clay, marl, limestone and etc [13, 17-19]. The
first arrivals and their corresponding travel times of
seismic refraction are analyzed. With survey of a
landslide with geophysical methods may be
determined the thickness and lateral extension of
slip material, the possible sliding surface, the
bedrock depth, the distribution of various materials
and the status of groundwater within the slip mass
[17, 18, 20-27]

In this study, a landslide occurred after heavy
rainfall has been investigated. The maximum
amount of rainfall in the landslide area formed
between November and February 2010. This
landslide occurred on February 2010 in Kisikli
district of Sariabali village of Serik town, Antalya
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in Turkey. Annual precipitation between 2008 and
2010 was 273 mm, 1399 mm and 1436 mm,
respectively. There was not available daily rainfall
data before landslide. In addition, the landslide had
taken place after the huge Manavgat-Serik forest
fire that broke out in the summer of 2008. Using
VES and seismic refraction methods, the thickness
of the mass causing landslide, water content, the
sliding surface and bedrock structure has been
uncovered.

2. Location and Geology

Study area is located in Kisikli district of Sariabal
village of Serik town of the province of Antalya in
Mediterranean Region of Turkey (Fig. 1). Kisikli
landslide showing an inclination of about 17° is
approximately 380 m long, about 90-110 m wide
and in an environment with an altitude ranging
from 50 m to 160 m. Many man-made structures,
such as road along slope, a greenhouse site and
several buildings, have been largely damaged by
landslide (Fig. 2).

intercalated with mudstones. In places, reefal
limestones embedded within the conglomerates can
be observed in the area. The Antalya Basin,
separated into three sub-basins such as the
Manavgat, Kopriicay and Aksu, occurs within the
Isparta Angle (Fig. 3) [30]. The Kd&priigay Basin
including the study area is separated from the Aksu
Basin by the late Miocene Aksu Thrust and exists
in the central position within the Antalya Basin [31,
32]. The Karpuzg¢ay Formation includes mudstone,
siltstone, conglomerates, detritic limestones and
rests over the Tepekli Formation [33].
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Figure 1. Study area.

bottom view

Figure 2. Photographs of the site showing the landslide
scarp and damaged structures.

Kisikli District includes the Ophiolitic Melange of
the Antalya Nappes, the Miocene Tepekli
Conglomerates and the Karpuzgay Formation [28-
30]. The Ophiolitic Melange is mainly composed of
limestone blocks, sandstone, marl, chert, shale,
serpentinites. The Tepekli Formation around
Sariabali region outcrops especially along the
eastern margin of the Antalya Nappes and consists
mainly  of  well-rounded clastic materials
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Figure 3. Geology map of the East area of Antalya
(modified after Deynoux et. al., 2005).

3. Data Collection and Processing

The vertical electrical sounding (VES) method
provides one-dimensional (1-D) underground
information about the vertical electrical resistivity
variation. The classic technique for field VES
application is to use Schlumberger electrode array.
Five Schlumberger stations were located inside
landslide  while the remaining one half-
Schlumberger station is out landslide area (Fig. 4).
Maximum current electrode interval ranges
between 100 m and 150 m. VES Schlumberger data
were inverted to their equivalent 1-D models
composed of horizontal layers using modeling
procedures. An algorithm developed by Zohdy [34]
was first used to invert the field VES data. Then
IP12win software [35] was used to improve the first
interpreted results.

The seismic refraction method, which benefits from
waves traveling in different parts of the
underground, is capable of mapping the boundaries
between layers characterized by different seismic
velocities. Seismic refraction is a quantitative
technique that it provides the seismic velocities as
well as determining the depths of different
subsurface layers. Two kinds of seismic waves,
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namely the P-wave and the S-wave, can assist in
the interpretation of geological layers. Three
seismic refraction profiles were performed both
forward and reverse shooting techniques. The
seismic stations were located inside active landslide
site (Fig. 4). Seismic refraction data were analyzed
graphically, and P- and S- velocities were obtained
from slopes of the time-distance graphs. Depths of
the layers using travel time equations derived as a
function of wvelocity were computed. Elastic
parameters such as modulus of elasticity and
Poisson's ratio that describe the subsurface material
were calculated by using P- wave and S- wave
velocities.

oy

diﬁ%{,bn VES#2 VES-3 and S2

X e
~*MES:l<and S1

VES-5 and S3

f

VES-4

Figure 4. Location of the measurement stations; six
vertical electrical sounding (VES-1, VES-2, VES-3, VES-
4, VES-5 and VES-6) and three seismic refraction (S1,
S2 and S3) stations.

4. Results and Discussion

Fig. 5 shows 1-D earth models from the resistivity
data carried out at stations VES-1, VES-2, VES-3,
VES-4, VES-5 and VES-6. Black lines are field
data. Blue lines are 1-D models. Red lines show
data calculated from 1-D models. The VES
modeling results show that the shallow subsurface
in the landslide area can be represented by 3 or 5
layers.

The first geoelectrical layer for VES-1 is
characterized by mean 20 Q m resistivity with
thickness of 3 m. The second geoelectrical layer
showed to be lower electrical resistivity value
(approximately 12 Qm with thickness of 12 m).
The relatively high resistivity value for bottom
layer was observed to be about 50 Qm. The first
layer for VES-2 is characterized by mean 60 Q m
resistivity with thickness of 3 m. The remained
layers showed to be lower electrical resistivity
values (between 17-30 Qm). The first geoelectrical
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layer for mid-point VES-3 is characterized by mean
100 Q m resistivity value with thickness of 2.3 m.
The mid-geoelectric layer showed to be lower
electrical resistivity value (between 23 Qm and 35
Qm with thickness of approximately 30 m). Bottom
layer resistivity was observed to be on the rise. The
first layer for VES-4 is characterized by mean 120
Q m resistivity value with thickness of 1 m. The
remained layers showed to be lower electrical
resistivity values (between 15-35 Qm). The first
geoelectrical layer for VES-5 is characterized by
mean 80 Q m resistivity value with thickness of 1.7
m. The mid-geoelectric layer showed to be lower
electrical resistivity value (between 20 Qm and 30
Qm with thickness of approximately 23 m). The
bottom layer showed to be higher resistivity with
approximately 100 Qm. The higher resistivity
values about 1300 Qm were observed for VES-6
outside the landslide disturbed area.

VES-2

1000

100712

AB2
100

VES-6
1000 o

100 o+

s </
\\.;_,/— -~
10 AB2

Figure 5. The modelled VES curves using 1-D
interpretation. Measured data (black curves), calculated
data from 1-D model (red curves) and interpreted 1-D
models (blue lines).

Fig. 6 shows the resistivity section obtained from
combining the VES results. The section illustrates
the lateral and vertical variation of electrical
resistivity along the profile in landslide area. In
particular, the relatively low resistivity values
between 13 OQm and 30 Qm correspond to
impermeable materials, which are clay and water.
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The relatively higher values than 30 Qm resistivity
correspond to the saturated mobilized landslide
materials at a thickness between 5 m and 20 m.

Table 1 shows the P- wave and S- wave velocities,
estimated thickness of the layer and dynamic elastic
parameter as Poisson’s ratio and modulus of
elasticity concluded from the seismic records of
three stations inside the landslide site. At seismic
stations S1, S2 and S3 on the first layer, average
seismic P-wave velocities were stated to be 446,
379 and 571 m/s. Their corresponding thicknesses
were noted to be 5 m, 4 m and 4 m, respectively.
The second layer, average seismic P-wave
velocities were stated to be 1307, 1475 and 1361
m/s, and their corresponding thicknesses were
noted to be 13 m, 11 m and 11 m, respectively.
Average seismic P-wave velocities for the third
layer were stated to be 2072, 2938 and 1996 m/s.
Take into account, the modulus of elasticity is more
sensitive to porosity changes than seismic wave
velocities [36, 37]. This results in the assumption
that the decrease in the modulus of elasticity and
velocities in near surface is caused by high
porosity. The Poisson distribution has values

ranging from 0.08 to 0.43 (Table 1). The low
Poisson’s ratio (about 0.1) indicate that the material
is silty clay and dry, while the high values (about 4
and above) indicate that the water content of the
material is high.

Elevation (m)

40 60 80 100 120 140 160

20

Distance (m)

130 120 110 100 S0 80 70 60 50 40 30 20

Ohm-m

Figure 6. Resistivity cross-section obtained from five
modeled VES results.

Table 1. Summary of seismic refraction results.

Parametric description Layer S1 station S2 station S3 station
Forward Reverse  Forward Reverse Forward Reverse
P-wave velocity (m/s) 446 446 379 379 571 571
S-wave velocity (m/s) 302 302 246 246 328 328
Modulus of elasticity (kg/cm?) 1 294579  2797,73  2062,37 1880,61 4046,55 4088,03
Estimated thickness (m) 5 5 4 4 4 4
Poisson’s ratio 0,08 0,08 0,14 0,14 0,25 0,25
P-wave velocity (m/s) 1307 1307 1475 1475 1361 1361
S-wave velocity (m/s) 611 611 523 523 626 626
Estimated thickness (m) 2 13 13 11 11 11 11
Modulus of elasticity (kg/cmz) 18929,40 18929,40 15008,98 15008,98 20155,97 20155,97
Poisson’s ratio 0,36 0,36 0,43 0,43 0,37 0,37
P-wave velocity (m/s) 2072 2072 2938 2938 1996 1996
S-wave velocity (m/s) 3 864 864 1205 1020 1020 1020
Modulus of elasticity (kg/cmz) 43552,85 43552,85 33139,71 23745,15 57053,65 57053,65
Poisson’s ratio 0,39 0,39 0,40 0,43 0,32 0,32
Integrated interpretation of the vertical electrical Based on the vertical electrical soundings,

sounding and the seismic refraction tests revealed
the internal structure of the disturbed landslide
zone. Fig. 7 shows the slope section interpreted
from the integration of two techniques. The slope
cross-section permits to clearly define the
slip/sliding surface, the thickness of the saturated
landslide material and an impermeable layer
consisting of clay and water.

5. Conclusion

12

subsurface in landslide disturbed area is represented
by 3-5 geoelectrical layers characterized to be
electrical resistivity values ranging from 10 OQm
and 120 Qm within a total depth of 40 m. On the
other hand, the resistivity values outside the
landslide disturbed area were observed to be higher.
The resistivity section obtained from the VES
results illustrates the lateral and vertical variations
in electrical resistivity. The relatively low
resistivity values between 13 Om and 30 Qm
correspond to impermeable materials, which are
determined by content of clay and water,
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particularly. The relatively higher values than 30
Qm resistivity correspond to the saturated
mobilized landslide materials at a thickness
between 5 m and 20 m.

According to the results of the seismic refraction
survey, the depth of about 15 m of subsurface in the
landslide site is represented by 3 seismic layers.
The layers within the landslide disturbed site are
characterized by that the P- and S- velocities
between 379-2938 m/s and 246-1020 m/s
respectively. The decrease in seismic wave
velocities and the modulus of elasticity in near
surface is caused by high porosity.

The sliding surface between saturated and
impermeable zones is at a depth between 5 m and
20 m with 1.5 m of soil material overlying between
35 m and 185 m of the mobilizing landslide
material, which is presence of saturated and
permeable material.

110

100
90 land surface
80

70 > sliding surface
saturated zone ¥

Elevation (m)

60
50 impermeable zone

40

o 20 40 60 80 100 120 140 160

Distance (m)

180 200

Figure 7. The landslide section obtained from the
analysis of resistivity and seismic data.

Because of landslide occur after a huge Manavgat-
Serik forest fire (summer 2008), future research is
important for understanding landslide behavior in
that particular area.

The integrated interpretation of 1-D electrical
resistivity and seismic refraction tests is useful to
figure out the subsurface structure in landslide
direction. The investigation results will provide
information for a stability assessment of the
landslide area in the future.
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Biomaterials are natural or synthetic materials that are used in human body and
are materials to evaluate, treat, support or replace any tissue, organ, or function of
the body. Due to its favorable biocompatibility and mechanical properties, HA-

coated metal-based implants are used in the orthopedic surgery operations. For

Keywords : this purpose, sol-gel synthesized nano sized HA powders were produced. TiBAI4V
. . alloy was coated with hydroxyapatite (HA) by using the sol-gel method. Surface

Biomaterials morphologies, thermal, mineralogical properties and bioactivity of the coatings

Hydroxyapatite were examined and the characterization of the coatings was performed by using

Sol-Gel DTA-TG, XRD, SEM, and EDX.

Ti Implants

1. Introduction

Bone is a natural composite which mainly consists
of an inorganic (Hydroxyapatite-HA) and an
organic (collagen). Bones have different pore
shapes according to their locations and functions
throughout the body. The skeleton consists of two
main structural types of bone as shown in Fig 1.
Compact (cortical) bone is dense with a low surface
area. Spongy (trabecular or cancellous) bone has a
lower density and larger surface area than compact
bone. The mineral part of the bone is constituted by
calcium phosphates, in the forms of crystallized HA
and/or amorphous calcium phosphates (ACP),
which contains various ions like Na+, Mg*, K,
CO4*-, Cl',and F [1,4].

HA is widely used as a substitute for bones and
teeth owing to its excellent biocompatibility and its
similar structure with the mineral part of the bone.
However, its mechanical properties such as
strength, hardness and toughness do not comply
with mechanical properties of bone [6,8].

_—Spongy
/ /~ bone
Proximal — Ny Ve £
epiphysis 1007 - Articular
L cartilage
r X “~—Epiphyseal
| P line
( Periosteum
E ! Compact bone
| t‘ ——————Medullary
l i cavity
Diaphysis -
M| 4
Distal 1 S
epiphysis |

Figure 1 Bone structure [5].

Sol-gel process is an attractive alternative to other
methods for synthesis of ceramics and glasses for
many reasons: for example, low temperature
synthesis, simple equipment to be used, thin film
formability and so on [9-11].
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Many researchers have used different methods for
the fabrication of hydroxyapatite coatings such as
plasma spray, HVOF, molecular beam epitaxy
(MBE) vapor-liquid-solid mechanism (VLS) ,
solution-phase, shadow sputtering, and sol-gel
methods [7].

In this work, we developed Hydroxyapatite nano
particles and coating by sol-jel on Ti6Al4V metallic
implant. Crystal structure, surface morphology,
composition of samples was characterized by
means of XRD, SEM, and EDX.

2. Materials and Methods

To synthesize powders chemically, Analytic grade
Ca(NO3),.4H,0 , (NH,),HPO,, NH,OH were used
as precursors. All chemicals were purchased from
Merck and used as received. Ti6Al4V (Grade 5)
was used as metallic implant to coat. 1.00 M stock
solutions of calcium nitrate 4-hydrate and di-
ammonium hydrogen phosphate were prepared
using distilled water. A precipitate was formed by
the drop-wise addition of the (NH,),HPO, solution
to the Ca(NOs), solution, with continuous stirring,
to obtain a Ca/P ratio of 1.67 in the mixed solution.
The solution was brought to pH 11 by addition of
concentrated ammonium hydroxide solution (Fig
2). The obtained precipitation was HA. The
precipitate was aged overnight at room temperature.
The resulting powder was dried in an oven for 10 h.
Finally, the dried powder was calcined in an
electrical furnace at 1000 °C for 2 h after heating at
the rate of 5 °C/min. in air.

Ca(NO,), solution
(NH4)2HPO4 i

solution . o
Heating and Mixing

pH adjustment
Drying by NH,OH
Calcination @ 1000 °C, 2 hr
Hydroxyapatite
Coating on Ti6AI4V

Figure 2 Experimental flow chart

This hydroxyapatite sol was deposited on a pre
cleaned Ti6AI4V metallic implant substrate by dip
coating method (Fig 3). An average of four layers
was required for each film with 100 um thickness.

Then these films were air dried after deposition and
heated and dried at 100 °C in an oven for 15 min.
For hydroxyapatite phase formation, thin films
were annealed at 500 °C for two hours at ambient
conditions. Structural and thermal properties of
calcined powders were characterized by XRD and
DTA/TG respectively. Morphological and surface
properties of annealed thin films were studied. In
vitro bioactivity test of thin films were performed
in stimulated body fluid (SBF) at 37 °C under static
condition for 1-21 days.

ERTaa vt TV
SNV IRV VAN
T NN IRVAVA Ny
l \( o] s}
dipping wet layer formation solvent evaporation

Figure 3. Dip coating process
(http://www.solgel.com/articles/Nov0O/mennig.htm)

2. Results and Discussion

The thermal properties of the HA powders were
characterized by TG-DTA (Netzsch STA449F3)
(Fig 4). There are one endothermic and two
exothermic peak. An endothermic peak was found
at 175 °C, due to removal of water and organic
elements from powder. Thermal decomposition of
the powder began at 400 °C. Second exothermic
peak was observed at 800 °C. After this reaction,
the crystal structure of the system becomes stable.
Total weight loss was %11.44.

' ass Change: -1.77% v
. - -15
 Peak: 171.5°C ‘

200 i 400 i 600 - 800 " 1000
Temperature 'C

Figure 4. DTA/TG Diagram of Hydroxyapatite
powders.

Crystal  structures of the powders were
characterized via powder X-ray diffraction (XRD,
Bruker D 8 Advance) using Cu-Koa X-rays of
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wavelength = 1:5406 A and data were taken in the
20 range of 20° to 70° with a step of 0.1972°. As
can be seen in Fig. 4, all spectra showed the HA
reflections.
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Figure 5. XRD patterns of HA powders

Thickness of coating layer and surface structure
were obtained from the cross-sectional and surface
images using a SEM-EDX (LEO 1430 VP). Fig 6
shows the morphology of HA powders. HA
powders are approximatelly under 1 um. Fig. 7
shows the surface morphology of the HA coating
on Ti6Al4V. SEM image of coating surface is
shown in Fig 7 to illustrate crack free, smooth and
porous surface. SEM image of cross section is
shown in Fig 8 to illustrate homogenous coating
layer. Thickness of coating for HA was about 98

um.

Signal A = SE1
WD= 26mm

Mag= 25kX

EHT = 15.00 kV Hydroxyapatite powder

Figure 6. SEM image of HA powders

Mag= 4.00KX
EHT = 20.00 kV

Signal A = SE1
WD = 23mm

Figure 7. SEM image of HA coating surface.

Signal A = SE1
WD= 26 mm

Mag= 250X
EHT =20.00 kV

Figure 8. SEM image of HA coating cross section.

Table 1. SEM-EDX analysis of HA coating surface.

Element | Series Net unn.C | Nor. | Atom
(Wt%) | C C

(Wt%) | (at%)

Carbon K 19643 | 11.77 | 9.75 | 19.24
Oxygen K 16174 | 41.41 | 34.28 | 50.79
Sodium K 3511 2.24 1.85 191
Aluminium K 6561 2.10 1.74 | 153
Silicon K 2129 058 | 048 | 041
Phosphorus K 3127 0.81 0.67 | 0.51
Chlorine K 6055 1.40 1.16 | 0.77
Calcium K 7716 1.69 140 | 0.83

Titanium K 159953 | 57.36 | 47.48 | 2351
Iron K 2348 1.44 1.20 | 051

Total | 120.8 | 100.0 | 100.0

17



Eyiip Can BICER, Atilla EVCIN, Giir Emre GURAKSIN/ IJCESEN 4-3(2018)15-19

As can be seen in Table 1, Ca/P atomic ratio is
1.63. Despite the well-recognized importance of
single-phase HA, however, precisely stoichiometric
HA (a Ca/P ratio of exactly 1.67) is not always
present.

Mag= 6.00KX
EHT =20.00 KV

Signal A =SE1
WD= 26mm

Figure 9. SEM images of surface (after SBF solution
dipping)

In order to study the weight variety of HA coating
in SBF, the dry weight of coating was measured
before and after the incubation, and the percentage
of weight increase (Wp) can be calculated
according to the following equation (1):
_ Wp—Wq

Wp = Taxloo

(1)

Where W, and W, represent the weight of sample
after and before soaking in SBF, respectively. The
mass change of samples before and after immersing
in SBF for 1, 7, 14, and 21 days was measured by
using an analytical balance (accuracy: 0.1 mg). All
the samples were thoroughly rinsed with distilled
water and dried at 65 °C before weighing. The bio
resistivity of the specimens was assessed by SBF
solution. This solution was prepared according to
the protocol suggested by Kokubo et al. [13,14]
Then samples were weighed and characterized by
SEM. As can be seen in Fig 9 new HA crystals
occurred on surface. The results show that the
amount of particles formed on the HA coated
Ti6AI4V implant increased with the increasing of
soaking time and the percentages of weight increase
at immersing for 1, 7, 14 and 21 days were 1,43 %,
3,18 %, 10.40 % and 17,42 % , respectively.

4. Conclusion
In this work, sol-gel synthesized (nano sized)

hydroxyapatite (HA) powders were successfully
produced and used for coating Ti6AI4V implant by
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using sol-gel method. Experiments we have
demonstrated that HA can be coated on Ti6Al4V
by sol-gel method at the low temperature.

Bioactivity results showed that HA coated Ti6Al4V
implants are as equally successful as HA coated
implants in achieving osseointegration. Finally it
can be use in biomedical application as an implant.
With the increase in soaking time, the amount of
new hydroxyapatite seed formed on surface
increased. This was confirmed by the weight
assessment and SEM images.

XRD peaks of synthesized powders completely
match with the standard HA peaks.

A dense and homogeneous surface layer is expected
to contribute to high adhesion strength between the
HA layer and the Ti6Al4V implant. The measured
coating thickness of HA on Ti6AIl4V is 98 um.

Coating surface is homogeneous and smooth.
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Keywords :

occurred in the Weiyuan-Changning National Shale Gas Demonstration Area, which
dramatically reduce the productions of shale gas wells. It is important to access the
influence of multiple factors on casing during fracturing operations. In this paper, a stage

finite element method is presented to establish three-dimensional physical and finite
element casing-cement sheath-formation (CCF) models during volume fracturing
processes. It considers the influences of initial stress and displacement state at and near
the wellbore. Loads from the initial stress field, fracturing pressure, and transient
temperature changes are incorporated in the models. Cement channelling, cement elastic
modulus, casing eccentricity, and fracturing pump rate are also the variables taken into
account. Sensitivity analyses are conducted to reveal which one has the greatest
influence on casing stress. The results indicate that casing stress is highly affected by
cement channelling. Low casing stress can be guaranteed by high cement sheath
modulus and optimal fracturing pressure. Casing transient temperature is significantly
reduced by the large pump rate, then a certain thermal stress generating in the casing.
Among all the factors, casing eccentricity has a minor influence on casing stress.

Stage finite element method
Casing stress

Fracturing

Cement channelling
Transient temperature

1. Introduction
100

75 69

The characteristics of geological conditions of shale )

formation are “poor storage environment”, “buried £ 5o

deep”, “severe fault structure”, “heterogeneous Z s 32
production layer” [1]. Horizontal well drilling and - I
multi-stage fracturing are two key techniques for the ening” & Casing Normal

development of shale gas [2]. During multi-stage
fracturing processes, a large amount of fracturing
fluids are injected into the borehole in large pump
rate and high pressure [3]. High pressure and

Deformation

Figure 1. Casing deformation in shale gas play

which shown serious casing deformation failure

complex downhole conditions would increase the
risk of casing integrity [4, 5].

From 2009 to 2016, 101 fracturing wells have been
drilled by Petro-China in Weiyuan-Changning
National Shale Gas Demonstration Area, including
90 horizontal wells, while 32 wells of which faced
with casing deformation failure problems with 47
deformation points, shown in Figure 1. Wells with
casing deformation failure account for 31% [6],

problems during fracturing of shale gas. Finite
element method is an effective way to accurately
calculate casing stress in a complex downhole
condition. In this paper, three-dimensional physical
and finite element models of casing-cement sheath-
formation (CCF) are established based on the stage
finite element method. Cement channelling, cement
elastic modulus, casing eccentricity, and fracturing


http://dergipark.gov.tr/ijcesen
http://dergipark.ulakbim.gov.tr/ijcesen

Xueli GUO, Jun LI, Gonghui L1U, and Hui YAN/ IJCESEN 4-3(2018)20-24

pump rate are the variables taken in account to reveal
the influences in casing deformation.

2. Model and Development

The researchers did not consider the influence of
initial geo-stress, they loaded the stress directly after
establishing the CCF model [7]. Only a few scholars
loaded the stress in the formation before drilling,
which is called stage finite element method (FEM)

[8].

2.1. Stage finite element method

The whole drilling, casing, cementing, and
fracturing processes are considered by the stage
FEM. Before drilling, the initial stress has already
existed in the formation. So it is loaded and the
displacement field is zero in the formation. The rock
originally occupied borehole volume. When a
wellbore is drilled, it is removed, which results in
stress concentration around the hole. After drilling,
mud exerts some pressure-P; on the borehole wall,
which will reduce the stress concentration around the
hole. After setting casing and cementing the annulus,
the disturbance to the stress field still exists. During
fracturing process, the casing pressure increases
dramatically and the casing string is cooled, the
stress disturbance around the hole will be amplified,
possibly leading to the casing integrity problem. For
the conventional method, the initial stresses are
directly loaded in the model after drilling.

2.2. Model establishment

SLG (Solid Liquid Gas) Map can be obtained from
the IBC (Isolation Scanner), shown in Figure 2.
Three kinds of colors represented the gas, liquid, and
cement sheath, respectively. Casing deformation has
occurred in 2 579 m and 2 331m, where the cement
channel and casing eccentricity are serious.

iy HT SG 2]
) g [ a =
" i i . -5 ; )
i I 75 ([ [ ML - -
JTRRS =0 SN IFs
E I H I E R gas—= ':F
Pl 5 k 2331 m =\
? ! [ el 2579 m if
20 s e

- )  p=iis o M ii
Figure 2. SLG (Solid Liquid Gas) Map from the IBC
(1solation Scanner)

Based on the stage FEM, a three-dimensional
physical CCF model is established considering
transient thermal-pressure coupling effect, shown in
Figure 3. The parameters of cement channelling
angle and casing eccentricity are defined as e and 9,
respectively. Other factors, like pump rate-Q,
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fracturing pressure-Ps, and cement elastic modulus-
Ec are also taken into account to investigate the
influences on casing stress. The stress boundaries are
oH, on, ov, Which represent the maximum horizontal
stress, minimum horizontal stress, and vertical
stress, respectively.

=)

&
oo SE

Q ‘be
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[VAT)
=
i
A
mH

Figure 3. Three-dimentional CCF physical model

The finite element model is analysed using the
ABAQUS finite element software to investigate the
influence on casing, shown in Figure 4. The
geometrical dimensions of the CCF model are shown
as following: the wellbore diameter is 215.9 mm, the
casing diameter is 139.7 mm, and the casing
thickness is 9.17 mm. According to the Saint-Venant
principle, the formation boundary dimension should
be 5-6 times larger than that of the well-bore
geometry. In view of this, the model geometry is 2x2
m, while the corresponding wellbore diameter and
axial length are 0.2159 m and 2 m, respectively. The
stress boundaries are loaded using the key words
*Predefined Field.

Figure 4. Three-dimentional CCF finite element model

2.3. Control equations

The pump rate can influence the convective heat
transfer coefficient- h. When large amounts of
fracturing fluids are injected into the wellbore, they
are usually in a turbulent state. The transient heat
transfer model is shown in Figure 5. Heat transfer
coefficient between the fracturing fluid and the inner
casing wall can be calculated using Marshall Model,
shown in Eq. (1). [9]

o (@2
3n+1)'( 8Q " o M
P (e oo

Where h is the heat transfer coefficient, W-m2-°C1;

D is the pipe diameter in calculation, m; Des is the
equivalent diameter, m; p is the drilling mud density,

h =0.0107 ‘;[{ pD,q
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kg m3;uw,app is the apparent viscosity, Pa-s; Q is the
fracturing pump rate, m*-min?; C, is the fluid
specific heat capacity, J-kg?-°C!; n is the fluid
rheological index, for fracturing fluid n<1; K is the
fluid consistency coefficient, Pa-s™.

3 Formation
Fracturing fluid
B Casing

[ Cement sheath

Clustering Perforation
Bridge Plug

Figure 5. The transient heat transfer process

For the CCF model, the solution of unidimensional
time-dependent equation in cylindrical geometry,
the heat transfer equation, is obtained as time-
dependent temperature distribution by Eq. (2). [10-
12]

2T i 2T i i
kl[aT LT +1£]+ql_cplplﬂ

o2 ot ror ot (2)
where ki is the coefficient of thermal conductivity,
W-m-°Ct; Cyiis the specific heat capacity, J-kg?-°C
L piis the density, kg:m?; qgi is The heat source
density, W-m3; T' is the thermal field, °C; i=1, 2, 3,
is represented the casing, cement sheath, and
formation, respectively; tis the time, s; r is the radius
of the CCF model, m.

After calculating the thermal field, the stress of CCF

under thermal-pressure coupling in cylindrical
geometry can be obtained by Eqg. (3).
¢=Do (3)

where € is the strain array under the condition of
thermal-pressure coupling; e is the stress matrix; D
is the elastic matrix.

Shale formation contains numerous inherent
bedding planes [13], so it can be seen as the
transverse isotropy material. D can be written by:

I g -m/B -wm/E, 0 0 0

-m/E g -1/E, 0 0 0

_| /B -, [E,  IE, 0 0 0
D=l "o 0 0 G, 0 0 (4)

0 0 0 0 G, 0

| o 0 0 0 0 G|

where E; is the elastic modulus, GPa; G; is the shear
modulus, GPa; u is the Poisson's ratio;
G1=E1/2(1+w1);  Go=EiEl/(E1+Ex+2uEr);  i=1,2

represent the parameters of parallel and vertical
shale bedding.

2.4. Parameter setting
The internal casing pressure is obtained from the
pump pressure plus the hydrostatic fluid pressure
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downhole. The external boundary stress is the geo-
stress of shale reservoir. Taken different pump rates,
cement channelling angles, casing eccentricities,
fracturing pressures, and cement moduli into
consideration, the casing stresses are calculated to
reveal which factor is the most important for casing
deformation.

Unless otherwise mentioned, the applied maximum
horizontal stress on is 82 MPa, the minimum
horizontal stress o is 55 MPa, the vertical stress oy
is 57 MPa, the formation temperature T..* is 100 °C,
and the fluid temperature Tais 20 °C. The thermal and
mechanical properties of different materials are
presented in Table 1.

Table 1. Thermal and mechanical properties

Cem
Casi ent For
Parameters mati | Fluid
ng Shea on
th
Elastic Modulus 22-
Ei/ (GPa) 21010 1y,
Poisson's ratio ui 0.3 0.15 0.23
Coefficient of
Thermal 106 | 1.0 | 1.02
Expansion
ai/(105-°C-1)
Coefficient of
Thermal
Conductivity k 58.2 1.74 1.0 1.73
/(W-m1-°C-1)
Specific Heat
Capacity Ci / 460 | 1830 | 1043 | 4200
(J-Kg!C1)
Density pi / 7850 | 1800 | 2500 | 1000
(kg-m3)

3. Results and Analysis

3.1. Transient temperature and stress

A total of 5 simulations were performed to
investigate numerically the transient temperature
and stress of casing during fracturing process.
Simulations were conducted using ABAQUS
program. The pump rates were set as 0/1/3/16
m3/min. The results are shown in Figure.7. It is seen
that the downhole temperature would drop
dramatically in a few minutes when the pump rate is
larger than 3 m3/min, while casing stress increases
dramatically. If there is no thermal transferring,
temperature will be in the same and the stress will
increase linearly. The larger the pump rate, the lower
the downhole temperatures and the higher the casing
stress.
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Figure 6. The Influence of Pump Rate on Casing.
(a) Transient Temperature. (b) Transient Mises Stress.
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3.2. The Influence of Different Factors on Casing
Stress

Using the thermal-pressure coupling model,
simulations for different cement channelling-6,
cement sheath elastic moduli-E, casing eccentricity-
e, and fracturing pressure-Pn are conducted to
investigate the influences on casing stress. The
results are shown in Figure 7.
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Figure 7. The Influence of Different Factors on Casing
Stress (a) Cement Channelling. (b) Cement Modulus. (c)
Fracturing Pressure. (d) Casing Eccentricity.

Figure 7 (a) shows that the casing stress will
increase dramatically with the increasing of 6. For
the casing of P110 steel grade, the yield stress is
758MPa, shown as the red line. The largest Von
Mises stress of casing 750MPa appears at the angle
of 90°, which is almost close to the yield stress. The
risk of casing failure is very high. Figure 7 (b) shows
that the lower the cement modulus, the higher the
casing stress. When the cement modulus is larger
than that of formation-22GPa, the stress could hardly
decrease. Figure 7 (c) shows that lower and higher
pressure can increase the casing stress. Obviously,
suitable pressure can guarantee a low casing stress.
Figure 7 (d) shows that no matter how serious casing
eccentricity is, casing stress is almost the same. The
casing eccentricity has minor influence on casing
stress.

3.3. Comparison of different factors

The maximum stresses of each factor are presented
in Figure 8. It is seen that the cement channel has
the greatest influence on casing stress, while the
casing eccentricity has the least influence on casing
stress. Cement modulus, fracturing pressure, and
pump rate have some influences on casing stress.
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4. Conclusions

Based on stage finite element method, three-
dimensional transient thermal-pressure CCF models
are established. The effects of different factors on
casing stress are conducted to reveal which one has
the greatest influence on casing stress. Conclusions
can be drawn from the former analyses results.

(1) Casing stress can dramatically increase with the
increasing of cement channelling. The largest casing
Mises stress-750 MPa appears at the channelling
angle of 90°, which is almost the same as the yield
stress.

(2) Large cement sheath modulus, optimal fracturing
pressure can guarantee a lower casing stress.

(3) The transient temperature drops dramatically
with the increase of pump rate, leading to a certain
thermal stress. Casing eccentricity has a minimum
influence on casing stress.
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Abstract:

The performance of progressing cavity pumps (PCPs) is significantly different
in different fit modes between the stators and rotors, such as interference fit for
conventional PCPs with rubber stators and clearance fit for novel all metal PCPs.
In order to study the influence of fit modes on PCP performance, a novel concept
of the fit parameter is introduced to quantitatively describe the fit condition.
Based on working principles of PCPs, comprehensive studies are carried out on
the pump performance in different fit modes, including the volumetric
characteristics, power consumption and work efficiency. The results show that the
theoretical pump rate slightly decreases with the increase of the fit parameter.
Though there is obvious friction inside the pump and the interference has a great
impact on the power consumption, the PCP in interference fit is able to achieve
high volumetric efficiency (>80%). Though there is inevitable leakage and the
clearance has a significant influence on the flow rate, the PCP in clearance fit can
reach high mechanical efficiency (>90%). The novel all metal PCP in clearance
fit has enormous potential for development owing to its good overall performance.

1. Introduction

The progressing cavity pump (PCP) has been widely
used as an effective artificial lift method in the oil
field development, which shows significant
advantages, such as low cost, easy installation, high
efficiency and adaptation to complex working
conditions. But there are still some deficiencies in
resisting wear and temperature for conventional
PCP, which operates with the rubber stator and
metallic rotor in interference fit. Now a new type of
all metal PCP in clearance fit has been developed to
overcome these limitations [1], in which both the
stator and rotor are made of metallic materials.
Therefore, the fit modes of PCPs become more
diversified and not limited to the traditional
interference fit. Many studies have been conducted
on the performance of conventional PCPs in
interference fit and all metal PCP in clearance fit
respectively [2-5], indicating that results are

significantly different. However, there is still a lack
of studies on the PCP performance based on the fit
condition between the stator and rotor, namely
considering different fit modes comprehensively.

In this paper, a fit parameter is introduced to study
the PCP performance in consideration of fit modes.
The conventional PCP and all metal PCP are taken
as typical examples to analyze the relationship
between the performance and fit parameter. This
study can provide a theoretical basis for the PCP
design and the choice of PCP types in the oil field
application.

2. PCPs in Different Fit Modes

2.1. Basic Structure

As shown in Figure 1, the fit modes of PCP mainly
depend on the relative size of its stator and rotor,
which can be defined by a new parameter, given as:
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_d g, (D
2
Where ¢ is the fit parameter, m; d, is the rotor
diameter, m; ds is the stator diameter, m.
Therefore, the case of 6=0 represents the exact fit
(Figure 1a), which rarely exists in actual situations;
the case of 6>0 represents the interference fit (Figure
1b); the case of §<0 represents the clearance fit
(Figure 1c). It is notable that the red section in each
figure is the flow cross-sectional area during PCP
operation of pumping fluid.

o

ds
dr

A A
y vy

4e

@) xact fit

(b) Interference fit

(c) Clearance fit

Figure 1. Different fit modes between stator and rotor

Considering the influence of the fit parameter on
the flow rate inside the pump, the flow cross-
sectional area in different fit modes can be
calculated as:
4ed, ,5=0

+4ed, —8e5 — z(5d, —5%),6 >0
4ed, —8e5 — 7(dd, —5%),5 <0

(2)
Where e is the pump eccentricity, m.
Then the theoretical pump rate can be calculated as:
Q, =1440nAT (3)

2 2\/od, - &7
2| 9 aresin| 2VO% =0 | 5d,—52-($—5j
4 d, 2
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Where n is the rotational speed, r/min; T is the stator
pitch, m.

2.2. Working Principles

The PCP body is divided into several cavities by the
mutual meshing movements of the stator and rotor
during the pump operation. Each cavity moves
spirally from the inlet to the outlet along the pump,
realizing the process of fluid pressurizing and lifting.
For the PCP in interference fit, these cavities can be
well sealed and little leakage occurs at relatively low
lifting pressure, in which the flow rate is
approximately equal to the theoretical pump rate.
But when the lifting pressure becomes higher than
the pressure-bearing limit corresponding to the
interference, the rubber stator can be penetrated and
the leakage flow occurs [6]. For the PCP in clearance
fit, cavities along the pump connect with each other
and fluid leakage exists objectively during the pump
operation. However, the lifting capacity can be
ensured by the viscous resistance of the fluid, which
has a certain sealing effect on the leakage flow in the
clearance between the stator and rotor.

3. Performance Analysis

3.1. Volumetric Characteristics
Based on the working principles mentioned above,
the leakage characteristics of PCPs are closely
related with the fit modes, which can influence the
volumetric characteristics significantly [7]. The
actual flow rate can be obtained by subtracting the
leakage from the theoretical pump rate, given as:
Q=Q -q¢ (4)

Where Q is the actual flow rate, m/d; q is the
leakage, m*/d.
For PCPs in interference fit, the pressure-bearing
limit depends on the pump structure and working
conditions, which can be obtain by experimental
analysis [3], given as:

Apk _ kn0'25t0'21u0'085z 5>0 (5)

Where k is a constant related with the stator property,
which is 0.12 for the stator made of acrylonitrile-
butadiene Rubber (NBR)[3]; t is the operating
temperature, C; u is the fluid viscosity, mPa-s; Z is
the number of pump stages.

Then the volumetric efficiency of PCPs in
interference fit can be calculated by the following
empirical formula as [3]:

o
1-—Ap,Ap L Ap
n, =1 AR “
1—a—0.015(Ap—Apk)ﬁ,Ap>Apk

,6>0 (6

)
Where Ap is the total lifting pressure, MPa; o is a
constant determined by the stator, which is 0.05 for
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the NBR stator; f is a constant related with pump
geometrical parameters.

For PCPs in clearance fit, the pressure increases
approximately linearly from the inlet cavity to the
outlet cavity during the pump operation [8].
According to the clearance flow theory [9], the fluid
leakage caused by differential pressure in the
clearance can be expressed as:

3
=k m , o<0
12uZ
Where q is the leakage, m*/d; K is a constant related
with the clearance structure, which is equal to the
ratio of the clearance width to the clearance length;
Ap/Z is equal to the single-stage pressure difference,
MPa.
Then the volumetric efficiency of PCPs in clearance
fit can be calculated as:
p=Qod
Q

(7

3
) k(-5) .

_ 6<0
172804nTZ [ 4ed, —8e5 - 7(5d, —5°) |

(8)

3.2. Power Consumption

During working of PCPs in different fit modes, the
total power consumption can be generally reflected
by the shaft power, which mainly consists of the
theoretical hydraulic power and the frictional loss
power. The former power is linear to the lifting
pressure, while the latter power is closely related
with the frictional condition between the stator and
rotor inside the pump [10]. Therefore, the total
power consumption can be given as:

P=Ru+R=(R+R)+R (9

p, = LAP (10)
86.4

p-d4p (11)
86.4

Where P is the total power consumption, kW; Py is
the theoretical hydraulic power, kW; P, and Ps are
respectively the active power and the leakage loss
power, KW; Ps is the frictional loss power, kW.

The hydraulic power (such as P, and Ps) is
corresponding to the volumetric characteristics
mentioned above. The frictional loss power is
comprehensively influenced by the fit modes and
other operating parameters. Among them, the fit
parameter can directly determine the frictional force
between the stator and rotor. Due to the
computational complexity of the frictional loss
power [11, 12], it can be obtained by the regression
analysis of experimental data of PCPs in different fit
modes [5, 13].
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3.3. Work Efficiency

The total efficiency of PCPs in different fit modes is
the ratio of the active power to the shaft power,
which also equals to the product of the volumetric
efficiency and the mechanical efficiency [14], given
as:

_R_ . (12)
77_ P ’7v 77m
p
—1-t (13)
T 5

Where nm is the mechanical efficiency.
4. Results and discussion

Based on the mathematical analyses above, a
simulator can be developed to model the PCP
performance in different fit modes using Visual
Basic for Application (VBA). The conventional PCP
with NBR stator and all metal PCP are respectively
taken as examples to simulate the pump performance
and analyze the relationship between the fit
parameter and pump performance. The basic
geometrical parameters and lifting parameters of two
PCPs are designed to be the same except the fit
parameter, as shown in Tablel.

Table 1. Basic parameters of PCPs

Variable Value
Stage number 20
Rotor diameter, mm 50
Stator pitch, mm 160
Eccentricity, mm 5
Fluid viscosity, mPa-s 40
Temperature, ‘C 55
Lifting pressure, MPa 8
Rotational speed, r/min 120

The fit condition between the stator and rotor can be
guantitatively described by the fit parameter 6. The
positive range (6>0) corresponds to the interference
fit for the conventional PCP, in which the bigger the
fit parameter is, the larger the interference will be.
The negative range (J0<0) corresponds to the
clearance fit for all mental PCP, in which the bigger
the fit parameter is, the smaller the clearance will be.
As the exact fit mode rarely exists, the relationship
curve of the fit parameter and the pump performance
is not continuous at the point of 6=0.

The volumetric characteristics based on the fit
condition between the stator and rotor are simulated,
as shown in Figure 2. Results show that, with the
increase of the fit parameter, both the theoretical
pump rate and fluid leakage decrease in different fit
modes. For PCPs in interference fit (0>0), the
extreme interference  value is  0.323mm
corresponding to the pressure-bearing limit, which
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means the pump cavities are penetrated and the
leakage flow happens when ¢ ranges from 0 to
0.323mm. When ¢ is above 0.323mm, the pump can
operate normally. It is the reason why the actual flow
rate firstly increases and then decreases with the
increase of the fit parameter. For PCPs in clearance
fit (0<0), due to the leakage flow in the clearance,
the fit parameter has a significant influence on the
flow rate. When ¢ increases from -0.3mm to -
0.05mm, the fluid leakage decreases rapidly from
17.52m?/d to 5.64m?/d, and the corresponding actual
rate increases rapidly by 89.3%.

35 ¢ —=-Theoretical pump rate

——Actual flow rate

30
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Figure 2. Relationship between volumetric
characteristics and fit parameter
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The power consumption based on the fit condition
between the stator and rotor is simulated, as shown
in Figure 3. The total power consumption increases
with the increase of the fit parameter, and it needs to
be noted that the total power consumption in
interference fit (6>0) is much larger than that in
clearance fit (0<0). It is mainly determined by the
fact that the friction situation between the stator and
rotor is positively correlated with the interference
value. For the cases of both two fit modes, with the
increase of the fit parameter, the active power
increases and the leakage loss power decreases.
Besides, results show that the influence of the fit
parameter on the hydraulic power (Py and Ps) in
clearance fit is obviously greater than that in
interference fit. The work efficiency based on the fit
condition between the stator and rotor is simulated,
as shown in Figure 4. For PCPs in clearance fit
(6<0), with the increase of the fit parameter, the
volumetric efficiency increases rapidly, while the
mechanical efficiency decreases slowly and keeps at
a relatively high level. As a result, the total
efficiency increases rapidly at beginning and then
the increment becomes gentle, indicating more
seriously affected by the volumetric performance.
According to this rule, an optimum clearance can be
designed for the PCP in clearance fit under certain
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operating conditions. For PCPs in interference fit
(0>0), it can realize much higher and more stable
volumetric efficiency, especially under the condition
where the rubber stator is not penetrated. Combining
the negative effect of the fit parameter on the
mechanical efficiency, the total pump efficiency
presents a decline trend. On the whole, results
illustrate that PCPs in interference fit can achieve the
volume efficiency above 80% (even above 90%
during normal operating); PCPs in clearance fit can
achieve the mechanical efficiency above 80%, and
can realize higher total efficiency with an
appropriate design for the fit clearance. Therefore,
the novel all metal PCP also has great potential to be
developed, which can be regarded as a good
alternative pump for pumping fluid.

5. Conclusions

The fit mode between the stator and rotor has a
significant influence on the PCP performance,
including the volumetric characteristics, power
consumption and work efficiency. The fit parameter
can be wused to describe the fit condition
guantitatively and analyze the PCP performance in
different fit modes. The relationship between the
PCP performance and the fit parameter has been
simulated comprehensively in consideration of
various fit conditions. The results show that, as the
fit parameter varies, the volumetric efficiency and
mechanical efficiency of the PCP in a specific fit
mode change in opposite trends. By contrastive
analyses, the conventional PCP in interference fit is
able to achieve better volumetric characteristic,
while the novel all metal PCP in clearance fit can
ensure greater mechanical characteristic. It indicates
the PCP in clearance fit is also feasible to pump
fluid, which can be regarded as an additional facility
to the conventional PCPs.
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Remarkably, during the real production of the
artificial lift, the novel all metal PCP is more
preferable to be used considering its long operating
life and high temperature resistance.
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Permeability can be effected by many factors including effective stress, and this
will further impact the final production of oil and gas. In this work, a stress-
dependent permeability calculation model was adopted and based on which a

production function for heterogeneous tight sandstone reservoir on core scale is

Keywords

derived. Stress sensitivity has been taken as the primary influencing factor to

analysis the impact of effective stress on the productivity of heterogeneous tight

Tight reservoirs
Stress sensitivity
Heterogeneity
Production analysis

sandstone reservoir. The results shows that the stress sensitivity needed to be taken
into cosideration when the effective stress cannot be overlooked in the design of
developing plan for tight reservoirs; and the severity of the heterogeneity has a

noticeable influence on the production.

1. Introduction

Heterogeneous tight reservoirs are important target
areas for oil and gas exploration, many researches on
the relationship between reservoir physical
parameters and effective stress has been conducted
with a large number of experiments[1-3]. The strong
heterogeneity of tight reservoirs affects the variation
of permeability, leading to different extents of stress
sensitivity. Permeability is an important parameter in
the calculation of production, meaning the stress
sensitivity of heterogeneous reservoirs has an effect
on production. It is significant for the development
of tight heterogeneous reservoirs to calculate the
production considering stress sensitivity. Many
scholars have theoretically studied the law of stress
sensitivity of permeability. Liu et al studied the
variation of porosity and permeability of low
permeability reservoirs with effective stress by the
model of variable diameter capillary bundle [4].
Based on the characteristics of rock pore structure
and particle contact deformation, Dong et al
guantitatively analyzed the stress sensitivity of tight
sandstone [5]. Wang et al analyzed the stress
sensitivity of low permeability reservoir using the
model of unequal diameter circuitous capillary
bundle according to the theory of elastic mechanical
thick wall tube [6]. However, most of the studies

were deduced under homogeneous conditions, rather
than heterogeneous conditions [7-8]. Therefore, in
this paper, the production equation was obtained
based on heterogeneous stress sensitivity model by
Hertz contact deformation principle [9-12]. The
results of different production pressure were
compared between the two groups of cores.

2. Production model

Assuming the pores of heterogeneous tight
sandstone capillary tubes are composed by particles
with different properties. The basic stacking unit is a
tight accumulation of 4 particles. Particles are
deformed by the effect of effective stress, which
leads to deformation of the pores of the capillary
tube. The variation law of porosity recovery rate and
permeability recovery rate with effective stress are
obtained by calculating the seepage area of pores
before and after deformation. The equations for
porosity recovery rate and permeability recovery
rate are as follows [9]:

o [ R -SR0) " [SRo) 2 (1)
@ JS(R,0) JS(R,0)
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Where @' is porosity after deformation; ® porosity
before deformation; S' is the seepage area after
deformation; S is seepage area before deformation;
R is radiu of particle; o is effective stress on the
pores of the capillary tube. K" is permeability after
deformation; K is permeability before deformation.
Therefore, the production equation can be dereived
from Darcy theory as:

_K'AAP [ S'(R,0) |5 KAAP
T {S(R,G)} uL
Where Q is production; A is the area of the
overcurrent cross section; L is the length of the rock

in the flow direction; AP is the pressure difference
between the two ends of the rock in the flow
direction; w is dynamic viscosity of the fluid.

[N

©)

3. Model Calculation

Two groups of capillary tube pores composed by
different particle size particles were selected, the
rock particles Poisson ratio were 0.22, and the elastic
modulus was 12.9 GPa. The pore size ratio of each
group of capillary tubes was 4:3 respectively (0.20
mm:0.15 mm) and 5:3 (0.25 mm:0.15 mm) [9].
Different particle size ratios can represent different
heterogeneity of tight reservoirs. Hata! Basvuru
kaynag1 bulunamadu. is the relationship between
effective stress and permeability of cores with
different particle size ratios. With the increase of
effective stress, the sensitivity of permeability stress
is obvious.

1.02
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—=—ratio of particle diameters 5:3
—e— ratio of particle diameters 4:3
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Figure 1. Relationship between effective stress and
permeability of different particles formed capillaries

Table 1. Basic parameters of cores

Parameters Core 1 Core 2
Diameter/mm 25 25
Length/mm 41.22 43.96
Porosity/% 15 14.18
Permeability/10- pm? 9.83 2.47
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Stress dependent permeability experiments have
been conducted on 2 tight heterogeneous sandstone
cores. Parameters are shown in Tablel. Production
prediction can be obtained by the production
equation (3). The modified production under
different production pressure (5-25 Mpa) has been
calculated. The production results of core 1 are
shown in Figure 2, the production results of core 2
are shown in Figure 3.

4. Results and discussion

As it can be seen from Figure 2 and 3, under the same
effective stress, production increases with the
increase of production pressure. Under the same
production pressure, the production decreases with
the increase of effective stress. However, the trend
of this decline is increasing with the increase of
effective stress. That is to say, the effect on
production is small when the effective stress is low,
but the effect is obvious when the effective stress can
not be ignored. This means that the effect of stress
sensitivity must be taken into account in the
calculation of production for low permeability
heterogeneous reservoirs when the effective stress is
relatively high. Otherwise, there will be a great
deviation in the calculation of production and the
formulation of production systems.

Then compare the effects of different ratios of
particle diameters from Figure 4. Due to the
relatively small ratio of particle diameters, under the
same effective stress, the lower recovery rate of
permeability, the more obvious the stress sensitivity.
As a result, the production is lower.

5. Conclusions

In this paper, a production calculation function has
been derived on previous work, and production
prediction on core scale has been made using it.
Based on the work presented, the following
coclusion can be drawn: The stress sensitivity
needed to be taken into cosideration when the
effective stress cannot be overlooked in the design
of developing plan for tight reservoirs; and the
severity of the heterogeneity has a noticeable
influence on the production.
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Figure 2. The production results of core 1
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Figure 3. The production results of core 2
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Abstract:

Infrared radiation refers to electromagnetic radiation whose wavelength is longer
than visible light, but shorter than terahertz and microwave radiation. Far
infrared radiation (FIR) denotes radiation that is considered a kind of infrared
radiation and includes wavelengths between 5.6-1000 micron. These rays are
emitted by sun rays, human body, metals and some minerals. The positive effect
of these rays on human health has already been mentioned and they are widely
used especially in Far East countries in textile products and saunas.

For the textile products to emit such rays, the fibres or fabrics are required to
gain some features. For this purpose, bioseramic powder is applied to the fibres
and hence the textile becomes able to emit far infrared rays. This study deals
with yarns that have acquired the ability to emit far infrared rays and their usage
areas in textile. This review examines bioceramic powders, black body,
production of FIR emitting yarns, features of yarns, various usage areas and

future trends by means of literature review method.

1. Introduction

Far infrared radiation qualified as thermal radiation
exists within electromagnetic spectrum and the
wavelength of these rays range between 710
nanometre and 1 mm [1]. Infrared radiation is
examined in three sections; namely near infrared
radiation (NIR), middle infrared radiation (MIR)
and far infrared radiation (FIR). Far infrared
radiation is between 5.6 and 1000 micron and
cannot be seen by human eyes [2]. These rays are
emitted by sunlight, human body, metals and some
minerals [21], [22]. Far infrared radiation has the
feature of increasing blood circulation. With the
increase in blood flow, oxygen and food stuffs are
carried while carbon dioxide other waste substances
move away. FIR rays between 4-14 pm are
accepted to be beneficial for cellular growth and
this radiation is named “life rays” by some
researchers [2]. That far infrared radiation is
beneficial for human health encourages its usage in
commercial areas. As being one of such usage
areas, saunas have been developed, benefiting from

treatment features of far infrared radiation [3]. It
has been reported that these saunas are used in the
treatments of congestive coronary failure,
hypertension and obesity [4].

The positive effects of far infrared radiation have
also taken the attention of textile engineers and
interest in textile designs with these features has
increased in recent years. Far infrared radiation
fabrics can be obtained in two ways: 1. Adding a
bioceramic mineral or a natural or cultivated
substance (bamboo charcoal) into a fabric (coating,
lamination, pressing etc.) 2. Adding a substance
with far infrared feature into polymer matrix during
fiber spinning [6-10]. When applied into textile
products, bioceramic materials can emit far infrared
radiation. [2]. Especially, bioceramic materials can
emit rays of 8-14 pm wavelength over 0,9 ¢ [5].
This study deals with black body emission and
yarns that can emit far infrared radiation. Some
information  on  production, usage areas,
characteristics and future trends of these yarns has
been presented.
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2. Bioceramics, Bamboo Charcoal and
Black Body Emission

Bioceramics can be defined as ceramics having
biological function and they can emit far infrared
rays (Figure 1) [2], [23]. Production of FIR textile
can generally occur when nano or micro bioceramic
powders are added to polymer matrix before the
spinning of fibers. These powders are believed to
retain and re-emit the rays emitted by body [2].
Some of the bioceramic powders that can be added
to the textile structure for far infrared feature
include Magnesium oxide (MgO), Zirconium
dioxide (ZrO,), Aluminium oxide (Al,Os), Iron Il
oxide (Fe,03), Silicon dioxide (SiO,), Germanium,
Titaniumdioxide (TiO,), Bamboo charcoal as well
as such minerals as nephrite, pearl powder,
tourmaline. Bioceramic materials emit FIR to the
deep parts of diarthroses and hence blood
circulation increases in tissues [9], [24], [25].

08 F

06 [

Emissivity

0.4 r

02

ool—1t v 01
3 4 5 6 7 8 9 10 11 12 13 14

Wavelength (um)

Figure 1. : FIR emission of bioseramic materials.
Emission at and above 6 micron is about 0,98 ¢ [23].

Bamboo charcoal powder is another material that
attribute FIR feature to the textile products.
Bamboo is generally grown up in low-latitude
tropical and subtropical regions [12]. Bamboo
charcoal powders are obtained by carbonizing the
bamboo plant in ovens at 800-1200 °C and the
harvest of the plant should be made after five years
[26]. Bamboo charcoal powders produce far
infrared radiation that can be absorbed quickly by
human body. Reaching to the deep parts of human
body and creating atomic and molecular frictions,
these rays can increase internal temperature of the
body. In addition, capillary vasodilation and the
acceleration in blood circulation enable body
temperature to be protected. Bamboo charcoal
powders have the feature of anion emission, strong
absorption, deodorization and moisture absorption
[14].
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In many studies, bamboo charcoal powders were
used for the textile products to emit far infrared
radiation. Fibers with different polymers were
obtained from extruder by adding them into
polymer matrix. The studies showed that bamboo
charcoal powders increased the FIR emissivity rate
[8], [12], [14].

The degree of emissivity of FIR materials ranges
between 0 and 1. Each material above absolute zero
emits IR. Each objects that are exposed to heat emit
electromagnetic wave called black body emission.
This electromagnetic wave is infrared in room
temperature (wavelength: 0.77 ~ 1000 pm). While
black body emission is evaluated as 1, other
materials are named as grey body and their
emissivity is between 0 and 1. For instance, human
skin: 0.99; tree, wood, water, ice, frost, leaves: ~
0.97; glass, concrete, brick: 0.94; stainless steel:
0.74; Aluminium: 0.18 [22].

3. Production of Yarns Emitting Fir and
Their Usage Areas

FIR fibers are wound with various fibers so that
yarns gain the property of FIR. [11-17]. FIR fibers
are sold in the market with the trade names
Celliant®, Emana®, Nilit®.

The working principle of fabrics obtained by
bioceramic-applied fibers is based on the
retroreflection of energy with a wavelength of 8-14
um emitted from human body to the body. To put it
differently, the fabric functions as a mirror [2],
[18], [19]. The increase in the amount of FIR
powders also increases the emissivity of these rays.
However, the concentration of FIR powders should
not exceed 5%. Powder concentration above 5%
leads to decrease in the endurance of fibers as well
as blockage in nozzles [20].

The effects of FIR on human health include
decreasing swelling and ache in muscle and joints,
encouraging renewal and quick recovery and
improving blood circulation. For this reason, the
ideal applications of FIR textiles have a
comprehensive area ranging from local pain killers
to others areas of supporting a health life. The
products include therapeutic knee, elbow,
waistbands, gloves, socks, shirt and belts (Figure 2)
[2]. FIR clothes designed for sportsmen have been
produced in order to regulate sweating, lactic acid
and toxins [2]. In a study, it was found out that
ceramic powders emitting FIR can decrease muscle
tiredness and normalize acidification of strained
muscles, which decreased muscle tiredness [23].
They can also increase muscle elasticity and
relieves aching and muscle spasms by decreasing
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Figure 2. FIR textile products [18].

the risk of injury. FIR textile products can help to
heal injured, over engineered muscles, tendons and
bonds [2], [27].

In Brazil, a study was carried out on FIR emitting
clothes of twenty-one footballer. The yarn used in
this study had PA 6-6 yarns with FIR feature and
eleven of the footballers wore pyjamas having this
feature. The remaining ten people (placebo) wore
clothes made from PA 6-6 fiber that did not include
FIR. The footballers wore these pyjamas after the
training for three nights and slept for ten hours each
night. The study showed that it is possible to
benefit from FIR clothes in order to quicken
recovery of muscle aches of footballers after
training [29].

The main therapy function that FIR textiles aim is
to encourage microcirculation. FIR therapeutic
products have been designed for rheumatoid
arthritis, knee ache, shoulder ache, neck ache and
all kinds of arthritis [2]. In addition, positive results
were obtained in a research on their effect on
decreasing cellulitis [28]. FIR finds a place in
healthy textile applications because of its property
of expelling toxins from the body, stimulating
cellular activity, increasing circulation, eliminating
ache and swelling. These products are also used
commercially in the treatment of Raynaud’s
syndrome, sprains, fractures, bunions, gout,
athlete’s foot, psoriasis, poor circulation, chilblains
and RSI [2,30].

Ko and Berbrayer made a test on sixty patients with
raynaud’s syndrome by using two types of gloves.
One type of the gloves can emit FIR while the other
is of conventional (placebo) type. As a result of the
study, in both subjective and objective measures, it
was reported that significant improvements were
observed in the recovery processes of the ones who
wore FIR gloves [31].

The surfaces (membrane) obtained by nano-size
fibers have various usage areas in medicine because
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of specific big surface, small pore size and high
porosity. In a study, germanium (Ge) and silicon
dioxide (SiO,) nano particles were mixed with
polyvinyl alcohol and nanofiber surface was
obtained. This surface encourages quick recovery in
pledgets with its far infrared radiation emission and
antimicrobial property as well as having the
potential of preventing microbial infection. These
products were also found out to have usage
potential in medical textiles [33].

FIR fabrics are used in home textiles in such
products as bed, blanket, sleeping-bag for
improving sleeping quality. In order to improve
sleeping-quality, discs that can emit far infrared
radiation were placed in bed and blankets. At the
end of the study, 350 persons were evaluate
sleeping quality subjectively. After using the
products, 80% of the subjects felt themselves well
and very well while 63.5% of them found the
product effective and very effective [32].

Textile products that can emit strong FIR are
brilliant  members  for  maintaining  body
temperature. Fabrics emitting FIR can keep the
body warm in cold environments. For instance,
sleeping pillows giving momentary heat in cool
weather and gloves used for warming up the wrist
can be examined under this category. Similarly,
wool and cotton products impregnated with ceramic
powders are available in the market in the form of
socks, gloves, jacket and car seat pad. These
products are put onto the market with their FIR
health benefits in accordance with their marketing
goals [2,30].

4. Fir Yarn Properties and Future Trends

Bamboo charcoal powders are black in colour as
they are produced through carbonization process
and hence the produced yarns are also black.
However, in a study carried out by Li et al., white
yarn was observed by modifying bamboo charcoal
powders with titandioxid [8].

In a study carried out by Li et al. [7], fibers
obtained by adding bamboo charcoal to nylon fibers
were turned into textile surfaces after being mixed
with polyethylene terephthalate (PET) and stainless
steel. At the end of the study, the infrared radiation
values of the obtained surface came out above 0,85
€. As the values were above 0,8 ¢, it was concluded
that the obtained fabrics would be beneficial for
human health.

In another study carried out by Lin et al. [13],
polyester containing bamboo charcoal powders of
1.2% was wound with stainless steel wire (40 pum)
and antibacterial nylon. Stainless steel was used as
core spun and wound with FIR polyester and



Ismail YUCE/ IJCESEN 4-3(2018)34-38

antimicrobial nylon. Three kinds of fabrics were
obtained with these yarns. Fabrics were analysed
according to spinning number (8, 11, 14 turn/cm) of
hybrid yarn. According to far infrared test results,
increase in spinning number is in proportionate to
far infrared emission. FIR textiles represent a
growing and exciting area in functional textiles. As
new technologies and supporting studies continue,
this area will certainly continue to grow up and
create interest [2].

5. Conclusion

This study dealt with the effect of far infrared
radiation on human health as well as producing
yarns that emit such rays. In addition, this study
presented some information on basic properties of
FIR yarns. It was underlined that these rays are
beneficial for human health. The study show up that
bioceramic materials can emit these rays and that
the fibers obtained through the addition of nano-
size bioceramic powders in the extruder during
fiber spinning emit FIR rays. These products range
from home textile (bed, blanket) to daily used
products (socks, gloves), therapeutic textiles (hand,
knee and wrist bandages, socks for cellulitis).
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Abstract:

In this study, large-scale experiments have been carried out at 5th Regional
Research and Development Headquarters Engineering of Highways in order to
determine the contribution of the piles in the pile-raft foundation to the bearing
capacity. The bearing capacity were determined for only the raft, the raft with
single pile and the raft with four pile under static and repetitive loading. In the
examinations, sand samples which were taken from a river bed were used. The
sand was classified as uniform clean sand (SP) according to standarts.As a result
of study following results were obtained. Only raft has reached lowest bearing
capacity at different alternatives under static loading. When used single pile and
four piles at piled raft foundation systems, the bearing capacity has increased by
1.130 and 2.52 respectively under static loading. As the number of piles increased,
it was observed that the settlements at piled raft foundations under the same

repetitive loading decrease.

1. Introduction

In recent years, due to the increasing population and
decreasing land use requirements, there have been
improvements in civil engineering applications. In
order to meet the growing population needs, it has
become necessary to plan and build multi-storey
high-rise buildings in soft and loose ground
conditions. During the planning of such structures,
they are exposed to large static and dynamic loads
such as their own weight, earthquake and wind of the
structures should be considered. If these effects are
taken into consideration, the loads to be transferred
to the soil has reached the most extreme values. In
this case, shallow foundations may be insufficient in
terms of settlement and the bearing capacity. Piled
raft foundations is most widely used for solve these
problems. The piled raft foundations are generally
not economical, according to the shallow
foundations. But, they transport the load from
structure to the soil layers with sufficient bearing
capacity. There are a lot of studies about piled raft

foundations. These studies were summaried below.
One of the most important parameters of the
determining bearing capacity at piled raft
foundations while designing is the distance between
piles. Determining the optimum value of the distance
between piles make enough bearing capacity and
settlement as well as economical designing of the
piled raft foundation. In the literature, there are
generally theoretical studies and numerical studies
based on software packages like finite elements and
boundary elements for determining to this
parameters [1, 2, 3]. In these studies, it’s stated that
optimum distance between piles should be 2.5 times
to 12.0 times the diameter of the pile. There are also
experimental studies for determining for an optimum
distance between piles in the literature. According to
results of these experimental studies, optimum
distance between piles should be 3 times to 4 times
of the pile's diameter [4, 5, 6, 7, 8, 9, 10]. Another
parameter affects the optimum distance between
piles on the piled raft foundation design is the
determining how to change the load proportions
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between piles and raft foundation. As mentioned in
the literature, experimental studies in order to be able
to determine load proportions between piles and raft
foundation are very limited. In general, these
parameters had determined by using theoretical
studies, software packages based on finite and
boundary elements methods. It's determined that
according to the studies conducted by finite and
boundary elements methods on the piled raft
foundations, bearing capacity's 15%-40% carried by
raft foundation and 85%-60% carried by the piles
[11, 12, 13, 14]. Parameters like diameters of piles,
configurations, and properties of installed soil also
have importance for piled raft foundations. Although
there are a limited number of experimental studies to
determine these parameters [14], in general, many
theoretical studies and the studies done by software
packages based on finite and boundary elements
exist [1, 2, 3]. The parameters obtained from these
studies is also over a wide range. When looked to
literature, there are a lot of studies about piled raft
foundations. But, in the literature, there is not much
experimental work carried out under static and
repetitive loads to investigate the different
parameters of piled raft foundations embedded in
sandy soils. So, this paper aim to determine the
bearing capacity for only the raft, the raft with single
pile and the raft with four pile under static and
repetitive loading.

2. Material and Method

The model tests were conducted in the Research and
Development Laboratory of 5th  Regional
Directorate of Highways, using by big scale cyclic
plate loading system. The testing equipment consists
of the test case, loading unit, data logger, and
software (Figure 1 and Figure 2). The test box is
designed as a rigid and length, width and height 2 m.
The model raft and model piles were produced from
steel which has stiffness 2120000 Mpa, unit weight 77
KN/m?2. The model raft foundation’s width, length
and thickness are respectively 300 mm, 300 mm and
20 mm (Figure 3). The model pile’s dimension and
length are 0.05 m and 0.4 m respectively (Figure 3).
The actuator produce monotonic or repeated loads to
a maximum capacity of 245 kN. This actuator give
different amplitudes and frequencies which produce
static and cycling load with electromechanical
control system. In order to determine the values of
the load and settlement which were applied on the
foundation plate, an electronic load cell and a Linear
Variable Displacement Transformer (LVDT) were
used. In the examinations, sand samples which were
taken from river bed were used. Experiments were
performed at soil mechanics laboratory on oven-
dried sand samples. The sand was determined as
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uniform clean sand (SP) according to ASTM [15],
Percentage of Medium Grained Sand % 46.40,
Percentage of Fine Grained Sand is % 53.60,
Maximum Dry Specific Gravity is 17.06 kN/m?3,
Minimum Dry Specific Gravity is 15.03 kN/m? and
Specific Gravity is 26.80 kN/m?.Test procedure are
given below. The side faces of the test case were
scaled as 10 cm for placement of the sand to the test
case for desired density by layers. The required sand
for 10 cm layer was poured into the test case from a
distance as close as possible, after that spreaded
along the surface of

Figure 1. Test Box

o A s o

.,\\ :

Figure3. Data Acquisition System



Baki BAGRIACIK,Sefer Ercan EPSILELL, Emre PINARCI and Mustafa BELEN/ IJCESEN 4-3(2018)39-42

the case with the help of a trowel. The sand has
smoothened and spreaded homogeneously without
applying pressure using thin wooden plates. After
compaction is complete, the piled raft foundation
plate was placed on the surface of the soil and
embeded into the soil using loader systems with a
constant penetration rate [14, 16]. As soon as the
base of the raft foundation contacts the surface of the
soil, the loading was stopped, controlled with a spirit
level and the surface smoothness was provided. Prior
to the test measuring systems was placed to the test
test setup. The measuring systems includes two
vertical displacement gauges placed two sides on the
foundation plate, and the load cell. The initial values
of the measuring systems were reset, and final
necessary controls were made for the load to be
applied effect uniformly and for the smoothness of
the system. The load was applied vertically to the
foundation plate center and static and repetitive
loads. The loading rate was kept constant during the
test. After the tests were completed, the obtained
load-displacement curves transferred to datalogger
device and converted to digital values via software.
After every test, bearing capacities were determined
by plotting vertical load-settlement curves.

3. Results and Discussions

In this study, the behaviors of piled raft foundation
consisting of four piles in two different configuration
under static and repetitive loading conditions were
investigated by large scale laboratory tests. The
findings obtained from the experimental results were
shown as Figure 4 and Figure 5 under static and
repetitive loads. The bearing capacity is defined as
the vertical displacement value corresponding to 10
percent of the raft foundation. All the test results
were interpreted using this approach. The bearing
capacity for raft foundation, piled raft foundation at
single pile and for piled raft foundation at four piles
are 41.150 kN, 46.400 kN and 103.715 kN
respectively from Figure 4. It has been determined
that the lowest bearing capacity is the only raft
foundation. It has seen that the use of piles from 1 to
4 has increased the bearing capacity at a
considerable rate. From figure 5, as the number of
piles increased, it was observed that the settlements
(displacement) at piled raft foundations under the
same repetitive loading decrease from nearly 5.5 cm
to 3.5 cm.
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Figure 5. The load-displacement graphics for

repetitive loading.

4. Conclusions

This paper aim to determine the bearing capacity for
only the raft, the raft with single pile and the raft with
four pile under static and repetitive loading. As a
result of the study, the following results were
obtained.

- The bearing capacity for raft foundation,
piled raft foundation at single pile and for
piled raft foundation at four piles are 41.150
kN, 46.400 kN and 103.715 kN respectively.

- It has been determined that the lowest
bearing capacity is the only raft foundation.

- When used single pile and four piles at piled
raft foundation systems, the bearing
capacity has increased by 1.130 and 2.52
respectively under static loading.
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- It has seen that the use of piles from 1 to 4
has increased the bearing capacity at a
considerable rate.

- As the number of piles increased, it was
observed that the settlements at piled raft
foundations under the same repetitive
loading decrease.
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Performance and operating costs are the most important factors in internal
combustion engines. It is one of the most commonly used methods to coat
pistons with advanced technological ceramic materials in order to improve
performance and fatigue life in internal combustion engines. In this study,
changes in temperature and heat flux were investigated in various thickness
coatings made on a 2500 cc turbo diesel engine piston. As bonding coat, NiCrAl
was used in a thickness of 0.2 mm, while ZrO, (zirconium dioxide) was used in
thicknesses of 0.2-0.4-0.6 and 0.8 mm as thermal barrier coating material. The
piston was modeled in PTC Creo parametric software and then transferred to
ANSYS Workbench environment to create a mathematical model. Engineering
calculations were also done using the finite element method. After the
calculation, the temperatures at the depth of 5 mm from the combustion chamber
upper surface, the binder layer upper surface, the thermal coating upper surface
and the combustion chamber upper surface were compared. As a result, it was
observed that the combustion chamber and the section at the depth of 5 mm from

the combustion chamber had a temperature decrease of 13%.

1. Introduction

Thermal barrier coatings (TBCs) are extensively
applied to protect metallic components of aircraft
engines in an aggressive environment for
improving the engine efficiency by increasing
operating temperatures [1]. The zirconia based
materials got increasing interest in the thermal
barrier coatings [2]. These ceramic coatings help
increase the entry temperature, which translates to
higher performance and efficiency of the engine.
However, with an ever-increasing demand for
higher operating temperatures, a failure mode
related to interaction between the ceramic coatings
and molten deposits significantly affects the
durability of TBCs [3]. Thermal barrier coatings
(TBCs) have been widely used to provide thermal
protection for the hot-section metal components in
advanced gas turbines and diesel engines to
improve thermal efficiency and performances [1-
3]. Currently, 6-8 wt.% Y,0; stabilized zirconia
(YSZ) is considered as a good choice for the

ceramic top coat material due to its superior
durability during thermal cycling [4].

Ramaswamy at al. [5] study involves the need and
developmental efforts made via Computational
Fluid Dynamics (CFD) to generate a model via
ANSYS - Fluent simulation software that predicts
the temperature gradient across Thermal Barrier
Coatings of different type ceramics and coating
thicknesses.

To determine the optimum coating thickness,
Dudavera at all. [6] simulated the thermal state of
the piston using ANSYS Multiphysics. In this
study, motor tests of the pistons using the single-
cylinder unit of a four-cylinder two-stroke engine.
The coating was applied to the surface of the piston
head on the combustion chamber side.

Bolek at al. [7], investigate thermal barriers
composed of ZrO, + 20%Y,0; and B-NiAl
intermetallic diffusion layers were fabricated on
Inconel 713C. The numerical simulation of the real
shape of the interface between the layers revealed
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that stress concentration zones occur not only at the
peaks and valleys of the interface but also on the
semi-flat surface in the midway between them.

Kumar at al. [8] has researched material structural
forms. The analysis was carried out for Al - ZrO,
combination with different volume fraction indices.
A parametric study with different power-law
indices, thickness ratios, aspect ratios, support
conditions and load parameters on non-dimensional
centroidal deflection had been performed.
Yerrennagoudaru and Manjunatha [9] designed
conventional and modified piston in the
Unigraphics software and the resulting flow field
was analyzed for different piston configurations by
using CFD software Fluent ANSYS-14.5. Compere
temperature in conventional piston and modified
piston, during analysis conventional piston means
without ceramic and platinum coating, modified
piston means with without ceramic and platinum
coating and for these pistons Swirl ratio, Tumble
ratio Y, Cross Tumble Ratio graphs has drawn.

Ma at al. [10] was investigated ultrasonic vibration
was introduced to assist laser clad coatings, and the
effect of ultrasonic vibration on the cross section
morphology, microstructure evolution and dilution
characteristics between coating and substrate.
Thermal and structure finite element analysis has
been employed to be informed the thermal stresses
developed in Al,03-SG, Zr0O,-12%Si+Al and ZrO,-
SG coatings subjected to thermal loading by
Kocabicak at all. [11]. Systems with 0.4 mm
coating thickness and 4 mm substrate material
thickness were modelled. The finite element
technique can be used to optimise the design and
the processing of ceramic coatings.

Celik ve Sarikaya [12] were investigated the effect
on residual stresses of porosity in MgO-ZrO,
coatings on AIl-Si alloy substrate. Thermal loads
were applied to the model at the temperature of
550°C using finite element method. Finite element
calculations demonstrated that the highest thermal
shock resistance was reached in the coating system
with 7.5% small size sphere shape and uniformly
distributed porosity. The coating with above 7.5%
porosity had maximum values in radial, axial and
shear stresses.

Taymaz at al. [13] studies the effect of surface
preparation techniques. Thermal and structural
finite element analysis has been employed to
analyse the level of stresses developed Al,0;-SG,
ZrO, (12% Si+Al) and ZrO,-SG coatings subjected
to thermal loading. Nominal and shear stresses at
the critical interface regions
(film/interlayer/substrate) ~were obtained and
compared. The results showed that the ZrO,-SG
coatings have a higher thermal shock resistance
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than the Al,O3-SG and ZrO, (12%Si+Al) coating
systems.

Thermal analysis evolution of MgO-ZrO,/NiCrAlY
coatings on Ni metal and AISi alloy (LM13)
substrates was studied by Sarikaya and Celik [14].
MgO-ZrO,/NiCrAlY coatings were deposited on
metallic substrates using an atmospheric plasma
spray technique. Thermal loadings were applied to
the model at the temperature range 800-1000 °C
using finite element method. It was also found that
the larger residual stresses were obtained with an
increase of the coating thickness and interlayer
bond coatings decreased residual stresses.
Mimaroglu at al. [15] employed coupled (thermal
and structure) finite-element analysis to analyse the
influences of porosity volume, size and distribution
in MgO.ZrO,-GG coating subjected to thermal
loading. The results showed that the volume, size,
location and distribution of the porosity have a
significant influence on the level of the developed
thermal stresses in the case of MgO.ZrO,-GG
coatings the optimum low-level stresses are
developed with 7% small-size  uniformly-
distributed porosity allocated far away from the
coating surface.

Khor and Gu [16] prepared coatings with different
thicknesses and coating layers for bond strength
and thermal cycling resistance tests. They were
studied the microstructure, micro hardness, density,
elastic modulus, thermal conductivity/diffusivity
and coefficient of thermal expansion. The 8 wt.%
Y,0; stabilized ZrO, and NiCoCrAlY powders
were used for the FGM coatings. The thermal
cycling life of five-layer FGM coating is five times
higher than that of the duplex coating which can be
indicated from the FEA results.

Finite element code in ANSYS has been employed
to analysis fracture in ceramic coatings subjected to
thermal loading by Mimaroglu at all. [17].
Hypothetical material properties have been
considered as material data for coupled (thermal
and structure) finite element analysis and evaluated
the stress intensity factors in different coatings. The
results showed that the shorter the crack length and
the thinner the coating, the sounder the coatings.
Furthermore, coatings representing a wide range of
thermal and mechanical properties have a close
normalized stress intensity factor values. It is also
concluded that the finite element technique can be
used to optimize the design and the processing of
ceramic coatings

As a result of the literature review made above,
there is an increasing number of experimental and
numerical studies on the thermal analysis of
pistons. Generally, although bond materials were
the same, different types of coating materials were
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used. In this study, the temperature distribution was
examined for the original model and thermally
coated model with four different thicknesses.

2. Geometric and Mathematical Modelling
of the Piston

Geometric model of the piston body is modelled as
a solid model at PTC Creo Parametric software.
After modelling the piston body, first a 0.2 mm
binding layer then thermal barrier coats with
thicknesses of 0.2 mm-0.4 mm-0.6 mm and 0.8 mm
modelled. Then for each thermal barrier coat a new
assembly modelled, at last for finite element
analyses four types of geometric models created.
The Figurel shows information about the properties
of the geometric models.

H is a virtual path has 91 points on it for post
processing. This path is created on the top surface
of combustion chamber, 5 mm below the
combustion chamber, on top surface of bond coat
(binding layer) and on top surface of thermal coat.
After creating the geometric models of the original
and thermal barrier coated pistons at PTC Creo
Parametric, models were transferred to the Ansys
Workbench software which is used for calculation
by the finite element method. There are five types
of models, first is original piston, second is 0.2 mm
NiCrAl binding layer and 0.2 mm ZrO, thermal
barrier coated, third is 0.2 mm NiCrAl binding
layer and 0.4 mm ZrO, thermal barrier coated,
fourth is 0.2 mm NiCrAl binding layer and 0.6 mm
ZrO, thermal barrier coated and last one is 0.2 mm
NiCrAl binding layer and 0.8 mm ZrO, thermal
barrier coated.

After creating and transferring the geometric model
to the ANSYS Workbench environment, the most
important step is creating the mesh. For creating a
healthy mesh, mesh metrics-element quality
method was used. The Element quality option
provides a composite quality metric that ranges
between 0 and 1. This metric is based on the ratio
of the volume to the sum of the square of the edge
lengths for 2D quad/tri elements, or the square root
of the cube of the sum of the square of the edge
lengths for 3D elements. A value of 1 indicates a
perfect cube or square while a value of 0 indicates
that the element has a zero volume [18]. Table 1
shows the number of mesh, elements and also
element quality of each mathematical model. All
models have same bond coat as NiCrAl with a
thickness of 0.2 mm so at table only thermal barrier
coat included. Also a meshed model of one coated
piston can be seen at Figure 2. During the meshing
for binding layer and thermal barrier coat 0.1 mm
element size of vertical direction used for a better
mesh quality.
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Figure 1. Geometric model of the thermal coated piston.

Table 1. Mesh statics-element quality of original and
thermal barrier coated pistons

Mesh Statistics Element
Model .

. Node Element Quality

Properties ) )

Quantity | Quantity | (average)
Base Piston 316197 208595 0.82
0.2 mm Coated | 355475 215467 0.79
0.4 mm Coated | 370882 219597 0.78
0.6 mm Coated | 385398 223087 0.77
0.8 mm Coated 399914 226577 0.76

Detail B

Figure 2. Meshed model of 0.2 mm NiCrAl 0.8 mm ZrO,

SOLID87 3-D 10-Node Tetrahedral Thermal Solid
and SOLID90 3-D 20-Node Thermal Solid used as
element types for meshing the volumes.

SOLID87 is well suited to model irregular meshes
(such as produced from various CAD/CAM
systems). The element has one degree of freedom,
temperature, at each node. SOLID90 has 20 nodes
with a single degree of freedom, temperature, at
each node. The 20-node elements have compatible
temperature shapes and are well suited to model
curved boundaries [18].


http://www.ansys.stuba.sk/html/elem_55/chapter4/ES4-87.htm
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After creating the mesh, material properties of the
piston, binding layer and thermal coat was defined.
Table 2 also shows the materials and their thermal
properties used at finite element analyses.

Table 2. Thermal properties of the materials

Thermal Thermal Specific heat
Material | conductivity | expansion ?J/k °C)
[W/m°C] | 10-6 [1/°C] £
AlSi 2375 21 960
NiCrAl 16.1 12 764
ZrO, 3 11 460

The next step of the analysis is defining the
boundary conditions. For this mathematical model
different boundary conditions were defined in
seven regions [19]. Boundary conditions are listed
below at Figure 3 and Table 3 below. After creating
the mesh, defining material properties and
boundary conditions, solutions were made for five
different models.

Table 3. Properties of boundary conditions

Region Film Coefficient Ambient
W/mm>'C Temperature C
A 8x10™ 650
B 2.3x107 300
C 6.25x107 85
D 1.15x10° 110
E 101x10~ 110
F 7.17x107 110
G 625x10" 85

3. Results of the Analysis

As previously mentioned, five different models
were used for the solution. First is original piston
without coat. The other four models are coated.
The binder coating on all models is 0.2 mm.
Thermal coatings of four models are 0.2,0.4,0.6 and

—_ — —_—

T gl S

4

.

Figure 3. Boundary condition regions of the piston

0.8 mm ZrO,. All models were solved under the
same boundary conditions. Finally, the responses of
the models to the same boundary conditions were
compared. Solutions were made in a computer with
four core Intel Pentium 17-3770K @3.50 Hz and 16
Gb physical memory on windows 10 x64 platform.
To compare the results, 4 paths were formed on the
piston combustion chamber surface, 5 mm below
the piston combustion chamber, above the binding
coating and above the thermal coating. Detail of
this path can be seen at figure 1(H). Likewise, the
heat flux of all models is compared. Figure 4,5,6,7
shows temperature effect (TE) of termal barrier
coating (TBC) on paths named H and temperature
distrubition (TD) on several surfaces. Further, total
heat flux of uncoated and 0.8 mm ZrO, coated
pistons can be seen Figure 8. After solutions for
each coating, results were examined according to
the upper surface of the combustion chamber of the
uncoated piston. Maximum temperature occured
242.3 °C at uncoated piston, 236.7 'C at 0.2 mm
ZrO, coated piston, 232.2 °C at 0.4 mm ZrO, coated
piston, 227.95 "C at 0.6 mm ZrO, coated piston and
224.7 °C at 0.8 mm ZrO, coated piston. All results
can be seen at Table 4.

Table 4. Results of the finite element analysis

Type Uncoated | 0.2 mm coated | 0.4 mm coated | 0.6 mm coated | 0.8 mm coated
Combustion chamber top surface max. temp. 242.3 236.68 232.16 227.95 224.70
Binding layer top surface max. temp. 250.31 245.16 240.44 225.32
Thermal coating top surface max. temp. - 264.97 271.79 290.67 299.38
Heat flux max 0.83 1 0.95 1.22 1.44
Piston Section max. temp. 236.4 230.63 226.27 222.27 219.31
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Figure 4. TE of TBC on piston combustion chamber top surface changing with distance (a), TD on combustion chamber of uncoated piston (b), TD on combustion chamber of
uncoated piston with 0.8 mm ZrO, coated (c).
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Figure 5. TE of TBC on Binding_Layer_Top_Surface changing with distance (a), TD on 0.2 mm NiCrAl coat with 0.2 mm ZrO, coated (b), TD on 0.2 mm NiCrAl coat with 0.8 mm

ZrO, coated (c).
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Figure 6. TE of TBC on Thermal_Coating_Top_Surface changing with distance (a), TD on 0.2 mm ZrO, coated (b), TD on 0.8 mm ZrO, coated (c).
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Figure 7. TE of TBC on 5mm below combustion chamber changing with distance (a),TD on 5 mm below combustion chamber at uncoated piston(b), TD on 5 mm below combustion
chamber at coated with 0.8 mm ZrO, (c).
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Figure 8. Total heat flux of uncoated piston a) and total
heat flux of 0.8 mm ZrO, coated piston.

4. Conclusion

When the results were examined, in the terms of
occurring maximum  temperature at  piston
combustion chamber top surface level (Figure 4), it
was observed that there was 7% decrease between
the uncoated piston and 0.8 mm ZrO, coated piston.
Looking at the results of the bond coat (binding
layer), a temperature decrease of 10% is observed
(Figure 5). The temperature increase as a value of
13 % is observed on the top surface of the thermal
coating (Figure 6).

This means that, the temperature is more confined
on the thermal coating surface depending on the
coating increasing.

At piston section level (5 mm below the
combustion chamber top surface of uncoated
piston, Figure 7) , a 7 % temperature decrease seen.
At the end of the study, as expected a reduction in
temperature was achieved by the coating of
combustion chamber top surface. The next step of
this study is optimization of the binding and
thermal coats. Also make an experimental study in
terms of verify the results.
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