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Abstract

The purpose of this study is to investigate numerically the effects of anisotropic electrical conductivity of gas diffusion layers on
charge transport in Proton Exchange Membrane (PEM) fuel cell. To achieve this purpose, a single phase, three dimensional and
anisotropic model is developed by using COMSOL Multiphysics 4.2a software. The numerical model is validated in experimental
data which is obtained at the cell temperature of 343 K for the PEM fuel cell having 5x5 cm? active surface area. To find out
numerically the effects of anisotropic electrical conductivity of gas diffusion layers on charge transport, two cases are examined. In
the first case, the in-plane electrical conductivity of its is increased gradually as the through plane electrical conductivity is kept
constant. In the second case, while the value of in-plane electrical conductivity is a constant, the through plane electrical conductivity
is increased. When the both electrical conductivities are compared for all cases, the through plane conductivity has a greater effect on
charge transport in PEM fuel cell than the in-plane plane electrical conductivity.

Keywords: PEM fuel cell, anisotropic electrical conductivity, numerical model.
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1. Introduction

Proton exchange membrane fuel cells (PEMFCs) are
considered as a promising energy conversion technology
because of their scalability, rapid start up and zero emission.
Their electrochemical, mass and heat transfer phenomena have
been tried to understand by computational simulations and
experimental studies over the last decades. Modelling of fuel cell
is used to analyse profoundly their performance and transfer
phenomena. There are a wide range of PEM fuel cell numerical
models in literature [Bernardi and Verbrugge (1990)-Haghayegh
et al (2017)]. But anisotropic 3-D model studies are less than the
others. Bapat and Thynell (2008) conducted two phase two
dimensional PEMFC model operated at 353 K. The researchers
tried to investigate that the effect of anisotropic electrical
conductivity on current density and temperature distributions.
The results of this study bring out that through plane electrical
conductivity is more effective than in-plane electrical
conductivity on the current density and temperature
distributions. Zhou and Liu (2006) developed a 3D PEMFC
model operated at 343 K. The purpose of their study is to
investigate the effect of anisotropic electrical conductivity on
cell performance. It is observed that increasing in-plane
conductivity affects to fuel cell performance slightly. Ismail et
al (2012) modelled a single phase, 3D, PEMFC model with
serpentine and straight channel type. Furthermore, several cases
which have different anisotropic electrical conductivities. It is
shown that anisotropic electrical conductivity of gas diffusion
layer influences to significantly fuel cell performance.

The main objective of this study is to investigate the effects
of anisotropic electrical conductivity on electrochemical
phenomena in detail. In order to achieve this objective, a single
phase, three dimensional, having constant operating temperature
and anisotropic PEM fuel cell model is developed and two cases
are examined. In the first case [Case Group A], the in-plane
electrical conductivities of gas diffusion layers are increased
gradually (100 S/m, 200 S/m and 400 S/m) as the through plane
electrical conductivity is kept constant (400 S/m). In the second
case [Case Group B], when the value of in-plane electrical
conductivity of gas diffusion layers is a constant (400 S/m), the
through plane electrical conductivity is increased step by step
(100 S/m, 200 S/m and 400 S/m).

2. Mathematical Modeling

The 3D PEM fuel cell model consists of seven layers which
are anode channel, anode gas diffusion layer, anode catalyst
layer, membrane, cathode catalyst layer, cathode gas diffusion
layer and cathode channel as is shown in Figure 1.

@) (b)

Anode Channel Membrane  Cathode Channel

Anode Gag Diffasion Cailvoge Gas Diffusion
Layer Layer

Anode Catalyst Cathode Catalyst
Layer Layer

Figure 1. Schematic illustration of PEM fuel cell (a) PEM fuel
cell components (b) Mesh of 3D domain.
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2.1 Model Assumptions and Equations

In the presented study, to better understand the effects of
anisotropic  electrical ~ conductivity on electrochemical
phenomena, PEM fuel cell is modelled numerically which solves
mass, momentum, species and charge conservation equations
under the certain assumptions. Table 1 depicts the using
conservation equations in the mathematical model. Source terms
using equations and boundary conditions are given in Table 2.
The following assumptions are made to reduce complexity of the
model.

» Model operated at steady-state conditions.

» The porous layers are considered as homogeneous pore
structure.

> Inall interface, contact resistances are neglected.

> All gases are ideal gas.

Table 1. Governing Equations

Continuity equation V(epw) =0

Navier Stokes Equation V(epuu)=-eVP+V*(epcfvu)+S,

"
=
<

Darcy Law u=-

=|

N VM
vm =y [psmlz: DU{M(VmiﬂinM_ M|

i

Stephan-Maxwell equation

Species conservation equation V(eu c)=V(DeVe )+S,

Charge conservation equation V.(k]7VPe)+So=0

Table 2. Source terms using equations and boundary conditions

Equations Flow GDL Catalyst Layer Membrane
Channels
Momentum Su=0 S,=-VP e u=0 u=0
- §
Species Si=0 Si=0 Sk=-VngFle-snF Sk=-VndFle
Charge So=0 So=0 So So=0
Boundary Conditions

Uinanode= Uain, Uin cathode= Ucin
CH?2,anode=CH2.a; C02,cathode=C02.¢; CH20.anode=CH20,a; CH20.cathode=CH20.¢

3. Results

3.1 Validation of the numerical model

The computational model solved for reference conditions
and polarization curve validated with Ismail et al’s (2012)
experimental and computational resuts. As shown in Figure 2,
model values and reference values fitted each other.
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Figure 2. Validation of model with reference experimental and
model values.

3.2 Results of case studies

For two different case groups (as shown in Table 3), the
effects of anisotropic electrical conductivity on electrochemical
phenomena in PEM fuel cell are analyzed separately. Figure 3
illustrates the interface that measuring of potentials and current
densities values of fuel cell.

Table 3. Case Study Parameters

Case Group A
Case Number In-plane[g;)nr:;iuctivity Through-pla[glf;n t;onductivity
100 400
2 200 400
400 400
Case Group B
400 100
400 200
400 400

Polarization curves of the two different case groups are
demonstrated in Figure 4. As it is seen in the figure, for the Case
Group A, when the in-plane electrical conductivities of gas
diffusion layers increase gradually, fuel cell performance
decreases dramatically at constant through plane electrical
conductivity. Furthermore, there is an increment in fuel cell
performance by increasing through plane electrical
conductivities of gas diffusion layers at constant in-plane
electrical conductivity.

Figure 3. Interface that measuring potentials and current
densities.
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Figure 4. The variations of polarization curves for cases (a)
Case Group A (b) Case Group B.

The variations of electrolyte potential depending on
anisotropic electrical conductivities are shown in Figure 5. As
the electrolyte potential increases by increasing through plane
electrical conductivity at constant in-plane electrical
conductivity, the increment of in-plane electrical conductivity
leads to decreases in electrolyte potential. The reason of the
increasing in the electrolyte potential is that charged particles go
towards rapidly triple phase boundary in through plane.
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Figure 5. The variation of electrolyte potential depending on
anisotropic electrical conductivities, Vcell=0.45 V [I. at in plane
a) olP = 100 S/m, b) oIP = 200 S/m, c)olP = 400 S/m, constant
oTP =400 S/m Il. a) 6TP = 100 S/m, b) cTP = 200 S/m, c) cTP
=400 S/m, constant oIP = 400 S/m].

Figure 6 illustrates the variation of electrode potentials
depending on anisotropic electrical conductivities. As shown this
figure, when the electrode potential increases approximately
from 0.03V to 0.46 V in the Case Group A, the electrode
potential increases from 0.03V to 0.48 V in the Case Group B.
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Figure 6. The variation of electrode potential depending on
anisotropic electrical conductivities, Vcell=0.45V [ I. atin
plane a) olP = 100 S/m, b) cIP=200 S/m, c) clP = 400 S/m,
constant TP = 400 S/m Il. a) 6TP = 100 S/m, b) cTP=200 S/m,
C) oTP = 400 S/m, constant cIP = 400 SIm].

The variations of electrolyte current density depending on
anisotropic electrical conductivities are indicated in Figure 7. It
is shown that electrolyte current density has uniform
distributions on membrane electrode assembly in Case Group B.
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Figure 7. The variation of electrolyte current density depending
on anisotropic electrical conductivities, Vcell=0.45V [ I. atin
plane a) olP = 100 S/m, b) cIlP=200 S/m, c) olP = 400 S/m,
constant oTP = 400 S/m II. a) 6TP = 100 S/m, b) cTP=200 S/m,
¢) oTP = 400 S/m, constant olP = 400 S/m].

4. Conclusion

The effects of anisotropic electrical conductivity of gas
diffusion layers on charge transport in PEM are investigated in
this paper. Conclusions of the study are listed briefly as follows:

Through plane conductivity has more important influence
impact on fuel cell performance and electrochemical phenomena
than in-plane electrical conductivity.

The electrolyte current density on membrane electrode
assembly is distributed uniformly by increasing through plane
electrical conductivity at constant in-plane electrical

www.ejosat.com ISSN:2148-2683

conductivity. Thus, membrane electrode assembly can have
better mechanic stability and durability.
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Abstract

Individual Pension System (IPS) is a personal future investment system that allows individuals to regularly save for their retirement.
IPS is enacted by the law and supported by the government through state contribution. In Turkey, IPS entered into force on October 27,
2003 and it achieved an impressive progress over the last years. This improvement has caused increase in amount of raw data stored in
databases. However, accumulated data are complicated and big to be processed and cannot be analyzed by classical methods. Data
mining is becoming an essential tool to discover hidden and potentially useful knowledge from raw data. For this reason, application of
data mining techniques on Individual Pension Savings and Investment system is necessary. In this study, one of the data mining
techniques, decision tree classification, was used to determine customers’ profile. SPSS Clementine 12.0 software was used to develop
a classification model. Analyses were performed by various decision tree algorithms. Some customer information of a pension
company operating in Turkey were extracted from system. The significant rules about customers were revealed by analysis. The results
of analysis indicated that the CHAID algorithm showed the best prediction with an accuracy of 85.64% among C5.0, C&R Tree, QUEST.

Keywords: Data mining, customer profile, individual pension system

* Corresponding author : Ondokuz Mayis University, Faculty of Engineering, Department of Industrial Engineering , Atakum, 55139,
Samsun, Turkey, zeynep.dokumaci@omu.edu.tr, phone: +90 362 312 19 19 - 1098

www.ejosat.com 7


file:///C:/Users/zeynepjim/Downloads/zeynep.dokumaci@omu.edu.tr

Avrupa Bilim ve Teknoloji Dergisi

1. Introduction

The individual (private) pension system (IPS) is a personal
future investment system which was created to complement the
existing public social security systems in Turkey, such as SSK,
Bag-Kur or Government Retirement Fund. The system's target is
to contribute economic development by providing long term
funds and thereby increasing employment. It helps to citizens to
live a more comfortable life in their retirement and to maintain
their living standards. The government pays a 25% portion as
government contribution for each contribution amount paid by
participants. Turkish Individual Pension System started on
October 27, 2003 with the contribution of six pension companies.
The demographic distribution indicates most part of participants
is located in Istanbul. In addition, between 25-40 ages are the most
effective part of pension users and majority of this population's
education level is university or master degree.

In this study, IPS customers of a well-known company in
Turkey were investigated. The study aims to classify IPS
customers according to their demographic attributes. This allows
company to identify the profitable or unprofitable customer’s
profiles in detail. Thus, the company could carefully evaluate a
number of important criteria that affect the potential participation
of customers to the system. For example, what kind of customers
would likely use these services? How many new customers could
be attracted to the system? How much contribution rate they
attend? and etc.

2. Research Method

2.1 Data mining

Companies databases contain hidden information. Data
mining (DM), also called knowledge discovery in databases, is
used for discovering interesting and useful (previously unknown
and valuable) information or patterns from large data in databases.
It is widely used for decision making in business (insurance,
banking, retail), science research (medicine, astronomy), and
government security (detection of criminals and terrorists). It is
also a powerful technique with great potential to help companies
focus on important information about their customers. Therefore,
it provides companies to determine the impact on sales, customer
satisfaction, and corporate profits (Tan et al., 2006; Chen et al.,
2006; Yin et al., 2011).

In business environments, determination of profitable
costumers is a significant and competitive factor of an
organization. Because identification of customers to meet their
product or service provides benefits to remain in the current
economic environment. Moreover, analyzing customer profile

Table 1. Comparison of CHAID, QUEST, C5.0, and CART

helps organizations to know customers' value and special features,
to identify the most profitable ones and to increase high quality
relations with them. This helps much deeper and more
comprehensive understanding of costumers. However, its
application on individual pension savings and investment system
is rare in literature.

In this study, we aimed to fill the research gap. For this
purpose, decision tree model, data mining approach was
performed to discover relation between demographic attributes of
customers (Apeh et al., 2014).

2.2 Decision tree

Decision tree (DT) is a data mining method that is often used
for classification, prediction, interpretation, and data
manipulation. Because of easy interpretation and comprehension,
decision tree has the advantages for the decision makers. A
decision tree is a decision support tool that includes a root node,
branches, and leaf nodes. Each internal node represents a test on
an attribute, each branch represents an outcome of the test, and
each leaf node (or terminal node) represents a class label. The top
most node in a tree is the root node. The decisions are made at
each node and each records of data continues through the tree
along a path until the record reaches a leaf or terminal node of the
tree (Han et al., 2012; Lee et al., 2007).

Several statistical algorithms such as Classification and
Regression Trees (C&RT), Chi-Squared Automatic Interaction
Detection (CHAID), Quick, Unbiased, Efficient, Statistical Tree
(QUEST), and C5.0 (upgraded version of C4.5) have been
developed for building decision trees. They work differently in
the following ways. For example, how many splits are allowed at
each level of the tree, when the tree is built how those splits are
chosen, and how the tree growth is limited to avoid from over-
fitting (Linoff and Berry, 2011; Prasad and Madhavi, 2012). These
algorithms can be separated in terms of different characteristics as
shown on Table 1 (Chien and Chen, 2008).

3. Application
3.1 Data description

The real data was derived from a company database in
Turkey. This dataset contains 171625 customer records with 7
attributes for the year of 2014. The decision tree models generated
from the dataset using demographic variables of customers.
Detailed information about attributes in the customer dataset is
shown in Table 2. As seen from table, the dataset includes
continuous and discrete attributes. In order to measure
performance of the algorithms without any bias, continuous
variables was converted into categorical variables.

Algorithm | Data Type | Split Criteria Number of branches at Target variable | Input variable
each node
CHAID Discrete Chi-square test Two or more Categorical Categorlcal/
Continuous
Chi-square for categorical .
QUEST Discrete variables / J-way ANOVA Two Categorical Categorlcal/
: . . Continuous
for continuous/ordinal variables
Discrete/ Gain Ratio Categorical/ Categorical/
C5.0 . . Two or more ; ;
Continuous | Entropy info Continuous Continuous
C&RT Dlscr.ete/ Gini index Two Categorlcal/ Categorlcal/
Continuous | entropy Continuous Continuous
www.ejosat.com ISSN:2148-2683 8
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Table 2. Details of customer data

Variable Variable Type Description
_ . Monthly contribution rate ( £ )
Contribution rate (Target) Categorical 0-250, 251-500, 501-750, 751-1000, or 1000+
Payment Type (Input) Categorical Credit card, Remittance, or Salary
Gender (Input) Binary Male or Female
Marriage Status (Input) Binary Single or Married
Kids Status (Input) Binary Yes or No
Age (Input) Continuous Age of customers
Education Level (Input) Categorical ?bl(g)ileSchool level and below, Bachelor degree, or Master and
3.2 Modeling performance of all models was recorded by using highest testing

and validation predictive accuracy rate.
Clementine V12.0 software developed by SPSS was used to

build predictive model in classifying the customer dataset above.
SPSS Clementine includes a wide variety data mining techniques
associated with data preparation, manipulation and visualizations
tools. In the study, the decision tree models were worked using
data set node, predictive model node and assessment node.

As shown on Fig. 2, the CHAID decision tree model is more
accurate than other techniques. In overall performance, the
CHAID model recorded an impressive of accuracy score of
85.64% compared of that to the other models: C5.0 (84.59%),
C&RT (82.63%) and QUEST (64.35%), see Fig. 3.

Several algorithms (QUEST, CHAID, C5.0, C&RT) in SPSS
Clementine software were employed to build the decision trees,
and then all models were evaluated by using target variable

B Edit jnsem Wiew To0IS SUperNOcE  WIndow Help
FEEEEYTFEXFENX XY EINN

C[m

(contribution rate) and input variables (payment type, age, gender, o
marriage status, kids status, education level). The data stream can o
be found in Fig. 1. &
2
4. Results and Discussion —

CRISP-OM | Classes —

= & (unsaved project)

For the analysis, the data is firstly divided into training data
and testing data. The training set is used to build the classifier,

> Business Understanding
= Data Understanding
& Data Preparation

conti rate P Type
Quest = Modeling
while the test set is used to validate it. In this study the percentages \ & Dmoment
used for training and testing data are 75% and 25%, respectively. ™ \q i
The accuracy measure, which is used widely to compare the s e
performance of classifiers, was obtained by using Eq. (1). _ T
TP+TN :éFavmles ® Sources | ® Record Ops | @ Fieid Ops | a Gragns | @ Modewng | m Cutput ;Emm - |
) = —HNV
Accuracy (%) TP+TN+FP+FN (1) Q)
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(True Negative) is the number of true negative cases and FN
(True Positive) is the number of false negative cases. The
where TP (True Positive) is the number of true positive cases, FP  Figure 1. SPSS Clementine workspace with four decision tree

(True Positive) is the number of false positive cases, TN models
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Wirong 24,646 14, 36% WATOng 26.439 15,41%)
| Total 171,625 Total 171.625
c) d)
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SEne © ear S [><]@| EEe O ot B ><]&)
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= Results for output figld contribution_rate =-Results for output field contribution_rate
= Comparing $R-contribution_rate with contribution_rate = Comparing $R-contribution_rate with contribution_rate
Correct 141.812 82.63% Correct 110434 621, 35%.
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Figure 2. a) Model performance for CHAID algorithm b) Model performance for C5.0 algorithm ¢) Model performance for C&RT

algorithm d) Model performance for QUEST algorithm

Figure 3. A sample part of CHAID classification tree

5. Conclusion

Determination of customers profile is very important for sales
and marketing strategies for companies. For this reason, analyzing
of customer behavior according to their features will be necessary.
Data mining provides the companies to define and classify
customers in detail to understand their behaviors. In addition, data
mining provide strategic information for many customer-centric
applications.

Data mining focuses on the practical importance of the
information or knowledge gained from the models. The study
results showed that the construction and evaluation of decision
tree algorithms on individual pension system is important. This
study will be a guiding start for Individual Pension Savings and
Investment System. It might be beneficial for further studies for
application of other data mining techniques. Using customer
profiling through data mining might be the new competitive
strength for the company owners in this sector
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Abstract

This study examines the effect of irradiance and temperature on the performance of a PV panel. Additionally this study was focused on
two main multi-disciplinary topics. Firstly, the standards and testing for solar modules with main focus being on TS EN 61215 related
criteria which has regional nonconformities such as Standard Test Condition with respect to the 250C and testing is examined. This
scrutinize will also give insight on selecting to examine this particular standard over many other standards related to solar modules with
Natural Test Condition (NTC). Secondly, the knowledge of standards is applied to a real life experiment for a photovoltaic module.
Voltage values, current values and temperature values were taken and graphs were singled out in this paper. Consequently, the panel
which was deemed unfit to meet the standards was subjected to testing in this study. An average cell temperature higher than NOCT
value is observed. Higher temperatures in solar modules decreases open circuit voltage, causing the panel to enter the breakdown region
where current drops earlier. Thus, due to this aberration we were able to observe the breakdown region for the tested panel.

Keywords: Photovoltaic, Solar panel test, Solar panel standards, Solar panel efficiency, Solar panel performance, [-V graphs of PV
panel
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1. INTRODUCTION

Energy consumption of the world is increasing rapidly over
centuries due to the growth of technology [1,2,3]. However, even
with all of its advantages, with enormous amount of
manufacturers all around the globe, standards for PV panels must
guarantee cost effectiveness for investors. Standards ensure the
products are safe, reliable and of good quality. International
standards also give confidence to the customers that the products
will do the job they were intended for and they can buy and use a
product manufactured anywhere, even in another country safely.
They help to bridge the gap between research and marketable
services or products. They are also proven to boost productivity
and help economy [httpl]. This study is set on the several main
topics such as that the theory working principles of solar cells and
also standards and testing for solar modules with main focus being
on TS EN 61215 related criteria and testing. Therefore, the
evaluations will also give insight on selecting to examine this
particular standard over many other standards related to solar
modules. In this respect, the knowledge has been applied to a real
life experiment. The experimental study shows what kind of
conditions affect the efficiency of a PV panel. Evaluation of the
results of the PV panel efficiency in the system. Thereby, these
experimental studies has made withtogether the focusing on
standards and testing of photovoltaic modules.

1.1. TESTING AND STANDARDS FOR PV
PANEL

New electrical standards projects are jointly planned between
European Committee for Electrotechnical
Standardization(CENELEC) and International Electrotechnical
Commission (IEC), and where possible most are carried out at
international level. After 20 years of partnership CENELEC and
IEC have reconfirmed their longstanding cooperation on 17
October 2016, by signing the Frankfurt Agreement [http2].

These agreements allowed mutual code numbers for
standards. IEC standards are also found preceded by EN to
indicate that the IEC standard is also adopted by CENELEC as a
European standard (e.g. IEC 61215 is also available as EN
61215).

Also worth mentioning; International Organization for
Standardization (ISO) is a sister organization to IEC and the
European Committee for Standardization (CEN) is a sister
organization to CENELEC. CEN and CENELEC are the regional
mirror bodies to their international counterparts, IEC and
ISO[http3]. National standards for Turkey about PV modules are
prepared by Turkish Standards Institution (TSE) and they are a
projection of both global standard of ISO and European standards
(EN). TSE become a full member of ISO and IEC by 1956, and a
full member of CEN and CENELEC by 2012 [http4, http5, http6,
http7, http8]. The main standards related to PV modules by TSE
are;

*TS EN 61215: Terrestrial photovoltaic (PV) modules -
Design qualification and type approval

*TS EN 61646: Thin-film terrestrial photovoltaic (PV)
modules — Design qualification and type approval

‘TS EN 61730-1: Photovoltaic (PV) module safety
qualification- Requirements for construction
‘TS EN 61730-2: Photovoltaic (PV) module safety

qualification- Requirements for testing
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*TS EN 61345: UV test of photovoltaic (PV) modules

« TS EN 62716: Photovoltaic (PV) modules Ammonia
corrosion testing

*TS EN 61701: Salt mist corrosion testing of photovoltaic
(PV) modules

For a PV module to be approved (branded) by TSE, it should
pass all the related standard testing.This study is focused on TS
EN 61215 as it is the main standard for crystalline photovoltaic
modules, which is most commonly used. Therefore, in this study,
the experimental setup consisted of the solar module which is
made by Siemens with product type of SP75 as shown in the
Figure 1.

Figure 1. Solar module used in the experiments and technical
parameters from the documentation of the panel on the name
plate (These values are tested in Standard Test Conditions
(STC), which is; 1000W/m? Irradiance, 25 °C Cell Temperature
and Air Mass: 1.5).

Certifications and qualifications of the panel are;
+IEC 61215+ UL-Listing 1703« TUV safety class II

* JPL Specification No. 5101-161+ CE mark < FM
Certification

The technical data of the panel is as Max Power is 75 Watts,
Open Circuit Voltage is 21.7 V

Fire Rating is Class C, and For Current; Short Circuit is 4.8
A, Rated: 4.4 A, For Voltage; Open Circuit is 21.7 V , Rated is
17.0 V and also NOCT (Nominal Operating Cell Temperature)
4542 °C . The experiments in this study was conducted in
Goztepe/ Istanbul-Turkey that the coordinates are 40° 58°47.06°N
and 29° 3’ 36.35” E as shown in the Figure2.

L ermertrrges 3
D D L) &= . m
7 0 -
- B Ung@piye
o Istanbul 'g_"/l

=]
Peodik

Figure2. Location of the experiment via the computer
calculation program that is combined by the Google Maps
JavaScript API
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2. RESULTS AND DISCUSSION

The real life experiments support the understanding on what
kind of conditions affect the efficiency of a photovoltaic module.
Voltage, current and temperature values were taken and graphs
were singled out in this paper to understand the efficiency of
module as shown in the Figure 3 and Table 1.

Basic data \ Sizes and Technology | Model parameters | Addiional Data | Commercial | Graphs |

the nominal power [75
Wpdoesnt match the
Vimppimpp data (58 Wp al
5TC)

Model [Paly B0 36 cels Manufacturer [5P

File name  [Generic_Poly_75w/ PAN Data souce [Typicsl

(2] Orginal Pyt database Prod. from 2015
Nom. Power[750  Wp  Tol-/+ [50 [60 % Technokgy [SEER -
(at STC)
or other al Model summary 2
. eelld Main parameters 2
Refsrerics condiions: GRef [g7a Wi et 5 ¢ o -
Shottcircuit curert lsc [4880 &  OpencicutvVos [2170 V RshiG=0] 1200 ohm
Ma Pouwer Point Impp 3510 & Ve [1700 V R serie model  0.45 ohm
Temperatue cosfiicient  mulsc [38 | madC Fi ot man 1.05 ohm

Nb cells 35 in series R seiiz apparent 0,95 ohm

armulse 0077 %/°C

Internal mode! result tool

Model parameters
Gamma 2,604

|| | 586.7 uA

TOper ]?j: < muboc 57 m¥/"C

mPMasficed 044 1T

Dperating conditions

GOper [1000 jwm
Max Power Point Frpp  71.8 W 9| Tempercosl. -0.43 %/°C
Curentlmpp 467 A VoliageVmpp  15.4
Shottcircuit curent ls2 5.55 & Open cicutVoe  22.0 V
Efficiency JCelsaea 15.34 % I Module sea 12.90 %

Figure 3. Definition of PV module parameters via computer
program

The results are also checked with respect to the TS EN 61215
[4,5]. The standard explains the requirements ofname plate,
documentation accompanying to the module and pass criteria
thoroughly.As it can be observed in Figure I, the name plate is
not complexly readable. As an example according to TS EN
61215-1 section 5.1 each module should include clear and
indelible markings of (section 5.1, clause a) “name, registered
trade name or registered trade mark of the manufacturer” [4].
Thus, if this module was a test sample for TS EN 61215-1in the
state it is in when the experiment was conducted, this flaw alone
would cause this module to be deemed not to have met the
qualification requirements.

Table 1. The open circuit values of the experiment in 1st of June

Time Degree Temperature | V_oc (V) I_sc(A) P_sc (W) T_1sc(°C) | T 2s¢(°C) | T_3sc (°C) | T_dsc (°C) |T_sc_abs (°C)|
14:34 o 24°C 18,56 3,86 71,6416 65,9 68.4 68,5 67 67,45
14:42 10 24°C | 18,7 4,02 | 75,174 60,8 63,8 | 65,6 65,3 63,875
14:51 20 24°C | 189 391 | 73,899 59,1 61,1 [ 613 61,7 60,8
15:02 30° 21°C | 189 3,75 | 70,875 56,1 568 [ 57,1 55,1 56,275
15:11 a 23°C | 18,92 3,38 | 63,9496 52,9 51,6 ‘ 53,1 52,8 52,6
15:19 50° we | 18,95 3,17 60,0715 526 56,5 564 529 546
15:30 60 23°C 18,95 2,85 | 54,0075 53,9 54,1 [ 529 53 53,475
1538 0 23°C 18,92 | 45,5072 516 s | ss2 52,1 53,05

Testing was conducted in different times of the day for
multiple days; both for open circuit system and closed circuit
system. Experimental results for 1% June 2017 are given by the
Table 1 and their evaluations are illustrated by the Figure 4 and
Figure 6.
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I-V Graph
4 @ eeieeeenyeeees S
< '."-.‘
5 2 J
0
18,55 18,65 18,75 18,85 18,95
V_oc (V)

Figured4. The I-V graph of the experiment in 1st of June in the
open circuit arrangement

The computed results are also analyzed and compared with
the graph of datasheet calculated. These computer evaluations are
illustrated on the Figure 5 and Figure 7. Solar radiation power per
unit area on the horizontal surface is calculated using by average
values of the results in this study. This calculation is given by the
Equation 1.

w
. _ 1000W*ISC(avg)
inc —

= 712,240 %
m

Isc(ste)

(1)

- T T
Cells temp. = 45°C

Incident Irrad. = 1000 W/m*

65.6W

Incident Irrad. = 800 Wim*

Incident Irrad. = 800 Wim?

Cumant. 4]

3TawW

Incident Irrad. = 400 W/m®

238 W

=200 W
Incident Irrad. = 200 Wim? 108w

Voltage [V]

Figure 5. Module behavior according to the incident irradiation
(W/m2)

The Figure 5 represents the current-voltage evaluation with
respect to incident radiance which is solar power per unit area.
The green line in the Figure 5 is compatible with our calculation.
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P-V Graph P-I Graph

T-V Graph T-l Graph

Figure 6. Other graphics for the open circuit arrangement for
1st of June

Pifickncy o Prass %]

Figure7.Temperature dependency of I-V characteristics (left-
hand side) and efficiency (right-hand side) of the module

The performance of the panel was unsatisfactory. Cell
temperatures were ranging between 47,33°C to 67,45°C,
indicating the module was not working properly, as the NOCT of
the module is 45°C. This value is valid under 1000 W/m? and wind
speed of maximum 1 m/s.

Tieftstring(avg) = 56,525 °C

Trightstring(avg) =57,225°C

Moreover, because the panel is time-worn, there is a defect in
a cell as it can be observed in Figure 8..As it is dictated in TS EN
61215section 8, clause h; if there are voids or corrosion in any
cell, defective area should not exceed 10% of that cells total area.
Which in this case it does. Thus this also would cause this module
to fail to meet qualification requirements.

Figure 8. Defective Cell

www.ejosat.com ISSN:2148-2683

3. CONCLUSIONS

A degraded panel which was deemed unfit to meet the
standards (by visual inspection) was subjected to testing in this
study. During the experiment the irradiance was lower and wind
speed was higher. Thus an average cell temperature lower then
NOCT value should be possible.

Nevertheless, the damaged cell was the reason behind
elevated cell temperatures. The main reason for the defect was the
EVA (ethylene vinyl acetate), that is a layer which lies under the
upper part of the cell. EVA layer helps the cell to resist impacts
but if there is a problem with this layer; it is easier for the cell to
be oxidized. The damaged part of the cell cannot produce
electricity thus it acts as a load, increasing the temperature of itself
and the string of the cells it is in; which decreases the
performance. Higher temperatures in solar modules decreases
open circuit voltage, causing the panel to enter the breakdown
region earlier, which results in an earlier current drop. Thus, due
to this aberration we were able to observe the breakdown region
without a solar simulator as the panel should be designed to not to
enter this region under normal outdoor conditions.

Ultimately, the visual inspection, as it was imposed by the
standards predicted an unsatisfactory outcome. All of the
experimentation done subsequently approves validity of TS EN
61215.
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Abstract

Air springs are used in automobile suspensions and perform under highly dynamic loading conditions. An essential component of an
air spring mechanism is the rubber tube. The rubber tube produced from layered cord rubber composites. It is constructed as two-layer
cord fabric reinforced rubber composites. The matrix crack, debonding and failure of the cord are the most observed damage modes of
cord-rubber composites. The presented study investigated fatigue life behavior and damage mechanisms of the PA 6.6 Cord
fabric/Natural rubber composites. Curing conditions of rubber such as pressure (7.5,12.5, 15 MPa), temperature (140,160 and 180 °C)
and time (5,8 and 10 min) were taken as research parameters. Moreover, two type of PA 6.6 cord fiber and three different fiber orientation
angle (40,42 and 45°) were studied as material parameters. All experiments performed by using De-Mattia cyclic fatigue test equipment
under 5 Hz frequency. The experimental study designed by Taguchi method using L18 orthogonal series. The results show that 12.5 to
15 MPa curing pressure, 8-10 min curing time and 160 °C are optimum values for cord rubber layered composites to obtain high fatigue
life. The fiber type of the cord fabric and fiber orientation angle between 40 to 45° does not affect the fatigue life of the cord-rubber
composites. The post-mortem analysis performed to clarify damage mechanisms.

Keywords: Cord rubber composites, fatigue, natural rubber, damage.
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1. Introduction

Rubber is a kind of valuable polymer material, which has the
unique properties of other materials. Rubber material can
withstand enormous strain but does not produce permanent
deformation or damage and has the advantage that conventional
engineering materials cannot match, which makes it has excellent
application in many occasions (Zhang and Zhao 2015). Although
these impressive properties of the rubber, their strength does not
enough to self-use in many possible areas such as air springs, tires,
and belts. To improve the strength properties of the rubber,
different type of cord fiber reinforcements have been used, and
cord/rubber composites developed. Several types of the cords
have been used in tires as reinforcement, such as rayon, nylon 6
and 66, and polyester (Jamshidi et al. 2006). Fatigue life of the
composite initially based on elastomeric matrix material and
rubber/cord fiber interface. Both properties depend on
vulcanization pressure, temperature, time process parameters and
cord fiber twisting type and cord fiber surface preparations (Li et
al. 2017). Although, cord fabrics improving the strength of rubber,
the fatigue life of the rubber can be decreased by initiation of the
cracks in the cord fiber/rubber interface and fiber end-tips
(Valantin et al. 2015) In case of many parameters effects of the
composite material’s strength and fatigue life (Ozsoy et al 2016,
Eksi and Genel 2017). Taguchi experimental design method is
widely used to save experimental time and analyze effects of each
parameter (Ozsoy et al. 2017).

In this study, fatigue life of the cord/rubber composites were
studied under different process parameters. The research
parameters of the cord/rubber composites were specified within
the air-spring production parameters which all in the accepted
tolerances by the air spring manufacturers. These were
vulcanization time, vulcanization pressure and temperature, fabric
orientation angle and cord fiber twist type. Taguchi experimental
design was used to describe the experimental program.

2. Materials and Method

2.1 Materials

Natural rubber based composite matrix and cord fiber-
based fabric were used in the manufacturing of
rubber/cord composite specimens. Natural rubber based
compound calendered as lining material. PEGA
automotive Company supplies all the materials used in
the experiments. Rubber coated cord fabric and lining
rubber were used to form the reinforcing structure. The
rubber coated cord consists of special rubber mixture and
cord fabric. Lining rubber is prepared by calendering
according to air spring standards. The thickness is 1.4 mm

www.ejosat.com ISSN:2148-2683

1 0.05 and elongation at break % 450, and the strength is
21 MPA. The production line can be seen in Figure 1.

Exp Cord Fiber Vulc. Vulc. Vulc.
No:  Fabric  Orien. Time Temperature ~ Pressure
Type Angle (°) (min.)  °C) (Bar)
1 1 40 5 140 125
2 1 40 8 160 150
3 1 40 10 180 75
4 1 42 5 140 150
5 1 42 8 160 75
6 1 42 10 180 125
7 1 45 5 160 125
8 1 45 8 180 150
9 1 45 10 140 75
10 2 40 5 180 75
11 2 40 8 140 125
12 2 40 10 160 150
13 2 42 5 160 75
14 2 42 8 180 125
15 2 42 10 140 150
16 2 45 5 180 150
17 2 45 8 140 75
17 2 45 10 160 125

Figure 1. Rubber/Cord fabric composite materials production
line.

Two types cord fabrics were used based on Nylon 6.6. The fabrics
were produced by Kordsa Co./Turkey. The fabrics were used in
the production of the Air springs as reinforcement materials. They
have the superior tensile strength and offering for weight
reduction, longer life, easy processability, improved safety and
higher load capacity. They called in this paper as Typel (1400x2-
120 Number of total fiber 1740) and type2 (940x2-150 dtex,
Number of total fiber 2030). The mechanical and physical
properties of these fabrics were presented in Table 1

2.2 Design of Experiments

To achieve the fatigue determination of the natural rubber/cord
fabric composite structure, the most effective parameters were
selected. Because of long experimental time need for fatigue
experiments, decided to wuse Taguchi DOE technique.
Temperature, Vulcanization Time, Cord Fabric Type, Cord
Reinforcing Angle and Vulcanization Pressure were selected as
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significant parameters to understand the effect of air-spring
manufacturing tolerances. The parameters and their levels were
given in Table 2. Using Taguchi Design of Experiment technique,
L18 orthogonal series were applied. The Minitab ® software was
used to a selection of efficient experiments. In Table 3, Taguchi
DOE calculation results for the experimental program.

Table 1. Mechanical and physical properties of the cord fabrics.

Table 2. Decided parameters and levels in the study

Parameters Levels
Vulcanization 140, 160 and 180
Temperature (°C)

Vulcanization Time 5,8 and 10
(min.)

Cord Fabric Type Typel and Type 2
Cord Fabric Orientation 40, 42 and 45
Angle (°)

Pressure (Bar) 75, 125 and 150

Table 3. Taguchi experimental design.

2.3 Material Production and Specimen
Preparation

Specimens were prepared according to the calculated
experimental program. The rubbers were prepared by cutting to
the desired size. Cord fabrics were cut at different angles
determined by their type. After the material preparation processes,
all production activities were performed in the laboratory
environment. In Figure 2 cutting rubber coated cord fabrics
respecting orientation angle of composite specimens were
presented.

CORD FABRIC ANGLE

Angled plied cord

Bottom Rubber Layer

Angled plied cord
fabric (2 nd)

www.ejosat.com ISSN:2148-2683

Figure 2. Cutting rubber coated cord fabrics according to
orientation angle and placement of cord fabric between lining
rubber material in the fatigue specimen.

Rubber coated fabrics were cut respecting described reinforcing
orientation angles (40, 42¢ and 45°) and standard Specimen size
(25x 150 mm), lining rubber also cut specimen size and they set
in the compression mold as decided layer configurations. Layer
configurations and production flow were represented in Figure 3.
Layered sheets were compressed and vulcanized under described

process parameters such as pressure, time and temperatures.

Cord Yarn Properties Type 1 Type 2
Yarn Count (dtex) 1400 940
Breaking Strength (Kg) 13.46 8.82
Tenacity (cN/tex) 93.3 91.7
Elongation (at 4.5 kg) % 8.1 9.2
Elongation at break (%) 18.2 17.5
Shrinkage (at 177°C, 2 min.) (%) 6.6 74
Cord Fabric Properties
Construction 1400x1x2 940x1x2
Breaking Strength Average (Kgf) 22.5 14.5
M adhesion (kg/10 mm) 15 10
Cord Thickness (mm) 0.65+0.05 0.54+0.04
Ply Twist, Z (tpm) 390+15 470+15
Cable Twist, S (tpm) 390+£15 470+15
18
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A

4

Vulcanization
Period (Time)

Specimen

Figure 3. Specimen preparation flow schema.

The test specimens was obtained by vulcanizing prepared layered
cord/rubber composites using a hot press at different
temperatures, minutes and pressures. After the vulcanization
process, rubber parts were taken out from the mold and rested for
16 hours at room temperature. Samples prepared according to De
Mattia test device and ASTM D430-06 standard. Specimen
dimensions and production mold and press were presented in
Figure 4.

www.ejosat.com ISSN:2148-2683
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Figure 4. a) De-Mattia Specimen dimensions (ASTM D430-06)
b) Mold c) Hot Press

2.4 Experimental Setup

The De Mattia fatigue test device is used at 5 Hz to initiate the
formation of cracks by repeated flexing of cord/rubber composite
specimens, prepared according to standards. The cord/rubber
composite samples are clamped in the jaws of the De Mattia
fatigue device as shown in Figure 5. The upper and lower jaws are
fixed, and the middle part is movable. The middle part moves up
and down to detect the crack initiation in the rubber. At the same
time, 22 specimens can be loaded in the fatigue device. Each
specimen was labeled from 1 to 18 and fatigue device was stopped
each 50 000 cycle and specimens condition and crack initiation
were observed and recorded.
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- Fixed Cross

i Heads.

Figure 5. De Mattia fatigue test device and placement of
specimens.

3. Results and Discussion

The fatigue life table of our samples results was obtained as given
in Table 4. According to Taguchi analysis (Figure 7), Cord fabric
type (Number 2) is more efficient than other parameters. It was
observed that the temperature would be insufficient less than 160
°C. Curing time as 8 min. is effective value for the fatigue life.
Cord fiber orientation angles did not affect directly for selected
orientation angles.

www.ejosat.com ISSN:2148-2683

Table 4. Fatigue life results

Specimen  Cord  Fiber Vule.  Vule. Vulc. Fatigue
Number Fiber  Orientation  Time  Tempe  Press. Life Cycle
Type  Angle (min.  rature
() ) (WS (Bar)
1 1 40 5 140 125 250000
4 1 42 5 140 150 260000
9 1 45 10 140 75 262250

The other 15 specimens were not shown any damage, fail or crack
initiation up to infinite life (1x107). An example of the damaged
specimen surfaces was given in Figure 6.

Figure 6. Damaged surfaces and crack initiation and
propagation in a failed sample.

Main Effects Plot for Means
Data Means

Cord Fiber Type | Temperature Premsure Oriantatian Angia

10000000
5000000

BOODOOY -
FATIEUE

LIFE
{CYCLE}
7000000

EQQoooo

.

5000000
10 40 42 45

2 140 160 180 75 125 150 5 8

Figure 7. Taguchi analysis of parameters effect on fatigue life.

According to Taguchi analysis (Figure 7), Cord fabric type
(Number 2) is more efficient than other parameters. It was
observed that the temperature would be insufficient less than 160
°C. Curing time as 8 min. is effective value for the fatigue life.
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Cord fiber orientation angles did not affect directly for selected
orientation angles.

4. Conclusions

In the presented study, fatigue life of the cord/rubber layered
composites were investigated according to selected design and
process parameters by experimentally, and the results can be
concluded as given below:

e Cord fabric type is more efficient than other
parameters.

e  Under 140 °C temperature usage is not suitable for
vulcanization.

e  Vulcanization time as 8 min. is an optimum value
for the fatigue life.

e  Cord fiber orientation angles do not effect if they are
around 45°.

e  The cracks initiated in part, towards the inner edges
due to bending because the surface of the material is
not a flat surface relative to the outer surface.

e Inner side friction and contact between the two
surface of is increased the surface temperature and
increased the stress accumulation against to the
notch tip.
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Abstract

The different deformation degree of fractures caused by the intrinsic strong pressure-sensitive property of the ultra-low permeability
reservoirs would change the channeling law of CO; in fractures, then affect the oil displacement efficiency. Thus, revealing the
seepage characteristics of CO2 in fractured reservoirs is the groundwork to improve the oil displacement efficiency of CO,. The
directional pressure-sensitive property of fractures was simulated by a physical model. The simulation of physical experiment with
multi-physics coupling was carried out by theoretical derivation and finite element analysis software COMSOL Multiphysics. The
stronger heterogeneity of reservoirs , makes CO, much easier to rush. Increasing injection pressure , can increase the proportion of
CO; in low permeability area. As the pressure-sensitive property between high and low permeability layer is different, increasing the
effective stress would induce stronger heterogeneity. Therefore, in order to control the effect of pressure-sensitive property on
production, the formation pressure should be controlled reasonably in development process. In this study, the factors, especially the
fracture development directions, which show significant influence on the oil recovery of CO; flooding in fractured and pressure-
sensitive reservoirs, were studied with physical experiments and numerical experiments. The results obtained in the study can provide
a more reliable theoretical basis for CO» flooding design and profile control technology.

Keywords: CO» flooding, pressure-sensitive, fracture direction.
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1. Introduction

There are many indoor methods for testing permeability. As
early as the last century 50's, there are many foreign scholars put
forward the appropriate test methods and experimental devices.
Philippe Renard (2001) through the theoretical calculation and
indoor test comparative analysis of the main factors affecting the
test error are anisotropic principal value, direction of the
permeability, and the sample length to diameter ratio. Green
Korn (1964) proposed a similar test method, but still did not
solve the calculation problem of anisotropic permeability tensor.
Yves Bernabé (1992) obtained the full tensor permeability of the
sample by changing the injection conditions which lead to
different boundary conditions. After that the corresponding
inverse problem had been solved. Bieber (1996) used point
tracer water injection and X-ray tomography to directly observe
the flow patterns within the sample. If the flow form is spherical,
the medium is isotropic. If that is ellipsoid, it is anisotropic.
However, most of the fracture permeability tensor tests and
theoretical calculations are only applicable to anisotropic media,
can’t accurately measure and calculate the total tensor of
anisotropy permeability. Therefore, it is still a difficult problem
to obtain the fracture permeability value when the direction of
permeability principal value have angle with the displacement
pressure gradient. Due to CO; and the oil have large difference
in the mobility, it is easy to lead to gas finger or gas cone caused
the production decline. When the fracture in different directions
and the reservoir has a pressure-sensitive effect, the law of
production decline will be more complicated. Therefore, it is of
great practical significance to study the influence of fracture
direction on the flow pattern of pressure-sensitive reservoir.

2. A Theoretical Model for Calculating
Fracture Aperture

The fractures of low permeability reservoirs are more
developed, the matrix is used as the reservoir reserve space of
oil, and the fractures are the flow channels of oil flow. The
properties of fractures play an important role in oil production in
low permeability oilfields. Therefore, the correct calculation of
the aperture of the fracture is a very important work. As shown
in Figs.1 to 4, the fractured core is obtained by applying the
Brazilian splitting principle to the horizontal seam, and the
fracture surface remains uncontaminated. The permeability of
the matrix portion of the fracture core is equal to that of the
homogeneous core. The gas permeability in the matrix core is
(Equation 1):

_ 20, PoL (1)
AP - P2)

The gas permeability in the fractured core is (Equation 2):

_ 2140, Py )
AR - )

The permeability of a single fracture is (Equation 3):
k, =8.44x10°W’ 3)

www.ejosat.com

In a fractured core, the core flow rate is equal to the sum of
the flow in a single fracture and the flow of the matrix(Equation
4),

Gayg =0y + 0y )
To sum up (Equation 5):
8.44x10°W’l K, A+k, (A—wl) =0 (5)

The fracture aperture is obtained by the Equation 5, so that
the flow rate of the fluid in the matrix and the fracture are
(Equation 6):

q =5.064><108.M (6)
i 10up,L f

upl

Where km = matrix permeability, 103um?. k¢ = fracture
permeability, 103um?.qm , qr = flow rate in the matrix and
fracture, respectively, cm?/min. pi, p» = absolute pressure of
the core inlet and outlet, respectively, MPa. w = fracture
aperture, cm. p0 = atmospheric pressure, MPa. [ = fracture
length, cm.

Figure 4. Fractured Core Diagram.
3. Physical Simulation

3.1 Effect of pressure on fracture permeability

23



Avrupa Bilim ve Teknoloji Dergisi

All parameters are same as the theoretical model. In order to
intuitively observe the dynamic change process of the fracture
opening when the fluid pressure changed, the red dye agent is
added to the distilled water and the plexiglass tank is used as the
experimental model container (Fig.5).

3.2 Effect of pressure on fracture permeability

As shown in Figure.6: When the pressure gradient (pressure
difference) is kept constant, as the pressure on the media
increases, the overall fracture permeability increases.

Figure.7 is for the relationships between pressure difference
and flow rate at the average pressure of 12kPa. As the pressure
gradient or injection pressure increases, the flow begins to
increase first, and the peak appears in the middle and then begins
to decrease. It can be seen that in order to obtain the maximum
productivity benefit in the actual oilfield development, it is not
the bigger the better on the pressure difference, but existence an
optimal value, which is very instructive for the reasonable
development of the actual reservoir.

Pressure

Fracture Gauge

Media

Back
Pressure
Valve

Regulating valve,

Plexiglass

.
Containers : Metering

:_Device |
1

Fluid Injection System

1
C————
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1

1
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Figure 5. Experimental Device Diagram.
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Figure 7. Relationships Between Pressure Difference and Flow
Rate at the Average Pressure of 12kPa.
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4. Experimental Simulation

The experiment procedure was also simulated by COMSOL
Multiphysics. Parameters of the model are the same as the
experimental model. Due the development direction of the
fractures are different, the reservoir area with preferential
pressure spread direction in the development is different (Fig. 8).

As shown in Fig. 9, the pressure is preferentially propagated
along the direction of the fracture. As the production process
progresses, the pressure gradually affects the matrix around the
fracture, and the use degree of matrix is gradually increased. The
development direction of the fractures is different, and the
reservoir area with preferential pressure spread direction is
different. Corresponding to the actual reservoir, different regions
with different reserves abundance, the initial production capacity
of the production wells will be very different. And ultimately
reach a steady state. When the models both have reached a
steady state, the total pressure spread area is not same between
them. The place where the pressure could not reach, that is
difficult to recovery oil and gas even if the reserves are high.
Therefore, the angle between the direction of the fracture and the
direction of the pressure gradient will affect the final recovery of
the reservoir.

Figure 8. Pressure Propagation Path.

Lialaleal

|

Figure 9. Pressure Field Distribution.

5. Conclusion
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(1) In the low permeability heterogeneous reservoir, with the
increase of the effective pressure, the permeability loss in low
permeability layer is higher than that of in the high permeability
layer. Low permeability fractured reservoir have strong pressure
sensitivity, which is caused by the closure of fractures and the
deformation of matrix. When the effective pressure is low, the
closure of the fracture aperture causes the permeability decrease
sharply. With the increase of the effective pressure, the fracture
aperture decreases. When the fracture aperture is closed to a
certain level, the matrix permeability also began to decrease.
And the lower the matrix permeability is, the stronger the
pressure sensitivity of the reservoir.

(2) The gas channeling in the low permeability fractured
press sensitive reservoir is related to the fracture property. With
the effective pressure increase, the fracture in different directions
will occur varying degrees of closure , resulting in the gas
transfer from the fracture to the matrix , thereby the use of oil in
the matrix will increase. When the effective pressure is too high,
it will lead to loss of permeability of the matrix, thereby
reducing the production capacity of matrix. When the matrix
permeability is low, the fracture core can obtain a high gas
flooding efficiency with the effective pressure kept at a high
level.
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Abstract

Multi-span beams are statically indeterminate structures in general. They have many applications in civil engineering, mechanism,
navigation engineering and so on. For example, multi-span bridges have been widely used in highway and railway. It is of great
importance to study the dynamic characteristic of the multi-span beams for engineering design and scientific research. Many engineers
and scientists have contributed to the solution of the problem with their innovations, and still the subject draws considerable attention
from researchers by now. In this study, we investigate primary resonance case of multi-span beam subject to axial load. Firstly, the
mathematical model of the problem is derived by using extended Hamilton principle. This model has geometric nonlinearity. Here, two
system of partial differential equations are obtained for axial direction and transverse direction. The numbers of equations and boundary
conditions depends on span number. After coupling equations in transverse and axial directions, the system of nonlinear integro-
differential equations are obtained and solved using the method of multiple time scales.
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1. Introduction

There are many studies related to multi-span beam structures
in the literature. Multi-supported (multi-span) beams can be
applied to some different engineering areas. For example, Henchi
et. al. [1] consider dynamic response of multi-span beams as
bridges. The beams are under a convoy of moving loads. In
another interesting study, the transverse vibrations of an axially
accelerating Euler—Bernoulli beam with multiple simple supports
are examined [2]. Kesimli et. al. [3] analyse nonlinear vibrations
of an axially accelerating multi-supported spring and determine
both stable and unstable areas. In some studies, multi span beams
is considered as pipes conveying fluid [4]. They present the
Timoshenko beam model instead of the Euler Bernoulli beam.

In this study, the solution of the nonlinear mathematical
model of the multi-span Euler-Bernoulli beam is presented. As a
solution technique, the method of multiple scales is preferred.
Applying the method of multiple scales and separating the
equations at each power of small parameter, linear differential
equations are obtained at each order of small parameter instead of
the system of integro-nonlinear differential equation. The
principal primary resonances case is analyzed and the stability
boundaries and regions are investigated. The obtained results are
shown by graphs.

2. Solution Using Method of Multiple Scales

Adding a visco-elastic damping term into the equation of motion
in Ref. [5], one obtains

o ow, Pw | WP (ow, ) ok 0w, -
&+ 1, + A {Z j [axlj d)?i}—/l Be TP e = Fncosa,

(1)
where M, A,P and F denote different support locations, the

fineness coefficient, the axial compressive force and external
excitation with amplitude, respectively. In this study, we consider
the equation of motion for two span. The method of multiple
scales is directly applied to the governing equation to find the
general solution of Eq. (1). The perturbation expansion for

w_ (X,1) is assumed
W, (T, Tpre) =ew, (X Ty Tye )+, (T, Tpie)+K =12 (2)
where ¢ is a small parameter artificially inserted into the

equations; T, =1 is usual fast time scale, T, = &t is slow time

scale. We consider only the primary resonance case and hence, the
forcing and damping terms are ordered so that they counter the
effect of nonlinear terms: that is

F, =&F, (3)

a=&p

D,=0/0T,, its derivatives have been expressed in time.

Substituting Egs. (3) into Eq. (1) and separating at each order of
& , one obtains
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O(&"): D§Wyy — DA Wiy + P, +Why =0 )

O(&°): DfWiyg ~ DZA"Wig +P"Wog + Wiy =—2Dg Dy, — 4Dy + 222Dy Dy, —(DZ 42D, D, Wy

1 Y 2 Ym )
+ﬁwm{mz | Wm1zdxl}+ F.n COSQT,
'm-1

=

)
The problem at orders & is linear. The generating solution at
order ¢ are assumed as
Wy = (A (T)e™" + A, (T,)e " ) X, (%) m=12 ©)

where A, and An are complex amplitudes and their conjugates,

respectively. Substituting W, , solution into this relation, we

obtain

0(53) - D2W,; — D2APW! + P"W,, + WY, = —prico, X (’&)(AV(TZ)G'”WT” ZA(T)e )
- 2ia)m X'“ (Xi)( ID?A"(‘l-Z)Ei’%TU - DzAn(Tz)eiiM"Tm )+ Fm COSQTO

4oy (ATE 4 A, (T ) X ()

)
where
b=3" f [(ATe™ + A, (e ™) x; (%) ag ®)

‘m-1

We consider the primary resonance case. Besides, we assume that
the external excitation frequency approximately the natural

frequencies of the system, thatis Q~ @, + &’c where 0 and

,, denote the detuning parameter and the natural frequency. The

detuning parameter represents the nearness of the external
excitation frequency to the natural frequency of the system.
Applying the normalization as

F-Y [Exde O

M=l

i I Xndx, =1,

M=l s

eliminating secular terms, then, the resulting equation is obtained
as

D§ Wi — DA Wi + P"Wog + Wiy, = 2i, (;{ZX:‘ (%)=Xp (Xl)) D,A, (T,) + e
. b
7#|wmxm (Xi) An(Tz)*W XI:\ (Xi)
(10)
Applying the solvability condition into Eq. (10), one obtains

2iey, (4* —1)D,A, — piw, A, +% APA +F e =0 (11)

It is convenient to write the polar form in the following instead of

Ay

A :%am(Tz)ewm(Tz) (12)
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where @, and f, are real functions of T,. The solution is

obtained by substituting the polar form of A“ into the Eq. (11)

and separating the resulting equation into imaginary and real parts
as

2 ’ ba3
o,a, (1—/1 )(a—ym)—m/;‘z =F, cosy, (13)
-, (/12—1)ar'n +%,ua)mam =F,siny, (14)

where y =oT, - S, For steady state case y/ =a! =0, with the

same mathematical procedures, the stability boundaries are found

as
1 ba’, 1 “1oas)
% ) 1627\ _(2” “’mamj

3. Numerical Results

In this section, some numerical results are presented for
stability boundaries of primary resonances. The nonlinear
frequencies for all cases are shown in Fig. 1-3. The region
between two lines is unstable region in Fig. 1-3. The dashed lines
are unstable boundaries. The solid lines are stability boundaries.
When 7 increases, the frequencies are lower in Figl. The effect

of the values X on the stability region is too limited. The

nonlinear terms are more effective for smaller slenderness ratio in
Fig 2. The frequency-response curves shown for different F
values in Fig.3. For larger F values, the unstable region is getting
larger (In all figures, the horizontal axis represents ¢ and the

vertical axis denotes a, ).

06 —

0.4 —f

02 —f

Figure 1. Frequency—response curves
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Figure 2. Frequency-response curves for different slenderness
ratio curves.
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Figure 3. Frequency—-response curves for different external
excitation with amplitude.

4. Conclusions

The nonlinear mathematical model of the beam having two
number of the span is introduced. As a solution technique, the
method of multiple scale is used. The primary resonance case of
the beam under harmonic external excitation is analysed. The
effect of support location on the stability boundaries is presented.
The effect of the location of internal support is getting higher for
smaller slenderness ratio.
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Abstract

The curve of daily water consumption in drinking water networks provides a lot of information on the physical status of the network.
The existing physical leakage rate can be estimated by analyzing the network water consumption curve. Hence, precautions can be
taken in order to prevent the physical leakages and water losses. In this study, the minimum night flow (MNF) that occurs in the
determined measurement areas (DMA) in the current drinking water network was examined, and it was attempted to determine the
required amount of consumption and water loss by determining the amount of leakage. Pressure management was started to be used in
the distribution system, and the effect of pressure management on the water consumption in DMAs was examined. Operation and
rehabilitation methods were suggested by determining the amount of physical leakage in the network.
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1. Introduction

Introduction

In many countries of the world there is an increasing
evidence of inadequate water distribution systems, due to the
deterioration of ageing infrastructure (especially pipes and
pumps), the rapid growth of urbanization, and the statutory and
contractual quality standards that have to be offered to
consumers. In particular, regulatory bodies and water utilities are
concerned about the importance of accurately assessing and
controlling water losses, which may have a strong impact also on
energetic costs (Nicolini et al., 2014).

The availability of drinking water has represented a key
factor in the development of more advanced countries, and of the
developing ones. Therefore efficiency and reliability of
hydraulic networks are requirements sought by water networks
administrators. Due to inefficient aqueduct systems every year
more than 48 billions of cubic meters of water are lost all around
the world, that correspond to an economic loss of more than 14
billions US-dollars. In the only United States of America, the
American Water Works Association (AWWA) estimates that
during the 2002 up to 10 billions kWh of electric energy were
used to pump water that was lost in the leakages. The
identification and localisation of water leakages is a challenging
task due to the topographical complexity of the water systems to
be analysed, that can be constituted by a large amount of users,
ramifications of the pipes, and water tanks (Debiasi et al., 2014).

A number of methods exist for identifying leakage. The
most established method is sectorization. This involves the
permanent closure of isolation valves in the water distribution
network to create discrete zones, commonly called district
metered areas (DMA). The closed isolation valves are therefore
commonly called boundary valves (BV). A flow meter is then
installed at each DMA inlet and outlet. By measuring the flow
during times of low customer demand (such as at night), an
estimation for leakage can be made, and DMAs prioritized for
repair (Wright et al., 2015).

The leakages quantification is done through a water balance
on a system-wide basis in a restricted District Metering Area
(DMA). Monitoring of leakages allows the engineers to quantify
the water flow into the DMA thus discriminating when abnormal
water consumptions can be associated to water losses. Flows and
pressures are measured on different points on the DMAs usually
constituted by up to 3,000 properties. During the data analysis
only the information collected at night (between 02:00 AM and
04:00 AM) are considered because in this moment of the day it
is registered the minimum flow (MNF), therefore the pressures
and the effects of leakages on the water network are maximum
(Debiasi et al., 2014).

1.1 Background Leakage

Water distribution system (WDS) losses may be classified as
due to background losses (e.g., from joints, fittings, and small
cracks), reported bursts, and unreported bursts. Bursts are
intended as major water outflow events that are usually reported

to water utilities and repaired since they are likely to produce
major service disruptions. For this reason burst are commonly
considered as accidents whose impact on WDS can be limited by
improving active leakage control and the efficiency of detection
and repair actions. Vice versa, background leakages are intended
as outflows running from small cracks, holes, deteriorated joints
or fittings, occurring along pipes. As diffused water outflows,
background leakages do not result into evident and quick
pressure drops through the network, thus they are not reported
and run for longer time, producing relevant impact in terms of
WDS water lost volumes. For this reason background leakages
can be reduced by planning medium-long term interventions for
asset rehabilitation and pressure management (Laucelli and
Meniconi, 2015).

According to Torricelli’s theorem, the rate of leakage QI is
proportional to the square root of the pressure head H in a pipe.

Ql :ClA_L\IZQH (1)
where

Cl is the discharge coefficient

Al is leak area

g is the acceleration due to gravity

h is the total head at the point of leak

Several researchers have conducted tests on orifice in pipes
and the hydraulics is now very well understood. The rate of
leakage is in fact proportional to the square root of the head at
that particular leak point irrespective of the pipe material and
size of hole, thereby confirming the relationship:

Q1aHO0.5 (2)

However, leaks are not always of orifice type and therefore
other shapes like circumferential and longitudinal cracks were
investigated. A more general form of the leak equation which is
proposed is:

Ql =CH" (3)

where
C is the leakage coefficient
N is the leakage exponent

Rewriting the leak flow equation 1 according to FAVAD:

Q, = C,A/2g (AH"® + mH*®) 4

where
Ay is the initial leak area

m is the slope of the head-area curve (Latchoomun et al.,
2015)

1.2 Leakage Estimation Using Minimum Night
Flow and Leakage Exponent
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Latchoomun et al. (2015) used the Minimum Night Flow
measurements in order to calculate the real losses of a DMA and
computed leakage exponent N1. They showed that the MNF
method and the calibration process yield similar results in terms
of leakage estimation.

The Daily Real loss Volume DRLYV is given by

DRLV =F_xQ,, )

where

Qmn is the average minimum nightly leak flow rate (m3/h)

Fnd is the night day factor

Since the leak volume varies with demand pattern, the
minimum night flow is multiplied by Fnd

Z.o(

(6)

where

P = the average pressure at the point of observation in the
DMA for every hour i

P3-4 is the average pressure during minimum night
consumption between 3 to 4 AM

N1 being the leak exponent obtained from the MNF.

The overall leakage exponent of the DMA is obtained as
1.645 by using equation 7 [4].

Q_(zj
QO PO (7)

where

Q1 is the final flow,

Qo is the initial flow,

P, is the final pressure head

Py is the initial pressure head.

2. Methodology

In this study, the daily water consumption was measured by
dividing the drinking water network into DMAs. A pressure
reducing valve was used in order to adjust the pressure
according to consumer needs. The water flow was measured
instantly using an electromagnetic flow meter, and the pressure
and flow were recorded. The change of the leakages was
examined by taking the pressure under control.

2.1 Description of System

Serdivan drinking water network is situated in the center of
Sakarya city, and it was partially improved and not replaced after
the earthquake that occurred on 17 August 1999. Therefore, it is
a network, in which the number of breakdowns each year is high
and the leakages that result from non-surface failures, and thus
the water loss is high.

The DMA in which the study was carried out is a region
called “Serdivan 1”. Figure 1 shows the general overview of the
DMA and is formed by HDPE and PVC-type pipes. The total
length of the network is 9935 m. The subscriber connection lines
consist of iron pipes (old connections) and HDPE. The pipe
diameters in the system are 25-32 mm for subscriber
connections, and 110, 125 and 180 mm in distribution lines.
Table 1 presents the general information on DMA. DMA
expresses the general structure of the network. Thus, the
electromagnetic flow meter and PRV (pressure reducing valve)
were mounted at the inlet and taken under monitoring (Figure 1).

Figure 1. DMA of Serdivan 1 layout.

Table 2. Description of Serdivan 1 DMA.

Descriptions 2014 (%)
Total length of system (m)

Population served 4278
Number of consumer

System daily average input volume (m?) 700 100
Daily Average authorized consumption (m?) 455 65
Daily water loss (m?®) 245 35

2.2 Case Study

The flow, inlet pressure and outlet pressure at the DMA inlet
were measured and recorded. The current situation was
determined by making an observation in this case for a certain
period. The minimum required pressure in the network is 20 m.
However, it was determined that the pressure inside the DMA is
more than necessary. The flow and pressure values measured at
the DMA inlet on 20.04.2014 are shown in Figure 2. The
pressure increases when the flow decreases, and the pressure
reaches the maximum level in the MNF.
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Figure 2. Flow and pressure.

The pressure was adjusted by using PRV so that the target
value would be 35 m in such a way that there would be no
decrease in the service quality of the users. Pressure was
adjusted by using PRV. No decrease occurred in the user service
quality after adjusting the pressure and the values measured in
Figure 3 are observed. The outlet pressure remains constant
independent of the inlet pressure and flow.
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Figure 3. Flow and pressure chart.

3. Results

The computed average night day factor Fnd for normal flow
using equation 6 is 19.50 h/day and the observed average MNF
at the DMA entrance from data logger is 2.55 1/s or 9.18 m3/h.
Therefore the DRLV according to equation 5 must be 7.46 m3/h
or 2.07 1/s. 2.071/s of the measured 2.55 1/s MNF is DRLV, and
only 0.48 1/s is night consumption. The average consumption in
the DMA is 904.4 m3/d, in other words, 10.47 1/s on 20.04.2014
when the measurement was made. In this case, the water loss
caused by the leakages in the network on 20.04.2014 is 20%.

The same equations did not give correct results for the
practices made after the PRV. However, more consistent values
were achieved when the calculations were made by taking the
first inlet pressure as a reference after reducing the pressure,
regardless of the PRV outlet pressures.

A decrease in the amount of water given to the DMA was
determined after taking the pressure under control by using the
PRV on 27.04.2014. After reducing the pressure, the daily
consumption was measured as 621.8 m3/d, 7.20 1/s, on average,

and MNF as 1.51 I/s. After reducing the pressure, the DRLV
value was determined to be 0.97 I/s. It was determined that the
amount of leakage in the network decreased to 13% with the
reduction of the pressure.

4. Conclusion

Leakages in drinking water distribution networks can be
determined by using many methods. However, a number of
physical leakages in the infrastructure can be determined by
determining only the daily consumption curve, and especially
the minimum night flow (MNF) in the DMAs created when the
technical capacities of local administrations are also taken into
consideration. The breakdowns that are believed to exist in the
DMA can be determined according to the amount of leakage
determined. In this study, the water losses that result only from
leakages were determined by identifying the MNF in the DMA.
Hence, the development of activities for this objective can be
helped by determining the target value that should be achieved
by identifying the water consumption that must occur in each
region. It will help the decision on replacing partial networks in
the places where the MNF is very high.
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Abstract

Laboratory safety is major of importance to occupational health and safety, which manages, and responds to all issues and concerns
surrounding physical, biological, ergonomic, electrical, chemical, and other standard operating procedures.

In this work, laboratory design and equipment, which are arranged according to precautions that are taken against to all hazards
regarding to work environment or personal expose at the work environments in laboratories that are already exist or will be
established in universities, are discussed according to legislation and regulations of Occupational Health and Safety Law No. 6331. In
addition, some examples of Occupational Health and Safety applications of leading university laboratories in the world are given.

Keywords: Laboratory safety, hazard, occupational health and safety law.
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1. Introduction

It is quite important to build up the culture of occupational
health and safety, which becomes a discipline that has increasing
importance day by day in our country as well as world, in
laboratories, which are already exist or will be established in
universities, and supply sustainability of this culture.

Asumeng et al. (2015) categorized the hazards as biological,
physical, ergonomic, chemical, psychological and defined
management of these hazards. leri (2014) studied the hazards in
mining, construction, metal industry, textile industry, agriculture
industry, and asbestos ship dismantling, repair and maintenance
motor vehicle industry, shipyards, etc.

On the other hand, laboratories are considered dangerous
environments as a place of work and may carry many risk
factors that can cause occupational accidents. In this manner, it
is very important that laboratory users should follow the
regulations and safety rules in order to eliminate or minimize the
risks for laboratory users working with biological, physical,
chemical and radioactive substances, and electrical accident
associated with low/high voltage. A variety of hazards exists in
university laboratories. To manage these hazards, and in
response to a heightened concern for safety in the workplace,
university has to preserve safety and health of the lab users and
provide enable the work secure in laboratory spaces according to
the current law and regulations.

2. Laboratory Hazards

Laboratory spaces in university area considered high-risk
environment when compared to other areas like offices,
amplifier classes and cultural center etc. Laboratory hazards may
result health effects in short or long terms. All persons working
in a university laboratory may be exposed to under these
hazards, which can be categorized as

* Physical Hazards (vibration, noise, insufficient air
condition, excessive heat, humidity, and air movements,
insufficient or excessive lighting, high electromagnetic fields,
gases under pressure such as compressed gases, liquefied gases,
refrigerated liquefied gases, dissolved gases, etc.),

* Biological Hazards (bacteria and viruses, insect bites,
fungi/mold, blood and other body fluids, working with animals,
poisoning plants, etc.),

e Ergonomic Hazards (improperly adjusted workstations
and chairs, frequent lifting, repeating the same movements over
and over can be taken as ergonomic hazards, etc.),

e FElectrical Hazards (deficiency in periodic controls,
grounding system problems in electric circuits, damaged and
repaired faulty hand tools, insulated floor, high voltage in the
study with required rules, interference of unauthorized persons,
etc.) and,

* Chemical Hazards (toxic gases, organic vapors of
liquids, gases of the molten metal, acids and bases due to
combustion, inert powder, fibrojenik powder, powders of toxic,

www.ejosat.com ISSN:2148-2683

carcinogenic, allergenic dusts, hazardous waste, flammable
materials like solvents, explosive chemicals, etc.).

Many scientific or technological research, experiments, and
measurements may be performed in university laboratories.
Thus, the use of physical, biological, ergonomic, electrical,
chemical methods including their technical applications contains
a number of risks defined above.

In this manner, the laboratory design and planning has played
an important role to destroy or minimize the risks, which may
occur in laboratory space.

3. Laboratory Design and Planning

The safety culture in a university encompasses a health and
safe environment achieved through everyone understands of his
or her responsibilities, rights, and university safety policies. As a
part of safety culture; safety assessments for university
laboratories should be covered laws, policies, planning,
applications, evaluation and measurement. It is important to
know how to plan laboratory design in universities. In this
framework, according to legislations related to Occupational
Health and Safety Law No. 6331 design and planning can be
taken into account as follows (6331 sayili Is Saghg ve
Gtivenligi Kanunu, 2012).

3.1 Walls, doors, floors and ceilings

Designers must select materials cleanable, alterable and
appropriate for maintenance. Walls and corner protection should
be provided where equipment or user traffic occur regularly.
Laboratory doors should open in the direction of exit and close
itself. In addition, doors provided with vision panels should have
from the outside by a key and push bar from the inside. The
floor should be covered up resistant, cleanable, seamless and
non-slip material. Ceiling panels and modules should be taken
into account by considering usage requirements and the
necessary lab class. Insulation in walls and the ceiling reduces
acoustical problems. Since the ceiling covering materials must
be cleanable, acoustical design for ceiling cannot be destroy the
noise fully (Binalarin Yangindan Korunmasi Hakkinda
Yonetmelik, 2007).

3.2 Air quality, ventilation

Particulate emissions and other air pollutants should be
considered in laboratories design and operations so as to
minimize such emissions and promote the health of the
laboratory users. All laboratories shall have mechanical
ventilation and parts using 100% outside air and exhaust to the
outside. The Local ventilation systems are to designed to remove
the contaminants generated by an experiment or device outside
of the building involving laboratory. Heating, ventilation and air-
conditioning (HVAC) systems should be consider during
laboratory design for temperature, humidity, and air quality.

3.3 Lighting and electrical systems

The appropriate design of lighting systems is especially
important in university laboratories in terms of significance of
work carried out in laboratories and the long work hours spent
by users. According to the Turkish lighting standard numbered
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TS EN 12464-1: 2013, day lighting should be maximized and
lighting should be even across the room with a maintained light
level capable of 500 lux on the work area. A combination of
lighting zones, dimmable fixtures, and controlled daylight and

occupancy sensors with adjustable sensitivity in the room is
ideal.

Laboratories should have a sufficient number of electrical
outlets and informed from the users to eliminate the need of
extension cords and multi-plug adapters. Electric outlets should
be coordinated with the electrical characteristics of the
laboratory equipment. Emergency power distribution should be
considered as required to serve the equipment and loads as a
minimum such as domestic water system, environmental rooms,
critical equipment, refrigerator, freezers, cold rooms, critical
laboratory equipment and their required support systems, one
circuit per lab module for discretionary convenience receptacle,
fume hoods and their exhaust and makeup air systems, 33% of
lighting in laboratories, procedure rooms, and equipment areas,
equipment and communications technology power distribution
systems, entire animal facilities. Storage should be at least 1 m
from electrical panels, mechanical rooms, air ducts, heaters, light
fixtures in Laboratories. In emergency cases, it may be necessary
to access these panels quickly.

3.4 Chemical storage rooms and waste
minimization

There are many potential chemical hazards in laboratories
involving chemical materials. Laboratories design should be
designed to satisfy with the appropriate precautions. Planning
should be involved storage rooms such that, the quantities that
may be stored, handled and used in a laboratory unit, chemicals
for use in a laboratory unit may be stored in a dedicated storage
room. Such rooms may enhance the efficiency of laboratory
operations and should be considered if space considerations
allow. Consult with EH&S (Environmental Health and Safety)
for specific code requirements. Construction and demolition
debris and material shall be recycled or reused at a rate
consistent with the overall projects country goals (Kimyasal
Maddelerle Caligmalarda Saglik ve Giivenlik Onlemleri
Hakkinda Y6netmelik, 2013). Chemical storage rooms should be
designed in which an appropriate smoke and fire sensor, flood
sensor and automatic fire extinguisher must exist. The fire
extinguisher systems should be selected as FM-200, dry powder
or COs type, depending on the hazard classification of the usage
area.

3.5 Overhead emergency shower, eye washer, fire
extinguishers and life safety system

An overhead emergency shower and eye washer equipment
should be provided the user with both a full body penetration
and located in laboratories where there is the potential for a
hazardous material splash to the body. The equipment should
also be designed such that the flow of fluids is non-injurious
under the varying water pressures.

Fire extinguishers should be placed in external cabinets,
which are identifiable, by proper signage. Initial cabinet
placement should be located near (within 10 m.) of main
entrance doors. Maximum travel distance to any extinguisher
must be within 25m. It is necessary to select an extinguisher
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appropriate to the type of fire likely to occur in that section so
that an efficient intervention can be carried out (Binalarin
Yangindan  Korunmasi  Hakkinda  Yonetmelik, 2007).
Additionally, an integrated fire alarm, smoke detection and
sprinkler alarm system should be provided in laboratories. The
system should be a fully addressable distributed processing
topology providing alarm and all detectors should be addressable
and self-testing.

There are many examples of good applications among the
world universities designed according to concept given above.

4. Some Examples of Laboratory Safety in
The World Universities

In University of Toledo; for any news construction or
renovation of laboratory areas consider health, safety and
regulator compliances issues early in the design stage of the
project. The outlines some of these issues can be classified as
layout, furniture’s and fixtures, storage laboratory ventilation,
emergency equipment, materials handling, project checklist
(University of Toledo, 2016). On the other hand, Columbia
University laboratories are designed to comply with applicable
federal state and local laws and regulation to facilitate
compliance and reporting requirements not limited to the latest
edition with respect to OSHA (Occupational Health and Safety
Administration) LEED (Leadership in Energy Environmental
Design) for labs (Columbia University, 2011). Moreover, In
Stanford University, the primary objective in laboratory design is
to provide a safe environment for workers laboratory to conduct
their work. A secondary objective is to allow for the maximum
flexibility for safe research use undergraduate teaching
laboratories require other specific design considerations.
Therefore, all health and safety hazards must be anticipated and
carefully evaluate that protective measures can be incorporated
into the design (Stanford University, 2004). In addition,
Princeton University goals providing an efficient laboratory
safety program assistance to groups planning laboratory
renovations, new laboratories and new laboratory buildings.
University building standards developed to ensure safe, efficient
and sustainable building practices are observed during all new
construction and major building renovations (Princeton
University, 2016).

5. Conclusions and Recommendations

Research and student laboratories present many challenges.
In the day-to-day bustle of conducting research experiments,
worker health and safety can be easily overlooked. However,
with proper guidance, a trained eye, and practice in noticing the
mundane, we can find and correct many common mistakes and
prevent illness or injury. Each laboratory that is already exist or
will be established in universities, should be structured
according to their special intended purpose through detections
and suggestions of all person who work in relevant field. In
addition, laboratory design should be created by making a
prediction work for all risks that may occur. An emergency
action plan should be generated by determining accidents and
emergencies, and regulations in this plan should be performed.
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Abstract

In this experimental study, air side heat transfer and flow characteristics of L-footed spiral fin-and-tube heat exchanger have been
analyzed. There were four rows of tubes in the air flow direction and four tubes per row in the heat exchanger. The hot water was flowed
through the tubes while the ambient air was flowed cross flow over the tubes. The results were presented as plots of friction factor f
and Colburn j factor against Reynolds number. The air-side heat transfer coefficient and pressure drop were also presented against
frontal air velocity. Additionally, The correlations for j and f factors were also obtained from the experimental data.

Keywords: L-footed spiral fin, Heat exchanger, Extended surface, Heat transfer

L-Ayakh Spiral Kanath-Boru Demetlerinde Is1 Transfer ve Surtiinme
Karakteristiklerinin Deneysel Incelenmesi

Oz

Bu deneysel calismada, L-ayakli spiral kanatli boru tipi bir 1s1 degistiricinin hava tarafindaki 1s1 transferi ve akig 6zellikleri analiz
incelenmistir. Is1 degistiricide hava akigi yoniinde dort sira boru ve her siradada dort adet boru vardir. Cevre hava borular tizerinden
¢apraz olarak gecerilirken, sicak su ise borularin igerisinden gegirilmistir. Sonuglar, Reynolds sayisina karsi siirtiinme faktorii f ve
Colburn j faktoriiniin grafikleri olarak sunulmustur. Hava tarafindaki 1s1 tasinim katsayisi ve basing diigiisiiniin de hava hizina karsi
degisimi gosterilmistir. Bunlara ek olarak, j ve f faktorlerinin korelasyonlart da deneysel verilerden elde edilmistir.

Anahtar kelimeler: L-ayakli spiral kanat, Is1 degistirici, Genisletilmis yiizey, Is1 transferi
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1. Introduction

Heat exchangers are widely used in many engineering
applications. In heat exchangers, when one of the fluids is a gas
which is passed in cross flow over tubes, liquid is passed through
the tubes. The dominant thermal resistance in an air cooled heat
transfer between the hot and cold fluids is usually seen on the air
side. Consequently, usage of finned surface on the air side has
been a wide application in terms of improving the total thermal
performance of the system. Nuntaphan et al. (2005a and 2005b)
have analyzed the air-side performance of crimped spiral fin-and-
tube heat exchangers with cross-flow for wet and dry surface
conditions. Pongsoi et al. (2011 and 2012a) have experimentally
analyzed effect of fin pitches and the air-side performance of the
crimped spiral fin-and-tube heat exchangers. Kwaguchi et al.
(2006a and 2006b) have analyzed the heat transfer and pressure
drop characteristics for forced convection in spiral finned tube
bundles and in serrated finned tube bundles. Tang et al. (2009)

Air Velocity

have experimentally researched the air-side heat transfer and
friction characteristics of the heat exchanger in which five
different types of fins were used. Pongsoi et al. (2012b and 2013)
have analyzed the air-side performance of the L-footed spiral fin-
and-tube heat exchanger with multipass parallel and counter
cross-flow. Fa Jiang et al. (2012) have experimentally analyzed
the heat transfer and flowing resistance characteristics of the
cross-flow over spiral fin-and-tube heat exchangers for different
fin height, pitch. Ma et al. (2012) have analyzed the influence of
the fin density on the thermal hydraulic performance of serrated
finned tube heat exchanger. The air-side performance in serrated
welded spiral fin tube heat exchangers was experimentally
researched for Z-flow type and high Reynolds (Kiatpachai et al.,
2015).

2. Experimental Set-Up

Schematic representation of the experimental setup used in the
study is shown in Figure 1 (Kirtepe, 2014).

Measurement Unit |-_ D—— | H:-:. :> “——r=|==_=n.._..—,»_._
! Exchanger
lower iij L
o ruct ?1 HHf :%P:l i h
——-_.__I . _I 1t ATV
] L | |
Blower Speed L__--__ 1 I = f —
Regulation A I I p
Unit row |:| : I -
Hot Water I I
Tank 1 I
A Pump Data Logger r h
= O ’

Figure 1. Schematic drawing of the experimental set-up

The experimental set-up consisted of heat exchanger, air duct,
blower, blower speed regulation unit, hot water tank, water pump,
temperature control system (Proportional Integral Derivative),
velocity and temperature measuring devices and data collection
unit. The tubes in the heat exchanger were placed as four lines
each as shifted rows in both parallel and perpendicular directions

Air inlet

— ==

to the air flow (Figure 2). The heat exchanger dimensions were
262.5 mm x 400 mm x 262 mm. Tubes were in staggered
arrangement in the heat exchanger.

Air outlet

— >

®

Figure 2. Heat exchanger a) Photo b) Schematic drawing
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Table 1. Structure parameters of spiral finned tube

Inner diameter of tube (d;) 16.1 mm
Outer diameter of tube (do) 21.3 mm
Outer diameter of fin collar (dc) 22.3 mm
Outer diameter of fin (dy) 45.3 mm
Fin thickness (f;) 0.5 mm
Fin pitch (fy) 3.3 mm
Spacing between the tubes which are at cross direction of the tube bundle 55 mm
Diagonal distance between the tubes in the tube bundle 55 mm
Spacing between the tubes which are at axial direction of the tube bundle 47.63 mm

In the experiments, the frontal air velocity of the ambient
air passing in cross-flow over the tubes was kept in six different
values (0.52, 1.56, 2.56, 3.60, 4.50, 5,44 mi/s) while the inlet
temperature of the water passing through the pipes was kept in
four different values (40, 50, 60, 70 °C) and the flow rate of the
water was fixed to 3.83 X 10° m¥/s.

The frontal air velocity was measured at a point in the heat
exchanger before the fluid enters the tube banks. For measuring
the frontal air velocity, telescopic air velocity measuring sensor
with the operating range between 0 and 10 m/s and between -20
and 70 °C temperature was used. Accuracy of the sensor in terms
of temperature and velocity was +0.5 °C and +0.03 m/s,
respectively. For measuring the pressure drop, differential
pressure meter with operating range between 0 and 500 Pascal and
with accuracy of £%2 was used. For measuring the water flow
rate, an electromagnetic flow meter with operating range between
0 °C and 80 °C and with accuracy of £%0.002 was used. J Type
thermocouple with operating range between -200 and +800 °C
and with accuracy of £0.5 °C was used for measuring the air
temperature. PT-100 with accuracy of £0.01 °C was used for
measuring the water temperature.

3. Material and Method

In this study, P-NTU method was used to find out the air
side performance of L-footed spiral fin and tube heat exchanger
with cross flow.
3.1Temperature Effectiveness — Number of
Transfer Units (P-NTU) Method

The heat transfer rate from the hot fluid to the cold fluid

in this method is defined below.
Q="r (mcp)lATmax =P, (Thcp)ZATmax 1)
where P indicates the temperature effectiveness. 1 and 2 indexes
on the other hand indicate the fluids (regardless of being hot or
cold) (Shah and Sekulic, 2003).

The temperature effectiveness (P1and P-) for every fluid

is:
P, = To-T1i _ Too—Tai and P, = T2,i=Tz0 _ T2i=T20 @)
T2,i=Ta, ATmax Tyi—T1 ATmax
The numbers of transfer units (NTU1and NTU,) are:
NTU; = —2 =22 and NTU,=—2- =% ©)

T (iCpr) G T (haCp2) T G2
The heat capacity rate ratio (R1 and Ry) is defined as:
R =241 =% gnd R,=22m2_2 4)
MmaCp2 G2 miCp1  C1
The temperature effectiveness, P, is a function of NTU, R and flow
arrangement. In the crossflow heat exchanger in which fluid 1 is
mixed while fluid 2 is unmixed, the temperature effectiveness (P1)
and the number of transfer unit (NTU1) of the fluid 1 are given
below (Shah and Sekulic, 2003).

1—exp(—R{NTU,)
Ry

Pi=1—-exp [— (5)
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1 1
NTU, = R_lln [1+R1 In(1-P;)
3.2 Calculation of the Heat Transfer Coefficient
The heat transfer rates are calculated for both air-side
and water-side as follows:

(6)

Qa = maCP,aATa and Qw = meP,wATW (7)

The total rate of heat transfer used in performance
calculations is the average of the heat transfer rate of air-side and
water-side. Air-side heat transfer coefficient h; is found with the
below mentioned equation through the usage of equations 2, 3, 5

and 6.
1 _ 1 In(do/dp , In(dc/do) 1 ®)
UoAo  hiA; 2mkeL 21k L NohoAo

The water-side heat transfer coefficient h, is calculated
with the formula suggested by Sieder and Tate (Kraus et al., 2001)

_ ks Re;Prsd; 1/3 " 0,14
hy = 2186 (Rectras) <E) o
The overall surface efficiency is:
A
o= 1= 0= (10)

where 4, = A, + Ay and 4, indicates the total surface area of the
finned tube whereas A,= unfinned heat transfer area and Af=
finned heat transfer area. Unfinned and finned heat transfer areas
are obtained with the below presented equation (Pongsoi et al.,
2012b):

A, = NyN, [ndCL — (JFE+ @d)?) x f, (é)] (11)
A = NN, (fi) [0.57d? — 0.5d? + nd,f] (12)
P

Fin efficiency was found with the formula suggested by
Gardner (Pongsoi et al., 2012b; Kraus et al., 2001).
2tp  I1(PRf)K1(PRo)—~11(PpRo)IK1 (PRf)

= %a+p Io(@Ro)K1(PRf)+11(Rf)Ko(PRo) (13)
where, ¢ parameter is defined below:
_ 3/2 ( 2n, \M?
6=y )" (22 (14)
where A,, is the profile area of fin:
Ap = fe(rp = 15) (15)
R =1/(1 =), R, = ¢/(1 — ) functions are

defined with the usage of ratio of the diameters ¢ = d,/d;.
The air-side heat transfer coefficient (ho) was calculated with
the above mentioned equations.

The air-side heat transfer characteristics of the L-footed
spiral fin-and-tube heat exchanger were explained on the basis of
Colburn-j factor (Nuntaphan et al., 2005a; Kiatpachai et al., 2015;
Wang et al., 1996).
j=StPr¥3=—"lo_ py2/3 (16)

PaVamax Cpgy

Flow characteristics given in Fanning friction factor are
obtained from the equation suggested by Kays and London. In this
equation, inlet and outlet pressure losses are considered as well
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(Nuntaphan et al., 2005a; Kiatpachai et al., 2015; Wang et al.,
1996).

f=tmm () [EEE - A+ o) (2-1))] a7
where, o is the ratio of minimum free flow area to the frontal area,
Anin is the minimum free flow area, A, is the total heat transfer
area and G¢ is the mass velocity.

n (k. pUoAfy
G, (kg/sm?) = % = A—Cf (18)

where, m is the mass flow rate (kg/s), U, is the frontal air
velocity (m/s), Ay, is the frontal area (m?). U,, was measured, G,
was calculated.

Because of the variation of the air side temperature is low, so inlet
and outlet effects are ignored, namely when considered as pi=po
and pm=(pitpo)/2, Fanning friction factor can be obtained as
presented below:

f — AminPm ZA_P] (19)

4, L6

4. Results and Discussion

Figure 3 shows the variation of the air side heat transfer
coefficient with the frontal air velocity for the different water inlet
temperatures. Figure 4 shows the variation of the pressured drop
with the frontal air velocity. The air-side heat transfer coefficient
rapidly increases with the frontal air velocity. It is observed that
water inlet temperature does not have a significantly effect on the
air-side heat transfer coefficient. As the frontal air velocity
increases, the pressure drop occurring at the air-side of the heat
exchanger also increases.

40 -+
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Heat Transfer
Coefficient (W/mZK)

Frontal Air Velocity (m/s)

¢40°C m50°C 60°C X 70°CWIT

Figure 3. Variation of the air side heat transfer coefficient with
the frontal air velocity for different water inlet temperatures
(WIT)
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Figure 4. Variation of the pressure drop with the frontal air
velocity

The basic surface characteristics of the heat exchangers are
generally presented in a dimensionless form as Colburn j factor
and Fanning friction factor f. In Figure 5, changes in Colburn j
factor and Fanning friction factor f with the Reynolds number
based on the outer diameter of fin collar can be seen. As the
Reynolds number increases, both Colburn j factor and Fanning
friction factor f decrease.
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Figure 5a. Variation of Colburn j factor with Reynolds
number for different water inlet temperatures
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Figure 5b. Variation of f Fanning friction factor with Reynolds
number for different water inlet temperatures

Colburn j factor and Fanning friction factor f were obtained with
the usage of experimental data and depending upon air-side
Reynolds Number as j = aRe®ve f = mRe™ form. Here; a, b, m
and n were obtained from the experimental data. Formulas
suggested for heat transfer performance and friction performance
are presented below:

j = 0.08287Re~%3838 ve f = 0.2684Re 3307 (20)
. 1| & (Poorr — @
MeanDeviafon==| > —"——"" | x100%  (21)
ni T ¢exp

The correlation coefficient was one of the primary criterion for
selecting the best equation. In addition to the correlation
coefficient, the various statistical parameters such as; mean bias
error (MBE), root mean square error (RMSE) were used to
determine the quality of the fit.

CC = — ZEA0iNE—%) 22)
JIE 02 B e

Ideally CC should be 1.
MBE =%, (yi — x))/N (23)

Ideally a zero value of MBE should be obtained.

RMSE = XL, (i — x)?/N (24)
Ideally a zero value of RMSE should be obtained.

For a model to be good estimator, the mean values of all the errors
terms MBE, RMSE should be small. In this study, the statistical
tests results were computed as CC=0.965, MBE=2.9x107,
RMSE= 1.22x10° for friction factor, CC=0.986, MBE=4.51x10
6, RMSE= 1.73x10* for Colburn factor.
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Figure 6. Comparison of the proposed correlations with the
experimental data a) Colburn factor b) Fanning friction factor

In Figure 6, the comparison between the proposed correlations
with the experimental data is seen. Mean deviation values of the
proposed correlations for Colburn j factor and Fanning friction
factor f were found as 5.58% and 6.53%, respectively.
Comparison between the proposed correlations for Colburn j
factor and Fanning friction factor f in the literature and the
formula developed through the usage of experimental data can be
seen in Figure 7. The formula suggested for both Colburn j factor
and Fanning friction factor f at high Reynolds Numbers and the
proposed correlations for other fin types present similar changes.
It was found that serrated welded spiral fin-tube banks gave a
higher Colburn j factor and f-friction factor than other fin types.
But, it will cause higher pressure drop.

It was found that serrated welded spiral fin gave a higher (77.9%)
Colburn j factor than the L-footed spiral fin, but the L-footed
spiral fin gave a lower (90.5%) f-friction factor than the serrated
welded spiral fin.
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Figure 7. Comparison of the proposed correlations with the correlations of several fin types a) Colburn factor b) Fanning friction
factor

In this study, the heat transfer and flow characteristics of the air-
side of the L-foot spiral fin-and-tube heat exchanger were
analyzed at high Reynolds Number (1500-17500) determined
according to the outside diameter of the fin collar. Through the
experimental data, mean deviation values of the formulas derived

www.ejosat.com

for Colburn j factor and Fanning friction factor f were found as
5.58% and 6.53%, respectively.
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Pv Powered Electronic Circuits Designed to Decrease Road Accidents

Ahmet SENPINAR

College of Technical Sciences, Department of Electronics Technology, Firat University,Elazig, Turkey, asenpinar@gmail.com

Abstract

One way of the utilizing solar energy is to use pv panel which generates electricity energy as expose to the solar radiation on it. Pv
panels are utilized® in many areas such as lighting and stand-alone systems, the grid connected systems, pv power plants, satellite,
space, communications..etc. Especially in today's green areas and parks, they are used for lighting and irrigation. The usage of pv
panels on the roads is a different usage aim of renewable energy sources. Some of them in highways are as follows: the lighting on
motorways, traffic signaling, routing sheets, bridges and viaducts lighting, the needed energy of petrol stations, the charger unit of
hybrid vehicles, and the determination of car numbers on the road. An electronic circuit design can be placed onto the highways. With
the help of electronic sensors in electronics circuit placed on the road is to aim for reducing traffic accidents. It was particularly sharp
bend and the angle where very tight, sending a place of warning signal in the lane against the emergence or ramp into the corner with
the help of designing electronic circuits on the road if you have a vehicle coming in the opposite direction to help the driver. As a
result, it prevents damage to that or give incorrect overtaking a vehicle enters the opposite direction.

Keywords: Renewable energy, road accidents, sensors.
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1. Introduction

Solar energy has the advantages of being renewable,
continuous and environmentally-friendly. Solar panels have a
wide panel of use in buildings, factories, roads, car parks, grid
dependent and independent pv (photovoltaic) systems, pv
stations, satellites, communications systems and hotels, among
others (Chambouleyron, 1996, EIE, 2016, Green et al., 2001,
Kuwano, 1998). Solar panels are also used at the present time for
illuminating green spaces and parks as well as small scale
irrigation projects. They can also help to meet the energy needs
of resort hotels over summer months by helping with outdoor
and ambient lighting. Pv panels are also used to meet the
electricity needs of remote settlements. There are many
accidents on different roads due to different reasons (Hobbs et
al., 1996, Ansari et al., 2000, Elvik et al., 2004, Valent et al.,
2002, Kumar et al., 2008, Entezami et al., 2015, WHO, 2015,
Taravatmanesh et al., 2015). Some of the accidents on highways
consist of faulty overtaking process. Most road accidents result
in injuries and fatalities. In the present study, the aim was to
design a prototype electronic circuit powered by a pv panel in
order to alert drivers about oncoming reckless overtaking in
undivided highways (single carriageways) and prevent accidents.

2. System Design

For the electronic circuit designed to reduce accidents on
roads is utilizing from solar energy. One of the using methods of
solar energy as electricity is to use pv cells generating electrical
energy as a result of the solar radiation incident on it. Current
generated by pv cell is proportional with effect of solar radiation
on cell. The amount of power obtained from pv cell is low
because the amount of current and voltage obtained from only a
single pv cell is also low. Therefore, in order to obtain the
adequate output power, pv cells are connected in series to form a
pv module. If higher voltages or currents than are available from
a single module are required, modules must be connected into
panels (Messenger, 2000, Beckman and Duffie, 1991). A novel
and advantageous use of solar panels involves highways. Panels
are used today for traffic signaling, road signs, illuminating
bridges and viaducts, hybrid vehicle charge units, supplying
electrical energy in petrol stations, and illuminating highways
and their surrounds (Xing et al., 2005, Hsieh, 2004, Sazanov et
al., 2009). The electronic circuit designed for this study has 5
basic parts: the pv panel, sensors, battery and charge unit, alert
lamp and electronic control circuit. If Ac load is needed, an
additional inverter may also be used.

Charge Electronics Control
PV Array | Regulator E—— o [, > Warning Lamps

(aors)
(ACneeds)

Inverter 1 Battery

{}AC Lgds {} {} {} {}

DC Loads

Figure 1. The block schema of the designed pv system

The block diagram of the designed pv powered electronic circuit
is shown in Figure 1. The operating principle of the electronic
circuit is based on electronic signals received from sensors
installed in highways. The circuit aims to decrease accidents
resulting from reckless overtaking in sharp bends and ramps
particularly in undivided highways, where the range of visibility
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is strictly limited. The electronic control unit energizes the
warning lamp according to the information received from the
sensors. In these sections of highways, reckless and careless
drivers may cause life-threatening risks for oncoming traffic day
and night. In such cases, drivers are alerted to the danger with a
lamp on the electronic circuit and are given an opportunity to
stop, and potentially dangerous accidents are prevented.

3. Experimental Study and Results

The pv powered electronic system designed for the study is
an automatic one that depends on sensors. Two sensors are
needed if the circuit is to be used in one single direction in
undivided highways, and 4 are needed if it is to be used in both
directions. To begin with, the pv panel is connected to the
battery over the charge unit. This enables the pv panel to both
operate the electronic system and charge the battery during
daytime. Later, at night, the battery meets the power need of the
electronic system. The circuit works in the following way:

Figure 2. (a-c). Overview of the experimental system
and the first direction of cars

The vehicles in Figure 2 are driving in an undivided highway
under normal conditions. The yellow car starts to overtake the
black car inappropriately, which sends a signal to the electronic
control circuit via sensors. The electronic circuit energizes lamp
A, which is installed further forward from the yellow car.
Consequently, the driver of the oncoming blue car in its right
lane sees lamp A and stops in time to prevent a collision. Thus, a
potential accident resulting from reckless overtaking on an
undivided highway may be prevented. Similarly, in the opposite
direction, the yellow car in Figure 3.(a-b) may try to overtake the
blue car inappropriately. The sensors send an alert signal to the
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electronic control circuit, which then energizes lamp B for the
driver of the black car in its right lane. Upon seeing that lamp B
has come on, the driver can stop and prevent a collision.

(b)

Figure 3. (a-b) The opposite direction of cars

\ e

: ey
o j—
£ ‘ 3

Figure 4. The electronics circuit

The electronics control circuit (Figure 4) designed here is
powered by a pv panel. The energy consumption needed for this
circuit and its sensors is approximately between 5-10 watts. If
led light technology is used for the alert lamps, the energy need
is then between 3-5 watts. In this case, the total power needed is
approximately 10-15 watts. As the system developed here as a
prototype in laboratory conditions is simple, small and powerful,
it is also economical. In the trial run, the energy needed for the
system was supplied by the 42-watt panel available in the
laboratory.

4. Conclusion

The negative environmental effects of conventional energy
sources make renewable energy a more important solution each
passing day. Using renewable energy on highways may reduce
the number of accidents resulting in injuries and casualties. In
other words, with a simple, feasible and inexpensive pv powered
electronic circuit in prototype, accidents resulting from reckless
overtaking may be largely prevented. It is estimated that such a
system would significantly reduce the number of accidents in
undivided highways and bring moral and material support to

www.ejosat.com ISSN:2148-2683

both drivers and the country. Overall, the laboratory results of
the designed electronic system were satisfactory.
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Abstract

In this study, DP 1000 (Dual Phase) steel plates having 1.2 mm thickness were joined by copper-based (CuAl8) wire in CMT-brazing
(Cold Metal Transfer) technique. Specimens were prepared in joining forms as butt joint. CMT-Brazing operations were done with
nine different CMT-Brazing current intensity of 40, 45, 50, 55, 60, 65, 70, 75 and 80 A. CuAl8 wire composed largely of copper
serves as the filler metal were used. Having accomplished the CMT-brazing operations; tensile properties of joints were detected, and
micro and macro-structures of joints were investigated in order to see the joinability of DP 1000 steel by CMT-brazing technique.

Keywords: DP1000 Steel, CMT-Brazing, Cold Metal Transfer
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1. Introduction

The biggest factor in increasing usage of dual-phase steel
DP in the automotive industry can be shown as favorable
combinations of high strength and good ductility(Lee, 2015). DP
steels, consisting of hard martensite islands in a continuous soft
ferrite matrix (Jia, 2016). These two phases are high strength
martensite and ferrite provide good elongation. So lightness,
high strength and good formability properties of the automotive
industry are provided by DP steels (Wang, 2016). In addition,
methods of joining DP sheets are also important. There is a lot of
work on this subject. Farabi (2011) DP600 and DP980, Wang
(2016) DP1000 and Ma (2014), Xu (2012) DP980 sheets by
laser welding, investigating their microstructure and mechanical
properties. Ozsarac and Aslanlar studied the resistance spot
welding of galvanized steels in automotive applications. In
present paper, CMT process of DP1000 steels emphasis on the
microstructure and strengthening behavior and mechanisms of
the joint.

2. Experimental Studies

2.1 Materials

DP1000 steel plates was used in this study. In the tests
DP1000 steel plates were 1.2 mm thickness. Steel plates were
cut 200x200x1.2 mm. The sheets were positioned end to end to
allow gaps between them 0.5 mm, and were subjected to joining
by CMT-brazing process. The filler metal was a solid wire with
a diameter of 1 mm, classified as AWS ER CuAlS8, which is a
copper-based, torch angle of 90°. Argon was used as the
shielding gas at a flow rate of 12 L/min.

2.2 Methods and procedure

The surface of the samples was cleaned by acetone before
CMT-brazing operations. The current values for CMT-brazing
operation were determined as 40, 45, 50, 55, 60, 65, 70, 75 and
80 A in butt joint. Nine sets of welding parameters of different
heat inputs were selected, as shown in Table 1. The heat input,
HI is calculated using the Eq. (1) and (2) below.

(60xUD7Y

Hljinear = v (D

_ Hljinear
HInormalized - e (2)

Where newmt: 0.7 is the arc efficiency factor, e: thickness
(mm) U and I are the mean values for the arc voltage,
respectively for the current intensity and V (cm/min.) is the
CMT-brazing speed. CMT-brazing process parameters such as
current intensity, voltage, wire feed speed, shielding gas at a
flow rate of 12 L/min, brazing travel speed and brazing gap were
presented in Table 1. All CMT-brazing tests were performed
automatically on a machine with a robot.

3. Experimental Results And Discussion

3.1 Tensile tests

The experiments showed that most of tensile test specimens
fractured from the base metal DP1000 steel. 55, 60, 65, 70, 75
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and 80 A currents showed that the strength of the joint zone was
higher than that of the DP1000 steel zone and the CuAl8 filler
zone. It was obvious that the joint zone was strengthened.
Moreover DP 1000 steel sheet, having 1.2 mm thickness, got
punctured above 85 A. In Table.l 40, 45, 50 A, insufficient
wetting occurred as a result of low heat input. Having examined
the strength values in Table 1, it was observed that strength
increased with the increase of current intensity.

3.2 Microhardness tests

Figure 1 shows the measured microhardness value of the
joints for different CMT-brazing current intensity. It was seen
that microhardness value was highest at HAZ and the HAZ
hardness was higher than that of the copper filler and base
material.

3.3 Macro and microstructures

Appearances of Macro and microstructures of the brazing
seams for different current intensity are shown in Figure 2. The
molten metal wetted the steel better when 80 A current intensity
was used, comparing the samples brazed in 75, 80 A at lower
heat input to samples brazed in 40, 45, 50, 55, 60, 65, 70 A. It
was observed that the number of dendrites increased on the
surface of the joint zone. These dendrites’ action caused micro
iron particles to melt and migrate, and to become distributed
throughout the filler metal zone.

4. Conclusion

This work has presented an investigation on the effects of
strength of current intensity. The conclusions from this study are
given as follows;

e MIG-brazing method provided lower heat input
in comparison with other fusion methods.

e The experiments showed that most of tensile
test specimens fractured from the base metal DP1000
galvanized steel. In 40, 45, 50 A, insufficient wetting
occurred as a result of low heat input. Moreover DP
1000 steel sheet, having 1.2 mm thickness, got
punctured above 85 A.

e It was observed that strength decreased with the
increase of current intensity. The best strength arose in
80 A current intensity.

Table 1. experimental results for different current

intensity
Current Tensile Heat input
intensity [A] strength [MPa] [j/cm]
40 10 676
45 403 767
50 470 860
55 655 962
60 680 1059
65 699 1165
70 705 1265
75 748 1378
80 752 1481
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Figure 1. Hardness profile in Heat Affected Zone (HAZ) in DP1000

Figure 2. Macro and micro appearanceof the brazing seams for different current intensity
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Abstract

The aim of this work is both to enhance the dune sand in the production of lightweight concrete with local resources, but also
enhances the performance of the sandcrete by incorporating fines mineral as fines from waste of brick. Different parameters were
studied, in which the quantity of substitution of fines in the dune sand, the proportions substitutions of lime in the cement, the dosage
of expansive agent. The result shows that it is possible to producing lightweight concrete suited to the hot and arid environment with
an acceptable heat insulation and sufficient compressive strength. The greatest introduced porosity and lowest density are reached
from composition without lime and with 0.5 % Al.
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1 INTRODUCTION

Southern Algeria is known for its sand dunes, which occupy 60%
of the surface of Algeria. In view of enhancement of local
resources, the idea of promoting the use of sand dunes in the
manufacture of mortars and concretes is interesting. Indeed, many
studies in various scientific topics that are focused on dune sand
concrete [1-5]. Cellular concrete is generally composed of fine
sand (powder silica sands), cement, lime, water and an expansive
agent).

Some experimental and theoretical studies in the field of aerated
concrete have shown some salient observation: (i) mechanical and
thermal properties are influenced by method of curing, porosity
and pore size [4]. (ii) Increase in the cement dosage increase the
introduced porosity whereas an increase of the sand or lime
dosages decreases the introduced porosity [5]. (iii) Insulation is
more or less inversely proportional to density of concrete, [6].(iv)
Greater the proportion of aggregate, higher will be the density,
replacement of sand with fly ash help in reducing the density with
an increased strength[7].

The following experimental work aimed to proves that the
valorization of the dune sand of the Sahara of Algeria is
completely relevant in production of cellular concrete, and that
the substitution of fines of brick wastes in the sand dune increases
the properties of this type of concrete. The principal of the study
consist firstly to change the water cement ratio (W/C) from 0.35
to 0.65 in all the mixtures in order to investigate the effect of brick
substituted in the sand dune on the properties of the sand concrete.
The mixtures have proportion of 35% of binder and 65% of sand
dune [8]. The percentage of fines substitutions of wastes of brick
in the sand dune was varied from 5% to 25% in order to keep the
optimum mixture who gives the high compressive strength (noted
SCB). Secondly we add in the binder of the optimized sand
concrete (SCB) different percentages of lime (as follow by weight
of cement: 10 %, 15%, 20%, 25%, 30%, 40%, 50 %) with an
expansive agent (aluminum powder) to create an air void in order
to develop a cellular concrete (noted CCB) made with dune sand
and waste of brick. In this case the water / cement ratio was
adjusted to 75% for giving an easy casting in the moulds.

2  Description of materials

2.1 Dune sand

Dune sand used in the mixtures was taken from Laghouat (south
of Algéria) with maximum size of 0.5mm.Table 1 presents
physicals and chemicals properties of this dune sand. The grading
curve was presented in figure 1.

2.2 Fines of Brick

The wastes of brick were taken from the construction sites and
companies; they were crushed to @< 100 um. Physicals properties
and chemicals analyses of the fines of brick were presented in
table 1. The grading curve was presented in (figure 1)

2.3 Cement

The cement used in this research was Portland cement CEM 11
425 from ACC (Algerian Cement Company). Physicals
properties and chemical composition were given in table 1.
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2.4 Lime
The lime used to product the cellular concrete was an artificial

Hydraulic Lime. Chemicals analyses and physicals properties
were given in table 1.

2.5 Expansive agent

The expansive agent was SIGMA-ALDRICH aluminum powder
with 99% aluminum and fineness of 75 pm.
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Figure 1. The grading curves of the aggregates.

Table 1. Physical characteristics and chemical composition of the
materials

Material Dune Fine of | Cement | Lime
Sand Brick

Physical propreties

Apparent density (kg/m?) | 1423.6 2535.5 1030 700

Absolute density (kg/m?) | 2675 770 3100 2430

Equivalent modulus of | 97 - - -

Sand ES (%)

Blue of methylene value | 0.067 - - -

Vb

Fineness modulus /| 1.22 2847 3700 2985

Blaine  surface area

(em”/g)

Chemical composition

Si02 (%) 95.87 63.62 17.49 <25

SOs (%) 2.29 24 2.83 <0.5

CaCOs (%) 2.5 - - <10

Ca0 (%) - 12 62.78 >73.3

Fe20s (%) - 5.37 3.02 <2

ALOs (%) - 10.25 4.51 <15

MgO (%) - - 2.15 <0.5

K20 (%) - - 0.64 -

Naz20 (%) - - 0.05 <0.5

CO2(%) - - - <5

LOI" (%) - - 8.10 -

Chlorure (%) - - 0.02 -

“LOI: Loss on ignition.

3  moulds and casting

First of all, the solid components were dryly mixed for 2 min. then
the total of amount of water was added and mixed for 2 min (In
the case of manufacturing cellular concrete, the expansive agent
was added at the end with mixing for 1 more minute). All mixtures
were cast in 4x4x16 ¢m® moulds for approximately 24 h, after
which time they were removing from the mould and stored in
20°C water during 28 days. The expanded samples were sawing
of the excess material just before demoulded.

53


http://www.ejosat.com/

European Journal of Science and Technology

4  Result and discussion

4.1 Optimized Sand-Brick Concrete

The results of compressive strength were used as the indicator of
the activity of brick admixture in the dune sand. (Figure 2) shows
that the mineral fine admixture has a positive influence in
mechanical performance of mortar made with dune sand [9-11].
The optimum of strength 73.59 MPa was reached for mortar with
15% of fines of brick and with ratio W/C = 50%.
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Figure 2. Effect of fine of brick on compressive strength

4.2 Cellular Concrete of sand-Brick (CCB)

For developing the cellular concrete (CCB) in this research we
have added to the reference optimized mortar (SCB) different
percentage of lime with two percentage of the Aluminum powder
(0.2% and 0.5%) in order to show the effect of the lime and
Aluminum on the properties of: apparent density, introduced
porosity, compressive strength and thermal conductivity.

4.2.1 Influence of lime on the apparent density

The results showed in (figure 3) indicate an increase in the
apparent density until 25% of dosage of lime after this percentage
the density decrease, it is the same conclusion for the two ratios of
Aluminum. The lowest density (1209.11 Kg/m®) is reached from
the concrete with binder made only of cement (0% lime). It means
that the expansive agent acted only with the (Ca (OH) ») formed
during the hydration reaction of cement (In contact with water,
tricalcium silicate (Ca3SiOs) and dicalcium silicate (Ca;SiOy)
dissolve as ions that interact and form calcium silicate hydrates
(CSH) and portlandite (Ca (OH) »). This result is consistent with
the literature [5].
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Figure 3. Effect of lime on the apparent density of CCB
4.2.2 Influence of lime on the introduced porosity

The introduced porosity was determined from the measurement
of the dry apparent densities of the reference mortar and of the
expanded samples by the expression:

Pi =(pi—pe)/ pr (1

Where P; : is the introduced porosity
pr : the dry apparent density of the reference mortar
pe : the dry apparent density of the expanded sample

The results of introduced porosity versus the dosage of lime
complete the above conclusion. Figure 4 indicates that the
porosity decrease with the increase of percentage of lime till 25%
of lime after this dosage the porosity increase. This decrease of
porosity means that the reaction capacity of lime with the
expansive agent is less important than that of cement [5].
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Figure 4. Effect of lime on the introduced porosity of CCB

4.2.3 Influence of lime on the compressive strength

Figure 5 show the influence of dosage of lime on the compressive
strength. The increasing dosage of lime increase the compressive
strength till 25%, after this optimum the compressive strength
diminishes with increase of dosage of lime. The highest strengths
which are obtained from composition with 25% of lime are 7.44
MPa with 0.5 % of Aluminum and 10.62 MPa with 0.2% of
Aluminum.
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Figure 5. Effect of lime on the compressive strength of CCB

4.2.4 Influence of lime on the thermal conductivity
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The thermal conductivity depends on density and on insulation
characteristics of the ingredients of the material [13, 14, and 15].
The amount and fineness of pores influence also the thermal
insulation [4, 14]. Figure 6 and 7 shows thermogrammes obtained
using hot wire method. The thermal conductivity increases with
the increase of lime till 25% of lime and decrease after this
dosage; this result proves that this lime has not a role in the
processes of alleviation. The lowest value of thermal conductivity
(0.505 W/m°C) is given by composition CCB without inclusion
of lime, and which has the greatest introduced porosity (Pi=0.3).
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Figure 6. Thermal conductivity of CCB (0% of lime, 0,2% AL)
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Figure 7. Thermal conductivity of CCB (0% of lime, 0,5 % AL)

4.2.5 Influence of expansive agent contain

In this study all the results (fig. 3-4-5) shows that the dosage of
Aluminum possesses a great influence on the properties of the
material developed. Compared with dosage of 0.2% of
Aluminum, the dosage of 0.5% gives the lowest apparent density
which is due to the greatest development of the porosity (30%);
consequently, the increase of porosity leads to a decrease in the
compressive strength.

5. CONCLUSION

The results of this experimental work to develop a novel material
as cellular concrete using especially local ingredients like sand of
dune which is plentiful in the Sahara of Algeria and wastes of
brick, shows that it is possible to investigate in this type of

www.ejosat.com ISSN:2148-2683

concrete to producing lightweight concrete suited to the hot, arid
environment of our region.

The developed material in this research is a non-autoclaved
concrete, and we have reach a very acceptable value of
characteristic (1209.11 Kg/m*for apparent densities, 3.67 MPa for
the compressive strength and 0.505 W/m°C for thermal
conductivity) entering in the margin Classification of lightweight
concrete [15]. Substitution of fine of brick in the sand of dune
could play an important role in the increase of the mechanical
performance of sand concrete.
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Abstract

Broad crested weirs are hydraulic structures used to control the flow depth and discharge of channels. Structures constructed in rivers
and channels are exposed to scour around their foundations as they cause turbulences in uniform flow and sediment transport as a
result of increase in flow velocities at downstream. If the scour depth becomes substantial the stability of the foundations endangered
with a resultant hazard to the structural failure. In this study the flow field variation and the equivalent depth of scour was simulated
by means of three-dimensional numerical analysis using a sediment scour model of FLOW-3D program. The sediment scour model in
FLOW-3D is able to simulate the scour hole development process, in this study four models of inclined apron of broad crested weirs
[A, B, C, D] with different downstream reverse angles (0°, 4.5, 8.7°,13") respectively are tested under the same flow intensity and the
same duration, based on experimental study from the literature that has been held for a duration of 6 hours to see if the same behavior
will be concluded for scour reduction. Downstream of the first models act as ordinary weir while the other models act as an obstacle
toward the flow, the water flows above the sloped downstream bed and dissipates some of its energy. There was a good agreement
between experimental and FLOW-3D results. The results showed, that model C reduces local scour hole volume, the maximum scour
depth in addition shift the scour holes away from the structure as compared to the other models. The idea is decreasing downstream
height of broad crested weir while providing an obstacle in shape of sloped downstream bed toward the flowing water. This reduction
gave the weir a new performance by making it as an energy dissipater. The present technique similarly reduces construction costs also
improves the hydraulic performance of single step broad crested weirs.

Keywords: Sediment scour, scour reduction, erosion, FLOW-3D, broad crested weir.
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1. Introduction

Weirs are defined as an obstacle in an open channel system
which water flow over it and based on the geometry of the weir
and head on the weir crest, it is used as an indirect technique for
the flow rate measuring (King and Braver, 1963). One of the
most common types of weirs are the broad-crested weir, the
main issues related to such structures are scouring at the
downstream of weir structures which are the leading causes of
their failure. Numerous different methods were tested and
applied to study and minimize the local scour. Ozmen-Cagatay
and Kocaman (2011), for simulating a dam-break used FLOW-
3D software where the applied turbulence model presented good
agreement to experimental outcomes. Amin (2015) used physical
model to evaluate and compute the influence of hydraulic
structural measure (double lines water jets) on minimalizing the
dimensions of scour-hole downstream of a Faiyum model of
weir. His experimental outcomes confirmed the suitability and
the usefulness of the proposed measure (floor water jets) in
improving the flow hydraulic conditions and the local scour
dimensions downstream Faiyum type weir. Helal (2013), studied
the effect of installing a single line water jets to the floor of the
hydraulic structures on reducing the scour hole sizes and
determined that the system of floor water jets is effective in
reducing the cost of energy dissipating stilling basin.
Abdelhaleem (2013) experimentally studied the influence of
semi-circular shapes of baffle block on local scouring
downstream of a Faiyum kind weir. He reported that; the
existence of baffle blocks, both upstream and downstream slopes
of the scour hole formation increase but the downstream slope is
steeper than the upstream, that specifies the important impact of
baffle blocks on the scour hole dimensions. Dargahi (2003)
conducted a laboratory investigation to study the scour profiles
and the scour geometry likeness. No experimental indication was
determined in support of the similarity assumption for time-
based progress of the scouring development. For the geometry of
scour hole prediction, he introduced power-law form equations,
primarily in terms of affecting variables such as, depth of flow
over the spillway crest and sediment particle size.

In this study, validation of FLOW-3D program is conducted
in terms of the program capabilities for predicting scour
developments downstream of broad crested weir. The validation
is based on the simulation of the experimental study made by
Abdulnaser et al (2015). The maximum scouring depths and
volume of scour downstream weirs crest are compared with
available experimental data. Additionally, the conclusion of the
best model for scour reduction are investigated.

1 2. Model Setup

In this study FLOW-3D is used to simulate a numerical
model based on an experimental study of (Abulnaser et al,
2015). FLOW-3D is a commercial package developed by Flow
Science Inc. (Flow Science Inc., 2009) at Los Alamos Scientific
Lab. The software practices some superior features for numerical
solution of the Navier-Stokes equations for free surface flows
(VOF-method) and meshing of complex geometries (FAVOR
method). The sediment scour model in FLOW-3D treats
sediment by way of two concentration fields (Brethour, 2003):
the suspended sediment and the packed sediment. The suspended
sediment advects and drifts with the fluid because of the effect
of the local pressure gradient. Suspended sediment initiates from
inflow boundaries or from erosion of packed sediment. The
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packed sediment does not advect, and characterizes sediment
that is bound by adjacent sediment particles.

Figure 1 shows the experimental flume setup for an inclined
apron of broad crested weirs. Water enters the flume with a
discharge of 25 1/s. The water flows over a solid bed, 38.4 cm in
length, before contacting a packed bed of sand 200 cm in length
and 19.2 cm in depth. The median diameter of the sand grains is
1.8 mm. The channel is 80 cm in width, the scour profiles were
measured down the centerline of the flume.

FLOW-3D mesh generator to handle the complex
geometries uses the FAVORTM technique in an orthogonal mesh
defined in Cartesian or cylindrical coordinates. Only the
orthogonal mesh is permitted to simplify the development of
meshing domain in FLOW-3D. The obstacles and baffles are
embedded in the
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Figure 1. Schematic layout of the flume (Abdulnaser et al, 2015).

orthogonal mesh, which tolerates separate characterization of the
mesh and geometry. Figure 2 shows the 3D computational
domain that is 300 cm long starting the slit and 50 cm high
including 19.2 cm of packed bed. There are 23634 mesh cells in
total. In the simulation, the density of sand is 2.65 g/cm3.The
weir downstream adverse slope arrangement in FLOW-3D was
achieved by inserting a STL file format. In STL files formats
solid object surfaces are approached by triangle systems. To
convert the solid model into STL format AutoCAD program was
used. One uniform mesh block was used for the domain
discretization. A grid sensitivity analysis with respect to the
computational time was performed. The grid was refined till the
computational time increased unreasonably.

Boundary conditions for y minimum direction was
considered to be “symmetry”, which indicates that identical
flows happen on the other side of the boundary and hence there
is no drag on this boundary. In the x direction, the boundary
condition was “specified stagnation pressure”. With this
algorithm, FLOW-3D is able to model various flow heights
beginning at a stagnation pressure state. A continual volume
flow rate was used as inflow boundary condition. Figure 2
represents boundary conditions on the x-y-z planes. In the
simulation with single fluid, the critical Shields parameter was
0.05, both the entrainment and bed load transport coefficient
values were 0.0018 and 8.0, respectively, the angle of repose
was 45° and the critical packing fraction was 0.64. The
turbulence was predicted using Renormalized group (RNG)
model.

A

Figure 2. A- Computational domain and mesh setup to simulate
scour in the flume, B- Configurations of boundary conditions.

3. Results and Discussion
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3.1 Investigating effect of inverted slope on
water surface profile and velocity downstream of
weirs crest

In different models of weirs’ crest, the changes of
water surface profile of numerical results are
investigated and compared with experimental data
(Figure 3 and 4). Based on the results extracted from
the diagram of water surface profile on weirs’ crest, it
can be predicted that there is a clear influence of the
change in downstream slope on the water surface
profile which results in the change of the hydraulic
parameters of the system. In addition, leads to change
in the rate of the scouring. Figures 3 and 4 shows the
experimental and numerical results and from these
plots it can be understood that there is a good
agreement among the Flow-3D and experimental
results. As its seen the water surface at model A is
smooth and effect on larger distance at downstream of
the weir but the water surface at model B and D are
more turbulent because the effect of inverted slope on
water falling at downstream of the weir, hence the
horseshoe vortex is very strong for models B and D,
but then again the effect of horseshoe vortex is
reduced for model C as a result of large energy
dissipation and effect of the downstream slope of the
weir lead to decrease the energy of water. It is
Obvious from Figure 4 that the maximum velocity
was found on the sloped bed and then decreased
immediately after the weir structure due to the energy
dissipation on the sloped bed, as model C
downstream slope caused energy dissipation more
than other models which resulted in the high scour
reduction.

~elevation (cm)

100 90 80 70 60 50 40 30 20 10 ] 10 20 10 a0 50 60 70 80 9% 100 110 !
distance (cm)

Figure 3. Experimental longitudinal water surface for
each model Q = 25 1/s
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Figure 4. Comparison of longitudinal water surface
profile and depth average velocity at the central axis
on the weirs’ crest in various models Q = 25 l/s

3.2 Investigating effect of inverted slope on
scouring downstream of weirs crest

Figures 5 and 6 present the measured and the
calculated scour profiles for all models, respectively.
It is found the calculated shape and elevation of the
sand bed compare well to those measured in the
experiment. As measured, a scour hole is generated
just behind the weir due to entrainment and bedload
transport. Figure 6 shows the maximum scour hole
depth from numerical results. Good agreement is
observed between the measurement and the
calculation. The maximum scour hole depth is only
slightly underestimated.
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Figure 5. Experimental result of longitudinal scour holes and
distances from the weir for each model Q = 25 /s.

— colored by tpack (max=1.53400)
low contour= 6 4
0.000 0.108 fgi- 5?8; 01 high gapggur= 33%@‘ 0.542 0.650
T | W [

X
colored by tpack (max-2 05E+00)

low= 0.000E+00 Iow contour= 6. 49954?&9

0.108 hlgh- 6.8%95—01 high 8%“"- S. 84%5

Model-B

colored by tpack (max-1 .81E+00)
low= 0.000E+00 low comour-

0.000 0.108™™"="gPfF01 hieh gapig “EE Q 0542
ET i [ [

MODEL-D

0.650

0.50

0.4 0.2 0.8 14 20

X

Figure 6. Calculated results of longitudinal scour holes and
distances from the weir for each model and discharge (25 l/s),
tpack (total packed sediment solid fraction).

As shown in Figures the maximum scour depth was initiated
after the weir model D for the reason that the drop of water
adjacent from the toe of the weir. This case increases the danger
of failure of the weir. While model C reduces depth of scour and
creating least scour in the downstream of the weir and pushes the
drop of water away from the weir.

From Table 1 it is obvious that the model C reduces the
scour depth and the volume of local scour as compared to the
other models. This is because the slope of downstream of the
weir resulted in the formation of weak horse shoe vortex. Results
comparison for the same discharge of 25 1/s showed that in the
experimental results model C reduced scour depth and scour

0.000 0.542 0.650 hole volume about 24.2% and 44.8% respectively as compared
[ to the models D. While from numerical results comparison
. e showed that scour depth and scour hole volume was reduced
about 37.5% and 50.1% respectively.
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X
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Table 1. Local scour dimensions for each model
Model | 6° Q (I/s) | Volume of | Max. depth of | Distance from
scour (cm®) scour H (cm) weir X (cm)
Exp. Num. | Exp. Num. | Exp. Num.
A 0 25 48583 | 47800 | 12.4 11.8 68 40
B 45 |25 52680 | 42500 | 12.4 10.1 48 36
C 87 | 25 43784 | 33200 | 12.2 8.5 76 69
D 13 |25 79316 | 66600 | 16.1 13.6 48 44

3.3 Investigating effect of inverted slope on flow
pressure distribution downstream of weirs crest

In various models of weirs’ crest, the outcome of flow pressure
distribution changes on broad-crested weirs is studied. In Figure

7, flow pressure values simulated for central axis of channel in
longitudinal direction and has been presented. It is useful to

www.ejosat.com ISSN:2148-2683

determine the way of pressure distribution to consciously apply
energy equations and motion size in weirs. If in case of
designing, pressure imposed on weir is more than atmosphere
pressure, discharge is decreased and vice versa; also, it
simultaneously causes to the creation of cavitation phenomenon.
Therefore, it is highly important to investigate pressure
distribution on weirs’ crest. Accordingly, in the following,
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precise process of pressure distribution and changes under the
impact of weir’s downstream slope are investigated. And the
outcomes show that the higher the pressure occurred at the
location of maximum socur of the models and model C reduced
pressure at the downstream in a great manner and caused a high
reduction in socur hole formation. Which indicates that
Increasing inverse downstream slope with a spcific degree leads
to the decrease of pressure value, which shows the energy
dessipasion caused by ineverted downstream slope as it can been

seen clearly from model C.
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0.48 - |
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Figure 1. Flow pressure distribution changes on weirs’ crest
for different models.

4. Conclusions and recommendations

The present work was an effort to examine hydraulic
characteristics and parameters that reduces scour due to the
change of the downstream apron inclination of broad crested
weir and checking numerical capabilities using computational
fluid dynamics method. In this regard, FLOW-3D model was
studied by changing gridding as well as changing different
parameters of the model. For the result validation, FLOW-3D
study was based on laboratory experiment models from literature
experiments studied the application of a new shape of
downstream apron of broad crested weirs. Changing the slope of
downstream apron is not only effective for reducing local scour
but it is also much more economic when it is related to
traditional broad crested weir. The current study demonstrates
that there is no need to countermeasure the scour depth by lining
with rubbles and riprap to protect from failure since the distance

www.ejosat.com ISSN:2148-2683

of scour from weir was significant to avoid that, the new idea is
only to change the inclination of downstream apron of the weir.
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Abstract

The Concrete Filled Steel Tubular (CFST) members offer many structural features and have been widely used in civil engineering
structures. Available in many different shapes, but most important circular, rectangular and square, etc. The CFST structures offer
numerous structural benefits, including high strength, favorable ductility, and highly absorbable to withstand external shocks. They have
proven to be economically as well as providing for the rapid construction and thus additional cost savings. The circular CFST members
included normal strength concrete filled circular structural sections. In this study the parameters; diameter (D), thickness (t), yield
stress (fy,), and compressive strength of concrete (f;) show their effects on the members and their comparison, according to calculation

equations of the American (AISC360-16) and European (EC4-2004) codes for the design of which parameter effects performance of
circular CFST members under axial compression and flexure.

Keywords: Circular CFST members, Axial strength, Flexure strength, Parametric study, Design codes.
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1. Introduction

Concrete Filled Steel Tube (CFST) is a composite member
which consists of a hollow steel pipe filled with concrete (Gore,
et al.). The Circular Concrete Filled Steel Tubes (CCFST) section
withstands applied load through the composite job of steel and
concrete. The benefits of composite action between concrete and
steel increase the strength of CCFST section. Thus, becoming
popular in the last days and being used in structures such as
bridges, buildings, electricity towers etc. In the past years, several
studies have been done on CCFST members, these studies
indicated that the CCFST sections possess strength, stiffness
properties, and high ductility. These properties are considered to
be important, especially for the multi-story buildings. Therefore,
the behavior of buildings with CCFST sections needs to be studied
(Han, et al. 2004). Concrete is one of the most important materials
involved in the construction of civil engineering. Moreover, it is
a favorite material because it is low-cost, durable and high-tech,
easy to manufacture. In recent years, there have been some
significant developments in the field of concrete technology
(Bozkurt, et al. 2017, Davraz, et al. 2017). Steel is one of the most
widely used materials in structural applications because of its high
strength in endurance for external shocks, high rigidity, and
average cost. With these attractive properties, Steels are the most
commonly used materials in buildings, forming structures, etc.
(Abakay, et al 2017, Acar et al. 2017). The current paper
represents an attempt to investigate the effect of different
parameters on the ultimate axial and flexural capacities of CCFST
sections according to the AISC360-16 and EC4-2004. The
investigated parameters considered in this study; (D) diameter,
(t) thickness, yield stress (f;), and compressive strength of
concrete (f;).

2. Design Code Factors and Limitations

In this study, the (D) and (t) were chosen from according to
EN 10219 standard, Not to exceed the limits of the AISC360-16
and EC4-2004 codes. According to standard EN 10219, value
domain (D mm) =(21.3-339.7) and value domain (t mm) = (2.0-
12.7), are calculated with values f, (235, 275, 355) MPa
and f; (20, 30, 40, 50, 60) MPa, respectively, and so with the rest
of the values. The length of column (L mm) = 3000 is taken
constant. Limitations for each code;

AISC CODE

Concrete Compressive Strength (MPa) 21 < £/ <70
Steel Yield Strength (MPa) fy <525
EC4 CODE

Concrete Compressive Strength (MPa) 20< fo, <50

Steel Yield Strength (MPa) 235 < f, <460

3. Generalized Linear Design Model

An alternative to the typical data conversion approach is
followed by the standard lower squares analysis of the converted
response is the use of the generalized linear model. A generalized
linear model is basically a regression model (an experimental
design model is also a regression model) which can be used for
determination percent contributions of parameters (Montgomery,
D. C. 2017).

4. Results and Conclusion
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By applying the generalized linear model to the data set
created using the excel sheet, 5445 analysis was performed on
each code columns and beams. Table 1 shows the final influence
of each parameter on the axial and flexural strength of the CCFST
member according to AISC 360-16 and EC4-2004 code.

Table 1. Results and percent contributions for axial load and
bending moment capacities according to AISC360-16 and EC4-
2004

AISC 360-16 EC4-2004
Factors % of Total % of Total
M, (kN.m) P, (kN) M,(kN.m) P, (kN)
(Dymm 6653 8298 6473 4074
(Omm 2625 1040 2747 3169
Lot 0.07 146 0.00 375
f,(MPa) 131 0.40 1,58 16.45

There are many important parameters that affect the capacity of
CCFST members, such as the geometric characteristics (D)and
(t)that has a large effect on the resistance of the section. By
observing the results in Table 1, (D)and (t) has a significant effect
on CCFST members as opposed to less influential factors
(f¢, fex and ;) Columns and beams diameter and thickness are
different contributions on capacity calculations of design codes.
These conflicts are established on the accounting confinement of
concrete. Pre-designed CCFST beams and columns are the most
important points for design engineers to determine the diameter
or thickness of a column or beam.
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Abstract

In this paper a method called “signal flow graph (SFG)” is presented, which represents a system by its signal flows, in abstract term it
is a directed and weighted graph with signals in nodes and functions on edge. The edges of this graph are small processing units
which process the incoming signals in specific form and send the result to all outgoing nodes. The SFG allows a good visual
inspection into complex feedback problems. Furthermore such a presentation allows for a clear and unambiguous description of a
generating system, for example, a netview. A Signal Flow Graph (SFG) allows a fast and practical network analysis based on a clear
data presentation in graphic format of the mathematical linear equations of the circuit. During creation of SFGs the Direct Current-
Case (DC-Case) was observed since the correct current and voltage directions was drawn from zero frequency. In addition, the
mathematical axioms, which are based on field algebra, are declared.

Keywords: Analog Circuit, Transfer Function, Symbolic Analysis, Signal Flow Graph, Network Theory.
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1. Introduction

There are diverse methods to calculate transfer functions of
electrical circuits such as two-port network theory, nodal
analysis method (Schmidt et al. 2006) and time constant method
(Gaetano et al. 2003). These methods are generally time-
consuming and computationally intensive. Furthermore, it is
always useful to develop a common graphical model, with using
this model to make a connection between the state variables
(parameters) and the transfer function as well as to obtain a
better understanding of the complex functionality of a network.
Using mesh rules, node rules and Ohm’s equations can a signal
flow graph set up. Targeted minimization of subgraphs, allows
the calculation of a transfer function easier. In this work we
repeat the mathematical methodology for the symbolic analysis
of real electronic circuits on the basis of a given real circuitry. It
is based on graph theory, the so called SFG method. To present
the application we use a Common-X circuit as a use case. First,
the Common-X circuit is split into its subcircuits and for each
subcircuit it associated SFG is established. Then by the
superposition of the SFGs of the subcircuits the total SFG for the
Common-X circuit results.

2. Theoretical foundations

Signal flow graph: A signal-flow graph describes a system by
its signal flows by directed and weighted graph (Samuel et al.
1956). Similarly, an SFG provides a graphical representation of a
set of linear relationships (Brzozowski et al. 1963). For this
reason, signal flow graph can be constructed between the
materials using the Kirchhoff's laws the current and voltage
relationship. The directed and undirected graphs, the signals are
applied to nodes and functions on edges, the direction is given
by an arrow on the edge. The nodes of the signal flow graphs are
small processing units, through which the incoming signals are
processed in a certain form. In this case, the result is sent to the
outgoing edges (Richard et al. 2006). In network theory often are
used ohmic resistors, capacitors and inductors. When
considering these elements, the direction of the directed and
weighted signal flow graph cannot be interchanged easily. Prior
to changing the direction of the arrow direction, the function on
the edge has to be inverted. The below material equation is
shown as an example. The signal flow graph with the respective
function on the edge is shown in Figure 1 (Fakhfakh et al. 2012).

() Ohs

Figure 1. SFG an ohmic resistance

(1)

otk (@
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Elements of a signal flow graph: A signal-flow graph exists
next to edges and nodes of paths, loops, input node and output
node. A node is a point or a circle, which reproduces a signal or
a variable. Input node, also known as source node, has only
outgoing paths and represent independent variables. An output
node, also known as sink node, has only incoming paths and is
in contrast to the input node a dependent variable. A path is a
connected sequence of edges in one direction. The path gain is
the product of the functions on the edges along a path. A reverse
path is a path that leads towards the entrance node. A feedback
loop is present when the start and end nodes are the same. Loops
are equal oriented edges forming a closed path and will touch no
node multiply. A self-referential loop is exactly present when a
path flows from one node in the same node without crossing
other nodes (Frieder et al. 2012).

Modifications of signal flow graph: By associative law
sequential edges can be catenated (Figure 2). As soon as three
nodes which are interconnected via a path so present, that there
are the x3 — x; = x, connected, the central node x; is
eliminated from the graph:

Xo a=Xy; X"b=x, = x5-a"b=2x,

() —*—() (0)—*

Figure 2: Summary sequential edges - associative law

() - (=)

Parallel running edges with the same input node x, and output
node x; can be concatenated with the distributive law (Figure
3). The resulting graph is minimized to an edge. For example,
two edges from node x, flow into the node x,. Algebraically, the
node x; be expressed as:

Xora+xy-b=x0(a+b)=x

—_ a
If &0 \)l

NS

.
e X1 ) = X
{0) (%)

Figure 3: Summary of parallel edges — distributive law

a+b N (leh

Dissolving a feedback loop (Figure 4): In order to eliminate the
node x;, be first the functions multiplied on the edges along the
forward path. Next, forming the product of the individual loop
gains. This is the signal-flow graph of two edges a-b and b - c,
in which b - c is a self-referential loop. Thus, the node x; is
removed from the graph and the feedback has been summarized
in a reflexive edge:

Xora=x; with x;-b=x, =x5-a-b+x,"b-c=x, =
Xora b=x,(1—b-c) = x;—>

=X
1-b-c 2

[ _ be e
(-2 m) = () 2) = ()5
Figure 4: Dissolving a feedback loop

A reflexive edge (self-referential loop) can be eliminated, in
which one by one divides the product of the functions on the
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edges toward the reflective edge minus the product of the
functions on the reflexive edges.

For more reflexive edges can use the same procedure. In Figure
5, the resolution reflexive edge is shown with the corresponding
weights (Samuel et al. 1956, Brzozowski et al. 1963).

¢ a
@)@ = @ -E)
Figure 5: Dissolving a reflexive edge

3. Analysis of Common X-circuit

The Common X circuit (Figure 6) is chosen as an example of the
determination of the signal flow graph in the course of work.
Therefore, at this point the members of the small-signal model
are explained:

Ry Y Rmv Z

/f:ﬁ .

' Vout

Vin | ': p [H\J 1""']2' [ )

\C %X

Figure 6: Small signal equivalent circuit of the CX-circuit
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Vin is the input voltage, V, is the output voltage, Ry is a lead
resistance the internal resistance of the voltage source, 7, the
baseband resistance of a BJT, g,, is the transconductance or the
steepness of the CX circuit with g,,, = iyt /Vin-

(o)

To apply now the method SFG, the circuit is divided into partial
circuits. The intention in the division is to reduce the complexity
of the analysis and to win by the sub-steps a better and clearer
view of the functioning of the structure. The small-signal
equivalent circuit diagram of the CX circuit can be divided into
two parts following circuits: In order to simplify the effort of
calculation, in the first step the circuit is broken. This results in
two subcircuits (Figure 7). The first subcircuit is a simple
voltage divider.

'Y i =gmVp

IR IRL {

() ’[l[ I:l W:RL’T‘ } VL

tidw i
-

mk\ :'VRY p \II| Vo
#'

‘p |

Figure 7: Small signal equivalent circuit of the CX-circuit in
separate form

Based on the above considerations can now be derived for the
first subcircuit of the signal-flow graph (Figure 8). It is desirable
that the total voltage V;,, of the voltage source drop across the
resistor 7p. In reality, however, a small part of the voltage at the
to much smaller resistance Ry drops. The desired voltage at the
resistor 1p can thus be adjusted with the resistance Ry. Thus, the
mesh equation for the first sub-circuit can be established:

Vp = Vi — Vg,. Depending on the resistance 7p is generated by

the voltage Vp of the current ip. The material equation is: ip =
1

VP';;VRy =ly "Ry ;ip = ly.
_-’r*_ A~
R
Qf' >‘ ( > r’/w\'l Y (Hw)
./)\
rp“"RY —_1

Figure 8: First subcircuit (left) of the CX-circuit and SFG (right) of the first partial circuit

i= Hmvp
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Figure 9: (Left) Second subcircuit of CX-circuit and (right) SFG of the second subcircuit
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The current ip flowing through the resistor Ry and generates the
voltage Vg, .Thus, the signal-flow graph of the first partial circuit
may be formed by expansion of the signal flow graph of the
ideal case without Ry. This only needs around the edge (iy, Vg,)
of the circuit to be supplemented. The dashed edges complement
the axiomatic identity of the signal-flow graph.

When partitioning the common X-circuit, the second subcircuit
between the nodes X and Z in Figure 6 is a current divider. In
reality, not all of the current i of the source through the load
resistor Ry

gy, = U=l by = Vo '%Q VL =Vo; V, = ig, "Ry

Thus, the total current i can flowing through the load resistor R;,
the resistance 1, would be infinite. But the resistance 7, not
infinitely large, flowing through it is a small portion of the
source current.

The current ip, through the load resistor R, can be adjusted by
the appropriate choice of resistance 1, or reduced by this
resistance. Thus, the nodes usually can be placed. The current
i, generated at the load resistor R; voltage V; which is equal to
the voltage drop across r,. With the mesh analysis, this
relationship can be traced. The voltage across resistor 7y
generates the current i, which acts back to the current ip,
through a negative feedback. In summary, the node and mesh
and the material equations for the second subcircuit can now be
set up. Extending the signal flow graph of the simple circuit
around the edge (Vy, i) of the circuit based on the above
equations, then there is the signal flow graph of the second
subcircuit. The material equations can be inverted. To make the

signal flow graphs of CX-circuit, the individual subgraph must
be combined into a graph.

The current source i is a voltage controlled current source. It is
controlled by the voltage Vp. The current is determined by i =
9m-Vp. In order for the two signal flow graph can about the
relationship between the current source i and the voltage Vp
interconnected (Vy;, (source), ig, (sink), ip and V states).

4. Conclusion

The SFG analysis can offer a faster and more effective
alternative to complex structures with the right approach and
solution patterns. However, the signal-flow graph represents
only a projection of the solution of the network equations.
Superimposed by the inverted solution of the system all the
states of the structure with self-imposed and unweighted loops
are obtained. For the analysis of a network the SFG-method
provides an important alternative, since you are saving in
complex systems not only long calculus, but also get a suitable
overview in the interaction of the system components and spare
parts. The method is rarely used, and the existing literature on
the subject is little. One can always encounter various problems
in the analysis of a circuit that can be easily understood with the
knowledge of this method and verified. The key to
understanding a circuit is always their real structure, SFG is the
structure faithful model, which real physics and underlying
theory brings together suitable.
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Figure 10: Signal flow graph of the CX-circuit for rp — 0 and R[] 1,
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