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DYNAMIC MODELING AND CONTROL OF RESEARCH
BASED QUADCOPTER
Tugrul OKTAY & Oguz KOSE™

I.  INTRODUCTION

Quadcopter is a-fotors flying system which has abilities of hovering,
taking off and landing vertically. They differ frothe standard helicopters
in using rotors with fixegpitch blades, thus their rotor pitch does not vary
as the blades rotdfg. Quadcopters have application in many areas
including military, search and rescue, commercial business, harsh and
hostile environments, mapping and agriculture. A large numblmgf
endurance quadcopter systems are also used for civilian applications, for
example, NASA employs the Helios, Altair, and Ikhana UAVs primarily
for Earth science missiof®}. Aggressive maneuvers with aerial robots is
an area of active reseaf8h They can operate autonomously in indoor
environmentg!] and transport operations. Quadcopter can be designed
such a way that this small and very effective vehicle is able to do more
insecure missions that can be very hazardous for human beings and
decreases the demandhoiman power in complex missighk

UAV classification is usually determined by some criteriaeatures,
e.g. use application, range, altitude, endurance, vehicle type, size, etc. We
are interested in classifying UAVs due to their configuration as:
Fixed wing
Rotary wing
Free wing
Tilt wing/rotor
Tailsitter

Based on this classification, we note thizéd wing conventional or
hovering rotarywing aircraft systems are the most commonly used
vehicles. On the one hand, fixed wing conventional aircrafts have proven
reliability, long flight time, and cruise efficiency, but they cannot hover or
fly at low geed§o].

In recent years different approaches have been made on quadcopter. In
B. Yuksef7] , an unmanned aerial vehicle with a fixed wing
mathematically autopilot model and various control methods for this
vehicle designs were made. In Ts. Te[8istried to show by the
simulation quadcopter model based on state feedback control amedsho
simulation result in MATLAB. In Q. Muhammd@d], a quadcopter made
both a model and a simulation study. height stabilization made with only 2
centimeters of error. In10] S. C. Quebe explored topics relevant to
navigation and control of a small indoor unmanned aerial vehicle. The

E N
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“"Kel kit College of AyiwsiyEnabhaktay@erciy@sedwtrs h a n e
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observer or estimator was designed using an Extended Kalman Filter and
estimation quadcopter model parameters using amp&title filter.

In[11] I. Sonnevend worked on position, height andgla
combinations. He used the LQR technique for height stabilization and
showed the results of simulation. h2] G. Ononiwu a quadcopter was
first modeled mathematilly, after which a simulation was carried out in
MATLAB by designing a PID controller, which was applied to the
mathematical model. The PID controller parameters were then applied to
the real system. The output of the simulation and the real system were
compared and attitude and altitude dynamics of a quadcopter were
considered. Therefore, roll, pitch, yaw, and altitude dynamics were
modeled. In V. Pravegi 3] the working and implementation of pitch, roll
and yaw movement of quadcopter based on PID logic controller was
presented. Mathematical modeling of quadcopter done using MATLAB
Simulink model. For stabilization of quadcopter, PID logic controller was
chosen PID logic was implemented successfully in MATLAB.[I#] A.
Alkamachi a trajectory tracking controller was proposed, in which four
PID controllersare designed to stabilize the Quadcopter and to achieve the
required altitude and orientation. However, a nested loop PID controllers
are designed to track the desireéndy position of the quadcopter. In
order to analyze the dynamic characteristics dnidD controller
performance of a quadcopter, [ib] firstly describes the architecture of
the quadcopter and analyzes the dynamic model of it. Then, based on the
classic scheme of PID control, this paper designs a controller, which aims
to regulate the posture (positiand orientation) of the 6 DOF.

. MATHEMATICAL MODELLINNG OF QUADCOPTER

Two pairs of rotors move in opposite directions, one Clockwise (CW)
and one CounteClockwise (CCW). It has six degrees of freedom
(6DOF). Unlike helicopters it has fixed pitch and fixadgle rotors. By
changing the rpm of the rotors the quadcopter moves in all dirgidion
Quadcopter has four similar rotor and propellers fixed angel of attack.
Each motor is responsible for a certain amount of thrust and torque. The
roll, pitch and yaw angles are used to define the altitude around the
guadcopter center of magss show Figure 1, changes in the pitch angle is
obtained by changing of speeds in propeller 1 and 3, the roll angle will
change if propeller 2 and 4 speeds change and yaw are obtained by
changing the balances of the torque.
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Figurel: Pitch, Roll and Yaw Angles of Quadcopter

A. Quadcopter Coordinate System

To get mathematical model, as show Figure 2, it is necessary to define
two coordinate system:

1 Earth fixed frame

i Body fixed frame

Some quadcopter physical properties are measureatth fixed frame
(roll, pitch and yaw angles, angular velocities), while some properties are
measured in body fixed frame (linear acceleratid$)

i Body Frame -FP

Earth Frame - F*

Figure2: Earth and Body Fixed Frafi&’]

B. Quadcopter Kinematics

The transformatiomatrix R between earth fixed frame and body fixed
frame is obtained by three consecutive rotations roll, pitch and yaw
(Eul erb6s angle) about x, y and z ax

Here, the Newtoituler approach is used with the following
assumptiond8]:

9 the structure is rigid and symmetric,

1 the propellers are rigid,

9 the thrust and the drag are proportional to the square of speed

1 ground effect is neglected,

R rotation matrix according to Euler angles is as follows;



ATl-@1 O AT-®DET OB+
OEIOEIAT O AT ®ET AT @1 O OEIOEIOET OERAT-O
Al @EHAT O OEVET OEAT @ET OERT OAT-@T O
The thrust force produced by each propeller is equal to four times the

weight of the qudcopter. Then,

O T T Q C

Where'Q[19],

~ 8 ~ ~
Q & wC¢ am8YL B—— T& 0 cwpar 8YL &) 00 w
w (3
RPMis propeller rotations per minutgitchis propeller pitch, in
inches;dis propeller diameter, in inches; avdis the forward airspeed,

freestream velocity, or inflow velocity (depending on what you want to
call it), in m/419].

W W A — the vector containing the linear and angular
position of the quadcopter in the earth fixed frame and
6 0 0 n N i the vector containing the linear and angular

velocities in the body fixed frame andris a matrix for angular
transformatior{QO]
p OET OAF+ AT OOALH
v T AT O OEI 4)

'r[ — —

So, the kinematic model earth fixed frame of the quadcopter is:
00 A A A O0— VA O A O O—

6A A—
®
DA A O 0O 6— 0A O A O O0—
6A—0
& VA A— 60— 0A—-O (5)
n 1A 60— no O—
— QA i O



@ & @ jstotal torque andds diagonal inertia matr[20].

(]
o 7 (6)
Tt

5 O S
o= =

It follows that the inertia matrix elements of the quadcoptg2afe

O —a a «a
O —a a o a Q @)
O ¢O0O ¢°O
O —d& o o a Q
O —4& a o (8)
0 0 O
0O —& a «a a Q
0O 10 9

So, total torque on quadcopter body fixed frame

a no nid Rio

a n"O0 nio nio (10)

a 10 nip nM

The inputs must applied to the system in order to control the behavior
of the quadcopter. The values of the input forces and torques proportional
to the squared speeds of the rdits

Yool ou L

Yooodl U
Yood U (11)
Yoou WU

Where itbe distance between any rotor and the center of the
guadcopter,w is the thrust factor an® is the drag factor. So, the
kinematic model body fixed frame of the quadcopter is:

6 Vi 0 "WO—
b 0N 61 CA—0
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C. State Space Model

The state space model of a nonlinear system in general is as follows;
@ "Quo (13)
In this case, th state vector;

OIS TS S O I e S (VN ¢ N *V R ¢V B COR
WWwao v v n N — (14)
And inputs are as equation (11). According to the above, the nonlinear
state space model is redefined;
()
1

(04
11
]
11
]

I PN e o zz e e .
L OBIOET ATdOBIATW — -

>
I
>
I
>
I

>

e e gce ¢

& 11 ATOO OB O Ed ATad —" (15)

rl
1 ATOAT®O — Q I
Ll N
11 —0 w —w L — 1
Ll o . ]
Ll — 0w —w i — ]
) . ]
u —0 6 - U

It is assumed that the guadcopter is in hover to obtailinge model
and the state variables in the hover state;
g T M P T TTTNTNTIITNTI T (16)

The inputs are from equation (3);

~

O £ E E E (17)

The Taylor series expansion from the first order is applied for the
linearization process arejuilibrium pointis taken asd@O ¢ o.
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The basic form of the linear state space equations are as follows:
®w 0w 060
w 0w 0o
Where u is a vector of system inputs and x is the state vector. To
achieve hovering condition, all states must be zero. If think initial starting
condition at some position in space (X, y, z) and call that point zero, all the
allowed states should also be zero. This is the easiest point to linearize
about since many of the elements after the linearization process go to
either zero or orig4]. If linearization is performed according to
equations 5 and 12, the matrices A, B, C and D are as follows;

9381

0
A 0
= 0
0
0
0 0
1 0
/m
E O 1
= /m
0 0
0 0
0 0
C



. CONTROL SYSTEM

In this section, the control structure of the system in which the
equations are derived and the linear model is created is designed. The PID
with the best stability issed in the control structures.

PID technigue represents the basics of control, PID is often chosen
because of its simple structure, good performance and tuning even without
a specific model of the controlled sys{@®l. The conventional IB
structure or derivative and integral effect given in Figure 3 It consists of a
combination of parameters and the blocks 'L / s' and 's' integral and
derivative.

\

r j ©
e \ ] 4
+ +
y = 1/5 ‘ ‘ Ki ‘ ++’- u
S } > K }

Figure3:Traditional PID Controller

00 + AOGAO + — (18)

In this struc(ur@ is the con‘trolled variabld, difference between the
reference valu®and the sensay + proportional coefficienty integral
coefficient and+ is the derivative coefficient.

The effects of gains h+ and+ on a closed loop system are in the

Table 1.

Respon Rise Oversho Settling Steady
se Time ot Time State Error
0 Decre Increase Small Decreases

ases S Change
0 Decre Increase Increases Eliminate
ases S
0 Small Decreas Decreases No Change
Change es

Tablel: Effect of PID Gains

There are two main disadvantages in the general PID corf@6lter

1) Since the derivate effect is calculated using error signal of the
system, the output of the derivative will be an impulse function when a
step input is applied to the system. This can cause the system moved away
from the linear zone by saturating the actuators.
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2) Combimt i on of actuatorsdé saturatio
cause a nonlinear effect. Thi s Wi
performance. Another issue is integral winding, which occurs when the
integral value is large and the sign of the error sighahges it takes time
to change the sign of the integral. To prevent this situation, the integral
effect should be limited to minimum and maximum values.

In Figure 4 a new approach used in PID controller to prevent these

undesired situatiofi7].
>>

Proportional
Gain

) 1 |
Desired Value —— N » K s J '

Subtract

Integral Integrator
* Gain Limited
Value

Kd > p LU

A At

Derivative Derivative
Gain

Figure4: PID New Approach
Accordingly,the altitude PID is as shown in Figure 6.

S
Proportional
Gain
.n i . » Ki > 1. I
Desired Z —»- : s / L
Subtract Altitude PID
ubtrac Integral Integrator
Gain Limited
Error Z
Au
v%’ a ———
Derivative Derivative
Gain

Figure5: Altitude PID

UAVs missions in redlife applications encounter significant
disturbances generated by atmospheric turbulence, which is a complex
physical phenomenon and is tgpily modeled using elements from
stochastic fluid theory. Therefore, it is preferable to pass a white noise
through a forming filter in order to generate a proper vgast model. In
literature, two main forming filters can be found: the Dryden and the vo
Karman. It is von Karman approach that is utilized in this pager
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The von Karman forming filters based on approximations of the von
Karman velocity spectra are formulated as folld2&] for longitudinal,
lateral and vertical velocity components respectively:

O i P (29)
: 8 — 8 —
0 i (20)
8 — 8 — 8 —
— 8 — 8 —
O i (21)
8 — 8 — 8 —

Where V denotes the relative speed of the quadcopter to air stream,
A K M represent the turbulence intensities anti h the scale of
turbulence for each component. For lower altitudes should be used:

0 a

TR 22)

The turbulence intensities h, are calculated:

. TR (23)

8 8 8 (24)

Accordingly, the longitudinal state space model is as fo[24}s
®w o0wo 0

Yo N O QY n51{) ) .
Y0 @ O o0 T Y P O Y
yn 0] ) 0 T }J’ﬂ 1 0 nY
Y— m nmn p m Y= un U

@ e Ty

W T

U U L n

i i i
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Using the above state space model, the appropriate pararasters
given for longitudinal motion.
IV. APPLICATION AND RESULTS
Quadcopter will be named zankacopter in this study.
The model drawn of Zankakopter in the Solidworks program is shown
in Figure 6.

Figure6: SolidWorks drawing

Figure7: Solidworks drawing
Data from solidworks drawing;

ZANKAKOPTER
[x=28.8x10°
ly=28.8x10°

Iz=26x10°
m=0.82
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|1=0.22
b=1.0741x10
d=1.8099x10
C=2.6
Table2: ZANKAKOPTER Data
Matlab/Simulink model created;

Figure8: Matlab/ Simulink Model
The zankacopter hover in the linear model is taken into account and

according to equation (3), each propeller should lift a quarter of the
zankacopter mass.

Below each propeller rpm value is given.

Figure9: Thrust of each propeller
According to Figure 8, each propeller should produce 4447 rpm in case
of hover. According to the obtained data, the zankacopter simulation
results are a®llows;
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FigurelQ: q value

Figurell: U value

Figurel2 w value

The valuesi, w, g are uncontrolled values.

13
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Figurel3: Altitude value
The PID valuesised in simulation are the following table.
P I D
50 5 50
Table3: PID Values

As a result, the obtained valugisow that the zankacopter is hover with

small deviation.
V. CONCLUSIONS

This article is based on a zankacopter longitudinal dynamic model and
control. The zankacopter dynamic model was obtained by the Newton
Euler equations which describe quadcopter motion. A turbulence model is
defined as an aerodynamic side effect that effeenkacopter movement.

The PID algorithm was used to control the zankacopter. The von
Karman turbulence model was used to obtain wind disturbances.

The controller that we proposed controlled the zankacopter dynamic
model successfully in both noisy andiseless environment.

Rise time, overshoot, settling time, steady state error which is criteria
for design performances were obtained within satisfactory borders.

Demanded circle was controlled successfully.

Satiation function on the control surface olsegaccessfully.

Other state variables did not demonstrate catastrophic behavior.
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OPTIMAL TUNNING OF PID CONTROLLER FOR
FORWARD FLIGHT OF RESEARCH BASED QUADROTOR

Tugrul OKTAY * & Oguz KOSE™

I. INTRODUCTION

Quadrotor is VTOL (Vertical Tak®ff and Landing) aerial vehicle
belonging to the class of multirotor helicopters. They differ from the
standard helicopters in using rotors witted-pitch blades, thus their rotor
pitch does not vary as the blades rdfigte

Unmanned aerial vehicles (UAV) are vehicles that can be operated in
hazardous or hartb-reach environments.

In the last 4660 years the interest in these vehicles has increased
greatly. They have also gained significadivantages over manned air
vehicles. Some of these advantages are low production and blending costs,
they have been designed to address different needs, and they have saved
the lives of pilots from the dangers of hard wWaik In civilian use,
unmanned aerial vehicles have been usedréasasuch as agriculture,
mapping, aerial imaging, fire determination.

Military at sea detection of enemy fleets and port security; for land
exploration, surveillance and mine screening purposes;-Hanp and
high-altitude explorations, spy communicatsoand combat destruction of
radar systems, flight safety they were employed in various po$g&lons

The success of small UAVsuch as discovery and secudfly search
and rescus®, 6], has made them very @#ttive for researchers working in
the field of control and robotics, being small in size, stable flight
capabilities and mechanically simgl&r8].

UAV classification is usually determined by some criteria or features
e.g. use application, range, altitude, endurance, vehicle type ett. We
are interested in classifying UAVs due to their configuration as:

Fixed wing
Rotary wing
Free wing
Tilt wing/rotor
Tailsitter

Based on this classification, we note that fixed wing conventional or
hovering rotarywing aircraft systems are the most commonly used
vehicles. On the one hand, fixed wing conventional aircrafts have proven

= =4 —a -8 A

" Department of Aeronautical Engineering, Erciyes University,
“Kel kit College of AydEén -naibaktay@erciy@siegwtrs h an e
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reliability, long flight time, and cruise effiency, but they cannot hover or
fly at low speed9].

In recent years different approaches have been made on quadrotor. In
B. YukseK10] , an unmanned aerial vehicle with a fixed wing
mathematically autopilot model and various control methods for this
vehicle designs were made. In Ts. Tefidi$ tried to show by the
simulation quadrotor mad based on state feedback control and showed
simulation result in MATLAB. In Q. Muhamm§t?], a quadrotor made
botha model and a simulation studyeight stabilization made with only
2 centimeters of error. IfiL3] S. C. Quebe explored topics relevant to
navigation and control of a small indoor unmanned aerial vehicle. The
observer or estimator was designed using an Extended Kalman Filter and
estimationquadrotor model parameters using an SIR particle filtdd.4h
I. Sonnevend worked on position, height and angle combinations. He used
the LQR technique for height stabilization and showed the results of
simulation. In [15] G. Ononiwu a quadrotor was first modeled
mathematically, after which a simulation was carried out in MATLAB by
designing a PID controller, which was applied to the mathematical model.
The PID controller parameters were then applied to the real system. The
output ofthe simulation and the real system were compared and attitude
and altitude dynamics of a quadrotor were considered. Therefore, roll,
pitch, yaw, and altitude dynamics were modeled16j V. Praveen the
working and implementation of pitch, roll and yaw movement of
guadrotor based on PID logic controller was presented. Mathematical
modeling of quadrotor done using MATLAB Simulink model. For
stabilization of quabtor, PID logic controller was chosen. PID logic was
implemented successfully in MATLAB. [17] A. Alkamachi a trajectory
tracking controller was rpposed, in which four PID controllers are
designed to stabilize the Quadrotor and to achieve the required altitude
and orientation. However, a nested loop PID controllers are designed to
track the desired x and y position of the quadrotor. In order fgzanthe
dynamic characteristics and PID controller performance of a quadrotor, in
[18] firstly describes the architecture of the quadrotor and analyzes the
dynamic model of it. Then, based on the classic scheme of PID control,
this paper designs a controller, which aings regulate the posture
(position and orientation) of the 6 DOF. [fh9] discussed quadrotor
autonomous elation control. The system is modeled using state space
model and MATLAB / SIMULINK is simulated. PID control was used to
control the quadrotor and stabilize the altitude.[20] presented an
approach for quadrotor altitude control. Quadrotor altitude control under
various disturbances. PID control and extended Kalman Filter are used for
this.
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VI. MATHEMATICAL MODELLINNG OF QUADROTOR

In order to model the quadrotor, it is firstly necessary to make a
mathematical model.

The quadrotor consists of four motors and propellers.

Each rotor produces a thrust. If the total thrust produced by the four
rotor is equal to the weight of the quadrotor, the quadrotor will remain in
the air hover. As shown in Figure 1, the rotor pair8,(24) are opposite
to each other but the pairs rotate in the same direction.

X;

Figurel4: QuadrotoriCoordinate System

If the quadrotor moves in the vertical axis, the revolutions of all the
rotors must be increased evenly and reduced. If the rotor revolutions are
increased by the equal amount, the total thrust produced will be greater
than the quadrotareight and the quadrotor will be accelerated upwards.
If the rotor revolutions are reduced by an equal amount, the total thrust
produced will be less than the weight of the quadrotor, so the acceleration
will decrease and the quadrotor will start to dedcen

The quadrotor roll movement consists of the revolutions differences of
rotors 2 and 4. The quadrotor moves towards the 4. rotor when the 2.
rotor rotates faster than the 4. rotor. The quadrotor moves towards the 2.
rotor when the 4. rotor rotates fasthan the 2. rotor. This movement is
also the movement on the y axis.

The quadrotor pitch movement consists of the revolutions differences
of rotors 1 and 3. The quadrotor moves towards the 3. rotor when the 1.
rotor rotates faster than the 3. rotor.eTduadrotor moves towards the 1.
rotor when the 3. rotor rotates faster than the 1. rotor. This movement is
also the movement on the X axis. If the pitch angle increases, the
quadrotor increases the feedrate on the X axis. If the pitch angle decreases,
the quadrotor decreases the feedrate on the X axis. The same is true for
roll action.
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The quadrotor yaw movement is based on the sum of the rotor
revolutions. If the revolutions of-2 rotors are higher than the revolutions
of 2-4 rotors, the quadrotor rotst in the direction of rotation of the42
rotors. . If the revolutions of-2 rotors are higher than the revolutions of
1-3 rotors, the quadrotor rotates in the direction of rotation of tBe 1
rotors.

In Figure 2, quadrotor hover, roll, pitch and yawvements are given.

Ty

(c) (d)

Figurel5: (a): Hover, (b): Roll, (c): Pitch, (d): Yaw

A. Quadrotor Coordinate System

To get mathematical model, as show Figure 3, it is necessary to define
two coordinate system:

1 Earth fixed frame

1 Body fixedframe

Some quadrotor physical properties are measured in earth fixed frame
(roll, pitch and yaw angles, angular velocities), while some properties are
measured in body fixed frame (linear accelerati@i$)

Za

Ya

Xs

Body Frame - F%

Earth Frame - F£

Xe

Figurel6: Earth and Body Fixed Frame[21]
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B. Quadrotor Kinematics

The transformation matrix R between earth fixed frame and body fixed
frame is obtained byhree consecutive rotations roll, pitch and yaw
(Eul er6s angle) about x, y and z ax

Here, the Newtoituler approach is used with the following
assumptiong2]:

9 the structure is rigid and symmetric,

1 thepropellers are rigid,

1 the thrust and the drag are proportional to the square of speed,

1 Ground effect is neglected.

R rotation matrix according to Euler angles is as follows;
2

Aif@ai o AIf@ET ogl

OEIOBAT O AT @ET AT @1 O OEIOHIOET OENRI[Op

Al @gW O OEEIT OFAT @ET OERIT OATfAT O

The thrust force produced by each propeller is equal to four times the
weight of the quadrotor. Then,

& T TT /E C
WhereA23],
8 C oA s
£ 1d90wqomwm@ 08— 18 copai@® 0 DE OSE
(3)

RPMis propeller rotations per minutgitchis propeller pitch, in
inches;dis propeller diameter, in inches; av@ is the forward airspeed,
freestram velocity, or inflow velocity (depending on what you want to
call it), in m/423].

@ U U i the vector containing the linear and angular
position of the _quadrotor in the earth fixed frame and
O 6 x B N O the vector containing the linear and angular
velocities in the body fixed frame andl is a matrix for angular
transformation24].

p OETOAfl AT OOAf

'r[ — —

So, the kinematic model earth fixed frame of the quadrotor is:
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@ x0 A A A O OA O A O O
OA AJ
u O6A A o O Of xA O A O Of
O0Af 6 o
U x A Af e]e]] OAJ O (5)
b OA Of NO Of
| NA 00
o0— R—
i i i is total torque anjlis diagonal inertia matr[24].
) T T
)y m) m (6)
T 1)

It follows that the inertia matrix elements of the quadrotg2aie
) —i 1

) —0 1 1 1A (7
) Q) Q)

) —i 1 I A

T N 8)
) Q) 9

) —1 11 0 A

) 1) )
So, total torque on quadrotor body fixed frame

i P Np [P

i N PP PP (10)
i QO PN BN

The inputs must applied|to the system in order to control the behavior
of the quadrotor. The values of the input forces and torques proportional
to the squared speeds of the rd@sh

5 AW Qo

5 Al U
5 Al W (11)
S AL LU
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Wherel the distance between any rotor and the center of the quadrotor,
A'is the thrust factor and\ is the drag factorThe pitch torque is a
function of the differences( t ), the roll torque is proportional to the
term 6 t ) and the yaw one is the sum of all reactions torques
generated by the four rotorS (T ) and due to the shaft acceleration
and propeller dragSo, the kinematic model body fixed frame of the
quadrotor is:

6O O600xN Cof
O xb 00 CAf O
x ONODP CA] O —

p —NO— (12)

pral
|

C. State Space Model

Thestate space model of a nonlinear system in general is as follows;
® "Quv (13)

In this case, the state vector; . .

O O 000000 ®
WWwao v o nn i —

(14)

And inputs are as equation (11). According to the akixéenonlinear
state space model is redefined;
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u — o — Y.

(15)

It is assumed that the quadrotor is in hover to obtain the linear model
and the state variables in the pitch and hover state;

@ M MpP TN TTTNMNEP T (16)
The inputs are from equation (3);
O £ E E E (17)

The Taylor series expansion from the first order is applied for the
linearization process aredjuilibrium pointis taken as@0
The basic form of the linear state space equations are as follows:
®w O0wOoo
w 0w 0o
Where u is a vector of system inputs and x is the state vector. If
linearization isperformed according to equations 5 and 12, the matrices A,
B, C and D are as follows;
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1 0
/m
E O 1
= /m
0 0
0 0
0 0

VIl. CONTROLSYSTEM

In this section, the control structure of the system in wthtah
eguations are derived and the linear model is created is designed. The PID
with the best stability is used in the control structures.

PID is a control mechanism used in common industrial control
systems. It is also widely used in quadrotor control. IR Bontroller
calculates the difference between a set point and a desired set point in the
process as an "error" value. The controller tries to reach the set point by
downloading the minimum value of the error.

The control output is passed through threpasate mathematical
operations and is obtained by summigstem effects are as follows.

Proportional Effect (P): Effective as the output multiplied by a certain
"gain" value of the error. Calculates the current error.

Integral Effect (I): The effect dhe control is proportional to the sum
of all the errors in the moment up to the moment the effect is calculated.
In other words, the integral effect means the sum of errors the system has
made in the past.

Derivative Effect (D): It has a proportional effeon the output of the
system, according to the change of the error. So it calculates the prediction
of the future error.



27

75% of the applications in the industry have PID applied. Karl Arstom
defines this algorithm which has a wide application area s\l

00 + A0 +_ AOAO
+ — (18)

Error Present

A Past Future
- —

>
\/

Il -
-

Time

|
|
|
t t+ Ty
Figurel7: A PID controller takes control action based on past,
present, and future
Where,+ proportional coefficient;+ integral coefficient and is

the derivative coefficient.
If a traditional PID structure is represented by blocks, it is as follows:

p K, e(t) |—lv
+

Y

Y

Y

u(t) ,( ) e(t) r + Plant/ y(t)
+ ! K’JL(TW Process
— +
D K,,—de(t) IJ

Figure18: Traditional PID Controller

Y

If the structure in figure 5 is formulated;

Q0 10 wo (29)

Where A O error,00 set point and) O is output.

PID control is preferred because of the following reasons:
1 Working with high precision,

q Reduction of floods,

1 Less affected by process noises

The characteristics of the P, | and D controlaesas follows:
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A proportional controller{ ) is effective in reducing the rise time, but
does not remove the steady state error.

An integral controller € ) is effective in removing the steady state
error, but it can make the transient response worse.

A derivative controller< ) is effective in increasing system stability,
reducing overshoot, improving transient response.

The effect of each controller on the system is given in the following
table.

Response| Rise Time | Overshoot| Settling Time| Steady State
Error
0 Decreases| Increases| Small Changg Decreases
0 Decreases| Increases| Increases Eliminate
0 Small Decreases| Decreases No Change
Change

Table4: The effect of each controller on the system

There are two maidisadvantages in the general PID contr{té}.

1) Since the derivative effect is calculated using error signal of the
system, the output of ¢hderivative will be an impulse function when a
step input is applied to the system. This can cause the system moved away
from the linear zone by saturating the actuators.

2) Combination of actuatorsé sat ul
cause a nonlnear effect. Thi s wi || | eadc
performance. Another issue is integral winding, which occurs when the
integral value is large and the sign of the error signal changes it takes time
to change the sign of the integral. To prevent $tisation, the integral
effect should be limited to minimum and maximum values.

In Figure 6 a new approach used in PID controller to prevent these
undesired situatiofi23].

» Kp

Y

Proportional
Gain

Desired Value —— * Ki s/ ’
Subtract - PID
.

At

Integral Integrator
Gain Limited
b—r u
>

Derivative Derivative

Gain

Figure19: PID New Approach
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Accordingly, the pitch PID is as shown in Figure 7.

e
=

Proportional Gain
Pitch Desired

sl [ ,C )

— error Pitch >I> s | :
] ) Pitch PID
Subtract Integral Gain Integratar

Derivative Gain Derivative

Figure20: Pitch PID

UAVs missions in realife applications encounter significant
disturbances generated by atmospheric turbulence, which is a complex
physical phenomenon and is typically modeled using elements from
stochastic fluid theory. Therefore, it jgeferable to pass a white noise
through a forming filter in order to generate a proper vgast model. In
literature, two main forming filters can be found: the Dryden and the von
Karman. It is von Karman approach that is utilized in this pa@gr

The von Karman forming filters based on approximations of the von
Karman velocity spectra are formulated as foll@30% for longitudinal,
lateral and vertical velocity components respectively:

- 8 —
O i — (20)
) : 8 — 8 —

(o (21)

8 — 8 — 8 —

: 8 — 8 —

0 i (22)

38 — 38 — 8 —

Where V denotes the relative speed of the quadrotor to air stream,
A BK P represent the turbulence intensities anti h the scale of
turbulence for each component. For lower altitudes the equation (23)
should be used:

0 « (23)

0 0 5 (24)
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The turbulence intensities h, are calculated:

. TR (25)

- 8 P 8 (26)

Accordingly, the longitudinal state spaceodel is as follow[81]

w 0wo 0

Yo N O QY ng’b ) e
Yo @ O 6 MY P O LY
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Y— m nmn p m Y= un U

@ e T

WL Ty

0] U 0] n

Tt Tt Tt

Using the above state space model, the appropriate parameters are
given for longitudinal motion.

[I. APPLICATION AND RESULTS

Quadrotor will be named zankacopter in this study.

The Zankacopter model to be constructed according to the determined
dimensionsvas drawn in the Solidworks program. The top and side views
of the model are as follows.

Figure2l: Zankacopter top view
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. §

Figure22: Zankacopter side view

According to the model made, Zankacopeatures are listed in the
table below.

ZANKAKOPTE
R
Ix=28.8x10°
ly=28.8x10°
1z=26x10°
m=0.82
[=0.22
b=1.0741x10
d=1.8099x10
Cd=2.6
Table5: Zankacopter Data
The zankacopter must be given a pitch movement to be able to fly
forward. As shown in Figure 10, the head angle must be bent at a certain
angle. This angle is achieved by increasing or decreasing the speed of the
propeller. In order to the zankacopter tight forward, the state space
model should be given as the U2 value input given in equation 11.

Figure23: Flight Forward Anglg82]

Zankacopter has a drag motion in the opposite direction of movement
when flying forward. This drag force is expressed by the following
equation.
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O -Nw 60 (27)

Where p is air density, V is zankacopter speed; A is zankacopter
surface area anil is the drag coefficient.

After calculating D, the zankacopter can be calculated by using the
total thrust formula at how many degrees it will moiéer finding the
angle value, the RPM value that the each propeller must produce for that
angle is found by equation 3.

According to Figure 11, each propeller should produce 4447 rpm in
case of hover.

Figure24: Rpm and Thrustalue of each propeller

According to the calculations mentioned above, if the zankacopter
moves forward at a speed of 40 km / h°(@@ch angle),the front
propellers must reduce the speed by 100 RPM while the rear propellers
should increase by 100 RPMthe zankacopter moves forward at a speed
of 30 km / h (~18pitch angle)the front propellers must reduce the speed
by 43 RPM while the rear propellers should increase by 43 RPM.

For front propellerghis value is subtracted from the rpm value of the
existing hover and applied to the propellers.

0 QU VEVLQI Oei LW Q (28)

For rear propeller¢his value is sum of the rpm value of the existing
hover and applied to the propellers.

0 QU VEVQT @i LI Q (29)

The matrices A, B, C and D required for the Matlab / Simulink state
space model are calculated according to the obtained data. The pitching
PID and turbulence model are given as input to the state space model as in
Figure 12.
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Figure25: Simulink Model
Using the SPSA algorithm, the PID parameters are calculated as
follows.

P I D
50 5 50
Table6: PID Values

According to the obtained data, the quadrotor simulagsalts are as
follows;

Figure26: Pitch Value

The values g, w are uncontrolled values.
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Figure27. q Value

Figure28: w Value

[ll. CONCLUSIONS

In this paper, Zankacoptateal with forward flight control. Firstly
Zankacopter model was drawn in SolidWorks program. According to the
results obtained from the drawing, the Zankacopter linear model was
constructed according to the Newton Euler approach. The state space
model obtaned from the linear model was combined with the turbulence
model and transferred to the simulation environment.

The PID algorithm was used to control the zankacopter. The von
Karman turbulence model was used for the turbulence model.

The controller that & suggested showed during the forward flight that
the zankacopter we developed has successfully controlled the dynamic
models in both noise and noiselessironment

During forward flight, rise time, overshoot, settling time, steady state
error which is dteria for design performances were obtained within
satisfactory borders.

During forward flight, demanded circle was controlled successfully.

During forward flight, satiation function on the control surface obeyed
successfully.
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During forward flight, othe state variables did not demonstrate
catastrophic behavior.

The zankacopter was successfully calculated by the formulas and the
simulation of the changes of the propeller speeds according to the speed
and the angle, how many degrees the angle will makegithe pitching
motion, and the results are shown.
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EFFECT OF BLOWER LOCATION AND RADIUS ON
LATERAL FLIGHT CONTROL SYSTE M OF UAVs

Ozturk Ozdemir KANAT & Tugrul OKTAY

Introduction

In recent years, unmanned aerial vehicles have become increasingly
popular in many areas of life, both for business and regular life, as well as
for military purposes. The reason for this inceeasdemand is that it has
more advantages than other air vehicles. The fact that the pilot life is not
riskier in the military operations and the production and operation costs
are very low can be shown among the advantages of the UAVs compared
to other & vehicles. In short, in our daily lives, in a film set, in border
security of countries, for intelligence purposes and in agricultural
medicine, the UAVs are great importance to fix many needs. For more
application examples, [1] can be examined. Studikged to design and
control of UAVs have been examined and literature survey has been
performed (e.g. [2]5]).

The purpose of this study is to improve the flight performance of
UAVs in many areas of our life. Studies for this purpose were examined
and ninor parameter changes could result in visible improvements in the
autonomous performance of the aircraft86 Thus, in this study, the
reduction of the cost function and the lateral automatic performance
maximization of ZANKAIIB (B refers to blowing) ee considered to be
improved by active flow control of the air flow on the wings. The active
flow control with the PIBbased hierarchical autopilot system is designed
simultaneously to improve lateral performance. P, |, D parameters in
order to minimize aost function consisting of performance parameters,
i.e. maximum overshoot, settling time and rise time during trajectory
tracking.

Flow control can be described as an alteration in order to improve the
efficiency and performance of a fluid's direction.eTfiow control
method, which can not be implemented as a variable (it is fixed) method
for directing a flow, is called the passive flow control method; the control
method which is variable in the controllability of the fluid at any time is
called active fbw control. An external energy source is not required in
the passive control method, but an external energy source is essential in
the active control method. The active control method has two important
advantages according to the passive control methaseTare: providing
the controllability of the flow with small energy outputs and the energy
position and the amount can be changed according to the needs. Flow
control studies were carried out in the literature with the aim of reducing
the drag force caudeby the external flow, especially by the active and
passive flow control method in aviation [9,10]. The basic principle of the
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active control method is to intervene in the flow by sending energy to the
external energy source. By blowing compressed airtrigd to reduce
the vortex caused by the pressure difference between the lower and upper
surfaces of the wing, that increases the cost function which is related to
the flow control of our work so designed to the 4 circular areas on the
wing. At the sameime, evaluations were made on the aerodynamic
changes that these will occur during the flight of ZANKB. Table 1
gives information about ZANKAIB' s data.

Table 1. Data of the ZANKA-IIB

Span Chord Max. Thickness Mass Materials
Wing —
=160 =95 ¢m =36.57 mm =612.0 gr Styrofoam, Balsa,
cm Carbon
Span Chord Max. Thickness Mass Materials
Horiz
ontal Tail _ _ _ _ Stryrofoam, Balsa,
=40 cm =25cm =36.57 mm =154.7 gr Carbon
" Length(- 5
Height Length(+Rudder Mass Materials
Vertic . Rudder) ath )
al Tail =
1%84 =19.95cm =25cm =30.0 gr Styrofoam, Balsa
Length HM‘?‘X' Max. Width Mass Materials
eight
Fusela 4491.5 gr (full)
e = = o gr(fu
g 135 2185cm =2059.cm 14915 ¢gr  Syrofoam Balsa
cm Carbon, Plywood
(empty)

Material And Method

Some variables were used to achieve optimum efficiency as a result of
the application of one of the active flow control methods of the blowing
on ZANKA-IIB. These variables are: the radius of the blowing zones
designed to be circular and symmetrically 2 éach wing, the position
relative to the wing leading edge, and finally the blowing pressure. Using
these variables, the configurations in Table 2 were obtained and
numerical analyzes were performed with Fluent, a computational fluid
dynamics (CFD) progra. The R symbol in the configuration names
refers to the radius; refers to the location which is according to wing
chord line andP refers to variables in pressure magnitude.
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Table 2. Configurations

Varia Radius of x/c (xis location Pressure
bles blower of the blower and ¢ | magnitude of the
(meter) refers to chord) blower (pascal)

RiCiPk - - B
Eilcil R=0,04 x/c=0,6 10 000

k1
Eizciz R=0,04 x/c=0,6 25 000

k2
RisCis R=0,06 x/c=0,6 10 000
F)k3
Ri4Ci4 R:0,0G X/C=0,6 25 000
Pra
RisCis R=0,04 x/c=0,7 10 000
F)k5
RisCis R=0,04 x/c=0,7 25 000
I:)k6
RizCiz R=0,06 x/c=0,7 10 000
Piz
RisCie R=0,06 x/c=0,7 25 000
I:)k8

The RCP« configuration is a simple form of ZANKAB, the
analysis first being made according to this situation, and the results of the
subsequent analysis are compared with these configuration results. Figure
1 shows the blower locations on the wing.

0,000 0.400 0,800 (m)
1
0,200 0,600

Figure 1. Blower locations
For numerical analysis with fluent, ZANKAB, which was first
drawn, was introduced to the program and the calculation area was
determined in the geometry section. When determining the calculation
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area, we observed the independence of the analysis résutisthe
boundry layers. Then independence is another element that needs to be
created and different numbers for structures in which the mesh structure
is as in Table 3, it has been concluded that the optimum values. Other
analyses were carried out basewd these mesh values. The optimum
mesh structure is as shown in Figure 2.

Table 3. Mesh properties
Property Magnitude
Minimum Element Size 0.005m
Proximity Minimum Size 0.005m
Maximum Size 1.6 m
Maximum Face Size 3.20m
Growth Rate 1.20
Curvature Normal Angle 18A
Mesh Method Hybrid (Structured

meshinfilation)

Mesh Number 2929 458

(d)
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Figure 2. Optimum mesh structures
Considering that ZANKAIIB flows to the Fluent Program at an
altitude of 100 feet after the independence from the mesh, the ambient

conditions such as Table 4 are defined kvl SSTwas chosen as the
solution model. The flow rate was set at 17 m/s [11,12].

Table 4. Fluid properties

Fluid Propertie ‘ Value

} (Density) 1.213 kg/m3
T (Temperature) 287 K

P (Pressure) 100130 N/m2

Numerical analysis shows that for each configuration, there are 10
different angle of attack (i.e6, -4, -2, 0, 2, 4, 6, 8, 10, 12) and 2000
iterations for each angle of attack and so 180 000 iterations were
performed. This means to approximately 720 8060Qrs of computerized
numerical analysisEn. (refers to maximum lift/drag ratiojalues were
calculated using the values of the lift, jGand drag (g) coefficients
obtained as a result of the analyzes and the effect on total performance
was assessed as blowing [13].

1
Emax - 2 ‘,:"KX—CD‘}
(1)
The linearized statspace model of the lateral flight control system of

a UAV with a fixed wing is given in equatio2 after analysis of the
active flow control [1417].

- - Ba
Y, Y - 7
W | L 2 Selg) 0 | 5
—— liy g g tip —— i,
A}_g Ix: lr\: \," * Ix: A8 IL_ * I‘: f '"_ff_ﬂ
Np Lﬁ_I_Nﬁ Lp +I—; > I_,,—I—N; 0 0 Ap L; +=N; ;_5} _,_-_g\,of =3
F I I = I * 17 * z %k m)“
A z c / = Ny +—L; |-
4| | N —Iig N, +Iin N —I—’fz} 0 0(A9| |N;+=L;, Ny+=IL; |-
:5;[/ = = = _ﬂg{/ =z =
0 1 0 0 0 0 0
0 0 <(6) 0o 0 L0 o]

The information about the lateral flight dynamic modes is given in
figure 3.
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Figure 3. Lateral flight dynamic modes
[18-20] as mentioned, it is understood that the above flight dynamic
modes ee similar in quality and quantity. The parametric lateral state
space model used when our UAV is exposed to any sudden wind during
the flight is included in equation 3. Also wéfarman turbulence
modeling was used [21].

. 4{1 . . 1341 _ 3“9”
) L ) I g I — ~
%, * 24 Zwig)| % 0 K2 5 0 0 j‘zﬂ—
= 1 th TS — " " s -
M s [os o x I s s [ s Aﬂ P PR — L. I, I # ‘F flb
! N N N / N ENIAS J N N ] e .
M R SR I R R sl e
. iy n P . A (4
; H [.t g 7 I:C F oA I.c * / H [_t ¥ H I.x: I ’ 71Nf£ﬁ 71‘\’*—1; J\;if: I
WIINEL N2l Nl 0 ]IN 2l N2l rh Ak AL,
z z z z z 0 0 0
A S T T N 0 |

In this theoretical study, traditional PID based hierarchical autopilot
system was preferred [22,23]. It uses three layers PID controller as seen
in Fig. 4 to accomplish waypoint navigation.



45

Outer loop Middle loop Innerloop

Do(s) H actuators

atan

| ldesited ¢

(x,y) error [
<Z> - o)
1

desired (x,y) desired z
Figure 4. Hierarchical autopilot system [22]
Figure 5 showshie PIDbased hierarchical autopilot system in more
detail.

o

3
Ha(s) :

El ('} ref ‘ o e
Vsl ~ e +( )= PiDe = ‘ =

W aals) +_ . = 0 . } SPACE
| O MODEL V aals)
| Vuls)
7 Ha(s)

E S,
' { oy > ) | PIDg
fl A A(s)

’ </7A(5)

Figure 5. PID based autopilot structure

Most PID based autopilot systems consist of height, yaw angle and
velocity tracking. These include 61FD controls and outer; middle; inner
layers are 3dyers. Autopilot users will have to adjust a total of 18
variables, 6 ‘'for each controller, to get the best efficiency. In addition to
these, it is necessary to consider 3 variables, pressure, radius and location
in this study.

An optimization method, SPS(Simultaneous Perturbation Stochastic
Approximation), has been applied to improve the autopilot performance
of ZANKA-1I1B with active flow control. This method was used in 1987
by Prof. Dr. James Spall has developed and is listed in the literature
briefly as SPSA optimization method. Briefly, the SPSA is a-bieptep
change to the values from which the objective function will be minimized
from the initial estimated values of the adjustable parameters. The
autopilot system of our aircraft depends on Pid ather parameters of
the aircraft. In order for these variables to reach optimal values, system
responses such as rise and settling time and maximum overshoot are
determined. The cost and target functions are expressed as function of
rise and settling mhes and overshoot values and are symbolizel by
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J = X 9(Tst, Tst,, %O0S)

The optimum values of the parameters that can be set by executing the
prediction correspond to the minimum values of the parameter or target
function that gives the derivative of the target funcizeno. As a result,
the most appropriate value for our system the desired target function is
the smallest value and it is the desired value to be obtained by
optimization.

The SPSA Optimization Method has also been used in similar
complex optimization prdbms ([3], [4], [24]). This method is also
economical because it requires calculating the gradient of the objective
function only twice. However, this method is also successful in
constrained optimization problems ([3], [4]). Another important feature is
that it is a predictiofbased method, so it has a natural random so that it
can find the best result in a few steps without sticking to a single point. In
this method, the vector of the optimization variables, iy is the x
value computedinthd t h ;

M) = Mo ~ 8 (4)

A descending order ofyy with x is the slope calculation of the
obtained data, anay is a decreasing sequence of positive numbers. To
be able to do this computation, we have a vector of p, which contains
zero mean independent random variablegp qq.€ . psPP, which
satisfyqaq*© R’ [25,26]. In this situation;

T
g — T'+—T'_ e ['+—['_ (5)
k deﬁ[k]i. 2dkﬂ[k]p

it can be obtmed. Herell, a n d redpectively are the account of the
target at the pointgq +  dqg vepgg - d o In our study, in addition to
these criteria of the SPSA min O i Q | 3 IS constrained. With this
restriction, an extra solution range i®pded. Using the reference [25],
the selection of thd, and & sequences is done as in equations 6 and 7.

d, =min {d / k@,0.95miin{min{mi },min{:yui }}} (6)
In here/l and/l, are the vectors of the components for all positpg,
(X[k]i T Xmnin |)/ P and for all negativq:mi, (X| max =~ XKi ) /[k]i- (08}

a, =min{a/(S+k)*,0.95min{min( x4, )min 1, )} | W

In hereg; a n ¢ arerespectively are the vectors of the components for
all positiveg[k]i, (X[k]i T Xmin |)/ Ok and for all negativg[k]i, (X| max = XKJi )/
Oiwgi -
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@ Ri2Cj2Pk®,2440,3630,4770,6050,6980,8260,9571,0881,1591,293
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—-=—Ri4Cj4Pk#,8350,9631,0771,181,318 1,4 1,5951,6971,829 1,9
—&#— Ri5Cj5Pk®,2510,3720,4950,6170,74 0,8640,9841,1011,2121,316
—e— RIi6Cj6Pk60,25 0,3720,4940,6170,740,8630,972 1,1 1,2111,315
—=— Ri7Cj7Pk70,86 0,9821,1071,2441,3751,5011,6241,7421,8541,959
—i— Ri8Cj8Pk®,8660,9921,0761,2131,2861,4571,6231,7411,8531,847

Figure 6. C_coefficient values for each angle of attack of all
configurations
According to Fig. 6RCPs lift coefficient value appears to be the
lowest in all angle of attack when compared to all other configurations.
As expected with the increase in angle of &tdhe increase in the lift
coefficient also occurs. It is also noteworthy that the increase in blowing
radius is a significant factor in the increase in the lift coefficient. The
graphs are grouped according to the lift coefficients of the configurations
with the same blowing radius; but it is understood that it shows slight
changes in places according to the angle of attack. In the same way, it has
been determined that blowing locations cause small variations in the lift
coefficient.
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—=— Ri3Cj3PkB,00210,0239Q,04860,07820,11100,14760,18310,22926,27620,3235
—— Ri4Cj4Pk8,00210,02140,04920,08116,11120,1509,18256,22650,27110,3232
—— Ri5Cj5PkB,03000,0372@,04760,06090,07736,0967@,11908,1445D,173%,2054
—a— Ri6Cj6Pk6,03008,03728,0475@,06096,07730,09668,1206®,1444€,17308,2053
+  Ri7Cj7PkD,01648,04048,06736,09576,1283®,1651,20526,24890,29658,3485
—=— Ri8Cj8PkB,01480,03828,07216,09956,13756,16918,20500,24860,29628,3529
Figure 7. G, coefficient values for each angle of attack of all
configurations
When figure 7 is examined, the best values for the drag coefficient at
all angle of attack, except the negative angle of attack, are obtained for
the RGP configuration, that is, the simpktate of the aircraft. Contrary
to the lift coefficient, a situation has occurred. Unlike lift coefficient, it is
seen that the increase of the blowing radius and the increase of the
pressure cause the drag increase. How the changes in the lift and drag
coefficients caused by these parameters are reflected in the total
performance is determined by calculating Byg, value.
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Configurations
ERIiCjPk  mRil1Cj1Pkl mRi2Cj2Pk2 m Ri3Cj3Pk3 m Ri4Cj4Pk4

m Ri5Cj5Pk5 m Ri6Cj6Pk6 m Ri7Cj7Pk7 m Ri8Cj8Pk8

Figure 8. EaxVvalues for all configurations
The E.x values, which are the common inference of the variation of
the drag and lift parameters obtained as a result of the outflow analysis
for each configuration, are given in figure 8. The best overall efficient is
the highesE .« value that can be achievdtlhas also been observed that

the overall efficient of all the other configurations increases with blowing
and flow control.

10"

lteration Index
Figure 9. Lateral cost RC;Px configuraiton)
The cost variation for each iteration as a result of the optimization
using SPSA dr the RCjPy configuration is as shown in Figure 9. It is
understood that this is an efficient and fast method for SPSA.
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Figure 10. Lateral blowed cost result RisCisPys configuraiton)

The cost analysis for tHesCisPys configuration, in which the highest
Enax Value is obtained, is shown in Figure 10. Simultaneous design
resulted in about 10% improvement in rise and settling times and
maximum overshoot autonomous performance parameters when
compared to th& CiPy configuration.

Conclusions

As a result, the highedf .« value was obtained with thBsCisPys
configuration. Wherea&®k CiP configuration, which is ZANKAIIB' s
simple form,Ena value is 9,6 1RssCisPys configuration result is 16,19. It
has been determined thitile RsCjsPs configuration can increase up to
approximately 60% of the total flight performance when compared to the
RCiP configuration. A simultaneous autopilot system design has been
realized with active flow control for ZANKAIB. For this purpose, the
lateral autonomous flight performance cost index was recalculated
according to the highe#, ., value obtained by activilow control and it
was determined that the improvement was about 10%.
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HAVA ARACLARI NDA SCADA KOWNYARIOLL | S
SKSTEMKNKN TASARI Ml
The Design of SCADA Controlled Stall Warning System on Aircrafts

Mehmet KONAR*& Fur kan 'Kk BKLEN

1. Girik

Knsanl ar ul ak
Teknol oj i [
azal méck

i -in kar a, deni z
i Kmesiiylee ubiarkléink t
i k1l e hava takeéetl a
kol ayl e améekter . Hav a t aKEé
gevenld i de en ©°nemli faktorl erir
konforl u Dbirirue-bukl mgesi nelel euk-tukun h
°neme sahiptir. Bu safhalarén g¢vel
edi |l mesi ger eken faktorl erin biri
n optimum ol arak sajl an
aye stall ol arak adl
nda u-ak ¢zerindeki

(Zal oveci k, J. A, 1
n olukmasé esnasénd
e h¢gcum a-ésé gibi
neml i faktorlerin sistemler tar
l'irl enmesi Ve U-UK m¢irettebaténa
durumunun u-ukKk g¢veatejianhenatltah bao
irdel enmesi ve alternatif y°ent eml e
edilmemesi gerekmektedir (Gertsen, W.M. and Hawkins, J. D., 1994).

Bu -alékmada u-uk ge¢venl iJini °ne
si st mi etel ak@madmakt @zakt an ot omasy
kul | nél an analog kontrol ¢ go°re¢éent ¢l
Omr o SCADA ara y¢ze, Uu-ukK ge¢venld i
uyar sistemi (St all War ni ngakSy st e
kazal arenda meydana gelen hackl enm
sisteminin -al ékmadej é duruml ar a k
I natif bir -°z¢m sunul muktur (Y
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2. St all Uyaré Sistemi

G¢evenli bir u-ukKkun ger-eklekmesini
Bu fakt°rlerin bakénda stal/l fakt?©°o
sajl ayan t e mel kuvvet | eridkevwvetinie n a z
kaybederek u-ajén hava akéekéna kark
2017).

U- uk esnasénda ol ukan stall duru
y°nt e me bakvurul maktadeéer . Moder n

duruml aréné engelylagme ks i assmmaecrd y lvae sktue
(avoidance system) kull anél maktadeée
bil gi sayar, mot or kontrol sar séeccé¢
el emanl ar stall uyar é& sistemi i -in
sistem elemantaé nd an ol ukan stall uyar é
yardeméyla motor kontrol sarsecé vy
hareket |l i yézeyl eri hareket ettirel
h¢g¢cum a-€élaréna u-ajén gil) mesi ni en
St all uyar é sisteminin amacé, u-
uyar makt ér . U-aj én h¢g¢cum a-ésé sta
sistem g°stergelerinin yanmas é vV e
etkilekim haline gel megi.yl 8t ad-luku:
sistemlerinin bir-ok -eki di varder
ol ayénén hézlée bir kekilde pilotlar
Es ki u-akl ardaki stall uyar é si st
sar seéecé (shaker),r) , desdlkdkd ®@tydrci (e
el emanl aréndan ol ukmaktaydeée. Kl er
zamana bajl é a-éséné kontrol eden
daha veri mli bir kxekilde kontrol e (
stall ha&tzrhiamr éadiacit sonu-1| ar al @énma:
moder n u-aklareéenda gel i ktirilen

sistemlerinin hassasiyeti arttéreéelm
Bazé u-akl ar sadece stall uyar é

Kuyruhkhlkwew amda stall uyar é Si st emi

U-akl arda stal/l et ki sini en aza [
durumlarée ©°nceden bildirmek i-in -
Bazé u-akl ar, Washout ol armé&kndlai | i
bul unan Aerodinami k Twistobe sahipt
akekeéene kontr ol ederek stall durur
edil mesine yardémceé ol ur.

Bir dijer kullanélan metot ise kar
d¢zensi z @Bavkkanademénbakka bel gel el
bakl angéecénda bulunan k¢-¢k Stall



aracé genellikle wu-aja fabrika ¢r e
duruml arda tek bir kanada da mont €
ikikanadéna da monte edilebilir

ki pmanl ar
er aerodi
e

n kanadé
birik r@é noélna nk a
ner at X jener.
birik éEméneé ener
akéméenéen karéxkmaseénée sajlar. Olukan
hava akéekéenék, atkkalnati nuicuadtaé rsarad |
Bu y°ntem ile kanat prof il szerir
Kekilde akmaya baxkl ar ve kanat ¢ Z
engellenir.
Stall management yaw dampers, Control column shakers, Elevator
feels hi f t modg¢l e, St al | warning test

data inertial reference system, Flap position transmitters, Flap slat
electronics unit, Common display system, Mode control panel, Proximity

switch electronic unit gibi ekipmanlar direkl ar ak st al | uy at
ilikkili olan ekipman ve sistemlerd
3. SCADA

Sanayi devrimiyle birlikte makinel
otomasyon sistemlerinin arteéekeéna ne
i Kinci yar éséndank aotomasyoa sistemlérinik e n
°nl enemeyen artéxkée, kontrolg¢ de zor
sevk etmiktir.

SCADA, Supervisory Control and Data Acquisition kelimelerinin ilk
harflerinden olukturul muk Dbir késa
denetm ve ver.i toplama iklemlerini ya
Jeff, D. (2005).



SCADA uzaktan otomasyon sisteml
bil gi Ve kontr ol
adér aydHael ma, aKan
sistemlerinde seé
[ ara-1ar vaseét a
i K1 bir organizasyon hal.
mk €nl assrmaakt adér (Stuart,, A B. , 200"
Havaceéel ek al anénda °czellikle hav
ne tasarrufu Ve mi ni mum i K1 e
él maktadeéer . Sistemin r°leler
ol masuémé&n smevtceurtl eri nde kul
erdeki dijital y°nteme g°re
(I uyaré sistemine entegre
| m¢e Kt &1 . Yukar éed belirtilen
l erin el ektroni

Il er) aracéel eje

| mesi pl anl anmakt
Sistem Senaryosu

Sistem senaryosunuwe,olgPkttwerran ecalke
sistemin -alékmasé akajéda sunul muck
¢al exma «kKkarté;

T U-ak motorlaré -aleéekmaya bakl adeé
mot orl ar kapandéktan sonra sistem d
Gosterilecek dejerler;

1 Angle of attackAOA), Intake air temperature (IAT ), flaglat ve
rudder y¢gzeyl eri

f Stall hez
T Sistem - a
Sistemin - a
U-ajén stall ol mamaseée i-in gerekl
i ide muhafaza edilir .°rYenmi,
n AOA, | AT, machmetre vb.) il
er her biri farkl e ol an k a
enl erdeki oransal i KI eml er !
asé i-in gerekreummdaekierdejreriller
(Compare) komutu ile karkél akt é
ndart orana gel mesi i -in ger ek
temiyle komut veril erek standar
k - al éxkéeklbigflel iulbaikrt éyjkgkasn sonr a
u-ak direk -aleéexkxteéjenda da bakl ¢
irlenir. Téem bu ikl emler SCADA a
ol ecek kekildedir.
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STALL WARNING SYSTEM

ANGLEQFATTACK | TAVDAPERNDCATCR STALL WARNING TEST

oA
aluable

N0l

FLAPPOSITIONS SPP——

kekil 2. SCADA ara y¢ze

0.03 0.00
I 1} '
: . MOViZ1) | Move
#0 Source word
DMO
Destination
CHP(20) Compare
Comparison data 1
DM
Comparison data 2
1 0.03 0.1 1.00
s— | I
2 0.03 0.02 1M
T} {1

<elBi.ISi stem Ladder diyagram
k e

Ladder di yagram giri«xkleri, -
se-i |l miktir.

Girikler;

T AOA sens®rleri

1 Flap position transmitters
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T Proximity switch electronic unit (PSEU)
1 Mode control panel (MCP)
T Sistem a-ma / kapama

Kayddliciler;

T Common display system (CDS)

T Electronic centralised aircraft
tekéexkl ar;

T Hareketli y¢zeyl eri harekete ge-
T Sistemin aktif/pasif kontajé (Sw

5. Sonu-1 ar

Kncelenen u-ak kazal aréogmudam-9f
etkisinin olduju g°zlemlenmicktir.
uyaré sistemlerinin g°rsel ol arak
sisteminin gi ri«k vV e -eéekéeklarénén
SCADA sisteml eiri aldttemgfAatiefrii | snesul mu

Al ternati f y°ntem olarak PLC kul!l
emlerinin tehlikelere karké her
u el ektroni k birimlerden o]
onl aréna gaarendeji déeryaPLEr &
kull aneéel acak si st eme uy
l enebilirlik °zel g i1 e S
rak ol ase bir stall anénd
bil mektedir.
landa ernati f y°ntem ile g°rsel et
f °rl ¢ kazalaréen °n¢gne ge-il mesi
g er i -in kullanélan ara el em
ol masé, ar ézal é& ol ma dnéktegii. Bbwduiumr a z
u- ak sistemlerindeki bil gi i K
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g
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(¢

l ukturabil mektedir. Bu sorunl are
°rsel olarak bildirim yapeéelabil ece
Bu -al ékmada SCADA ve stall uyar
edimesy | e u-ak sistemlerinin hacklenm
sisteminin -alékmadéjé durumlarda
]l ayacak alternatif bir -%z¢é¢mo g
z¢men o etkinliJini g°starnchakiiirf.ar;
stemler i -1 n de alternatif -0z
reken konular araséndadeéer.
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sakl arl ar (Boyace G¢ndgz veajame&kn ,,
bul gurun gel eneksel sret i mi devam
bul guru ol arak tercihen t¢gketil mekt
42.Modern teknol oji il e ¢retim
Hammaddesi genelli kle Triticum dul
Triticum aestivum, Triticum monococcum, Triticumdicoccon
bujdayl aréndan da el de edilen bul gu
Bujdayén kuru ve yack }emizl
A4
Bujdayén ésl atél magseé
A4
Bujdayén pikiril mesi
A4
Kurutma
A4
Eleme
A4
Kabuk soyma
A4
Kerma ve ikinci el eme (BuUl gur
A4
Bul gurun ambal ajl anmaseée ve d

kekiBlullgurun ¢retim akamal ar é

4.2.1. Kuru ve yak temizl eme

Kuru temizleme i kKl emi:; kaba ayérm
kabuk S0y ma vV e tak aagér maKuk akIltienm
eki pmanl aré genellikle ayreémé °zggl
hafif olan toz, kavuz ve dijer yab
uzakl aktéerél ér ken, bujdayén ¢zeri ne

yékama yoldalyédra @GEB,de2016; MEB, 201
4.2.2. Islatma
Temi zl enen ve yékanan bujdayl ar,

B°ylelikle tanede bulunan nikast a
sérasénda -abuk jelatinlekmeyi saj
m kropsuz, i -1l ebilir niteli kte ol m

edilmelidir (GTB, 2016; MEB, 2011a).
4. 2. 3. Pi ki r me
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Pikirme dijer bir deyikle kaynat m

su al mék Dblif€Caycé nv a L4 alakika k8yd&E | ma s é
i Kl emi dir . Pi ken bujdaya hedi k deni
Pi kirme bulgurun kalitesini et kil e
nedenl e, pi kirmede dikkat edil ecek
buj daydaki nNi Kasl @ K Mmeama meamc ajkel dui
dajél mamal & ve nikasta a-€éja -é&kma
-ok kuvvetli atekte pikirilmelidir
ortadan kesildijinde beyazl ek kal ma
yapékma,r amiftetd maogyul akma (yanma) ol
ilave edilen su miktaré, besin dej
Iy ayarl anmal é, kazandaki su bujd
Buj dayeén tam ol ar ak pi ktijJinden e
bed et i | i r . B°yl ece tam ol ar ak pi Km
sajl anér. Bujday vakumlu kazanl ar d
S¢resi d¢eker (GTB, 2016 ; ME B, 2011a

4.2.4. Kurutma

Kur ut ma, pi ken bujday tanesinin n
yak | akbé ksadat wuygul anan bir ixklemdir.
ve kesintisiz -aleéexer. Kurut ma kul
|l sé dejerleri yukarédan ak®jikihgia do]

petek 120C, ¢ - ¢nce¢’C,get dknt g 50, e tbeekk i 1nlcOi P
105°C, al t é n ¢@ yegireitpetak 9GC Os6kizinci petek 650
° arasénda ayarlanér. Bul gurun r enq

sécakl ekl ardan ka-énél mal édéer (GTB,
4.2.5. Eleme

Elemei | e bujdayl ar, el ekl erden ge-i
i K1 emi daha kol ay ger-eklexir vV e
yapél mékxk olur (GTB, 2016; MEB, 2011
4.2.6. Kabuk Soyma

Piken bujdayl arén kabukl arée -exit]l
soymadan °nce bujdayén su ile hafif
iy soyul maséneée sajlar. Kabukl ar , e
dove¢el er ek soyul ur ken, i mal at hanel ¢
makinal aréndan ge-ir i RMG EEB WHEMDuk!l ar
4. 2. 7. Kérma ve 11. El eme (Bul guru
Kurutulan bujdayl ar, t ak, di sk ve
boyda kéreéelarak ve eleklerden ge-ir
ve sénéflandéeréeder ma Kak mma svéen dsaén ésf
parl atma i kIl emi uygul aneér . Un el e]j
esnasénda ol ukan unl ar é al eneér Ve
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kéréel mék olan bulgurun rengi -arpt

MEB, 2011b).

4.2.8. Ambalajlama ve Depolama

Bul gurl ar yeni ve i -erisindeki ma

vb. uygun ambalajl ara konarak depo

yerin serin ve rutubetsiz ol maséna

olursa ya da bulgur vy i Kurutul maméeksa, bul gui

bozul mal ar | makt aB&rACo@i namarrs ada
a ekkime ve acél ack

yer direk g¢nek ékéjeée al meyowmnsa ve
geda dejeri de bozul ma ol madan bir
MEB, 2011b).
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THE IMPORTANCE OF FRACTURE MECHANICS IN
GEOTECHNICAL ENGINEERING

Nazife ERARSLAN'

Application and understanding of fractum@echanics has great
importance to analyse the performance of structures. Rapid and violent
failures of largescale geotechnical, mining or civil engineering structures
cause significant safety hazards, material damage, and interruption
mining or building ativities. The fundamental questions in both
structural and mining engineering are to predict the failure load of
structures consisting of flaws and cracks and to reveal the combination of
load and flaw geometry parameters leading to failure. Geomeclamics
related faulting is also of major importance in structural geology and
seismology. Rock fracture mechanics is one approach to recognise pre
failure rock mass behaviour may result in predicting or preventing the
potential for geotechnical and geologici&ilure (Swedzicki, 2003).
Moreover, the failure of most rock materials is essentially a process of
crack propagation and therefore the macroscopic failure criteria are
insufficient to describe the fracture process of the rocks. Since once crack
has opead, the state of stress in the vicinity of the crack tip is altered
significantly, prediction of the direction of crack propagation and
orientation of fracture in a brittle rock material becomes crugiarack
can deform in three basic modes: namely migaeode Il and mode Ill.

That classification of fracturing is based on the crack surface
displacement or crack tip loading (Whittaker et al., 1992; Lawn, 1993).
Mode 1, also called the opening (tensile) mode, is so called because the
crack tip is subjectkto a normal stress and the crack faces separate
symmetrically with respect to the crack front so that the displacements of
the crack surfaces are perpendicular to the crack plane (Fig. 1). The crack
carries no shear traction and no shear displacemeitiliée. Mode 1l is

the edge sliding (or #plane shearing) mode where the crack tip is
subjected to an iplane shear stress and the crack faces slide relative to
each other so that the displacements of the crack surfaces are in the crack
plane and perpelicular to the crack front (Fig.1). The third mode of
fracturing is Mode Ill. Mode 11l is also called tearing mode. The crack tip
subjected to an owutf-plane shear stress. The crack faces move relative to
each other so that the displacements of the gadkces are in the crack
plane but parallel to the crack front (Fig.1).

* Adana Science and Technology University, Mine and Mineral Process Engineering,
Assoc.Prof.Dr. , Turkey
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Fig. 1 Three fracture mode
QO e and corresponding crack surfa
- - displacements

Mod | Mod Il Mod Il

I. FAILURE MECHANICS (ROCK MECHANICY AND FRACTURE
MECHANICS SEEM IN CGRRESPONDENCE WITH THIR INVESTIGATION ON
ROCK BREAKAGE BUT THERE ARE DIFFERENCE®F RELEVANT RESEARCH
AREA BETWEEN THEM ROCK FAILURE MECHANICS GENERALLY
CONCERNS WITH FAILUFE IN A CONTINUUM SENSE WHERE ROCK OR ROK
MASS UNDERGOES PERMNENT DAMAGE AFFECTING ITS ABILITY TO
SUSTAIN A LOAD. ON THE OTHER HAND FRACTURE MECHANICS
SOMETIMES CALLED CRACK MECHANICS, CONCERNS WITH THE CRCK OR
CRACKS INDIVIDUALLY . MOREOVER EXISTING FAILURE CRITERIA AND
THEORIES SUCH AS THENVELL KNOWN COULOMB CRITERION OFTEN DEAL
DIRECTLY WITH FRACTURE PRQCESSES BUT IT CANNOTBE EXPECTED TO
DEAL WITH CRACK PROR\GATION ABOUT LENGTH OF CRACK, DIRECTION
OF CRACK PROPAGATION ETC. FRACTURE MECHANICS OR MORE
SPECIFICALLY LINEAR ELASTIC FRACTURE MEGHANICS (LEFM), HAS
BECOME WELL DEVELOPB IN THE PAST50 YEARS AS ENGINEERS TRIED
TO UNDERSTAND THE BRTTLE FAILURE OF STRICTURES MADE OF HIGH
STRENGTH METAL ALLOYS (ROSMANITH, 1983). HOWEVER, FRACTURE
MECHANICS HAS BEEN APPLIED TO THE STUDYOF ROCK FRACTURING N
LATE 19805 (WHITTAKER ET AL., 1992). SOME RESEARCHES IN ROK
FRACTURE MECHANICS N THE PAST HAS PROVDED MAJOR KNOWLEDGE
ON TENSILE FRACTURING (MODE | FRACTURING) (ATKINSON ET AL.,
1982; OUCHTERLONY , 1988; THOULESS ET AL, 1987 AND SHETTY ET
AL.,1985).

Tensile fractures within rock can be generated both in lée@asid
compressive stress fields and are therefore very common. One might
think here of the vertical fractures caused in pillars in excavations due to
the weight of the overburden, or fractures from hydraulic stimulation of
boreholes. Moreover, some resdaars showed that shear loading (Mode
Il loading) of existing fractures was observed to initiate tensile fractures
(Brace and Bombolakis, 1963; Horii and Nerhatsser, 1985; Wong et
al., 2001). However, prexisting cracks in rock material and
discontinuites in rock masses are seldom subjected to tensile loading
(mode 1), but rather to compressive, shear (mode Il) or mixed mode
loading (mode-ll). On the other hand, cracks or discontinuities in rocks
are not subjected to one type loading. Some rock stegsuch as bridge
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abutments, dam and road foundations, and tunnel walls undergo both
static and cyclic loading caused by vehiriduced vibrations, drilling

and blasting, traffic, etc. This type of loading often causes rock to fail at a
lower stress. Té design of such structures requires understanding of and
research on rock mechanical properties under various loading conditions.
Linear Elastic Fracture Mechanics (LEFM) is based on the stress
intensity factor (SIF),K, which quantifies the intensity ahe stress
singularity at the crack tip. Fracture mechanics states that a crack will
propagate when its stress intensity reaches a critical value, KC, assuming
that the crack tip is in a state of plane strain. Stress intensity factor

depends on fracturesplacement modes and crack geometry.

Applied loading stress translates into a stress intensity factor at the
crack tip. The equations given by LEFM to calculate stresses and stress
intensity factor for a crack under tensile loading are also applicabie for
crack under compressive loading, but use opposite signKiandK,
become negative. A negatit indicates compressive stress acting at the
crack tip and a negativi§, just indicates an opposite direction for the
shear stress acting parallel e crack plane. As shown in Fig.2, the

necl

nat.

on

angl e

of

(d)

a

compres:

extension occurs parallel to the major principal compressive stress (Fig.
2a), while it is parallel to the minor principal tensile stress énctse of a
crack under a tensile load (Fig. 2b).

observations of microcracks by SEM,

(o)

(@

(b)

Fig. 2 Crack propagation paths under compression (a) and tension (b)

Cracks propagate differently in heterogeneous geotechnical materials
like concrete and rocks, taking different names and definitiDirect
microscope and
petrographic methods have identified four types of cracks in rocks
(Eberdhard, 1998; Kranz, 1983):
(1) grain boundary cracks;

(2) intragranular cracks, which lie totally within the grain;

optical
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(3) intergranular cracks, which extend from a grain boundary
crossing into another grain; and

(4) multigranular cracks, which cross several grains and grain
boundaries.

The mechanism of crack initiation is simply tensile, while the
mechanism of failure isamnplex and requires the coalescence of several
microcracks. Griffith (1924) put forward the important notion that crack
initiation, even under compressive loading, results from local tensile
stresses at the crack tip. Crack initiation, propagation andinsgec
failure do not occur at the same time; rather each separately forms a
particular fracture process.

2.EXPERIMENTAL AND NUMERICAL METHODS

2.1 Experimental Tests:

The Cracked Chevron Notched Brazilian Disc (CCNBD) specimens
were used in tests. The CBR method had advantages over other
International Society of Rock Mechanics (ISRM) proposed fracture
toughness tests in terms of the simplicity of sample preparation and the
reduced material required for testing (ISRM 1995). It was also
unnecessary to perfm precracking for a CCNBD specimen because it
used a chevron notch that spiecracks during testing and leads to
stable crack propagation. Another advantage of the CCNBD method over
other ISRM methods involves increased precision; there is a higdher |
capacity and consistent results for each test. The geometry of a CCNBD
specimen is illustrated in Fig. 3. The chevron notch causes crack
propagation to start at the tip of the V alignment and to proceed radially
outwards in a stable fashion until theimt at which the fracture
toughness is calculated. The thickness, t, of the notches was 1.5 mm and
the thickness of the samples, B, was 25 mm. The initial chevron notch
crack length, 2a was 1618 mm and the final chevron notch crack
length, 2@ was 3637 mm. All dimensions of the geometry should be
converted into dimensionless parameters with respect to the specimen
radius and diameter. The suggested standard specimen dimensions are
given in the ISRM suggested methods (ISRM, 1995).

Disc specimens wereidametri cally | oaded wit
inclined according to diametral compressive loading directions ranging
from O to 70. A loadcontrolled testing manner was adopted and
loading was continued until failure. Load, diametral displacement, and
crack mouth displacement were continually recorded during the test using
a computerized data logger. As the loading type is dianmirapressive
loading to create compressighear loading on the pexisting crack
plane, the crack initiation angle is positive (counter clockwise) and the
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crack propagation direction tends to be parallel to the direction of
compressive loading.

A-B

10y
s
fe— —-.. ~‘
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loading plates

Fig. 3 The CCNBD specimen geometry with recommended test
fixture

2.2 Numerical Analysis Methods:

Series of finite element modelling were conducted to model notch
crack initiation and propagation under diametral loading. The stress
distribution and crackropagation analysis in the specimen were done by
using the finite element program, FRANC2D ((FRacture ANalysis Code).
FRANC2D was originally developed by Wawrzynek and Ingraffea
(Wawrzynek and Ingraffea, 1987) at Cornell University and it was
accepted aa step for developing the discrete fracture analysis programs.

The crack propagates in the direction predicted using any of the three
propagation theories implemented in FRANC2D. They are the sigma
theta max theory (Erdogan and Sih 1976) the G theta mearyt
(Hussain and Pul974) and the S theta min theory (Sih, 1974).

The numerical model was built as geometry of a CSTBD specimen
and the critical geometry parameters are; diameter, D=52mm,; thickness,
B=25mm and notch length, 18 mm. All of the elementdus the finite
element models have elastiotropic material properties that were
defined using the results obtained from the rock characterization tests.
Diametral compressive loads used in numerical models were based on the
ultimate loads obtained e@pmentally for various crack inclination
angles individuaTilnyc | iEnegd cbr.adc kKk,N 5 .o
inclined crack. The bottom of the disc sample was fixed in both x and y
directions. The problem type was plain stress and the crack ptimgpaga
was done by usi<ohedaveomanic&k poopac
FRANC2D. However, cohesive crack models implemented in FRANC2D
are for mode | | ecahdsiveagack pfopagatiod svaswh y ;
used in our models for the sake of accuracythed inclined crack
propagation analysis.
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The position at the leftand side of the prexisting notch crack is
given name as the Ouppertrhanflside¢he of ¢
6l ower face of cracké accordidg to
inclination of the notch crack (Fig.4). The upper end of the line represents
the start point of the dédposition on

_—— 7= =

ysis Code

SRk ORE i Ay

AR L SSNNSREAY
Fig.4 Line plot posprocess option of FRANC2D for stress

distribution analysis around notch crack

3.RESULTS OF EXPERIMENTAL AND NUMERICAL STUDIES

3. 1 Experimental Results:

Tuff type rock specimens were loaded at various inclination anfgjles (
to the static diametral compressive loading direction, ranging from 0
70 . Loadcontrolled testing was adopted and loading was continued until
failure. Load, diametral displacement and crack mouth displacement were
continually recorded during each test using a computerised data logger.
As the loading type was diametral compiessin order to create
compressiorshear loading on the pexisting crack plane, the crack
initiation angle was positive (countelockwise) and the crack
propagation direction tended to be parallel to the direction of compressive
loading. In general, theltimate failure load for all rock types increased
up tob = 33 (see Table 1). The reason for this maximum ultimate failure
load may be the fact that the highest shear stress occurs with this crack
inclination angle under compressive loading.

If a CCNBD specimen is loaded with the crack oriented at an
appropriate anglebf with respect to the loading direction, a mixed mode
Iill stress field can be achieved at the crack tips, and the crack
propagates at an angld) (with respect to its crack plane. Theack
initiation angle ¢) was found in the experimental results reported herein
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to be strongly dependent dn It was found that cracks initiated at an
angle of 70100 relative to the original crack plane when the inclined
crack was subjected to diametrebmpressive load. The tested tuff
specimens are shown in Fig. 5. The experimental results showed that
cracks initiated at the tip of the notch for specimens of all three rock
types for values ob up to 30. However, one of the most important
observationgnade was that the location of the crack initiation moved to
the centre of the notched crack m® 3 10was also observed that, with

70 inclined cracks in sandstone and granite specimens, single coplanar
shear cracks appeared individually at one drttieotip of the cracks.

= p s

Fig. 5 Tested CCNBD tuff specimens

Table 1. Failure loads obtained for Tuff CCNBD samples

Inclination |Failure load
angle ) (KN)
Repeat 1 0 4.4
Repeat 2 4.1
Repeat 1 28 4.9
Repeat 2 4.7
Repeat 1 30 4.4
Repeat 2 4.8
Repeat 1 33 5.3
Repeat 2 5.7
Repeat 1 45 4.9
Repeat 2 4.4
Repeat 1 70 4.7
Repeat 2 4.3

Crack displacement (CMOD) was monitored continuously until
failure. Fig. 6 show the displacement responses of the chevron notched
crack mouths, for varioub, for Brisbane tuff, CCNBD specimens. In
general, it is clear that all notched cracks openef &rup to 28, for all
three rock types. It was concluded that the effective normal stress
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perpendicular to the crack plane is mostly tensile, which causes the crack
to open. However, notched cracks in specimens of the three rock types
showed different regmses to diametral compression fior 30 and 33.

For instance, forb = 30 and 33, notched cracks in Brisbane tuff
CCNBD specimens initially closed, then opened with increasing plastic
behaviour up to failure (see Fig).

Another important obsenianh obtained from the lod€MOD
graphs is the presence of plastic deformation regions before the peak load
points. Because clear plastic deformation took place before failure in all
three rock samples, there is a possible Fracture Process Zone (FPZ) in
front of the crack tip. The formation of the plastic process zone at the tip
of the crack is seen clearly because of the plastic deformation region on
the graphs before failure. It is interesting to note that this possible FPZ
zone takes place in front of tlegack tip propagating in only opening
fracturing mode. When the crack closing starts, hardly any plastic
deformation takes place before the peak load. Especially, there is no
plastic deformation taking place in front of thes 45 inclined crack tip
with all rock types. This may show that the fracturing mode is still
opening even with crack closing and that effective tensile stress tends to
extend to the centre of the crack instead of being suppressed in front of
the crack tip.

6000

closing == ==opening
soo0{ . i
4000 -
z
| — B=0r
3 3000 | T B=28°
-
2000 1 p=30°
....... pza®
1000 - p=45°
p=70°
0 : . ; .
003 002 -001 000 001 002
CMOD (mm)
Fig.6 Crack displacemennder mixeemode loading of tuff CCNBD
samples

3.2 Numerical simulation results:

The first numerical modelling series was undertaken for stress
distribution analysis around a notched crack in a CCNBD specimen. The
loading situations for various inclinatiangles were simulated without
any new crack initiation or propagation. In general, the region of tensile
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stress distribution extended closer to the centre of the chevron notched
crack, with increasing crack inclination angles. The maximum tensile
stress s obtained along the crack plane at the tip obtheD inclined
chevron notch. Some of the numerical simulations of the stress analysis
around the face and tip of the notched crack are given in Fig. 7. In
contrast, the maximum shear stress was foustl haneath the loading
boundary, where a high compressive region occurred, and the region of
shear stress moved from the side of the end of the notched crack to the
centre of the end of the notched crack at greater than acra@k
inclination angle. The aximum tensile stresses were obtained at the tip
of the notched crack in a direction normal to the crack plane, with

28, 30 and 33 inclined notched cracks.

(b)

Fig.7 Stress distribution in CCNBD specimens: Tensile (left) and
shear (right)

The stressdistribution around the tip of a notched crack is best
explained by separately plotting the normal stress, the shear stress and the
stress on the-axis along the upper face, lower face and at the tip of the
notched crack. Fig. 8 shows the normal stresfilbution around the
upper face of a notched crack inclined at various an@led fie normal
stress was tensile at the upper face of a notched crack inclinecbup to
33 . In contrast, normal stress was compressive at the upper face of a
notched crackvith inclination angle$ = 45 and 70 (see Fig. 8a). The
results showed points where wing crack initiations took place around the
tip of the notched crack. However, normal stress was always compressive
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around both the lower and upper faces of a notctek avith inclination
anglesb = 45 and 70. Fig. 8b shows the normal stress distribution at the
tip of a notched crack. The normal stress was tensilefior @ inclined
notched crack, which is a Mode | (tensile mode) crack. This result
showed that th&ensile stress area was moving from the tip through to the
face of the notched crack.

Upper face of crack At the tip of notch crack
%0 ;

LA
i
7

Normal stress (MPa)
Normal stress (MPa)

=3
iﬁﬁ

s P s 0 5 10 15
Position on line Position on line

(a) (b)
Fig. 8 Normal stress distribution around-epdsting notch crack

After the stress distribution analysis, crack propagation analyses were
conducted to investigate the crack displacements depending on the crack
inclination angles. The automatic -mgeshing strategy adopted in
FRANC2D deleted elements in the vicinity of tbeack tip, moved the
crack tip and then inserted a trial mesh to connect the new crack to the
existing mesh. The crack propagation simulation results are shown in Fig.
9. It was found that the crack initiation angle was strongly dependent on
the notched mack inclination angle. Moreover, the direction of crack
propagation was found to be parallel to the loading direction and was in
good agreement with experimental findings. As the high tensile stress
zone extended along the centre of the notched crackanhsif the tip,
with an increasing inclination angle in the stress distribution analysis in
the previous section, crack initiation in crack simulations started from a
region closer to the centre of the notched crack wheh ithereased.
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(d) (e) {f
Fig.9 Crack prpagation in CCNBD specimens

In order to check the validity of the numerical modelling, a
comparison of numerical results and experimental findings on crack
extension @) and crack inclinationf) angles was made (see Fig. 10).
Additional crack inclinatiorangles of 20 and 60 were included in the
comparison of experimental and numerical outputs by using experimental
results. Good agreement was obtained between the numerical and
experimental crack extension)(and crack inclinationf) angles. The
crack intiation angle was found to increase with increasing crack
inclination angle. In the literature, countdockwise crack initiation
angles are accepted as positive under compréssiear loading, while
clockwise crack initiation angles are accepted astiagunder tensidn
shear loading. Mostly, crack initiation angles decreased with increasing
crack inclination angles under tensisimear loading. In contrast, crack
initiation angles increased with increasing crack inclination angles under
compressivieshar loading. Both the experimental and numerical results
were in agreement with the findings in the literature (Ingraffea 1981; Al
Al-Shayea 2005; Lin et al. 2009). The level of agreement shown in this
study, and supported by the literature, suggests tRANE2D is capable
of simulating mixeemode crack propagation under compressioaar
loading. However, the Mode | stress intensity factor values that were
obtained using FRANC2D were smaller than the Mode Il values obtained
due to the maximum tangentiatess criterion.
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Fig.10 Experimental and numerical analysis results for comparison

4. Conclusions

Experimental tests performed on diametrically loaded CCNBD
specimens showed that cracks initiated only at the tip of the notched
crack when the inclinatiomngle had a value of up to 30However,
when the inclination angle was greater than 33 crack initiation point
moved from the tip to the centre of the notched crack as the inclination
angles increased. Moreover, it was found that all notched crpeksed
for crack inclination anglesh) of up to 30, whereas crack closing was
found to start above that angle.

In order to check the validity of the numerical modelling, a
comparison of numerical results and experimental findings regarding
crack extensior{d) and crack inclinationf) angles was made. A good
agreement was found between numerical and experimental findings
regarding crack extensiod)(and crack inclinationf) angles. The crack
initiation angle was found to increase with increasing crackniation
angles.

The loading situations for various inclination angles were simulated
properly by using FRANC2D numerical software without any new crack
initiation or propagation to eliminate use of the mixadde fracture
criterion. In general, the regioof tensile stress distribution extends
closer to the centre of the chevron notch crack with increasing crack
inclination angles. The maximum tensile stress was obtained along the
crack pl ane at indinecchevronpotehfin contraeth =
maximum shear stress was found just under the loading boundary where
the high compressive region occurred and the region of shear stress
moved from the side of the end of the notch crack to the centre of the end
of the notch crack after 3@rack incliration angle. The maximum tensile
stresses were obtained at the tip of the notch crack in normal direction to
the crack plane witlhh=28,6=30 a nd b incline@ridtch cracks.
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The crack propgation analyses after the stress distribution analyses were
done and it was found that crack initiation angle was strongly dependent
on the notch crack inclination angle. Moreover, the direction of crack
propagation was found to be parallel to the loading direction and is in
good agreement with experimental findingBecause the high tensile
stress zone was observed to extend along the centre of the notch crack
instead of the tip of the notch crack with increasing inclination angle in
the stress distribution analysis in the previous section, crack initiation in
crakk simulations starts from a region closer to the centre of the notch
crack when the b increases. Mode |
always higher than mode Il stress intensity factor at the tip of the cracks
inclined at various angles. The hegt mode | and mode Il stress
intensity factor values were obtained with 3hd 33 inclined crack
simulations, as in the experimental results. Because classical fracture
criteria are implemented in FRANC2D, the calculated mode |l stress
intensity factorvalues are expected to be smaller than mode | stress
intensity factor values. According to the maximum stress criterion
(Erdogan & Sih, 1976), the mode Il maximum stress intensity factor
reaches its critical value&K(c) when the mode | stress intensityctiar
equals zeroKmax = Kyic, K| = 0) for pure shear loading. However, one of
the most important mixethode criteria, maximum tangential stress, was
derived for a crack under monotonic tension. Hence, the prediGted
values by the maximum tangentsifess criterion are smaller than those

of Kic.
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B¥R! LCE KkLEME

Hatice PEKMEZ"

1. Girick
Bakliyat; yemekl i k kuru bakl agil
fasul ye, nohut, mer ci mek, bakl a, b e

yak sebzelerin kurutularak meyvel e
genel adder ( ME WFigna 8irtedsik Jnsan IBeSim yel c e

hayvan yemi ol arak t¢ketilen bakl a
sebzesi ol duju i-in Afrika, Géney
b°l gel erinde yayeéel mékter. i1 kemi zde
B°l gesi 6adeagapel maz e85 WiR0kewd e %
madde bul unur. Yaj mi kt ar é-3agmy Kkt
proteinler ol ukturur . i1 kemi zde |
bilinmemekle birlikte salataseé ve
sevi | eliréMEB,12QLR)e t i

B°r¢lce tek yeéelléek kazek ko°kl ¢ bir
ber¢lcenin yapraklaré bilekik yapre
Keklindeki -i-ekler yaprak -1Radett uk |l a
-i-ek bulunur. A- a0 0His4 e kmeeyrvien od nuck
B°r¢lce yaré nemli kokull ara -ok iy
En iyi geli®8®e ACé@alkils@&d@r20 Yareée ku.
adapte olur. Su tutma kapasitesi yg¢
meyvel er i genellikle d¢z, ince ve uz
Kuru dane ol gunlujunda bakla sararé
Keklinde b°r¢lce danel eri bul unur .
mor , kahverengi moerru nésj4ed @lrOgor 8mnada s
dejikir (http://www.tohumcu.org/; N
2. B°r¢lcenin besin dejerleri
Bakliyatlar wucuz ve y¢ksek kalitel
dejerleri, taheéel tanel elopi %iB2l® vy akl
oranéndadeéer . Sin@®i0r idredbsdndddéekrl.er Ay
i -er memel er i, gl ¢ten intoleransé ol
ayréecal éktér. Kuru b°r¢lce dijer bi
kol estrol aik-eemémamers i® nle ml i bir besi

tanesinde % 24.8 oranénda protein,
karbonhidrat, % 0.00074 thiamin, % 0.00042 riboflavin, % 0.00281
ni acin bul unmaktadéer . Ber ¢l ce t oh

" Gaziantep iniversitesi, Naci To-pailuoj | u
pekmez@gantep.edu.tr
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proteiln er e gere met hi oni ne ve cystine
raj men, t ahél tohuml aréna g°r e, ami
zengindir. Ayréca b°r¢lce tanel eri
zengindir (1 nl¢ ve Pademik2008¢Kks Bd
42 vyani de¢e¢Kektgr . B°r ¢l ce, i -erdiji
azalteéer, kabézlejé giderir, y¢é¢ksek
°nl eyici °ozell ik taker vV e baj e

(http:/Avww.borulce.gen.)x
3. B°r ¢l cenin ¢gretim akamal ar é
B°r ¢l cenin tarl adan sofraya sunul

sajl ekl e vV e kaliteld ol masé ger ek
s¢recindeki sretim akamalagd olarak y e r

cretilen ber¢l cede tane hasadé, b a
ol gunl aktéejé zaman yapeéel eér. Tane ¢
bitki czerinde bérakél ér ve bakl al ¢
koyu mor r engaenadcd®en rheeskil evng rkurAncak |
°nce hasat edil melidir. Hasat edil €
tarlada kurumaya bérakél ér. G¢gnexkte
g¢e¢nekte Kkurut ul mu kkarotea,(Crvibakihiaeathea s € k |
asit |l ysine kayéplaré meydana gel ir
edilir. Yeterince kuruyan bitkiler (% 184 nem or ané) har
Har manl anan ¢reénl oer i Kl enmek ¢zere
ve ARC, 2011; MEB, 2013).

Kkl et mdlkeridkel em ol an, temi zIl eme i K
fiziki czell ikl erini iyil ektirmek
aréndérmak ¢zere sabit ve seyyar t
temi zI| e me eki pmanl ar é genel | irkl e a
Taneden daha hafif olan toz, kavuz

vasétaséeyla wuzakl akaleaéb§ger mdemink e

manyetik ayérma, kabuk soyma ve tacxk
Temi zl enen ¢r ¢n, k a le itabi tuiluryKalibre b oy
i Kl emi |, bel li standartt a kaliteld
standartlara uygun kKekilde boyl ama
bir yapé kazandérmak ve nihai tg¢ket
créneg standarctlyamt el manle anakineleri
Kali brasyondan ge-en ¢r¢é¢nler, enc
iKIemIerin¢|kam|zde1tubakl|yat (,retl
Si st emi % 90061 ara varan oranda kull
makines i ile yabancé tohumlareén ve t
par -acéekl|l arénén uzakl aktér éel mase,

bakliyat el de edil mesi sajlanmaktad
arasénda dejiken wuzunliukil atrdanéférmsa-
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se-meciler tarafeéndan hijyeni k «kart
se-mek ¢zere yapelér (MEB, 2013).
Son ol ar ak, ber¢lce taneleri, nem
selofan, polietilen (PE) pencereli karton kutular veya padietilorbalar

il e ambalajl anér. B°r ¢l cenin depol a
i -eriJi ne kadar d¢kekse, depol ama
ol ur . Ber ¢l ce, uzurm sneerne loir acheépnadlaa ma
depol ama i -i2n nyeark |carkaénké n9d al sakl anab
ARC, 2011; Go me z, 2004) . Dojru zama
temi zI enmi K, kal i bre edil mik, ay ekl
°mr ¢, temiz ve serin depolama «kKkart.|

Hasat etme
(bakl al ar -atlamadan ©°n
z

ol gunl akt éej é

ce, bakl al a
aman)

Tarlada kurutma
(demetl er h®©linde bajllanar al

NS

Harmanlama
(kuruyan bitki l-ledr ionl dnuefnu nodrga)n € %

S

Kuru temizleme
(kaba ayeéer ma, ince ayeéer ma, manyetik

NS

Boylama/ Kalibre etme
(homojen ¢r¢én)

S

Ay ékl ama
(rengine g°re ve elle |ayeéekl s

S

Paketleme
(selofan, polietilen pencereli karton kutular ve torbalar ile)

kekiKlurlu. b°r ¢l cenin ¢gretim akamal a
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Mi || Ejitim Bakanl éj é ( MEB) , 20
tanelerinde kalibr-a2syon. Géda Tekno
Mi |1 Ejitim Bakanl éjé (MEB), 20
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TEKSTKL KKLETMELERK KARAR PROBLEM

KRKTERLK KARAR VERME Y¥NTEMLERK KI

Solution of Textile Business Decision Problems with Multi Criteria
Decision Making Methods

Hakan Murat ARSLAN

Girik

G¢enegmegzde 1 kKl etmel erin karkeée kar K
dojru ve yerinde karar verme hayat
gel mi ktir. ¥zellikle yoneticileri
souml ul ukl ar é varder Anc ak -0k de
karkél akeéel dej énda dojru kararl ar \
sayeésal y°ntemler karar vericilere
y°neylem arakteér maseé y © miatenmatikgel | k ¢
model inin ol ukturul maséneéeé vV e il gi
yapél maséne m¢ mk ¢ n kel ar . Bu dest
alternatifler dejerlendirilirken ha
¥zellikle i Kl et melnelri ethe - bt Kaneénv.
problemlerinde dojru ve yerinde ka
veri ci konumundaki y°neticiler bird
kriterl eri di kkate al mak durumundac
kriterin karar verime s i n i et kil edifji bu tg¢rden
¢CKKV y°ntemleri en etkin destek-i o]
Bu -al ékmada, ¢CKKV y°ntemlerine de
ol arak gelixktirilen EDAS (Evaluati
Solution)y © nt e mi kull anél mékt eéer . EDAS y°
-al ek ma arkadakl ar é taraféndan i1k

i spatl anméxkt éer (Ghorabaee ve Di | .,

kriterlere g°re keéeyasl|l anmaatéendal éorr
¢al exmanén uygulama b°l ¢mgnde bir Kk
dokuma maki nesi se-i mi probl emi -9
EDAS y°ntemleri ayré kullanéel mékt é
araseénda, EDAS y°deemizriith i keel it eks:
karar probl emlerinde kull aneéel abi |
ol uktur makt ér
¢tal ékmada °ncelikle en et kin d c
y°ntemlerle tespit edil mesi ger ekt
y°netilce | driiteriat ¢r taranméxkter. B
kriterleri ve alternatifl eri tespi
veriler ile en etkin dokuma makines
ve bu model AHP ve EDASz yédilemil etir
¢tal ekmanén séraséyla gelen ikinc
ait kar ar problemlerinin ¢ KKV y
dejerlendiril mesini i -eren |iteratyg
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stil i Kl et mel erairnaisne ndmaenyleir parloab
hizat ve makine se-iminde ¢KKV
araktérma bulunmaktadeéer. D°r dy¢
e mMeneén sonu-laré yoruml anmeécxk vV e
éca i | eriydaep ébabikloenauedka - al ék mal &
unul muktur
Literate¢r Tar amaseé
zamanl arda ikletmeler etkin y¢
ri yorumlarken ve dejerlendir
ritertli kawaagénga obldielnml g dl k
|l masé i kletmeler araseénda r
K i ekonomi k kokul |l ar d¢ K¢
g°re ¢sten ol ma dur umu
Fda bkitden fa Kri [
eml erinde sékl ekl a
l emlerinin -°z¢ n
z¢mler k¢mesinin sunul m é
nt ednd ekii terler ve alternatifler
yasl amal aré& neticesinde en uygun
Teci m, 2006: 2) . Kar ar probl em
erl er, alternati flcdceejiexr laemmadciar id°
ayan °jelerdirler (Lai and Hwan
jeler kar ar vericilerin tutar
e yerinde kararén verilebil
. KKV y°%nt eml e rcelikiedkeiterlddi akendir Vel
énda keyasl adéekt an sonr a al
riendirmelidirler (Jahanshahl oo
ékmanén Kkonusu olan tekstil i
l eml eri nde ¢KKWéwyn%n tdeamlre ryi anbi ann cl
l endijinde daha - ok CNC maki n
makinel erin CKKV y°%°ntemleri il e s
Rostam, 2012; Dawal vd., 2013; Nguyen vd., 2014; Wu vd., 2016). Yerli
l'iterate¢r i ncealnendd § Kk intdlei liigd naar ki m
i Kl et mel er i i -in daha -ok dikik ma
odakl anél déjé g°re¢l mektedir (Ertuj i
Yapel an | t¢er incel emesinde ka
olan en € ki n ma makinesinin se-il
rastl anmame :
2.1. AHP Y°nt emi Kle Klgili Yapél s
Anal i tik Hi yerar ki Prosesi ( AHP)
i niversitesinde g°rev yapan Thomas
kara r problemlerinde kullanélan -o0k
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k kriterl:i kar ar ver me
u antuenr e(nHoh ¢ yZ &0 8:
ve kol ay k.
Kmal ardan b
: 3: 14) , Lit
nin svee i ARASTr gbhemimt
amekl ar v e alternatifler aras
emini tespit etmiklerdir.
Zavadskas vd. , 2015:; 144) , Bal t el
uygun I i man yerl eki mi probl emi
ntemlerini ayreé ayré kullanarak o
At hawal e ve Chakraborty, 2010) ,
i nesinin belirl enmesinde AHP
l anmékl adéer .
G¢égner 2003) , bira
l et meyi alternatif]|
Tam ve Tummal a, 20
P y°ntemini kul |l an Kl ar ve bu u
itesiniinhddaenket kskeirimnsurl ar o
dakul , 2004) krediye ihtiyacé
sénda AHP y°ntemini kul |l anmeéek
mel erin pazar ©payl ar é, yeteBsi s vy
|l et melerin hukuksal yapél ar é
r

- X

cdée kel amh
r
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Kk
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vV e Har bi , 2001) , AHP y°nt
ak proje y°netim s¢recinde I
hazérdaki t e daorliakr-aikl ekabudl teder
tmenin tedarik-ilerden bekl enti
ml erini hiyerarki k yapé izleyer
EDAS Y°nt emi Kle Klgili Yapeél
at ¢r incelendijindel EDASaryd N
ir yaklakém ol maséna kar kel él
endiril mesinde kull aneéel déj e

te Ghorabaee ve -al ékma ar k.
er kal eméglemasnémdasékhelfl améleme K
envanter kal emi ni é - far kl é kr
i ile el de edilen bulgul ar h
rel maseée i -in uygul anmeécx

ak nihai dejerl endiril me
y°nt emin ge-erlijini kanée
erin sonu-1ar e ile tutarl él
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(Ghorabaee ve dij ., 2016 )u,y ghud laana &
i -eren -al ékmayé bir deterjan ¢ret
bretim i kKl et mesi deterjan i mal até i
i stemektedir. ¢tal ekxkmada bek uzman

edil mi ktirk fTierdmai &ti é& bana Kkritere
Ayr éca, arakteéermacél ar al t Kriterl e
-%z¢m i -in denemel er yapméxkl ardér

(Peng ve Liu, 2017) , -al exmal ar én
mant éKk anl aygkenmnenémirkleet dirme Bu (
dejer i n°trosofi k sayélarén s°zel
d¢kegnerek EDAS yo°nt emi ile birlikt
czerinde kullandéekl aré y°ntemin ge-
Bir kréeassketmé ramac él ar EDAS y°nt emi [
anl ayékene birlexktirerek sezgi sel
atmexl ardeéer . ¥rnejin (Kahr aman V¢
i Kl etme i-in gerekl:@ ol an kate at e
sezgi sel bul anék EDAS y°ntemini k ul
a-eéséndan °neml. ol an ¢- farkle ED/
¢- kritere g°re dejerlendirilmik ve
(Ghorabaee ve Dij., ak0lThkeiraradt
belirl enmesinde bul aneéek sayel ar il
sonucu olukan bul anék EDAS y°%°ntemi:i
araseéndan en ver i mli ol anl ar yedi
dejerl endir niei si¢krleectimednei ni l¢g-i y°net i
kabul edi |l mi ktir

(Stanuj kic vV e DijJ ., 2017) S° ze€
kal dérél maseénda sekl ekl a kull aneéel a
birl ekt i-BERASk yo°Qrtiemi ni i1k def a

¢th ékmal ar énda, bir inkaatén yapeéme
firmanén tespit.i ama-|l améekt eéer . Bu
firma d°rt kritere g°re karkél akteér
Bu -alékmada EDAS y°%ntlemimeshi ri -k a
etkin dokuma makinesinin belirlenme
3.Uygul ama: Tekstil Kkl et mel er i K
Kriterl:@ Karar Verme Y°ntemleri KIl e

3.1. Metodoloji
¢al ek ma, AHP ve EDAS y°ntemleri i

enet kin dokuma makinesinin belirlen
En etkin dokuma makinesinin tespit edilmesi probleminde ki kriterlerin
ajéerl éklaré karar wvericilerin ortatk

alternatifler AHPi nv e- °EzD:Ans  ayd®énnt| eanm| ée
al énarak karkél aktérél mék ve tutar
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ol ukturul an model in hesapl amal ar én
Super Deci ssion programlareée kull an:i
i Kl etmehi heyéet kabul edil mi ktir.

Kl gi |l Karar Probleminin Kriterler

K1:Fiyat

K2: ¢°zg¢ Eni Cexki t il ifji

K3: Devir Heéze

Kd: Yet kil Servis Sayése

K5: bretim ¢exkitlilijJi, olmak ¢zer

Kl gi |l Karar Probleminin Alternat:i

Al: Van De Wille
A2: G¢égnne
A3:G¢ s ken
3. 2. AHP ve EDAS Y°ntemleri

3.2.1 AHP Y°nt emi

AHP y°nteminin yapésénda,; kriter!l
vericiler tarafeéndan birlikte dejer
i fade edilirler. Bul as¢hert it kiklrii
derecesi tespit edi |l mekte ve bg¢gteén
°ncelikleri dejerlendiril mektedir (
(Saaty, 1986) -al exmase il e i Ik
y°ntemin ademi bméktaka] Edamakl vet Har
1. Problem ve amacé a-ék bir kekild
2. Amaca ul aktéracak ana ve alt kri
3. Alternatifler ve kriterler keya
derecelendirme sisuemn katltasékmalTlé
i kili kéyaslama °Il -ejine g°re belir
4. Kriterlere ait keyasl ama matri s
s¢tun dejerl eri toplamé belirlenir
bl ¢ner ek ncermmalyiapaed y¥aon i Kl

5. Al ternatif ve kriterlere ait n c
bul unur ve °ncelik vekt©or matri si o]
6. ¥ncel ik matrisindeki her kriter
dejerl eri il gili kriterin kvieysag taunt
dejerleri ile -arpelér ve ajeéerl ekl a
7. Ajéerl ekl andér él méx matri sin sat
matri sinin sateéer dejerleri il e ora
matrisin her el emanéneéhylaeliitkned i kr i
alternatiflere ait °ncelikler tespi
8 Tutarl el éek indeksi belirl enirken

gereklidir (Saaty, 1990).
Cl = { ®/(nirha x Cl : Tutarl él &k Knd
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9. Tablo 16 deag aistsadé ékdidle¢grr | er i i

yoruml anmasé sonucunda tutarl él ek d
(CR=CI/IRI)CR: Tutarl él ek G°stergesi
AHP y°nt emi ile ger-eklextirilen
dejeri 0.16 i ge- emez. Bul unan dej e
ait i kil keyasl!| ama matri si t ekr e
d¢zeltmeler yapél ér ve sonraki aden
Tablo 1: Ortalama Rassal Tutar
N
12 3/ 4 5/ 6|7 8|9|10 11 12|13|14|15
R -
01/0/0.560.91.121.241.321.411.451.4¢1.511.481.561.571.5¢
Kaynak: (Saaty, 1980)
Tutarl él ek dejeri ejer 0,16den k
kriterler i-in yapeéelan dejerlendirm
1990).
Tabl o 2: Kriterlerin Kkili Kail
Dei Taném A- ékl ama
Ekit D Kkil:i karkeél akteéernrn
1 ¥neml i
¢ok da/Bir id«&iijeenmiinne g°°re
3 °nemli |tercih edilir ol me
Kuwvvetli Bir i Kl emin difjer
S derecede tercih edilir ol me
°neml i
¢ ok kKuBir i KI emin dijer
7 derecede kKekilde tercih edi
°neml
9 Mutlak Bir i KI emin di j er
°nemli |derecede tercih ec
2,4,6/ Arada olan| 1-3,35,57,79 ar asénda Kk
8 def er| |
Tersleri T€rst
Kar k &l i
Kaynak: (Saaty, 1986)
3.2.2. EDAS Y°nt emi
20156t e Ghorabaee ve arkadaxl! ar
(Evaluation Based on Distance fron
akamada ifade edilebilir (Ghorabaee
1. AKkama: Temel Karar Matrisinin (
Akaj edaki e%gttdriikl gl )matirei s t emel
matrisidir. Y. Y. -y
11 12 1m
rel, = T
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1)
2. Akama: Kriterlere Ait |Dennearsléer i n
Kriterlere ait ortal amal ar akaj]ed
gosterildiiji gi bi yapeéel ér.
AV = [AV]] @
J41xm
Ih, Y
AV, === ©
3. Akama: Ortal amadan Pozitif Uz a
Ortalamadan NegatiUz a k| ék Matri sinin (NDA) H
Ortalamadan pozitif ve negatif uz
ve (5) yardéemé ile hesaplanabilir.
PDA = [PDA;] (4)
nxm
= . 5
NDA = [ND4;] (5)
Ejer kriter fayda konumunda i se
akaj edaki (6) ve (7)) exkitlikleri i
— max(_O_.(}’I-.-—Al-'.- :I_)
(6) PDA,; AV
NDA.-}- _ max(0,{ AV;—Y; i h (7)
& AI'}_
Ej er kriter mal i yet konumunda i s
uygulanabilir.
_ max( o.0av;—v¥;; )
PDA;; —:_z_m_‘j (8)
NDAE-J- _ ma.‘(EO.I,YE:—AV[- )
A'-"}: (9)
4, AKama: B¢t én Al ternatifl er i-
Hesapl anmaseé
SPi, . alternatifin ajéerl ékl i topl
alternatifin ajérl ékle toplam negat
ekitlik (10) ve (11) kull anélarak b

(11) SN;= XL, w; X NDA,;
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5. Akama: B¢t en Alternati fl oer
Hesapl anmaseé
NSPi ve NSMHMikabéedaklienil2) ve
ile normalize edilir.
—__ 5P
NSP;- max;(5P; ) (12)
NSN,=1— —i _ (13)
¢ max; (SN; )
6. AKkama: Her Bir Alternatif [
ASi Dejerinin Bulunmaseé
ASi deekaejréidaki exitlik (14) il
AS, = =X (NSP,+ NSN,) (14)
En be¢yeék dejerl endir me

alternatif olarak belirlenir.

9 O 4T

IN

e

(13

he

perfor man

3.3. AHP Y°nt emi ile En Etkin Doku
1. Adém: Temel Ver.i Setinin Kfade E
Tablo 3. Temel Veri Matrisi
. K2 K3 | K5
K1 (min.) K4 (max.
(max.)| (max.) 1 (max.)
* )
TL'(1000) “adet | Adetidk| A%t | “aAdet
Al (Van
De Wille) 180 4 180 124 3
A2
( Genn 70 3 140 63 2
A3
(Gesk 50 2 150 52 2
KI gi | i Kl etmenin ihtiyacé ol an d
il gilere g°re alternatiflerin kri
abl o 36de i fade edi |l mi ktir. Tabl
I ternatifinin K3 (Devir Hezé) kar
evir ol duju ifade edil mektedir. A
Kamasénda maksi mum veya minimum ol
elirtil mi ktir.
2. Aderr i terl erimaskéar kél akt ér el
AHP y°nteminin ©°ncelikl:i adéemée ol
6 te ifade edildijJi gibi karkel akt
Tabl o 4. Kriterlerin Karkel:
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K1 K2 K3 K4 K5
K 1.00 4.00 3.00 5.00 2.00
1
K 0.25 1.00 0.50 2.00 0.33
2
K 0.33 2.00 1.00 2.00 0.50
3
K 0.20 0.50 0.50 1.00 0.33
4
K 0.50 3.00 2.00 3.00 1.00
5
Tablo 46 te °rnejin; K5 kriteri K
ol duju ifade edil mektedir.
3. Adém: Kriterlerin Normalize Edil
Normal i ze edil mi k Kkirfiatdeer eddeijlentilketrii
Tabl o 5. Normalize Edil mik |
K1 K2 K3 K4 K5
K 0.44 0.38 0.43 0.38 0.48
1
K 0.11 0.10 0.07 0.15 0.08
2
K 0.14 0.19 0.14 0.15 0.12
3
K 0.09 0.05 0.07 0.08 0.08
4
K 0.22 0.29 0.29 0.23 0.24
5
4. Adém Krijéete&tanéAéen Kfade Edil
Tablo 66 da her Dbir kritere ait aj
Tablo 6. Kriterlerin Ajérl
K
1 0.42
K
5 0.10
K
3 0.15
K
4 0.08
K
5 0.25
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AHP y°nt emi il e yapéel an analizl e
dejerinin @208dmoktdaif.u Bu dejerin
kar ar vericilerin kriterler ile il

ol dujunun g°stergesidir.

5. Adé m: Al ternatiflerin Kriterlere
Tabl o 7. Al ternatifl erSér Klramaegd e

Alternatifler Dej er _N'ha'
Séral a
A3 (G¢sken 0.837 1.
A2 (G¢gnne) 0.329 2.
Al (Van De Wille) 0.065 3.
Tablo 7 dikkatle incelendijinde |
analiz sonu-laréna g°re 0.83®329dejer
dejiere i kinci sérada A2 MaGReWille)) ve
dokuma makines» | mukt ur .
3. 4. EDAS Y°nt e mi il e En Et kin
Belirlenmesi
1. Adém: Temel Ver i Setinin Kfa
¥ncelikle EDAS y°ntemini hemglguban
i fade edil mesi gerekmektedir. Ayr éc
fayda veya maliyet wunsurl aréneée i-er
belirtilmelidir. Tablo 86 de vyukar
veriset i fade edil mi ki dir.
Tablo 8. Ayréntél é Temel Vel
KL(min) K2 [, o (max K4 K5
TL*(1000 (max.) Adet/dk. (max.) | (max.)
) Adet (Fay da). Adet Adet
(Maliyet)] (Fayda) (Fayda) (Fayda)
Al (Van De
Wille) 180 4 180 124 3
A2 ( Gy 70 3 140 63 2
A3
(Gesk| 50 2 150 52 2
Aj érl ¢ 042 0.10 0.15 0.08 0.25
1. Adém: Ortalama Performansl arén K
Kkinci ademda her bir alternatife
ve ortalama performansl aré belirti

edil diji kekilde performansl ar tesp
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Tablo 9. Alternatiflere Ait Ortalama Performanslar

. K2 K4 K5
K1 (min. K3 (max.
TL*((1000)) (max) {2 W0a (max) (max)
Malivet Adet Ea da. Adet | Adet
y Fayda y Fayda| Fayda
Al (Van De
Wille) 180 4 180 124 3
A2 (Gg¢ | 70 3 140 63 2
A3 ( Gg¢ g 50 2 150 52 2
Toplam 300 9 470 239 7
Ortalama 100 3 157 80 2.4
2. Adéem: Pozitif Uzakl éklar Matri si
Tabl o 10. Pozitif Uzakl ékl a
K1 (min.)
K2 (ma¥ K3 (max K4 (max
TLA(1000 " “adet | Adetidd  Adet | KO (M@
). Fayda] Fayda| Fayda Adet
Maliyet Fayda
Al (Van
De Wille) 0.00 0.33 0.15 0.55 0.25
A2 033 | 000 | 000 | 000 | 0.0
(G¢gnn
A3
(Gesk 0.50 0.00 0.00 0.00 0.00
3. Adém: Negatif Uzakl ékl ar Matri si
Tabl o 11. Negvattisi f Uzakl| ékl a
K1 (min)y K2 [ 4 (max K4 K5
TL*(1000 (max.) Adet/dk. (max.)| (max.)
) Adet Ea da. Adet Adet
Maliyet | Fayda Y Fayda| Fayda
Al(VanDe| g9 | 000 | 000 | 000 | 0.00
Wille)
A2 ( G¢ 0.00 0.00 0.11 0.21 0.17
A3
(Gesk 0.00 0.33 0.04 0.35 0.17
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de®onu- Dejerlerinin Kfade Edi

), ajérl ékl é& toplam negatif wuza
am pozitif nuozrankalléikzlear e d(iNSWik) , a
tif uzakl ekl ar ( NSNi) Ve Ort
rtil mi ktir.

Tabl o 12. Alternatiflerin Nil

SPi | SNi | NSPi | NSNi | ASi aSér al

A

a

bl o 126 de her bir alternatife
i

[

a

i

Al (Van De
Wille)

A2 ( G¢l 0.126| 0.076| 0.136| 0.773| 0.455 2.

A3 0.920| 0.110| 1.000| 0.673| 0.837| 1.
(G¢ sk
3.5. Bulgular ve Yorumlar

KI gi | tekstil etme i-in en et
i kar ar pr eminin -°9z:;m¢gnd
kull anél mécx vV e el de edil en I
te olduju g°zlenmyknt ¢ ml &rail &
ektirilen analizler sonucun
asé; A3 (G¢gsken), A2 (G¢gnne)

0.162| 0.336| 0.176 0 0.088 3.

=~

e

k

a

k terlere ait ajérl éklar i

€j én 0. 4t2e doilrdujBiu gdajcdmMme&nal i z

a etkilemicktir. Kar ar veri ci

esi de i Kl etmenin finansal i m

r karkél akt éreéerken K1

I nr dAilk I &risk@é@n) dokuma makin

s |l amada °n plana -éektéje gb°

4 . Sonu- ve ¥neriler

Tekstil sekt?or ¢ Terkiye ekonomi s

teéerl erindendir . Tekstil i Kl et mel er

probl eml erinin hataséz veya en az he

ekonomi sine olumlu y°nde yansémal a
ama

e~ >

sektor ¢ i-inde yadsén yacak bir
i kKl etmel erinin karar pr olPlzemll eernimeist
toplumsal fayda a-éséndan -ok ©°neml
Bu -al ékmada °zellikle tekstil [
pl anl amal ar da °neml i yer i ol an er
probl emine ¢KKV y°ntemler:i ile -°z,
ve EDASYy ° nt eml er i tercih edil miktir
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KI gi | i terate¢r taramaseéndan an
i Kl etmel erinin en et kin maki ne vV
yentemlerinin kull anéména dair - al
Literatge¢grde ki baui bao-ké& g ruchangider iy
y°ntemlerinden EDAS y°nteminin tek:
uygulanmasé bilimsel a-éeédan °nemlid
Arakt érmacéeéel ar ve i kKletme y°netic
kar makék programlar gerebkhkit ekepner E
problemlerinde kol ayl ék kull anabi

| a
¢al ékmanén bulgularé yoruml anméck
él

y°neticileri il e payl ak mektéer. Ge
sekt°r¢ karar probl emlekjniympa$9zgagm
veya hibrit y°ntemlerden yararl anél
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UCAKLARI N EXTERNAL POWER UNKTESKNI
ENTEGRASYONU

Mehmet KONAR® & Fur kan KkBKLEN

6. Girick

G¢negmegzde konforl u vV e hezl é ul ak
gel mektedir. Bu takémacél éjén baxkart
°neml i kriter ge¢venl i ktir. Hava ar s
ger - ekl exttkirmedemeen °neml. i faktorl
bakémedeéer . U-uk geé¢venliji i -in b a k
Kekilde ger-eklexktirilmesi ©°nemlidi

Havaceéel ék i kletmeleri hi - K¢phe
Kirketlerdir Wwaksadl t kakemagijeeali
Kirketlere presti]| kaybeé, me¢ Kt er i I
daha fazla zarar ettirmektedir. Ks
bakéem g¢venl i Jini artteéermak gi bi l
havaé | ekt a pek - ok géevenl ik y°net me
denetl emel er yapél maktadeér.

Hava aracé bakémlaré hangarda vy.
bakéml ar esnasénda ger ekl i si st eml
enerjil enmesi g e rl eakr e klt aekdé m . e sHmavsaé n
Power Unit (APU) veya External Power Unit (EPU) ile
enerjilendirilebil mektedir. Ekonomi
bul undurul dujunda ise bakém esnasér
(TTS, 2011).

Bu -al ékmadda hakgarlkal |l anél an

esnasénda aktif ve deaktif edi | mes
indirgemek i-in alternatif bir vyak
kontroll ¢ gere¢nt ¢l eme vV e komut V €

Supervisory Controla n d Dat a Acgqui sition (SC.
EPUBNnuUunNn entegrasyonu ger-eklextiril

¢al ékmanén i Kinci késménda Exter
Entegrasyonda kull anél an SCADA ar a
Probl emin t anéme ve |3 @ATRA idrea oy quz
alternatif senaryo derde¢ncyg k € s & mc
sonu-1ar bl ¢m¢gnde i se sunul an a
dejerl endirmelere ve °nerilere yer
7. External Power Unit

"Erciyes !niversitesi, Havacél ék-Elekteonikdz ay B
Bo Il ¢ mg,
“Erciyes !niversitesi, Fen Bilimleri Ensti

Lisans ¥jJrencisi
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Hava ara-1I| ar é@neén xpemal gowe gnitesismotori - e r |
-al ekteéereéel mase, ékéklandeéer ma, zoru
elektrik sisteminin testd.i i -in ger
Avionics, 2009).

Ge¢nge¢ mg z geni K gevdeli u-akl arend.
sist e mi kull anél maséeyla elektrikI:i (
avant aj sajl anmékteéer Dol ayeséeyl a
sajlayan EPUO6Il arén da buna wuygun g
Kekilde alabil mesini odmasyvagaek ekeé v

Geni K gevdel i u-akl ar da, EPUONuUN
kol ayca erikilebilecek bir nokt ad
sajl ayacak bir bajlanté noktaseée ol u
el emanéyla EPU u-afenbdPranéaneBu &
ki tanesi késa ve incedir. Bu d°r
i -in, i ki késa pin ise EPUONun ger
DC bajlantésée ve EPUG6nun bajlandeéej e
bajéantin kullanéel ér. Ayréca bu iKki
ve takél masé sérasénda 3 faz gécé
°nl enir

EPU, u-aj a % n i ni K takéménda bul
bajl anér. Prizler bi 90bKVA, 408 eHz baj
115/200v 6 | u k gé - sajl ar. EPUONuUN Si
kull anél maséndan ©°nce wu-ak ¢zerind
varder . Bu i Kl eml er u-akt a bul una
belirtilmiktir. Bbbakemt kaolt apt 8f ésio
mai ntenance manuel (AMM)&dde bul unma

Faw
EXT PWR PANEL (108VU)
kekil 1. EPUBNuUuNn U-aja Baj

I
EPU aracel ejeéeyl a u-afj a enerji v
C I

e a
uygul anmaktader . Bu -alékmada a- ék
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ge-er | o0 lhtepme rh e me;mMm u-akl ar da da
uygul anmaktadeéer . Gg¢ - kaynakl ar é |
bl ¢mlerinden Chapter 246de bul unme
girikler i-in de ayné prosed¢gre sah
EPU kabl osu u-aja bajuluaipothsdntinann s or
tam ol maséna dikkat edi |l melidir. A
gerektiren sistemlerde kull andej é
gel ebil ecejinden dol ayé di kkatl o]
u-aktaki be¢ten bi lggeirseakyeabrillarré n Treens e
di kkate al éneéep uygul anmaséndan S Ol
akajéedaki gibidir:

Enerjilendirme Prosedg¢r ¢

A Elektronik paneldeki GEN1, GEN2, APU GEN, BUS TIE, AC
ESS FEED ve COMMERCI AL but onddiar énén
Dijerlerinin ise serbest béerakél dej
A 212vUbéda bulunan havalandéer ma Kk:
é

FANS baseélé ol mal edér

Téeém bunl ar yapéldéktan sonra EXT
yerde bulunan EPU ardrcéel éjéeyla u-aj
8. SCADA

Teknol ojinin gel i kmesiyl e birl ik
kontroll ¢ sistemlere olan i htiyace
i Kinci yaréséndan sonra kompl eksl ek
son derece karmakKeéenéekvér .zoBubdur thral
-%z¢m ¢retmeye sevk etmi ktir.,

SCADA, Supervisor
harfl erinden ol ukt
sistemlerinde g°zl
sistem be¢gtegnegder (

y Control and Dat
ur ul muk bir késa
eml eme, eridbdunamt | e me
H

ari ma, K., 2000)
SCADA sistemleri, ardecxkek kontr ol
(monitoring) ol arak sisteme m¢gdahal
bir-ok alanda karkéméza -ékmaktadeér
Heral anda adé SCADA ol masa da kul l an
°n¢nde bulundurul dujunda havaceéel ekt
sisteml er mevcuttur (Stuart, A. B
sistemleri, sul ama si st eml darcih vV e
edil mektedir. Kabin i-inde host ve
panel i de wu-akl ar czerinde kull ané
araye¢z ol an SCADA -exi tli araceée eki
ardéekék ger -cke&kl| kewrenm sdmsaleimdierve si s
i mkané sajlamaktadeéer.
9. Sistem Senaryosu
Sistem senaryosunu olukturan -al e
sistemin -alékmasé akajéda sunul muk
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¢tcal ékma K
il External
prize takel
T Ger ekl

Gesterilec
T Priz tak
1 GEN1, GEN2, AP
COMMERCI AL,

on/off durumu.

rte,;

power Ruwmnudursképménrzdai mu
mék ol masé.
d¢j melerin basél é& ol maseé
ek -ékéxklar;
el ée.

U GEN, BUS TIE, AC ESS FEED,

EXTRACT, CAB FANS, EXT

T Enerji durum g°stergesi

Sstemin -al ékmaseé;

G¢e¢venli k i -in g¢- kablosunun hasat
Enerji veril meden ©°nce u-ajén hare
kontrol ¢ yapél er veya personel u:
prosed¢rl er uygulammaya] dalkdjain@&@m ma £
kokpitte basél é& ol masé gereken d¢j
enerji verecek personel taraféndan
sajl anér. G¢- kablosunun prize tam

al gél ayazaki Ed®P&ki kontrol panelinde

kekil 2. SCADA ara y¢ze

Ladder diyagram girikleri ve -eék=ec
Girixkler:

External Power Buton

Pl ug Socket Sens?®r

GEN1/GEN2 Buton

APU Buton

=A =4 =8 =N
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1 BUS TIE Buton

1 AC ESS FEED Buton

1T COMMERCIAL Buton
 Extract Buton

 Cabin Fans Buton
cekexkl ar ;

1 External Power On/Off Lamba
1 GEN1/GEN2 On/Off Lamba

1 APU Buton On/Off Lamba

1 BUS TIE On/Off Lamba

1 AC ESS FEED On/Off Lamba
1T COMMERCIAL On/Off Lamba
1 Extract On/Off Lamba

9 Cabin Fans On/Off Lamba

10. Sonu-1 ar

Kncelenen u-ak bakém kazal arénén

External power ¢nitesinden kaynaklI é
gzl emlenmi ktir. Bu soruna karke ex
ekran konul ar ak ol ukembazd dndiglrkesi i K

dée¢kKeneéel megkt ¢r . U- ak czerindeki S |
panell erinden Iénan girik ve -ékée,
Logic Controll r) kontr ol sistemin:i
glesteril mesi alternatifi sunul mukt u
¢o°z¢e¢m °neriosi olarak PLC kull anel:
sebeplerin en bakénda d¢kegk emni yet
mod¢l er yapéel ar sistemin kar ar m e
el emanl arénén ve sistea] ledearatnd daé& re.
durum sistem s¢rder gl ebilirliJo i-i
géevenlijinin yanenda fonksiyonl ar ér
ihtiya-1laréna g°re se-ilebilir. GOr
yéze il e ¢dmlinanke glarfdmtnar ak u-aja el o
karkél akeél acak ol umsuz duruml ar e
sunmaktader .

Havaceél ekta insan faktoorl eri ar ak
karké g°rsel ve 1 Kitsel u yaimdénl ar én
daha etkild@ bir y°ntem ol duju t es

havacél ékta karkél akeél an bakém kaza

i Kitsel uyaré sistemleriyle en aza
sistemleri analog sinyalleri, dijitalo | ar a k glPsterdiiji

sistemlerde kull anél an ar a el emanl
kal dér maktader . Mevcut sistemlerdek

ol arak | amba gi bi mal zemel erin pat
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czerinde teklnéwsyenl ere zor anl ar y &
u-ak sistemlerindeki bil gi i K
ol ukturabil mektedir, fakat PLC wve
bildirim yapan ara eleman ol an | an
PLCbdleerbul unan -oklu kontak sisteml
alternati fi bakka kontakl ar kull anéeé

KAYNAKCG¢CA

TTS Integrated Training System (2011). Module 13 Aircraft
Aerodynamics, Structureand Systems for EASA pari66. Licence
Category A, B I and B 2.
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¢ KNKO CEVHERLEKMESKNKN MADENCK
FAALKYETLERK SI RASI NDA OLUKABKLE
KAYA/ MADEN DRENAJI NA AKT KESTKRKML
Estimates of Acid Rock/Mine Drainage During Mining Activities: Zinc
Ore Deposition / Adana

Nil YAPICI *& Ha k an G| N&NdeKNURLU **
1. Girik

Bakta pirit ol mak ¢zere s¢lferl ¢
mundaki baz met al |l er , uranyum Vv
l en asit k ay a /mmeralerim nemlir ortanalg, € s ¢
d mi krobiyolojik organi zmal a
|l arénén asidik °zellik ka:
baze ajeéer vV e toksi k
asliar ehayal/ maden drenaj é d

™= S o
B =c

o

>~

it maden drenajé ©°zellikle nehi
dir. Bit ki vV e hayvan terloer
eKkmesi ne, hatta vy eékkenmématsa&amaamen
n kal deérQdhbuikluiniu fdGk aagl, 108K °r |
ader . Madenin bul unduju ik
mi , fayl anmal ar vV e s¢reksi oz
i k gi bi &rz.el¥tiek|yean dane md n
ol an cevher, - rel éep bir
|l ip geriye bérake n pasa, a
ve dijer fiziksel °czellikle
etkilidir(y° r ¢ koj lu, 2003, Skousen, 1996) .

Bu kapsamda - aM3®xdmamaint aasmeakei®, i nde
Mansur |l u yayl ascée vareasd éerkdree ny enr veel ark
asit cretme ol asél éje yaCeddepbernms
-inko esadlrgaaeli updrubu i -erisinde vy
2002] . Hal i hazeérda cevher -ékar é
etmektedir (kekil 1) .

a
a

cC TCcQ T — —
(9]
5

“tukutoavaeMghtadiaklcMa @sn BMJ yAdand T ¢ r ryapigci@cu.edu.tr
™ ¢ukurloviav e Mgihteensdfi askl g ke @ $ i0j B® IMpene., / Aglragayegi@
cu.edu.tr

“tukulavaeMgheedFiaklcdl elsojBie | Mak ./ TAT&iseturiu@
gmail.com
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Bahgecik Gurimze Saimbeyli

Oruglu
Gondu Gobelli

Mansurlu Tl Topallar
eke
O Halilbeyli |
« o/

Akifiye

Daghcak = Yogunoluk
Andil

kekil 1. Yer bulduru harit

2. MATERYAL VE Y¥NTEM

Ol ay é bakl at an il k reaksiyon, pi

s¢l féeri k asit ve demir hidroksitin
ol ukmaseyla a-¢&ja defkard i demilre gel-fe
oksitlenmektedir (Exkitlik 1 ve 2).
s¢el féerl ¢ mineraller birincil et menl
ortaya -ékan asidi nete¢rlektiren Ve
kalsitved ol omi t gi bi mi nerall er i-eren
silikat mi nerall eri i kinci/l et men
nete¢sgrl ektiren veya reaksiyon o énl
takénmasénda ve tg¢keti¢llmefsakntd®r | eetrk
kabul edilirler. Bunl ar oksitl enme
tutukar ak ortamén pH' éné yé¢ksel
net¢rlektirmektedir (Exitlik 3).
2FeS2+7 G+2H,0Y 2 F e,88,S0, Q)
12FeSQ+6H,0+30,Y 4 F(E0,)s+4Fe(OH) 2

CaCQ+2H'Y H,CO;+Ce* (3)

reaksiyonu ile ifade edilebilmektedir.

Ortamén mineralojik yapéséna bajl
net¢rl ektirme reaksiyonlaré ger-ekl
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i nsan faaliyetlerinin dékénda, tama
d¢kek pH (yeé¢ksek asi dgydne (zenginymetils e k
i-eriji), askeda ve -°z¢nmgk kate
etkiler yaratabilir (Gray, 1997). Al
maden yatak| aréenén i kKl etil mesinde,
°zel |l ikl ereidnein bAesliitr | ekray a/ Maden d
ol unacajéenén il eri s¢é¢r ¢l mesi bil i ms
2. 1. B°l gesel Jeol oj i

B°l gede Mesozoyi k yakle jeolojik
kire-taklaréendan meydana gel mektedi
oo an Emirgazi grubu (Knfra Kambriye
i se Ko-yaze kuvarsiti ol mak czer
[ ¥zg¢l ,2002] .

2.2. Y°ntem

¢al exmal ar , arazi -al ékmal ar &,

°rnekl emel eri; sdlcdyanat P knej i aal\
cevher vV e i nce kesit mi kroskopi si ;
testigbiasi t ¢retme potansiyeli tespiti
kapsamalBwuadtest!| er AMDG e il e il ik
karakt er| emasn@meé tia-nernmlran(Lapokko, 20
Stati k testlerde, numunenin hem t
de toplam asit n®tralizasyon potar
maden atéejeéenen asit Sr et me vV e ne
edil mesinir. saPheamakéhddoyut u, mi ne
mevcut su ve oksijen dejerlendir me:
testler i-in farklé y°ntemler geliKk
at ékl ar én asit cret me potllarmsi yel |
oksidasyonu] il e karké grupta yer a
mi nerall erinin -0 zeéengegrl ¢kl eri) asi
araseéendaki denge irdel enmektedir.

ol uKumunun kaynajleerdit¥e¢ril¢cermjhne
numuneni n asit S r et me potansiyel:|
muamel e edil mesiyle n°trlexktirme po
edil en 1 ki dejerin birbirine oranén
bul unma¥nhekEer , ocak -0 cevher

al anl aréndan yan kaya- vV e cevher
Laboratuvara getirilen kaya- ve <ce

homoj eni z Al e&diialnmiliOt iard.e t numunenin i
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Pol ari zan ve Maden Mi kroskobu ¢zeri

yapél méxk, cevher ve yankaya- mi nel
di yagramlaré belirlenmicktir.

3. BULGULAR

3.1. Yankaya- Kimyasé ve Mineral o]
Kire-take, rekri sKalyaze bayeki lgmiitir
Al ¢minyum, silisyum i-erif7j.i -0k dg¢k
demiroksit kirlenmel er. mevcuttur (
ait) ortal ama ki myasal analvez S0
%CaMg(CQ),d ej eralbdroi 2T6de, yankaya- XRD
36de Rerail mpatarenezi kal sit Kkri

kekil 2. Yankaya- kire-takeé, yankay

10000 -3 8
g g
5000 5 =
CRR
X X

O | I A I A 117‘ A‘ 1

10 20 30 40 50
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k e k iYankayacait XRD paterni

3.2.Cevher Kimyasé ve Mineralojisi

Arazi -al ekxmal aré séraséenda al énan
par |l ak kesit yapél méxk vV e mi kr os k o]
Ayr éca XRD ©patern -ekimleri yapél
-ékarél meke&heft k Skiokc 4 Cflgr,e T@®2), T
ayna pl aka oSt ¢ (C3) , Ar akat (C4
°rneklerinin XRF ortal &mgharagenezleriTab | ¢
smitsonit, getit, i moni t, hidrozir

kuvars tespitetlimi kK t i r .

Tablol., Fy1F&loe -wC FyFEAT &2ydzefF NF

CaOo MgO ALO; SiQ Zn0O | Fel; K.K.

52,65 2,1 0,25 0,7 | 1,083 | 1,84 42,20

Tablo2., Fy1F &b oo | RYCEQ0te SINAMOGSDR & 615 NI S NA

¥rnel| Kézd ér ma % CaCQ CaMg(CQ),

No (1000 ACO| Karbonat

1 42,05 95,52 94,02 1,5
2 43,68 98,03 95,08 3
3 41,47 92,07 90,07 2
4 38,91 85,09 82,06 2,3
5 43,78 99,55 98,25 1,3
6 41,65 92,16 91,06 11
7 37,85 91,86 89,56 2,3
8 43,65 96,06 95,06 1
9 42,96 98,66 97,36 1,3
10 39,95 86,19 85,09 11
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Smitsonit -atl ak Ve kovukl!l arénda
saptanméxkt eéer . Konsantrik yapél e S n
hemat it minerall eri g%zl enali @&bhan.
°rnekl erde - ok az oranda ©°zkekil i
inkl ¢zyonl ar keklindedir. Gang mine
Tablo3Cevher XRF analiz sonu-1lareée (de]
(Stok al ané)
CaO MgO Al,O4 Sio, Zn0O MnO Fe,O,
1,37 - - 2,4 45,5 0,16 46,41
(Tak baca fere)
CaO MgO | Al,Os Sio, Zn0O MnO Fe,O;
13,44 - - 3,5 43,7 0,099 25,4

(Tak baca sol ayna)
CaO| MgO | Al,O; Sio, ZnO MnO Fe0s
12,99 - - 4,7 22,2 0,41 48,40

(Arakat)

CaO] MgO | Al,Oz Sio, Zn0O MnO Fe,O;
9,97 - 7 9,7 6,96 0,21 55,60
Asi t kaya/ maden drenajé kestiriminoct
k¢kegrt (S) analizine dayal éedeéer . i
s¢l fat vV e organik form gibi

(minmum) asit potansiyeli

numunedeki
Topl am

bul

CaCQb é n 1 mol 6u
ajéerl ék-a orane
bul unan ajérl ék-a

S

hesaplanacaksa,

i -erijinin

unmakt adeéer
ve D 5016, TS EN 1744) [ASTM, 2002}

-apél maséyl a,

y¢é¢zde

mi

ktar é

ortamda
bul

esas olan parametre
toplam S miktarédeéer .
saptanmasénda
(ASTM D 3100/D317A88TM y?°
Ke¢kerten 1
100gdé6der .
32/ 100=1/ 3,
topl am

cr et
unur .

N

Budej er
125
k¢ekert

| ebnénasi d
umunede
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kat sayéseéeyl a -arpel maseé, sahada t
mal zemenin n°trl ektigzeikldrag Ait Pni m@arsi ¢ ¢
cretme potansiyeli)odni ver mektedir.
hesaplanan togpéjaenr kekior Talwleo S 46de
Tabl o 56de verilmiktir (Cevher ©°rne
ayna plaka ¢ste¢ feAeakat ,stTokk baacanl! a
Al énan °rnekl er czerinde yapél an
ekdejerli asit ¢retim (A P) ve n°t ¢
76de yorumlanméxkt éer .
Tablo4Al énan cevher °rneklterriendeki t o
¥RNEK NO % Toplam S

C1 0,0160

Cc2 0,00639

C3 0,0053

C4 0,007

C5 0,003

C6 0,0062

Cc7 0,012

Cs8 0,0096

K9 En -ok (

K10 En -ok
Tablo5Cevher ve yankaya- numunelerini
¥ RNEK 1 ret imaleemenin_her tonuqu
No TopIamS(%)n°tre!I.erc|reb|gem<ed<e]

ton biriminde A| P

C1 0,0160 0,5
C2 0,00639 0,199688
C3 0,0053 0,165625
C4 0,007 0,21875
C5 0,003 0,09375
C6 0,0062 0,19375
C7 0,012 0,375
cs 0,0096 0,3
K9 En -ok 0,04375
K10 En -ok 0,04375
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Tabl o 6. Cevher sahaséndan al énan °
hesaplanan asit ¢(retim potansiyel
¥rn4xs(%) Al P (kglt
No ] S
s¢l féeri k a
Cl 10,0160 1
C2 |0,00639 0,399375
C3 10,0053 0,33125
C4 0,007 0,4375
C5 10,003 0,1875
C6 |0,0062 0,3875
C7 10,012 0,75
C8 [0,0096 0,6

Tablo 7.Cev her °rneklerinin C1, c2, C3
hesapl anmék Net N°t¢ésrl ekme Pot an
A} P NNP(NRA | P
(Asit NP (Net NNP( NP/ 4
rretn(Netegnn NOo°tgegrl| (Net N°t

Potansiyeli)| Potansiyeli) Potansiyeli) Potansiyeli)

C1 1,3 27,3657267 26,06573 21,050559

Cc2 0,84 241,789588 240,9496 287,8447476

C3 1,075 233,301518 232,2265 217,0246679

C4| 0,1875 |171,776139 171,5886 916,139408

NNP=NRA| P veya NNP=NP/ A} P exitliklIl el

hesaplanmékteér. Net n°tg¢grl ekme pota

3.

3. Fekér dama

Test
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¥rnekl er czerinde fekerdama test]
Tabl ov @rbidlami kKt i r

Tablo8 Numunel erinin n°tg¢rl ekme potansi

XCaMg(CO3)2 NPcacos NPCaMg(CO3)2 xNP (kg
¥ RNE| Xcacos

s¢l feér

NO (%) (%) (kg/ton)|  (kg/ton) ekde]j
YK 1 94,02 15 940,2 | 8,13449024 948,33449
YK2 95,08 3 950,8 | 16,2689805 967,06898
YK3 90,07 2 900,7 | 10,845987| 911,545987
YK4 82,06 2,3 820,6 | 12,472885| 833,072885
YK5 98,25 1,3 982,5 | 7,04989154 989,549892
C1 2,46 0,51 24,6 | 2,76572668 27,3657267
Cc2 24,00 0,33 240 | 1,78958785 241,789588
C3 23,2 0,24 232 | 1,30151844 233,301518
C4 17,08 0,18 170,8 | 0,97613883 171,776139

YK: Yankaya- (kire-takeée), C: ¢tekar él

Tablo9.Ger - ekl exktirilen Fékérdama Test |
yoluyla asit miktar ve Kiddetin

Asit Asit Fekeéer g
Mi kt| ki dd Hée z é

Numune Al 6nal Yapél g (0=Yok,
No G° z 1 en 1=Hafif,
2=0Orta,
3=Kuvvetli)
Kaynama var,
1 Arakat bal oncu| 40ml | 0,5M 2 (Orta)
belirgin
Kaynama var,
2 TaKba(banncu 40ml | 05M 2 (Orta)
fere o
belirgin

T a Kk b a ( Kaynama var,
3 sol ayna bal oncu| 40ml | 0,5M 2(Orta)
pl ak a | belirgin

¥neml i

4 Stok {_ | 40ml | 0,5M | 3 (Kuvvetli)
sSé-rama
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i -eren
derecede
bal oncu
var
¥neml i
SEé-r ama
5 |vankay' ST €M | 40m | 05M | 3 (Kuvvetl
derecede
bal oncu
var
Numunel erinin asit ¢, I eTabtoe pot an
106da verilmixktir.
Tablo I0Nu munel eri nin asit .

tablosu(Brodie,1991)
Asit-Baz He ( NP/ A} | Arazi s Yorum

Asit |r <1 -- --

Belirsiz Zon I1<( NP/ A - -

. Hepsi 3 Numuneler
Asi br > .
Aslt .14 >3 b¢eyek|lasit

12

3. SONUC¢LAR

*Cevherl ekme Emi rgazi
makt a ol up, met aker e

taki eamt aké vV e dol
| ar e i -erisinde o]

él él ar , m
i

t

- K mu kd anr . Y
02 oranénda ol duju saptanméxter
a cevher parajenezl eri XRF ve X
t I i moni t, hemdtit, Hafsib veiam kranda kuvars n Kk i
ak belirl enmiktir. Smi tsoni t
ozinkit mineral |l eri ol uUKmuktur .

*Cevher °rnekl erinin o0t &1l &ma k&y:«
°rneklerinin ise Max %0, 0014 ol duju

*'retilecek mal zemenin her bir ton
CaCQ ekdej eri ton biri@i Bdé ArRl é4C
kaya-larda %0, 04375 ol arak hesapl an
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* Cevher sahaséndan al énan °rnekl
hesapl anatm patansiyelleri ;(kgkon); D, 1875 ar aseée
hesapl anmékt eéer .

*Cevher °rnekl| BENPONBPHhANEDpt Mhtapr | e
Potansiyeli)x NP ( k gV & ofn@k ér dama t ¢ NP/ ApRY- |

Brodie ve ar k. , (199%) d6na ogtimgpp>3
belirlenmiktir.
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HAVA KALKTESK MODELLEME ¢ALI kMAS

¥RNEK: 11 A ®GRWEU TAK NAR/ MERSKN BY¥l
A Case Study on Air Quality Modeling:Al Group Stone Quarry,
G¢l nar/ Mersin Region

Nil YAPICI*&Mu st afa YFERERBBEBDOK G| WEYLK
1. Girik

Hav a kirl i Li7gi; Ekol oj ik dengeyi
hayat éneé biorl umsekz | de et kil eyen i ns
aktiviteleri vV e ekonomi k faaliyet!]l
bil ekimindeki maddel erin nor mal i n
ulakmaseée il e havanén doj al bil eki mi
Endiget veya dijer kaynakl ardan
sajl ek ve -evre ¢zerindeki et kil eri
hava Kirl il i7Ji model | eme si steml e
czell ekmi k dajélém model. brull aurnémma k
kaynaj éndan kil ometrelerce uzakl
model |l eyebil mektedir. Dajél em mode
kirleticilerinin  atmosferdeki fiziksel ve kimyasal hareketlerini,
reaksiyonl aréeneé, bozunmal ar tksele vV e
ol ar ak hesaplayabil mektedirler. Ha
uygul aneér ken, hava kirleticilerinir
ol duj u, mat emati ksel ol arak sim¢gl e
i KI em, geliktirillaem® billegiksiarylaert i gn d
ekitliklerinin vV e al goritmal ar én -
kaynak bilgiler, t¢e¢m emi syon bil gi
gi bi parametreler de kullaneéel makt ad
Yapélanitlal aemasi n KIi, Ge¢l nar Kl
yapél masé pl anl ananElAikmd kTeas iOxiad €p rv
kaynakl e hava kirlilijJinin k¢gmegl at
dajelemé programé kull anél arak mode

"¢tukur avaeiMghendiakloMa @sn BMJ yAdand T ¢ r rydpigi@cu.edu.tr
* MOSK Ti c. Lt/dl. ¢k ikifo@sbskocam.tr

™ ¢ukurionia e Myihteenslfiaskl gilke @ § 0] B O | Mg, | Rgrakmanegi@

cu.edu.tr

Pl anl amada ol an ocaklar farkl & sen
ve insan sajleéejeéeyla ilgil:@i mevcut
problemlerin dejerlendiril mesi ama -


mailto:nyapici@cu.edu.tr
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2. Mal zeme ve Y°%°ntem

Hava kalitesimodel | e me -al eékmal ar &, | i sa
olan ALakes Environment al AERMOD Vi
Yeéer et el megkt gr . Model , Zaman i -eri si
baz alarak saatl ik, genl ¢k eneenyél |
gel i kmi K bil gi sayar model |l erinden
kirleticilere kadar dejikik (nokta
model i hesapl amaséne b¢e¢nyesinde b a
endg¢stri b°l gesi nderklietk a&y d a&kli anr dwajnr
aerodi nami k dal gal ar , t ¢rbeéel ans V €

al makt adér .

AERMOD Vi ew model i, kull anéceé t a
sisteminde -al ékmakt a, hesapl ar aj
el emanéneknt akl®akree ni -in yapél maktader
akajéda belirtilen d°rt dejikik ver
*R¢zgO©r y°nyg, r¢zgo©r heéezeée, sécakl
yéeksekligi, (kullanécénén se-imine
poansivyel di key secakl ek farkeéené i-¢€
* Kull anéecé tarafeéendan tespit ed
belirl enen kaynak koordinatl ar é, k
sécakl éejé ve debisini i-eren kaynak
* Kull anécénén opsiyonuna bajleée bi
* Al écé ortam olarak tanémlanan :
koordinatl arée ve y¢kseklI iji

Mo d e | -ékteéel ar &, i ncel eme al aneéené
hazérl anmasémcakolyameEkladanéyaB°yl el i
kalitesini deji ki k senaryolar (°r.
kaynakl ar veya dej i ken mevsi msel

m¢ mk ¢ n ol maktadeéer . Gaz vV e t 0oz h
havas éknodnaskaint rasyonl ar @&nén mat emat i
t ahmin edi |l mesi ni sajl ayan mo d e |
basamakl ardan ol ukmaktadér :

*Kontr ol Bl ¢ mg (CO), model | e me S

model i n -aléekteéerélmasémda t¢gm kontr
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*Kaynak B°l ¢m¢g (SO), Hava kirletici
késeéem
*Resept?©or Bl ¢ m¢ (RE) , Hav a kal it

spesifik noktal arén tanémlandéjeée keé
*Meteorol oj i Bl ¢m¢ (ME), At mosferi

*Topografi k B°l ¢m (AERMAP) , Arazi ° z

késeém
*¢éekte B°l ¢meg (OU), Model in anali z
tanémlandéjée késém

Hava daj él ém model i akéek diyagr al

EMISYON ALAN PARAMETRELERI METEOROLOJIK VERI
DEGERLERI .
* ARAZI KULLANIMLARI * RUZGAR Hizl
- KIMYASAL * YAPILAR * RUZGAR YONU
KIRLETICILER ® KAYNAK LOKASYONLARI » SICAKLIK
« EMISYON * ARAZI YAPISI * KARISIM
DEGERLERI YUKSEKLIGH
* KATI SIVI FAZ l
>
BiNA ARAZI
Enym 'ISLEV
J
h 4
VERI GIRISI
* KOORDINATLAR AL TANIMI
« YUKSEKLIK VERISI
* CIKIS SICAKLIGI * GRID (KARELAILAMA)
* CIKIS HIZI » YUKSELTI METEOROLOJIK
= EMISYON * SOYUT ALICILAR VERI ISLEME
HAVA DAGILIM MODELI _

!

SONUGCLARIN ANALIZI ]

kekil 1. Hava [[Dajyélgagnnméodel i /
¢al exma yeri, Mersin Kli, G¢lnar K
Yanal t ak Tepe Mevkiinde b u-Elame a n i
Tesisi o 81.52 hat | ek alana sahip
2) . tal eékma kapsaméndanastoadan AERKRWMOI
View programéndan yararlanél méxt ér
olukabil ecek hava kirlilijinin f a
ama-|l anméexkteéer . Birinci senaryoda

i KI et mec i l-eleing tesigidaalileéd i ma bajl é& emi sy
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senaryoda patlatmaya bajlé emisyonl
Toz Emisyonudo kapsaménda toz emisy
emi syon kaynajé modell enmiktir

éNEtCady i a dans ¥ i

“’U\:é‘nar

AA’Dcde\el( e
\

. lepe
JReferente Point

4
Skocasli
2o

kekil 2. ¢al ékma al ané yer bt

A. 3.BULGULAR

B. 3.1. Modell emede Kull anélan Emi sy
Mi ktarl ar é

Kkl et mede ¢retim boyunca ¢retim, vy
ahaséna bokal t ma, st ok sahasénde
amyonl ara yeglkéd manet e kiég immeo Ktad k énmaa
enel i kéréceéeda kér ma i Kl eml er i y
ckl enmesi, nakl i yesi Ve bOKaItéI
mi syonu i -in ak ajédaki he
l ukabilecek toz emisy s
. o o7

é

~un

Kin boyutu il do

nw = O
[
o
-
Q
>

[
k sahaséna takéma,

k sahaseéndan kamqloeninaraesyl
kere bokalda maér maniekli e klee r©ic
l anél arak yapélan k¢tl esel b|
emi syon °l-¢m bilgileri ise Tab

O RXTLVU NSO DK
—cc
-~ — 5 0 0
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n

Tablo1Ol ukacak Toz Emi syonunun Hesapl
Emi syon FaktO°rl eri
EMKSYON FAKT¥R]
K'KEM KONTROLSKONTROLL
Patlatma 0,080 kg/ton -
S° k me 0,025 kg/ton 0,0125 kg/ton
Y¢é kl eme 0,010 kg/ton 0,005 kg/ton
Nakliye 0,7 kg/(kmsefer)| 0,35 kg/(kmsefer)
Bokal t ma 0,010 kg/ton 0,005 kg/ton
Depolama 5,8 kg/(hag ¢ n| 2,9kg/(hag ¢ n )
Birincil 0,243 kg/ton 0,0243 kg/ton
Kkincil I 0,585 kg/ton 0,0585 kg/ton
Kaynak:Sanay.i Kaynakl e Hava Kirlilifji
Tablo 12.6
Tablo2Model | emede Kull anél an Emi syon
Mi ktarl ar é
BKTKKSEL T|KONTROLS}] Z DUKONTROLL| DU
ggll%'\lﬂ_ﬁl\;f (Toz Emisyonu) (Toz Emisyonu)
Bitkisel Tq0,0125kg/saat 0,00625 kg/saat
S°k¢l mesi
Bitkisel T ¢ 0,005 kg/saat 0,0025 kg/saat
Y¢kl enmesi
Bit kisel Tq0,00875kg/saat 0,004375 kg/saat
Sahaséna Né
Bitkisel T ¢ 0,005 kg/saat 0,0025 kg/saat
Sahaséna B¢
Bit kisel Tq0,1305 kg/saat 0,06525 kg/saat
Sahasénda |
TOPLAM 0,16175 kg/saat 0,080875 kg/saat
PATLATMA KONTROLS! Z DUKONTROLL] DU
(Toz Emisyonu) (Toz Emisyonu)
TOPLAM 255 kg/(patlatmasaat) -
Atl K OCAK KONTROLS, Z DUKONTROLL| DU
(Toz Emisyonu) (Toz Emisyonu)
Cevherin S96,6675Kkg/saat 333375 kg/saat
i retil en C¢2667Kkg/saat 13335 kg/saat
KamyonaY ¢ k | e n |
i retil en C¢ql1,8725Kkg/saat 093625 kg/saat
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(Toz Emisyonu)

Nakliyesi

Pasanén S° 10,0675 kg/saat 003375 kg/saat
Pasanén Looc¢ 0,027 kg/saat 00135 kg/saat
Yékl enmesi

Pasanén St (004375 kg/saat 0,021875 kg/saat
Nakliyesi

Pasanén St (¢ 0,027 kg/saat 0,0135 kg/saat
Bokalt él mag

Pasanén St (03142 kg/saat 0,1571 kg/saat
Depol anmasé

TOPLAM 11.68645 kg/saat 5.843225 kg/saat
KIRMA-ELEME KONTROLS! Z DUKONTROILDURUM
TESKSK

(Toz Emisyonu)

Cevherin Bunkere
Bokalt &l ma

tn

2667 kg/saat

1,3335 kg/saat

Birincil K¢648081 kg/saat 6,48081 kg/saat
Kkincil K & 111560195 kg/saat 15,60195 kg/saat
Boyut | and é 12667 kg/saat 1,3335 kg/saat
Kamyonl ar a

Boyut |l and é 118725 kg/saat 0,93625 kg/saat
St ok Sahasgé

Boyut !l andé 12,667 kg/saat 1,3335 kg/saat
St ok Sahas:é

Bokalt él mag

Boyut | and é10,7975 kg/saat 0,39875 kg/saat
St ok Sahas:é

Depol anmas§{

Nihai} r ¢ n ¢ n  S|2,80875 kg/saat 1,404375 kg/saat
Nakliyesi

TOPLAM 234.30735 kg/saat 28.822635 kg/saat

D. 3.2. Arazi ModelinilOl ukt ur ul masé

Emi syonl arén -evre arazilerde daj
emi syon dajél éméndag&ahirpticr .bsyalke n
topojrafya bilgileri, NASAdya ait S
Mi ssi on) veril eri kull anél ar ak kK ul
AERMAP mod¢l ¢ i1 1le 1 -e aktareéel méxkter
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E. 3.3.Meteorolojikt al € Kk ma

Mo d e | dahilindm B668elgliean pikk tdiurr.u B
g¢e¢ne  ait saatli k meteorolojik veri
Ancak yellar bazénda haki m ré z o
ger¢lebil mektedir. Bu sebepl e,
yél én belilreEernwmesil eeinigwékull anél m
Uzun yéllar r¢zg®©r diyagramée kekil
F. 3.4. W¥agéel émve Model |l eme Senaryog
AERMOD,emisyond a ] € | GangxthaljaénbdelimGausd aj el ém
modelinikullanmakteolupmo d e |l i n - ali &ék &Ebmilsmeosni  Bii
Met eorol oji k Veriler ve Topojrafya
Senaryo 1;Bi ri nci senaryoda arazi haz
i Kl etmecilijine 71 é madencil ik f

b a
emi syonl arelemeitdsigf aladrimaeti nden Kkaynak
emi syonl aré modell enmi ktir.

Senaryo 2Kk i nci senaryoda patlatmaya
model |l enmi Ktir.

Senaryo 3; | - ¢ncC g senaryoda AKemel at i
kapsaménda arazi hazerl ék, y ol v e
madencil ik f aal i yeteme tesisigamlydti alahintz v e
emi syonuna sebebiyet verebil ecek
model |l enmi Kkt ir.

‘ 30%
by =

- — + +
WEST S EAST

WIND SPEED
s)

SOUTH

0 | |

3 HU

1
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kekiElsmz Hézl aréna G°re 2017 Yeéel é Ry
Met eor ol oj i Kstasyonu verisi)

3.41. PMp(TozzdKonsantrasyonl ar é

Senaryo 1
Gc',nlc',lg(TPonx) 2 | ar é

yretim Faaliyet | retim Faaliyet
Genl ¢k En YéogksekGImlzg EmEmr yYaokisek To
Dejer |l &€yKVS (eg/ m Dej ef E ¢)fUmMS

Ayl ek ¢°ken Toz Konsantrasyonl ar é

lretim Faal | retim Faal
KaynaAglErk Y¢ks Kaynakl e Yeéell é
Emi syonu Dejg® r Emisyonu Dej er | e P)i
KVS uvs

Senaryo 2
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Hava kalitesi model |l eme -al ékmaseér
sunul muxktur . Model |l emgesloakiic ml e-réedkeak
hassas alanlardaki dejerlere ait ha

Ayl ék ¢°ken Toz Konsantrasyonl ar e

pretim Faal 1 et i m Faaliyetlerinden
Kaynakl®rk Ycks  kaynakle Yellé
Emi syonu 'D‘Elgz)ér'Een{i'syonu Dej3%

KVS uvs

Senaryo 3

Hava kalitesi model |l eme - al ékmaseéi
sunul muktur . Model | e me sonucu -éka

hassas al anlaartdalkair idejlearrl earkem] €éda ve

Ayl ék ¢°ken Toz Konsantrasyonl ar e
I i ; ! ®)

Fretiom Faal (retim Faaliyel
KaynaklEerk Y ks Yeéell ék En Y¢gksek To
Emi syonu Dejdfr Deferl €UVS (eg/ m

KVS



Ge¢enl ¢k PM1O0 model | eme sonu-1| ar éna
SENARYO t e proje etki alané i-erisirt
birimlerdi ve hassas al anl &redae rR Ml
altéenda ol duj u, (Kegmegl ati f) -al ékm
bulunan ve ¢nl ¢k BM1@Bdemereirnde] &r in
akeéelard &k 06.06.2008 tarih vV e 268
yayéemlanar ak y¢r ¢r IDejjerdiernan rimta wee
Y°netmelijio (05.05.20009 tarih Ve
yayémlanarak y¢rerl ¢je giren fAiHava
Y°netmelijinde Dejikiklik -Y&aim€l| masEé
Dejerler, Hed¥tadbPéjeHedef |l Bz unDejer
Bilgilendirme ve Uyareée Exikleri, B
uyar é& ekKkikleri tablosunda dbir yeéeld
olup bu kapsamda il gili y°net@mpbikt
ge°r ¢l mektedir.

Proje EtKki Al anéndaki Yakén Yer|
ve KE&tmme Tesi si Projesinin SKHKK
Karkél akt é@&rma Tabl osu Tablo 36de ve
4. SONU¢

*PMpt o0z konsantrasyonl ar é; 3. Sena
yer alan en yakén yerl exkigmébéri cépe
ol an S%defjge/rmnin altéendader. Y: 54¢€

noktasénda bir yél da 19.699rdlat, a sYe rbdda
bir y € |12ddefa, Y:546949.600;X:4007697.690n o kt alsiem dwné |l d a

defa, Y:546448.200; X:4008204.600 o kt asénda bir y €
Y: 548453.800; X:4007697.690 n ok
Y: 546949.600; X:4008204.600 n o k
Y: 546448.200; X:4008711.510 nokt
Y:547451.000; X:4008204 .d6f@ 60 n o k1
OgPfsmener dejeri akelmék olup il ¢
yélda 35 defadan fazla akélamazbo
* En yakén yerlekim yerl eri ol
Mahall esi, Yaneéekl!| e Mahall esi (E
Mahal e s i vV e Beydil i Mahall esi 6nc
konsantrasyonl ar é y°net meli kte

kal maktadér
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Tablo 3.Pr oj e Et ki Al anéendaki Yakén Ye
Ocaj e v eElemK& é Temisa Projesinin  SKHKK
Y°netmelijlieSénkgar Dell akt ér ma Te

SKHKK Y¥NETMELKJK SIN|KONTROLL! kAR PATLATMA K! M LATK
YER PARAMETRE SENARYO 1 SENARYO 2 SENARYO 3
KVS uvs
Kvs uvs Kvs uvs Kvs uvs
50 Gg/m
PM10 (bir yelda 35 d 40 Bg/ 5.19817 0.09395 | 0.02008 | 0.00006 | 5.19817 | 0.09615
Yanékle M
¢oken 390 mg/(nt-g ¢ n ) 210 mg/(m-g ¢ n|  0.00788 0.09454 | 0.00031| 0.00371| 0.00788 | 0.09454
PM10 (bir 5:‘ d@;} ! 3m5 d 40 Bg/ 16.67889 1.79381 | 0.64826| 0.00414| 16.69978| 1.79879
Ko-aklée M y
¢°ken 390 mg/(nt-g ¢ n ) 210 mg/(m-g ¢ | 0.30202 3.62422 | 0.00748 | 0.08971| 0.30949 | 3.71393
50 Bg/m
Yanéekl e M PM10 (bir yelda 35 d 40 Bg/ 4.37262 0.07276 0.0042 | 0.00001| 4.37296 | 0.07384
(Eski Yerll (oyen 390 mg/(m-g ¢ n ) 210 mg/(mé-g ¢ n 002134 0.25608 | 0.00005| 0.00055| 0.02134 | 0.25608
PM10 5,0 Og/ m 40 Bg/ 11.43776 0.51274 | 0.83028 | 0.01345| 11.46454| 0.52954
(bir yeélda 35 d
Tepek®y M
¢t°ken 390 mg/(m-g ¢ n) 210 mg/(d-g ¢ n|  0.07493 0.89921 | 0.02524 | 0.30288| 0.10017 | 1.20209
PM10 50 Ggim 40 Gg/| 185771 | 006150 | 130223| 0.01348| 1.85771 | 0.07592
(bir yeélda 35 d
Beydili Mahallesi
¢token 390mg/(nt-g ¢ n ) 210mg/(m-g ¢ n|  0.06254 0.75047 | 0.02953 | 0.35435| 0.06254 | 0.75047
SENARYO 1:Madenci | i-Eleme @esié Eanliyes
SENARYO 2: Patlatma Faaliyeti
SENARYO3:Madenci |-Ekem&KéTesi si, Patlatma Faaliyeti ile K°mgr Yakété ve Stabil

*

Proje faaliyetlerinin havada
2024 yélée séenér dejerlerini sajl
mevcut model |l eme -al ékmasé en k
yapél mexk ol up, t f oazaul m ayyeat ksaérrkaés é
al eénacajéndan, projenin -evresel
daha da az etkili ol acajé bekl en
KAYNAKG¢CA
Ay, E F. ., Balt a, M. , ¢ o | Haka, M.

Kirlilifji v ®a kMeordyead | jemieBsielr,ismlt eersii  BEreg
tevre M¢cghendi slifji BO1l ¢ mg, Sakarya

Demirarsl an, O. , ¢eti Havak. Ki rSawu,
Bel irl emel erinde Model | eme Yakl|l aki
Kar ki |l aki |l abidevree SSBempoaliusaBP2 334,

Kocaeli

Sanay Kaynakl & Hava Kirlilijinin Ko
Ankara

HKDYY (2008). Ha v a Kalitesi Dejerl endi
Y°net mel ifji Ankara
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ORGANKK RANKKNE ¢EVRKM ( dRC) KLE
KADEMELK ABSORBSKYONLU SOJUTMA ¢E)
TERMODKNAMKK ANALKZK

Ther modynaméc Analysés Of Single
Workéng Weth Organéc Rankeéne

Canan CKMKKT

1. Girick

Géenegmegzde enerji i htiyacéenén b¢y¢
kar kél anmakta yalkep,| arbéun fhoészlla t ¢k
venil enebilir enerji kaynakl ar éna ¢
ve atéek ésé enerjiler °nemli al terr
Al ternatif enerji kaynakl ar éansé - €
°nemini ve dejerini de artérmakt ad:¢
ve sanayinin gelikmesiyle birlikte
kl asi k sojutma sistemler:i yerine a
absorbsiyonlu gojpmgmadesicazeml &ir ge
Absorbsiyonlu sojut ma S|stem|, bu
i stemine ol duk- a benzerdir. oju
uharl aktéer éceéeda buharIaKmaséyIa k
uhar sékanmti &r nsaoclJéut mMmak si st emi ndeki
j yerine absorbsiyonlu S0
ktadér. Bunun sajl améxk ol
ki atéek ese enerjisinin |
i nek en i nin kul
e absor nl u
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"Kocaeli i niver sit e-Kdcgeli. G°1 c ¢k MYO, G°1l c¢k
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arbon bilexikkalianel mnmabbadak
mol ek¢l er k¢etl esinion ol mas €
n kanat -ékl ar éna d¢ K¢k hézl

i

séyla sistemin °mr¢gnégn uzun

|l erinde dak@kkasnecdéaheéek vV e ba:

deki eki pmanl arén mekani k ve
una benzer avantajl ar d¢kéek sécak

creti mi i -in ORC sistemlerini da
( Kav as odQihan, 20158
ORC sistemlerinde hidrokarbonlar, siloksanlar, alkoller, eterler gibi

organi k akékkanl ar kull anél makt adé:
ésélareée suya oranla daha d¢kegk ol d
daha kauzl léasnée |l makt adér . Bununla birli
€séseé, buhar Ranki ne -evrimlerine
oranl arénén kull anéel maséné gerektir
d°ng¢séneg sajl ayacak ofjiarganipRamkinea n € n
-evr i mi sistemlerinin eneriji ver i ml
ol maktadeér (Konur ve dij., 2017)

Bu -al é&kmada Organi k Rankine ¢Cevri

sojutma Dbevdiikitei n asar |l adda] & ed/g K gm
teorik t er modi nami k anal i zi yapél méxt &
sojutma -evriminin abbDrdlséwloan u- ikf
Organi k Ranki ne ¢ evir2i3mi na@-ei lim et { OF
-evrimin sojutma -eplrami; eggrm-ee&r.i
ayré hesapl anméext ér .

2. Materyal ve Metot

2.1. Tek Kademeli Absorbsiyonlu So
Tek kademel i absorbsiyonlu sojut
késméneedgO laikEerk kan - i f ti kull aneéel dej
- evrkienk i | 16de gesteril miktir. tev
bakéméndan fakir olan eriyik bir p:
ge-erek kaynatecéeya (generat°or) gel
akekkan kaynat écéedamtyacjéewdat werru oyu yka €
buharénén ayreéel maséyl a Li Br bakeér
dejiktiricisinden ge-erken fakir er
Yojukturucudan doy muck séve ol ar ak
vanaseée aracetejegéa babasbacéna kadar
sojutucu akéekkan sojutulan ortamdan
girer. Absorberde, ésé dejiktiricis
kesél ma vanaseénda absorber basén
buhar| akt @érécédan gelen sojutucu ake
bakéméndan fakir hal e gel en erivyi
kaynatecéeya g°nderilir (Cimkit ve ¥
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Qy o] ﬁ ﬂ Qkay

Yojuktur 7 Kaynat éce (
A
4 3
8 \ 4
v Eriyik | sgEIDpe] i

\ 4

5
Egvl 2
9
6 1
Buh | 1o
unar al Absorber
> >

U 4 o

Qbuh

kekiTlekl . kademeli absorbsiyonlu

2.2. Organi k Rankine ¢evri mi ( ORC)
Organi k Ranki ne- eteivtrliimi k a(yhR)!,ar d

génex, aték esé vb.) el de edilen eé:c
sécakl éje wve baséncé y¢ksek akeéekk:
el ektrik el de edi | mesi Keklinde -
geni kd keggeknan yojukturucuda séveé ha
yardeméyla baséncé y¢kseltilip tekr
tamaml anmé&kv asgd&jrul | aré& ve Cihan, 20
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At ék ése
G¢nek ener)jisi
Jeotermal eneriji

kekiOr gzani k RankdR€@e ¢evri min

2.3. Organi k Rankine Tegvr i mi ( ORC)

Kademeli AbsorbsiyonluSojutma ¢evr
Bir Organi k Ranki ne ¢ dek rkademeli ( ORC
absorbsiyonlu soj ut ma -evr i mi keki
-al éekmasé tek kademel i sojut ma -evl
Organi k Rankine ¢evr i miOrgahikeRarkiner | e K i
¢evrim ( ORG9kkaddmela b b elxksinyonl u sojut
absorbsiyonl uHOk éssknemildan L-i iBfrt i vV e C
¢evrim (ORC)}2B-iknul daeanéR déj e kabul
kaynakl ardan el de edi |l en ésé ener
den¢gkter el mektedir.

¢ervi ml erin termodi nami k analizine
belirtilen birtakém kabuller yapeéel m
1. Analiz s¢rekli rejim kartl areénda
2. Kaynat écé -ékékeéndaki akeékkan {
kaynat éecé sécakl ejéendadeéer

3. YojukKkKtut+@kadasnoj utucu akékkan, d
4. Evaporat©°rden -ékan sojutucu ake



5. Absor
halindedir.

6. Kayna
dengehalindedir.

7. Siste

8. ¢exkit

akékkana

Ayr e@ragani k
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berden -ékan eriyik, absort
técédan -ékan eriyik, kayi
mde b¢tegn basén- kayéplaré
| kaynakl ardan el de edil er
veril mektedir.
Ranki neORCevVIrti gni midre
i zant r opFEk0,elektrik motov €r iqFi0 .90 al énméexkt

Qyo] ﬂ

At ék eésé
G¢nek ener)j
Jeotermal enerji

ﬂ Qkay

13
‘ p
Yojuktu 7 Kaynat é :
— < (Genera‘l '© I ?
l“ Buhar | 2y
4 3
8 -
v Eriyik | sé& Defji
15
Sgw1
X NEE
Egw1 . L
9 ’ X 12 Ter
10 \ 4 :
Buharl al Absorber i
—> —> | sé ‘11=
Dej i ktir !
i il —
il i
Qbuhl Qabs :
Qi WT:
Wy
kekiOr g@ani k Ranki ne ¢evekkademelf ORC)
absorbsiyonlu sojutma sistemi
Cevrim i-in genel k¢tle denges
kararl e rejim «kxartlarénda -al ekma

edilebilir (Yamank

aradeniz vd., 2002).
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amg=g me (1)
amgx- § m.x=0
(2)

S¢erekl i akéklée a-ék bir sistem
yazélabilir (Yamankaradeniz vd., 20
Q'W:éHc'éHg
(3)

Organi k Ranki ne - e v r ékmkadém@lR C) [

absorbsiyonlu sojutma sisteminin en
Kaynatécée (Generat°or ):

@ay = f.hr + #a.ha - #k.hs

(4)
Yojukturucu 1:
B = . (he - hy)
(5)
Absorber:
Gos= muh: - Ahohio. H.he
(6)

Buharl akt érécée 1:
@uh:r‘ﬁl&(hlo‘ hg)
(7)

Buharl|l akt éréceée 2:

é)uhz = I#ls.(hls- h14)

©)

Erivik I sé Dejiktiricisi (EI D) :
Gkio = fa. (ha - hs) = k. (hs - h2)

)

| sé Dejiktiricisi (1D):

6D = r#hz(hlz- hll)

(10)

Terbin:




W = s (h15- hll)

(11)
ORC Pompaseé:

W orc- pompa— r#l14. (h14- h13)

(12)
Erivik Pompaseé:

W pompa: r#Z. (h2 - hl)
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(13)

Sisteminin absorbsivonlukkhésmgnaenr
(COPanq):

COPubs= (ﬁ)uﬂ/ @aw\/ﬁpompz

(14)

G¢ - -evrimi termal veri mi

th(;:\I#T -\I‘&)RC- pompJ @um- ORC

(15)

Tem sistemin ter mal ver i mi

hgevg = @UHAV#T /(@uiﬂ— ORC)

(16)

Sojut ma -evkuml anié h-d®er iLyiigri il
termodi nami k °czelikler Il iteratg¢rde
edi Il miktir (Kaita, 2001).

2. 4. Hesaplama Sonu-1I| ar é

Bu -alékmada analiz edilen Organi k
tek kademeli absorbsiyonlls 0] ut ma -evriminin (kK
noktal aréndaki termodinami k °zel ik
kademel i absorbsiyonlu soj ut ma S s
LiBr-H,O akéekkan -ifti ve Organi-3 Ranki
se-il eirzekyaméll mékt ér. Sistems -al é
veT,,785C, sojutma y¢keg 200 kW al @énmécx
Tablo 1Anal i z edilen -evrimin -exkitl:@
°zel ikl eri

Akéek Seéecakl) h(klkg)

m (kg/s) X (%LiBr)

1 35 88.248

0.819

55.210
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2 35.2 88.652 0.819 55.210

3 62 143.495 0.819 55.210

4 80 197.451 0.904 60.400

5 48.5 137.454 0.904 60.400

6 48.5 137.454 0.904 60.400

7 80 2643.100 0.085 -

8 35 146.600 0.085 -

9 5 146.600 0.085 -

10 5 2509.700 0.085 -

11 90.72 437.600 2.021 -

12 85 432.660 2.021 -

13 85 291.320 2.021 -

14 85.33 291.650 2.021 -

15 110 446.170 2.021 -

Tek kademel i absorbsiyonlu sofj
(generat®°r) i-in gerekl: i ol an ésel
(Tablo 2). Or gani k Rankine Cevr i mi il e
absorbsiyonl ui siof ud enmaerkdesvério Ineme rt joip | :
olup, jeotermal enerjig ¢ nekK enerji si ve atek &

kaynakl areyl a karkfyrmn®&adiil Imes i bum¢ mé
g¢- ¢reEmebkther( WW) m¢gmkeéen ol maktadér

Tablo2. D¢ K ¢ n ¢ | e reistereclema@ lnirnénén kapasit

Organi k Rankine -ev
tek kademeli absorbsi
(LiBr -H,0/ R-123)
Qxay(KW) 285.637
Qabs.(KW) 265.308
Qoun1(KW) 200
Qy o(kW) 212.203
W pompd KW) 0.331
Wi (KW) 15.57
WorcpompkKW) 0.667
Qi (kW) 9.984
Qoun2(KW) 312
Organi k Ranki ne ¢ e v r eknkadgm@iR C) [
absorbsiyonlu sojutma - esvojiuntinma nt eas
kat saCOBg € 0( 699 ol ar aKTable I3)d @rgané&kd i | mi
Rankine ¢¢ORCHMNI rgi¢gn ver i mi % 4. 8

Cevrim (ORC) ekl ekadamekan absor bsi:
-evriminin genellavak i mé@ablsBa 08K tLé r
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Tablo 3. Anal i z edide@jnut-neavrt ensinr kat se
sonu-1ar é
Organi k Rankine - eveki
kademeli absorbsiyonl
(LiBr -H,0O/ R-123)

COPups 0.699
dorcyg ¢ - 0.048
- evg 0.691

3.Sonu- ve ¥neriler

Génegmegzde teknol oj ik gel i kmel e
sistemlerini buhar sekaktermatef seo
ol arak subsmakbadg¢on!| A sojutma siste
vV e ver i mli bir soj ut ma y aOpgamik k me I
Ranki ne Cevr i mi il e alternatif en e
kaynakl|l aré, g¢nek enerjisi ve jeote
m¢e mke¢ender . Son yeéllarda bu -evri ml
daha da aButkag&mdad ér al ékmada Organi
¢cevr i mi il e -alékan tek kademel i
termodinami k analizi yapél méxkteéer. ¢
HO akeékkan -0 f ot vV e Organi k-12Rank i r
kull anél déjiekt kabulTeedi km ol ar ak an
sojutma -evri mi, gé - -evrimi ve t
hesapl aAmmdKktzérs.onu-1 aréndan Organi k
-al exklankdademel i absorbsiyonlu soju
ké&s mémnéunt ma t esCOP,kal . sayEsel grak bt
Organi k Rankine ¢evriminin ( ORC)
Rankine ¢evrim dKRICagdaerhel i- ad Bxarnb sti
-evriminin genel veri mi ise % 69.1

Teorik olarak incelenen b@r gani k Rankine ¢evr
t ek kademel i absorbsiyonl u sojutm
kaynakl aréenée (g¢nexk enerjisi, jeote
sojutma yapmak hem de gé¢+ . ¢rAgtrmmela
sojut mada artan enerji i htiyacéner
°neril en bu -evrimde kull anél an ak
zarar vermeden daha etkin sojutma vy

4. Semboller

COoP Sojutma tesir katsayéseée



143

EQvEri yi k genl ekme val fi
EDEriyi k I sé& Dejiktiricisi
h  Entalpi [kJ/kg]

M K¢etl esel debi [ kgl s]

P Basén- [ kPa]

& 1sel ge¢- [ kW]

Sgv Sojutkan genl ekme valfi
T Secaic] ek [

X  Konsantrasyon

W ke [ kw
G

H. Altindisler

abs Absorber, absorbsiyon
buhBuhar!| akt ér éce

- tekecx

-ew@vrim genel

g Girick

ID Il sé Dejiktiricisi (1 D)
kay Kaynat éce

ORC Organi k Rankin ¢evr i mi
T Teé¢rbin

yoYojukturucu

5. Kaynaklar

Yamankar adeni z, R. , Hor uz, K. V
Tekni i vV e Uygul amal ar e. Bur sa: V
G¢-lendirme Vakf é,

Kavasojullar e, B. vV e Ci han, E
¢cevr i mi ( ORC) il e birlikte -al éka
-evriminin Teksiexgti Mgnhdndiisl i ji, Sa

Konur , O., Pameék, M., ve ébhamlkpan

gemi |l erde Organi k Rankénec¢evriminion
etkisi. Ill. Ulusal Liman Kongresi. doi: 10.18872/DEU.df.ULK.2017.015

Ci msi t, C. and Ozt ¢r k, K.-T. (2
absorption cascade refrigeration cyclepp/A Therm. Eng., 40, 31317.

Kaita, T.(2001).Thermodynamic properties of lithium bromide
water solutions at high temperatures.int. J. Refrigeration, 243334
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JURA D¥NEMK DENKZLERKNKN HAKKM
AMMONKTLER VE ADEENKEZRKNE AKT FOSKL
¥RNEKLERK TAKOVA-NKKBARYAT OKAT)

Ammonétes Of The Sea In The Peréod
And Sea Famél éedNékasaaovd Tokmad gy &)X 8

¥zl em TOPRAK * & Mehmet AKYAZI **
ERDEM*** & Fadime SU ATA ALPASLAN****

¥zSanat sal geré¢negmleri ge- mi Ke ait b
ammonitl er, géenegmegzdeki ahtapodl arl a a
Pal eont ol oj i bil i mi kapsaménda, °czel li

ortam yor uml arolamadcmonidetkKki itn erscelll eyroik ol uKk
ge-en ve 65 milyoweyéiln&@ancrl greégn ekd rkre
olarak ta bilinerKretaseT er si yer Yoekr Ql¢uzkeun dielne si | i nm

Genel de a-ék, derin denanzilzemadlear ek tk akl
Hi mal ya'l ardan, Al p Dajl aréna kadar

i1l kemi zde de yaygén ol arak bulunurlar

Barteéen, Amasr a, Erejli, Zongul dak, Esk
G°PynAilkant , Bol u, Beypazar e, Nall éhan, ,
Ladi k, Amasya, Tokat, Samsun vV e yakeée
gere¢ldej ¢ lokalitelerdir.

Anahtar Kelimeler: Takova (Amasya), Ni ksar (

Biyostratigrafi, Ammonodia

Abstract: Dinosaurs, beginning from the end of Triassic times (230 million
years ago) and continuing their lives until mass extinction at the end of the
Cretaceous (65 million years ago), are called horrible lizards; Triassic resited
dark near the equatof the Pangea Continent, both Lavrasia in the north and the
Gondwana continent in the south.

Ammonites with sedilies that lead a quiet life in from shallow sea to a depth of
9000 m, they were making friends with them in spite of the fact thatribegr
encounter with their heterotroph / Holozoic (Consumer / Ecological) horrible
lizard friends living in the terrestrial life. That keep their assets in a different
ecosystem and with hard shells dominated by the sea, with giant shells reaching
up to 4@ cm long by 1 cm thick .

Ammonites and sea likes has abundantly left fosil form on our countriy which
way loccated on the northeastern of the Tethyan Ocean during the Mesozoic
period. The scientific visual exhibition formed by the living remains of tlee se
lilies from the stalks (antrokt) and the dinosaurs dominate the famous sometimes
with their pearl shells and sometimes with their prit gleanig their appearance
with golden shining and spiral aesthetic constructions and ammonites that have
recently gaineccommercial value as ornamental jewelry with it is thought to
createdawareness and interest. will create awareness and interest.
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The exhibition, which includes ammonites and crinoid fossils compiled from the
Takova (Amasya) and N1 lbespresented T thiowgh ) re
provided posters enriched by the information belong to these fossils.

Keywords: Ta kK o v a ( Mkear §Tpkat), Stratigraphy, Biostratigraphy,
Ammonodia

1. GKRKK

¢cok eski tari hlerde yakamék Vve
fosillerin géncecel benzerl eri ol m
ol ukamaméxkt ér . Bu nedenle de varl el
°nemsenmemektedirler. Yapél an bu
doja tarihi var |l ekl ar éalald mikr8/makron! i b
fosil yatakl|l ar énén varl éjeyl a il gi
geré¢negmleriyl e son zamanl ar da il gi
ol ukturath oammorwiat akl arénén bul undu’
konusunda -al ékma yéapel m&kteclrar akm:
i -erisindeki Mesozoyi k zamanéna ai:
°rnekl eme yapél mékter.

Ammonitler -o0ok eski -ajlardan b
bir sanat sal yapeét ol muktur . Es ki
takl ar én Tanr é AMMONOG un boynuzl at
fosilleri kut sal saymékl|l dérve Ammmar
temal ar é °czellikle Ro ma d° nemi Ze

i mparatorluja ait s¢gtun mimari sinde
2).
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Fotol. Zeus heykeli Foto2.
(https://i.pnimg.com/originals/de/8a/80/de8a8039375958094a6a825b82742dda.jpg)
Foto 2.http://i2.wp.com/www.sanatduvari.comAapntent/uploads/2016/01/sutun.jpg

Romal & Pliny kutsal ol arak kabul
i1k tarih-idir .CoriiaAmmbrssadan & uv & ramil kat
Es ki Yunanododa uykusuzluk -ekenlere

Ammon boynuzu ol arak adlandérdékl ar
tavsiye ettiklerini ve bu sayede |
i nandé k| éx teeualkdyasnetim B¢t ¢n bu mit ol o]
uygarl ékl ar boyunca bu fosiller:i m|
dejer i kel mékter

Foto34. Ammonit kull aném alanlaré ( http:// ww


https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwimyemF8brcAhVGIlAKHdZOAsgQjRx6BAgBEAU&url=http://www.sanatduvari.com/antik-tapinak-sutunlari/&psig=AOvVaw3aIcKfn8UfAEaPM0enqBNU&ust=1532629652953731
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Mesozoyi k Z a nmeamiéznléenr i cherei nh ¢k ¢ m

boyutl areéeyl a, gerekse de Kekill eri
ammonitler . Géenegmegzen popeéeler ve n
(Knan, 2013) ol an bu fosil yatakl s
kukaklramsa omiar ak bérakeél masénén °nen
daha iy anl akél masé i -in °ncel ik
Ammoni tl erin genel °zelliklerinden
ammoni tlerin °nemi iczerinde durul mu

Foto 5. Ammoniti | | ¢ s t_r a sFgto GiAmmonit fosili
(https://www.pixabay.com (https://Iwwwekopangea.com)
Fosill ekmeye genel bir bakeéexké

Xenophane bundan yaklakék 2500
da Si klad adal aréenda sedi manter kay

kal ént él ar @éna rastl amécxkt eéer . Daha <

Ari sto' da bu kal ént el ar aa Kraaysatnl alma x

canl éelara -ok benzedijini d¢ Keéenmg K
yakameéKk ol an Strabon' un dejerl enc
paralellik g°sterir ve bu kal éntea
Keklindedir. Bkahaanmhseehr ri®@nddape ginia

Leonardo da Vinci y e kadar pek -

s°yl enebilir.
Canl é kal entél ar é@éneén géne¢gmgze
fosill ekxkme kKkartlaré ol arak i fade e«

omasée gerekmektedir. Yerkabujunu ol


file:///C:/Users/Abidin%20TEMİZER/Desktop/Multi%20ana/Mühendislik%20Bilimleri/Foto%206.%20Ammonit%20fosili%20https:/wwwekopangea.com
https://www.pixabay.com/
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etkilerle akéenarak par-alanmasé ve
buzul gi bi takéma ara-I|laré ile wuyg
sonucu tortul yapéeldarl,i nuiz ubno ybuinrc a ego
g°m¢l menin de et ki si il e diyajenez
Bu tortull akma ve -%kel me sonraseér

ol duju ortama bajleée olarak farkl e

atmosferik  olaylag n et kilerinden korunar a
sajl andéjéndan fosill ekme bakl ameéek
atmosferik etkilerden korunma sajl a
Kartlarénén ©°neml. bir maddesi ni o |
fosill ekecek canl é& g°vdesinin, t amar
artéerérken (ani g° m¢gl me) , bu zaman
késémlarén bakteriyel etkilerle -g¢r

atmosferik etkenleoleppkhalahaamaseéen
neden ol acakteéer.

Ammoni tlerin ¥zellikleri Nel erdir?

Sert bir yapéya sahip olan amm

bulunan zembereje benzemektedir. S
kabukl ar, y as s é galgakgoziarda uldriam Koreywucu Ay r
kabukl ara da benzerl er ve ammonit

halinde b°l mel er b lunma&KKtgadar k (
salyangozl arda ol an kabukl ar il e

Yapeéel an araktdar madmmons$ o n ukcaubnu k1 ar é
metreye kadar b¢yéeyebildikleri goor ¢
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Foto7-8. Ammo ni t (kttpsv/\wvévshiégiustam.com

Ammoniti | e i1 gi | i b¢eten babgkl aréndam
ol duju i-in, bilim adamlare tarafeéei
bir Key a-ékl anmaméxkter, fakat s e
benzerli k g°sterdikleri y°n¢gnde dg¢
nautiluslar, ammonitlerig ¢ N ¢ M¢ z d e K i akrabal arée o
Bunun nedeni i s e, sedef |l i nautil us|

Ammoni t fosilleri, i -inde bul unc
yapél mék gi bi ger¢é¢negrl er . Bazée t¢rl
sebd i | kabukt a bul unan sedef t abak
edi | mesi y a da bir takéem ki myas:

s &z maMnednéler.b st ¢n¢egyl e ufalanép yok ol

adé verilen ke¢kegrtl ¢ demi rosmilneraalti
gi bi ékeél dar. Jeol oj i i -in ammonit
kaya-|larén yakénén bu fosiller saye
Takova (-Mimasgyra) ( Tokat) YOoresi Je

Ammonitler ve Deniz Laleleri Fosil Lokoliteleri


https://www.bilgiustam.com/
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kekilTakova (Amasya) y°resinin jeol oji

dejiktirilerek)
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kekiNi ks.ar (Tokat) y°resinin jeoloji harita

ten dejiktirilerek)

Takova (-Mimasgra)( Tokat) Y©°resieri Ammon
Fosil Cinsleri

S é n é CEPHALOPODA

Al t sSANBMONOKDEA
Cins Phylloceras

Yak Liyas(174,2201, 3
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Cins Callihylloceras
Y a Kk Liyas-Dogger(16352 01, 3 Mi l yon yél ©°nce)

Cins Macrocephalites
Y a Kk Dogger(174,216 3, 5

Cins Oxycerites
Yak Liyas(1742201, 3 Milyon yél ©°nce)

Cins Juraphylites Cins Sphaeroceras
Yak Lyas(1742201, 3 Milyon yeél ©°nce)



Cins Tropidoceras masseanum
Yak Liyas(1742201, 3 Mil yon yél ©°nce)

Cins Ausseites
Yak Triyas(251,9201, 3 Milyon yél ©°nce)

153

Cins Endoceras

Y a kK Paleozoyik(5411:251, 9 Milyon yeél ©°nce)
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Cins Pentacirunus
Yak Triyas (2519201, 3 Milyon yél ©°nce)

Sonu-

Kncel eme al anéndan al é&nan ammon

pal eontolojik ve biyostratigrafik -

el cinsi tanémlanméxkteéereéer .
Géngmgzden 65 milyon yeél (Kret a
olan bu ilginnsgthgenpde tankEBEEawmn&rabal

s¢rdegrmektedirl er . Kl gi n- kavkée vya
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Ammonitler, hayvanl ar al eminin -arpece
yansétmaktadérl|l ar. ¢ ok k¢ - ¢k boyu:
dej i ken beyeéekl ¢kl erdeki bu canl él a
yapeéme vV e dekoratif ama-1 é kul |l an
dod ayée ammoni't fosi l l okasyonl ar é
ol arak da dejerlendiril mektedir.
Kaynaklar
Akyazeée, M. , (2016) . Rekadiye (Toka:
I st Mesozoyi k stratigrafisi. Cu
Arakt éerlma iPr ®Preoje no: 643 (Yayeéem
Fi dan, F.,(2010). Ammonitlere bir ba
SD| Fen BilimlerildEnstite¢se¢e Der gl

Knan, N., (2013). Tarihsel jeoloji
http://www.fusunalkaya.net/mammnt.ppt
https://www.pixabay.com

https://wwwekopangea.com

https://www.bilgiustam.com
https:/www.pinimg.com/originals/de/8a/80/de8a8039375958094a6a825b

82742dda.jpg
http://www.sanatduvari.com/wpontent/uploads/2016/01/sutun.jpg



https://www.pixabay.com/
https://www.bilgiustam.com/
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TAKOVA (AMASYA) Y¥RESKNKN MES

STRATKGRAFKSK VE AMMONKT FAU|

Mesozoéc Stratégraphy And Ammoneét ¢
Regéon

¥zl em TOPRAK * & Mehmet AKYAZI **
ERDEM** * & Fadime SUATA ALPASLAN****

¥zBu -aléxkma kapsaménda, Takova (Amasya) y
deni zel °rte¢ biri nbl°elrgienaijné rsltérkalté gorlanfia ks i ¢nzi enr
konul mase ama-all @xmak t aldeem @ermdoei r ityeanse | ynd e é t
kayal aré ve g¢neyde otokton bir gorénegm Ve
olarak blok konumunda ol an Permiyen yaxkl &

(]

t emel kayal arek@&rentéhélLayaseydrbger yakl é
vol kani k k°kenl -akeéltaklareée ile rekristal
JuraAl t Kretase yakleé séfj deni zel ve Titoni
kayal arée ¢(zwezliwmldlea ulywlmunurl ar . Kncel eme b?°
d¢zeyl ermarknu natradkaél anéml & fl i kK ve ki rfe-itkakl a
fasiyesindeki kayBirt ame anai tol upkerhuag ti kkr . - amu 1

Phyllocerassp., Calliphyllocerassp. Macrocephalitessp., Oxyceritessp., Juraphyllites
sp., Sphaerocerasp., Tropidoceras masseanuchd Or b Ausgseitgsp., Endocerassp.

gi bi ammo ni t | Rseudooyclamraimaéliasisd€ottireger, Triloculina sp.,

Knv ol spt Qungueloculina sp., Pentacirinus sp. ve Belemnit fosilleri de

saptanB®@kgedeki kaya-1areén biribirileriyle
boyunca akamal é bir transgrBisyiomaenaiotl ugtg ol
Destek il-esdai vekwyzeaylyatogauasundaki al anl ar d
t¢e¢m ammonitler i - kal éplar -olup boaypb@lr @durb.g
boyutlu tipler par-alar halinde g°zl enmekt et

Anahtar Kelimeler: Ta k ov a ( Ama s y Bijostrati§rafir Aanmongdiaa f i

Abstract: Within the context of this studyif is aimed to elaborate the stratigraphy of the
regi on, predominantly of Mesozoic marine ¢
regionAt the base of the study region, the Peffin@mssic aged basal rocksare available,

and although they have an autochthonous appearance in the south, Permian limestones,
mostly in the north and in a block position, mainly take part. The cover rocks begin with
Liassic clastics covering the basement rockd the Dogger aged rocks consisting of
metamorphic and volcanic conglomerates and recrystallized limestones. Upper Jurassic
Lower Cretaceous aged shallow marine and Titonik fedée®loped limestones are

found uncomfortably on Dogger rocks. In the stuegion, the lower levels of the Upper
Cretaceous consist of sandstanarl alternation flysch and limestones, and Maastrichtian

is composed of the volcasftysch faciesrocks. In addition to such ammonites as
Phylloceras sp., Calliphylloceras sp. Macrocepbsbkp., Oxycerites sp., Juraphyllites sp.,
Sphaeroceras sp., Tropidocerasmasseanumd'Orbigny, Ausseites sp. ,Endoceras sp. within
the pelagic mudstones of the unit, PseudocyclaminaliasicaHottinger, Triloculina sp.,
Involutina sp., Quinqueloculina sp., Racirinus sp. and Belemnit fossils were also
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identified. The association of the rocks in the region demonstrates the existence of a
gradual transgression in the region along the Mesozoic. Outcrops of the unit are observed

in the northwestern and southeastareas of Destek district. All the ammonites obtained

are internal molds, and most of them are smmtium sized. Large sized types are
observed in fragments.

Keywords: Takova (Amasya), Stratigraphy, Bi ostra

1. GKRKK

¢tal ekxkma ademébem@id7bir-ok aracxkté
-ekmi kK, yapél an -0k y°nl ¢ arakxkter
irdelenmik ve -°9z¢;me y°nelik yayén
b a Kk | éBumdnthal @95Q)Alp (1972), Seymen (1975, 1993) ¥zt ¢ r k
(1979) ¥zdemir ve Pékmemuir ERBVIEner (T

dij.,T¢&993, (1993, 1996) , Akay ve
(1995, ¢ apkénoj |l u vBei |diejfh.a,n (29D8)),, Ert
Bl gkeideMesozoyi k y¢ ZAloeskll dreirndce namma!
°nceki -al exmal ardan bilinmektedir

1996, 2007, 2013, 2016; Toprak, 2014).

Juranén en ©°nemli fosil gr ubun:
Bunl arén yané seéera Ge- Lalpiopelleré n  a
°neml i bir fosil grubunu ol uktur mak
Gastropodl ar dijer °nemli fosil gru
ol duk- a -exkitlidir. K-erisinde y
mi |l yonl arca varlkéjeémcand &r dégrrmekt edi
ge- mi K zamanda yakamek ol mal ar éna
tekenmi Kt ior . Ammoni tl er de, soyu
al maktader . Yapéel an bili msel -al e
denizler olan ammonittei n yakaml ar @énén mi | yor
dayandéj e anl akél mekteéer . Ammoni t | e
deni zl erdeki en kal abaléek canl é& gr
Ammoni tl eri n, yakl akék ol arak 65 mi

Ammonitler i n ait ol duju t¢re bakeéel deéejeéen
canl él ar ol duk | Kabtu ka nk éaskénlnearké ,a d ¢ a ¢
ger¢negme sahiptir. Ammoni t kabukl ar
salyangoz kabukl aréndaondackb&bak]| alraé
b°l mel er bulunmaséeyl a ayreéel maktade
metreye kadar dejiken -apa sahiptir

Ammonitler hakkeéndaki bilgiler s
ve i zlerinden elde edildiiji iin i n, I
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b i
be

yarge yoktur yalnézca sedefl|

zedijJini déekenegl mektedir . Sedef |
yaséndaki akr dmammbai | srayst maki g
ol uk-a ©°neml:ii oledp rkesin ¥ya&k | vkl a
Kretase de fosill ekmik ol an Cal pi ¢
det ayl ar & al t kat d¢zeyinde ol ab
sonucunda, ammonitlerin dejickik tg¢r

o
-
o S5 oS T

Bol oranda ammonit fosil-ier e n, kérmézeée renkl

itk kil i kire-taklarée ammoni't
deni z o r tsaenuéi nnaan,t ervolvkeand ¢r b

ol ¢nde -%kel mi kl erdir vV e °ne

r

|

i

3
=
= X s

liezr . AlApkldeerni i -erisinde iKki t
anméexkter (Auboui n, 1984) . Bi

1
< - ® S M

r
[
taném
bi omi kritlerle birlikte bul unan v
karbonatl & ammonitiko rosfikomlardkasi y e
bundan daha geni K bir aral éekta -2°
ol ar ak izl en, basenl er i -erisinde
fasiyesidirDi j er bir tanémla;-30AdNEnenl| @mb
arasénda yaygén ofasyesi, kArbonad platfarmucun R0 S
par-alanmaséndan sonra y¢ikselen he
pel aji k ammonit i-eren -°keGireyi -
Al p b°l gelerinde ve Akdeni zodeki bi
1

rosso fasr e s i g g IHiad miakrt, i r1 96 9 ; Gal acz, (
1994, Soussi ve dijerleri, 1998, 1
fasiyesi, kuzeybat e -Bileckd dMudurhud a Ha
Baypazaré ve Aktak (Alteéeneijewvlerdi,
1991; Ni cosia ve dijerleri, 1991) Y
Hasanoj !l an (Al kaya, -H99r1él i kYakarcel

kérmézée marn ve yumrulu Kkire-tacke
1897; Gugenberger, 1929; Bremer, 1965; vV o | ve G°kten, 1
ve Meister, 1995).

¢al ékma al anénda i stifinin bel.i
amacé ile derlenen ammonitlerin, g ¢
zengin olan faunayé tanétécé nitel
ol uxn uammonit cins ve te¢grlerinin be
y°rede bilinen be¢ten fosil l okal it
yapél mecx ancak amaca uygunl uju y°
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Ker khamam Mv k ., Merci mek Yayl a, \
vezl ekl er czerinde durul muktur .

Tasova(Amasya)
Yer Bulduru Haritas,

\gieon> (|
MUSHACIKOY O, SULUOVA TASOVA
HAMAMOZO 2
=} AMASYAJ
®

kekiKincle.l eme al anénén yer bulduru haritase

Figure 1. Location map of the study area
2. GENEL JEOLOJK

Kuzey Anadolu Fayénén ¢zerinde v

Takdeast ek il -el eri il e yakén -evr
temelini Permel' r i yas yakl é& temel kayal ar e
czerine gelen birknci BEorsaegn &dzian i énj &
Avr asya ketasé ©°n¢gndeki -ukurlukt a
ol ukmaktadeéer. ¢tal éeékma alané Pontid

kuzeyg ¢ ney y°nl ¢ sékéxkmanén etkisind:d
géeneyintdata@dopudied i véi bdi rbmenldi r me |

yakl ak-btdopudi kI i -ukurlukl ar ol uck
Kuzey Anadolu Fayénén olukmaseée ve
gelen bu -ukurluklarda Kkinci °rt ¢
kar as all & lkaérrdéannt éol ukan -°kel kayal ar

Fayéenéen g¢ncelde de devédmsedé&n OkWas
gel i kmi k/ gelikmektedir (kekil 2) .
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KARA DENIZ TOKATG 36 ||

1/25.0000

AKDENIZ

kekil T&kova (Amasya) y°resinin jeoloji har.i
Figure 2.Geol ogi c al map of Takova (Amasya) regi
2017)

3. TAKOVA YEBDIIOYKK STRATKGRAFKSH

¢tal ekxkma al anénén temelini, Per mi
il e a-@él an vV e Triyas sonucunda k
artéklaréndan ol an Karakaya Birli]j
t emel kar makeéja@&l wkt umenaaknoardféirt, (e Yy G e
b)) D¢k¢k derecede metamorfizma izl er
-amurrijéakba akéenteéelaré ile grovakl ar
bir matri ker i akanskndetalize kire-t
birm( Akyazé 19R).BTun-me ai't pel aji k -an
Phyllocerassp.,Calliphyllocerassp.Macrocephalitesp.,Oxyceritessp.,
Juraphyllitessp.,Sphaerocerasp., Tropidoceras masseanumd Or bi gny ,
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Ausseitessp. , Endocerassp. Pentacirinus sp. ve Belemnitfosilleri
saptanmawtigume. aibDesyekzlielkdesi nin kuz
g¢neydojusundaki a(lekialrda) gzl enme’

Mesozoyik: T e me | kayal aré ¢zerine, a-¢€le
kerénteleéelar, Dogger JyaAd Ilté Kk aernt lcreat
titoni k fasiyeste geli-Kmmpakiyent gE&
pelajik kire-takxlarée ile devam ede]
volkanof i | i kIl erl e sonl anmaktadeéer (kekil

Liyas: T e me | kayal arveyuagnsairzil uk,] aa-ge&ll &n
birimler; al acalée renkl:i kar bonat

muskovitkist, mer mer , marn yer yer

-akellaréndan ol imemuwuk o Imed raiske d i- m&Kret|
pol i j elntiakk|-aarkeéy | a b a ksliaymaahkét nasdéé-r r. e nkkol
rta, yer yer kaba tanel i, orta 1
umt akl areyla devam eden birimin ¢:¢
er beyaz renkli ince kirkeirvagéthan
avza nitelifjJi takéyan b°l gede, -a
er e, -%kel meyl e kokut ol ar
i kl erine bajlé olarak yer yel
tik Vwa s takle nit & v la-hepaz reteklk, ince- é k|
I fitlerin de exlik ettiiji

' O X O
]
>
D

—~ o O
-]
o
o —

~ N >

Birime ait k umt ak é& Pseadockclamminat a K |
liasica Hottinger, Triloculina sp.,K n v o | sp. tvéQnirqueloculinasp.

( Aky &dF¥rgf,o0 s2i | | e r iTropidocerasamagseasudoffraan,
Phyllocerassp.( L e v h a -2-3, @xgckritebs p1 (Levha 1,
Juraphyllitessp.( L e v h a 2], Sphaereckrasp.( Levha | |, k
3), Calliphyllocerass p . ( Levh ab6)lAVsseitese evha 114, 5,
Kekilf o5,i l@)eri. sSamptteamméaxk tbéur fosill er
yaké verilmiktir.

Dogger: Li yas yakl é birmiler izerine [
d¢zeyl erde koyu kér méze renkebli | de
mar n, kuvarsit, granit, il e vol kani
polijenik - akeéel tkeyw | grir @emidi,a nyumrulu e gr
kire-taklaréndan, i st d-gz & gl etradbea k
rekristalize Kkire-tialkl)a.r énsdta nd ¢p2 euylm
yumr ul u kir e-t Anddrsanolida eiongata(lieupadld), d e ;
Protopeneroplissp., Trocholina sp., Nodosariasp., Ammodiscusp. ve
Aptychuss p . (Akyaze, 2016 ) Calliphytboseras | er i |
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sp. (Levha -58),, Macroeegghilitess § . (Levha I,
ammoni tl er. saptanméexkt eéer .
Titoniyen-Barremiyen: Ké r mé z é renkl i, kuvarsi-t
met amor f ék- erakél lkaarm matri ksl i -oJ oul
dokulu bir t aban -akéltake i1 e Dogger Y
uyumsuzlukla gelen birim, g(kekiehkl
15). Al t d¢zeyl erde, pel sparit dokusur
ke kenl i -ekirdeje sahitpakdalriétndiane rc
birim i - ®lesdesdbtimychesp. Pseudotextulariella sp.,
Quinqueloculina sp., Textularia sp., Protopeneroplissp., Miliolidae
fosilleri 0 Ak V an éeskt @O ddéekiem yer yerde
pembe renkl:i ovankelir @ el Btaakbl aakraélyd a
kire-taklar éneén ¢ st d¢zeyl eckrem Ti t o
renkl i, ince biapakmiakei tCak pmobkebbiyo
killi -a z kil i kire-taklareyla sonl anm

TitoniyenBar r i y as i y &iminngpaselaécarpathicddurgeanui

& Filipescu), Crassicollaria intermediaDurand Delga) Crassicollaria

parvula Remane, Crassicollaria massutiniana(Colom), Calpionella

alpina Lorenz, Calpionella elliptica Cadisch, Calpionellopsis simplex

(Col om), Cal pionell opsi s simpl ex (
s pi k¢ Ibdl peltetive biybjemtanelerapt afé&ybee, 2017)

SenomaniyerKoniasiyen: Ti t oni k fasiyeste geli Kkt
uyumsuzolarak gelen ve bej r i renkl i, orta tabak
mi krobiyofasiyesinde gel i kmi K k uml
Biri m i -Ghboiruacama cétaartiDe LapperentGlobotruncana
lapparenti lapparenti(Brotzen), Globotruncanasp. ve Rotalipora sp.,
Dicycinas p. pl anktoni k foraminiferlerdi
SantoniyenKampaniyen: Taban d¢zeyl er i gri ren
i -eren, al acal &, yer yer sarémse r e
biyofasiyesindeki killi kire t ak |l ar eéndan ol ukan biri

[
derin bir denizin ¢reéegng ol duju de¢
fosilli kil 1 kire-Kamdamiey ein- eyd ké
Marginotruncana  pseudolinneiana Pessagno, Rosita  fornicata
(Plummer), Globotruncana tricarinata (Quereau), Globotruncana
bulloides Vogler, ve Globotruncana linneianaD 6 Or bi gny pl an
foraminiferleri saptanméxkteér (Akyaz
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Maestrintiyen:. Knc el e me al afniélnidka fveaod ikyaensoi n

birimin addl dpwuskdwirti i -eren gri Ir e
d¢ezeyl eri i se aimac al éardamhlalnima k& mi
kiremarark @ ardal anmaséyl a sonl anér

bazalt, andezit, t ¢ f it ve aglamer al
b°l gede giderek artan ol duk-a hare
ol duju bir derin deni zel ortamé i Ka
Bazal ti k vV e andezitik | av, t ¢ f it \

bul unan mar n vV e nadiren °kinrekd tea &
Maestrihtiyen Glpbetruacana v arcae @ushman,
Globotruncanita conica (White), Rosita contusa (Cushman),
Globotruncana ventricosaWhite, Globotruncana sp., planktonik

G RLAMALAR ]
E E 5 FOSILLER ‘
E
:
K
3|3
ok
g |8 Asterigerins rokite Kaufmann
2| 25 Alveoling sp. Mui it wites sp., Assilina sp.,
R tabakalt hum b flan|| Akiros el Sp. Vsivefna 5p
- TaLan gakit
AAAAAS
8 hes fanakant palagh na - .thathamnw HA amgwmsn
gl | AR i, Robiidze. il
wALALAAS
R Wt ardniani enanc T ger || Sokaten
i
2 Slacal renkilKum g ardatanmi Globot
Aosita covl
GobotnTe TS Sp.
e
-
SR et (e
2
:
Hl b atacatatal
H
Glokotuacan s stward De Lappal
R e SRR R ey
o e vt vl
_ A ?.";,':.H;m.,
Pttt . G e
a1 i’actuﬁana sp. M\ e
AT A AV VoVl
g Anderenciine elonyats Leupold, Arctopererale sy . Faonding <o,
|8 | g e el T
g
rssicn Hottnge
"g’ Sp . GRnTQ elo wliea S p..| thll &SP,
:
VPPN
E L’mA,nmrmmn.ug.r o ferslan P et L S oty g o - R om
i C
keki &ak8vaT(Amasya) y°resinin stratigrafi k e

Figure 3. Stratigraphic sectonof ak ova ( Amasya) region (Akyaz
2017)

4. SONUC¢LAR
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1. Kncel eme -Blianm@&sndygawled mo e mel
Mesozoyiek dyeak z el °rte¢ birimlerdi a
varl éjé dikkat -ekicidir

2. Kncel eme aHloaen sonuha kadari olama lsriadi a n
deni zel °rte¢ birimleri ve Miyosend

birimlerinin wvarIme] éal@onzZlinedmmi «ltiigas

g°zl enmemi Kk, oligosen akéném d°nemi

3. Kncel eme al anénda Liyasot ar
Mesozoyi k i stifleri araseénda uy um
varl eéj énén g°zl enmesine kar K én t

gzl enmektedir

4 . | st Kretase de akamal & ol ar a
b°l geye yerl eken deni z, Anadol udénu
Orojenezi 6nin kKiddetl:] et kisiyl e;
transgresyona ujramaktadérgin biK/ T S

uyumsuzlukla ayrel déjée saptanméxkteer

5. B°l gede yer alan | st Mesozoy
kire-taklareneén inceleme alanéndak
rekristalize Kkire-taklarénén b°l ger
°rte¢ i -erisinde y¢zer durumdaki tep

6 . Bl gedeki Ammoni t yatakl ar énén bili msel
taraféndan bokaltéldéejé yol yarmal aré ve yerl ex

gezlenmi kKtir.

én Cephal op

]
>

7. tal ékmal arda, Mol l usca dal
yanéséra Belemnit, Echinodermata Dalé Pelmatozo

derl enmi ktir
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8. ¥nceki -al ekxmal arda adl andér
ol dukzhafkarmakaya neden ol an form
ol ar ak stratigrafik kurall ara uyt
l' itostratigrafik birimler gi bi t an
Ayréca yakén cojrafyada y¢earmalegrina
tanémlamasé | iterat¢rde karmakaya Yy
°] -ekte dijer istiflerle denexkti
getirmektedir. Bu nedenl e bu -al e
a- mamak i -in, yeni bimadeg c¢lmeEma / fgi
tanémlanmék formasyon adl amal ar éné
kanésénée takémaktayéez.
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Levhal

Phyllocerassp. (Liyas)

kekil 1. BaEKkovape®resi x 1/2
kekil 2. Tgxk &kmaenydlame&s iMi/k
kekil 3y.° rieaski kv nd a mé  MU/X

Calliphyllocerassp. (LiyasDogger)

kekiTarkiovaKgPkkamam Mvk. x 1/2
kekil 5. Maregimek dayly ° r e s i x 1/2
kekil 6. ‘Margiroekdayly °r es i X

Macrocephalitesp. (Dogger)

kekil 7y.° rKaskidk\na mam Mvk. kxuziey.i

Oxyceritessp. (Liyas)
k e kiTla k®&.v a-MardimeleYayla x 1/2
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Juraphyllitessp. (Liyas)
kekiladikiAk daj -QlPuleasyaj € mahal/l2l esi
kekiTarkova-Tgarkeneindamé MvKk. x 1/2

Sphaerocerasp. ((Liyas)
kekil 3. TFlakrokvrae nyParneés i Mv k .x |

Tropidoceras masseanuind Or bi gny (Li yas)

kekil 4. TFTakrokvnae nyParneés i Mv k x|
Ausseitesp. (Triyas)

kekiMmakbovaGyYyPdaepgé Mvk. x 1/2
kekiMakéovaGyYyPdekgé Mevk. x 1/2
Endocerassp. (Paleozoyik)

k e kiTak7o v a-Kayamuk& epe x 1/2

k e k iTl ak8o.v a-Kayatukd spe x

Pentacirunussp. (Triyas)

kekil 9. JTayladibvMvk.y °r e s i x1
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NANOAKI kAN KULLANI MI NIN I SI TRA
ARTI RMAYA OLAN ETKKLERK

EIlif Be¢yek ¥3!T

1. Girik

Nanoakéekkan teri mi Argonne Ul usal
taraf éndan orta;adxeakehmélazéadesg,olek
karékéma iKaret eden skedaki daj e
Gé¢negmegzde nanoakéKkanIar saf séveéel
perfor man ar e il e yeni nesi | é !

g° st e edir.l

m
Nanoaké@éck
rt

s |

ekt
k a t-kat i khnekéme oeBaEak
[

°zel K a aré i -er mesi gerekmekt e
nanopartike¢gllerin -ok az yéjeéen oluwu
ki myasal a-édan dej ilimskim alg 20902).eBu me me
ama-| a; akékkan i -erisindeki asked
dejiktiril mesi Ve kararl e bir S¢S
yéj él mal arénén formasyonunun engel
°zell ikl erairneel gpee skkpl amak i -in f
maddel er kull aneéel abil igra.z Yairzae yy ¢azkety
absorbe ederek suyun y¢gzeys@geei bhr
yézeyinde absorbe ederek su wde yaj
azalteérl ar.

Nanoparti kgl ol arak nanoakékkan i -
Fe ve Au), metal oksitler (ADs;, CuO), nitrit seramikler ve karbon
nanot ¢,pl er, nanoakékkanl ar én creti
cretmek i -inkiuki ane mmbktaﬂemktéhnlj
(yuk aarajacny aa)d ewre (taxkekja&daym) tekni ji
teknijinde, il k ademda fi zi ksel vV e
nanoakékkanl ar cretilir vV e amma aké
nanopartike¢l |l eri i -eren nanoakeéekka
kull anéel er .

Tekadém teknijinde ise, nanopartik,
akéekkan i -ine daj et éme s°z konusu
metall er i -eren nanndoeca k ek kadlaayeémnu
amaceéyla dijer teknije nazaran terc
Nanoakéekkanl ar , baz akekkanl ar a
nanopartike¢ll er i -erdijinden daha
sebepleri akajéeda belirtildiji gibi
a Alsik émdanoparti k¢l l er ésé transfe
éseél kapasitesini artteéereéerl ar,

b Askédaki nanopartike¢gl |l er akeck
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c . Partike¢ll er araséndaki et kil ek
akék aeyiartag vy ¢
n

- Akékkaneée terbeéelans ve kar @ékKkém
d. Nanopar-acéekl ar én daj el émeé,
gradyenini azaltér (ejil i mi d¢zl ekt
Yukaréda belirtilen sebeplerden d
katsayéeséj kphhepian boyut unun, haci
hezénén Ve dijer akékka o zel ikl
al énmal éder | s é transfer kat saye
sistemlerin boyutl ar e Ke¢-¢l ilikkt e,
azal makta ve sistemin g¢gvenilirligJi
Nanoakéekkanl ar ¢zerine yapeéelan - a
1999 yéléndan itibaren giderek art
sayésée dajéeléeme g°r¢l mektedir
140 ® Nanofluid Review papers
1200 ® Nanofluids
E 1000 & Hybrid nanofluids
¢
& 600 ‘I
:
:400
7z
200
. IJ]JI .
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Year of Publication
kekiYlelldl.ara g°re nanoakeéexkkan
1) 2. Nanoakékkanl arén | sél l et kenl
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1. Par-acék Hacim Konsantrasyonu

Par -acek acim konsantrasyonu na
nanopartike¢gllerin akeéekkan i -erisin
Al, 0 4(Su Igerisinde)

2.00

——&—— Masuda, &t al. (1993, 13 nm, 31.85C)
——— Masuda, et al. (1993, 13 nm, 46.85C)
——O—— Masude, et al. (1993, 13 nm, 66.85C)
—_—t— Lee, et al, 381 999, 38 nm)

Wang, et al. (1999, 28 nm)
—pN——— Xie, et al. (2002, 60 nm)
——— Xie, et al. (2002, 60 nm)
——{g-— Das, et al. (2003, 36.4 nm, 21C)
—{3—— Das, et al. (2003, 38.4 nm, 3SC§

Das, et al. (2003, 38.4 nm, 51C
—@— Wen & Ding (20042, 42 nm)
——@—— Wen & Ding (2005)
——¢——— Li & Peterson $2006. 36 nm, 27.5C)
e Ui & Peterson (2006, 36 nm, 32.5C)
——¥—— Li & Peterson (2006, 36 nm, 34.7C)

lllll

'
.

I

|

3

|
llllllllllll

Isil fletkenlik Oram (k,;/k;)

7,
T b

g I | | Bl S I | l

0 2 4 6 8 10
Hacim Konsantrasvonu (%)

kekil032:- eAlen Nanoakékkanda Hacim

| séel Kl et KWangl et §l. 00B)t ki s i (

Yukar édalkiedkelaidlede deney grubunun

1.00

edilen sonu-13ag@swsuasygbmarsuyonAl kul
edilen sonu-lar incelendijinde Kkaté
par al el ol arak ésel iletkenlijin de

2. Par-acék Mal zemesi
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Nanoakéekkanl!l ar da kull anél an nar
°nem arz etmektedir.
EG Bazh Nanoalaskan
1.25 T T

——g—— Xig, et al. (2002, 15nm ALO, )
——1—— Eastman, et al. {2001, 10 nm Cu}
—e e Horig, &1 al. (2005, 10 nm Fe)
——r—— Haong, &t al. (2008, 10 nm Fe)

=
)
=]

1.15

Isil Mletkenlik Oram (k,;/k;)

1l00IEIIiI"IIlIIII]IIIIiIIII

] 1 2 3 4 5
Hacim Konsantrasvonu (%)

kekil 3: Oksit Par - aceéek Ve m
Nanoakékkanl arda | sMahgetial. 200X enl i k De
Yukar édaki Kekil deg?®°fragrlkmeékt eeiney

sajénda yer al an nanoakéekkanda ok:
tarafta yer alan akékkanda ise met a
iczere met al par-acéklarda meydana
arteklaréehnhtaet khenlain] iemédr ané oksit |
yéksektir Ancak unutul mamal édér ki
ésel il etkenl ik iczerindeki arteéexke
ol ukturabil eceji bir takém pEmbIl eml
°neml i probl em oksitlenmedir. Anc
kapl anmasé gibi y°ntemlerle gideri/



3. Par-acék Boyutu

Nanoakéekkanl ar i -in dijer bir €
boyutudur.
Al, 0 ,(EG Igerisinde)

1.50 LI L
——5—— Xie, etal. (2002, 15 nm) : 3
——E—— Wang, etal. (1990, 28 nm) | | .

11_40 ——igp—— Lea, et al. (1935, 38 nm) N _'
g L ] ¥ -
Ty 3 H
= L .
- L ' ;
5‘13[]_ _______________ : ........ :...-....: ______ e
£ C : : : I
= B i : : ]
- ! : l i
=i B2 | e — LR — e e i N— )
V] if [ !
= E ' ! : I
T - ! . .
= = ! . g
- - L ; 4
L [ K 1 (] R N o s (R SR S beemmenns s —
1.00 _I 111 i I I I I I I | | - l-
0 2 4 B 8 10

Hacim Konsantrasvonu (%)

keki I,034:-eAln MNandoaa kPéakrk- a c € Wajoy u t

et al. ,2002)

Yukar éda gPsterilen deney grafij
boyutl arénda ter mal il etkenlik dej.i
ger¢l dejé¢ gi bi b¢yek par-acéek i -1in
ke¢-pkyutl u par-acék i-in ésel il etk
boyutu -ok fazla artérélmaz yoksa
téekanmal ara sebep olabilir.
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4. Par -acéek kekl:i

NanoakéKkanIarén ésel i Ffakkéml i
ull anélan par-acéklarén keklidir

SiC(Su Igerisinde)

1.50 T

——a— Xie, et al, (2002, 26 nm kiire ) N

——g—— Xie, etal. (2002, 600 nm silindir) :
o140 oo I e TR e s 2]
= = ‘ : ; . -
o S : - - : g
T L ! - ! . 4
= L i : : : -
180 b G sy Ssmmss =
£ C ; : : : g
°© I : : : : ]
2 F ! : : ]
R = e TREEEI g S
I ; .
E r ]
- B ]
PLCES B 7 MEEREREER T R S T R i)
1_00_IIIllllllilllllllllil]'l_

o} 1 2 3 4 5

Hacim Konsantrasyonu (%)

kekil 5: Si C i-eren NanoaWaxet anda
,2002)
Yukar éda g°steril ensudesgypaqrsdfyio]
ull anél an ke¢re vV e S|I|nd|r par -
ncelteamrmi kGr af i kten de nl akél acaj é
Ietkenlljin daha yg,ksek ol duju g°
anoakékkanl ar genel de k¢resel part
aha fazla ésél i melaeedik Bunun inddenikokaraka n &€ mé
i lindirik nanopar-acékl ar én mi kr o
| mal ar é gesterilebilir Buna kar K
anoakéexkkanl!l ar , k¢resel nanopar - ac
azar an dwihsak obzgyt¢ek dejerl erine sahi
ompa g¢ceéene¢g artteéracajéndan kull an
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i nsi
kenliji etkileyen bir di]j
Al, 0 j(Farkli Akiskanlar Igerisinde)

—— Kig, et al. (2002, Bof\mNElJa- Su )
—H—— Xig, et al. (2002, 60 nm N205—EG}
——— Xie, otal. (2002, 60N ALO,- Yag )

5

=y
IIIIhIll|I

Isil fletkenlik Oram (k,;/k;)
8

-
-
=]

LIS I Y [N O O

1.00 | ) | 11 1 | 1 | I | | I | i L1_11
1 2 3 4 5
Hacim Konsantrasyonu (%)

kekil ,O0fii- eAlen Nanoakékkanda Ak éxkk
(Wang et al. ,2002)

(=

Yukaréda g°sterilen deney grafijir
edilen sonu-1ar g°steri|miKtir. Bun
daha y¢ksek ol dAf ak kgdrrlgdrme&n &slé md a
il etkenlije sahip olan sudur. Suyun
kar Kén el de edi |l en éseéel il et kenl
go°r ¢l mektedir. Anl akél acajé ¢zere

sahip lakécx kkualnlanéldéjé takdirde el d
daha y¢ksek ol duju goerél mektedir.
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6. Sécakl ék Etki si

| seéel il etkenlik ¢zerinde et ki si
Nanoakéekkan!|l arén sécaklki&ks dagiky eatrié n
akekkanl ara nazaran daha y¢ksektir.

Al,0,(5u Icerisinde)
1.50 TT
——&—— Li & Peferson (2006, 36 nm, 27.5C) &
——B—— Ui & Peterson (2006, 36 nm, 32.5C) -
——&—— Li & Pelerson (2006, 36 nm, 34.7C) =
~ 140 - --—
-2“‘ L& v 3 -
S - ' s
& ; i
é i
S
|
g
3
= -
& =
1_GD_||||i||||i|II|]|IIIi[lII-
0 2 4 6 8 10
Hacim Konsantrasvonu (%)
keki |, 037:-ehAlen NanoakeéekkaWa@ et@lé c ak |l
,2002)

Yukaréeda g°sterilen deney grafi’
edil en eseél i | et kenlINiakn ohdlj@inKeiam| edriij ¢
akékkanl ara nazaran éseél il etkenli]g
bul unan par-acékl ar én sécakl éj a b ¢
a-éklanabilir. Yukar édaki deney gr
El de edi |l erensddriu-nldeer niammealk e Kk kanl ar
par al el ol ar ak éseél il etkenlikler
g°r ¢l mektedir.
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7. Ph Etkisi
Nanoakékkanl arén eéesel Il etkenl i]
fakt°r de ortamén pH derecesidir

1.50 S —
—a— Xie ot al. [63] (60 nm, pH=4.0) :

—¢— Xie et al. [63] (60 nm, pH=7.0) H
—— Xie et al. [63] (60 nm, pH=11.5) 4

=
)
<

Sy S S5 S

&

8

Thermal conductivity ratio (k/k )
B

=1
-
(=]

i

i

i

o PPN RS PPN S A
0 1 2 3 4 5
Volume concentration (3:)

kekil 8: Al,O03i - er en NanoakéxkWNuagnetia 200B) Et ki

Yukaréda g°sterilen deney grubun
edilen sonu-Ilar g°sterilmixktir.

Ayneé parOfcéebkoy Al ar é i -in el de
incelendijinde lezabamabpH dEesjedriiyl e
g°r ¢l mektedir. Opti mum bir pH dej
hareketl erini arttéerdejé ve nanopart
nanopar-acéklar arasé k¢gmel enmeyi a
1 8. K¢e¢mel enme Et ki si
K¢ mel enme; nanopar-acékl ar én bir
parti k¢l l erin ol ukmaseée ol ar ak
nanoakékkanl arda genelde g°r ¢l ¢grr
parametredirK at ké maddel eri ekl eneeekshnad
askéda kal masé ve k¢gmel enmesi engel
Bu nedenl e, nanoa Kkanl aréen eésél

k &
kekil den de g°r ¢l dg
s¢spansiyonunakkahin
sunul muktur

¢ Qgi bi CuO i -e
s

I
ésimaldedeartan és
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2.00 S—
—s— Eastman et al [14] (without additive)
—8— Eastman et al. [14] (with thioglycolic acid)

I L e ST - e e e e

[

S O S SR S S —

Thermal conductivity ratio (k k )

Volume concentration (%)
kekil 9: K ¢ mEastrean etal.., ROO1j i s i (
2) 3. Nanoakékkan Kull anéménén Sajl
Nanoakéekkanl ar én ése transferi k
Kekilde séralayabiliriz;
() Nano se&i yesinde akékkan I -erisinc
gel i Kige¢zel hareketl eri te¢rbel anse

performansé artar.
(i) baha ©°nce mi kr o seviyede yapél
basén- d¢ K¢ mg probl emi, naenaddi sevi y
seviyelerde azal ma sajlanabil mekted
(i) Nanopartike¢ll er sayesinde yg¢zey
iyilexktirilmik olur (Yu et al., 200
4 . Nanoakéekkan!|l arén End¢gstriyel Uy
3) End¢stride kull aneéel &n e f odrema
€r may a yonel ik dej i ki Kk f
| amal arda mal zeme tasarrufu, é
vb. etkenler veri mli siste
rdér . Otomemmal ,end#d gmy
e yéksek ara-1ar iret
artan efektif sojut |
, vV e ekonomi kI ik k és
|l ecekl erihet kali dakmakanadarhar
I n gé¢he¢gmegzde endegstriyel bir
ml erinde kull anél an akékkanl a
l erdir. Bu sistemlerde nanoaké
ciddive i m artéxkl ar é ajlanabil ecektir
° m¢erl erinin arttereéel € da sajlana
Gé¢negmegzde °czel i il gi sayar
el ektroni k devrele dereced:¢
bir takmmeryl°emtuzakl aktéreéel maya -al é

mm'm
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vV e bu durum ci haz °m¢erl erini ° ne
Nanoakéekkanl ar kull anéel arak yapeéel ac
problem -ok rahatl éekla giderilebil:@
End¢striyeleérxkamldar énma nlowmlkl anél ma
hem -evresel kirlenme a-éséndan ci
kull andéej] émez sistemlerin ° merl o eri
teknol oj i sayesinde yeni tasareéemlar
4)5. Sonu-
Geni K kull anéem al ane sayesinde F
alanéenda kullanél ma ol anaj bul una

é
sistem tasarémlaré ol arak karkémeéezz:
kompakt créenloer daha wuzuin Raglé ¢il

maksi mum verim elde edilebilen ara:
d¢nya el de edilebil eceji Kukkusuzdu
Nanoakékkanl ar &én bir -ok endg¢gstri
edilebilecek faydal arén en ©°%mxdmlri |
sajl anabil mesi , k¢resel bir probl e
ésénmanen etkilerini azal tmaseée, - aj
enerji verimlilifjJi konusunda h a
bul undurul dujunda bir ekdkteknolojine me ¢
yaratacajeée tasarrufun ne denli ©°nem
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| SI EKANJ¥RLERKNDE KULLANILAI
NANOAKI KkKANLARIN I SIL PERFORMANS
KNCELENMESK

EIlif Be¢yek ¥3!T

1. Girixk

| s é ekanjorleri (dejiktiricileri)
yaygén ol ar ak kuIIanéImaktadér, Bu
uygul amal ar , gé - iretim, géda endyg
Kkurtar ma, kl i ma ve soj ui ma Gic b ig m
enerjinin y¢ksek fiyatlar e, tesi sl e
y°ntem|erini uygul amak i -1in endg¢st
yéelder, éseé dejiktiricilerin ésé t
azaltmakvenihayetindenerji kull anem verimlild.i
sar f edi |l mi ktir. Pasif ve aktif y©
ésé transfer y¢zeyini artéermak veye
sahip bir Séve kul | anmak ksonl u n ma
gel i kmel er , il k olarak Choi (1995)
ol ar ak kararl é metall er (°rnejin

(°rnejin, al ¢mina, bi zmut oksi t,

akekkandan dah b¢yeéskaht pr noailr kat et
all otroplaré (°rnejin, elmas, tek d
fulerinler) dahi |l ol mak iczer e nan
i -eren Séve s¢spansiyonl ar é tanénmn
nanoakéekkanllark tkiatmegyoer iiszii ngever mi Kt i
Bu konudaki arakteérma makal el erini
b¢e¢yéeme ve é€sé transferi arterém tek
il etkenlijinde gzl enen i yil ekmel
konveksiybobnhasfesé artmaktader . B
akékkanl ardaki nanopartike¢gllerin sg¢
vV e t er mal kapasite gi bi tfidkseina | i
0zeIIikIer| de et kil ediiji imdmsé na
czerindeki etkisinin niceliksel ol i
d2010)

Bu b°l ¢{mde nanoakeékkanl ar éen, pl ak.
éseée dejiktiricile kompakt éseé ej

r d
gibi sanayide kul anél an é&s dejiktiricileri
S d

e
ol arak uygul anmaséené a-éeéklamakt a
T 1. Pl akal e ésé dejiktiriciler:i
KI'k kez 1921 yelénda s¢t-¢1 ¢k al ar
( PHE) kekil 1 de g°%°r ¢lyajjwn gdlbar e
kull anél makt adér . PHE, bir di zi i nc



-er-eve i-erir. ¢tal ékma séveéeseé biti
hareket eder. I sé transfer yg¢gzeyi,
basit-rildefiilkitri ve eésé transfer ora
i -in artan gerekliliklerle, PHE"' | e

oynamaktadeér Ye¢ksek verimlili]e s
°neml °l -¢de azaltabilbrr-c€khePHEnN\
Bu tiplerden, Chevron PHE en yaygeée
ol ar ak, bir Chevron plakaseé, ver i ml
yéksek teéegrbeglansa neden ol abilir. |
-al ekxmada amiérl aRP K Ikwljll anan ésé trar
sayeseé birka- kat daha fazla ol an &
Kekilde sonu-1lar el de etmiklerdir.
kekil 1. Plakalée ésé dejiktirici

Nanoakékkanl ar én uygun idezZeRldrin kK1 er i

° nemi nedeni vyl e, bir-ok arakter ma
nanoakékkanl ar én kull anéménén etki
bel ¢mden olukan ©°rnek ©bir arakteéerm
deney d¢zenejini g°stermektedir:
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Ultrasonic
f flowmeter

\ Bypass
Nano-fluid g e

“%

Centrifugal pump

: Data acquisition

R-134a Cooling bath

Bypass loop

-

water Ultrasonic 1: Tin, water, Pi,, water
: flowmeter 2: Tou, Water, Poyu, water
3: Tin, NF, Pin, NF
4: Tom, NF, Pcul' NF

Centrifugal pump
kekil 2 Pl akal é ésé deji ktirici
di yagr ame

D¢zenekte su d°nge¢seé¢ 1 -in -al ekma
-evr i mi i-in CuO / su bazlé nanoake
-evrim i-1in, akékktamreal nsaissét eim- iin- i b
pompasé kull anél méktér. Séveée akekeéen
bir ultrasoni k akék °l-er yerlexktir

PHE'l erde nanoakékkanlarén Kkull an
-al exmal ar a raj men,ar agretl é&rcm&ltaer dgap
gereken belirsizlikler bul unmakt ad:
araséndaki bul gul ardaki tutarseéezl ek
araktéerma yapél masé gerekmektedir.

Pantzaldi vd. (2009) neyoak emiknayna t
pl akal é ésé ekanj°r ¢ czerindeki p
et kil erini incelemi klerdir. Nanoakeé
CuO hacim konsantrasyonu %4), eésél
kar kén, €sé rkgapnashitresd niddek bellduj unu
Bunun yanénda, éseée aktar éméneén dah
transfer mekani zmasénén konveksiyor
fazl a ol duj u, nanopar-acek kat kés
Sonubkbiyrli bir éséel verim i-in ger
oranéneéen, baseén- dé¢kKeéeKene neden ol e
daha az basén- d¢é K¢ K¢ vV e daha az
gestermektedir

Kwon vd. (2011) , bie Zn@ lva KA®] & és
nanoakékkanl ar éneéen éseée transfer 0 7



190

deneysel arakteérmal ar yapméexkl|l ardeér
Vi skozitesi gi bi ol -¢len termofi zik
yapélan .-@m@noakBRkkénée kull anan pl alk
konvektif ése transferi kat sayeéese
Deneysel sonu-1ar, Reynol ds sayéseérl
sahipAlOssu bazl é& nanoakékkan i-in topl
kada r bir art éx glestermi Ktir. ¢¢énky¢
nanoakékkanl arén aynée akék heéezlareéen
birlikte, bel irli bir haci msel akéxk
i -in optimum bir kliaté hacim oraneé s
Pandey ve Nema (2012) taraf éendan
tée¢rbel ansl é akéekt a al ¢minyum oksit
ol ukl u pl akal e ése dejiKtiricisin
-al éexkél méekter . El de terdainlisefner s o°nzue-Il11:
Reynol ds Ve Pecl et sayéséndaki
konsantrasyonundaki azal exla birli.@l
€sé ye¢keg i -in gerekli pompal ama g¢c
artéexkla birlk kve aojtumékaleé kK k &relcar i
al enan akex hezl ar e i -in nanoakéeécx
t ¢ket i mi hem de ésé transfer oranl a
bir €sé y¢keg i -in nanoakéxkeéhklmaz i - i n
akékkan ol an sudan daha y¢ksek birt
kal mékteéer . Bel | i bir pompal ama g¢ c ¢
transfer orané en d¢kéegk nanoakeékkart
akékkan suya nakarwaal dbhbmimzlian. ésé
. 2 Govde borulu ésé dejiktiricil
G°vde borul u ése dejkleKktB)Ireneqnleri
santrallerinde, petrot af i ner i | eri nde, geda endy¢
uygul ama il e endg¢stri en - ok k

i rfiaczll eessrd ,n
akém vV e ol
[ nedeni vyl
raj men ésé

araséndadeéer
geometrilerine,
STHEXdir (Bahiraei, 2015) .
end¢gstrivyel

kull anél maktadeér
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Shellside Flow
In

Tubeside Flow

Tubesi'deFlow

kekid°vidde borulu ésé dejiktiricisi
Go°vde borulu ésé dejJiktiri dialzér i n
araxkteérmacél ar nanoakéxkkanl ar én b
incelemi klerdir. Buna g°re kekil 4606
il i kKkin bir deney dézenejini go° st
Nanoakékkanén é&sé tmeaknsif-eirn, ® zkeilrl i &n
| aboratuar °1 -ekidbiorpl aka&lse de] bkt
ters akék konfig¢rasyonunda - al &k m;
sojuk akéek d°nge¢seée ol ukturul muktur .
Akéexk devreleri, k@it r adlenegll felr e mi
2 dejiktiricidor thleun dxe g evjdiet
r-ekl exkti il ebileceji Kekil de t a
Jiktirici [ i -inden pompal anan Ve
trol ; séetmamatkkamkenmeanakekkan
anél makt adeéer . Sojuk -evri m, b a:
antr asy,dnlsar énnadnao akie@& kanén i -er
maktadé
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;é, ;é, — ,  Reflux Line
b 4 Nanofluid T 7
o 2 Tank | [
Pump T Teo I_‘—Q_ Cold
Heal . Exshangei P
Tank | Reflux Line ger
Tho —1 —Tu{ e
To Flow Meter before Heating >4
tank — ;,\ \r:iv,vmeter
QD To nanofiuids tank
2@ +
el el ¥ Y-y
\ /
Shell and Tube Heat Exchanger
kekil 4 G°vde borulu ésé dejixktiri
STHEX'lerde mnoakékkanl ar én uygul anmas
taramasé, bir-ok pratik uygul amada
raj men bu ésé dejiktiricilerle ilg
ol maksézén Yyeéréeteéel mesi, sonuu ol ar
durumun g°z °n¢gne al énmasé gerekti
ilbgi | literate¢rde, el de edilen so
s¢rfaktanl ar, benzetim ve parametre
ve hazérl ama tlk&nk &nlearn émgither malnoz
°] -¢de bajlée olduju a-ékter. Bu ne
i hmal edil mesi, dojruluju azaltabil
sadece end¢stride dojrudan kull aneé
konf i g¢grasyonl ar a konsantre ol mayé
parametreler di kkate al énmal edeéer
daha kapsamlé ol malée ve basitlextir
ol dujunca ka-énmal edeéer
Literatg¢r deHEX' Il ckirrdiel eman®Takékkanl
performansé ¢zerine Dbir-ok sayésal
tip ésé dejiktiricilerde karékek Kk
al endéejéenda °nemli bir bilgi eksi kil
uygul amal areéenda karékék konveksiyon
kapsaml é& -al ékmal ara ihtiya- wvardeér
STHEX'" | erdeki Kakeérteéecel ar én, per
°neml i tasarém parametreleridir. K
hem rBames fter oraneéne hem de basén-
geometrik °jelerdir. Buna raj men
nanoakéekkanl arl a -al exan STHEX'" | er
konusunda -0k az arakt ér ma yapeél
-al éxdana |l daha fazla dikkate al énmal é
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J. 3. Kompakt ésé dejiktiriciler:
Kompakt €sée HGekikt inminoiakexkdeanl(ar é
konusundaal brama&l ar yapél mécxk ol mase
dejiktiricilerde nanoakékkanl areén
daha az -aléexmalara yer verilmikti:
termala k € K k an sistemleri, ar aba radya
buharl aktéréecél ar ve kondansat©°rl et
gi bi ama-Ilarla yojun ol arak kull ane
a b c
Flat tube l 1 Circular tube 1
= \ N T

Plate fin Circular fin

d R e

Corrugations

[Er————
TR
; - ===

H NN

kekiKlonmpakt ésé dejiktiriciler

kekilsu deposu, bir ésétma bobini
°l - er, cfleyici, radyat®©°or, sécakl é
hatl aré gi bi di Jer bil eikrend =& | ckejeink
ol an araba radyat°or¢gnegn -al @k ma

g°stermektedir (Tijani ve Sudirman,
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Tt |
< L a \
Radiator g
flat tube -
Temperature N
T :, o o
% = T T T T Temperature
! indicator
[ | :
Y — Radiator Tin
/_\ Blower
v
v< Flow
‘ _ Reflux line i meter
el [ |
- Feed pump
Water Tank

kekiKlompakt ésé dejiktiricisi dene:

Genel
radyat
ortame
kul I an
séneéer |
araseéen
opti ma
farkl é
uygul a
i htiya

K. 4.
¢i ft
geomet
nanoak

ol ar ak, sunul an sonu-1| ar a
°rl erinde ésé transferini iy
ol duju sonucuna varélabilir
el maseé genell i klienl akabfaakt &
ayabilecek ol an basén- d¢Ke¢Ky
da standardizasyon eksi kIl if7Ji
I nanopartikygl mi ktarl ar @énda
lktoxkmudd armar ab a radyatorl erind
mas éné i ncel emek i -in daha ¢
- vardeér

¢ift borulu ésé dejiktiricile

borul u lkeli,ld djiirk toikr iucyigludra m@ay
i k olarak en basit ésé exKkanij
kanl arén kull anémé ¢zerine

“piné  Double-pipe heat exchanger

7. éc¢sief tdedarkuliw i cil er
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kekilft borul u bir ésé dejiktiric
deney d¢zenejini g°ster meks 9).r ( Du
Bu deneyde kull aneéel an dézenek bir
manyetik di«kl: i pompa, bir secak su
su tanké ve bir toplama tankéndan o

—i Differential pressure transmitter '—

Wall temperature measurement
N v a g g |G
== =t = s % LY =
Sight glass X X X hvi X X
1
X
Insulator

Collection tank

Collection tank Hot water tank

with temp.
controller

S

Hot water pump
Pump P
mp REN——
Cold water tank P Three-way valve
with temp
controller

Condensimg unit

RS || =

T-type thermocouple

Magnetic gear puip
with speed controller  Collection tank

Cross-section of the test section

keki¢li f& borulu ésé dejiktiricisi

¢i ft borulu ésé dejiktiricileri |
dejiktiricilerde nanoakékkanl!l ar én
vurgul amaktader Ancak -ift borulu
uygul anmaseée ile ilgklis°®zalk®@nmasluamud a
kl asi k teorinin takip edilip edi
uygul anmaséneén gerekiop gerekmedi i
gerektijini ortaya koymaktadér. Ayr
dejiktiricibhpélansgzararntdeéer ma -al exn
nanoakékkanl arén t¢greéegne bajlée ol duj
i -in genellexktirilemeyecejini g°ste
4 . Sonu-1lar ve Dejerlendirmesi

Nanoakeékkan!l ar én éseé translK erpbk ¢z
araktermaceé -al exmal ar yapmeéekt éer
nanoakéekkanl arén ésé transferi art
farkl e ése ekanj°rl erinde uygul am
belirtil miktir. Deneyepl, veasagksul
konvansi yonel akékkanl ara keéeyasl a
sundujunu ve artan konsantrasyon Ve
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arttéejene g°stermiktir. Nanoakékka
ili kKkin gawnaejllédadnlui-dtael enmi Kt ir

T Uygul amada, €ésé dejiktiricileri
gel i ktirmek i -in, nanoakékkan sent
stabilitesi di kkate alénmasé ger eke
arakt érsmgluarmba,sévelaré olarak nano
fiyat konul aréena daha fazla dikkat
performans artéké ve nanoakékkan n
kKekilde dojrulanamazsa, nralnéo adlé & kiall

Bu nedenle, hem performans optimizasyonunun hem de maliyet

anali zinin ayne anda di kkat e al er
dejiktiricilerde hem hidroter mal op
araktéran -al éekmal arséyetreassizeiirr.v
d¢kKéeKe hususl aréna ek ol ar ak, gel e
nanoakékkanl ar é&n cretil mesi |-in
ekonomi k analizl eri di kkate al énmal
T | se dejiktiricilerinde ¢manoake,:
yapél an araktérmal arénda ger ¢l en k
dejerlendirmel erde standardi zasyonu
taraféndan sunul an bul gularda g°zl
Ger - ekten de, v ergié ny ovrau plasmadd kair
yakl akéeml ar én eksi kIl ifji nedeni vyl e,
zordur . Bu al andaki araktérmacéel ar
ve héezl é b¢yéimesine y°neli k daha si
kapsam@ bir il etikim ajé tesis edil mes
T Ilse dejiktiricilerinde ésé tran
basén- d¢é¢ KéKéng °ng°°ren dojru kor
°nemlidir.

T Kirlenmenin nanoakékkan!l arl a -
el Il ikl eri czerinde °nemld. et kil eri
-ok az araktérma yapeél mékter. Bu n
Kekilde tasarl anmasé i-in uygun st
fazla arakteérmaya .i htiya- duyul makt
f Nanoakeéxkkanl ar én ése dejiktiric
sadece termofizi ksel °zelli klerine
geometrik parametrelerine vV e -al el
dejikebilir.

T ¢ift borul u é&seé yeakpaénlja®nr |aerra K t¢ézrem
kull anélan nanoakeéekkanl aréen tg¢reéne
nanoakéekkanl ar i -in genellexktirilem
T STHEX' |l erdeki Kakeértécélar én,
etkileyen ©°nemli tasaremapalrametvel
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esi mi, hem ésé transfer oraneéne f
neml i geometri k °jelerdir. Buna r
anoakékkanl arl a -al eéxan STHEX" | er
onusunda -0k aZKtéraKtEumaduryLarpelgw
al ékmal arda daha fazla dikkate al e
T STHEX' |l er de nanoakékkanl ar én uy
aramasé, bir-ok pratik uygul amada
ajmen bu ésé dejiktiojiwcndnrerflaez idea]
| maksézén Yyér étel mesi sonu- ol ar
urumun g°z °n¢gne al énmasé gerekti]
T Nanopar-acék tipi, mor fol oji K €
arametrelerin °l-¢lmeshazéi hanmg K€t e
i bi nanoakéekkanl arén ter mal °czell
-ekter. Bu nedenl e, farkl é par am
ojruluju azal tabilir. Bu nedenl e
nd¢gstride d aajnayacaka olan lspesifik a ve é basit
onfig¢grasyonl ar a konsantre ol mayé
arametreler di kkate alénmal éedeér .
aha kapsamlé ol malé ve basitlextir
| duj unncaal &kdaé ré.n

T Nanoakékkan kullanan ésé deji Kt/
orelasyonl ar yerine yapay sinir
kekkanl ar dinamif§j. ve bu aracén bi
e hacmi azal tél aibimd hhen dBius lyi°kntealmam
ygul amal aréna rajmen, ésé dejicktir
-in incelenen arakKkteérma sayéseé yet
T Hesaplamal & akéekkanl ar dinamif§j.
abul ¢ il e yapél rmemd ao |l w-RoltZfnknt gith @ 21 &€
ijer yeni sayeéesal y°nteml er , gel ec
| arak dejerlendirilebilir.

T | se transfer kapasitesinin artt
Kanj°rlerinde kull aneé méaha&iyi bistem s e - ¢
erformansé ve enerji verimliliji,
anoakékkan stabilitesi vV e creti
icarilektirilmesini engelleyen ©°ne
1T I seé dejiktiricilerinde nolgik nano:
el i kmel erl e, bu teknolojinin, °zel
cketiminin azaltélmasé i-in ©°neml:.
°yl ece ener ji sistemlerinde ésel
1

anéméeyl a a,ahlao rpaktk églutdi st em
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TOPRAK KAYNAKLI IS| POMPASININ FARKLI
SOJUTUCU AKI k KANELIRAFODAK NAMKK ANALKZ|

Canan CRMKKTan Teki'n ¥ZT! RK

1. Girick
Gel eneksel binal ar én
aletlerin -al exteéereéel mas
kaynakl aré olan petrol, k°eme¢r ve
enerji kaynakl ar énén Iladlalr&@m®Eméa a- @&
sojutmada kull anélan enerji t ¢ket
enerji mal iyetl erinin, é€sét ma S
kull anéméenée etkileyen en °neml.i p
Bu durumda alternatif sistel e r i -erisinde, ésétm
€sé pompaséyla -aleékan sistemler ©
mahalin ésétélmasé veya sécak su ¢
Bina ve ikKkyeri ését mal ar éndlerde, yer d
i kIl imlendir me tesislerinde vV e Y ¢
kull aneéel ér ken; end¢gstriyel uygul amas
t ma i Kl eml erinde vV e s ¢t past?©°r
vd., 2015) .
mp all airleinel aeg@&nener jisinin al
jisinin aktarel deje ortam
i stemler -0ju zaman kaynak
e g°re adlandeér él matograkdeéer .
nél éeéyor ise toprak kaynakl é& é&s
€ enerjisinin havadan al énéep da s
avadan suyayadahasau €sé& pompasé ol arak ad
¢omakl é, 2011) .

é
k
t
k
I
h

| sémmpal aré i-in en -o0ok kullaneéel an
ol arak -evre havayeé kullanan sisten
y°rel erde sCoamkinékal2 énbhe dkt ¢ ¢ z
karl anmader . Buhar !l akt @ariskeonmeyenblorr ul a
ol gudur (¢engel ve Boles, 1989).

Yer kaynakl e ol arak adlandeér él an &
sularéne (genellikle jeotermal sul e
tercih edil mektedir. Bunsjsbbkmj ek V¥
ait her yerde kurul abilirken, su ka
yakénl aréna kurul mase m¢ mk ¢ n ol mak
mal iyetl eri hava kaynakl é sistemle
"Kocaeli !niversitekotaeli G°l c¢ek MYO, G°l cge¢k

“Kocaeli !'niversitesi, Mghendislik Fakg¢ltes

Kocaeli
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¢ ne akldate daa fazadaotakilmektadir. Uygun

t a kaynaj én bul unmaseé dur
artl arénén olukmaséna ba
ri di jeri tiplerinkine g°©°
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, yaz mewstopak nde
R0 Wmé ¢ ©ipmiarkd ea | iasne

rmektedir. opraktan yeryg¢gzeéenyg
3Wntoprak |l ané dejerindedir.
bilir. Bundan idadleakyié stéocparkd jéékn
| ve Vy¢k2semmtalrt énfdoegpkial €@ac alk | é
mekt e ol up, y el boyunca en

memektedir. Bu durum toprajén, k e
|l et me ian nsgeaklkdk dodjerl erine sal
manda yer alté ve y¢gzey suyuna Kkeé
zla oluku toprajé ése pompal ar é
rumuna getirmicktir. Toprakl|l aséegak
nde fazla dejikmemesi ve Kkeékeéen
rak kaynakl e sistemlerin ©°zellik
amaktader . Topr ak kaynakl é Si s

0 S5 — X<
5 N

X D®D®ODm®M

420.0

=S TS O T o
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I
alarda kul | anséuymiak k ay noal kulpé yseirsatl e
ntajlar sunmaktadérl ar (Erdojan
€ pompasé sistemlerinde doj al }

sistemlerde kull anél an akékkanl ar e
zararl e, k¢resel mas@maepemnarns iy @laih
Ve -evre korumal & ma h a | €sét ma V €
olabilmektedir.

Bu -al ékmada toprak kaynakl é& bir
akékkanl arda termodinami k anali zi )
NH;, R-134 a, R404A, R410A, R407C, R2:
akekkanl ar é kull anel ar ak el de edi |
edi |l en -evrimlerin perfor mans k at
kar kél akt érél masé yapél mékteéer.

2. Materyal ve Metot

2.1. Toprak Kayna kll €€ Pompasé Si st emi

VWOoT VTN T T OO0 o0QY XK DA
—< TOO0O'cOYOXSODODOO °cTco0vwo o

mmj._>.c —_
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re sojutma makinasé pre
kull aném amacé sojutul a
ékta tutul maséné sajl a
aksektamcakl ekta tutul m
a evaporat®rden yarar |

yararl aneéel ér . Bur ada
kil en ésé k o nd e nramear tar
¢

Derin kuyu ve topr
bul unmaktader. Top
dej i Kt i rtgoepcri ankdtea né s-é
€ ekKkanj?or

"o
—o
3
©
®
n

i he ak
pasé bulunur. Sécak
i -in Dbir irzakd agynay
vsimlere g°re yani (
] men yery¢é¢gzeinegn 15
ér. Toprak kaynakl e
der - okgul auryrgaul taahd ra
COP dejerl eri i Kl et me
arasenda deji kmektedir (h
r kaynakl e ésé pompasé yatay
al abil ikkdyemakl|Teop&d&saék pompasé topra
kull anmaktadeéer (kekil 1 V €
(http://www.omektron.com/heatpump.html).
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kekiTbplak kaynakl & ésé pompaseé

Yatay borulama sisteminde yatay o
d¢ z boru ol ar ak seril mektedir. By
ol dujundan -ekilecek enerji de fazl
uzunl ukl ar é d¢é¢key borul afagm bor® nt em
kull anél makt adér . D¢ kKey borul ama s
kesétle ve zeminin kayalék ol duju d
Toprak kaynakl & ésé pompasé siste

alkoks u kar ékémé bul uypwemakenrt iorliulper etko f
al exveriki sajlanmaktadér.

Sojutucu Akékkanl ar

ml endirme ve sojutma sistemle
an-llaRl2aenR2R 6ni n ozon tabakaseé
be neden ol alni nankeékktkeadnilrar Boul da
e génegmegzde soj ut ma sisteml e
drokarbonl ar (HC) , Karékem ve Kn:q
edilmektedir.

Hidrokarbonlar R-134a, R290, R6003 ; doj al , zehir :
t ket meyen, yéksek enerji veri mli
otansiyel: dejeri i hmal edil ebi I
pmanl aré dejikmeden -al ékabil en
uyuml ul ukl agrordédrer @z akre kkanAr c alk
a daha fazla sojutucu akeékkaneén
l en yeni sojutucu akékkana kar ét
, R502, 404A ve 407CO6 di r . Géengmegzde yapeéel a
ozonu - ok az veya hi - t
iril mektedir. Knorgani k soj u:
el maséna rajmen g¢neéemegzde yal
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me n termodi nami k Szell ik

raj I §r i m,
kull anél maktadér (Onat vd., 2004) .
23.Toprak KhgaaRbmpasé ¢Cevriminin A
Buhar sekéktéermaleée toprak kaynakl
gesterilmiktir. Topr ak kaynakl é
buharl|l akt éréceéeya topiprarkt ao] BtslEc - ek leé
sécakl éjée ve hacmi artar; kompres©r
buhar halini al er . Yojukturucuya gi
yéksek kézgén buhar enerjisidan, suy:
genl exme valfinde buharl akma basénc
(Dojan vd., 2016) .
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kekil 3: Buhar sékpempamal eéevopm
¢evrim i-in genel k¢tle dengesi v
Kartl aréenda -al ek ma i -in akaj éedal
(Yamankaradeniz vd., 2002).
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