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About OMAse 

 

The first Conference on Ocean, Mechanical and Aerospace for Scientists and Engineers is the 
conference organizes by International Society of Ocean, Mechanical and Aerospace – Scientists and 
Engineers – (ISOMAse). 
 
The target for this conference is gathered the researchers involved in an area of ocean, mechanical 
and aerospace to share their findings and discuss the researches issue. We believe interchangeable 
of idea between researchers from ocean, mechanical and aerospace is important because all of the 
disciplines are sharing related sciences and engineering theories in their respect area. Therefore, 
we believe this conference will able to refresh the research experience of the people in these areas 
and generate impact for the cross discipline research collaboration and knowledge exchange. 
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Scope of OMAse 

 
The OMAse welcomes participants from academicians, scholars, and practitioners for possible 
publication from all over the world that meets the general criteria of significance and educational 
excellence. The scope of the conference is as follows: 
   

• Environment and Safety 
• Renewable Energy 
• Naval Architecture and Offshore Engineering 
• Computational and Experimental Mechanics 
• Hydrodynamic and Aerodynamics 
• Noise and Vibration 
• Aeronautics and Satellite 
• Engineering Materials and Corrosion 
• Fluids Mechanics Engineering 
• Stress and Structural Modeling 
• Manufacturing and Industrial Engineering 
• Robotics and Control 
• Heat Transfer and Thermal 
• Power Plant Engineering 
• Risk and Reliability 
• Case studies and Critical reviews   

 
The International Society of Ocean, Mechanical and Aerospace –science and engineering is inviting 
you to submit your manuscript(s) to isomase.org@gmail.com for the conference proceeding. 
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ABSTRACT 

One of reinforcement bar treatment during delivery 
transportation  is to bend up or buckle in the middle of the 
bar. This treatment will undermine the strength of the 
reinforcement bar on buckle region due to its mechanical 
properties have been changed and no longer within 
specification . An important point of this study is to 
knowing the rate of change of mechanical properties , 
especially strength  so that it can be given the appropriate 
safety factors in the use of steel reinforced concrete 
structure. Concrete reinforcing steel bent structure with 
nine variations of the bending angle starting from the angle 
( α ) of 20o , 40o , 60o , 80o , 100o , 120o , 140o , 160o , and 
180o. The maximum value of the yield strength and tensile 
strength in the range of maximum bending process is 
662.9607 and 704.0271 MPa in bending angle of 160 
degrees and 100 degrees. 

KEY WORDS: Bending, Steel Structures, Mechanical 
Properties 

 

NOMENCLATURE 

A� Initial Area (mm²) 
∆L Length Increasing  (mm) 

D Specimen Diameter (mm) 
E Modulus Of  Elasticity (GPa) 
EL Elongation ductility (%) 
ε Strain 
F Tensile Force (N) 
σ Normal Stress (N/mm²) 
G Gauge Length (mm) 
 
 
1.0 INTRODUCTION 

Riau Province continues to accelerate infrastructure 
development is a key to spurring economic development in 
the communities in Lancang Kuning Earth. Especially the 
construction of physical facilities in Riau Province is 
currently rising very rapidly, such as the construction of 
office buildings, bridges, apartments, hotels, plazas, shops, 
and residential-housing community. Construction of the 
physical facilities require structural steel reinforcement as 
one of the main ingredients for reinforcing the strength of 
the concrete building.Concrete reinforcing steel structure 
production experience both the bending process for a 
particular purpose or other. One example is the bending of 
simplifying the transport of manufacturers in Jakarta or 
Medan to get to Pekanbaru Riau province or territory area 
through land transportation vehicles with a limited size 
(Shown in figure. 1). 
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2.3 Mechanical Properties of Materials 
Mechanical properties of a material is a parameter in the 
design of the basic information of a material and the 
strength of the supporting data for material specifications. 
Mechanical properties of a material obtained from a tensile 
test results give a bigger picture than other mechanical 
testing, which includes parameters yield stress 
(deformation), tensile strength, tensile strength, strain, 
elastic modulus, the percentage of the length, the 
percentage reduction in the size, toughness , plasticity, 
elasticity, plasticity, yield type, and shape of fracture 
experienced by the material. 

2.4 Tensile Test 
Tensile testing done to complete the design of the basic 
information of a material force. In tensile testing, the 
specimen is loaded coaxial tensile force that grew 
continuously. Along with the observations made regarding 
the extension experienced by the test specimen. 

  σ  =  
ி
஺ 
  (1) 

  ε  =  
∆௅
௅ 
 = 

௅ି ௅ 
௅ 
  (2) 

Dimensions of the test specimen (specimen) has been 
determined based onAmerican Standard Testing and 
Material (ASTM) E8M that is shown in figure 5. 

 
Figure 5. ASTM E8M[1] 

The data was first generated from tensile testing machine is 
a drag curve. Furthermore, from these data are converted 
into engineering stress strain curve (using equations 1 and 
2). Engineering stress strain curve result from tensile test 
data can be to find some sort of mechanical properties, 
among others: 
 
2.4.1. Strength 
It is the response of a material to a force per cross-sectional 
area of the working force in which it is granted[4]. 
Mechanical properties of tensile strength is further divided 
into three kinds of conditions based on engineering stress 
strain curve[4], namely: 
a. Yield Strength (Yield Strength) 
That is occured at the beginning of the start of plastic 
deformation. The method of determining the yield strength 
is 0.002 distance of its strain and take the paralel line into 
the curve. 
b.Maximum Tensile Strength  
That is the maximum stress that occurs (curve peaks) in the 
engineering stress strain curve. 

c. End Strength (Fracture Strength) 
That last stress that occurs just before the specimen broke. 

 
d. Modulus of elasticity 
Elasticity is the ability of a material to return to its original 
shape when the applied force has been removed[4]. The 
modulus of elasticity is the value of the stiffness of a 
material in which the proportional ratio between stress and 
strain in the elastic region in the stress-strain curve are 
characterized by the slope of the curve. 

E =
∆ఙ
∆ఌ
  (3) 

c. Ductility (Ductility) 
Ductility is a term to measure how much plastic 
deformation occurs until the material is dropped 
(Fracture)[2]. In the tensile test, ductility measured in two 
ways: 
1.Reduction of Area 

% 100%o f

o

A A
RA x

A
−⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 (4) 

 

2. Elongation 

% 100%f o

o

l l
EL x

l
−⎛ ⎞

= ⎜ ⎟
⎝ ⎠

 (5) 

 
 
3.0  METHODOLOGY 
 
The methodology that used is experimental. The samples 
of material used is concrete reinforced steel structure 
production from PT. Krakatau Steel (indonesia) is known 
enough to have credibility in issuing a product with 
consistent specifications. Steel structures are widely sold in 
the city of Pekanbaru and used in a variety of building 
construction. 
 
3.1 Grouping Sample of Testing 
Performed with varying bending angle, it is starting from 
the point (α) of 20°, 40°, 60°, 80°, 100°, 120°, 140°, 160°, 
180°, then straightened back and done testing to obtain 
tensile mechanical properties. The number of test 
specimens for each angle is not bent and bent test specimen 
is 5, so that for the test conditions are 45 test specimens. 
Specimen which is bent so that the amount of the 45 
specimens, and are not bent as much as 5 specimens. Total 
Specimens for tensile test specimens was 50. 
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3.2 Research Procedures 

START

PROBLEM DESCRIPTION

OBJECTIVE

LITERATURE 
REVIEW

THEORITICAL 
DESCRIPTION

PREPARING MATERIAL 
AND EQUIPMENT

PREPARING OF SAMPLE

BENDING

STRAIGHTENING
TENSILE TEST

ANALYSIS DATA

FINISH

RESEARCH BACKGROUND

 
Figure 6. Flow chart  

The first step is the process of cutting steel bars (12 mm of 
diameter) into 50 pieces. Once that is done the process of 
turning the central part of the specimen to be ASTM E8M 
(Shown in figure 7). 

 
Figure. 7 Preparing of samples 

The next is making holes on each end of the specimen to 
the laying of the retaining pin when the tensile test. 
Furthermore, the bending process is carried out with nine 
variations of the bending angle. After the bending process, 
then straightened out again with aligners. the results of the 
alignment is not perfect and this tends included in the 
sample treatment (Shown in figure 8).  
 

 
 
 
 

 
Figure. 8 Bending and  straightening 

 
The curve resulting from tensile testing machine further 
processed to determine how much the yield strength and 
tensile strength.  
 

 
Figure 9. Tensile Test 

 
 
4. 0 RESULTS AND DISCUSSION 

After a series of tensile tests on each specimen, the initial 
data are curves tensile testing. Tensile curve further 
converted into engineering stress vs. strain. The curve is 
then determined the value of the yield strength and tensile 
strength of the maximum value.Tensile test data as follows: 

Table 2. Yield strength after bent for each spesimen 

No. 

 
Bending Angle 

 
0 20 40 60 80 

Spec. 
1 579.1983 618.7636 672.9798 528.1237 683.8457 

Spec. 
2 478.9057 575.4722 462.5709 636.0085 646.0013 

Spec. 
3 508.9326 596.4624 483.4772 535.5261 567.1252 

Spec. 
4 665.8346 592.1073 497.9339 550.8817 661.6460 

Spec. 
5 623.8377 438.2014 595.0918 637.1309 667.9474 

Aver. 571.3418 564.2014 542.4107 577.5342 645.3131 

 

 

 

 

 

 



The 1st Co
-Science an

 

137 P

 

Table.3: Yie
(continued) 

100 

604.9335 6

647.3392 5

678.1649 5

607.2365 5

637.5983 5

635.0545 5

 

Tabel.4: Ulti
specimen 

No. 
Bendin

0 
Spec. 

1 693.831

Spec. 
2 537.508

Spec. 
3 544.364

Spec. 
4 727.486

Spec. 
5 712.057

Aver. 643.049

 
 
Table.5: Ult
specimen (Co

  
100 1

705.7558 683

723.7869 534

718.2383 732

704.3943 556

667.9601 640

704.0271 629

Data that ha
shown in Tab

T
 

No. 
  Bending

onference o
nd Engineerin

Published by Interna

eld strength 

Bending an

120 1

640.3582 595

528.6524 592

594.7019 689

527.4709 657

582.9470 540

574.8261 614

imate Tensile

ng Angle 

20 

13 711.8786 

86 689.3678 

47 705.7154 

60 706.1658 

72 535.2317 

96 669.6719 

imate Tensil
ontinued) 

Bending angl

120 140

3.0487 621.31

4.6598 607.45

2.4223 760.17

6.0163 708.64

0.6345 564.72

9.3563 652.46

as been avera
ble 2 as follow

Table.6: Tensi

g Angle (α) S

on Ocean, M
ng- 

ational Society of O

after bent f

gle (Continued

140 160

5.4814 684.3

2.3307 693.1

9.3138 702.1

7.1029 661.6

0.4405 573.4

4.9339 662.9

e Strenght af

    

40 

702.0991 542

471.5820 68

537.1969 56

534.3681 56

637.5983 71

576.5689 61

le Strenght a

le (continued)  

 160 

71 726.7127 

41 718.3586 

79 724.7458 

04 718.3586 

99 611.2349 

39 699.8821 

 
aged subsequ

w: 

ile strenght aft

Yield 
Strenght (Mpa

Mechanica

Ocean, Mechanical a

for each spe

d) 

0 180

799 695.75

530 678.74

982 712.05

6460 586.02

4266 573.35

607 649.189

fter bent for

  

60 80

2.7938 702.66

3.4201 703.80

8.9965 573.42

3.4018 727.81

8.3339 683.70

5.3892 678.28

after bentfor 

180 

734.4091 

742.0978 

756.1669 

595.4814 

598.0181 

685.2347 

uently collect

ter bent 

a) 
Ultimate T
Strenght (

al and Aero

and Aerospace Scie

cimen 

560 

480 

572 

294 

576 

96 

r each 

671 

014 

266 

07 

009 

813 

each 

ted as 

Tensile 
(Mpa) 

1

In
u
p
a
a

P
n
b
is

ospace 

entists and Engineer

1 0

2 2

3 4

4 6

5 8

6 10

7 12

8 14

9 16

10 18

n these data 
ultimate ten
pembnegkokan
angle.And the
and bending an

Fig

Percentage the
negative then 
bending angle 
s shown if the

Table.7: Pe

0

100

200

300

400

500

600

700

800

0

Strenght (Mpa

rs                             

0 

20 

40 

60 
80 
00 

20 

40 

60 

80 

can be seen
nsile streng
n corner and c
en, the correl
ngles as follow

ure.11: Streng

e percentage i
decreased cha
can go up an

e value is posit

ercentage chan

50

Bendin

a) 

Nov

                  “Thermo

571.3418 

564.2014 

542.4107 

577.5342 
645.3131 

635.0545 

574.8261 

614.9339 

662.9607 

649.1896 

n that the y
ght decreas
climb back on
lation betwee
ws: 

gth vs Bendin

is increased, a
ange in tensil

nd can also go
tive then  

nge of mechan

100 1

ng angle (α) 

vember 19, 20

odynamic and Struc

643.049

669.671

576.568

615.389
678.281

704.027

629.356

652.463

699.882

685.234

yield strength 
ses in ce
n a certain ben
n tensile stre

g angle 

and if the val
le strength at 
o down . In tab

nical propertie

150 200

Ultimate 

Yield

014 

ctures” 

96 

9 

9 

92 
3 

71 

63 

9 

21 

47 

and 
ertain 
nding 
enght 

 

ue is 
each 
ble 7 

es 



The 1st Co
-Science an

 

138 P

 

Bending 
Angle Y

0 
20 
40 
60 
80 

100 
120 
140 
160 
180 

but with the i
, resulting in
occurred , as 

Figu
 

5.0 CONCLU

Based on tens
strength and 
degrees bend
degrees and 1
160 degrees 
yield strength
bending proc
angle of 160
decreased elo
degrees. For
represent the 
 
 
 

 

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

0

b

onference o
nd Engineerin

Published by Interna

Yield (%) 

0% 
-1% 
-5% 
1% 
13% 
11% 
1% 
8% 
16% 
14% 

increase in yie
n lower ductil
shown in the 

ure 12: Bendin

USION 

sile test data, 
ultimate stren

ding and agai
100 degrees, a
to 180 degre

h and tensile s
ess is 662.960
0 degrees an
ongation is 1
r the more r
number of sam

50

bending angle 

on Ocean, M
ng- 

ational Society of O

Ultimate(%)

0% 
4% 

-10% 
-4% 
5% 
9% 
-2% 
1% 
9% 
7% 

eld strength an
lity due to st
Figure 12 as f

ng Angle vs E

it can be conc
nght impaired
in increased 

and again incre
ees. The max
trength in the 
07 and 704.02
nd 100 degre
11.67 % at b
result of acc
mples multipl

100

vs elongation

Mechanica

Ocean, Mechanical a

 
Elonga

(%)

24.67

22%

15%

17%

21%
18%

17%
19%

19%

13%

nd ultimate str
train hardenin
follows: 

Elongation 

cluded that the
d at an angle 
at an angle 
eased at an an
imum value 
range of max

271 MPa in be
es. The mex
bending angl
curate data s
lied. 

150 200

n (%)

al and Aero

and Aerospace Scie

ation 
) 

% 

% 

% 

% 

% 
% 

% 
% 

% 

% 

rength 
ng has 

 

e yield 
of 20 
of 80 

ngle of 
of the 

ximum 
ending 
ximum 
e 180 
should 

R

1

2

3

4

5

6

7

8

0

ospace 

entists and Engineer

REFERENCE

. Annual B
Methods a
Three, Volu

2. Soboyejo, 
Engineered
2002 

3. D. Reche, 
Gourgues-L
using finit
sheets. MI
CNRS UM

4. William D
“Materials
470-41997

5. Clifford, 
Andrew K
Introductio
London: 
Company.

6. Z. T. Zhan
distribution
Mechanica
University 

7. SNI 03-28
Standard of

8. H.X. Zhu. 
elastic pl
Analysis 
Cardiff Un

rs                             

ES 

ooks of AS
and Analytica
ume 03.01. 19

Wole, “
d Materials”.

J. Besson , 
Lorenzon a. A
te-element sim
INES ParisTe

MR 7633, BP 8
D. Callister, 
s Science an
-7  
Michael, Ri

Kennedy, Ste
on to Mecha
Hodder Edu

ng, S. J. Hu. 1
ns in plane 
al Engineerin

of Michigan, 
847-2002, SN

of Concrete re
2006. Large d
lastic power
and applica

niversity, Card

Nov

                  “Thermo

STM Standar
al Procedures
996. 
“Mechanical 
. New York:

T. Sturel, X
Analysis of th
mulation App
ech, Centre 

87, 91003 Evry
Jr., David

nd Engineerin

ichard Brook
ewart McWi
anical Engin
ucation, An

1997. Stress a
strain bendin

ng and App
Ann Arbor, M

NI 07-2052-2
inforcing stee
deformation p
r-law-hardeni
ation.School 
diff CF24 OYF

vember 19, 20

odynamic and Struc

rds. Metals 
s. USA.  Se

Properties 
: Marcel Dek

X. Lemoine, 
he air-bending
plication to 
des Mate ´r
y Cedex, Fran

d G. Rethw
ng”,ISBN 97

ks, Alan H
illiam. 2009.
neering: Par
n Hachette 

and residual s
ng.Departmen
plied Mecha
MI 48109, U.S
2002, Indone

el structure. 
pure bending o
ing wide p

of Enginee
F, UK 

014 

ctures” 

Test 
ction 

of 
kker, 

A.F. 
g test 
steel 

riaux, 
nce 

wisch, 
78-0-

Howe, 
 An 

rt 1. 
UK 

stress 
nt of 
anics, 
S.A. 
esian 

of an 
plate: 
ering, 



The 1st Conference on Ocean, Mechanical and Aerospace 
-Science and Engineering- November 19, 2014 

 
 

139 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers                                               “Thermodynamic and Structures” 

 

Study on Performance of Double Acting Tanker in Ice Condition 
 
 

Efi Afrizal,a,c and Jaswar Koto,a,b,* 

a)Department of Aeronautics, Automotive and Ocean Engineering, Faculty of Mechanical Engineering, Universiti Teknologi Malaysia  
b)Ocean and Aerospace Research Institute, Indonesia 
c)Mechanical Engineering, Universitas Riau, Indonesia 
 
*Corresponding author: jaswar.koto@gmail.com 
 
 
 
 
Paper History 
 
Received: 10-October-2014 
Accepted: 15-November-2014 
 
 
ABSTRACT 
 
An optimum procedure of hull form design for ice ship going “Double 
Acting Tanker” is introduced. The procedure orderly consist of hull form 
design, analyses of performance of a ship in open water and ice condition, 
maneuverability performance, ice loading effect on propeller and torsional 
shaft, and economical and environmental societies. In the present study, 
only two topics are mainly discussed, which are hull form design and then 
continued with performance analysis in ice condition and open water. For 
the hull form design the objective parameter are considered as follows; 
stem and the stern angles, upper and lower fore bulbous angles, entrance 
angles, and spreading angles. All those angles are investigated for both 
full loaded and ballast condition in ahead and astern. Special concern is 
needed for stern part due to existing propeller effect on ice breaking 
performance. The hull form is firstly investigated without installation of 
propeller to avoid the effect of pressure from propeller and then continued 
by installation of propeller to find the optimum propeller design and 
propeller immersion. Research in ice condition is compromised with open 
water. The optimum hull form, propeller design and propeller immersion 
is when the hull form gives better performance for both open water and 
ice condition. The selected hull form then is compared with existing DAT 
tanker “Tempera”. 
 
 
KEY WORDS: Double Acting Tanker; Ice Load; Ahead; 
Astern. 
 
 
1.0 INTRODUCTION 
 
The development of pod drive brought highly advantage of diesel 
electric power for improvement maneuvering capability and 

icebreaking performance in astern mode during heavy ice 
condition for ice ship going. Application of pod drive on ship is 
firstly on icebreakers to have good capability to run astern. 
Combination of icebreaking and bulbous bow and pod drive 
brought possibility for a tanker to operate astern in ice condition 
and ahead in open water, which is called Double Acting Tanker 
“DAT” concept. Figure 1 to 2 shows Double Acting Tanker 
Tempera in open water and ice condition, respectively, which is 
built by Sumitomo Heavy Industries Japan.  

The propulsion drive of the ship is provided by an Azipod unit, 
which contains the electric motor and the fixed pitch propeller. 
This is pod can rotate at 360o and has a maximum rating of 16 
MWatt and the nominal output is 15 MWatt. This gives the tanker 
a speed of 15.2 knots in open water at 90 % of maximum 
continuous rating. In ice the tanker can go at 3 knots in 1 meter 
thick.(1) . The hull structure features a specially reinforced double 
skin with a fatigue life of 40 years. 1 This present study discusses 
and optimum procedure for optimization hull form for ice ship 
going “DAT”. The performance of selected hull form design in 
ice condition and then is compared with the existing DAT 
“Tempera” from publishing data. 
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Figure 1: Double Acting Tanker Tempera in open water (1) 
 

 
Figure 2: Double Acting Tanker Tempera in ice condition (1) 

 

 
Figure 3: Hierarchy of optimization of hull form for ice ship 
going 

 
 
2.0 OPTIMIZATION OF HULL FORM 
 

A procedure for optimization of hull form for ice ship going is 
presented in (Fig. 1). The procedure mainly consist of hull form 
design, to open water, and ice condition performance with and 
without propeller, maneuverability, torsional shaft due to effect of 
ice loading and economical and environmental impacts on user 
and societies.The objective function are economic and 
environmental impact on user and societies. This means that the 
ship is selected based on satisfaction of user and societies. The 
viewpoint of user mean the ship owner view from profit and  the 
societies viewpoint mean the local and international requirement 
such as regulation. This economic and environmental impact is 
investigated by using the economic and environmental 
model.1Since the topic is constrain the present study only 
discusses the performance of hull form in open water and ice 
condition. 

The constraint parameter in present study is 106000 ton of 
deadweight and 15.5 knot of speed. The optimization condition of 
hull form is designed to have capability to operate in both open 
water and ice condition in scantling and ballast draft. The fore 
part of vessel is fitted with bulbous bow as shown in (Fig. 2). The 

bow shape is designed to be capable to operate in light ice 
condition. The modification of the fore profile is divided into 
three sections which is stern angle, upper and lower bulbous 
angles. The constrain of hull form design is as follows stem angle 
55, upper bulbous angle 36.0-44.0 and lower bulbous angles 76.0-
84.0, entrance angle at full loaded draft 54.0-64.0, entrance angle 
at ballast draft 26.0-38.0. 

Modification of fore hull is shown in Figure 4. The hull is 
modified into two parts, which is upper part (α1F and α2F) for 
full loaded and lower part for ballast condition (α3F). 

 

 
Figure 4: Two part of fore hull form modification. 
 

Modification of hull form in the x direction can be expressed as 
where  is station of parent hull form,  is station of required 
hull form, is maximum station and  is minimum station.  

Then the modification of the hull form in the y direction can be 
expressed as where  is fixed station of the minimum point, 
and  is fixed station in the maximum point. 

The modification of bulbous bow for ballast condition can be 
expressed as where  is fixed waterline of minimum point and 

 is fixed waterline of the maximum point. 
The stern ice breaking type is designed to be able to operate 

independently in the most severe ice condition. After bulbous 
bow was modified similar to fore bulbous bow to reduce 
resistance as shown in Figure 5. The modification procedure of 
the stern part is same as the fore part. 
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Figure 5: Stern part modification 
 
 
3.0 PERFORMANCE ANALYSIS IN ICE CONDITION 
 
The hull form of an ice ship going is analyzed in both open water 
and ice conditions. For each condition, the hull form is 
investigated with and without installing propeller. The 
investigation procedure is firstly start from fore part, and then 
continued to after part. 

As the ship make an advanced progress to move forward into 
an unbroken ice field, the ship put forth sufficient amount of force 
to against the ice sheet. During the ice breaking process, two 
forces act on the same time, which are force given by the 
unbroken ice sheet and forced procedure by the ship. The force 
procedure by the ship can be classified into two component is 
procedure by thrust and vertical component provides ice breaking 
force. 

The vertical force is incessantly transmitted to the ice sheet 
through the forward bow hull structure. When the vertical force 
and pressure go over in certain value, firstly, radial cracks 
propagate from loading point. Since loading of the ice continues, 
series of radial crack appear which as followed by one or more 
rows of circumferential cracks to ice failure. Then the ice failure 
is manifest in the formation of broken cusps or wedges. For the 
reason that the ship moves forward, the broken cusps become 
upended due to the hull flare. These cusps near the centerline of 
the ship and bow are simultaneously submerged and given a 
velocity that pass underneath the hull. In the case, the ship spend 
it force to against the submerging force from the ice cusps and 
frictional force between ice and hull. 

The total acting force by the ice to resist the ship may be 
classified into four components, which are resistance for breaking 
and submerging ice, frictional ice hull, and loss momentum. The 
resistance can be expressed as 

 

       (1) 
 
where;  is resistance for breaking ice,  is submersion 
resistance,  is frictional resistance between ice and hull, 

is resistance due to loss momentum and  is 
reduction resistance due to propeller effect, which is considered 
when the ship moves astern. 

 
          (2) 

 
where;  is an icebreaking coefficient,  is ice flexural strength, 

 is ice thickness,  is coefficient of kinetic friction of ice and 
hull and  are component angles fore or after parts  

The submersion resistance is assumed arise from work required 
to tip and submerge the broken an ice cusps. The submersion 
resistance depends on buoyancy of force of the ice cusp due to 
different density between the ice cusp and seawater. 

 
         (3) 

 

where; C2 is submersion coefficient,  is water density 1.025 
ton/m3,  is ice density 0.918 ton/m3,  is acceleration of 
gravity 9.81 m/s2,  is depth of ice cusp and  is width of the ice 
cusp. 

The frictional resistance is developed when buoyancy force of 
the broken ice is against the hull and underside of the broken ice 
field as well as the effect of hull form such as friction between ice 
and hull and broken ice piece and under surface of the broken ice 
cover. The frictional resistance can be expressed as 

 
           (4) 

 
where;  is frictional coefficient,  is ship length,  is water 
plane area coefficient of entrance part,  speed of ship in m/s. 

Loss momentum resistance is developed when resistive force 
attributable to extract momentum from the ship and imparting it 
to broken ice pieces. The time rate of change momentum of the 
ship is equal to resultant force on ship, which can be expressed as 

 
         (5) 

 
The propeller effect is assumed due to pressure created from 

propeller which can be expressed as  
 

              (6) 
 

where;  is working area,  is un-working area,  is propeller 
immersion and  is propeller thrust. 
The principal dimension of ship which is evaluated in present 
study is shown in Table 1. 

The fore and after part of ship are modified under constraint 
condition as follows: stem angle 55, upper bulbous angle 36.0-
44.0 and lower bulbous angle 76.0-84.0 entrance angle at 
scantling draft 54.0-64.0 entrance angle at ballast draft 26.0-38.0. 
Propeller diameter is ranged from 7.4 to 7.6 m. 

 
Table 1: Main principal dimension 

Items  
Length, Lpp (m) 230 
Beam (m) 44 
Draft (m) 14.5 
Deadweight (ton) 106100 
 

Result  of calculation are shown in Figure 6-13 in which Figure 
6-9 show ice resistance of ship in full loaded and ballast draft in 
ahead without propeller, and Figure 10-13 show ice resistance of 
ship in fill loaded and ballast in astern without propeller. In figure 
w mean waterline angle and b mean bulbous angle at fore part 
and stern angle at stern part. The result show that resistance 
increase with increasing of entrance angle and bulbous angle. 
After compromising with open water condition and without 
propeller 36 and 54 degree are the suitable angle for upper 
bulbous and entrance angle at ballast draft, respectively and 76 
and 28 degree  are suitable for lower bulbous and entrance angle 
at ballast draft, respectively. For stern part 30 and 40 degree are 
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suitable for stern and stern angle for both full and ballast 
condition, respectively. 

In order to evaluate hull form ice resistance by the selected hull 
form are compare with existing DAT tanker “Tempera” as shown 
in Figure 14-17. The result show that selected ship has lower ice 
resistance than Tempera in unfrozen and frozen channels in full 
load and ballast conditions. 

 
Figure 6: Ice resistance in unfrozen channel at full loaded draft, 
ahead, H-ice: 1.0 m and Vs: 2.5 m/s 
 

 
Figure 7: Ice resistance in unfrozen channel at ballast draft, 
ahead, H-ice: 1.0 m and Vs: 2.5 m/s 
 

 
Figure 8: Ice resistance in frozen channel at full loaded draft, 
ahead, H-ice: 1.0 m and Vs : 2.5 m/s 
 
 

 
Figure 9: Ice resistance in frozen channel at ballast draft, ahead, 
H-ice: 1.0 m and Vs: 2.5 m/s 
 

 
Figure 10: Ice resistance in unfrozen channel at full loaded draft, 
astern without propeller, H-ice: 1.0 m and Vs: 2.5 m/s. 
 

 
Figure 11: Ice resistance in unfrozen channel at ballast draft, 
astern without propeller, H-ice: 1.0 m and Vs: 2.5 m/s. 
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Figure 12: Ice resistance in frozen channel at full loaded draft, 
astern without propeller, H-ice: 1.0 m and Vs: 2.5 m/s 
 

 
Figure 13: Ice resistance in frozen channel at ballast draft, astern 
without propeller, H-ice: 1.0 m and Vs: 2.5 m/s. 
 

 
Figure 14: Comparison ice resistance of selected hull form in 
unfrozen channel at full loaded draft in astern with existing DAT 
“Tempera” (4) 
 

 
Figure 15: Comparison ice resistance of selected hull form in 
unfrozen channel at ballast draft in astern with existing DAT 
“Tempera” (4) 
 

 
Figure 16: Comparison ice resistance of selected hull form in 
frozen channel at full loaded draft in astern with existing DAT 
“Tempera” (4) 
 

 
Figure 17: Ice resistance in frozen channel at ballast draft astern 
with propeller and then compare with existing DAT “Tempera” (4) 
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Figure 18: Estimated break horse power in open water of the 
selected ship 
 
 
4.0 PERFORMANCE ANALYSIS IN OPEN WATER 

 
The performance in open water is analyzed base on the power 
required by ship. The requirement power at the full scale can be 
represented by 

 
          (7) 

 
where  seawater density (kg/m3), D is diameter of propeller, ns is 
revolution per second,  torque coefficient and η relative 
rotate efficiency. 

Total resistance in open water can be represented as 
 

             (8) 
 

where  is frictional coefficient of ITTC 1957,  is 
 

 
 

 
The estimated power curve of the selected hull form is shown in 
Figure 18. 
 
 
4.0 CONCLUSION 
 
The conclusions are obtained as follows: A method for 
optimization of hull for ice ship going is introduced. Using the 
method Double Acting Tanker is taken as a case study, and then 

obtain result are compare with existing DAR “Tempera”. The 
obtained result show that for fore hull form 36 and 54 degree are 
the suitable angle for upper bulbous and entrance angle at full 
loaded draft, respectively, and 76 and 28 degree are suitable angle 
for lower bulbous and entrance angle at ballast draft, respectively. 
For stern part 30 and 40 degree are suitable angle for stern and 
stern angle for both full and ballast condition respectively. The 
performance of selected hull form show better performance than 
existing DAT “Tempera” in ice condition such as unfrozen and 
frozen channels. 
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ABSTRACT 
 
This paper discusses about the implementation of a single 
microphone that is moving in linear track to substitute some 
channels of linear microphone array and a static microphone as a 
reference in beamforming method of sound source localization. 
The single microphone moves at constant velocity from a 
reference point. All recorded data from the moving and the 
reference microphone are split into several data represent each 
discrete microphone position. By this method, the sound 
localization system is modified from single microphone into 
artificial linear microphone array. Time delay for each artificial 
linear microphone is obtained by cross-correlation function 
between signal from moving microphone and signal from 
reference microphone. Time Domain beamforming method is 
performed by the delay-and-sum algorithm for stationary 
microphone. It is found that the methods can predict the direction 
of sound source. The shorter track and higher microphone speed 
can reduce the possibility of aliasing at high frequency sound. 
However, if the microphone moves closer to the sound source at 
higher speed, the possibility distortion of angle estimation 
increase caused by the Doppler effect. Furthermore, 
implementation of cross-correlation in beamforming can 
minimize the effect of random noise to predict the sound source 
direction. 
 
 
KEY WORDS: Sound Source Localization; Time Domain 
Beamforming; Microphone Array; Moving Microphone 
. 
 

 
NOMENCLATURE 
B Number of beam  
M Number of Microphone 
P(t) Microphone Signal 
Pm(t) Beamforming Output Signal 

mΔ  Time Delay of Microphone Signal 
ψb Direction angle 

mw  Weighting Function 
 
 
1.0  INTRODUCTION 
 
Sound source localization and visualization are complex task 
that most acoustics engineers face today. Some standard and 
highly functional methods based on microphone arrays are used 
throughout many industries to find and to analyze the noise 
source. In general, the methods fall into three categories: near-
field acoustic holography, beamforming, and inverse methods. 
The methods were developed using some microphones and data 
acquisition channels. Most of them use 20 channel microphones 
or more.[1].  

Beamforming is a process to perform spatial filtering, where 
the response of a sensors array is made sensitive to signals 
coming from a specific direction while signals from other 
directions are attenuated. Various methods of beamforming have 
been developed in time and frequency domain, depending on the 
processing speed and the signal types. Beamforming is typically 
referred to in SONAR [2] and RADAR [3].  Recently, its 
applications extend into seismic, medical ultrasonic imaging, 
and various other applications [4]. 

The beamforming technique was first developed for 
submarines and environmental applications. In the far field, sound 
waves hitting the microphone array are planar waves. Under these 
conditions, it is possible to propagate the measured sound field 
directly to the test object. All microphone signals measured by the 
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beamforming array are added together, taking into account the 
delay corresponding to the propagation distance. The pressure can 
be calculated at any point in front of the array, allowing 
propagation to any kind of surface. Beamforming is sometimes 
called “sum and delay,” since it considers the relative delay of 
sound waves reaching different microphone positions. 
Beamforming requires that all data be measured simultaneously. 
It is typically done with a measurement system of 40 channels or 
more [1].  

 Recently, sound source localization by beamforming has been 
addressed to the problem of tracking moving sources [5-6]. This 
paper will discuss the implementation of a single microphone that 
is moving in linear track to substitute some channels of linear 
microphone array. The signal from moving microphone is 
compared with a static microphone as reference signal. 
Beamforming is performed using cross-correlation function 
between signal from moving microphone and reference signal 
from static microphone. 
 
 
2.0  TIME DOMAIN BEAMFORMING ON MOVING 

MICROPHONE 
 
The visualization of sound sources on arbitrary objects can be of 
great utility to locate, compare and demonstrate the causes of 
noise. To do so, an object can be modeled by placing a grid of 
hypothetical point monopoles on its surface. Focusing each of 
these sources by running a beamforming algorithm on 
measurements done with a microphone array, the influence of a 
source to the overall noise can be determined. To replace 
microphone array, a moving microphone and a static reference 
microphone is possibly developed. The idea is inspired by 
implementation of a moving subject like robot to identify or 
localize sound source objects. As preliminary research, we focus 
on locating the sound sources by adapting a classic time-domain 
beamforming method. 
 
2.1.  Beamforming On Static Microphone Array 
The approach used in this paper is based on delay-and-sum 
beamforming that assuming point monopoles and spherical wave 
propagation. The beamformers output signal p(t) is obtained by 
[6] 

 

( )
1

1( )
M

m m m
m

p t w p t
M =

= + Δ∑
 (1)

 

 
That is summation of M microphone signals pm(t) after each of 
them is delayed by the time mΔ and weighted by the factor wm. 
The delay times, are usually calculated with  
 

0m nm nt tΔ = Δ − Δ   (2) 

 
where nmtΔ  is the sound propagation time between source and 
microphone and 0ntΔ  is a reference time between the source and 
the array center. Because 0ntΔ  is equal for all microphone signals 
it only changes the absolute time frame of the output signal. This 
is irrelevant for most evaluations that can be run on the output 

signal, so this offset can be neglected. The weighting factors, that 
assure that all microphones have the same impact on the result no 
matter how far away they are from the source, are calculated with  

0

nm
m

n

rw
r

=

 (3)
 

 
Im many cases, spatial weighting function wm is defined as a 
window function to control main-lobe width and side-lobe 
magnitude. 

To form a beam in direction ψb, the discrete delay required to 
bring the output of the M sensors into time alignment is equal to 
qmb, which are integer multiplies of the sample spacing ts, if the 
beam index b, is an integer  ( b=0, ±1, ±2, ±3, … )  then the 
beam directions that we can realize are those for which  
 

sinnm bt bψΔ =     (4) 
and effectively quantizes the beam steering directions ψb, such 
that 

1 1sin ( )b
nm

b
t

ψ −= ⋅
Δ

    (5) 

 
2.2.  Beamforming On Moving Microphone 
When a fixed source is measured with a moving microphone over 
a period of time, the distance between source and microphone is 
no longer constant, but as a function of time. Figure 1 shows the 
consequences this has on phase and amplitude of the recorded 
signal by taking two events that take place when moving 
microphone is approaching source at the times t1 and t2 and 
observe how the sound propagates through the fixed medium to 
the microphone. Because the sound emitted at t2 needs less time 
to reach the microphone than the signal emitted at t1, the 
waveform between these events is compressed resulting in an 
increase of frequency known as the Doppler Effect [6]. Likewise, 
because the distance decreases, the amplitude increases over time. 
Conversely, when the microphone moves away from the sound 
source, the sound emitted at t2 needs more time to reach the 
microphone than the signal emitted at t1, the waveform between 
these events is expanded resulting in a decrease of frequency. 

 
Figure 1. Doppler’s effect when microphone moves closer to the 

sound source 
 
In the case of moving microphone, two microphones are 
implemented to record the signals. One microphone in static 
position acts as reference signal, and another one moves in linear 
track with a constant speed. Both microphones record the signal 
in a same time, and have the same dimensions. Both signal then 
are divided in accordance with the desired number or microphone 
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distance of artificial microphones arrays of beamforming to 
substitute some channels of linear microphone array. Delay time 
of each artificial microphone array is obtained from cross-
correlation of the signal from moving microphone and the signal 
from reference microphone at the same time measurement. Then, 
beamforming is performed by cross-correlation function between 
signal from moving microphone and reference. 

A simple time domain beamforming structure is the delay-
and-sum beamformer which implements in Equation (1) and is 
shown in Figure 2. The structure is repeated B times, where B is 
the number of beams desired. The cross-correlation signals are 
converted to a digital signal at a frequency greater than the 
Nyquist rate to achieve acceptable beam pattern performance. 
The signals are then delayed appropriately and the weighting 
function applied and effectively summed. If same set of weights 
are to be used for all steering directions, as is often the case, the 
weights can be applied directly at the sensor outputs, before the 
delay sum operation. 
 

 
 
Figure 2. A simple Time domain-Delay sum beamformer using 

cross-correlation signal 
 
 
3.0. RESULT AND DISCUSSION 
 
Simulation is performed using configuration shown in Figure 3. 
The reference microphone is set at the beginning of the track, and 
the moving microphone moves on the microphone track with a 
constant speed. First, Microphone track is 2 meters length and 
sound source is allocated at 1 meter from the center of 
microphone track in x-axis and 4 meters in y-axis.  It means that 
the sound source position is equal to tan-1 (4/1) = 75.9o from x-
axis of microphone track. Noise source is set in coordinate (4 
meter,4 meter) from the center of the microphone track.  
 

 

Figure 3. Simulation configuration 
 

First, The simulation is performed with a single sound source 
and without noise. The beamforming is applied to predict the 
sound location i.e sound source direction from the center of 
microphone track with variation of sound frequency and 
microphone speed. Artificial array is set 1 cm of microphone 
distance, and frequency signal is varied from 500 to 4000 Hz.  

When moving microphone moves at 1 m/s, beamforming is 
able to detect the position of sound source at 750 at frequency 
from 500 Hz to 1000 Hz (Figure 4). However aliasing occurs at 
frequency 2000 Hz or more, where total time delay between 
artificial microphones along the track is more than a wave length 
of the sound.  
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Figure 4. Beam power with microphone speed 1 m/s and 2 meters 

track length 
 

When the microphone moves at 5 m/s of speed (Figure 5), 
beamforming is able to detect the sound source at frequency up to 
2000 Hz. Aliasing still occurs at frequency 4000 Hz. However, 
the location prediction is shifted to lower than 75o. It is possibly 
caused by the Doppler’s effect where the frequency and phase is 
changed when microphone move closer to the sound source in 
higher speed. Position estimation at higher frequency is distorted 
to the lower angle of direction. 
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Figure 5. Beam power with microphone speed 5 m/s and 2 meters 
track length 

 
Furthermore, when the microphone moves at 10 m/s speed 

(Figure 6), beamforming is able to detect the sound source at 
frequency up to 2000 Hz. Aliasing still occurs at frequency 4000 
Hz. However, the location prediction is shifted to the bigger angle 
more than 75o. It is same with the previous situation, the 
doppler’s effect causes frequency and phase change when 
microphone move closer to the sound source at higher speed. 
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Position estimation at higher frequency is distorted to lower angle 
of direction 

The second condition is the microphone track has 0.5 meters 
length and sound source is allocated at 1 meter from the center of 
microphone track in x-axis and 4 meters in y-axis.  It means that 
the sound source position is equal to tan-1 (4/1) = 75.9o from x-
axis of microphone track. Artificial array is set 1 cm of 
microphone distance, and frequency signal is varied from 500 to 
4000 Hz.  
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Figure 6: Beam power with microphone speed 10 m/s and 2 
meters track length 
 

When the microphone moves at 1 m/s, beamforming is able to 
detect the position of sound source at 730 - 740 at frequency from 
500 Hz to 4000 Hz (Figure 7), without any aliasing. The same 
condition occurs when the microphone speed is 5 m/s (Figure 8). 
However, estimation of direction at frequency signal is shifted to 
higher angle. On the other hand, when microphone speed is 10 
m/s (Figure 9), the direction of sound source with higher 
frequency is able to be estimated well. However, signal at lower 
frequency is predicted at higher angle. 

Above explanation shows that shorter track and higher 
microphone speed can reduce the possibility of aliasing even. 
However, higher speed of microphone increases the possibility 
distortion of angle estimation caused by the Doppler’s effect. 
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Figure 7. Beam power with microphone speed 1 m/s and 0.5 
meters track length 
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Figure 8: Beam power with microphone speed 5 m/s and 0.5 
meters track length 
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Figure 9: Beam power with microphone speed 10 m/s and 0.5 
meters track length 
 

Next, the random noise is applied to the system. Signal to noise 
ratio (S/N) is varied from 8 to 0.125. Figure 10 shows the 
example of the signals generated by sound source and noise 
source. As a result, Figure 11 shows, when sound signal at 
frequency 1000 Hz and microphone moves on 2 meters track 
length at 1 m/s and 2 m/s microphone speed, beamforming is able 
detect the sound location although S/N ratio reach 8 (Figure 11 
and Figure 12) 
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Figure 10: Sound and noise signal with S/N 0.5 
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Figure 11: Beamforming of 1000 Hz signal, microphone speed 2 
m/s with some levels of noise 
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Figure 12: Beamforming of 1000 Hz signal, microphone speed 5 
m/s with some levels of noise 
 

The implementation of cross-correlation in beamforming can 
minimize the effect of random noise to predict the sound source 
direction. 
 
 
4.0. CONCLUSSION 
 
This paper has discussed about the implementation of a single 
moving microphone and another static microphone acts as 
reference in sound source localization. By this method the sound 
localization system is modified from single microphone into 
artificial time delayed linear microphone array. Time delay for 
each artificial time delayed linear microphone array is obtained 
from cross-correlation between signal moving microphone and 
signal from reference static microphone.  The Time Domain 
beamforming method for moving sources of sound is performed 
by the delay-and-sum algorithm for stationary microphone. It is 
found that the methods can predict the direction of sound source. 
The shorter track and higher microphone speed can reduce the 
possibility of aliasing even at high frequency sound. However, 
higher speed of microphone increases the possibility distortion of 
angle estimation by the Doppler’s effect. Furthermore, 
implementation of cross-correlation in beamforming can 
minimize the effect of random noise to predict the sound source 
direction. 
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ABSTRACT 
 
This paper presents the experimental performance study to 
observe the effect of changes in the cooling load of the combined 
air conditioning and water heating system with trombone coil 
type as dummy condenser using heat wasted from split type air 
conditioner.  Effects of the following parameters to the system 
performance were examined: compressor power test chamber, test 
chamber temperature, condenser temperature, hot water 
temperature and Coefficient of Performance (COP).  The results 
showed that the bigger the cooling load is given in the test 
chamber, the bigger the heat absorbed in the evaporator, so the 
higher the temperature of the hot water in a tank. COP increased 
with increasing of cooling loads. It was concluded that by 
combined air conditioning and water heating system so that space 
cooling and water heating can take place simultaneously, and the 
energy performance can be raised considerably. 
 
 
KEY WORDS: air conditioning, water heater, cooling load, 
COP, compressor power  
 
NOMENCLATURE 
COP Coefficient of Performance 
P Pressure 
T Temperature 
COP Coefficient of Performance 
COPR COP Refrigeration 
COPR+HP COP Refrigeration and Heat Pump 
1.0 INTRODUCTION 

 
The need of hot water is usually obtained from the electricity and 
gas that requires considerable energy, with energy recovery of 
waste heat from condenser in the air conditioning will be saving 
considerable energy. In thermodynamics terms of balance of 
energy, the waste energy from the condenser are combination of 
compressor energy and cooling effect energy  in the evaporator, 
which means that energy wasted in the condenser is big enough, 
so that the potential of energy savings from condenser also big.  

The electrical energy saving for water heating purposes 
by use the waste heat energy from the condenser also 
indirectly will save the use of fuel oil. The efficient uses of fuel as 
an energy source for the generation of electrical energy will have 
a positive impact on the environment, so that the recovery of 
energy from waste heat condenser using condenser 
dummy will give positive impact to the environment. The use of 
AC with the addition of a dummy condenser for water 
heating will save the cost of using electrical energy or 
gas  because the cost of water heating from the condenser dummy 
obtained free of charge without increasing the cost of the use of 
AC. With the use of a dummy condenser at the AC will get two 
benefits at once that the rooms were comfortable and the hot 
water for various purposes. 

Air conditioning water heater operates on an electrically 
driven vapor-compression cycle and pumps energy from the air in 
its surroundings to water in a storage tank, thus raising the 
temperature of the water. Air conditioning water heater are a 
promising technology in both residential and commercial 
applications due to both improved efficiency and air conditioning 
benefits. The super-heated refrigerant from compressor discharge 
of the air-conditioning system passes through a dummy condenser 
as trombone coil heat exchanger thereby transferring its heat to 
the cold inlet water within water heater tank. From this heat 
recovery technology, free hot water is produced in cooling 
operation, will achieve the highest COP. The temperature of the 
refrigerant is reduced, resulting in the two benefit of water 
heating and  cooling. for higher air conditioning energy efficient.  
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Many researcher have been performed on heat pump water 
heaters (HPWHs), including structure, thermodynamics, working 
fluids, operation controlling, numerical simulation and 
economical analysis (Jie Ji et al. 2003, Fei Liu et al. 2008, M. M. 
Rahman et al. .2007, M. Joseph Stalin et al. 2012, Jie Ji et al. 
2005,  U. V. Kongre et al. 2013, Arif Hepbasli, 2009). Sreejith K, 
2013 was investigated experimentally the effect of different types 
of compressor oil in a domestic refrigerator having water cooled 
condenser and the recovered heat from the condenser can be used 
for bathing, cleaning, laundry, dish washing etc. Yi Xiaowen and 
W.L. Lee, 2008 have been reported an experimental study on the 
performance of a domestic Water-cooled Air conditioner (WAC) 
using tube-in-tube helical heat Exchanger for preheating of 
domestic hot water. Mehmet Yilmaz, 2003 has been presented the 
performance analysis of an air-to-water vapor compression heat 
pump system using pure refrigerants and zeotropic refrigerant 
mixtures. 

Main objectives of this study were to investigate 
experimentally the combined air conditioning and water heating 
system using R22 as working fluid. Effects of the following 
parameters to the system performance were examined: 
compressor power test chamber, test chamber temperature, 
condenser temperature, hot water temperature  and Coefficient of 
Performance (COP). 
 
2.0 EXPERIMENTS 
 
2.1 Experimental Apparatus 
In this study, performance investigation is conducted using the 
similar experimental apparatus as described in Azridjal et al, 2014. 
As seen in Figure 1, the apparatus has the air conditioning system 
with a nominal capacity 2.6 kW. and water cooled dummy 
condenser with trombone coil type heat exchanger (Figure 2). 
Since Azridjal et al. 2014 contains all the details of the test 
apparatus, measurements, test procedures, data verification etc., 
an interested reader is referred to Azridjal et al. 2014. In this 
paper test procedure will be described. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Schematic of Air Conditioning Water Heater 
 (Sonntag, 2009, Azridjal et al.2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2: Condenser dummy trombone coil type 

 
The schematic diagram of air conditioning water heater 

system is shown in Figure 1. The system can offer the following 
two operating modes. Mode 1 is only for space-cooling mode, 
this mode is like the common air-conditioning circles. Mode 2 
can act as space-cooling and water heating mode. The switching 
among two modes is by means of on-off controls of the control 
valves valve. In this study, air conditioning water heater was 
operated in mode 2. 

 
2.2 Test Procedure 

Test procedure is as follows:  
1. Ensure the apparatus is in good condition and there is no 

leakage of refrigerant. 
2. Ensure that all test equipment is mounted properly.  
3. The apparatus is turned on by connecting power cord to a 

electric current source and turn on the evaporator in a test 
chamber with set up temperature 16 oC.  

4. Data were taken every 5 minutes for 120 minutes. Data 
collection depends on the  parameters such as temperature, 
pressure, electric current, voltage in four condition: without 
load, and with load from electric bulb (1000 W, 2000 W 
and 3000 W) 

5. When data recording were finished, turn off the apparatus 
in the test room and unplug the power cord from the current 
source. 

  
 3.0 RESULT AND DISCUSSION 
 
Based on the design that has been done, the result of design the 
dummy condenser as heat exchanger is used type of trombone 
coil as shown in Figure 2. The trombone coil pipe was made of 
using a 3/8 inch diameter copper pipe, with 5 windings and 5,338 
meters length. Then, the dummy condenser is placed in the water 
tank, which has a volume of 50 L that will be used for water 
heating. This heater is installed after the compressor and before 
the condenser, as shown in Figure 1.  

Figure 3 shows the compressor power for two  hours 
operation of system in different cooling load using dummy 
condenser. The testing of air conditioning water heater in mode 2, 
when the cooling load increase in the test room, the compressor 
power will increase too. This is because the heat that absorbed by 
the evaporator increase with increasing of cooling load and it will 
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cause compression power increase. It is affected by the heat 
which absorbed by the refrigerant in the evaporator increase, so 
compression power also increase.  Compressor power average at 
loads of 3000 watts is  0,74526 kW, while without loads is 
0,57635 kW, it appears that  compressor power increasing that 
tends to occur linearly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Compressor power vs. time at different cooling loads 

using dummy condenser  
 
Figure 4 shows  the  distribution of water temperature in tank 

at different cooling load using dummy condenser.  The higher 
cooling load is given in test chamber, the higher temperature of 
the water produced. This is because due to the heat generated by  
the condenser higher when the cooling load in the test room 
increase. The bigger cooling load given in the test room, the 
bigger heat absorbed in the evaporator, so the greater heat 
rejected in the dummy condenser that will heat the water in the 
tank.  Where the highest water temperature at cooling loads 3000 
W is  64.33 0C, while without load is 61.54 0C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Water temperature in a tank vs. time at different  

cooling loads using dummy condenser 
 
Figure 5 shows condenser temperature and test room 

temperature at different cooling loads . At different cooling loads 
during 120 minutes of testing, it appears that the temperature of 
the condenser and temperature of test room tend toward steady 
condition after 30 minutes of testing. Condenser temperature and 
the temperature of the test room tend to rise with the increasing 
amount of cooling load, this is because the heat from the cooling 
load will be absorbed in the evaporator increase, so that the 
bigger the heat is removed in the condenser. The average 
temperature of the condenser at without load condition, 1000 W 
loads, 2000 W loads and 3000 W loads respectively are 72.66 ° 
C, 70.07 ° C, 76.72 ° C and 78.12 ° C.  While the average 
temperature of the test room without load condition, 1000 W 
loads, 2000 W loads and 3000 W loads respectively are 20 ° C, 
18.03 ° C, 22.57 ° C and 26.09 ° C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Condenser Temperature and test room temperature at 

different cooling loads 
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Figure 6: Coefficient of Performance Refrigeration (COPR) vs. 
time at different cooling load using dummy condenser 

 
Experimental results of  Coefficient of Performance 

Refrigeration (COPR) vs. time at different cooling load using 
dummy condenser is shown in Figure 6. As shown in Figure 6, 
the increase of cooling loads causes that the COPR increases. The 
average COPR of system without load condition, 1000 W loads, 
2000 W loads and 3000 W loads respectively are 5.31, 5.33, 5.48 
and 5.62.As seen in Figure 6, because compressor power 
increases with the rise of cooling load. Increasing the cooling load 
in the test room also will increase COPR because the cooling 
power to be supplied at the evaporator increase too. 

Coefficient Performance of Refrigeration and Heat Pump 
(COPR+HP) as air conditioning and water heater  at the different 
cooling load is shown in Figure 7. As the cooling load increases 
in the test room, COPR+HP also increasing, although in cooling 
load 2000 W some time a little higher than 3000 W. The 
performance of COPR+HP is bigger than  COPR because  the 
benefits of cooling and heating are used simultaneously. Dummy 
condenser plays an important role in achieving higher system 
performance. Coefficient of Performance is higher for the 
combined system as air conditioning and water heater with 
dummy condenser. The use of dummy condenser as trombone 
heat exchanger affects the COP and the value of the optimum 
work compressor as shown in Figure 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Coefficient of Performance Refrigeration and Heat 
Pump (COPR+HP) vs. time at different cooling load using 

 dummy condenser 
 
 
4.0 CONCLUSION 
 
The experimental performance study to observe the effect of 
changes in the cooling load of the combined air conditioning  and 
water heating system using heat wasted from split type air 
conditioner are presented. The results indicate that the higher the 
cooling load is given in the test chamber, the greater the heat 
absorbed in the evaporator, so the higher the temperature of the 
hot water produced in the hot water tank. When the cooling load 
increase the COPR and COPR+HP also increasing too as the 
benefits of cooling and heating are used simultaneously. It was 

concluded that by combined air conditioning and water heating 
system  so that space cooling and water heating can take place 
simultaneously, the energy performance can be raised 
considerably. 
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ABSTRACT 
 
Hydroxyapatite is bioceramics that widely used in the medical 
world especially for bone implant and cell culture. 
Hydroxyapatite was synthesized by low temperature 
hydrothermal method which sea shells as derived CaO and 
(NH4)2HPO4 with Ca/P ratio of 0.67, 1.67, 2.67 were heated at 
70°C, 80°C, 90°C and stirred at 300 rpm. The obtained paste was 
dried and then the powder calcined in the temperature range of 
700°C - 1000°C. In order to study the morphology and structural 
characteristics, XRD and SEM were used to estimate the particle 
size of the powder. FTIR was used to identify organic or 
inorganic chemicals for estimating the number of components of 
an unknown mixture. The crystal diameter of hydroxyapatite 
increased with Ca/P ratio and reaction temperature. Majority 
hydroxyapatite phase was obtained at Ca/P ratio of 2.67 and 90°C 
reaction temperature.     
 
 
KEY WORDS: Hydroxiapatite, hydrothermal, powder, 
characterization 
 
 
1.0 INTRODUCTION 
 
Hydroxyapatite (HAP) is the main mineral constituent of teeth 
and bones [1]. Because of bicompatibility, bioactivity, low 
solubility in water and ability to replace toxic ions, HAP 
(Ca10(PO4)6(OH)2) are widely used in biomaterials [2, 3]. 
Therefore, multiple techniques has been used for preparation of 

HAP, including precipitation [4], mechanochemical [5, 6], and 
hydrothermal [7, 8]. 

As proposed by Alqap and Sopyan [9], low temperature 
hydrothermal method provides advantages in comparison other 
methods due the stable phase of HAP. It poses more convenient 
method for synthesis HAP with low temperature hydrothermal  
method than hydrothermal method because it has no need for high 
temperatures when forming the HAP powder, thus lowering 
energy costs [10]. It is also more convenient than 
mechanochemical procedure since low temperature hydrothermal 
method presents an aqueous phase that is not available in the 
mechanochemical method. This aqueous phase can accelerate 
kinetic processes that commonly limit the rate of reaction, such as 
dissolution, diffusion, adsorption, reaction, and crystallization 
[11]. The low temperature hydrothermal method also offers 
variability in particle size by changing the controlled variables 
such as temperature, pH, rate of stirring, and amount of reactants 
or Ca/P ratio. 
 
 
2.0 EXPERIMENTAL 
 
2.1 Materials Preparation 
The starting materials in this experiment were ammonium 
dihydrogen phosphate ((NH4)H2PO4) (Merck, Germany) and sea 
shell (Anandara Granosa) from Pekanbaru local market. Initially, 
sea shell were cleaned and dried at ambient temperature for 24 
hours. Subsequently, dried sea shell was crushed and sieved using 
a 100-mesh sieve. Sea shells powder were calcinated at 1000°C 
for 24 hours to changed CaCO3 to CaO, by these following 
reaction: 
 

CaCO3  CaO  +  CO2       (1) 
 
2.2 Synthesis of Hydroxyapatite Powder 
For the preparation of the solution, CaO and ((NH4)H2PO4 was 
dropwise in 600 mL distilled water with Ca/P ratio of 0.67, 1.67 
and 2.67. The suspension was heated at 70°C, 80°C, 90°C while 
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stirred at 300 rpm until paste was obtained. Then the paste was 
dried at 120°C for 15 hours and crushed until powder form.  The 
prepared powders were then calcined in furnace at 900°C. A 
heating rate of 5°C min-1 was applied until the required 
temperature was reached and then the heating was continued for 1 
hour. Variables in this work were Ca/P ratio (0.67, 1.67 and 2.67) 
and reaction temperatures (70°C, 80°C and 90°C). 
 

 
2.3 Characterization 

The crystal and phase structures of the samples were 
identified using a X-ray diffractometer (XRD) with CuKα (λ = 
1.5418 Å) incident radiation over the 2θ range of 20-60° at room 
temperature. Moreover, the isolate peaks assigned to (002), (112), 
and (300) planes were used to estimate the crystallite size (D) of 
HAP phases, respectively, using the well-known Scherrer’s 
formula as followed [12]: 

 

          (2) 

 
Where k is a shape factor equal to 0.9, λ is the X-ray wave 

length, β is the full-width at half-maximum (in radians), and θ is 
the diffraction angle related to the diffraction peak under 
consideration. 

Fourier transform infrared spectroscopy (FTIR) was used for 
identification of functional groups present in the HAP powder. 
The morphology and size of the nanoparticles were studied using 
scanning electron microscopy (SEM) 
 
 
3.0 RESULTS AND DISCUSSION 
 
3.1 FTIR Spectra 
FTIR spectroscopy analysis was also used in this study. FTIR 
identify the functional groups in the sample. Functional groups 
that are identified in the FTIR analysis, among others PO4

3-, OH, 
HPO4

2- and CO3
2- in the range 4000 to 600 cm-1 as shown in 

Figure 1. According Alqap and Sopyan [9] group PO4 bands 
appear at wavelengths from 1100 to 1019, 958, 962 and 605 cm-1 
in addition to that. In 0.67 Ca/P ratio sample PO4

3- ribbon appears 
at a wavelength of 953, 1027, and 1067 cm-1. In 1.67 Ca/P ratio 
sample appears at a wavelength of 962, 1087, 1023 cm-1, whereas 
in 2.67 Ca/P ratio sample at wavelengths of 963, 1024, and 1086 
cm-1 as shown in Figure 1. 

In addition PO4
3- group, there are OH- ion appears by FTIR 

analysis of the samples. Where OH- ion occurs at a wavelength of 
3700 - 2500, 630, and 667 cm-1. In 0.67 Ca/P ratio sample OH- 
group appears at a wavelength of 683 and 612 cm-1. In 1.67 Ca/P 
ratio sample appears at wavelengths 3572, 3642, 628 cm-1, where 
as in 2.67 Ca/P ratio sample at a wavelength of 3643 and 630 cm-

1. Then there HPO4
2- group contained at wavelengths 1308 and 

1260 cm-1 in 0.67 Ca/P ratio sample. Figure 1 also shows clusters 
at wavelengths 788 and 710 cm-1 which is based on research 
Alqap and Sopyan [9] at the around that wavelength the 
functional group that appears was a group of P2O7. This proves 
the presence of calcium pyrophosphate phase. 

The results obtained spectrum for each researcher of HAP is 
different but still in the adjacent values. The results show that 
there is another group of compounds that should not exist in a 

pure hydroxyapatite. Figure 2 shows the FTIR spectrum of 
synthesized hydroxyapatite with variations in temperature 70oC, 
80oC and 90oC. The measurement results of hydroxyapatite 
synthesized using hydrothermal method with temperature at 70°C 
using FTIR analysis shown in Figure 2. 

 
 

 
Figure 1 : FTIR spectra of HAP prepared for Ca/P ratio of (a) 

0.67 (b) 1.67 and (c) 2.67 
 

Phosphate groups (PO4
3-) asymmetric stretching vibration 

synthesized detected at wave number 1019 cm-1 which indicates 
that the crystals formed in the synthesis results. In addition, the 
hydroxyapatite visible spectrum characteristic absorption band 
around 2021 cm H2O-1, 2167 cm-1 and 2182 cm-1. An increase in 
the intensity of the band 2250-2000 cm-1 which is a band of H2O 
on the surface because the surface absorbs water samples HAP. 
This is possible because the sample storage techniques 
unfavorable silica gel which does not include the storage time or 
may also be due to HAP produced from the calcination process 
becomes more hygroscopic due to the higher calcination 
temperature. The measurement results of hydroxyapatite 
synthesized using low temperature hydrothermal method with 
2.67 Ca/P ratio using FTIR analysis shown in Figure 2. Phosphate 
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groups (PO4
3-) asymmetric stretching vibration synthesized 

detected at wave number 1024 cm-1 and 1085 cm-1 which 
indicates that the crystals formed in the synthesis results. In 
addition, the hydroxyapatite visible spectrum characteristic of the 
OH- absorption band around 3642 cm-1. This can happen because 
the HAP powder is hygroscopic, thus precipitating the hydration 
of the air. OH- group at 3642 cm-1 region is called water 
absorption. Ribbon uptake carbonate  (CO3

2-) synthesis were also 
detected at wave number 1423 cm-1 which is the asymmetric 
stretching vibration absorption band is weak with no form of 
symmetry. 

 
 

 
Figure 2 : FTIR spectra of HAP prepared at reaction temperature 

of (a) 70°C (b) 80°C and (c) 90°C 
 
 

The measurement results of hydroxyapatite synthesized 
using hydrothermal method with low temperature of 90oC using 
FTIR analysis shown in Figure 2. Phosphate groups (PO4

3-) 
asymmetric stretching vibration synthesized detected at wave 
number 1025 cm-1 and 1241 cm-1 which indicates that the crystals 
formed in the synthesis results. Ribbon phosphate present in the 
spectrum of commercial hydroxyapatite as a small band at wave 
number 878 cm-1, 961 cm-1 and 981 cm-1. In addition, the 
hydroxyapatite visible spectrum characteristic of the OH- 

absorption band around 3641 cm-1 and 636 cm-1. This can happen 
because the HAP powder is hygroscopic, thus precipitating the 
hydration of the air. OH- group at 3641 cm-1 region is called water 
absorption, whereas the OH groups were detected around the 
wave number of 636 cm-1 is an illustration of the water 
absorption. Carbonate absorption band (CO3

2-) synthesis were 
also detected at wave number 1463 cm-1 which is the asymmetric 
stretching vibration absorption band is weak with no form of 
symmetry.  
 
3.2 X-ray Analysis 
From the results of XRD analysis, it is found that a change in the 
intensity of the peak from diffractogram. The results of XRD 
analysis as shown in Figure 3 where for each sample shows the 
majority present of peaks are hydroxyapatite. Peak of the 
hydroxyapatite 0.67 Ca/P ratio sample at 2θ 25.853°, 31.719° and 
32.847° with hkl (002), (211) and (300). In the 1.67 Ca/P ratio 
sample at 2θ 25.853°, 31.740°, and 32.857° with hkl (002), (211) 
and (300). And on the 2.67 Ca/P ratio sample at 2θ 25.879°, 
31.739°, and 32.865° with hkl (002), (211) and (300). Where in 
the peak hkl values are similar to pattern characterization results 
of XRD analysis from JCPDS (Joint Committee on Powder 
Diffraction Standards) with PDF Card No. 09-432. In addition, 
from the data base of results obtained XRD analysis of crystal 
crystal diameter each sample based on the Scherrer equation, 
where the crystal diameter grew along with the increasing ratio of 
Ca/P and temperature is shown in table 1. 
 

Table 1: The average crystallite size of the samples 

Ca/P ratio  
 

Reaction 
temperature (°C) 

 
Crystal diameter 

(nm) 
0.67 90 54.38 
1.67  90 52.37 
2.67  90 52.32 
2.67  70 63.43 
2.67  80 55.85 
2.67  90 52.48 

 
 

Based on the analysis of XRD peaks can also be seen other 
than hydroxyapatite on samples where each sample contains 
phases as shown in Table 2. In samples with a ratio of 0.67 there 
is a phase other than the phase composition of hydroxyapatite, the 
calcium pyrophosphate. The calcium pyrophosphate compound 
formed by calcium hydroxide derived from the mixing of CaO 
with water reacts with phosphoric acid, resulting in a calcium 
dihydrogen phosphate as the following equation:  

 
Ca(OH)2 + 2H3PO4          Ca(H2PO4)2 + 2H2O      (3) 

 
Then calcium dihydrogen phosphate reacts with ammonia to 

produce monetite (CaHPO4) or dicalcium phosphate anhydrous 
(DCPA) as shown in the following reaction:  

 
 Ca(H2PO4)2 + NH3         CaHPO4 + NH4H2PO4      (4)  

 
Table 2: Phase contained in different Ca/P ratio samples 

Ca/P ratio  

OH- 
PO4

3- 

OH- 

PO4
3- 

PO4
3- 

OH- 

PO4
3- 

PO4
3- 
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Mineral phase 

0.67 Hydroxiapatite, Calcium 
phosphate

1.67 Hydroxiapatite, 
Tricalcium phosphate 

2.67 Hydroxiapatite, Calcium 
hydroxide 

Where monetite (DCPA) is what causes the formation of 
calcium pyrophosphate. Monetite (DCPA) decomposes into 
calcium pyrophosphate at a temperature of 700-900°C, this was 
also a study done by Alqap and Sopyan [9]. 
 

 

 
Figure 3 : XRD patterns of HAP at Ca/P ratio of (a) 0,67 (b) 1,67 

and (c) 2,67 
 
 
In samples with a ratio of 1.67 Ca/P phase composition 

consisting of hydroxyapatite, and tricalcium phosphate. The 
formation of tricalcium phosphate in 0.67 Ca/P sample is 
influenced by the ratio of Ca/P in which the ratio of Ca/P is 
smaller than tricalcium phosphate hydroxyapatite, it is also 
consistent with studies conducted by Zhang and Darvell [13] 
where tricalcium phosphate formed in the mass ratio of Ca/P 
1.67. Also according Alqap and Sopyan [9] CaO were still 
present in the sample can cause the formation of tricalcium 
phosphate and calcium pyrophosphate react like the following 
reaction: 

 
Ca2P2O7 + CaO   Ca3(PO4)2       (5)  

 
While the 2.67 Ca/P sample phase composition was 

consisting of hydroxyapatite and calcium hydroxide. Where 
calcium hydroxide CaO derived from mixing with water 
following reaction:  

 
CaO + H2O   Ca(OH)2      (6) 

3.2 Morphology Sample 
From the results of SEM morphology appears apatite crystals that 
gather several compounds that appear larger with a smooth and 
uniform grain [14]. Samples with higher heating temperatures 
produce crystals with a purity higher than samples with lower 
heating temperatures. Because of the high temperature heating 
will make the process of better particles growth [15]. 
 
 

 
Figure 4 : FTIR spectra of HAP at reaction temperature of (a) 

70°C (b) 80°C and (c) 90°C 
 
 

The sample has a monoclinic and hexagonal crystalline 
structure. A monoclinic crystalline structure that has an axis that 
is tilted from its three axes. A axis perpendicular to the axis b; b 
perpendicular to c, but not c-axis perpendicular to the axis a. All 
three axes are unequal in length, generally the longest c axis and 
the shortest axis b. While a hexagonal crystalline structure that 
has 4 axes of symmetry with the symmetry axis lies in the 3 1 
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field, which is horizontal. The third axis of symmetry makes an 
angle of 60° between the horizontal axis and the fourth axis is the 
vertical axis is cut perpendicular to the axis of symmetry 
horizontal third. The fourth axis is usually longer than the third 
horizontal axis. Results of SEM for the results of the synthesis of 
hydroxyapatite with reaction temperature of 70°C, 80°C and 90°C 
is shown in Figure 5. 

Samples with the SEM observation results using 7500x 
magnification can be seen in Figure 5. The results of observation 
samples with reaction temperature of 70°C, 80°C and 90°C 
(Figure 5) looks like a group of small dense particles. Grain size 
of the 90°C reaction temperature sample looks smaller than the 
70°C and 80°C samples. This is reinforced by the results of the 
calculation of the size of the crystals from the XRD pattern. 
Defined as an individual crystal grains. The size of the crystal 
sample is 63.43 nm where as 70°C reaction temperature sample, 
80°C and 90°C samples are 52.85 nm and 52.48 nm. The increase 
in temperature resulted in an increased thermal vibration energy, 
which then accelerates the diffusion of atoms through the grain 
boundaries, small droplets into larger ones. From Figure 5 it can 
be seen that the distance between the particles are initially very 
tight show tenuous when the heating temperature is lower. 

 
 

 

 

 
Figure 5: SEM results for sample with reaction temperature of (a) 

70°C (b) 80°C, (c) 90°C and Ca/P ratio of (a) 0,67 (e) 1,67 (f) 
2,67 

 

 
Figure 5 shows the results of the samples with variation of the 

ratio Ca/P.In sample with the Ca/P ratio of 0.67 is shown in 
Figure 5 d has a larger size than the other samples (1.67 and 2.67 
Ca/P ratio samples), this is caused by the presence of some other 
apatite compounds contained in the sample as has been seen in 
the results of XRD and FTIR analysis. SEM results also showed 
that the synthesis of the ratio of Ca/P of 0.67 in both immature 
hydroxyapatite. SEM result for sample with the ratio Ca/P of 1.67 
is shown in Figure 5 e. From the results of SEM photograph looks 
morphology with finer grains. It is also caused by the presence of 
other compounds such as tricalcium phosphate apatite were also 
seen in the results of XRD analysis. For sample with the ratio 
Ca/P of 2.67 is shown in Figure 5 f. From the results of SEM 
morphology of the grains appear smoother and more uniform 
compare to 0.67 and 1.67 Ca/P ratio samples. In accordance with 
the X-ray diffraction pattern showed that the synthesis of the ratio 
of 2.67 Ca/P ratio produce hydroxyapatite peaks more than 0.67 
and 1.67 Ca/P ratio samples. 

 
4.0 CONCLUSION 
Effect of Ca/P ratio and reaction temperature on chemical 
properties of hydroxyapatite powder from sea shell using low 
temperature hydrothermal method has been presented the paper.  
The crystal diameter of HAP at Ca/P ratio of 0.67, 1.67 and 2.67 
were 53.38, 52.37 and 52.32 respectively. HAP phase at Ca/P 
ratio of 2.67 and 90°C temperature reaction was found 
predominant. 
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ABSTRACT 
 
This paper is proposed to discuss the model scale mooring line 
selection process and preparation for hydrodynamic model 
experiment. The model scale mooring line should be proper select 
for model experiment and the error should be minimized because 
the error in model scale mooring line will be enlarged by the scale 
factor and influence the design in full scale model. In this study, 
tensile test experiment for model scale wire ropes was conducted 
to collect the material properties data of the wire ropes. The data 
collected from the tensile test is applied to obtain the stiffness of 
mooring lines in the model scale. To achieve the target to select 
the model scale mooring lines, the minimum breaking load of the 
wire ropes and the elongation curve of the wire ropes are 
collected from tensile test for each wire rope sample. By applying 
catenary theory and the data from tensile test, the stiffness curve 
of the mooring line in model scale was estimated. The Difference 
between the stiffness curve between model scale and full scale is 
within acceptable at the required experiment range. 
 
 
KEY WORDS: Tensile Test, Wire Rope, Mooring Line, 
Catenary Mooring System, Model Experiment. 
 
 
1.0 INTRODUCTION 
 
In recent development, Liquefied Natural Gas, LNG becomes an 

important energy source for human and the demand to the LNG is 
increasing from year to year.The development of offshore 
structure suitable for LNG exploration is very challenging and it 
required complexity analysis and high accurate result in design. 
To ensure the offloading process which involved multiple floating 
structures arrangement in small air gap can be safe when the 
FLNG is operated in open sea, the mooring system for the FLNG 
must be designed not only able to withstand in rough sea 
condition also must be able to provide enough restoring force to 
the FLNG when the shutter tanker come close to the structures. 

To ensure the structures design and mooring system design can 
be worked according to the design condition, model test can be 
carried out to estimate the safety of whole system before fabricate 
of the full structure. The model test which completed with the 
mooring lines and rise in model scale is more preferred if the 
laboratory facilities are allowed. This is because the involved all 
the system in the model test can illustrate the response of the 
structures with more realistic condition when receiving the 
external load such as wave, wind and current.  

In this study, the model scale mooring lines design is focused 
in this paper. The procedure to selected the model size mooring 
line and the scaling rule apply is highlighted here. Due to the 
limited of the reliable data for the suitable wire rope in model 
size, the tensile test also conducted by this research to collect 
information to simulate curve of mooring lines. The precaution to 
conduct the tensile test so the reliable data can be obtained also 
presented in this paper.  

Finally, this paper will also presented the final designed 
mooring line and the stiffness of the mooring line between model 
size and full size. The difference between the stiffness of full size 
and model size stiffness is within the acceptable range and 
assumed will not cause large difference to the motion response of 
the model scale experiment which will conduct as the next step in 
the structures mooring design. 

 



 

The 1st Conference on Ocean, Mechanical and Aerospace 
-Science and Engineering- November 19, 2014 

 
 

 
162 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers                                               “Thermodynamic and Structures” 

 
 

 
 
 
 
 
2.0 MOORING MODELLING 
 
2.1 Scaling Rule 
In this study, the mooring lines in model scale are scaling follow 
the Froude similarity. Froude’s law of similarity is the most 
appropriate scaling law applicable for the free and moored 
floating structure experiments. The Froude number has a 
dimension corresponding to the ratio ofݑଶ ⁄ܦ݃  where u is the 
fluid velocity, g is the gravity acceleration and D is a length of the 
model or prototype. The Froude number Fr is defined asݎܨ ൌ
ଶݑ ⁄ܦ݃ . 

Let the subscripts p and m stand for prototype and model 
respectively and λ is the scale factor, then the scaling for length, 
speed, mass and force is shown in Table 1. 

 
Table 1: Scaling law between model and prototype 

Dimension Scaling equation 
length, ࢒ (m) ݈௣ ൌ  ௠݈ߣ
speed, ࢛ (m/s) ݑ௣ ൌ  ௠ݑߣ√
mass, m (kg) ݉௣ ൌ  ଷ݉௠ߣ
Force, F (N) ܨ௣ ൌ  ௠ܨଷߣ1.025
Mooring line segment weight in 
water, K (N/m) 

௣ܭ ൌ  ௠ܭଶߣ1.025

 
2.2 Modeled Parameter for Mooring Lines  
There are three important parameter must be scaled correctly to 
ensure the mooring lines are properly scaled for the selected 
environment and the simulation of the structure response is 
properly scaled to the model size. The parameters of the mooring 
lines must be scaled as follows [1] 

• Pretension of  Mooring line  
• Stiffness of the mooring designed for the selected site 

condition 
• The restoring force generated by the mooring lines to 

limit the movement of structures due to external load. 
All the three parameter of the mooring system must be scaled 

to the model scale appropriately to ensure the experiment result is 
correct represent the structures response. 
 
2.3 Catenary Theory 
In the preliminary design, static catenary design method is 
typically selected to design the catenary type of mooring system 
for floating structure. To able apply this method to design a 
mooring system, few assumption of must be applied to the design. 
The assumptions as follows [2]: 

• The seabed condition is fully flat and horizontal 
• Bending stiffness of the mooring line can be neglected. 
• The mooring lines is only in a vertical plane where 

involved with X-Z plan only.  
The second assumption assumed that the bending stiffness can 

be neglecting is typically agreed forchain type mooring line. If 
wire rope mooring line is used in the mooring system, it must be 
ensure that the curvature curve is small.  

The catenary model of mooring lines and the axial force acting 
onevery segment of mooring line is illustrated on Figure 1 and 
Figure 2respectively. 

 
Figure 1: Single Mooring lines [3] 

 

 
Figure 2: Segment tension of the mooring line 

 
From the Figure 2, w is submerged unit weight/length of 

mooring line, A is mooring line cross-section area, Eis the 
modulus elasticity of mooring line and T is tension force in line. 

The axial tension of mooring line in the segment of mooring 
line in Figure 2 in static equilibrium condition can be estimated 
by the following equation [2]. 
 
݀ܶ െ ݖ݀ܣ݃ߩ ൌ ቂݓ sin ߮ െ ܨ ቀ1 ൅ ்

஺ா
ቁቃ   (1)       ݏ݀

 
ܶ݀߮ െ ߮݀ݖܣ݃ߩ ൌ ߮ݏ݋ܿݓ ൅ ܦ ቀ1 ൅ ்

஺ா
ቁ  (2)        ݏ݀

 
To solve the above equation, the effect from current, D is 

ignored, hence the equation become 
 
ܶᇱ ൌ ܶ െ  (3)           ܣݖ݃ߩ
 

By solving the equation above, the segment tension of the 
mooring line become as follow. 
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ܶ ൌ ுܶ ൅ ݄ݓ ൅ ሺݓ ൅  (4)         ݖሻܣ݃ߩ
 

In equation (4), h is water depth, ுܶ is the horizontal tension of 
mooring line.  

The vertical tension of the mooring can be calculated by 
equation (5) 
 

௭ܶ ൌ  ௦           (5)݈ݓ
 

If the maximum external load,  ௠ܶ௔௫ act on the mooring line is 
known, then the minimum mooring lines length,݈௠௜௡ required to 
ensure the whole mooring line do not fully raise up can be 
calculated by equation (6) 
 

݈௠௜௡ ൌ ݄ ቀ2 ೘்ೌೣ

௪௛
െ 1ቁ

ଶ
         (6) 

 
Also, the restoring coefficient, C generate by the design 

mooring line can be calculated from the equation (7) to (9) [3]. 
 
ܺ ൌ ݈ െ ݈௦ ൅  (7)          ݔ
 

ܺ ൌ ݈ െ ݄ ቀ1 ൅ 2 ಹ்

௪௛
ቁ

భ
మ ൅ ಹ்

௪
ଵି݄ݏ݋ܿ ቀ1 ൅ ௪௛

ಹ்
ቁ       (8) 

 

ܥ ൌ ௗ ಹ்

ௗ௑
ൌ ݓ ൥ ିଶ

ቀଵାଶ೅ಹ
ೢ೓

ቁ
భ/మ

ା௖௢௦௛షభሺ൬ଵାೢ೓
೅ಹ

൰
൩

ିଵ

       (9) 

 
 
2.4 Mooring Line Material Properties Test 
From the section 2.3, it is presented the mathematical solution to 
obtain the mooring line curve and horizontal tension. The 
required information need to obtain before the mathematical 
model at section 2.3 are the design parameter such as the length 
of mooring line, water depth, mooring line material properties.  

To obtain the mooring lines material properties, tensile 
experiment should be conducted to obtain the required 
information.The information targeted to collect from tensile test 
are breaking load of wire rope and modulus of elasticity. The 
example stress-strain curve for wire rope tensile test is shown in 
Figure 3. 

 

 
Figure 3: Wire Rope Tensile Test Stress-Strain Curve. 

 
From the Figure 3, the breaking load of the wire rope sample 

can be obtained from the maximum load apply to the cable. To 
obtain the modulus of elasticity from the tensile test, Hook law 
can be applied [4]. According to Hook law, stress is directly 
proportional to strain. 

 
ߪ ൌ .ܧ  (10)            ߝ

 
Where, ߪ is stress, E is modulus of elasticity and ߝ is strain. The 
stress apply in the wire rope can be calculated by equation (11) 

 
ߪ ൌ ி

஺
         (11) 

 
Where, F is the tension force applies to the wire rope, A is the 
cross section area of wire rope. Also the strain from wire rope can 
be calculated by equation (12) 

 
ߝ ൌ ୼௟

௟బ
            (12) 

 
Where, Δ݈ the wire rope elongation and ݈଴ is the initial length of 
wire rope. 

By rearrange equation (10), the modulus of elasticity for the 
sample wire rope can be calculated as in equation (13) 

 
ܧ ൌ ఙ

ఌ
            (13) 

 
 
3.0 WIRE ROPE TENSILE TEST 
 
Difference to the solid bar tensile test, tensile test for wire rope 
required more precaution to obtain acceptable result. This is 
because the wires rope is the roll together by several numbers of 
strands of metal wire laid. In this situation, the clamping tool for 
the tensile test and the preparation to the sample need to ensure 
the load apply to the wire rope can be fully distributed to all 
strands of metal wire laidand without concentration of force in the 
single strands of metal wire laidto avoid the wire rope break at the 
lower tension load condition due to bad distribution of force to all 
strands of metal wire laid. 

To ensure the tension force can be distributed to all the wires in 
the wire rope, the wire rope end termination is claimed at both the 
end point of wire rope and then tensile test machine will claim at 
the wire rope end termination to apply the load to the wire rope 
during tensile experiment. The end termination applied in this 
experiment is showed in Figure 4, while the claimed wire rope 
before the experiment start is showed at Figure 5.  

 

 
Figure 4: Wire rope with end termination. 
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Figure 5: Wire rope tensile experiment setup 

 
Besides, there are many factors can be leaded to the failure of 

tensile test. From the previous experiment, it is facing few 
failures due to improper experiment setup. The failure face are 
non-uniform distribute of tension force, breaking in end 
termination before the wire rope failure and slip. Examples of 
failure tensile experiment are shown in Figure 6 and Figure 7. 
 

 
Figure 6: Sample of failure tensile experiment due to breaking of 
end termination. 

 

 
Figure 7: Sample of failure tensile experiment data. 

 
In the tensile experiment, stainless steel wire rope with length 

of 200mm and nominal diameter of 2mm, 2.5mm, 6mm and 8mm 
were tested. Sample of success tested wire rope is showed in 

Figure 8 and the result from the tensile test for the wire rope 
nominal diameter 2.5mm and 6mm is showed in Figure 9 and 
figure 10 respectively.  

 

 
(2mm Wire rope) 

 
(6 mm wire rope) 

Figure 8: Tested wire rope samples. 
 

 
Figure 9: Tensile test result of 2.5 mm nominal diameter wire 
rope. 
 

 
Figure 10: Tensile test result of 6 mm nominal diameter wire rope. 
 

From the tensile test, it is obtained that the modulus of 
elasticity for the 6-strands wire rope is 61.0 GPa while the 
standard result for this type of wire rope based on specification is 
58.86 GPa [5]. Besides, the minimum breaking load of the wire 
ropes of nominal diameter 2mm, 2.5mm, 6mm and 8mm are 3.6 
KN, 4.5 KN, 24.89KN and 36.25 KN. 
 
 
4.0 MOORING STIFFNESS 
 
To simulate the effect of mooring to structures motion, the 
stiffness of mooring lines must be scaled properly. After the 
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elasticity modulus and breaking load of wire ropes in model scale 
is knew, the calculation on mooring stiffness can be made based 
on the mathematical model in section 2.3. The final selection of 
the mooring lines and its properties is showed in Table 2 and 
Figure 11. And the stiffness is presented in figure 12. 

 
Figure 11: Mooring line profile 

 
Table 2: Mooring line segment information 

Particular Segment A Segment B Segment C 
 Model Model Model 
Nominal 
Diameter (mm) 

3.0 3.0 3.0 

Type Chain Wire Rope Chain 
Segment 
Length (m) 

4.2 11.3 1.4 

Air Weight 
(kg/m)  

0.16 0.0369 0.16 

Water weight in 
water (kg/m)  
Model scale 
water density: 
1000kg/m3 

0.1425 0.03119 0.1425 

Breaking Load 
(KN) 

10.79 5.40 10.79 

Modulus 
Elasticity (GPa) 

114.59  61.00  114.59 

 

 

 
Figure 12: Restoring force from mooring line in model scale. 

 
Besides, the comparison of horizontal restoring force generated 

by the model scale mooring lines and prototype is showed in 
Figure 13. The predicted motion of floating structures for the 
motion experiment is up to 8.5 meters. In the comparison, it can 
predicted that the motion of floating structures in model scale will 
slightly larger compared to the actual due to the lower restoring 

force provided by the model scale mooring lines. 
The slightly difference between both mooring lines is expected 

because it is impossible to scale the entire particular from full 
scale to model scale. As example, the scaling of elasticity 
modulus is difficult to achieve because it involved the material 
properties of the mooring lines. To ensure the result from the 
model experiment is reliable, the different of the mooring lines 
horizontal stiffness is tried to keep as same as possible between 
models and prototype at the selected test range. 

 

 
Figure 11: Comparison of horizontal restoring force generated by 
the model scale mooring lines and prototype. 
 
 
5.0 CONCLUSION 
This paper presented the mooring line preparation to conduct the 
hydrodynamic tank test. In this study, the static catenary theory is 
applied to predict the mooring lines stiffness and it generated 
restoring force to the structure. To able the calculation of mooring 
lines stiffness be conducted, tensile test of the model scale 
mooring lines are conducted to obtain the required information 
such as breaking load of the wire ropes and modulus of elasticity. 
The precaution of the tensile experiment is taken in this study to 
ensure the tensile test data is reliable to the calculation. Finally, 
the comparison of the mooring lines stiffness between model and 
prototype showed that the model size mooring lines is slightly 
less stiffness compared to the prototype, however, the difference 
is still within the acceptable for the range of restoring force 
required by the tank experiment. 
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ABSTRACT 

 
The hydroxyapatite synthesis of cockle shell (Anadara 

granosa) as a source of calcium was done by using hydrothermal 
method. Hydroxyapatite, Ca10(PO4)6(OH)2(HAp) is widely used 
in medical fields especially as a bone and teeth substitute. First 
step, the cockle shell were calcined at 900◦C  for5 hours. The 
CaO of cockle shell was converted to Precipitated Calcium 
Carbonated (PCC) by using the carbonation method. The 
hydrothermal process of PCC was done at  140OC for 16 hours 
and hydroxyapatite obtained.The forming of biomaterial 
hydroxyapatite was characterized based on XRD, FTIR, SEM- 
EDX. The XRD patternsshowed that the products were 
crystallized hydroxyapatite. The morphology of hydroxyapatite 
viewed under SEM showed that uniformly crystals of 
hydroxyapatite.  

 
KEYWORDS: cockle shell, hydroxyapatite, hydrothermal, 
Precipitated Calcium Carbonated 
 
1.0. INTRODUCTION 

Indonesia is very rich with the sources of calcium, both 
from natural sources (egg shells, corals, cockle shells, bones) and 
in the form of natural product (limestone) [1]. Kerang darah shells 
(Anadara granosa) is one of the potential calcium sources, a 
lenient animal (mollusca) of bivalvia class. Moreover, 95% main 
composition of kerang darah shells is in the form of CaCO3 [2]. 
Kerang darah shells’ calcium could be processed into the products 
that are more efficient in the industry or medical world, like 

Precipitated Calcium Carbonated (PCC) and hydroxyapatite 
(HAp). 

PCC is a calcium carbonate compound (CaCO3) that can be 
processed from the shells material through a series of chemical 
reactions. PCC particles’ is homogeneous that in the same size 
with micro-scale particle [3]. Currently, PCC widely used in 
industrial project as an addictive of pharmaceuticals, food, paper, 
plastic and ink. Previously, PCC has been used as a base material 
in the synthesis of carbonate apatite. Its high level’s purity as well 
as the small size and constancy of the particles, turn out to be 
PCC advantage to be changed into apatite compounds [4].  

The hydroxyapatite has been broadly used in the biomedical 
field for filler and coating of bone and dental implants [5,6]. 
Besides, because of its spongy structure that possess chemical and 
thermal resistance, the hydroxyapatite has also been widely used 
as a catalyst or adsorbent [7, 8, 9]. Furthermore, the PCC in this 
study is made of cockle shells through carbonation method, which 
will be processed with further method of hydrotermal and 
synthesized into hydroxyapatite. Based on morphological pattern, 
particle size and the purity of the Hap powder results, affect the 
properties of Hap that will be applied in the orthopedics fields, 
dental materials, as well as for catalyst or adsorbent. It is hoped 
that through the hydrothermal process, the PCC that made from 
precursor shellswaste, will be formed HAp that have smooth and 
identical size, so that it can be usefull in the biomedical field as a 
bone filler and coating for its tremendous osteoconductivity [5,6]. 

 
2.0. MATERIALS AND METHOD 

The materials are  the cockles shells, which is collected 
from Indera Giri Hulu, Riau ; diammonium hydrogen phosphate 
((NH4)2HPO4) Merck ; 2M nitric acid (HNO3) solution; 
ammonium hydroxide (NH4OH) 65% Merck; CO2 gas and 
aquadest. The cockle shell’s samples are washed and cleaned, 
then dried out. After that, it will be mashed up with pulvurizer, 
and the powder of the cockleshells will be obtained with a smaller 
seize particle and will be adjusted with a sieve tray (+ 0.125 mm). 
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