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Traditional wooden boat builders in East Kalimantan make the main engine seawater
cooling system by using the water currents created by the movement of the ship
without the use of suction pumps. This system has been applied to several wooden
ships of various sizes. However, the size of the water flow in the pipe is not known by
the builders at each ship's speed. Thus, in this paper, an investigation is carried out on
seawater cooling pipes on the behavior of fluids moving in the pipes. This study aims
to determine the effect of ship speed on the flow of water that occurs in the cooling
pipe (inlet and outlet water). The approach taken in this paper is a computer simulation
based on Computational Fluid Dynamics (CFD) by analyzing the current flow (Va) of the
water discharge in the cooling pipes at speeds of 1 - 9 knots. CFD can show very
detailed results in analyzing fluid flow parameters in pipes. Based on the simulations
performed, the average flow velocity has increased by around 14.73% for every 1 knot
increase in speed. Meanwhile, the average flow rate will increase on the pipe by
14.78% for every 1 knot increase in speed. For the average pressure obtained, the
vertical pipe will increase 25% for every 1 knot increase and the horizontal pipe shell
will increase 19.86% for every 1 knot increase. Meanwhile, the recommended
minimum ship speed is 2.5 knots to get the required cooling seawater flow rate.

1. Introduction

The use of sea water as an engine coolant on traditional ships is very widespread in Kalimantan.
Cooling systems like this are used by fishermen because they are cheap and easy to install on their
fleet of boats. Uniquely, an engine cooling system like this does not use a pump to suck water into a
storage tank or engine. The inlet pipe is only installed behind the propeller where the pipe mouth
faces the Forepeak (FP) to catch sea water when the ship moves forward which is then channeled to
the main engine as in Figure 1. The sea water cooling system is used to suppress excessive use of
fresh water and radiator water to maintain engine temperature when operating. To find out the
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behavior of water flow in seawater cooling pipes, analysis was carried out using Computational Fluid
Dynamics (CFD) simulation based on the Finite Element Method (FEM). In its application, CFD uses
sophisticated computers and applied mathematics to model fluid flow situations [1].

Water cooling systems are critical to the efficient functioning of internal combustion engines,
particularly in marine environments where ships rely heavily on these systems to remove excess heat
generated during operation. Traditional wooden ships, which represent a unique part of maritime
heritage, often use conventional engines for propulsion. However, the integration of modern engine
cooling systems into these vessels requires careful consideration to ensure optimal performance and
longevity. Traditional wooden ships have different structural and material properties that
differentiate them from modern ships, influencing the design and implementation of modern engine
cooling systems. Engine cooling is very important to prevent overheating and maintain engine
efficiency and durability. The water inlet system, which is an important component of the cooling
system, plays a vital role in facilitating effective coolant flow throughout the engine. Understanding
the behavior of these inlet systems, especially in the context of traditional wooden vessels, is critical
to designing efficient cooling solutions tailored to the unique characteristics of the vessel.

Inlet pipe =

Fig. 1. Inlet pipe at the stern of a traditional wooden ship

The research written in this paper aims to look at fluid phenomena that occur in the main engine
cooling pipe. The object of research is how the speed of the ship influences the speed of sea water
flow that occurs around the ship's hull, the speed of sea water flow in pipes, the pressure value
produced by sea water flow in pipes, the value of the Reynold number to determine the form of flow
that occurs. in the pipe and the sea water discharge that occurs in the pipe for every increase in ship
speed. The CFD method was chosen in this research because this method is considered very suitable
for measuring fluid flow parameters. CFD can replace physical testing for homologous curve
measurements and can be applied to low tide and flow velocity as well as rotational speed testing
[2]. CFD can also shorten time and reduce expensive costs for each experiment, especially for
industrial cases [3]. In the case of fluid flow analysis, CFD analysis is carried out to realize the
phenomena caused by turbulent penetration and valve leakage and temperature distribution
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throughout the pipe [4]. With the reliability of this method, CFD Simulation has been widely applied
in the field of process safety and loss prevention to gain new insights, improve existing models, and
assess new hazardous scenarios [5].

Several studies related to the results of fluid movement analysis using CFD have been carried out
by engineering researchers. Ferng (2008) carried out an analysis on pipes with various forms of
connections to analyze the liquid fraction. The results show quite good flow parameter values [6].
Halanger et al., [7] carried out an analysis of pipes that distribute gas to offshore buildings and
produced parameter values for each modeled pipe line. Lin et al., [8] analyzed the corrosion rate of
pipes by first looking for hydrodynamic parameters using CFD. Analysis shows parameter values at 2
different pipe diameters. Schleder et al., [9] modeled the pipeline route from the tank to the release
point to distribute propane gas, the results showed clear parameter values and were used as a
reference for the next research stage. Khan et al., [10] did testing influence comparison CD Nozzel
area area using CFD, the results show parameter values are almost the same with experiment.

Based on these various reviews, further analysis of the hydrodynamic parameters of the main
engine cooling pipes for traditional wooden ships will be attempted using computer simulation. This
traditional wooden ship uses sea water as a cooling agent. The analysis was carried out by applying
the CFD method by carrying out a previous analytical approach, to obtain the values needed when
carrying out computer simulations. CFDs are expected capable catch parameter values that occur in
sea water flow in the pipe. Because CFDs are suitable For calculate and analyze complex and difficult
system with manual calculations [11]. Additionally, on testing our experimental only can see element
input and output fluid but in all CFD simulations element available [12]. So, in research expected
Maximum data capture of sea water flow parameters in the pipe can visible and known.

2. Methodology
2.1 Ship Data

The principal main dimension data obtained from direct data collection at the Penajam
Traditional Shipyard is described in Table 1. Meanwhile, the shape of the traditional wooden ship hull
which was used as the research object can be seen in Figure 2.

Table 1

Principal main dimension

LoA : 21.00 m
Lpp : 1880 m
Breath : 400 m
Depth : 200 m
Draugth : 145 m
Vs : 9.00 Knot
Engine Power : 30.00 Hp

75



Journal of Advanced Research in Numerical Heat Transfer
Volume 25, Issue 1 (2024) 73-86

BODY PLAN

AP FP

.
™ »

> - } ' S = — | —— — R
| § s . <l o1 . + = T—— e A T~ e T &0

| P W : =S5 = i e R S | =

[/ E 7 | - 1 N \
T e == e Tt = Y SSICNCICS N

| @

HALF BREADTH

Fig. 2. Lines plan for traditional wooden ships

The main engine cooling system on this ship uses sea water. Sea water is not sucked in using a
pump, but uses the water flow created by the movement of the ship and the push of the propeller at
the stern of the ship. So, to get the value of the flow velocity entering the cooling pipe using the flow
velocity equation due to the movement of the ship. An illustration of the main engine cooling pipe
route can be seen in Figure 3.

Fig. 3. Engine cooling piping system scenario
2.2 Modeling

The modeling carried out in this case uses the Ansys Fluent application which adopts the solver
fluid flow analysis (CFX) numerical simulation method based on Computational Fluid Dynamics (CFD).
At this stage, the pipe modeling for the ship's main engine cooling system is made based on pipe size
data used on traditional ships as seen in Figure 4.
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Fig. 4. Modeling of sea water cooling pipe

To facilitate the pipe analysis process, the pipe object is divided into 2 parts, namely vertical pipes
and horizontal pipes as shown in Figure 5. Vertical pipes are pipes that are immersed in water and
are installed through the hull at the stern of the ship. Meanwhile, the horizontal pipe is a pipe that is
installed longitudinally from the stern to the main engine position.

Vertical Pipe Jg—T

Horizontal

Pipe

Fig. 5. Meshing application on cooling pipes
2.3 Speed of Advance (Va)

The presence of the ship's hull in front of the propeller changes the local average speed of the
propeller. If the ship moves at speed V and the acceleration of the water in the propeller section will
move less than the speed of the ship. The acceleration of the water moves at a speed Va, known as
the Speed of Advance. The equations used are as follows Eq. (1) [13] :

Va =Vs (1 -WT) (1)

where the wake fraction, WT, average speed of flow into the propeller, Va, and speed of advance of
the hull, Vs.

2.4 Fluid Flow

Fluid flow is the form of a substance in the liquid phase and gas phase. Liquids will flow by
themselves from higher places to lower places or from higher pressure to lower pressure. The
amount of liquid that flows through the flow cross section per unit of time is called flow and is given
the notation Q. Flow discharge is usually measured in the volume of liquid per unit of time, so the
unit is cubic meters per second (m3/s). In an ideal fluid, where there is no friction, the flow velocity V
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is the same at every point on the cross section. If the flow surface is perpendicular to the flow
direction, the flow rate can be formulated using the following equation [14] :

Q=ALV1 (2)
where,

Q = Flow rate (m3/s)

Al = Field cross-sectional area (m?)

Vi = Flow speed (m/s)

2.5 Reynolds Number (Re)

For help with the determination process type Genre the fluid that occurs in the seawater cooling
pipe is required explanation related type Genre based on Re number of fluids flowing in the cooling
pipe. As for the types Genre explained as following:

i)  Laminar flow occurs when fluid particles move in parallel layers along the flow or parallel
paths, which means there is no countercurrent. This laminar flow has a Reynolds number
value of less than 2300 (Re < 2300).

ii)  Turbulent flow occurs when fluid particles move at a speed and direction that changes over
time so that it is difficult to observe, which means that a turbulent flow occurs. The value
of the Renolds number is greater than 4000 (Re > 4000).

iii)  Transition flow is a transition flow from laminar flow to turbulent flow. This transition state
depends on fluid viscosity, speed and other things related to flow geometry where the
Reynolds number value is between 2300 to 4000 (2300 < Re < 4000).

The equations used For get number Reynold Number as follows [15] :

Re = Vvm. D .pl (3)
ul

where,

Re = Reynolds Number

pl = density (kg/m3)

Vm = Average speed of flowing fluid (m/s)

D = inner diameter of the pipe (m)

pul = fluid dynamic viscosity (kg/ms)

2.6 Computational Fluid Dynamics

Computational Fluid Dynamics (CFD), is a branch of fluid mechanics that uses numerical methods
and algorithms to calculate fluid flow modeling and mass transfer mechanisms. The advantages of
CFD modeling are that it is able to model physical phenomena such as evaporation-condensation and
surface tension, providing very accurate simulations of fluid flow, heat transfer and chemical
reactions [16]. The Computational Fluid Dynamics (CFD) method, which is widely used in solving fluid-
structure interaction problems, allows for economical, fast, and easy solutions in open channel flow
calculations [17]. Generally, the fluid flow calculation process is solved using the momentum and
continuity equations. The equations used are as follows.
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Continuity equation [18] :

dp | 9(pu) | 9(pv) | 9(pw) _

at dx ay t T T 0 (4)
Continuity equation for incompressible flow [18]:

X direction: (—+u—+v—+w—)— _a_ ( 62 +az—u (5)

p pgx u axz ayz 9z2

. . v ov ov ov o%v | 9%*v

Y direction: p(a+ua+v£+w —) = pgy——+u(ax2 +@) (6)
. . ow ow ow ow, ap 9%w 62_W

Z direction: p(E+ua+v5+WE = pg, — I’l(axz 372 —+ 622) (7)

where u, v, and w are the x, y, and z components of velocity.

In current computer technology, Direct Numerical Simulation (DNS) simulation is not feasible for
practical purposes in engineering. Therefore, simplification is needed. Most of the turbulent flow
engineering simulations are performed using the Reynolds-Averaged Navier—Stokes (RANS) method
[19]. The general equation as follows:

D . 0P
poe =pfi 5= (u——pu u)) (8)
The Reynolds stress tensor or turbulent stresses, T, is:
tij = - pup (9)

where u and j with the over bar indicate are two components that experience an increase in the
average velocity. The turbulence model used here is the interpretable k-e model. Among the
turbulence models available in ANSYS Fluent software (e.g., k-€, k-w, Reynolds stress, SAS, DES, LES)
[20]. All k-8 models relate Reynolds stress to the average velocity gradient [20].

Tjj — 2
f: - ulu]’= 2VTSij — 5 kSl] (10)
where, the turbulent kinetic energy, k, is defined as
1——
k= S Wity (11)

where V7 is the eddy kinetic velocity while §;; is described as follows:

Sy =1 (@Jr @) (12)

ox;j 0x;
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3. Results

CFD simulation of seawater flow in cooling pipes machine main boat wood traditional done using
Ansys Fluent software. In simulation this, obtained mark speed Genre in the pipe (V inlet) and the
resulting pressure value Genre that. Next, the debit value is calculated use simple using speed data
sea water flow in the pipe. Simulation results Genre the fluid used using Ansys Fluent is shown in
Figure 6. Next, we will discuss water inlet behavior that occurs as following:

.

— 0

* en
]  e—  —
2t T

Fig. 6. Seawater flow contours in cooling pipes
3.1 Speed of Advance (Va)

To run a simulation of the flow of cooling water in a pipe, the Va value (flow speed) produced at
each ship speed is needed. So, Eq. (1) is used. The results of the flow velocity calculations for each
are shown in Table 2.

Table 2

Flow speed (Va) for each ship speed

No i:lftzpeed /s Speed of advance (m/s)
1 0.5 0.26 0.21
2 1 0.51 0.43
3 1.5 0.77 0.64
4 2 1.03 0.85
5 2.5 1.29 1.07
6 3 1.54 1.28
7 3.5 1.80 1.50
8 4 2.06 1.71
9 4.5 2.32 1.92
10 5 2.57 2.14
11 5.5 2.83 2.35
12 6 3.09 2.56
13 6.5 3.34 2.78
14 7 3.60 2.99
15 7.5 3.86 3.21
16 8 4.12 3.42
17 8.5 4.37 3.63
18 9 4.63 3.85
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To see the trend of increasing flow velocity for each speed, the distribution of Va for ship speed
is distributed in a graph in Figure 7. In this graph, it can be seen that the increase in the VA value is
directly proportional to the increase in speed so that the graph looks linear. From a speed of 1 — 9

knots, an average value of Va increases of 33.80% was obtained for each increase in ship speed of 1
knot.

0 2 a 6 8 10
Vs (Knot)
Fig. 7. The relationship between ship speed and

water flow speed

The contour shape of the sea water flow that is formed when it hits the engine cooling inlet pipe
is shown in Figure 8. In this figure, fluid flow is simulated when the ship is sailing at a speed of 8 knots.

e

Fig. 8. Simulation of sea water flow at a ship speed of
8 knots

3.2 Reynolds Number

Next, the flow form phenomenon that occurs in the pipe will be known by calculating the
Reynolds Number (Rn) value using equation 4. From the simulation results it is shown that there are
2 types of flow that occur in the pipe, both those installed vertically and those installed horizontally.

The Rn value in the pipe obtained for each ship speed converted to flow speed can be seen in Table
3.
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Table 3

Rn values in vertical and horizontal pipes for each flow speed

Vertical pipe Horizontal pipe

No  Va(m/s) Vinlet(m/s) Rn Vinlet(m/s) Rn

1 0.21 0.47 151.03 0.97 309.71
2 0.43 0.96 306.62 1.44 462.22
3 0.64 1.44 460.83 1.93 616.42
4 0.85 1.92 615.77 241 771.36
5 1.07 2.41 771.89 2.90 927.48
6 1.28 2.90 928.41 3.39 1084.00
7 1.50 3.39 1084.18 3.87 1239.77
8 1.71 3.87 1239.89 4.36 1395.48
9 1.92 4.35 1393.52 4.84 1549.11
10 2.14 4.85 1550.53 5.33 1706.13
11 2.35 5.33 1706.57 5.82 1862.16
12 2.56 5.82 1863.08 6.31 2018.67
13 2.78 6.31 2019.56 6.80 2175.15
14 2.99 6.80 2176.00 7.29 2331.59
15 3.21 7.29 2332.70 7.78 2488.30
16 3.42 7.78 2489.44 8.27 2645.03
17 3.63 8.27 2646.38 8.76 2801.98
18 3.85 8.76 2803.34 9.25 2958.94

From the results of computer-based numerical experimental simulations, it is shown that the V
inlet value that occurs in vertical pipes is lower when compared to the V inlet in horizontal pipes. This
is due to the influence of gravity which is in the opposite direction to the flow of water in the vertical
pipe. The difference in inlet V values on the two pipes causes the Rn values on the two pipes to be
different. In vertical pipes the average increase in Rn value reaches 20.52% and in horizontal pipes
the average increase in Rn value reaches 14.70%. A comparison of flow velocities in vertical and
horizontal pipes can be seen in Figure 9. At a flow speed of 0 - 2.99 m/s, laminar flow occurs in the
vertical pipe. Furthermore, at a flow speed of 3.21 — 3.85 m/s, transition flow occurs in the vertical
pipe. Meanwhile, for horizontal pipes at speeds of 0 — 2.78 m/s laminar flow occurs and at speeds of
2.99 — 3.85 transition flows occur.

10 4
= Vertical Pipe
*  Honzontal Pipe *

V Inlet (m/'s)

0 T T 1 T T T
0.0 0.5 1.0 15 20 2,5 30 35 4.0

Va (mss)
Fig. 9. Comparison of flow velocity in vertical and
horizontal pipes
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3.3 Debit

Furthermore, based on the known flow velocity in the pipe (V inlet), the character of the flow
discharge (Q) that occurs in the pipe can be determined using equation 3. The discharge that occurs
in the cooling water pipe is presented in a table as seen in Table 4. The discharge that occurs occurs
will be evaluated with the minimum standards required for minimum discharge for cooling water

pipes.

Table 4

Discharge in main engine cooling water pipe vs ship speed
No. Vs (Knots) Q(m3/h)  Minimum standard discharge (2 m 3 /h)
1 0.5 1.32 not analysis
2 1 1.98 not analysis
3 1.5 2.63 pass

4 2 3.30 pass

5 2.5 3.96 pass

6 3 4.63 pass

7 3.5 5.30 pass

8 4 5.97 pass

9 45 6.62 pass

10 5 7.29 pass

11 5.5 7.96 pass

12 6 8.63 pass

13 6.5 9.30 pass

14 7 9.97 pass

15 7.5 10.64 pass

16 8 11.31 pass

17 8.5 11.98 pass

18 9 12.65 pass

Based on the results of calculating the discharge in the cooling water pipe, information is obtained
that if a ship sailing at a speed of 1 knot does not reach the minimum standard discharge. If the ship
sails 1.5 knots to 9 knots, the discharge in the cooling pipe is sufficient to meet the minimum
discharge standards required. In other words, when the ship is not moving, the sea water cooling
system does not function.

3.4 Pressure

The pressure value displayed is the pressure value exerted by the fluid moving in the pipe. Based
on the results of the computational simulation, the maximum pressure value for the vertical pipe and
horizontal pipe was obtained. The pressure results that occur are also influenced by the speed of
water flow in the pipe. The relationship between ship speed and the pressure value that occurs is
shown in Table 5.
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Table 5
Pressure values in sea water cooling pipes
Pressure (Pa)

No. Vs (Knots)

Vertical pipe Horizontal pipe
1 0.5 0.15 0.90
2 1 0.52 1.27
3 1.5 1.12 2.32
4 2 1.94 3.58
5 2.5 2.98 5.06
6 3 4.24 6.76
7 3.5 5.73 8.71
8 4 7.44 10.86
9 4.5 9.37 13.23
10 5 11.52 15.80
11 55 13.89 18.64
12 6 16.49 21.69
13 65 19.32 24.97
14 7 22.35 28.41
15 7.5 25.62 32.17
16 8 29.11 36.08
17 85 32.82 40.26
18 9 36.76 44.64

Based on the CFD simulation results, the pressure that occurs when the ship operates at a speed
of 9 knots reaches 44.64 Pa for horizontal pipes and 36.76 Pa for vertical pipes. In general, the
pressure value in horizontal pipes is greater when compared to vertical pipes. This is because the
flow velocity in the pipe is also different, where the value in the horizontal pipe is greater. Next, to
see the comparison level of pressure values in the two pipes, it is shown in the graph in Figure 10
below:

50

r . g
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° I3
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& vy =
] v -
7
z -
2 5 4
[T € =
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s “
.
10 o
) - =
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0 . i .
0 2 ! 8 U
Speed (Knot)

Fig. 10. Relationship between pressure vs ship
speed

4. Conclusions
Analysis Genre fluid (sea water) in the cooling pipe machine main Wooden ship traditional has

succeed done. The use of the cooling system applied is very unique Because For sucking sea water to
machine main No use pump special. However, water passed distributed with utilise the flow of sea
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water created consequence movement ship ( ship speed ). From the results CFD based analysis
computer obtained enhancement the average speed of pipe flow is 14.73% in vertical pipes and
14.78% in horizontal pipes for every increase speed ship 1 knot. Meanwhile, value enhancement
speed the average sea water flow that occurs namely 19.86% for every increase speed 1 knot. For
horizontal pipes get enhancement the average pressure value is 25% for every enhancement speed
1 knot. A must Pay attention to the use of the cooling system like This that is when speed boat low,
then the cooling system No too works with good. Recommended boat operated at a minimum speed
of 2.5 knots.
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