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ABSTRACT

The searching for the most optimal pipeline route is a crucial problem in the maritime world because it consumes total designing
time by 50%. Also, with different types of ships increases the design complexity. The usual design process has not considered the
aspect of distance, cost, obstacles, drag, and pressure reduction in the pipeline very accurately. However, along with algorithms'
development to optimize pipeline design, the time can be cut by 40%. This research uses computer-generated Dijkstra's algorithm
to optimize pipeline design by considering several constraints in pipe spacing, the number of bends, crossings, pipeline stacks to
improve drag reduction, and reducing pressure. The data generated in the way of a comparison between drag reduction and
pressure drop in pipe design optimization utilizing Dijkstra's and without using the Dijkstra's algorithm with 3-dimensional
projections. The result shows the improvement of the drag reduction rate by 8% by decreasing pressure drop by 13%.
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1. Introduction

According to Boyd et al., [1], optimization is used to choose the best solutions to solve a problem.
Regarding Dong [2], ship pipe route design is a set of process that aims to find the most optimal pipe
routing by considering several constraints and objectives which is arranged in the ship's room. This
process is the hardest one and takes the longest time in the execution. Agreeing to Niu et al., [3],
pipe routing design is considered as the most crucial process in designing a ship.

There are several algorithms, namely the Greedy Algorithm, Branch and Bound Algorithm,
Genetic Algorithm, and Dijkstra Algorithm. In line with Chen [4], the Greedy Algorithm is a well-known
technique for solving various problems and optimizing (minimizing or maximizing) functions with
specific goals. This algorithm starts by creating all the possibilities. Branch and Bound Algorithm is a
method used to solve linear integer programming problems. The decision variable will be an integer
by performing the top and bottom branches stated by Raudhantul [5].

Goldberg [6] stated that Genetic algorithms are algorithms that try to apply an understanding of
natural evolution to problem-solving tasks (problem-solving). The algorithm approach randomly
combines the various choices of the best solutions in a collection, to get the best solution generation.
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In consonance with Dijkstra [7], the Dijkstra algorithm is used to find the shortest distance between
two points (start point and endpoint). In this algorithm, the shortest distance is obtained from the
optimization of the graph. The graph is one part of the scientific discipline in mathematics, which
consists of points and lines. This predetermined point will later be connected, the line that becomes
the connecting line between these two points, which will become a potential solution. This algorithm
continues to connect points to produce the shortest distance. The pipeline that will be generated
with this algorithm is the shortest pipeline by calculating the constraint set at the time the calculation
of this algorithm runs. Over the last few years, using the Dijkstra Algorithm, Ando and Kimura [8]
could generate automatic piping route algorithms. They conclude bending and elbow as
considerations for the research.

Menon [9] stated that drag reduction aims to lower the pressure drop due to friction in a pipeline.
This process is executed by injecting a high-molecular-weight hydrocarbon in parts per million. Drag
reduction Agent could perform only in turbulent flow with the low-viscosity characteristic of liquids
that works best with refined petroleum products, particularly diesel, gasoline, and light crude oils. In
1956, Smith et al.,, [10] mentioned that the frictional resistance in a pipeline could be reduced
effectively by injecting a drag reduction agent (DRA). Research about DRA's effect on annular gas-
liquid flow was conducted in 2001 by Al-Sarkhi and Hanratty [11]. The research uses a 0.0953 m
horizontal pipe as the medium for the flow. It showed that the concentration of polymer solution
and the method of injection affect the effectiveness of the DRA. In boosting the development of drag
reduction technology, Norahzan et al., [12] used a transparent polyvinyl chloride closed-loop fluid
circulation system to examine the effects of natural drag reduction of Basella Alba L. The test used
were a horizontal 1.5-in pipe as the medium.

Pathfinding is the method to find the shortest route between two points by utilizing computer
software. Considering the recent research, the algorithm for optimization purposes in the pathfinding
technique especially concentrates on solving a problem with two connections. In 2002, there was
research for pipe-routing algorithm development by Park and Storch [13]. They formed a cell-
generation method for pipe routing in a ship engine room that results in an effective and efficient
generation and evaluation of the paths. This research concludes the end-forked and middle-forked
form of the branch pipeline.

Meanwhile, with the pathfinding method, Kang et al.,, [14] optimized the pipeline route by
utilizing the least cost path algorithm and Laplace smoothing considering the obstacles. Nevertheless,
they didn't conclude pipe diameter as a consideration for the used method. Pipe diameter could
affect the cost of pipe bending, production, and crossing. Therefore, it is necessary to add pipe
diameter as one of the considerations in optimizing the pipeline route. Based on the piping cost
differences, the concept of sorting which pipe that goes first to minimize the piping cost is also taken
into consideration. Taha [15] declared that the Dijkstra Algorithm is the most streamlined method to
discover the shortest way to connect two known vertices. Hence, in this research, we use the Dijkstra
Algorithm for pipeline optimization and give some improvements that generate the shortest pipe
route with the smallest possible bending and crossing quantities by dtermining it from pressure drop
and friction loss that contributes to the drag reduction properties.

2. Methodology

This study uses the Dijkstra Algorithm since it’s considered the most efficient method in finding
the shortest way between two known nodes. According to Ireneusz et al., [16], the Dijkstra shortest-
part algorithm is a method that utilizes fully commanded labels, which consist of positive integers or
real numbers. Using partially ordered labels could be generalized if the previous labels are not
decreasing. The previous label could be generated by crossing an edge.
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The diagram shown in Figure 1 illustrates the part where the optimization process uses the
Dijkstra algorithm. As seen to do optimization, it requires 4 data inputs, namely information about
decks, pipes, penalties, and flanges. When all four data inputs are entered, an interface for the
routing pipe will be created. Then do the checking of the presence or absence of the oil pipeline
system. After checking, the next stage of the four input data in the form of deck, pipe, penalty, and
flange information is used to produce pipe routing. The Dijkstra algorithm's last step is to check
whether the generated routing pipe has received the least amount of cost. If there is not yet a new
pipeline and if the program has the least cost, then the routing pipe will be displayed in the form of
an image.

The considered constraints in this research consist of minimizing the pipe's length, the quantity
of pipe bending and crossing, considering obstacles in the engine room, and dividing the pipe holder.
The reason for choosing the mentioned constraints is finding the most efficient pipe routing and
continuing the previous research. This study's design process is divided into two parts, namely the
optimization process and data input. The optimization process uses Microsoft Visual Studio software,
while the data input is designed using Microsoft Excel. The algorithm used in this study is Dijkstra's
algorithm added by Constraint Condition to produce the shortest pipeline, the lowest pipe cost, the
least bending, and the least inter-pipe crossing. Simultaneously, the input data is the result of
conversion from design in Auto-Cad to Microsoft Excel.

Some procedures in executing the research consist of experimenting, checking, collecting
optimization data, and concluding. The experimenting procedure starts with creating a program
interface in Microsoft Visual Studio. Subsequently, the output results and limits which are wanted to
be optimized were determined. After that, it is decided which input data to use. Input is divided into
four types, namely Deck, Pipe, Flange, and Penalty. Afterward, the data is converted from Auto-Cad
to Microsoft Excel. Next, creating a program by adding existing inputs and variables to the Dijkstra
Algorithm.

Checking is conducted regarding whether or not there are issues or bugs in the program. The
issues can be seen in the toolbar at the bottom of Microsoft Visual Studio. When the bug is gone, the
error message will appear, or no issues found. After that, the deck's design is being assured whether
it fits its original state or not. Next, the constraints on the design are being checked.

After the program created by Microsoft Visual Studio using the Dijkstra Algorithm has been
modified, the program will be run to optimize the Dijkstra Algorithm calculation. This stage is
considered as data collecting for optimization.Subsequently, after the program's optimization results
are generated, the results are used to find answers to the research objectives.

According to Park [17] and Qian et al., [18] optimization of the routing pipe must solve the
problem in several constraints that are divided into two, namely restrictive constraints and
guantifiable constraints. Several factors of constraints are divided into three, specifically physical
factors, economic factors, and operational factors. Regarding physical factors, pipe routing must
avoid physical barriers and must be connected to the right equipment. Economic factors consist of
minimizing total material and fabrication costs by reducing pipe length and the number of curves in
the pipe and increasing pipe supports. Meanwhile, considering proper operation such as valve
accessibility and cleaning some safety equipment is a part of operational factors. Physical factors and
economic factors are considered as restrictive constraints. Hereafter, economic factors are
measurable or considered as quantifiable constraints.
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Fig. 1 Flow Diagram

Furthermore, Dong [19], explains in more detail that there are many objectives and constraints
in Ship Pipe Route Design (SPRD) problems. These constraints consist of connection between pipe
faces:
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l. (nozzle, endpoint), avoiding obstacles and routes that if problematic (difficult)
Il.  arranging the pipes orthogonal
Il minimizing the pipe's length

V. minimizing the number of elbow bends

V. routing the pipe near the wall or a tool for better support
VI. dividing pipe rack if possible to reduce installation costs
VII. arranging pipes as high in one room if possible.

Choosing the considered constraints to be inputted in the optimization procedure is necessary to
generate the most efficient path for each pipeline. The chosen constraints must be relatable to the
actual condition, and they will take part to prevent the occurrence of mistakes in the program
utilization. The chosen constraints for this research are minimizing the pipe's length, the cost of
bending and crossing pipe, the cost of pipe support, and considering the obstacles in the engine
room.

As explained by Zong on SPRD problems, there are eight main points. The optimization process is
carried out on the 2D model. While in 2D models of eight SPRD points, only three points can be made,
namely minimizing the length of the pipe, minimizing the number of elbow bends, and dividing the
pipe rack if possible to reduce installation costs. Because this research focuses on these three points,
namely minimizing the length of the pipe, minimizing the amount of bending and crossing, dividing
the pipe holder, and adding calculations for the cost to get optimal results.

3. Results
3.1 Input Data

Dijkstra algorithm is used to optimize the pipeline in the engine room with a 2D model, and to
adjust the place where the research was carried out, the researcher owned the ship's data. The ship
engine room is made on a grid measuring 80x48. Assuming each grid on the ship represents 500 milli-
meters on the actual ship. The input used for the grid is taken from Microsoft Excel, as shown in the
image (Figure 2).
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Fig. 2. Deck conversion
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3.2 Result

Dijkstra algorithm is used to do optimization on 2-dimensional (2D) models. After obtaining
optimization on 2D models, a conversion is made to the 3D model.

Fig. 3. Actual pipe routing Fig. 4. After optimization

Fig. 5. 3D model pipe routing after optimization

Pipelines in 2D models have different colors. The color difference represents the total pipe
diameter. The black pipe means the total diameter of the pipe is between 0-300 mm. The blue color
means the pipe's total diameter is between 301-600 mm, and the gold color means the total diameter
of the pipe is between 601-1200 mm, while for the total diameter of more than 1200 mm will be
represented by a red pipeline. 2D models only provide information about the total number of
diameter pipes in one pipeline, while to get a specific number of pipes in one path, 3D models are
used. In addition to getting the optimization path, the Dijkstra algorithm is also used to calculate pipe
length, total cost, number of bends, and number of crossings.
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The results of the data in Table 1 will be used to calculate drag reduction and pressure drop. As
for the calculation of drag reduction and pressure drop using the following formula according to the
calculation of Fang et al., [21]:

Formula friction factor

1
—==—2Log 10 Q% +

251
7 ) (1)

RVF

Where f = drag reduction, e = absolute pipe roughness, D = diameter pipe, R = Reynold number of

flows. With D = 30 mm, e = 0.15 mm (Galvanized iron), R = 10000. After the calculation, the f value

of 0,037231 is obtained. Beij [20] said that the length of the pipe and the amount of bending affect

the friction factor because it is assumed to decrease 10% in the friction factor. This meant that by

decreasing the friction factor, the simulation suggests a reduction of drag that occurred when the

pressure is dropping. The relation between pressure drop and friction factor is written below:
Formula Pressure drop

_ P
J = 5= )

Where J = pressure drop, f = friction factor, L = length of the pipe, v = velocity of the fluid, g =
acceleration due to gravity. With f=0,037231,v=20 m/s, g = 9.8 m/s?, L = based on pipe length. The
calculation is carried out under two conditions: actual and optimization. After the calculation is
obtained the following data.

Table 1

Comparison of results between actual and optimization
Category Actual Optimization

Pipe Length 708 707

Total Cost 128583 118726

Bending 51 49

Crossing 13 8

Figure 6 shows that in the calculation of data before optimization, the lowest pressure drop is
found at the friction factor value of 0.00369. The largest pressure drop value occurs when the friction
factor value is 0.03798. Figure 6. It also shows that the smallest pressure drop occurs when the
friction factor is 0.0367, and the largest pressure drop occurs when the friction factor is 0.0365 when
after optimization. Figure 7 shows the comparison process between pre-drop before and after
optimization. Before optimization, the lowest pressure drop is 1775pa. After optimization, the lowest
pressure drop is 1558 pa for the highest pressure drop value before the optimization is at 1811pa,
while after optimization, the pressure drop value is at 1593pa. The average pressure drop difference
between before and after optimization, it was found that there was a decrease of 13%. The decrease
in pressure drop is also understatement Beij [20].
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Fig. 7. Pressure drop ratio before and after optimization
4. Conclusions

This research investigates the conditions before and after optimization. Based on the results and
data obtained, several conclusions can be drawn. Optimization occurs on the pipe's cost, the length
of the pipe, the amount of bending, and the amount of crossing. Then in the state before the
optimization, the lowest pressure drop occurs when the friction number is 0.00368 and the highest
when the friction number is 0.00377. While after optimization, the lowest pressure drop is when the
friction number is 0.00324, and the highest is when the friction number is 0.00332. Because the
difference in the friction number affects the pressure drop, after calculating the pressure drop is 13%
reduction. Therefore reducing energy to transport any liquid through di pipe with minimal friction in
the pipe.
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