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Abstract – The fuel installation system is necessary to support the Indonesian Naval ships to carry out operations. The current 
condition in the field is that Second Fleet Command does not yet have a fuel installation system. So far, to support Indonesian Naval 
Warship in carrying out operations using Pertamina's fuel installation pipes which are directly distributed from Pertamina's bunker. 
As a result, the Navy has become very dependent on Pertamina's performance and this is quite an obstacle. Therefore, the author has 
an idea to design a fuel installation system that must be owned by the Navy, especially in the Second Fleet Command work area. In this 
final project, the fuel pipe installation system planning is first carried out starting from the bunker, piping, fittings, and support as a 
support for the installation based on a standard pipe installation design with a flow capacity of 100 kL/hour. The next stage is the 
calculation of the head which includes the head loss along the pipe due to friction between the fuel and the surface along the pipe and 
the head loss due to fittings in the installation so that the total head value of the installation will be obtained. In addition to manual 
calculations, numerical calculations were also carried out using pipe flow expert v5.12 software. The next step is to determine the power 
required for both pumps and motors to overcome the installation head and flow capacity designed and select the appropriate pump. 

Keywords – Indonesian Navy ship, Fuel Installation System, Environmental of Fleet Command. 

 

 

I. INTRODUCTION 

As an archipelagic country with a society consisting of various ethnic groups, Indonesia has elements of strengths and 
weaknesses at the same time. Its strength lies in its strategic geographical position and condition and is rich in natural resources. 
Meanwhile, the weakness lies in the shape of the archipelago and the diversity of people who must be united in one nation and 
one homeland, as the founders of the country have fought for. With 80% of its territory covering the ocean and only 20% of the 
territory in the form of land, the threat to Indonesia's sovereignty and territory lies at sea. 

 Second Fleet Command as a defense base against threats from the sea has a very important role in supporting every 
need for elements of the title of power at sea. The most important need is energy in the form of fossil fuels used as fuel for the 
Indonesian Naval Warship. The fuel commonly used is High-Speed Diesel (HSD), or so-called diesel. However, the need for 
solar has not been supported by the existence of piping installations has resulted in the dependence of the Indonesian Navy on 
Pertamina in the process of refueling for the Indonesian Naval Warship. 

 Against the background of the current conditions, an idea emerged to design a fuel pipe installation system that must 
be owned by Second Fleet Command to support Indonesian Naval Warship operations in defending the sovereignty of the 
Republic of Indonesia. 
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II. MATERIAL AND METHOD 

2.1 Design Methodology 

  The design methodology for the fuel installation begins with determining the flow capacity needed to support the needs 
of the Indonesian Naval Warship at Second Fleet Command. The design of the fuel pipe installation at Second Fleet Command is 
intended to serve the refueling of Indonesian Naval Warships with a contingent status where the Indonesian Naval Warships that 
are ordered to sail must be at sea within 4 hours. If it is assumed that the Indonesian Naval Warship must be in the operational 
area within 3 days with a speed of 18 knots and a distance of 1296 Nm, the Van Speijk class Indonesian Naval Warship is 
assumed to be operating with fuel consumption of 58 kL per day, then the HSD must be filled into the Van class Indonesian Naval 
Warship. Van Speijk class is about 200 kL. 

 Fuel support in the amount of 200 kL must be filled when the Indonesian Naval Warship carries out preparations. The time 
needed for Indonesian Naval Warship to carry out preparations for sailing and fighting both personnel and material is less than 4 
hours, so the process of loading fuel is expected to be finished within 2 hours so that the required fuel flow capacity for the 
loading process is 100 kL/hour (0.0278 m3/s) (American Petroleum Institute, 1991)  

 Next is to determine the velocity of fluid flow in the pipe to comply with the permitted standards. Based on API RP 2003 
and ISGOTT the maximum allowable fuel flow rate in the pipeline is 3 ft/s or 0.9144 m/s. So that further it can be determined the 
pipe diameter be used with the continuity formula (American Petroleum Institute, 1991) : 

𝑄 𝐴 𝑉 

Where: 

 𝑄 = flow capacity m3/s 

 𝑉 = flow velocity m/s 

 𝐴 = cross-sectional area of the pipe m2 

The planned pipeline is on the ground surface and below the pier. 

 

 

Figure 1. The Red Line Represents the Planned Pipeline 
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Figure 2. Pipe installation layout with Pipe Flow Expert v5. 

For the calculation of determining the installation head using the equation 

𝐻
𝑃 𝑃

𝜌. 𝑔
𝑉 𝑉

2. 𝑔
𝑍 𝑍 𝐻  

To determine the head loss is divided into two, head loss due to friction and heat loss due to fitting (Ayodele & Ogunjuyigbe, 
2014). The head loss due to friction is called the major head loss which can be determined by the formula 

𝐻 𝑓
𝐿
𝐷

𝑉
2𝑔

 

Where: 

 𝐻  = Head loss (m) 

 𝑓 = Friction factor 

 𝐿 = pipe length (m) 

 𝑉 = flow velocity (m/s) 

 𝐷 = Pipe diameter (m) 

 

The friction factor value is known by the Colebrook formulation (Blair, 2010), namely: 

1

𝑓
2,01𝑙𝑜𝑔

𝑒/𝐷
3,7

2,51

𝑅𝑒 𝑓
 

With: 

𝑅𝑒 𝜌
𝑉. 𝐷

𝜇
 

Where: 
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 𝑒/𝐷 = Relative Roughness 

 𝑅𝑒 = Reynolds Number 

 𝜌 = Density 

 𝜇 = dynamic viscosity 

 

Minor head loss is determined by Fox et al (2004): 

ℎ 𝐾
𝑉
2𝑔

 

Where: 

 ℎ  = minor head loss (m) 

 𝐾 = Coefficient of losses 

 

From the calculation value of the installation head, it can then be determined the pump power needed to overcome the 
installation head by formulating (Guida & Minutillo, 2017):  

 

HQgWHP    

Where: 

 𝑊𝐻𝑃= Hydrolic Power (watt) 

 𝐻= head pump (m) 

 𝜌 = Density (kg/m3) 

 𝑔 = gravity acceleration (9,8 m/s2) 

𝑄 = pump capacity (m3/s) 

 

To get the shaft power (BHP) used the graph below 

 

Figure 3. Efficiency-capacity graph based on specific speed 
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The available NPSH available calculation is used to determine the NPSH required by the pump (Jafarian et al, 2008). 
NPSHavailable is calculated by formulating positive suction, with the formula:  

𝑁𝑃𝑆𝐻  ℎ ℎ ℎ ℎ  

Where: 

 ℎ   = Atmospheric Head (m) 

 hvpa  = Fluid Vapor Head (m) 

 ℎ𝑠𝑡  = static suction head (m) 

 hfs = pipe friction loss (m) 

 𝑁𝑃𝑆𝐻  = Net Positive Suction Head (m) 

In addition to calculating NPSH, a specific speed calculation is also carried out to determine the type of pump to be used 
with the following formulation (Kahraman et al, 2009): 

𝑛
𝛾

75
𝑛 𝑄

√𝐻
   

Where: 

 𝑛 = pump rpm 

 𝑄 = pump capacity (m3/s) 

 𝛾 = Density (kg/m3) 

 𝐻 = Total head pump (m) 

 

 

Figure 4. Classification of the pump impeller 

The next step is to select the pump based on the manual calculation above and perform a performance correction to 
change the function of the water pump into a fuel pump (Katooli, 2017): 
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Figure 5. Performance correction table 

The relationship between the oil pump and the water pump in the graph above is 

𝑄 𝐶 . 𝑄  

𝐻 𝐶 . 𝐻  

𝜂 𝐶 . 𝜂  

In addition to manual calculations, numerical calculations are also carried out using pipe flow expert software v.5.12 
(Kays et al, 2014) 

III. RESULTS AND DISCUSSION 

3.1     Data Collection 

The flow velocity in pipes for hydrocarbon-type fluids in API RP 2003 concerning Protection Against Ignitions Arising 
Out of Static, Lightning, and Stray Currents, it is stated that planning for liquid flow must avoid generating static electricity in the 
flow because it can cause sparks and cause explosions (Martínez Díaz, 2013). The flow rate limit for HSD in pipes is 3 ft/s or 
0.9144 m/s to avoid spraying and minimize surface turbulence. Pipeline flow and discharge velocity must be 3 ft/s (0.9144 m/s). 

From the flow velocity limitation, it can be seen that the designed pipe diameter is: 
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 Suction = 10” 24 m long 

 Discharge = 8” along 1163.99 m 

 

By following the API RP 14E standard, pipe specifications can be determined based on the Maximum Allowable 
Working Pressure (Ritchie & Brouwer, 2018). 

 Suction Pipe 

 nominal size  : 10 in 

 Outside diameter   : 10,750 in 

 Wall thickness  : 0.365 in 

 Class   : Standard 

 Schedule  : 40 

 Max working pressure : 1023 Psig (-20–400 °F) 

 Discharge Pipe 

 nominal size  : 8 in 

 Outside diameter   : 8,625 in 

 Wall thickness  : 0.322 in 

 Class   : Standard 

 Schedule  : 40 

 Max working pressure : 1098 Psig (-20–400 °F) 

The selection of installation support components such as valves, flanges, fittings, and supports is carried out by following 
the standards applied to a pipe installation design (O'Neil et al, 1993).  

 Valve: gate valve, globe valve 

 flanges : welding neck flanges 

 fittings: elbow 90°, elbow 45°, square edge inlet, exit, basket strainer, branch tee 

 support: saddles, hangers with rod value 3¾” 

 The result of manual calculation of pipe installation head is 14.09 m. The specific speed of flow is 93,155 so that the 
appropriate impeller for the pump is a moderate speed impeller. With an NPSHavailable of 18,766 m, the pump shaft power is 5.5 
kW (Saman, 2016). The results of numerical calculations using pipe flow expert v5.12 software show results that are not much 
different, as shown in the image below: 
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Figure 6. Numerical calculations using pipe flow expert v5.12 software 

After getting the pump data from the calculation results, a pump selection is carried out following the data, an effort is made 
to select a pump with specifications slightly higher than the calculated data, so the 3-3L series Ebara pump is selected. 65-125/5.5 
with specifications (Wilfert et al, 2005) 

 pump head: 11.7 m of water 

 Capacity: 108 m3/hour 

 pump  : 65% 

 NPSHR: 7m water 

After the performance correction is made, the pump specifications become: 

 pump head: 14.1 m HSD 

 Capacity: 108 m3/hour 
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 pump  : 63% 

 NPSHR: 7m water 

IV. CONCLUSION 

Based on the results of calculations that have been carried out both by manual calculation methods and using Pipe Flow 
Expert v5.12 software, several conclusions were obtained including: 

a. The results of manual and numerical calculations are not much different. 

b. Differences in the results of manual and numerical calculations can be caused by differences in input data such as 
viscosity, loss coefficient values between manual calculations and data in the pipe flow expert v5.12 software. 

c. By taking into account the value of NPSHR˂NPSHA pumps meet the requirements 

V. ACKNOWLEDGEMENT 

 The authors greatly acknowledge the support from Naval Technology College, STTAL Surabaya Indonesia for providing 
the necessary resources to carry out this research work. The authors are also grateful to the anonymous reviewers and journal 
editorial board for their many insightful comments, which have significantly improved this article. 

REFERENCES 

[1] American Petroleum Institute. (1991). API Recommended Practice 14E (RP14E), 5th edition. The API Production 
Department, Dallas. 

[2] American Petroleum Institute. (1991). API Recommended Practice 2003. The API Production Department, Dallas. 

[3] Ayodele, T. R., & Ogunjuyigbe, A. S. O. (2014). Mathematical methods and software tools for designing and economic 
analysis of hybrid energy system. Journal of Renewable Energy and Smart Grid Technology, 9(1), 57-68. 

[4] Blair, M. (2010). Air Vehicle Enviroment in C++: A Computational Design Environment for Conceptual 
Innovations. Journal of Aerospace Computing, Information, and Communication, 7(3), 85-117. 

[5] Fox, Robert W., Mc Donald, Alan T., and Pritchard, Philip J. (2004). Introduction to Fluid Mechanics, 5th edition. John 
Wiley and Sons, New York. 

[6] Guida, D., & Minutillo, M. (2017). Design methodology for a PEM fuel cell power system in a more electrical 
aircraft. Applied energy, 192, 446-456. 

[7] Jafarian, M., Soroudi, A., & Ehsan, M. (2008, May). The effects of enviromental parameters on wind turbine power PDF 
curve. In 2008 Canadian Conference on Electrical and Computer Engineering (pp. 001193-001198). IEEE. 

[8] Kahraman, C., Kaya, İ., & Cebi, S. (2009). A comparative analysis for multiattribute selection among renewable energy 
alternatives using fuzzy axiomatic design and fuzzy analytic hierarchy process. Energy, 34(10), 1603-1616. 

[9] Katooli, M. H. (2017). Design and optimization of a PV-wind hybrid system with storage system by HOMER software, Case 
study: Tehran. 

[10] Kays, J., SEACK, A., Rolink, J., & Rehtanz, C. (2014). Integration of electric vehicles in the distribution grid planning 
process by extending a multi agent enviroment. In Cired Workshop. 

[11] Khetagurov, M. Marine Auxiliary Machinery, and Systems. (1966). Peace Publishers, Moscow. 

[12] Lazarkiewicz, Stephen, Troskolanski, Adam T. (1953). Impeller Pump. Pergamon Press, New York. 

[13] Martínez Díaz, M. D. M., Villafafila Robles, R., Montesinos Miracle, D., & Sudrià Andreu, A. (2013). Study of optimization 
design criteria for stand-alone hybrid renewable power systems. In International Conference on Renewable Energies and 
Power Quality (ICREPQ 2013 (pp. 1266-1270). 



Analysis Of Fuel Installation System Design At The Enviromental Of Naval Base 
 

 
 
Vol. 34 No. 2 September 2022                ISSN: 2509-0119 375

[14] O'Neil, W., & Polanía, D. (1993). Trade and the enviroment: case study Colombia the impact of carbón tax on the energy 
sector. 

[15] Ritchie, A. J., & Brouwer, J. (2018). Design of fuel cell powered data centers for sufficient reliability and 
availability. Journal of Power Sources, 384, 196-206. 

[16] Sularso and Haruo Tahara, Pumps & Compressors, Jakarta, PT Pradnya Paramita. 

[17] Saman, A. (2016). Improved hull designs for energy saving, better efficiency and enviroment protection. 

[18] Wilfert, G., Kriegl, B., Scheugenpflug, H., Bernard, J., Ruiz, X., & Eury, S. (2005). Clean-Validation of a High Efficient 
Low NOx Core, a GTF High Speed Turbine and an Integration of a Recuperator in an Enviromental Friendly Engine 
Concept. In 41st AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit (p. 4195). 


