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This paper aims to analyze the performance of the dual-fuel diesel engine effect of 
variation of the gas mixture. Medium-speed diesel engines from the passenger ship 
3200 DWT has been chosen a case study in consideration for the dual-fuel engine 
conversion. The analysis was performed based on the result of the simulation model 
by computational fluid dynamics. Mean effective pressure (MEP) as engine 
performance indicator has obtained from the simulation, thus the power and thermal 
efficiency calculated using empirical equations. Five variations of a gas mixture are 
determined i.e. 30%, 40%, 50%, 60%, 70% to obtain performance changes. The results 
of the analysis show different performance characteristics on the increase of gas 
mixtures. The optimum performance of the dual-fuel engine was obtained at a 60% 
gas mixture where achieved its maximum power and thermal efficiency. 
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1. Introduction 
 

Nowadays, marine diesel oil is widely used as major fuel in marine diesel engines for ship 
propulsion [1,2]. According to the Indonesian Central Bureau of Statistics, ship calls of port in 
Indonesia in 2017 reached 842,08 thousand unit or increased by 6,73 percent in 2017 [3]. This 
resulted in the need for fossil fuels in Indonesia will continue to increase and inversely proportional 
to the declining availability of fossil fuels. The use of gas fuel in modern transportation has been 
introduced in the world for a long time [4]. The use of natural gas as fuel is the main solution to 
reduce fossil fuel consumption due to the declining number of fossil fuels but increased gas fuel 
production from 1800 BCM (Billion Cubic Meter) to 2500 BCM in the Asia Pacific within 10 years and 
also consumption is increasing in the last 10 years [5]. 

The Ministry Transportation of Republic Indonesia (MTRI) aims to regulate national shipping that 
provides sea transportation services, including passenger transport services, and inter-island cargo. 
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Currently, the company under the MTRI operates approximately 26 passenger ships, 46 pioneer 
ships, 6 sea freighter ships, and 1 livestock vessel [6]. The fuel used in all of the company's vessels is 
diesel oil with single fuel main engines i.e. engines that use one type of fuel. The use of main engine 
vessels that use dual fuel engines is one solution to reduce the use of fossil fuels [7,8]. Without having 
to change the main engine, single fuel engine conversion into dual fuel can be done with retrofit in 
the form of spark plug installation and gas injection on a used diesel engine [9–11]. Developing the 
dual-fuel engine has been extensively studied by several researchers to obtain optimal performance. 
Dual-fuel engine is the diesel engine that can run on both gaseous and liquid fuels by modified its 
fuel injectors. The development of the diesel engine has studied the effect of swirl using 
computational fluid dynamics (CFD) [12], another application of CFD using fluid motion was to 
investigate of the diesel engines reactor [13]. The interesting topic related to the environment is the 
reduction emission of diesel engine from low-grade diesel fuel [14]. In the recent development 
implementation of a dual-fuel engine is a strategy to improve the thermal efficiencies of internal 
combustion engines while simultaneously reducing their emissions [15].  

Based on the recent studies of development dual-fuel technologies, research on the dual-fuel 
conversion from the passenger ship by application CFD is very limited. Looking at the importance of 
the performance of dual-fuel conversion, this paper aims to analyze the effect of gas mixture 
variation on the engine performance of dual-fuel diesel engine conversion. The performance analysis 
using data specifications from the main engine of passenger vessel 3200 DWT. This vessel is owned 
by MRTI in order in the planning of diesel dual-fuel conversion for the national programs. 
 
2. Basic Theory 
2.1 Dual-fuel Diesel Engine 
 

The dual-fuel diesel engine is a diesel engine fueled by gas in the intake manifold or directly into 
the combustion chamber and ignition is done by a spray of diesel oil [16,17]. The addition of fuel to 
the combustion chamber to reduce the function of diesel in the combustion process. Apart from 
reducing the use of diesel fuel, folding fuel gas and reducing the negative emissions resulting from 
combustion. When the dual fuel diesel engine works in gas mode, it works by loading air and gas and 
also a bit of diesel fuel into the combustion chamber. At the time this engine works in diesel mode, 
diesel fuel alone is sprayed into the combustion chamber.  

The development of a dual-fuel diesel engine was started there in 1987 by Wartsila with the first 
concept of gas diesel engine, and the first dual-fuel engine was introduced in 1995 [18]. The selection 
of the insulation type of ISO-tanks for the boiled of gas is important issues in the use of dual fuel 
engine conversion [19]. Dual fuel engine technology can be used as fuel and also diesel at the same 
time and also in rotation mode on this machine, which can be done without loss of power or speed 
on the machine [20]. One device used on this machine is a diesel pilot that aims to spray a little diesel 
on the surface of the room with the aim that it can occur in the compression process. The goal is that 
spraying diesel is not done in gas mode, incomplete combustion in the combustion chamber. 

In Figure 1, the shift on dual diesel engine fuel engines in the same game as the diesel engine in 
general. However, in the intake phase, not only air enters the combustion chamber in this phase, 
natural gas has entered the combustion chamber. 
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Fig. 1. Step work dual-fuel diesel engine [21] 

 
2.2 Cylinder Profile Movement  
 

Volume change on the cylinder based on rake angle change is a parameter required to know the 
cylinder pressure at the time of compression of the fuel to know the pressure on the cylinder. 
Changes in cylinder volume based on rake angle can be formulated in Eq. (1) [22] 
 

𝑣(𝜑) = 𝑉𝑚𝑖𝑛 +
𝑉𝑝𝑖𝑠𝑡𝑜𝑛

2.𝑟
. [𝑟. (1 − 𝑐𝑜𝑠𝜑) + 𝑙. (1 − √1 − (

𝑟

𝑙
)

2

. 𝑠𝑖𝑛2𝜑)]      (1) 

 
where Vmin is the cylinder clearance volume and v cylinder is the cylinder volume, φ is the angle of 
the crank angle, and l is the length of the connecting rod. To know the magnitude of the pressure 
that occurs in the cylinder based on each cylinder position when the incidence of combustion, 
obtained from Eq. (2) [23] 
 
𝑝 = 𝑝0 𝑥 𝐶𝑟𝛾              (2) 
 
where p is the pressure in the cylinder prior to the combustion, the Cr value is a large value of the 
compression ratio and also γ is the value of the specific ratio of heat fluid. The amount of pressure 
that occurs on the cylinder after the fuel has been compressed is influenced by motor pressure 
characteristics, volume change, and also the type of fuel. 
 
2.3 Engine Performance 
 

One important parameter of the reciprocating engine is the mean effective pressure (MEP) value 
which means that the pressure acting on the cylinder will produce the same work nett value at the 
actual cycle. The value of MEP can be formulated with Eq. (3): 
 

𝑀𝐸𝑃 =
𝑊𝑛𝑒𝑡

𝑉𝑝𝑖𝑠𝑡𝑜𝑛
             (3) 

 
The Specific Fuel Consumption (SFC) is the amount of fuel consumed in units of time to convert into 
a large power (kw) on the machine [24]. The Specific Fuel Consumption can be written in Eq. (6) 
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𝑆𝐹𝐶 =
ṁ(a)+ṁ(b)

𝑃𝑜𝑤𝑒𝑟
             (6) 

 
where the values of a and b represent two different types of fuels used in the primary machine. In 
thermodynamics, thermal efficiency is a dimensionless measure that shows the performance of 
thermal equipment such as internal combustion engines and so on. The incoming heat is energy 
derived from energy sources. The desired output can be either heat or work, or maybe both. Thus, 
the thermal efficiency can be formulated by Eq. (7) 
 

ηth =
𝑃𝑜𝑤𝑒𝑟 𝑥 100%

[ṁ(a) Fuel Heating Value(a)]+[ṁ(b) Fuel Heating Value(b)]
        (7) 

 
3. Research Methods  
3.1 Engine Specification 
 

The work of this paper will require some data before then the data can be processed and 
analyzed, with the main data provided by the MTRI in the form of related vessel data which became 
the review of thesis work and also fuel consumption on the vessel during sailing. The vessel to be 
analyzed is an Inter-Island Sailing Ship owned by the Ministry of Transportation, which is a 3200 DWT 
passenger vessel with the specification in Table 1 and engine data in Table 2. 

 
Table 1 
Ship particular dimension 

Length overall (LoA) : 146.5 meter 
Length between perpendicular (Lbp) : 130 meter 
Beam (B) : 23.4 meter 
Draught (T) : 5.9 meter 
Draught Minimum (Tmin)  : 4.35 meter 
Dead Weight Ton (DWT) : 3200 ton 
Service Speed (Vs) : 17.6 knots 

 
Table 2 
Engine specification 

Main Engine  

 

Type Krupp-MaK 6M601C 
Power  6400kW/428rpm 
Bore  430 mm 
Stroke 610 mm 
Specific fuel consumption 177 g/kWh 

 
3.2 Simulation Process 
 

The simulation model was performed by computational fluid dynamics (CFD) using ANSYS 
FLUENT. This software can model 3-dimensional flow, and also in completing the simulation of the 
combustion process in the cylinder chamber, this software can be used because it can provide 
accurate results [25]. CFD is a fundamental, powerful technique to lead ultimately to better 
engineering design, be that of an aircraft wing, turbomachinery blade [26]. A CFD simulation by 
ANSYS FLUENT able to predict the heat transfer coefficient and Nusselt number for forced convection 
heat transfer of water Nano fluids [27]. To do the modelling on this software, there are several steps 
that must be done in the form of create geometry and mesh on the model, checking the mesh model, 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 68, Issue 1 (2020) 163-174 

167 
 

choosing the right formulation, select the basic equations to be used and analysed, determine the 
type of material on the model, determine the boundary condition, iterates [28,29]. Modelling is 
important in using ANSYS software. In doing the modelling, the objects depicted in this software must 
have the same geometry with the original object. This results in prior to the drawing, it is necessary 
to review the data to reduce the form of errors that can occur later. 

In Figure 2 it is a modelling using Design Modeller that has one package in the fluent. In this case, 
the component to be analyzed is a diesel cylinder because it is related to combustion in a diesel 
engine. Therefore, the depiction is done in three-dimensional form with the geometry resembling 
the original. 
 

 
Fig. 2. Cylinder model 

 
3.3 Meshing and Set Up 
 

Performing meshing on a model object aims to model divided into small parts in order to 
influence the accuracy of CFD analysis. The smaller the object is divided, then the accuracy of the 
analysis on this software will be more accurate [30,31]. In Figure 3 we can see the model already in 
mesh. 
 

 
Fig. 3. Mesh set-up of cylinder model 

 
Before performing simulations on ANSYS software, setup on this software is essential for 

simulation to work on the conditions we want. In this process, we determine any formulation which 
is influential during the simulation process that runs in Figure 4. Changes in cylinder volume, type of 
fuel used, and pressure changes are formulations included in this process. Eq. (1) and (2) are 
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parameters included in this process with the aim of limiting the movement occurring in later 
simulations.  
 

 
Fig. 4. Set up of boundary condition 

 
3.4 Validation Result 
 

In order to validate the simulation results, the cylinder pressure obtained from the previous study 
was compared with the current results shown in Figure 5. The previous study has been carried out 
an investigation of the performance diesel dual-fuel by experiment and simulation [29]. The 
simulation performed using AVL FIRE which is the leading computational fluid dynamics simulation 
package for the Internal Combustion Engine, the result shown a good agreement with experimental 
results.  

 

 
Fig. 5. Comparison of cylinder pressure between the simulation result 
and validation data 
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4. Results and Discussion 
 

Measuring the performance value of dual fuel diesel engines in this study was obtained by 
calculating using the formula that has been used in the research chapters. This study was conducted 
based on data provided by the company. The parameters used are to determine the value at the 30%, 
40%, 50%, 60%, and 70% used LNG-diesel mass fraction used by the dual-fuel engine of the 3200 
DWT passenger vessel. The mass flow rate value is calculated and obtained based on data provided 
by the MTRI. From the data provided, the use of fuel based on the duration of the trip in one voyage 
then processed to get fuel consumption every second. 

At Figure 6, the angle of the crank angle starts at 270 ° to 450 °. At an angle of 270 ° is the condition 
where the cylinder is undergoing a compression step that is the reduction of the volume of the 
cylinder chamber to increase the pressure. The compression step ends at a 360 ° angle because, at 
this angle, the cylinder is at the top dead center and is unlikely to re-compress. After passing the 360 
° angle, the cylinder moves toward the bottom dead center to perform the working step until the 
angle reaches 540 °. At the angle of the crank angle is 270 °, the pressure on the cylinder begins to 
rise, but the rise of the pressure has a sloping trend. The increase continues to occur at an angle of 
350 °. After passing through the 350 ° angle, the increase in pressure occurs significantly. This is 
indicated if the angle crank angle is going on the process of combustion. The pressure rise has a peak 
value at a 360 ° angle. After passing the 360 ° angle, the cylinder pressure decreases this due to 
volume expansion resulting in the pressure inside the cylinder decreasing. 

 

 
Fig. 6. Cylinder pressure on the variation of gas mixture 

 
The pressure height values in each LNG-diesel variation vary. In a 30% LNG mixture, the maximum 

pressure generated at the combustion is 60,000 Pa, but with the addition of flow rate from LNG, the 
pressure on the cylinder increases up to 80,000 Pa in the 60% LNG mixture. Increased pressure on 
the cylinder in line with the addition of mass flow rate in LNG is due to the value of lower heating 
value in LNG greater than diesel which will result in LNG energy will be greater than diesel-generated 
energy. 
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The value of the mean effective pressure obtained on each percentage of LNG-Diesel fuel 
consumption has different values. The value of the mean effective pressure is only influenced by the 
work net generated by each percentage of fuel due to the same combustion chamber at each 
percentage of the fuel. The work net value obtained by each percentage of fuel has a relation to 
pressure in Figure 7. Because, the greater the pressure reached in a combustion cycle, the greater 
the value of the work that can be generated. The percentage of 30% of LNG-diesel fuel has a mean 
effective pressure value of 515.88 kPa. Then, as the LNG flow rate added into the combustion 
chamber, the mean effective pressure value increases until the 60% percentage of fuel have a mean 
effective pressure of 1730.63 kPa. 
 

 
Fig. 7. Mean Effective Pressure on the dual fuel condition 

 
The relationship between the graph of the mean effective pressure also has an effect on the 

torque obtained. Percentage of fuel use condition with percentage 60% has a torque of 23424.15 NM 
and at 30% usage condition having torque of 6982.52 NM. Can be seen from the trend of the graph 
when the addition of LNG flow mass into combustion chamber, at a certain point, can add torque to 
the engine the big difference in torque obtained in the percentage of 30% LNG usage and 60% usage, 
the torque increases up to three times in Figure 8.  

Another relationship that affects the value of mean effective pressure is between the amount of 
engine power obtained. Viewed from Figure 9, the addition of LNG flow mass also affects the power 
performance of the engine. At 30% LNG percentage, engine power obtained based on mean effective 
pressure is 295.98 kW. And at 60% the LNG percentage has the power of 992.94 kW. From the graphic 
form obtained can be seen if the addition of LNG into the combustion chamber can increase the value 
of power in the combustion engine. The power difference between the usage percentage of 30% and 
60% triples. 
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Fig. 8. Torque on the dual fuel condition 

 

 
Fig. 9. Power on the dual fuel condition 

 
From the three graphs obtained, the addition of LNG into the combustion chamber improves the 

performance of torque, power and also mean effective pressure on the combustion engine. The LNG-
Diesel mass flow rate is calculated based on the data of fuel consumption given by the company and 
processed and then got the value, the mass flow rate of the LNG-Diesel mixture is calculated based 
on the mass fraction on the mixture of both fuels and processed to obtain the specific fuel 
consumption graph for the percentage change of the LNG-Diesel mixture.  

Lower heat value determined by the property of the LNG fuel type and also the diesel. As shown 
in Figure 10, the specific fuel value for each percentage of fuel has a different value from the range 
of 0.74 kg / to 2.21 kg / kW. At the fuel consumption percentage of 30%, the specific fuel consumption 
value is highest than the other fuel consumption percentage of 2.21 kg / kW. With the added use of 
LNG into the combustion chamber, the specificity fuel consumption value of the engine decreases to 
the smallest specificity fuel consumption value in the 60% LNG-diesel mixture of 0.74 kg / kW. In 
other words, the 60% LNG-diesel percentage mix is the most efficient mixture because it can get the 
least amount of fuel mass per second power even though this percentage has the greatest power 
value than any other LNG-diesel percentage. 
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Fig. 10. Specific Fuel Consumption on the dual fuel condition 

 
The value of thermal efficiency is calculated on each percentage of LNG-diesel fuel to know how 

efficiently the usage is based on the amount of work performed on the given heat. In Figure 11, the 
efficiency gained is between 10 and 31 percent. This efficiency value is calculated from the power 
obtained by the mean effective pressure. The smallest thermal efficiency value is obtained by the 
percentage of LNG-diesel fuel consumption in the 30% mixture. Then, the greatest thermal efficiency 
is obtained by a 60% mixture. It can be seen if the mixture of 30% and 40% has not big enough 
difference, but after the fuel consumption rate is increased, thermal efficiency increases and 
decreases at the percentage of 70% LNG-diesel usage. From the results obtained, the work net affects 
the magnitude of MEP, power, torque, SFC and nTh where the increase in work net value is directly 
proportional to MEP, power, torque, and thermal efficiency. However, it is inversely related to the 
value of SFC. 
 

 
Fig. 11. Thermal efficiency on Dual Fuel Condition 
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5. Conclusion 
 

The analysis of this study indicates that the characteristics of each percentage of LNG and diesel 
usage can be parameters in determining the performance of dual-fuel diesel engines. The analysis 
determined based on the empirical equations of literature and simulation using the software. The 
conclusions obtained based on simulation and analysis of this research as follows 

i. The given variation value determines 30%, 40%, 50%, 60%, 70% influence different 
performance changes in each variation because LNG and diesel have different fuel properties. 

ii. From the performance results by each variation of fuel consumption, the value of power, 
torque, and also the mean effective pressure is influenced by the maximum pressure that can 
be achieved by the LNG-diesel mixture at the time of the compression phase to the working 
step. In this case, the fuel that has more LNG percentage then has better performance than 
the fuel that has fewer LNG percentage 

iii. Based on the SFC graph and thermal efficiency, the addition of LNG content to this mixture 
results in reduced SFC values as well as increased thermal efficiency 

iv. The addition of LNG content to the LNG-diesel mixture largely improves engine performance 
because the lower heating value of LNG is greater than the value of diesel's lower heating 
value. 
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