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Abstract: In the present publication it is considered the technology and the features of the operation of the newly introduced in the marine 

industry wide spreading dual fuel four stroke engines. There are analysed the significant differences between the conventional Diesel engines 

and the dual fuel Otto engines in their operation process. The influence of the gas fuel quality in the case of the dual fuel  engines is in the 
main concern underlined. Simulation based experiment is carried out for data attaining, related to the performance of the dual fuel engines 

influenced by the fuel quality on high load range. The acquired data is analysed, and evaluation of the engine derating outcome is 

performed. On the base of the results are stated conclusions and recommendations to be followed by the engineering crew members dealing 
with such kind of engines on board LNG fuelled ships. 
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1. Introduction 

In the transition time of shipping decarbonization the 

intermediate way to partly reduce the carbon emissions is the use 
the LNG as fuel. Although there are different approaches to 

improve the efficiency and to reduce the emissions from ships [1, 2, 
4, 5, 13], there is no such fuel available fuel nowadays as the natural 

gas to be able in due time to cover the infrastructure and 
technological demand in same time with such reduction of the 

harmful engine emissions.  

Aside from the safe issues with the handling and storage of the 
LNG onboard there are other technical challenges in the operation 

of the dual fuel engines with their specific features compared to the 

conventional marine diesel engines.  

Most of the electrical generator driving engines operating on 
LNG rely on the dual fuel Otto cycle concept. Special feature of this 

type of engines is that they have to keep proper air/fuel ratio in a 
specific narrow range, so to achieve low emission operation as they 

are intended as a main difference with the Diesel cycle engines. 

With the special features of the dual fuel four stroke engines 

most of the marine engineers are not aware of. In this publication 
the aim is to represent the influence of the LNG quality to the 

engine normal operation. Especially the influence of the methane 
number to the ability the engine to be loaded to specific range 

without safety issues. The tasks scheduled to be performed are: 
- To clarify the four-stroke dual fuel Otto cycle engines features 

- To perform experiment in a simulated environment with four 
stroke dual fuel engine with different grades natural gas, so to 

express the influence of the fuel quality to the combustion 

process. 

2. The dual fuel four stroke engine type Wärtsilä 
L20DF 

The object in the publication is a four-stroke dual fuel engine 

Wärtsilä 6L20DF operating on the lower margin of the high speed 
range has the characteristics as shown in Table 1. 

Table 1: Engine 6L20DF characteristics 

Wärtsilä 6L20DF 

Cylinder bore 200 mm 

Stroke 280 mm 

Piston displacement 8.8 l/cyl. 

Number of valves 2 inlet valves and 2 exhaust valves 

Speed 1200 rpm 

Power output 1110 kW 

 

The majority of the existing modern dual fuel engines used in 

marine applications have the same principle of operation as the 

above-mentioned engine. These are dual fuel lean burn concept 
engines [10, 11] which rely on a specific air/fuel ratio to meet the 

requirements of the IMO tier III NOx emission standard without 
after treatment of the exhaust gases.  

 

Fig. 1 Lean burn concept for four stroke dual fuel engines [10]. 

 

With the lean burn engines with fuel-air ratio around 2 it is kept 
the low NOx emission mode []. On low load ranges the change of 

the fuel-air ratio outside this limit will lead to increased emissions 
but as the engine load is increased the deviation in the fuel-air ratio 

will lead to knocking phenomenon or misfiring. As these are Otto 
cycle engines, they rely on the mixture compressing in the cylinder 

and in that case the gas fuel quality would influence the knocking 

tendency. Steady and controlled combustion and ignition would 
occur in the case the methane content of the natural gas 

(corresponding the Methane number) used as fuel is as high as 
possible. In the available sources of natural gas there is no pure 

natural gas containing only Methane. There are other hydrocarbon 
ingredients with usually lower self-ignition temperature than the 

Methane which generally lowers the resistance of the compressed in 
the engine cylinder gas on self-ignition. The DF engines 

manufacturer’s set up certain lower limits of the Methane number of 

the fuels used with the engines, depending on the engine rating at 
which the engines would be fully operational in the high load range 

without knocking to occur.  

In the cases when the Methane number of the gas fuel is lower 
the limit set, the sequence of the operation on high loads would be 

the engine to start knocking. Due to that the manufacturers set 
derating algorithm for the engine operation with low methane 

number fuels to protect the engines from harmful uncontrolled 

combustion. In that case the ship operators should expect what 
would be the derating extend and what will be the available power 

of the engines operating on gas to manage proper power 
management of the ship’s electrical plant [3, 7].  
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The basic comparison between the conventional diesel engine 
and the dual fuel lean burn engine combustion process shows that 

with the Diesel cycle engine, due to the non-homogenous fuel-air 
mixtures even the exceeded amount of air present in the cylinder 

available, the combustion is stable and there is no necessity to 
adjust the air-fuel ratio in such extend as with the dual fuel engines. 

On the flame front there are always rich fuel/air mixtures [11] 

which keep the combustion fast and steady, although these are the 
conditions to generate nitrogen oxides and particular matters due to 

the high peak temperatures. On the other hand, the diesel cycle fuel 
injection manner has no relation with pre-ignition due to the lack of 

fuel in the cylinder during the compression stroke. The Diesel cycle 
operating engines appear that could operate in any condition with 

sufficient and exceeding amount of air in the cylinder, without 
tendency to knock or misfire (if no other issues), but the dual fuel 

engines would require proper fuel-air ratios to be adjusted and 

controlled during the gas fuel mode, so to keep smooth operation.  

3. The experiment 

In the present publication it will be reported an experiment with 
dual fuel engine in gas fuel mode with different grades of natural 

gas with lower methane number than the required from the engine 
manufacturer, to present the derating scheme of the engine while 

reducing the Methane number of the fuel. The experiment is carried 

out in simulated environment [6, 8, 9, 12] to facilitate the process of 
use different gas fuel grades as these are the capabilities of the 

simulator. 

They were performed checks on the engine performance on 
maximum load mode (100% setpoint) of the engine while the 

Methane number of the gas fuel was gradually reduced from 80 MN 
to 60 MN as these are the ranges possible to be faced in the real 

practice with use of LNG as fuel in the IGF code ships, while the 

bunkered gas fuel weathering process has been developed. The 
results obtained in the experiment are presented in Table 2.  

Table 2: Engine derating related to the Methane number. 

Methane 

Number 

Engine actual load 

[%] 

Engine set up load 

[%] 

79.94 99.9 100 

77.49 97.5 100 

75.03 95 100 

72.52 92.5 100 

69.96 90 100 

67.46 87.5 100 

64.99 85 100 

62.47 82.5 100 

60.03 80 100 

 

The data acquired was processed and a linear figure describing 
the relation between the Methane number and engine derating was 

established as on Figure 2.  

 

Fig. 2 Engine derating dependence on the gas fuel methane number 

 

4. Experiment results analysis  

The corresponding derating of the engine on gas mode with 

natural gas with lower methane number than 80 as it is the lower 

limit of the manufacturer for normal operation of the entire load 
range, seems that there would be several specifics which need to be 

taken in to account while operating the engines in such conditions: 
- The bunkered LNG fractions will determine the initial 

methane number of the fuel in use. In that case the requirement for 
the quality for the bunker delivery quality must be with as high as 

possible methane number of the LNG to obtain proper operation of 

the dual fuel engines. 
-  The weathering process of the LNG in the tank must be 

considered and on the base of the initial value to be planned actions 
to reduce the influence of the dropping methane number by proper 

power management of the electrical plant.  
- In case of deviations between the requested quality and the 

delivered LNG laboratory analysis to be rejected the receiving of 
the bunker. 

- In case of lower methane number value, as far it is from the 

lower limit as lower to be the load of the engines so to avoid 
knocking. 

- In case of intended manual adjustment of the load limit of the 
engines to be considered the specific features of the engine control 

system and the means of lean burn process control as the ignition 
timing, fuel air ratio and the charge air system performance. 
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results to be analysed was accomplished. The features of engine 
derating due to low methane number of the LNG used as fuel shows 
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