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Abstract: In this paper, an uncertainty analysis is performed related to the marine MAN B&W 6S70ME-C diesel engine. Uncertainty 

analysis is based on six different engine operating parameters (Maximum pressure, Compression pressure, Mean indicated pressure, 

Exhaust Gas Outlet Temperature, Cooling Fresh Water Outlet Temperature, and Piston Cooling Oil Outlet Temperature) measured in each 

engine cylinder. Various engine loads are observed. Exhaust Gas Outlet Temperature uncertainties are the highest in comparison to 

uncertainties of all other considered operating parameters. The highest Exhaust Gas Outlet Temperature uncertainty is detected at engine 

load of 90% and is equal to ±2.421%, while considering all observed engine loads, Exhaust Gas Outlet Temperature uncertainty is equal to 

±4.296%. Overall uncertainty of the analysis performed in this paper (which considers all observed operating parameters at all engine 

loads) is equal to ±4.837%, which also falls within the range of the recommended uncertainty limit (±5%). 
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1. Introduction 

 

    In the marine propulsion sector, internal combustion diesel 

engines are the dominant mechanical power producers [1]. In 

addition to pure diesel engines, dual fuel engines increase their 

share in this sector each day due to low combustion gas emissions 

[2, 3]. Along with diesel or dual fuel internal combustion engines, 

in marine propulsion can be used various other propulsors, but its 

share in this sector is much lower in comparison to internal 

combustion engines [4, 5]. 

    Due to its dominance, in the literature can be found various 

analyzes related to the marine internal combustion engines. A 

notable part of the literature is related to processes and procedures 

which reduce combustion gas emissions from such internal 

combustion engines [6-8]. Also, many different numerical models 

are developed for the performance analysis of various marine 

internal combustion engines [9-11]. Therefore, it can be concluded 

that due to its dominance in the marine propulsion sector, internal 

combustion engines are an important topic in the scientific and 

professional literature. 

    In this paper, an uncertainty analysis of marine MAN B&W 

6S70ME-C diesel engine is performed, presented, and discussed. 

Uncertainty analysis is based on six different engine operating 

parameters measured in each engine cylinder. For each considered 

operating parameter, uncertainty analysis is performed at each 

engine load and at all engine loads observing all cylinders. Finally, 

uncertainty analysis is performed for all considered operating 

parameters at all engine loads. Uncertainty analysis performed in 

this paper provides information related to which considered 

operating parameter has the highest uncertainties and did overall 

uncertainty (for each parameter and for all parameters) fall in the 

range of recommended uncertainty (±5%). 

 

2. Description of the analyzed engine and considered 

operating parameters in each cylinder 
 

    Marine low-speed two-stroke diesel engine analyzed in this paper 

is MAN B&W 6S70ME-C. This diesel engine is one of two 

identical engines used for the commercial LNG (Liquefied Natural 

Gas) carrier drive, where each of two identical parallel-running 

engines directly drives its own propulsion propeller (main engines) 

[12]. Along with the main diesel engines, the mentioned LNG 

carrier has four auxiliary diesel generator engines for electricity 

production [13]. MAN B&W 6S70ME-C main engine cross section 

is found in the producer specifications [14] and presented in Fig. 1, 

while the main engine particulars are obtained from the LNG carrier 

internal documentation [15] and presented in Table 1. 

    As can be seen from Table 1, the analyzed engine has six in-line 

cylinders. In this paper, uncertainty analysis is performed on the 

basis of measured operating parameters in each of six engine 

cylinders. Considered operating parameters are: Maximum pressure, 

Compression pressure, Mean indicated pressure, Exhaust Gas 

Outlet Temperature, Cooling Fresh Water Outlet Temperature, and 

Piston Cooling Oil Outlet Temperature. All mentioned operating 

parameters are obtained during the producer test-bed measurements, 

which results are shown in [16]. Mentioned operating parameters 

used in the uncertainty analysis are measured in seven engine loads 

(load of 25%, 50%, 75%, 85%, 90%, 100%, and 110%). Exact used 

measurement procedure and measuring equipment are explained 

and presented also in [16]. 

    It should be highlighted that uncertainty analysis is performed 

observing all cylinders for each considered operating parameter at 

each engine load, for each operating parameter at all engine loads, 

and finally, for all considered operating parameters at all engine 

loads (overall analysis uncertainty). 

 

 
 

Fig. 1. MAN B&W 6S70ME-C engine cross section 
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Table 1. MAN B&W 6S70ME-C engine main particulars 

Number of cylinders 6 

Cylinders arrangement In-line 

Process type Two-stroke 

Cylinder bore 700 mm 

Piston stroke 2800 mm 

Fuel Diesel very-low sulfur oil 

Fuel Lower Heating Value 

(LHV) 
41.98 MJ/kg 

Fuel injection type Direct injection 

Power output at Maximum 

Continuous Rating (MCR) 
17550 kW 

Engine speed (at MCR) 85 rpm 

Mean effective pressure (at 

MCR) 
18.9 bar 

 

3. Uncertainty analysis equations 
 

    Equations used for the uncertainty analysis are defined by Kline 

and McClintock’s approach [17, 18]. Uncertainty analysis is based 

on six measured operating parameters in each cylinder of the 

analyzed marine internal combustion engine at seven engine loads 

(Maximum pressure, Compression pressure, Mean indicated 

pressure, Exhaust Gas Outlet Temperature, Cooling Fresh Water 

Outlet Temperature, and Piston Cooling Oil Outlet Temperature). 

    The arithmetic mean (𝐴mean) is calculated as: 

 

𝐴mean=
 𝑍𝑖
𝑚
𝑖=1

𝑚
 , (1) 

 

    where 𝑍𝑖  is the parameter considered and 𝑚 is a number of 

engine cylinders. Standard deviation (𝜎) is defined as: 

 

𝜎 =  
 (𝑍𝑖−𝐴mean)2𝑚
𝑖=1

𝑚−1
 . (2) 

 

    Considered parameter uncertainty (𝑈𝑁parameter) is defined as: 

 

𝑈𝑁parameter=
σ

 𝑚
 . (3) 

 

    Considered parameter percentage of uncertainty (𝑈𝑁parameter(%)) 

is: 

 

𝑈𝑁parameter(%)=
𝑈𝑁parameter

𝐴mean

∙ 100 . (4) 

 

    Overall uncertainty (𝑈𝑁overall) is defined as: 

 

𝑈𝑁overall=   𝑈𝑁parameter(%) 
2𝑛

𝑖=1  , (5) 

 

    where in the case analyzed in this paper 𝑛 is the number of 

engine loads (for each considered parameter) or the number of all 

considered parameters (overall analysis uncertainty). 

 

4. Considered operating parameters at various MAN 

B&W 6S70ME-C engine loads 
 

    Marine diesel engine operating parameters used in the uncertainty 

analysis are measured in seven engine loads (load of 25%, 50%, 

75%, 85%, 90%, 100%, and 110%). The considered operating 

parameters are obtained during the producer test-bed measurements, 

presented and explained in [16]. 

    In this paper, the exact measurement results of all considered 

operating parameters are shown at two MAN B&W 6S70ME-C 

engine loads – load of 50% (Table 2) and load of 100% (Table 3). 

    From Table 2 and Table 3 can be seen that an increase in engine 

load increases all considered pressures and temperatures in each 

engine cylinder. Moreover, considering temperatures only between 

engine cylinders at each load, it can be clearly seen that the change 

in Exhaust Gas Outlet Temperature is much higher than the change 

in Cooling Fresh Water Outlet Temperature and Piston Cooling Oil 

Outlet Temperature, which must result in higher Exhaust Gas Outlet 

Temperature uncertainty (in comparison to the other two 

temperatures). 

 

Table 2. Measured operating parameters at MAN B&W 6S70ME-C 

engine load of 50% 

Cylinder 1 2 3 4 5 6 

Maximum pressure 

(bar) 
110.1 108.6 107.9 108.1 111.5 109.7 

Compression 

pressure (bar) 
84.4 83.4 81.3 83.6 83.4 81.3 

Mean indicated 

pressure (bar) 
12.75 12.69 12.41 12.63 12.78 12.90 

Exhaust Gas Outlet 

Temperature (°C) 
270.0 265.0 250.0 277.0 280.0 280.0 

Cooling Fresh Water 

Outlet Temperature 

(°C) 

78.0 78.0 78.0 78.0 79.0 79.0 

Piston Cooling Oil 

Outlet Temperature 

(°C) 

50.0 50.0 50.0 50.0 50.0 50.0 

 

Table 3. Measured operating parameters at MAN B&W 6S70ME-C 

engine load of 100% 

Cylinder 1 2 3 4 5 6 

Maximum pressure 

(bar) 
150.9 150.5 150.0 149.5 151.2 151.1 

Compression 

pressure (bar) 
133.0 134.3 132.5 134.9 132.9 133.1 

Mean indicated 

pressure (bar) 
20.01 19.95 20.05 19.87 19.68 20.20 

Exhaust Gas Outlet 

Temperature (°C) 
325.0 320.0 314.0 325.0 335.0 332.0 

Cooling Fresh Water 

Outlet Temperature 

(°C) 

82.0 81.0 82.0 82.0 82.0 82.0 

Piston Cooling Oil 

Outlet Temperature 

(°C) 

52.0 52.0 52.0 53.0 52.0 52.0 

 

5. Results and discussion 
 

    Maximum pressure uncertainty at each observed engine load is 

presented in Fig. 2. Maximum pressure uncertainties are the highest 

at two the lowest observed engine loads (loads of 25% and 50%) 

and equal ±0.705% and ±0.516%, respectively. The lowest 

maximum pressure uncertainty is detected at engine load of 100% 

and is equal to ±0.182%.  

 

 
 

Fig. 2. Maximum pressure uncertainty at each observed engine 

load 

 

    Considering compression pressure uncertainties, Fig. 3, it can be 

easily concluded that the highest and the lowest uncertainties are 

obtained at the same engine loads as the maximum pressure 

uncertainties. Therefore, the highest compression pressure 

uncertainties (±0.636% and ±0.637%) are obtained at engine loads 

of 25% and 50%, respectively, while the lowest compression 
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pressure uncertainty of ±0.286% is obtained at engine load of 

100%. 

    The highest and the lowest uncertainties related to the mean 

indicated pressure did not occur at the same engine loads as 

obtained for the maximum pressure and compression pressure 

uncertainties, Fig. 4. The highest uncertainty related to the mean 

indicated pressure (equal to ±0.534%) occurs at the engine load of 

50%, while the lowest mean indicated pressure uncertainty of 

±0.229% occurs at the engine load of 110%.  

    According to the recommendations from the literature [17, 19], 

the acceptable uncertainty limit is ±5%, regardless of the observed 

measured parameter. For all uncertainties related to the pressures at 

each engine load (Maximum pressure – Fig. 2, Compression 

pressure – Fig. 3 and Mean indicated pressure – Fig. 4), maximum 

values are notably lower than the highlighted limit. 

 

 
 

Fig. 3. Compression pressure uncertainty at each observed engine 

load 

 

 
 

Fig. 4. Mean indicated pressure uncertainty at each observed 

engine load 

 

    Exhaust Gas Outlet Temperature uncertainties at each observed 

engine load are presented in Fig. 5. The highest Exhaust Gas Outlet 

Temperature uncertainty is obtained at engine load of 90% 

(±2.421%), while the lowest Exhaust Gas Outlet Temperature 

uncertainty is detected at engine load of 100% (±0.964%). 

 

 
 

Fig. 5. Exhaust Gas Outlet Temperature uncertainty at each 

observed engine load 

 

    Cooling Fresh Water Outlet Temperature uncertainties at each 

engine load can be seen in Fig. 6. The highest Cooling Fresh Water 

Outlet Temperature uncertainty is detected at engine load of 110% 

(equal to ±0.403%), while the lowest Cooling Fresh Water Outlet 

Temperature uncertainty is obtained at engine load of 100% (equal 

to ±0.204%). In comparison to Exhaust Gas Outlet Temperature 

uncertainties, Cooling Fresh Water Outlet Temperature 

uncertainties are much lower at each engine load, Fig. 5 and Fig. 6. 

    The highest Piston Cooling Oil Outlet Temperature uncertainty is 

obtained at engine load of 85% and is equal to ±0.408%, Fig. 7. 

However, the lowest Piston Cooling Oil Outlet Temperature 

uncertainty, equal to zero, is detected at engine load of 50%. At 

engine load of 50%, Piston Cooling Oil Outlet Temperature 

uncertainty is equal to zero because measurements in all six engine 

cylinders resulted in the same temperature, which is clearly visible 

in Table 2.  

    In comparison to Exhaust Gas Outlet Temperature uncertainties, 

Piston Cooling Oil Outlet Temperature uncertainties are much 

lower at each engine load, Fig. 5 and Fig. 7. This confirms the 

statement highlighted before – due to much higher Exhaust Gas 

Outlet Temperature change between engine cylinders at each 

observed load, Exhaust Gas Outlet Temperature uncertainties are 

notably higher in comparison to Cooling Fresh Water Outlet 

Temperature and Piston Cooling Oil Outlet Temperature 

uncertainties. 

 

 
Fig. 6. Cooling Fresh Water Outlet Temperature uncertainty at 

each observed engine load 

 

    Finally, also all uncertainties related to the temperatures 

considered in this analysis at each engine load (Exhaust Gas Outlet 

Temperature – Fig. 5, Cooling Fresh Water Outlet Temperature – 

Fig. 6 and Piston Cooling Oil Outlet Temperature – Fig. 7) are 

notably lower than the recommended uncertainty limit of ±5%. 

 

 
 

Fig. 7. Piston Cooling Oil Outlet Temperature uncertainty at each 

observed engine load 

 

    Overall uncertainty of considered operating parameters in this 

analysis at all observed engine loads is presented in Fig. 8. 

    From Fig. 8 is easy to detect that the highest overall uncertainty 

(considering all observed engine loads), equal to ±4.296%, has 

Exhaust Gas Outlet Temperature, while the lowest overall 

uncertainty of ±0.731% has Cooling Fresh Water Outlet 

Temperature. Fig. 8 additionally confirms that overall uncertainties 

related to the Cooling Fresh Water Outlet Temperature and Piston 

Cooling Oil Outlet Temperature are notably lower in comparison to 

Exhaust Gas Outlet Temperature uncertainties at all engine loads.  

    Overall uncertainties related to all three observed pressures at all 

engine loads (Maximum pressure, Compression pressure, and Mean 

indicated pressure) are around ±1%. Moreover, uncertainties of all 

six operating parameters observed in this paper at all engine loads 

are lower than the uncertainty limit of ±5%. 
 

 
 

Fig. 8. Overall uncertainty of all considered parameters at all 

observed engine loads 
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    Overall uncertainty of the analysis performed in this paper 

(which considers all observed operating parameters at all engine 

loads), and which is calculated by using Eq. 5, is equal to ±4.837%, 

what also falls within the range of the recommended uncertainty 

limit (±5%). 

 

6. Conclusions 
 

    This paper presents an uncertainty analysis related to the marine 

MAN B&W 6S70ME-C diesel engine. Performed analysis is based 

on six different engine operating parameters (Maximum pressure, 

Compression pressure, Mean indicated pressure, Exhaust Gas 

Outlet Temperature, Cooling Fresh Water Outlet Temperature, and 

Piston Cooling Oil Outlet Temperature) measured in each engine 

cylinder. Various engine loads are observed. For each considered 

operating parameter, uncertainty analysis is performed at each 

engine load and at all engine loads observing all cylinders. At the 

end, uncertainty analysis is performed for all considered operating 

parameters at all engine loads. The most important conclusions of 

the performed analysis are: 

- Uncertainties related to all pressure operating parameters 

(Maximum pressure, Compression pressure, and Mean indicated 

pressure) are lower than ±1% considering each engine load and are 

around ±1% considering all engine loads. Uncertainties of all 

pressure operating parameters are notably lower than the 

recommended uncertainty limit (±5%). 

- Exhaust Gas Outlet Temperature uncertainties are the highest in 

comparison to uncertainties of all other considered operating 

parameters. The highest Exhaust Gas Outlet Temperature 

uncertainty is detected at engine load of 90% and is equal to 

±2.421%, while considering all observed engine loads, Exhaust Gas 

Outlet Temperature uncertainty is equal to ±4.296%. Still, also 

Exhaust Gas Outlet Temperature uncertainties are lower than the 

recommended uncertainty limit of ±5%. 

- Cooling Fresh Water Outlet Temperature uncertainties as well as 

Piston Cooling Oil Outlet Temperature uncertainties are the lowest 

of all considered operating parameter uncertainties (at each engine 

load as well as observing all engine loads). 

- If the observed operating parameter has the same measured values 

in all cylinders at any engine load, its uncertainty is equal to zero 

(as can be observed in this analysis for Piston Cooling Oil Outlet 

Temperature uncertainty at engine load of 50%). 

- Overall uncertainty of the analysis performed in this paper (which 

considers all observed operating parameters at all engine loads) is 

equal to ±4.837%, which also falls within the range of the 

recommended uncertainty limit (±5%). 
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