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Abstract
In comparison to onshore facilities, ships, and their machinery are subjected to challenging external influences such as rolling, vibration, and 
continually changing air & cooling water temperatures in the marine environment. However, these factors are typically neglected, or their 
consequences are deemed to have little effect on machinery, the environment, or human life. In this study, seasonal air & seawater temperature 
effects on marine diesel engine performance parameters and emissions are investigated by using a full-mission engine room simulator. A tanker 
ship two-stroke main engine MAN B&W 6S50 MC-C with a power output of 8  600 kW is employed during the simulation process. 
Furthermore, due to its diverse risks, the Marmara Region is chosen as the application area for real-time average temperature data. Based on the 
research findings, even minor variations in seasonal temperatures have a significant influence on certain key parameters of a ship’s main engine 
including scavenge pressure, exhaust temperatures, compression and combustion pressures, fuel consumption, power, and NOx-SOx-COx 
emissions. For instance, during the winter season, the cylinder compression pressure (pc) is recorded at 94 bar, while the maximum pressure (pz) 
reaches 110 bar. In the summer, pc experiences a decrease of 81 bar, while pz is measured at 101 bar. The emission of nitrogen oxides (NOx) 
exhibits a measurement of 784 parts per million (ppm) during winter and 744 in summer. The concentration of sulfur oxides (SOx) is recorded at 
46 ppm in winter and 53 in summer. Given the current state of global warming and climate change, it is an undeniable fact that the impact of 
these phenomena will inevitably escalate.

Keywords  Marine environment; Air & seawater temperature; Shipping emissions; Marine diesel engine; Engine room simulator; Fuel consumption; 
Turkish Straits

1  Introduction

The function of shipping is crucial for guaranteeing the 
sustainability of global trade. Internal combustion engines 
are frequently chosen as the main propulsion force for 
ships in this industry (Noor et al., 2018; Ni et al., 2020). 
It is predicted that this type of engine is a component of 

90 – 99% of currently operated vessels (Chybowski et al., 
2015). In the internal combustion engine classification, 
diesel engines are the pioneer engine type in the maritime 
field (Tadros et al., 2020). Additionally, two and four-
stroke marine-type diesel engines are used as the main 
power source of the propulsion force of the ships frequently 
(Ceylan, 2023). Therefore, it can be considered that marine 
diesel engines are the most important components of ships 
(Guo et al., 2018). On the other side, two-stroke marine 
diesel engines are used as the main engine in a wide range 
of commercial ships (Ryu et al., 2016; Yang et al., 2020; 
Ramsay et al., 2023). Since, two-stroke marine diesel 
engines have higher efficiency and lower specific fuel 
consumption (SFC) than the other types of internal com‐
bustion engines (Llamas & Eriksson, 2019; Vera-García et 
al., 2020). Furthermore, these types of engines have been 
designed and manufactured in large sizes, high power, 
and complex structures with numerous systems (Ceylan et 
al., 2021). The fundamental engine components and cross-
section of a two-stroke marine-type diesel engine are dem‐
onstrated in Figure 1 (MAN, 2023).

The marine engine is an essential component of a vessel 
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as it serves as the major power source while also being a 
significant contributor to pollution through the combustion 
of various fuel types, enabling the conversion of energy 
into mechanical force (Tadros et al., 2023). During com‐
mercial operations, ships with higher – capacity diesel en‐
gines produce a substantial quantity of exhaust gases. These 
shipping-related airborne emissions lead to pollution in the 
atmosphere. The main emissions that exhaust gases may 
emit into the environment are sulfur oxides-SOx, nitrogen 
oxides-NOx, carbon monoxide-CO, carbon dioxide-CO2, 
particulate matter-PM, volatile organic compounds-VOCs, 
black carbon-BC, organic carbon-OC. (Welaya et al., 2013; 
Nahim et al., 2015; Wang et al., 2017; Zincir & Arslanoglu, 
2024). According to the International Maritime Organiza‐
tion (IMO), the international shipping industry is respon‐
sible for 2%‒3% of global CO2, 10%‒15% of NOx, and 
4%‒5% of SOx emissions (Buhaug et al., 2009; Gaspar et 
al., 2015). Transportation-related exhaust emissions are 
the primary pollutant source and contribute to health prob‐
lems and ecological effects such as global warming, cli‐
mate change, acidification, eutrophication, and deteriora‐
tion of air quality (Zetterdahl et al., 2017; Bilgili & Buğra 
Çelebi, 2021; Mocerino et al., 2021). To transition towards 
a more environmentally sustainable future, it is imperative 
to mitigate the adverse impacts of ships on the natural envi‐
ronment through measures aimed at enhancing operational 
efficiency and minimizing ship emissions (Karatuğ et al., 
2023; Kanberoğlu et al., 2023). Alongside the environmen‐
tal considerations, the economic implications of reducing 
fuel consumption are of paramount importance within the 
realm of maritime transportation (Yuksel et al., 2023).

There are different studies about air temperature effects 
on diesel engine parameters in the literature. Torregrosa et 
al (2006) tested the impact of charge air and cooling tem‐
perature on diesel engine performance parameters and 
emissions. The test engine is a single-cylindered common 
rail system diesel engine with a 76 mm bore and 87 mm 

stroke length. Banugopan et al (2010) carried out an in‐
vestigation on ethanol-fueled diesel engine with varying 
inlet air temperatures. The used engine is a single-cylinder 
with a bore of 88 mm, a stroke of 110 mm, and 5.9 kW at 
1 800 r/min. Kumar & Raj (2013) researched how the tim‐
ing of fuel injection and the temperature of the intake air 
affected the combustion and emission characteristics of a 
dual-fuel diesel engine. Tests are carried out by using a 
small four-stroke, single-cylindered, air-cooled diesel en‐
gine with a bore of 78 mm, and a stroke of 68 mm. Pan et 
al. (2015) investigated the impact of air temperature on 
duel-fuel methanol diesel engine performance and emis‐
sions. They used a 6-cylinder turbocharged inter-cooled 
engine with 126 mm bore, 130 mm stroke, and 247 kW 
power at 1 900 r/min. Sarjovaara et al (2015) investigated 
the effect of a charge air temperature on a dual-fuel diesel 
engine with 120 kW at 2 300 r/min. Woo et al (2016) ana‐
lyzed the impact of charge air temperature and common 
rail pressure on ethanol-fueled single-cylinder light-duty 
diesel engine with 83 mm bore and 92 mm stroke. Wu et 
al (2017) experimented with different intake air tempera‐
tures and EGR ratios to get the best performance and emis‐
sions from a diesel hydrogen gas engine. They used a 
small diesel engine with a 94 mm bore, 90 mm stroke, and 
9.2 kW power at 2 400 r/min. The aforementioned studies 
have examined the effects of charge air temperature on the 
performance parameters of diesel engines. However, there 
is a lack of thorough research specifically focused on 
2-stroke, large-sized marine diesel engines. Additionally, 
no research has been identified that investigates the impact 
on ship machinery using real air & seawater temperature 
averages in a particular region as a reference.

Commercial ships navigate several maritime regions, 
thereby exposing them to a diverse range of ambient and 
seawater temperatures. Nevertheless, conducting research 
to investigate the impact of varying temperatures on ship 
engines in a real engine room environment is a challenging 
problem owing to factors such as seasonal variations and 
geographical differences. On the other side, performing 
empirical research on the main engines, which are essential 
components of the ship and engine room, entails signifi‐
cant potential risks. Testing the effects of oil filter contami‐
nation on a real ship’s main engine, for example, is highly 
perilous since it might result in severe equipment malfunc‐
tion (Ceylan et al., 2022a). In this light, conducting such 
investigations in a simulation environment is relatively 
safe for property, the environment, and human life (Dere 
& Deniz, 2019). Moreover, when compared with the real 
scenario, it is very simple to maintain the constancy of 
all variables inside the simulation setting, except for the 
parameter under investigation. Consequently, focusing on 
altering a single element and analyzing its impact on the 
machinery appears to be a more reliable approach. For this 
reason, several critical investigations are being conducted 

Figure 1　Two-stroke marine-type diesel engine cross-section
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with the use of ship engine simulators (Dimitrios, 2012; 
Kocak & Durmusoglu, 2018; Yutuc, 2020; Knežević et 
al., 2020; Chybowski et al, 2020; Stanivuk et al., 2021; 
Ceylan et al 2022b).

In this study, seasonal air & seawater temperature ef‐
fects on two-stroke marine-type diesel engine performance 
parameters and airborne emissions are investigated with 
the help of full-mission ERS. In the simulation process, 
measurements are taken from a 183-meter product tanker 
ship equipped with a MAN B&W 6S50 MC-C main engine. 
Within this scope, the paper is organized as follows. This 
chapter gives the motivation behind the research. Section 
2 introduces the material and method of the study including 
state of knowledge, engine room simulator, expert profiles, 
input parameters sampling, and methodology of the study. 
Section 3 includes a full mission simulator application. A 
discussion of the study is in section 4. Finally, section 5 
concludes the research and advises future studies.

2  Material and method

This section offers a brief overview of the used state of 
knowledge, engine room simulator, expert profiles, sam‐
pling parameters, and methodology of the study.

2.1  State of the Knowledge

In this study, the internal combustion marine diesel en‐
gine is investigated using the full-mission ERS. Air & sea‐
water temperature effects on the diesel engine performance 
parameters are investigated in the simulation process. Dur‐
ing the simulation, various parameters such as combustion 
pressure, cylinder power, and fuel oil consumption are re‐
corded and analyzed. The power of mechanical losses 
should be estimated as the difference between measured 
and effective power as shown in Eq. 1.

Pml = Pi − Pe (1)

Here Pml (kW) indicates the power of mechanical losses, 
Pi (kW) is the measured power, and Pe (kW) is the mea‐
sured effective power.

Eq. 2 is used to calculate the mechanical efficiency:

ηm =
Pe

Pi

× 100 (2)

where ηm is the mechanical efficiency of the engine (%).
Eq. 3. is used to get the indicated engine efficiency:

η i =
Pi

ṁ f Hl

× 3 600 × 100 (3)

where η i is engine indicated efficiency, ṁ f (kg/h) is fuel 

mass flow and Hl (kJ/kg) is lower heating value of the fuel.
Eq. 4. is used to get the effective engine efficiency:

ηe =
Pe

ṁ f Hl

× 3 600 × 100 (4)

where ηe is engine effective efficiency.
An Eq. 5. is used to determine the engine’s mean effec‐

tive pressure:

pe =
Pe × τ

2 × z × nVo

×
6
10

(5)

where pe is engine mean effective pressure, τ engine stroke 
(in this study τ=2 because a 2-stroke marine type diesel 
engine is used in the simulation), z is the number of engine 
cylinders (in this study z=6 because MAN B&W 6S50 
MC-C engine is used in the simulation), n (r/min) is mea‐
sured engine revolution speed per minute (in this study n=
105), Vo (m

3) is per engine cylinder operating volume.
The operating volume of one engine cylinder is calculated 

in Eq. 6:

Vo =
D2 × π

4
× s (6)

where D (m) is the cylinder bore and s (m) is the stroke of 
the engine cylinder.

An Eq. 7. is used to calculate the engine’s effective 
torque:

Me =
Pe

2 × π × n
× 60 000 (7)

Finally, specific effective fuel consumption (SCFe) is 
calculated by Eq. 8:

SFCe =
ṁ f × 1 000

Pe

(8)

where SFCe (g/kWh) is the engine’s specific effective fuel 
consumption (Mrzljak et al., 2017; Monieta, 2021; ISO, 
2022).

2.2  Engine room simulator

Engine room simulators (ERS) play a crucial role in mar‐
itime education and academic research due to their ability 
to mitigate the risks associated with practical training 
on actual ships. Moreover, modern simulators have been 
expertly designed to accurately emulate the functionality 
of real engines, hence yielding highly realistic outcomes 
(Wärtsilä -Transas, 2023). On the other hand, ERS 5 000 
has been specifically designed for the training; covers mar‐
itime training compliance with the STCW requirements; 
meets the requirements of International Maritime Organi‐
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zation (IMO) conventions and International Electrotechni‐
cal Commission (IEC) standards, and is approved by Det 
Norske Veritas (DNV) (Kongsberg Maritime, 2022; Wärt‐
silä-Transas, 2023). Due to this rationale, there has been a 
significant surge in the utilization of simulators in recent 
years.

In this study, the main engine parameters are investigated 
in Transas 5 000 ERS by using the simulator’s malfunc‐
tion interface. During the simulation process, the engine is 
operated at 105 r/min under the bridge command of full 
ahead. As the main engine, MAN B&W 6S50 MC-C engine, 
two strokes, single-acting, direct reversible, crosshead 
type marine diesel engine with 6 cylinders (500 mm bore 
and 2 000 mm stroke length) is selected. The main engine 
generates a maximum of 8 600 kW at 127 r/min. Technical 
descriptions of the engine are demonstrated in Table 1. 
According to this engine type, engine commands and r/min 
set points are shown in Table 2.

2.3  Expert profiles

The methodology of the investigation encompasses two 
essential components. The first step entails designing a 
simulation environment that closely resembles the real sce‐

nario in order to achieve accurate results. This is followed 
by the second stage of analyzing the data that is generated. 
According to the methodological approach of the study, 
expert knowledge is utilized in the realistic simulation 
design and the analysis of the output data. An expert group 
of the study that is shown in Table 3 consists of experienced 
seafarers who have worked on various types of ships as an 
oceangoing engineer.

2.4  A sampling of input parameters

The Turkish Straits, which divide Asia and Europe, have 
a length of 164 nautical miles (Kaptan et al., 2020). The 
three-part Turkish Straits System comprises the Istanbul 
Strait, the Sea of Marmara, and the Canakkale Strait (To‐
noğlu et al., 2022). The Marmara region, characterized by 
its dense population and significant maritime activity, is 
selected as the focal location for investigation. Additionally, 
this region has two critical narrow waterways, such as the 
Bosphorus and the Dardanelles, and these waterways have 
meteorological and oceanographical threats such as cur‐
rent regimes, low visibility, and winds (Arslan & Turan, 
2009; Tonoğlu et al., 2022). Hence, the possible ramifica‐
tions of ship machinery malfunctions in the chosen destina‐
tion might be catastrophic, affecting property, the environ‐
ment, and human lives. Furthermore, the region’s extensive 
ship traffic contributes to a range of emissions such as CO, 
CO2, NOx, SOx, and PM (Lamas et al., 2013; Toscano et al., 
2021; Ay et al., 2022). As a result, the Marmara Region, 
which has diverse risks, is chosen as the application area 
for this study. The selected location is shown in Figure 2 
(Google Earth, 2022).

The air temperature data used for the application is ob‐
tained from the monthly average temperatures recorded in 
the Marmara Region from 2021 (MGM, 2022a). Similarly, 
seawater temperature is obtained by taking the monthly av‐
erage temperatures for the year 2021 (MGM, 2022b). The 
average air & seawater temperatures are shown in Table 4. 

Table 1　Technical specifications of the simulator

Ship type

Dead weight (t)

Length (m)

Breath (m)

Max. speed (kn)

Max. continuous power

Main engine type

Number of cylinders

Cylinder bore (mm)

Stroke length (mm)

Oil/Chemical product tanker

50 000

183

32.2

15.7

8 600 kW at 127 r/min

MAN B&W model 6S50 MC-C

6

500

2 000

Table 2　Technical description of the engine commands

Engine command

Navigation full ahead

Full ahead

Half ahead

Slow ahead

Dead slow ahead

Stop

Dead slow astern

Slow astern

Half astern

Full astern

Revolution (r/min)

89/128

76/80

68/71

56/58

32/43

0

−38

−58

−75

−85/90

Table 3　Expert profiles of the study

Expert code

E.1

E.2

E.3

E.4

E.5

E.6

Ship experience

Oceangoing chief 
engineer

Oceangoing chief 
engineer

Oceangoing chief 
engineer

Oceangoing second 
engineer

Oceangoing second 
engineer

Oceangoing second 
engineer

Current position

University-academician

Shipping company-
oceangoing chief engineer

Shipping company-
oceangoing chief engineer

Port state control-port state 
control officer

university-academician

Shipping company-
oceangoing second engineer

798



B. O. Ceylan et al.: Investigation of Seasonal Effects on Two-Stroke Marine Diesel Engine Performance Parameters and Emissions

These temperatures are separated into four seasons, aver‐
aged, and converted into four different input data sets. Ac‐
cordingly, the first dataset has an air temperature of 8.4 ℃ 
and a seawater temperature of 11.7 ℃ . The second part 
has an average of 12.4 air and 13.0 ℃ seawater tempera‐
ture. The third zone has an air temperature of 24.3 ℃ 
while the seawater average temperature of 23.8 ℃. Finally, 
the fourth part consists of an air temperature of 16 ℃ and 
a seawater temperature of 18.7 ℃.

2.5  Methodology

Engine room simulator environments provide research‐
ers with a viable option for undertaking realistic digital op‐
erations and tests. However, there is no standard procedure 
in this approach as the implementation of ERS in academic 

studies is determined by the authors’ decision. Recent years 
have seen the development of an approach for using engine 
simulators as an academic tool to fill this need. According 
to this approach, the construction of a realistic simulation 
environment is the key element of the engine room simula‐
tion-based academic investigation methodology (Ceylan et 
al 2022b). Therefore, this study uses a modified realistic 
simulation design concept. The study’s methodological 
approach consists of three main steps. The average air & 
seawater temperatures of the Marmara Region, which is 
densely populated and has narrow waterways, are separated 
into four seasons. The obtained air & seawater tempera‐
tures are used as the input data sets of the method. After 
the input data is available, a realistic simulation environ‐
ment is designed for the application. In this framework, 
the knowledge of 6 marine engineers who have a mini‐
mum oceangoing second engineer competency is used. 
Once the main engine is prepared, the simulation is started 
and the output data are recorded. Finally, these output data 
are analyzed with the help of the experts. The methodolog‐
ical framework of the study is illustrated in Figure 3.

3  Application

Investigation of seasonal air & seawater temperature ef‐
fects on two-stroke marine diesel engine performance pa‐
rameters are tested in Transas 5 000 ERS by using the simu‐
lator’s malfunction and main engine operator interface. The 
main engine used on the simulator is the 2-stroke MAN 
B&W 6S50 MC-C, which is frequently used in today’s 
commercial ships. Furthermore, this type of engine has 
been used in several academic investigations (Kökkülünk et 
al., 2016; Knežević et al, 2020; Monieta, 2021). During the 
simulation process, the engine is operated at 105 r/min 
under the bridge command of full ahead, the approximate 

Figure 2　Selected application area of the study

Table 4　The average air and seawater temperature

Months 
of 2021

12

1

2

3

4

5

6

7

8

9

10

11

Average 
air temp. 

(℃)

9.3

8.2

7.7

7.2

11.8

18.3

21.2

25.8

25.9

20.3

15.0

12.8

Average 
seasonal air 
temp. (℃)

8.4

12.4

24.3

16

Average 
seawater 
temp. (℃)

13.1

11.6

10.4

10.6

12.0

16.5

21.1

25.0

25.4

22.6

18.4

15.2

Average seasonal 
seawater temp. 

(℃)

11.7

13.0

23.8

18.7
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engine fuel load is %65, and the engine room ambient has 
60% air humidity. Wärtsilä -Transas MAN B&W 6S50 
MC-C main engine simulation interface is demonstrated in 
Figure 4 (Wärtsilä -Transas, 2023). The application is de‐
signed to categorize the input sets into 4 distinct seasons de‐
pending on the months. The months of December, January, 
and February are recognized to be part of the winter season. 

The months of March, April, and May are considered to be 
part of the spring season. The months of June, July, and 
August are regarded to be members of the summer season. 
The months of September, October, and November are 
generally recognized as part of the autumn season. Data on 
the average temperature of seawater & air are recorded 
during these four months.

Figure 3　The methodological framework of the study

Figure 4　MAN B&W 6S50 MC-C simulation interface
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The realistic simulation process is initiated and the input 
data are integrated into the simulator for 4 different sea‐
sons, according to the study’s methodological approach. Av‐
erage air temperature of 8.4 ℃ and seawater temperature of 
11.7 ℃ for the winter season, an average of 12.4 ℃ air and 
13.0 ℃ seawater temperature for spring, 24.3 ℃ air and 
23.8 ℃ seawater temperature for summer and autumn, air 
temperature of 16 ℃ and seawater temperature of 18.7 ℃ 
data are used in this framework. With the help of the 
experts, a realistic simulation environment is designed em‐
ploying the collected data, and the session starts. All other 
variables are held constant during the measurement except 
for temperatures of ambient & seawater. Main engine oper‐
ating parameters are recorded according to the average tem‐
perature values of each season. Table 5 presents the engine 
parameters that emerge at various seasonal temperatures.

The investigation is conducted on three distinct con‐
soles, each utilizing the same scenario to simplify monitor‐
ing and consistent data comparison. Ambient air & seawa‐
ter temperatures are altered, waited for the stabilization of 
engine parameters, and then the output data is recorded. 
For the winter season, the average effective pressure (pe) of 
the main engine is measured as 15.3 bar, compression pres‐
sure (pc) 94 bar, the maximum pressure (pz) 110 bar, and 
timing angle (φpz) 9°, ignition angle (φign) 1°. The winter 
season cylinder combustion graph is shown in Figure 5(a).

The average effective pressure (pe) of the main engine is 
recorded at 15.4 bar during the spring season, with com‐
pression pressure (pc) of 90 bar, the maximum pressure 
(pz) of 108 bar, timing angle (φpz) of 10° , ignition angle 
(φign) of 1°. Figure 5(b) depicts the corresponding cylinder 
combustion graph.

Table 5　Simulation results of the study

Engine parameters

Average air temperature (℃)

Average seawater temperature (℃)

Engine air inlet temperature (℃)

Scavenge air temperature (℃)

LT cooling water scavenge inlet (℃)

LT cooling water scavenge outlet (℃)

Scavenge air  temperature after cooler (℃)

Scavenge air  pressure (bar)

HT cooling water cylinder inlet (℃)

HT cooling water cylinder outlet (℃)

Piston cooling oil inlet (℃)

Piston cooling oil outlet (℃)

Cylinder exhaust outlet temperature (℃)

TC exhaust inlet temperature (℃)

Exhaust manifold pressure (bar)

TC exhaust outlet temperature (℃)

TC (r/min)

NOx emission (ppm)

CO emission (ppm)

SOx emission (ppm)

CO2 emission (%)

C emission (mg/m3)

pe (bar)

pz (bar)

pc (bar)

Φpz (°)

Φign (°)

Engine speed (r/min)

M/E F/O consumption (L/h)

Cylinder power (kW)

Months

12-1-2

8.4

11.7

19.8

138

34

44

37

1.9

64.8

74.8

45.2

50.3

278

312

1.6

204

12 762

784

43

46

4.0

55

15.3

110

94

9

1

105

1 076

998

3-4-5

12.4

13.0

24.3

139

37

45

37

1.7

64.7

74.7

45.3

50.7

293

325

1.5

221

12 420

771

41

48

4.2

55

15.4

108

90

10

1

105

1 081

997

6-7-8

24.3

23.8

36

141

37

45

37

1.5

65

75.1

45.2

50.6

333

360

1.3

264

11 705

744

39

53

4.7

57

15.3

101

81

11

1

105

1 082

997

9-10-11

16

18.7

28.1

139

36

44

36

1.6

65.1

75.1

45.2

50.5

305

336

1.4

235

12 140

760

40

49

4.4

56

15.3

105

86

10

1

105

1 079

996
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For the summer, the average effective pressure (pe) of 
the main engine is measured as 15.3 bar, compression 
pressure (pc) 81 bar, the maximum pressure (pz) 101 bar, 
and timing angle (φpz) 11°, ignition angle (φign) 1°. The 
summer season cylinder combustion graph is shown in 
Figure 5 (c).

For the autumn, the average effective pressure (pe) of the 
main engine is measured as 15.3 bar, compression pressure 
(pc) 86 bar, the maximum pressure (pz) 105 bar, and timing 
angle (φpz) 11°, ignition angle (φign) 1°. The autumn sea‐
son cylinder combustion graph is shown in Figure 5 (d).

The output data is evaluated by experts under the study’s 
methodological framework. According to the findings, 
changes in air and sea temperature influence several vari‐
ables, including scavenge-exhaust temperatures, emission 
values, and fuel consumption, along with the compression 
and combustion processes. The subsequent section will pro‐
vide a discussion of these changes.

4  Discussion

Obtained simulation outputs are assessed using expert 
judgment under the methodology of the study. Air &seawa‐

ter temperature fluctuations’ effects on the ship’s main en‐
gine parameters are evaluated by a team of specialists com‐
prised of marine engineers with academic and professional 
backgrounds. The lowest seawater & air temperature val‐
ues are recorded in the Marmara Region during the winter 
season. The temperature difference between seawater & 
air is considerable. Both temperatures in the spring season 
are similar, hovering around 13 ℃ . Summer is character‐
ized by exceptionally high temperatures and similar mean 
values. Eventually, autumn temperatures exhibit average 
values, with a substantial variation between them.

Ship engine rooms are restricted areas where different 
equipment such as boilers, separators, generators, compres‐
sors, and main engines work together in a complex struc‐
ture. Even though fresh air is constantly taken from the 
outside of the ship and sent to the engine room through 
massive engine room fans, the temperature of the area is 
raised by fuel tanks, steam tracing pipes, and constantly 
operating machinery. For this reason, experimental evi‐
dence indicates that the air temperature entering the main 
engine is typically around 10 degrees Celsius greater than 
the seasonal average air temperature. Furthermore, the tur‐
bocharger (TC) provides air compression in the engine 
room by use of its compressor blades. A scavenge cooler is 

Figure 5　Seasonal cylinder combustion pressure graphs
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employed to absorb excessive heat from the air caused by 
increased pressure.

In light of the simulation outputs, the scavenge air tem‐
perature of the main engine and the inlet & outlet of the 
LT cooling water are relatively unaffected by the seasonal 
temperature changes. Nevertheless, the speed of the TC, 
which is affected by the temperatures of the cylinder ex‐
haust outlet and the pressure in the exhaust manifold, 
fluctuates throughout the year. Changing TC speed, on 
the other hand, affects the pressure of the compressed air. 
The scavenge air pressure, which is 1.9 in winter, decreases 
to 1.5 bar in summer. Exhaust manifold pressure also fol‐
lows a similar trend with the highest value of 1.6 in winter 
and decreasing to 1.3 bar in summer. On the other hand, 
the inlet & outlet temperatures of the cylinder jacket cooling 
water and piston cooling oil are not affected much by the 
seasonal difference. No 1 seasonal graphs of the engine 
parameters are given in Figure 6.

The temperature of the cylinder exhaust outlet is a critical 
engine control system parameter. Seasonally, the exhaust 
outlet temperature drops from 333 ℃ in summer to 278 ℃ 
in winter as a result of the decrease in ambient air tempera‐
ture. The studied engine has six cylinders and the exhaust 
temperature increases by about 30 ℃ since the exhaust 
gas from each cylinder is compressed in the exhaust mani‐
fold. The exhaust temperature difference between the cyl‐
inder exhaust outlet and the TC inlet is therefore recorded 

differently. The temperature difference at the TC inlet and 
outlet is due to the conversion of the heat energy in the 
exhaust into motion energy.

When the emission values of the main engine are investi‐
gated, NOx emission peaks at the highest value of 784 ppm, 
while it reaches the lowest value of 744 in summer. De‐
spite the high temperature of the exhaust in the summer, 
the lower combustion pressures reduce NOx formation. 
There is no significant difference in C emission. SOx emis‐
sion, on the other hand, has the lowest value at 46 ppm in 
winter and the highest value at 53 ppm in summer. This is 
due to high fuel consumption in the summer. CO emis‐
sions, on the other side, follow a similar pattern to NOx 
emissions, peaking at 43 ppm in winter and dropping to 
39 ppm in summer.

The efficiency of the engine is also significantly affected 
by changes in compression and combustion pressures of 
the cylinder. Considering the seasonal fuel consumption of 
the main engine, it is seen that 1 076 liters per hour in winter 
and 1 082 liters in summer. This scenario coincides with 
alterations in scavenge, compression, and combustion pres‐
sures. No 2 seasonal variation graphs of the engine values 
are given in Figure 7.

The engine is kept at full speed at 105 r/min under the 
full ahead bridge command throughout the simulation. 
Additionally, there is no significant change in Φpz and 
Φign angles. However, the combustion pressure is directly 

Figure 6　Seasonal variations of the engine parameters No 1
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affected by the compression pressure in the cylinders. The 
pc value is the highest at 94 bar in winter and the lowest 
value at 81 bar in summer. Similarly, the pz value is recorded 
as 110 bar in winter and 101 bar in summer. The 0.4 bar 
difference in scavenge pressure between summer and winter 
results in a pc and pz difference of approximately 10 bar. 
The open and closed indicator diagrams below depict the 
seasons using specific colors: orange for summer, green 

for autumn, blue for spring, and red for winter. The cylinder 
p-V diagrams are shown in Figure 8.

The main engine cylinder p-Φ diagram is demonstrated 
in Figure 9. The enclosed graphic exhibits its maximum 
size during winter and the smallest area during summer. 
Based on these diagrams, it is evident that variations in 
temperature throughout the seasons affect the compression 
and combustion process of the engine.

Figure 7　Seasonal variations of the engine parameters No 2

Figure 8　Cylinder p-V diagrams
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5  Conclusion

Commercial ships, with their massive, complicated, and 
dynamic engineering structures, are constantly navigating 
throughout the world’s oceans. Hence, the main engine, 
which is the driving force and most critical component of 
the ship, is subjected to a range of seasonal temperatures 
during its voyages. Even though commercial ships are con‐
stantly subjected to this variety of temperatures, the mari‐
time industry lacks situational awareness regarding the 
consequences of this situation. In this line, this study aims 
to examine the effects of seasonal ambient air & seawater 
temperature variations on the main engine. To achieve 
this, a comprehensive investigation is conducted within a 
full mission engine room simulator, employing a realistic 
simulation design technique. The Marmara Region, charac‐
terized by high levels of maritime activity and the pres‐
ence of two narrow sea passages, mainly the Dardanelles 
and Istanbul Straits, is chosen for one-year temperature 
data. Based on the results, fluctuations in seasonal temper‐
atures have a notable impact on many parameters of the 
ship’s main engine.

The main engine jacket and lubricating oil temperatures, 
which are secondary cooling systems that are not influ‐
enced by ambient air & seawater temperatures, did not 
demonstrate noteworthy fluctuations. Additionally, the 
simulated tanker ship operates at full head with an engine 
speed of 105 r/min. Therefore, the engine speed and the 
generated kW value are maintained constant by the control 
system.

Comparing the winter and summer seasons as regards 
the highest temperature differences, it is noted that the scav‐
enge air temperature increased from 138 to 141 ℃ . Al‐
though there are no significant variations in the LT tempera‐
tures, the scavenge pressure decreases from 1.9 to 1.5 bar. 

The observed decline in scavenge pressure can be related 
to a reduction in turbine speed, which decreases from 
12 762 to 11 705 r/min. The temperatures at the cylinder 
exhaust outlet are recorded as 278 ℃ during the winter 
and 333 ℃ during the summer. Additionally, the exhaust 
manifold pressure is measured at 1.6 bar for winter and 
1.3 bar for summer, resulting in a reduction in turbocharger 
speed during the summer season.

The change in scavenge pressure and temperature directly 
influenced the combustion process, leading to a decrease 
in pc from 94 to 81 bar. With a decline in compression 
pressure, the value of pz also drops from 110 to 101 bar. 
Consequently, the affected combustion process increases 
the main engine fuel consumption from 1 076 L/h in winter 
to 1 082 L/h in summer. In this case, the ship’s main engine 
consumes an additional 6 L of fuel for every hour of opera‐
tion during the summer. Furthermore, emissions of CO2 
increase from 4% to 4.7%, emissions of SOx from 46 to 
53 ppm, and emissions of C from 55 to 57 mg/m3. The 
NOx value, which varies with the maximum combustion 
pressure (110 bar in winter and 101 bar in summer), de‐
creases from 784 ppm to 744 ppm.

The results illustrate the possible effects of minor tem‐
perature variations on the combustion characteristics, fuel 
efficiency, and emissions of the ship’s main engine quanti‐
tatively. While the literature on ship-related emission stud‐
ies mostly focuses on alternative fuels, emission reduction 
equipment, and energy efficiency works, this study reveals 
that even changes in air & seawater temperatures have 
the ability to affect ship exhaust emissions. Based on the 
findings, it appears feasible to reduce exhaust emissions in 
future research through the design or modification of ship 
systems that manipulate the temperature of the scavenge 
air. On the other side, this study utilized a one-year dataset 
of recorded seawater & air temperatures to conduct a simu‐

Figure 9　Cylinder p-Φ diagrams
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lator-based investigation. Future research endeavors seek 
to effectively analyze additional data to conduct a more 
comprehensive analysis. Moreover, similar applications 
are intended to be carried out in diversified regions charac‐
terized by intense maritime activities and higher annual 
seawater & air temperature differentials.
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