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Abstract : This study investigates the thermal balance of a MAN B&W 6S50ME-C two-stroke marine engine
operating as the main propulsion system of a 40,000 DWT Qil/Chemical Tanker. Within the current maritime context,
where fuel efficiency and emission reduction have become major priorities, a clear understanding of how thermal
energy is distributed inside large marine engines is essential for performance optimization and energy recovery
solutions. The objective of the paper is to determine how the energy released during fuel combustion is converted into
useful mechanical work and how it is dissipated through various loss mechanisms. The analysis is based on a detailed
thermal balance calculation using real operational data, such as effective engine power, specific fuel consumption,
cooling fluid flow rates, lubrication oil parameters, and exhaust gas temperatures. The applied methodology consists of
thermal balance calculations based on established thermodynamic relations, expressed in absolute, relative and
percentage terms. The results indicate that approximately 40.98% of total thermal energy supplied by the fuel is
transformed into effective mechanical output. A significant part of the remaining energy is lost through exhaust gases,
accounting for about 29.37%, while cooling systems represent approximately 22.32% of total losses. Additional minor
losses, including radiation and mechanical friction represent around 7.04%.The analysis confirms that exhaust gas
losses constitute the dominant source of recoverable thermal energy. Consequently, the study highlights the importance
of exhaust heat recovery systems as an effective means to improve overall engine efficiency, reduce fuel consumption,
and support more sustainable marine propulsion operations.
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1. INTRODUCTION e energetic, when the terms are given in
[kJ/KWh];
Internal combustion engines convert the energy e percentage, when the results are expressed as

released during fuel combustion into mechanical work.
In practice, only part of this energy is effectively
transformed into useful output, while the remaining

percentages.

amount is dissipated toward the cold source. For this
reason, engine operation is characterized by a specific
thermal efficiency. The distribution of energy within an
internal combustion engine can be described in a
comprehensive manner by means of the thermal balance,
which is obtained through thermal calculations and is
commonly used to evaluate energy losses and the
potential for residual heat recovery.

Depending on the form of expression, the thermal
balance can be presented as:

e hourly, when the energy terms are expressed in
[kd/n];
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Figure 1 Energy distribution within a
transformation process

®
L@ﬂCreative Commons Attribution BY 4.0 International Licence (CC BY-4.0)



https://creativecommons.org/licenses/by-nc/4.0/

Journal of Marine

Technology and Environment

DOI:10.53464 /JMTE.01.2026.10

ISSN (Print): 1844-6116
ISSN (Online): 2501-8795
https://www. jmte.eu

2. ENGINE DESCRIPTION AND MAIN
TECHNICAL DATA

The engine analysed in this study is a DOOSAN-
MAN B&W 6S50ME-C9.5-TIl, manufactured by
DOOSAN ENGINE Co., Ltd., in compliance with the
requirements of the Registro Italiano Navale (RINA)
classification society, applicable at the time of contract
conclusion between MAN Diesel & Turbo and the
Korean engine builder.

e  Engine application: Main propulsion engine for
a 40,000 DWT oil tanker;

e Engine type: Two-stroke, medium-speed,
turbocharged, reversible marine diesel engine, coupled to
a fixed-pitch propeller;

e  Number of
configuration;

e  Cylinder bore: D = 0.500 m;

e Piston stroke: S=2.214 m;

e  Engine power: P., = 6,480 kW (8,812 BHP).

cylinders: i = 6, in-line

3. THERMAL BALANCE METHODOLOGY

To describe the distribution of energy resulting
from the combustion process, the energy balance of the
marine engine is expressed in mathematical form by
accounting for the useful mechanical output and the
main heat loss components.

In absolute terms, the energy balance relation of a
marine engine is given by:

Qtor = Qu + Qcy + Qg + Quy [KI/N], (1)
where:

1. Q:ior the energy flow resulting from fuel
combustion and calculated using the following
relation:

Qrot = Ce - P - Q; KI/h )
Qtor = 5.692 - 107 kd/h
where: ¢, = 0.208 kg/kWh - effective hourly fuel
consumption
Qi=4.229*10* kJ - lower heating value of the
fuel
P, = 6480 KW -effective engine power

2. Q, - the useful heat flow (corresponding to the
useful mechanical work) and calculated using the
following relation:

Q, = 3600 - P, (3)
Qu = 2.333-107kJ/h

3. Qpr - heat flow lost through the cooling fluids of the
engine components

4. Qpg - heat flow lost through the exhaust gases
discharged from the engine

5. (Qpq - miscellaneous heat losses that cannot be

directly evaluated
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By relating equation (1) to the effective engine
power, the energy balance expressed in relative terms is
obtained:

Qtot = qu + dpr T dpg + dpa [kJ/kwh] 4

From this relation, the percentage form of the
thermal balance can be derived:

100 = qy + qpr + Gpg + Gpa ®)

]

intr

Figure 2 Energy balance diagram of the MAN B&W
6S50ME-C engine

A clear graphical representation of the energy
balance of a marine engine is provided by the diagram
shown in Figure 2. Within this energy balance diagram,
the following energy flows cross the balance boundary:

v the total thermal energy input supplied by the
fuel,

v the useful energy flow corresponding to the
effective power developed by the engine;

v the heat flow lost through the cooling fluids,

which is given by:
Qpr =0Qc + Qpc + Qras + Qinjc + Qoc (6)
Where:

1. Q. - the heat flow removed from the engine
through the cooling water of the cylinders and the
turbocharger, which depends on the cooling water flow
rate m,.. and on the temperature difference between the
outlet cooling water temperature t,., and the inlet
cooling water temperature t,.;, and is calculated using
the following relation:

Qce = My * €5 * (trez — tre1) (7
Q.c = 8.19 - 10° kJ/h
Where: mce = pre - Gre (8)
m.. = 150000 kg/h
cq = 4.2 KIIKW- K
teez =83C
tee1 =75C
2. Q¢ - the heat flow removed through piston

cooling water:

Qcp = rhcp “Cep - (tcpz - tcpl) (8)
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Qcp = 8.239 - 10° [ki/h]
Where: mg, = pep - G (10)
., = 422500 kg/h
cq = 4.2 KIIKW- K
tepr =55C
tepr =45C
3. Qinjc - the heat flow removed from the engine
through the injector cooling fluid (diesel fuel), which
depends on the cooling fluid flow rate 1,4, its specific
heat ¢f;, and the temperature difference between the inlet
and outlet of the cooling fluid At;y;, and is calculated
using the following relation:

Qinjc = Minjc * € - Aty (11)
Qinje = 1.68-10° ki/h
Where: minjc = Pinjc * Ginjc (12)

yn;c = 4200 kg/h
cr =2 KIKW- K
Aty =20 C.

4. Q,c - the heat flow removed from the engine
through the lubricating oil, depending on the oil flow
rate m,,;and the oil temperatures at the inlet t,;and
outlet t,,,, and calculated using the following relation:

Qoc =My " €5+ (toz — to1) (13)
Qoc = 3.69-10° kl/h
where:
m, = po - G (14)
m, = 4200 kg/h
cp = 2 KIKW- K
te =55C
toy =45C
5. Qeg - the heat flow lost through the exhaust
gases discharged from the engine, which can be
expressed by the following relation:

Qegl =c. B [V”ga (@ amtb'am Tep)  Top —
L- (aaer + baer : Taer) : Taer] (15)

Qegr = 1.672 - 107 ki/h

ne—1

Tog =T, (22) ™ (16)
Tog = 791367 K.

6. Qe - the heat flow associated with miscellaneous
losses that cannot be evaluated by measurements.

Qrez = Qtot - (Qu + Qcc + Qcp + Qinjc + ro + Qegl)
A7)
Qrez = 4.006 - 10° kJ /.

As can be observed from the energy balance
diagram of the marine engine, the heat flow equivalent to
mechanical losses, Q... Which includes friction losses
and the mechanical consumption of the engine auxiliary
mechanisms, is partly transferred to the cylinder cooling

Page |63

water due to piston ring friction, Q5. Another part,
corresponding to bearing friction losses, Qf.q, is
transferred to the lubricating oil, while the remaining
portion contributes to the miscellaneous loss flow. This
includes heat lost by radiation to the surrounding
environment, Q,,q, heat associated with incomplete
combustion, Q,;,, as well as the heat equivalent to the
kinetic energy of the exhaust gases discharged from the

engine, Qgcin-

Relative thermal balance:
q, =100 -2 (18)
Qtot
q'y = 40981 %

' =100 (e 4 22 4

Qinjc Q
q cooling ’ +£) (19)

Qtot  Qtot Qtot  Qtot

q,cooling =22.32%

- . Ovgev
q' o = 100722 (20)
Qeq = 2937%
- . Qrez
q',, = 1002 (21)
q. =7037%

rez

It can be observed that, among the thermal energy
losses, the largest share is represented by the losses
through the exhaust gases discharged from the engine,
which constitute the most significant source of thermal
energy and should therefore be the primary target for
recovery efforts.

Relative thermal balance
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Figure 3. Graphical representation of the relative thermal
balance
The graphical representation of the thermal balance
highlights the manner in which energy flows are
distributed throughout the engine system.
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4, CONCLUSIONS
The analysis shows that exhaust gases represent the
dominant source of thermal losses, followed by losses

associated with the cooling water and lubricating oil
systems. These findings indicate that exhaust gas heat
recovery and improved cooling system management
offer significant potential for increasing the overall
efficiency of marine propulsion plants.

In the context of the ongoing decarbonisation of the
maritime industry, a detailed assessment of the thermal
balance becomes essential, as it provides a solid basis for
identifying energy-saving measures and supporting the
development of more efficient and environmentally
sustainable propulsion systems.
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