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Improving the performance of marine and transport power plants is closely linked 

to enhancing the efficiency of thermal energy conversion within their components 

[1]. These processes follow the laws of thermodynamics, fluid and gas dynamics, and 

heat and mass transfer, defining the overall efficiency of power plants, the level of 

thermal emissions and harmful exhaust components, as well as the durability, 

compactness, and technological advancement of their systems [2]. Heat-exchange 

units, as integral parts of power plants, exert a significant influence on these 

performance indicators [3]. 

It is well established that the technical and economic characteristics of thermal 

power systems are largely determined by the parameters of thermal equipment and 

heat exchangers. The need to modernize the equipment of marine power plants, 

combined with the increasing mass and dimensional parameters of heating and heat-

exchange devices, necessitates the development, improvement, and implementation 

of scientific and engineering solutions aimed at intensifying convective heat-transfer 

processes [4]. These efforts are directed at achieving comprehensive improvements in 

economic, environmental, resource, and mass-dimensional characteristics, as well as 

reducing fuel consumption and thermal and harmful emissions. 

The purpose of this study is to substantiate the methodological foundations for 

assessing the condition of marine heat-exchange units within an operational 

framework using digital-twin technology for marine power plants. 

In this work, the information system for assessing the technical condition of 

marine heat exchangers, based on digital-twin technology, was adapted to provide 

stable real-time data acquisition under operating conditions. The analytical 

component of the digital-twin system is designed to evaluate boundary values, 

generate rational and optimal operational characteristics, and forecast the condition 

parameters of marine heat-exchange units in service. It also ensures interaction with 

other systems of the transport vessel and its power plant. Furthermore, this analytical 
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component performs computational and control functions required for maintaining 

stable technical oversight of a cargo vessel, its propulsion plant, and individual 

components, mechanisms, and systems. This includes supporting all aspects of 

operational efficiency—maintenance, fuel use, process liquids, consumables, and 

spare parts management [3]. 

The objective function of the study (Qi∑(t)), integrates the processes of improving 

operational efficiency (Q( )), conducting maintenance activities (Q( )) 

and managing the use of fuel, process liquids, consumables, and spare parts under 

real operating conditions (Q( )), It incorporates both objective and subjective 

operational factors influencing the performance of marine heat-exchange equipment 

based on digital-twin modelling. This approach ensures the operability of the entire 

ship’s power system by minimizing fuel consumption. Objective factors include the 

design of the heat exchanger, heat-transfer surface area (number and condition of 

plates), coolant flow rates (mass and volumetric), heat-transfer coefficients, fouling 

thickness, heat-exchange velocity, and other technological parameters. Subjective 

factors depend on the technical state of the vessel’s heat-exchange equipment, the 

propulsion plant as a whole, operational modes, control strategies, and maintenance 

quality. Additionally, the function must remain compatible with other components of 

the proposed methodological approach. 

The proposed research function can be expressed as follows: 

 

  (1) 

 

A distinctive feature of the proposed function is that its implementation 

simultaneously addresses both minimalist and maximalist objectives, forming a 

minimax problem. This means that the system must concurrently ensure the technical 

condition of the cargo vessel, its power plant, and all related subsystems, 

components, mechanisms, and assemblies while reproducing the processes required 

to guarantee operational efficiency, execute maintenance activities, and manage the 

use of fuel, technological fluids, consumables, spare parts, and other resources. The 

objective is to maximize operational effectiveness and system performance, while the 

corresponding expenditures and degradation indicators are expected to reach their 

minimum feasible values. 

Considering the numerous factors influencing the attainment of these parameters, 

it is possible to distinguish between the vessel’s structural and design characteristics, 

the technical features of the power plant, the condition of individual subsystems and 

mechanisms, as well as the actual operational environment and management regimes 

(maintenance and repair strategies). 
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To enable the application of remote monitoring tools within the research 

framework, an additional analysis of their implementation is required. This includes 

technologies for remote assessment of technical-condition parameters and the 

identification of criteria that improve the execution of assigned tasks, particularly 

with regard to heat-exchange equipment. These tools rely on intelligent and 

communication-based technologies for real-time operational control during ship 

operation. 

The process of evaluating and predicting the performance and technical condition 

of ship heat-exchange units within the operational system—based on digital-twin 

technology—requires continuous refinement of information about the actual 

condition of these units. This includes the development of advanced methods and 

tools for assessing and forecasting performance parameters, as well as understanding 

the prospects for implementing such methods under changing operational conditions. 

In this study, the object of investigation was the marine power plant of the 

oil/chemical tanker Sti Fulham (IMO 9688374, MMSI 538005400), designed for the 

transportation of oil and chemical products [5]. The ship’s power plant includes a 

6S50ME-B main engine. The examined heat-exchange units of the marine power 

plant were considered as part of the central cooling system of the main engine [6]. 

To prevent excessively high coolant temperatures in the main engine air cooler, 

the calculated temperature of the cooling water in the central cooling system must not 

exceed 36 °C. This corresponds to the highest temperature of seawater used as the 

cooling medium, which may reach +32 °C [5, 6]. 

According to manufacturer recommendations [5, 6], to maintain a stable cooling-

water temperature at the inlet of the main engine air coolers, it is necessary to ensure 

the lowest possible coolant temperature in the central cooling system. This means that 

the temperature of the cooling water at the central regulating valve must be set at 

least 10 °C lower than the seawater temperature [5]. Thus, the temperature difference 

should not exceed +10 °C. At the same time, the manufacturer specifies a maximum 

coolant flow velocity of approximately 3.0 m/s for all cooling-system pipelines. 

To implement the research functionality (1), the investigation was carried out in 

three sequentially interconnected stages using a mathematical model based on digital-

twin technology. The purpose was to assess the capability of the plate heat exchanger 

in the central cooling system to maintain the operational parameters of the ship’s 

main engine under complex (variable) operating conditions—specifically during 

transitions between different navigation zones (e.g., North Sea → United Arab 

Emirates, Persian Gulf). In such cases, the seawater temperature varies from +15 °C 

in winter to +36 °C in summer (Stage 1). At this stage, the limiting temperatures in 

the central cooling system and the influence of the structural characteristics of the 

ship’s plate heat exchanger on its performance were evaluated (Stage 2). 

Additionally, the study examined possible fouling in the heat-exchanger zone and 

explored ways to maintain effective operation of the plate heat exchanger under 

potential contamination (Stage 3) [5, 6]. 

Figure 1 presents the approximating equations for each research scenario, 

enabling prediction of potential operating outcomes for the heat-exchange equipment. 

The results of the computational study show that an increase in seawater temperature 
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at the heat-exchanger inlet leads to significant consequences [3, 5, 6]. In particular, an 

increase in seawater temperature of only 3.5 °C results in a substantial rise in coolant 

flow consumption (Fig. 1). 

 

 
 

Fig. 1 – Results of the computational study of the ship plate heat exchanger in 

terms of changes in the mass flow rate of the coolant 

 

Conclusion. The study substantiated the specific features of assessing the 

condition of marine heat-exchange equipment within the operational system based on 

the digital-twin technology of a cargo vessel and its marine power plant. An 

information system was developed to support the implementation of the research 

tasks, enabling further investigation through an aggregated model representing the 

digital twin of an intelligent operation-management system for the cargo ship and its 

power plant. The practical methods for constructing a digital twin aimed at 

representing the performance of the ship’s heat-exchange units under real operating 

conditions were justified and validated. 
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