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 Abstract  

The Lube Oil Cooler Fan is an essential component in the lubrication 

system of a gas turbine because it maintains lubricating oil temperature 

within a safe operating range. This study aims to analyze the thermal 

performance and effectiveness of the Lube Oil Cooler Fan on Gas 

Turbine GT 1.1 at PT XYZ. The study employed a descriptive 

quantitative approach using field observation data and heat transfer 

calculations. The analysis was conducted through the Log Mean 

Temperature Difference method and heat exchanger effectiveness 

approach by considering fluid temperature changes, mass flow rates, 

thermophysical properties, flow characteristics, convective heat transfer 

coefficients, overall heat transfer coefficient, heat transfer rate, and 

thermal effectiveness. The results show that the lubricating oil 

temperature decreased from 61°C to 49°C, while the cooling air 

temperature increased from 32°C to 53.5°C. The tube side heat transfer 

coefficient was 40.71 W/m²°C, the shell side heat transfer coefficient was 

308 W/m²°C, and the overall heat transfer coefficient was 30.61 

W/m²°C. The calculated heat transfer rate was 992.57 W or 

approximately 0.993 kW. The lubricating oil was identified as the 

minimum heat capacity fluid, with a heat capacity rate of 33.13 kW/°C. 

The thermal effectiveness of the Lube Oil Cooler Fan was 41.4%, 

indicating that the cooler was able to perform its cooling function, 

although its performance remained moderate. Routine monitoring, 

stable airflow control, and periodic cleaning are recommended to 

improve thermal performance. 

Introduction 

Gas turbine power plants play a significant role in the generation of electricity as they can 

convert heat energy of combustion gases into mechanical energy and then electrical energy in 

the generator (Julius et al., 2025; Kindra et al, 2025; Samie et al., 2025).  In this power plant, 

air is drawn from the atmosphere and then compressed, mixed with fuel and then burned in 

the combustion chamber to generate high temperature and pressure gas. The gas is then 

expanded on the turbine blades and rotates the turbine shaft that is connected to the generator. 
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The process is similar to the Brayton cycle, where compression, combustion, expansion and 

exhaust are all part of the energy conversion cycle (Maulana & Lesmana, 2021). Given that 

the gas turbine exhaust temperature can be higher than 500°C, the operation of this system is 

not only focused on energy conversion but also the thermal stability of each component to 

ensure it remains in the safe operation zone (Maulana & Lesmana, 2021; Andriani et al., 2025; 

Lv et al., 2025; Zhang et al., 2023). 

 

Figure 1. Working Diagram of PLTG 

The performance of a gas turbine power plant does not depend solely on primary components 

like the compressor, combustion chamber, turbine and generator. It also relies on the 

efficiency of the auxiliaries that ensure the continuity and safety of the operation. Lubrication 

system is one of the most important ones in this respect since it prevents friction, wear and 

metal-to-metal contact of the rotating components and bearings. In a gas turbine, the shaft and 

bearing system runs at high speed and under a high heat load. Thus, the lubricating oil needs 

to have the proper viscosity and temperature stability. If the lubricating oil temperature rises 

to the point where it exceeds the permissible limit, the viscosity and protective film of 

lubricating oil may reduce and the risk of mechanical failure may increase. Therefore, 

temperature control of lubricating oil is an important aspect in ensuring the reliability of the 

turbine system (Rizal, 2017; Naidu et al., 2024; Osintsev et al., 2024). 

In a recirculating system, the lubricating oil is circulating within the turbine and heat is 

transferred from the bearing and other components. Once heated, the oil cannot be directly re 

introduced into the system as higher temperature may decrease its lubricating and protective 

properties. The Lube Oil Cooler Fan is then used to cool the hot oil before it is returned to the 

lubricating system. During cooling, the lubricating oil is the hot fluid and the air provided by 

the fan is the cooling fluid. The heat is then transferred from the oil, through the tube wall, to 

the air via convection and conduction. The concept is straightforward, but the performance of 

this heat transfer process depends on a number of interrelated parameters, such as temperature 

difference between the fluids, mass flow rate, fluid properties, surface area, flow regime, 

fouling resistance, and the overall heat transfer coefficient (Pratrityo et al., 2025; Hatte et al., 

2022; Ilyunin et al., 2024). 

The efficiency of a Lube Oil Cooler Fan is linked to the underlying theory of heat transfer in 

heat exchangers. Hot lube oil circulates in the tube, while air flows across the outside of the 

tube, and heat is transferred from the hotter fluid to the cooler fluid. This process involves 

convection from the oil to the inner wall of the tube, conduction through the tube, and 

convection from the outer wall of the tube to the cooling air. The performance of the cooler 

in terms of heat removal is determined by the effectiveness of the thermal resistances being 

overcome during operation. Reductions in the air flow, cleanliness of the heat transfer surface, 

or the temperature difference between the air and oil might lead to a reduction in the heat 
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removed from the oil. This decrease in heat removal may have an impact on the thermal 

performance of the lubrication system and, ultimately, may affect the reliability of the gas 

turbine unit (Egeten et al., 2014; Banihabib et al., 2024; Gao et al., 2026). 

Some previous works have demonstrated that thermal analysis of oil coolers and heat 

exchangers can be carried out by using the Log Mean Temperature Difference, convective 

heat transfer coefficient, overall heat transfer coefficient, heat transfer rate, and thermal 

effectiveness. They enable researchers to determine whether there is temperature lowering, 

and how heat is transferred in a given operating condition. Earlier studies on oil coolers and 

heat exchanger systems have highlighted that fluid flow, flow arrangement, fouling and 

thermophysical properties are the main factors affecting the heat transfer characteristics of a 

system (Maulana & Lesmana, 2021; Siagian, 2016; Syarief & Mahesa, 2021). Research on 

cooling and lubrication systems for gas turbines also demonstrates that the cooling 

performance is vital to prevent the thermal degradation of the lubricating oil and maintain the 

reliability of the machinery (Wibowo & Dwiyantoro, 2014; Pratrityo et al., 2025). However, 

each cooler unit has its own operating condition, so it is important to assess its performance 

with real data instead of only using assumptions. 

This requirement for an on-site assessment is critical in the case of the Lube Oil Cooler Fan 

on GT 1.1 at PT XYZ. While the role of the cooler is to cool the lube oil, the performance of 

the cooler depends on the operating conditions that have been recorded, such as the oil and 

air temperature at inlet and outlet, the mass flow rate of the oil and air, and the physical 

properties of the heat transfer surface. An evaluation of the cooler performance with respect 

to these parameters can give a more accurate measure of the cooler's heat transfer efficiency 

to the lubricating oil. It can also reveal whether the current cooling process is sufficient or 

needs to be improved by controlling the flow conditions, cleanliness of the heat transfer 

surface or heat transfer area. Such analysis in an industrial power generation system is helpful 

because even small reduction in cooling effectiveness may influence the long term reliability 

and maintenance requirements (Barmavatu et al., 2026; Yusmaini et al., 2026;  

With this understanding, this research will examine the heat effectiveness of the Lube Oil 

Cooler Fan on Gas Turbine GT 1.1 at PT XYZ. This includes the temperature variations of 

the lubricating oil and cooling air, the thermophysical properties of the two fluids, the flow 

properties on the shell (air) and tube (oil) sides, the convective heat transfer coefficients, the 

overall heat transfer coefficient, the heat transfer rate, and the effectiveness of the cooling 

process. This research uses the Log Mean Temperature Difference and heat exchanger 

effectiveness methods to assess the heat transfer process from lubricating oil to air by the 

cooler. The findings will be used to determine the condition of the Lube Oil Cooler Fan and 

to assist in future efforts to enhance cooling performance of the gas turbine lubrication system. 

Methods  

Research Approach 

This study employed a descriptive quantitative approach based on thermal performance 

analysis to evaluate the effectiveness of the Lube Oil Cooler Fan on GT 1.1 at PT XYZ. This 

approach was selected because the study focused on calculating heat transfer performance 

using operational data obtained from field observation. The analysis was conducted by 

applying heat transfer principles, particularly the Log Mean Temperature Difference method 

and heat exchanger effectiveness approach. The main parameters analyzed in this study 

included fluid inlet and outlet temperatures, mass flow rates, thermophysical properties, heat 

transfer coefficients, overall heat transfer coefficient, heat transfer rate, and thermal 

effectiveness. 
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Research Object 

In this research, the Lube Oil Cooler Fan in the lubrication system of Gas Turbine GT 1.1 was 

used as a case study. The purpose of this particular component is to cool the lubricating oil 

before being recycled to the turbine lubrication system. During heat transfer, the lubricating 

oil is the hot fluid and the cooling fluid is the air provided by the fan. The heat of the 

lubricating oil is transferred to the cooling air by conduction and convection through the wall 

of the tube. Thus, the effectiveness of the Lube Oil Cooler Fan was assessed by analysing the 

fluid temperature variations and thermal parameters used to calculate the heat transfer process. 

Data Collection 

The information used in this study was acquired from literature study and field measurement. 

The literature study involved examining the relevant literature on Lube Oil Cooler Fan 

systems, heat exchangers, thermophysical properties of fluids and methods of heat transfer 

calculation. These sources provided information to justify the theory and calculation method 

used in this study. 

Direct observation was conducted to gather data for the thermal calculation. The measured 

data were the air inlet and outlet temperatures, lubricating oil inlet and outlet temperatures, 

air mass flow rate, lubricating oil mass flow rate and cooler geometry. The temperature data 

included the temperature of the air inlet, air outlet, oil inlet and oil outlet. Using these data, 

the average temperatures, the fluid properties, temperature difference, heat transfer rate, and 

effectiveness were then calculated. 

Data Analysis Procedure 

The heat transfer analysis was done in a number of steps. First, the fan cross sectional area 

was determined from the fan length and width. This was used to represent the air flow area of 

the cooling system. Next, we calculated the average temperature of the fluid. The average 

temperature of the lubricating oil was determined from the inlet and outlet temperature of the 

oil and the average temperature of air was determined from the inlet and outlet temperature 

of air. The average temperature of each fluid was used to calculate the thermophysical 

properties of the fluid from the fluid property tables. 

Once the properties of the fluids were calculated, the next step was to calculate the Log Mean 

Temperature Difference. The LMTD was then corrected for the cross flow configuration of 

the Lube Oil Cooler Fan. The correction factor was calculated based on the P and R 

parameters which were calculated from the hot and cold fluid temperatures. The corrected 

value of temperature difference was then used to calculate the heat transfer rate. 

Determination of Fluid Properties 

The average temperatures of the lubricating oil and air were used to determine their 

thermophysical properties. The average temperature for the lubricating oil was found from 

the oil temperatures at the inlet and outlet. The properties were specific heat, Prandtl number, 

thermal conductivity and density. For air, the average temperature was calculated using the 

inlet and outlet air temperatures, and then converted to the Kelvin scale to determine the 

properties from the air property table. The properties of air used in the calculation were 

specific heat, dynamic viscosity, Prandtl number, thermal conductivity, and density. 

The properties of the fluid were determined because they influence the calculation of heat 

capacity rate, Reynolds number, Nusselt number and convective heat transfer coefficient. In 

this paper, the specific heat of oil was used for the hot fluid heat capacity rate while specific 

heat of air was used for the cold fluid  
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heat capacity rate. 

Calculation of Flow Characteristics 

Reynolds number was used to determine the flow conditions on the tube side and shell side. 

For the tube side, the velocity of the lubricating oil flow was determined from the mass flow 

rate, density and flow area through the tubes. The Reynolds number was calculated to classify 

the oil. This classification was used to determine the appropriate correlation for the Nusselt 

number to calculate the tube side heat transfer coefficient. 

On the shell side, the flow area for the air was determined considering the tube pitch, outside 

tube diameter and clearance. The air velocity was then used to calculate the shell side 

Reynolds number. The Reynolds number was used to determine the nature of the air flow. If 

the air flow was turbulent, the Nusselt number was determined using a correlation for 

turbulent flow. This ensured that the convective heat transfer coefficient was calculated using 

the correct flow regime. 

Calculation of Convective Heat Transfer Coefficients 

The tube side convective heat transfer coefficient was then determined by the Nusselt number, 

thermal conductivities of the lubricating oil, and characteristic diameter of the tube. The tube 

side coefficient in this case is the heat transfer coefficient between the lubricating oil and the 

tube. 

The shell side coefficient of convective heat transfer was calculated from the Nusselt number, 

thermal conductivity of air, and characteristic diameter of the flow. The flow on the shell side 

was found to be turbulent and the Nusselt number correlation for turbulent flow was used. 

The shell side coefficient is indicative of the cooling air's capacity to accept heat from the 

tube. These two heat transfer coefficients were used as the key input parameters in 

determining the overall heat transfer coefficient. 

Calculation of Overall Heat Transfer Coefficient 

The overall heat transfer coefficient was determined with the thermal resistance of the tube 

side, shell side, tube, and fouling layer. The tube wall was considered as carbon steel with the 

thermal conductivity used. The fouling factors were considered so any contaminants or 

deposits on the heat transfer surface could be accounted for, which may affect the heat transfer 

efficiency of the cooler. 

The air side fouling factor was based on the industrial air fouling factor used in the calculation 

and the oil side fouling factor was based on the fouling factor table for lubricating oil. Taking 

into account these resistances, the overall heat transfer coefficient gave a better picture of the 

heat transfer ability of the Lube Oil Cooler Fan. 

Calculation of Heat Transfer Rate 

The heat transfer rate was calculated with the overall heat transfer coefficient, heat transfer 

area, Log Mean Temperature Difference and correction factor. The equation used was the heat 

transfer equation for a corrected LMTD. This was to calculate the heat taken away from the 

lubricating oil by the cooling air during operation. 

The rate of heat transfer calculated from this operation was then used as the actual heat transfer 

rate to assess the cooler effectiveness. It also provided a means for inferring whether the Lube 

Oil Cooler Fan was able to dissipate the heat from the lubricating oil at the observed operating 

condition. 

Calculation of Thermal Effectiveness 
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The thermal effectiveness was calculated with a comparison between the actual heat transfer 

and the maximum heat transfer. In the calculation of effectiveness, the heat capacity rate of 

hot and cold fluids was calculated first. The heat capacity rate of air was determined based on 

the air mass flow rate and the specific heat of air, and the heat capacity rate of the lubricating 

oil was determined based on the mass flow rate of lubricating oil and the specific heat of the 

lubricating oil. 

The smaller heat capacity rate was chosen as the minimum heat capacity rate. In this study, 

the heat capacity rate of lubricating oil was smaller than that of the air, so the lubricating oil 

was the minimum heat capacity fluid. This value was then used in the calculation of the 

maximum heat transfer and the heat transfer effectiveness of the Lube Oil Cooler Fan. 

Scope of Analysis 

This study only focused on the thermal performance assessment of the Lube Oil Cooler Fan 

using field observed data and theoretical heat transfer analyses. The study considered the 

change in fluid temperature, thermophysical properties, flow properties, heat transfer 

coefficient, overall heat transfer coefficient, heat transfer rate, and effectiveness. No 

numerical simulation, mechanical failure analysis, cost analysis and long term degradation 

were performed in this study. Consequently, this study should be considered as a thermal 

performance assessment based on the actual operating condition of Lube Oil Cooler Fan on 

GT 1.1. 

Results and Discussion 

Operating Conditions of the Lube Oil Cooler Fan 

The field observation of the Lube Oil Cooler Fan on GT 1.1 at PT XYZ showed temperature 

changes in both the cooling air and the lubricating oil during the heat transfer process. Air 

acted as the cooling fluid and experienced an increase in temperature after absorbing heat 

from the lubricating oil. In contrast, the lubricating oil acted as the hot fluid and experienced 

a decrease in temperature after passing through the cooling system. These operating data 

became the main basis for calculating the thermal performance and effectiveness of the Lube 

Oil Cooler Fan. 

Table 1. Operating Data of the Lube Oil Cooler Fan 

Parameter Symbol Value Unit 

Air inlet temperature Tci 32 °C 

Air outlet temperature Tco 53.5 °C 

Oil inlet temperature Thi 61 °C 

Oil outlet temperature Tho 49 °C 

Air mass flow rate ṁc 40.332 kg/s 

Oil mass flow rate ṁh 16.350 kg/s 

As shown in Table 1, the lubricating oil temperature decreased from 61°C to 49°C after 

passing through the Lube Oil Cooler Fan. At the same time, the air temperature increased 

from 32°C to 53.5°C. This temperature change indicates that heat was transferred from the 

lubricating oil to the cooling air, confirming that the cooling system performed its function in 

reducing the oil temperature before the lubricant returned to the gas turbine lubrication 

system. 

Fan Cross Sectional Area 

The initial calculation was conducted by determining the fan cross sectional area based on the 

fan length and width. This value was used as one of the geometric parameters in the thermal 

analysis because it relates to the airflow area in the cooling process. 
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Table 2. Fan Cross Sectional Area 

Parameter Symbol Value Unit 

Fan length P 0.8 m 

Fan width l 0.2 m 

Fan cross sectional area AFan 0.16 m² 

Based on Table 2, the fan cross sectional area was obtained as 0.16 m² from the multiplication 

of 0.8 m and 0.2 m. This area was used as an initial parameter in evaluating the airflow 

characteristics of the Lube Oil Cooler Fan. 

Thermophysical Properties of Lubricating Oil 

The thermophysical properties of the lubricating oil were determined based on the average 

temperature of the hot fluid. The average oil temperature was calculated from the inlet and 

outlet oil temperatures. Based on the oil inlet temperature of 61°C and the oil outlet 

temperature of 49°C, the average oil temperature was 55°C. This value was then used as the 

basis for interpolating the fluid properties. 

Table 3. Thermophysical Properties of Lubricating Oil 

Parameter Symbol Value Unit 

Oil inlet temperature Thi 61 °C 

Oil outlet temperature Tho 49 °C 

Average oil temperature Th 55 °C 

Specific heat of lubricating oil Cp 2.026 kJ/kg°C 

Prandtl number Pr 1.505 Dimensionless 

Thermal conductivity k 0.141 W/m°C 

Density ρ 867.043 kg/m³ 

Table 3 presents the thermophysical properties of the lubricating oil used in the calculation. 

The specific heat value of 2.026 kJ/kg°C was used to calculate the heat capacity rate of the 

hot fluid. This value provides a more consistent basis for the calculation of thermal 

effectiveness than the previously inconsistent value. 

Thermophysical Properties of Air 

The thermophysical properties of air were determined based on the average temperature of 

the cooling fluid. The air inlet temperature was 32°C, while the outlet temperature was 

53.5°C. Therefore, the average air temperature was 42.75°C. This temperature was converted 

into 315.75 K to match the air property table used in the calculation. 

Table 4. Thermophysical Properties of Air 

Parameter Symbol Value Unit 

Air inlet temperature Tci 32 °C 

Air outlet temperature Tco 53.5 °C 

Average air temperature Tc 42.75 °C 

Average air temperature Tc 315.75 K 

Specific heat of air Cp 1.00673 kJ/kg°C 

Dynamic viscosity μ 1.91827 × 10⁻⁵ kg/m.s 

Prandtl number Pr 0.7046 Dimensionless 
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Thermal conductivity k 0.02743 W/m°C 

Density ρ 5.517 kg/m³ 

Table 4 shows the thermophysical properties of air used in the shell side calculation. The 

specific heat of air was set at 1.00673 kJ/kg°C because this value was used in calculating the 

heat capacity rate of the cooling fluid. These properties were also used to determine the 

Reynolds number, Nusselt number, and convective heat transfer coefficient on the air side. 

Log Mean Temperature Difference 

The Log Mean Temperature Difference was used to determine the effective temperature 

difference between the lubricating oil and the cooling air. Since the Lube Oil Cooler Fan 

operates under a cross flow configuration, the LMTD value was used together with a 

correction factor in calculating the heat transfer rate. 

Table 5. Log Mean Temperature Difference 

Parameter Symbol Value Unit 

Oil inlet temperature Thi 61 °C 

Oil outlet temperature Tho 49 °C 

Air inlet temperature Tci 32 °C 

Air outlet temperature Tco 53.5 °C 

Log mean temperature difference ΔTLMTD 11.60 °C 

Based on Table 5, the ΔTLMTD value was 11.60°C. This value represents the effective 

temperature difference that drives heat transfer from the lubricating oil to the cooling air. 

Tube Side Heat Transfer Analysis 

The tube side analysis was conducted to determine the flow characteristics of the lubricating 

oil and the convective heat transfer coefficient on the tube side. The calculation included the 

tube flow area, flow velocity, Reynolds number, Nusselt number, and tube side convective 

heat transfer coefficient. 

Table 6. Tube Side Heat Transfer Calculation 

Parameter Symbol Value Unit or description 

Tube flow area At 0.139274 m² 

Tube side flow velocity Vt 0.13539639 m/s 

Tube side Reynolds number Ret 13.9799523323 Laminar flow 

Tube side Nusselt number Nud 3.6673690116682 Dimensionless 

Tube side heat transfer coefficient hi 40.71 W/m²°C 

Table 6 shows that the tube side Reynolds number was 13.9799523323, indicating laminar 

flow of the lubricating oil. The Nusselt number of 3.6673690116682 was then used to 

determine the tube side convective heat transfer coefficient. The calculated tube side heat 

transfer coefficient was 40.71 W/m²°C. 

Shell Side Heat Transfer Analysis 

The shell side analysis was conducted to determine the flow characteristics of air as the 

cooling fluid. The calculation included tube pitch, outside tube diameter, clearance, shell flow 

area, air velocity, Reynolds number, Nusselt number, and shell side convective heat transfer 

coefficient. 

Table 7. Shell Side Heat Transfer Calculation 

Parameter Symbol Value Unit or description 

Tube pitch Pt 0.017275 m 
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Outside tube diameter Do 0.01382 m 

Clearance C 0.003455 m 

Shell flow area As 0.48 m² 

Shell side flow velocity Vs 70.02 m/s 

Shell side Reynolds number Res 68,600 Turbulent flow 

Shell side Nusselt number Nu 155.25 Dimensionless 

Shell side heat transfer coefficient ho 308 W/m²°C 

Based on Table 7, the shell side air velocity was 70.02 m/s. The shell side Reynolds number 

was 68,600, indicating that the air flow was turbulent. Therefore, the Nusselt number was 

calculated using a turbulent flow correlation. The resulting Nusselt number was 155.25, and 

the shell side convective heat transfer coefficient was 308 W/m²°C. This value indicates that 

heat transfer on the air side was strengthened by the turbulent flow condition. 

Overall Heat Transfer Coefficient 

The overall heat transfer coefficient was calculated by considering the tube side heat transfer 

coefficient, shell side heat transfer coefficient, thermal conductivity of the tube material, and 

fouling factors. This calculation is important because the overall heat transfer process is 

influenced by the thermal resistance on the oil side, air side, tube wall, and heat transfer 

surface. 

Table 8. Overall Heat Transfer Coefficient and Fouling Factor 

Parameter Symbol Value Unit 

Tube side heat transfer 

coefficient 
hi 40.71 W/m²°C 

Shell side heat transfer 

coefficient 
ho 308 W/m²°C 

Thermal conductivity of carbon 

steel 
k 43 W/m°C 

Fouling factor for lubricating oil Rdi 
Based on the fouling factor table 

used 
m²°C/W 

Fouling factor for industrial air Rdo 0.0004 m²°C/W 

Overall heat transfer coefficient U 30.61 W/m²°C 

As shown in Table 8, the overall heat transfer coefficient was 30.61 W/m²°C. This value 

represents the total ability of the cooler to transfer heat from the lubricating oil to the cooling 

air after considering heat transfer resistance and fouling effects. Since the cooler was still in 

relatively good condition, the fouling resistance did not dominate the overall heat transfer 

process. 

Correction Factor and Heat Transfer Rate 

Because the Lube Oil Cooler Fan operates under a cross flow configuration, a correction 

factor was applied in the heat transfer rate calculation. The correction factor was determined 

using the P and R parameters derived from the inlet and outlet temperatures of the hot and 

cold fluids. 

Table 9. Correction Factor and Heat Transfer Rate 

Parameter Symbol Value Unit 

Correction parameter P 0.413 Dimensionless 

Correction parameter R 1.791 Dimensionless 

Correction factor F 0.843 Dimensionless 

Overall heat transfer coefficient U 30.61 W/m²°C 
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Heat transfer area Ao 3.316782 m² 

Log mean temperature difference ΔTLMTD 11.60 °C 

Heat transferred Qpp 992.57 W 

Heat transferred Qpp 0.993 kW 

Table 9 shows that the heat transferred by the Lube Oil Cooler Fan was 992.57 W or 

approximately 0.993 kW. This value was obtained by multiplying the overall heat transfer 

coefficient, heat transfer area, logarithmic mean temperature difference, and correction factor. 

The result indicates that the heat transfer process occurred during operation, although 

performance improvement is still possible through optimization of operating conditions and 

heat transfer surface area. 

Thermal Effectiveness of the Lube Oil Cooler Fan 

Thermal effectiveness was calculated by comparing the actual heat transfer to the maximum 

possible heat transfer. Before calculating the effectiveness, the heat capacity rates of the 

cooling fluid and hot fluid were determined based on the mass flow rate and specific heat of 

each fluid. 

Table 10. Heat Capacity Rate and Thermal Effectiveness Calculation 

Parameter Symbol Value Unit or description 

Air mass flow rate ṁc 40.332 kg/s 

Specific heat of air Cp air 1.00673 kJ/kg°C 

Heat capacity rate of cold fluid Cc 40.603 kW/°C 

Oil mass flow rate ṁh 16.350 kg/s 

Specific heat of lubricating oil Cp oil 2.026 kJ/kg°C 

Heat capacity rate of hot fluid Ch 33.13 kW/°C 

Minimum heat capacity fluid Cmin Lubricating oil  

Thermal effectiveness ε 0.414 Dimensionless 

Thermal effectiveness ε 41.4 % 

Based on Table 10, the heat capacity rate of the cold fluid was 40.603 kW/°C, while the heat 

capacity rate of the hot fluid was 33.13 kW/°C. Since Ch was lower than Cc, the lubricating 

oil was identified as the minimum heat capacity fluid. The thermal effectiveness of the Lube 

Oil Cooler Fan was 0.414 or 41.4%. This result indicates that the cooler was able to utilize 

part of the maximum possible heat transfer, although its thermal performance can still be 

improved through better operating control and heat transfer enhancement. 

The 41.4% thermal effectiveness shows that, in the current operating condition, the Lube Oil 

Cooler Fan could carry out the cooling process, but its performance was moderate. The drop 

in temperature of the lubricating oil from 61°C to 49°C indicates that heat was removed from 

the system, whereas the rise of cooling air temperature from 32°C to 53.5°C indicates the flow 

of cooling air absorbed the heat. This outcome must not be viewed merely as a temperature 

drop because the performance of a cooler is also influenced by the heat capacity rate, flow, 

heat transfer area, fouling resistance, and overall heat transfer coefficient. Other recent studies 

on oil coolers and heat exchangers also highlight that the performance of the heat exchanger 

should be assessed by combining temperature difference with other thermal performances 

such as Logarithmic Mean Temperature Difference (LMTD), heat transfer coefficient, and 

effectiveness, not just by the outlet temperature (Tol, 2025; Khroufi et al., 2025; Irannezhad 

et al., 2025). 

It is crucial to identify lubricating oil as the minimum heat capacity fluid in this study in order 

to interpret the effectiveness. In this research, the heat capacity of the hot fluid (Ch) was 33.13 

kW/°C, and the heat capacity of the cold fluid (Cc) was 40.603 kW/°C. In this case, Ch was 
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smaller than Cc, so the lubricating oil became Cmin. This means that the amount of heat that 

could be transferred was restricted by the heat capacity rate of the lubricating oil, not the 

cooling air. This is in line with the effectiveness method where the correct Cmin has a 

significant impact on heat exchanger performance interpretation. As a result, the effectiveness 

of 41.4% is related to the capability of the cooler to transfer heat with respect to the maximum 

possible heat transfer limited by the oil side. 

The new shell side analysis also confirms the technical interpretation of the cooler 

performance. The shell side flow was turbulent (Reynolds number: 68,600). This condition is 

the reason for the relatively high shell side heat transfer coefficient (308 W/m²°C), as 

turbulence increases fluid mixing and decreases the thermal boundary layer thickness. This is 

in accordance with recent works that flow velocity and flow regime play an important role in 

convective heat transfer in cross flow and air cooled heat exchanger systems (Mahay & 

Yadav, 2025; Tanougast & Hriczó, 2025; Wang et al., 2023). But the total heat transfer 

coefficient was 30.61 W/m²°C, suggesting that the total heat transfer performance was still 

affected by the total thermal resistance of the oil side, air side, tube wall and fouling layers. 

The heat transfer rate of 992.57 W (or 0.993 kW) indicated that heat transfer actually occurred 

while operating the Lube Oil Cooler Fan. But this is only the heat transfer rate for the specific 

operating condition, not a fixed heat transfer rate for all operating loads. Recent literature 

using LMTD and effectiveness based analysis also highlights that the heat transfer rate is 

dependent on fluid properties, correction factors, flow geometry, heat transfer surface area 

and temperature difference (Kumar et al., 2022; Bhattad et al., 2024; Nishat et al., 2026). . 

Thus, the outcome of this study is a field-based thermal performance estimate, which can be 

used as a starting point for assessing the cooler performance and future monitoring. 

Fouling is still an important consideration in the overall heat transfer coefficient. While the 

cooler was claimed to be in "good condition", an allowance for fouling was included because 

the accumulation of deposits or contaminants on the heat transfer surfaces can increase the 

thermal resistance and decrease the heat transfer efficiency. This aligns with recent research 

that fouling influences the operation of a heat exchanger by increasing resistance, decreasing 

heat transfer efficiency and modifying the thermal characteristics of the heat exchanger during 

prolonged operation (Huang et al., 2026; Roy et al., 2026; Kumar et al., 2025). In this context, 

the low value of effectiveness should be considered as a technical reference for regular 

inspections, surface cleaning, and temperature (oil and air) monitoring. 

The results suggest that the Lube Oil Cooler Fan is working properly but can be improved. 

The prime technical implications include the maintenance of steady air flow, clean heat 

transfer surface, check of oil and air flow rates, and re-analysis with various operating loads. 

These are in line with recent studies on oil cooler (or heat exchanger) performance, which 

highlight that actual performance will depend on flow conditions, surface cleanliness, ambient 

temperature and heat transfer surface (Shinde et al., 2026; Marzouk et al., 2025; Vieira et al., 

2025). In this context, the main contribution of the present study is not only the determination 

of the 41.4% effectiveness, but also that the field thermal analysis can be used to predict the 

operational aspects that should be attended to ensure the reliability of the gas turbine lube oil 

system. 

Conclusion  

The thermal analysis shows that the Lube Oil Cooler Fan on GT 1.1 at PT XYZ was able to 

reduce the lubricating oil temperature from 61°C to 49°C, while the cooling air temperature 

increased from 32°C to 53.5°C. This confirms that heat transfer occurred from the lubricating 

oil to the cooling air during operation. 
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The calculation results show that the tube side heat transfer coefficient was 40.71 W/m²°C, 

the shell side heat transfer coefficient was 308 W/m²°C, and the overall heat transfer 

coefficient was 30.61 W/m²°C. The heat transfer rate was 992.57 W, or approximately 0.993 

kW. The heat capacity rate of the lubricating oil was lower than that of the cooling air, so the 

lubricating oil was identified as the minimum heat capacity fluid. 

The thermal effectiveness of the Lube Oil Cooler Fan was 41.4%, indicating that the cooler 

was able to perform its function, although its performance remained moderate. Therefore, 

routine monitoring of inlet and outlet temperatures, stable airflow control, and periodic 

cleaning of heat transfer surfaces are recommended to maintain and improve cooling 

performance. 
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