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 Transformers are critical component in electric power system, where 

minimizing energy losses is essential for efficiency and reliability. While 

ideal transformers operate with zero losses, practical transformers dissipate 

energy through winding and core losses caused by resistive heating. This 

study investigates the impact of three cooling media with ambient air, 

mineral oil, and liquid nitrogen on the efficiency and thermal performance of 

a 1 kVA single phase copper wound transformer. The experiment applied a 

resistive load under each cooling condition, recording input and output 

parameters using a HIOKI power meter model PW3360. Thermal behavior 

was monitored using infrared thermography and thermocouples. Copper 

winding resistivity was evaluated using a four-point probe within a 

cryogenic magnet system. The results show that liquid nitrogen cooling 

significantly reduced copper resistivity due to low-temperature conditions, 

achieving a transformer efficiency of 89.9%. Oil cooling improved 

efficiency to 86.0%, compared to 80.7% with air cooling. Although liquid 

nitrogen provided the greatest efficiency enhancement, its practical use is 

limited due to handling complexity and cost. In contrast, oil cooling offers a 

more feasible and effective solution for improving transformer performance 

in real world applications. These finding provide valuable insight for 

optimizing transformer thermal management strategies in power systems. 
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1. INTRODUCTION 

In order to ensure grid dependability and provide steady power delivery, power transformers are a 

vital part of contemporary power systems [1]. However, design, material characteristics, and operating 

conditions have a big impact on their effectiveness and performance. Overall system efficiency is directly 

impacted by transformer losses, which are mostly composed of copper, iron, dielectric, and stray losses [2] 

[3]–[5]. Conductor resistance rises as a result of current flow-induced resistive heating of windings, raising 

operating temperatures and hastening insulation ageing [6], [7]. Therefore, to increase transformer 

performance, prolong service life, and guarantee a dependable power supply, efficient heat management 

techniques are essential. 

https://creativecommons.org/licenses/by-sa/4.0/
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Extensive research has been conducted to investigate transformer cooling methods and their impact 

on performance. Conventional techniques such as air natural (AN), air forced (AF), and oil natural air forced 

(ONAF) cooling rely on heat exchanger, natural convection, or forced circulation to dissipate thermal energy 

[8]. However, advancements in thermal design have introduced innovative solutions, including adsorption 

based cooling [9] forced oil circulation system, and cryogenic cooling using liquid nitrogen [10], [11]. These 

studies demonstrate that liquid nitrogen significantly reduces winding resistivity and improves efficiency by 

lowering operational temperatures, while oil cooling remains the most practical choice for conventional 

power systems. Despite these advancements, a direct experimental comparison of air, oil, and liquid nitrogen 

cooling under identical load and measurement conditions remain scarce. 

Recent works have focused on computational simulation and diagnostic assessments to analyze 

transformer performance and optimize cooling strategies. Studies based on finite element methods (FEM) 

have evaluated magnetic flux distribution, current density, and hotspot formation under unbalanced loading 

conditions, providing valuable insight into heat transfer and thermal behavior [12]–[14]. Optimization 

techniques targeting transformer core design, material selection, and geometry further enhance energy 

efficiency and minimize losses [15], [16]. Further demonstrated that core geometry and material selection 

directly influence power losses and thermal stability. However, simulation-based approaches often lack 

experimental validation, particularly under diverse cooling environments, highlighting the need for 

comparative measurements using an actual transformer system. At the same time, condition monitoring 

techniques based on electrical diagnostics and partial discharge detection offer tools for predictive 

maintenance and early fault detection. Despite these contributions, experimental studies integrating 

diagnostic, thermal management, and efficiency measurements are still limited. 

Furthermore, intelligent monitoring systems are becoming a crucial component of improving 

transformer performance. Real-time temperature monitoring, neural network-based defect prediction, and 

adaptive control techniques are made possible by internet of things (IoT) based systems [17]–[20]. These 

advancements complement experimental studies by integrating sensor-based advanced data acquisition and a 

control framework [21]. Cryogenic high-temperature superconducting (HTS) systems for power transformers 

have also been investigated further [22]–[24], demonstrating significant improvements in efficiency and 

compactness, as well as the use of thermopower-based measurements to improve monitoring accuracy under 

extreme temperature environments [25]–[27]. Furthermore, transformer life-cycle performance assessments 

show that effective cooling techniques can lower maintenance costs and increase overall dependability, 

directly promoting grid sustainability and stability [28]. 

Effects of temperature changes on the winding resistance. The resistance on transformer winding 

can be calculated using the formula, 

 

𝑅 = 𝜌 
𝑙

𝐴
 (1) 

 

Where 𝑅 is the resistance (Ω), ρ is the resistivity of the conductor (Ω.m), l is the length of the conductor (m), 

and A represents the cross-sectional area of the conductor (m²). The resistivity of a given conductor varies 

with its temperature. The four-point probe approach was used to measure the resistivity of the conductor in a 

cryogenic system. It is common practice to measure electrical resistance using four terminal potentiometric 

DC techniques [24]. Consequently, by immersing the transformers in liquid nitrogen (77 K or -196 °C), the 

winding's resistivities drop significantly. In [2], the operating resistivity at temperature T °C is given as (2),  

 

𝜌𝑡 =  𝜌0[1 + 𝛼(𝑇 − 𝑇0) (2) 

 

where 𝜌𝑡 is the resistance at temperature “T”, and 𝜌0 is a conductor resistance at a reference temperature, α is 

the temperature coefficient of resistivity, T is conductor temperature in degrees Celsius, and T0 is the 

reference temperature that α is specified at for the conductor material. The increase in the transformer 

temperature will affect the output power produced. Electrical power in a transformer with a resistive load can 

be calculated by (3), 

 

𝑃 = 𝐼2. 𝑅 (3) 

 

where P is the real power (watt), I is current (A), and R is the resistance (Ω). To calculate the electrical 

energy consumed use (4), 

 

𝐸 = 𝐼2. 𝑅. 𝑡 (4) 
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where E is the electrical energy (watt-hour) and t is the time. The heat generated when the transformer 

operates can cause considerable power losses so that sufficient cooling medium is needed.  

In order to meet the increasing need for high-efficiency power transformers, this study 

experimentally compares three distinct cooling techniques using air, oil, and liquid nitrogen. The results have 

implications for increasing transformer efficiency, decreasing losses, and improving thermal control. Future 

developments in transformer design and thermal management techniques may benefit from the comparative 

experimental data and useful insights it offers for energy-efficient power systems. 

 

 

2. MATERIALS AND METHOD 

The objective of this study is to experimentally investigate the effect of three cooling media ambient 

air, mineral oil, and liquid nitrogen on the thermal and electrical performance of a 1 kVA single phase 

transformer. The experimental framework integrates resistive load testing, infrared thermography, 

thermocouple-based temperature sensing, and copper resistivity measurements using a four-point probe 

within a cryogenic magnet system. This approach enables precise quantification of temperature distribution, 

resistivity variations, and their impact on transformer efficiency. 

A 1 kVA transformer with a 230-volt input-output rating was tested under controlled resistive load 

conditions. A variable transformer supplied adjustable input voltages from 0–220 volt, while a HIOKI power 

energy meter PW3360 and HIOKI Clamp-on power meters measured current, voltage, power factor, 

frequency, and energy consumption in real time. Three cooling configurations were applied: natural air 

cooling, oil immersion cooling, and liquid nitrogen cooling using a specially designed dual-layer stainless 

steel cryogenic container with epoxy and fiber insulation to minimize heat transfer and maintain stable LN₂ 

temperatures. 

The winding resistivity was measured using the four-point probe approach in the cryogenic magnet 

system for high accuracy under low-temperature LN2 conditions; while winding and core temperatures were 

tracked during testing using infrared thermography and thermocouples positioned at strategic points. Figure 1 

illustrates the direct comparison of transformer performance under each cooling media through the 

continuous collection of data at various load levels, from no-load to full load operation, utilizing a resistive 

load of 1000 watt. This approach makes it possible to thoroughly assess thermal management techniques and 

how well they work to increase transformer dependability and energy efficiency. 

Table 1 presents the transformer specifications, including a 1 kVA capacity, 230-volt operating 

voltage, and 50 Hz frequency, with copper windings of 2 mm diameter. The temperature distribution of the 

transformer under different cooling conditions was measured using a NEC TH9100 infrared thermography 

system combined with thermocouples for precise monitoring. Additionally, the variation in copper wire 

resistivity with decreasing temperature was analyzed using the four-point probe method within a cryogenic 

magnet system, enabling accurate characterization of electrical properties at low temperatures in the laboratory. 

 

 

 
 

Figure 1. Transformer experimental setup with different cooling media 

 

 

Table 1. Specifications of the transformer 
Parameter Specification  

Primary/Secondary voltage 230/230 volt 

Frequency 50 Hz 
Apparent power 1 kVA 

Winding Copper Material 2 mm 

Core  NGO silicon steel 0.5 mm 
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3. RESULTS AND DISCUSSION 

This study advances current knowledge by experimentally validating how different cooling media 

affect transformer performance, bridging the gap between conventional thermal management (air and oil) and 

emerging cryogenic techniques. The test results showed that the real power and efficiency increased when the 

transformer temperature was low. At room temperature, the real power and efficiency were 0.807 kW and 

80.70%, in oil, 0.86 kW and 86%, and liquid nitrogen (77 K), 0.899 kW and 89.9% as shown in Table 2.  

In other words, it is the transformer real electrical resistance power consumption. Efficiency or power  

factor is the measure of how close the real power is to the apparent power or the total power of the system. 

The apparent power of the transformer in this experiment was 0.807 kW/80.70% or 0.86 kW/86% or  

0.899 kW/89.9% equaling 1 kVA as stated in Table 2. 

Thermal infrared testing of the transformer at room temperature revealed a significant rise in core 

and winding temperatures across different voltage level, as shown in Figure 2. At a 10 Volt load, the initial 

core and winding temperatures averaged 32 °C. When the voltage increased to 110 Volt, the temperatures 

rose to an average of 51 °C in both the winding and core regions. At full load (220 volt), the winding 

temperature reached an average of 85 °C, with certain winding points recording peak temperatures of up to 

100 °C. 

 

 

Table 2. Real power and efficiency (%) of transformer 
Cooling medium Real power P (kW) Efficiency (%) 

Room temperature 0.807 80.70 
Oil 0.86 86 

Liquid Nitrogen (77K) 0.899 89.9 

 

 

 
10 V 

 
110 V 

 
220 V 

 

Figure 2. Thermal infrared of transformer cooled by air medium 

 
 

Figure 3 shows the schematic of thermocouple placement on the transformer body to compare 

temperature readings from thermal infrared measurements and thermocouple sensors. Four thermocouples 

were positioned at key points: T1 on the primary winding, T2 on the secondary winding, T3 on the 

transformer core, and T4 on the bottom secondary winding. As shown in Figure 4(a), the thermocouple 

measurements recorded a winding temperature of approximately 85 °C on both the input and output sides at 

full load, while the core temperature remained around 37 °C. According to IEC 60076-7 standards, the 

hotspot temperature limit for large transformers under normal loading is 120 °C, indicating that the observed 

temperatures remain within the safe operational range. 

 

 

 
 

Figure 3. Schematic temperature measurement for transformer using thermocouples 
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Figure 4(b) illustrate the heat distribution within the transformer under oil cooling across voltage 

variations from 10-220 volt. Since the winding were fully submerged in the oil bath, their temperatures could 

not be observed directly, but the core temperature was clearly visible, averaging around 35 °C. Additionally, 

the winding temperatures at measurement points T1 and T2 increased progressively from 26 °C at no load to 

64 °C at full load, indicating the effect of increasing current on heat generation. 

 

 

  
(a) (b) 

 

Figure 4. Transformer temperature measured by thermocouple sensors cooled by (a) ambient air and (b) oil 

 

 

Heat measurement was measured using a thermocouple sensor as shown in Figure 4(b). The 

temperature on the winding exhibited an average of 62 °C, lower than the transformer that was cooled by 

ambient air. The third medium for cooling the transformer was liquid nitrogen with a boiling temperature of 

77K. Thermal infrared testing of the transformer cooled by oil medium revealed a significant cooling in core 

and winding temperatures across different voltage level, as shown in Figure 5. At a 10 volt load, the initial 

core and winding temperatures averaged 28 °C. When the voltage increased to 110 volt, the temperatures 

rose to an average of 30 °C in both the winding and core regions. At full load, the winding temperature 

reached of 45 °C. 

 

 

 
10 V 

 
110 V 

 
220 V 

 

Figure 5. Thermal infrared of transformer cooled by oil 

 

 

Figure 6 shows the temperature distribution of the transformer was cooled by liquid nitrogen. It 

could reach a temperature of -185 °C. In these conditions, the copper wire temperature became very low and 

electrons could flow well so that the current ran smoothly and the efficiency increased. Figure 7 present a 

comparison of transformer output power and efficiency across three different cooling media with ambient air, 

mineral oil, and liquid nitrogen. At full load conditions of 220 volt, the transformer achieved its lowest 

efficiency of 80.7% under ambient air cooling due to higher heat accumulation and resistive losses. When 

cooled with mineral oil, efficiency improved to 86%, showing better heat dissipation and reduced winding 

resistance. The highest efficiency of 89.98% was obtained under liquid nitrogen cooling, indicating that 

cryogenic temperatures significantly minimize copper resistivity and improve overall transformer 

performance. 
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Figure 6. Transformer temperature measured by thermocouple sensor and cooled by liquid nitrogen 

 

 

 
 

Figure 7. Resistance dependence power output 

 

 

To precisely record resistivity values in this experiment, the copper wire sample was placed on a 

specialized sample holder that was furnished with voltage and current measuring cables, as illustrated in 

Figure 8(a). Measurements at temperatures as low as 10K were made possible by the system being housed 

inside a cryogenic container with accurate temperature control. The findings show that copper resistivity 

reduces linearly with temperature, suggesting that cryogenic temperatures improve electrical conductivity. 

By lowering resistive losses and increasing its capacity to support larger loads without experiencing thermal 

deterioration, copper greatly increases transformer efficiency at very low temperatures by facilitating the free 

passage of electric current. The transformer winding's resistivity was measured using the four-point probe 

method in a cryogenic magnet system as shown in Figure 8(b), which offers a controlled low-temperature 

environment between 10K and 300K, as shown in Figure 8(c). With this configuration, copper winding 

resistivity may be precisely characterized over a broad temperature range, guaranteeing precision data 

collection in cryogenic settings. Thermal effects and electrical conductivity are directly related, as seen by 

the winding material's considerable decrease in resistance as the temperature drops. To comprehend how 

liquid nitrogen cooling helps reduce power losses and increase transformer efficiency, these measurements 

are crucial. 
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Furthermore, copper's ability to reach quasi-superconductive behavior under realistic engineering 

constraints is highlighted by the significant decrease in resistivity at 10K. Copper's significantly reduced 

resistivity reduces Joule heating and permits higher current density, resulting in more compact and effective 

transformer designs, even though copper does not become completely superconducting state. Longer 

insulation life and less maintenance are further benefits of less heat stress on the windings. Liquid nitrogen-

based cryogenic cooling has intriguing uses in scientific equipment, aircraft, defense, and superconducting 

power devices, where high performance, dependability, and thermal stability are crucial, even though it is not 

yet practical for large-scale power grids [26], [27]. 

 

 

Sample copper

A

V

Voltage probe

DC power supply

1 2 3 4

   
(a) (b) (c) 

 

Figure 8. Resistivity measurement (a) cryogenic magnet system and (b) resistivity measurement result of the 

transformer copper wire (at 5K – 300K) and (c) curve of resistivity measurement 

 

 

Our findings confirm that transformer efficiency strongly correlates with the operating temperature 

of the copper windings, consistent with model of temperature-dependent resistivity [2] as shown in  

Figure 8(c). The improvement in efficiency from 80.7% (air) to 89.9% (LN2) demonstrates the theoretical 

boundary achievable with cryogenic cooling. However, this aligns with previous work [10] that noted the 

challenges of cryogenic systems for standard power grid use. In contrast, our results show that mineral oil 

cooling, improving efficiency to 86.0%, supports previous evidence [8] that oil immersed transformers offer 

reliable, practical performance gains. This work adds to the knowledge base by providing side by side 

experimental data across these cooling regimes, which had not been systematically compared in prior studies. 

The resistivity of the transformer would benefit greatly from cryogenic closed loop cooling using 

subcooled liquid nitrogen natural convection in terms of compactness, efficiency, and dependability  

[10], [24], [28]. The results demonstrate a significant reduction in copper resistivity and improved 

transformer efficiency under liquid nitrogen cooling, achieving an efficiency of 89.9%, compared to 86.0% 

with oil and 80.7% with air. Unlike previous studies that investigated these cooling methods separately, this 

work provides a direct, side by side experimental comparison under identical load and measurement 

conditions, enabling a unique understanding of cooling-media performance trade off. 

 

 

4. CONCLUSION 

The impact of three cooling media liquid nitrogen, mineral oil, and ambient air on the thermal 

performance and efficiency of a 1 kVA single-phase transformer was experimentally assessed in this study. 

Because copper winding resistance is significantly reduced at cryogenic temperatures, the results demonstrate 

that liquid nitrogen cooling offers the greatest efficiency improvement when compared to oil and air cooling. 

A linear drop in resistivity with decreasing temperature was validated by measurements made using the 

cryogenic magnet system, which enhanced electrical conductivity and transformer performance in general. 

Although liquid nitrogen offers significant efficiency increases, cost, complexity, and safety concerns limit 

its practical use in large-scale power systems. In contrast, mineral oil provides a more practical and 

dependable alternative for traditional transformer cooling. 

Future studies should concentrate on creating hybrid cooling plans and high capacity of the 

transformer, looking at affordable cryogenic methods using superconducting wire for transformer, and 

Internet of Things based real-time monitoring systems to improve transformer dependability and 

performance. Scalability evaluation also requires long-term research on material stability, insulation 

deterioration, and transformer longevity under harsh cooling conditions. This paper concludes by showing 

that transformer efficiency may be greatly increased by lowering copper resistivity through efficient thermal 
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management. The comparative analysis of air, oil, and liquid nitrogen cooling provides a foundation for 

future advancements in designing energy-efficient transformers and developing innovative thermal 

management solutions for next-generation power systems. 

 

 

ACKNOWLEDGEMENTS 

The authors wish to thank all the researchers involved and the National Research and Innovation 

Agency (BRIN) for research funding at the New and Renewable Energy Program. 

 

 

FUNDING INFORMATION 

The Authors state that this research funding from the New and Renewable Energy Program at 

National Research and Innovation Agency – BRIN.  

 

 

AUTHOR CONTRIBUTIONS STATEMENT 

This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author 

contributions, reduce authorship disputes, and facilitate collaboration. 

 

Name of Author C M So Va Fo I R D O E Vi Su P Fu 

Heri Nugraha ✓ ✓ ✓  ✓   ✓ ✓      

Agung Imaduddin  ✓  ✓    ✓ ✓ ✓ ✓ ✓   

Eka Rakhman Priandana   ✓   ✓ ✓   ✓     

Asep Dadan Hermawan   ✓   ✓  ✓     ✓  

Nono Darsono ✓   ✓  ✓    ✓     

Andika Widya Pramono  ✓   ✓  ✓   ✓  ✓  ✓ 

Adi Noer Syahid   ✓   ✓  ✓   ✓    

Sudirman Palaloi    ✓ ✓     ✓     

Satrio Herbirowo ✓ ✓   ✓   ✓       

Hendrik      ✓  ✓  ✓ ✓  ✓  

 

C :  Conceptualization 

M :  Methodology 

So :  Software 

Va :  Validation 

Fo :  Formal analysis 

I :  Investigation 

R :  Resources 

D : Data Curation 

O : Writing - Original Draft 

E : Writing - Review & Editing 

Vi :  Visualization 

Su :  Supervision 

P :  Project administration 

Fu :  Funding acquisition 

 

 

 

CONFLICT OF INTEREST STATEMENT 

Authors state no conflict of interest. 

 

 

INFORMED CONSENT 

We have obtained informed consent from all individuals included in this study. 

 

 

DATA AVAILABILITY 

Derived data supporting the findings of this study are available from the corresponding author HN 

on request. 
 

 

REFERENCES 
[1] J. El Hayek, “Transformer design as a key for efficiency optimization,” in 19th International Conference on Electrical Machines, 

ICEM 2010, 2010, pp. 1–4, doi: 10.1109/ICELMACH.2010.5607734. 

[2] A. Formisano et al., “Performance evaluation for a HTS transformer,” IEEE Transactions on Applied Superconductivity, vol. 16, 

no. 2, pp. 1501–1504, 2006, doi: 10.1109/TASC.2006.869552. 
[3] S. Krishnamoorthy and D. Jayabal, “Evaluation of transformer loading and energy loss for increasing energy efficiency in 

distribution system,” in ECTI-CON 2015 - 2015 12th International Conference on Electrical Engineering/Electronics, Computer, 

Telecommunications and Information Technology, 2015, pp. 1–4, doi: 10.1109/ECTICon.2015.7206957. 
[4] N. Zahoor, A. A. Dogar, and A. Hussain, “Determine the optimum efficiency of transformer cores using comparative study 

method,” Engineering Proceedings, vol. 12, no. 1, pp. 0–4, 2021, doi: 10.3390/engproc2021012035. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Experimental comparison of air, oil, and liquid nitrogen cooling media on … (Heri Nugraha) 

33 

[5] S. Yurekten, A. Kara, and K. Mardikyan, “Energy efficient green transformer manufacturing with amorphous cores,” in 
Proceedings of 2013 International Conference on Renewable Energy Research and Applications, ICRERA 2013, 2013, no. 

October, pp. 534–536, doi: 10.1109/ICRERA.2013.6749812. 

[6] F. Liu, S. Liu, X. Gao, and X. Zhu, “Research on transformer life forecast based on random forest algorithm,” Journal of Physics: 
Conference Series, vol. 1992, no. 4, 2021, doi: 10.1088/1742-6596/1992/4/042064. 

[7] Y. Duan and K. Li, “Computer simulation analysis of power transformer test design technology,” Journal of Physics: Conference 

Series, vol. 1648, no. 3, 2020, doi: 10.1088/1742-6596/1648/3/032188. 
[8] T. R. Mahajan, A. B. Jadhav, N. B. Abhale, S. B. Thote and A. Satish J., “Performance evaluation of 2 kVA single phase 

transformer with different cooling,” in International Conference on Impact of Emerging Technology in Engineering and 

Management (ICIETEM-2019), December 2020. 
[9] S. M. Baek, J. M. Joung, J. H. Lee, and S. H. Kim, “Electrical breakdown properties of liquid nitrogen for electrical insulation 

design of pancake coil type HTS transformer,” IEEE Transactions on Applied Superconductivity, vol. 13, no. 2, pp. 2317–2320, 

2003, doi: 10.1109/TASC.2003.813112. 
[10] H. M. Chang, Y. S. Choi, S. W. Van Sciver, and K. D. Choi, “Cryogenic cooling system of HTS transformers by natural convection 

of subcooled liquid nitrogen,” Cryogenics, vol. 43, no. 10–11, pp. 589–596, 2003, doi: 10.1016/S0011-2275(03)00168-1. 

[11] S. M. Ali and A. Chakraborty, “Performance study of adsorption cooling cycle for automotive air-conditioning,” Evergreen, vol. 
2, no. 1, pp. 12–22, 2015, doi: 10.5109/1500423. 

[12] M. H. Mohd Wazir, D. M. Said, Z. I. Mohd Yassin, and S. A. Abd Wahid, “Hotspot temperature analysis of distribution 

transformer under unbalanced harmonic loads using finite element method,” International Journal of Electrical and Computer 
Engineering, vol. 14, no. 2, pp. 1287–1298, 2024, doi: 10.11591/ijece.v14i2.pp1287-1298. 

[13] S. Kaur and D. Kaur, “Analysis of effect of core material on the performance of single phase transformer using FEM,” in IOP 

Conference Series: Materials Science and Engineering, 2019, vol. 561, no. 1, doi: 10.1088/1757-899X/561/1/012129. 
[14] S. R. Narasimmanaidu, F. S. Anuar, F. A. Z. Mohd Sa’at, and E. M. Tokit, “Numerical and experimental study of flow behaviours 

in porous structure of aluminium metal foam,” Evergreen, vol. 8, no. 3, pp. 658–666, 2021, doi: 10.5109/4491842. 

[15] H. D. Mehta and R. M. Patel, “A review on transformer design optimization and performance analysis using artificial intelligence 
techniques,” International Journal of Science and Research, vol. 3, no. 9, pp. 726–733, 2014. 

[16] H. A. Obaid and Y. M. Y. Ameen, “High-frequency transformer design with hollow core for solid state transformer,” Journal of 

Physics: Conference Series, vol. 1973, no. 1, 2021, doi: 10.1088/1742-6596/1973/1/012088. 
[17] R. Ullah et al., “Performance evaluation of power transformer under different diagnostic techniques,” in 2018 International 

Conference on Computing, Mathematics and Engineering Technologies: Invent, Innovate and Integrate for Socioeconomic 

Development, iCoMET 2018 - Proceedings, 2018, pp. 1–6, doi: 10.1109/ICOMET.2018.8346396. 
[18] J. A. Dhanraj, B. Krishnamurthy, K. C. Ramanathan, A. K. Saravanan, and J. K. Ganapathy Raman, “Design on IoT based real 

time transformer performance monitoring system for enhancing the safety measures,” in IOP Conference Series: Materials 

Science and Engineering, 2020, vol. 988, no. 1, doi: 10.1088/1757-899X/988/1/012076. 
[19] A. Berger, S. Cherevatskiy, M. Noe, and T. Leibfried, “Comparison of the efficiency of superconducting and conventional 

transformers,” Journal of Physics: Conference Series, vol. 234, 2010. 

[20] A. Kaur, Y. S. Brar, and G. Leena, “Fault detection in power transformers using random neural networks,” International Journal 
of Electrical and Computer Engineering, vol. 9, no. 1, pp. 78–84, 2019, doi: 10.11591/ijece.v9i1.pp78-84. 

[21] I. Firmansyah, B. Setiadi, A. Subekti, H. Nugraha, E. Kurniawan, and Y. Yamaguchi, “Enhancing IoT data acquisition efficiency 

via FPGA-based implementation with OpenCL framework,” Computers and Electrical Engineering, vol. 120, no. PC, p. 109830, 
2024, doi: 10.1016/j.compeleceng.2024.109830. 

[22] D. Hu et al., “Characteristic tests and electromagnetic analysis of an HTS partial core transformer,” IEEE Transactions on 

Applied Superconductivity, vol. 26, no. 4, pp. 1–5, 2016, doi: 10.1109/TASC.2016.2521930. 
[23] M. P. Staines, Z. Jiang, N. Glasson, R. G. Buckley, and M. Pannu, “High-temperature superconducting (HTS) transformers for 

power grid applications,” in Superconductors in the Power Grid: Materials and Applications, Elsevier Ltd, 2015, pp. 367–397. 

[24] L. Graber, M. Saeedifard, M. J. Mauger, and Q. Yang, “Cryogenic power electronics for superconducting power systems,” in 
Cryogenics engineering Conference, 2017, pp. 1–23. 

[25] V. Z. Manusov, D. M. Ivanov, A. V. Semenov, and G. V. Ivanov, “Methodology for determining the parameters of high-
temperature superconducting power transformers with current limiting function,” International Journal of Electrical and 

Computer Engineering, vol. 13, no. 1, pp. 238–248, 2023, doi: 10.11591/ijece.v13i1.pp238-248. 

[26] D. M. Ivanov, V. Z. Manusov, and A. V Semenov, “Experimental studies of a high-temperature superconducting prototype 
transformer with current limiting function,” in 2020 International Youth Conference on Radio Electronics, Electrical and Power 

Engineering (REEPE), Mar. 2020, pp. 1–5, doi: 10.1109/REEPE49198.2020.9059233. 

[27] U. Stockert and N. Oeschler, “Thermopower of chromel – AuFe 0 . 07 % thermocouples in magnetic fields,” Cryogenics, vol. 51, 

pp. 154–155, 2011, doi: 10.1016/j.cryogenics.2010.12.009. 

[28] D. Wu-Liang, “Analysis of life cycle characteristics of power transformer based on linear regression,” in IOP Conference Series: 

Earth and Environmental Science, 2019, vol. 223, no. 1, doi: 10.1088/1755-1315/223/1/012029. 

 
 

BIOGRAPHIES OF AUTHORS 

 

 

Heri Nugraha     received a master degree in physics engineering from Universitas 

Indonesia, Indonesia, in 2021 respectively. Currently, he is a researcher at the Research Center 

for Energy Conversion and Conservation, BRIN. His research interests include renewable 

energy, applied superconductivity, cryogenics, internet of things, thermal analysis, and applied 

power system. He can be contacted at email: heri027@brin.go.id. 

https://orcid.org/0000-0002-0823-7243
https://scholar.google.co.id/citations?user=lHMeWVEAAAAJ&hl=en&authuser=2
https://www.scopus.com/authid/detail.uri?authorId=57193705208
https://www.webofscience.com/wos/author/record/OEO-3276-2025


                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 16, No. 1, February 2026: 25-35 

34 

 

Agung Imaduddin     holds a Ph.D. in material science from Iwate University. He 

is currently the head of the Laboratory of Superconductivity at the Research Center for 

Advanced Materials, BRIN. His research interests include superconducting materials, wire 

superconductors, giant magnetoresistance, and thermoelectric. He can be contacted at email: 

agun007@brin.go.id. 

  

 

Eka Rakhman Priandana     received the B.Sc. degree from Institut Teknologi 

Surabaya, the M.Sc. degree in electrical engineering from Institut Teknologi Bandung, and the 

Ph.D. degree in power electronics from Shizuoka University. He is an associate researcher and 

currently the head of the E-Mobility Research Group at the Research Center for Energy 

Conversion and Conservation, BRIN. His research interests include renewable energy, power 

electronics, and microelectronics. He can be contacted at email: ekar002@brin.go.id. 

  

 

Asep Dadan Hermawan     received the B.Sc. degree from Universitas Indonesia 

and the M.Sc. degree in electrical engineering from Institut Teknologi Bandung. He is 

currently pursuing the Ph.D. degree in electrical engineering at Institut Teknologi Surabaya. 

He is a member of the Smart Electrical Research Group at the Research Center for Energy 

Conversion and Conservation, BRIN. His research interests include renewable energy, 

electrical power systems, and electric machines. He can be contacted at email: 

asep042@brin.go.id. 

  

 

Nono Darsono     received the Ph.D. degree in material engineering from Tokyo 

Metropolitan University. He is an associate researcher and a member of the Hydrogen Fuel 

Cell Research Group at the Research Center for Energy Conversion and Conservation, BRIN. 

His research interests include functional materials. He can be contacted at email: 

nono001@brin.go.id.  

  

 

Andika Widya Pramono     received the B.Sc. and M.Sc. degrees in materials 

science and engineering from Wayne State University, Detroit, Michigan, United States, and 

the Ph.D. degree in material metallurgy from RWTH Aachen University, NRW, Germany. He 

is currently a professor and the head of the Superconductor Research Group at the Research 

Center for Advanced Materials, BRIN. His research interests include superconducting 

materials and high-temperature and low-temperature superconductors for energy applications. 

He can be contacted at email: andi010@brin.go.id. 

  

https://orcid.org/0000-0003-3105-6042
https://scholar.google.com/citations?user=TL4PSX4AAAAJ&hl=en
http://www.scopus.com/inward/authorDetails.url?authorID=15825118600&partnerID=MN8TOARS
https://www.webofscience.com/wos/author/record/64171421
https://orcid.org/0000-0003-3759-6592
https://scholar.google.co.id/citations?user=hEdOMIAAAAAJ&hl=en&oi=ao
http://www.scopus.com/inward/authorDetails.url?authorID=56038533900&partnerID=MN8TOARS
https://www.webofscience.com/wos/author/record/15136
https://orcid.org/0009-0002-1892-8037
https://scholar.google.com/citations?user=mLkGsiQAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57200989985
https://orcid.org/0000-0003-2286-2069
https://scholar.google.com/citations?user=VPA9L6oAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=23096854500
https://www.webofscience.com/wos/author/record/623644
https://orcid.org/0000-0003-2920-4093
https://scholar.google.com/citations?user=_rIFf-YAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=55630746700
https://www.webofscience.com/wos/author/record/2379013


Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Experimental comparison of air, oil, and liquid nitrogen cooling media on … (Heri Nugraha) 

35 

 

Adi Noer Syahid     received the B.Sc. degree in chemical engineering from 

Universitas Pamulang. He is an engineer at the Research Center for Metallurgy, BRIN. His 

research interests include thermal analysis, material analysis, and infrared expertise. He can be 

contacted at email: adin003@brin.go.id. 

  

 

Sudirman Palaloi     received the B.Sc. and M.Sc. degrees in electrical engineering. 

He is a member of the Smart Electrical Research Group at the Research Center for Energy 

Conversion and Conservation, BRIN. His research interests include renewable energy and 

power systems. He can be contacted at email: sudi011@brin.go.id. 

  

 

Satrio Herbirowo     received the B.Sc. and M.Sc. degrees in material engineering 

and the Ph.D. degree in materials from Universitas Indonesia. He is a member of the 

Superconducting Research Group at the Research Center for Energy Materials, BRIN. His 

research interests include superconducting materials, metals and alloys, materials engineering, 

and powder metallurgy. He can be contacted at email: satr009@brin.go.id. 

  

 

Hendrik     received the M.Sc. degree from Yeungnam University and the Ph.D. 

degree in metallurgy from Institut Pertanian Bogor. He is an associate researcher at the 

Research Center for Metallurgy, BRIN. His research interests include superconducting 

materials and metallurgy. He can be contacted at email: hend028@brin.go.id. 

 

https://orcid.org/0009-0004-7758-1074
https://scholar.google.co.id/citations?user=yR8xKy0AAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57325126500
https://orcid.org/0009-0001-3237-9479
https://scholar.google.com/citations?user=stNZEHIAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=58071179600
https://orcid.org/0000-0003-4955-746X
https://scholar.google.co.id/citations?user=YYK5OBgAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57193711315
https://www.webofscience.com/wos/author/record/AAD-1664-2021
https://orcid.org/0000-0003-0047-8971
https://scholar.google.com/citations?user=07Ylv5QAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57190940112

