
© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603020 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a146 
 

Empowering Thermal Management with 

Application of Novel Nanofluids 

Awdhesh Kumar Poddar 

Assistant Professor 

Department of Mechanical Engineering 

Dr. Akhilesh Das Gupta Institute of Technology, New Delhi-110053 

_______________________________________________________________________________________________________ 

 

Abstract: In this cutting-edge technological era, the efficient performance of all components plays a critical role in their 

sustainability and existence. Nanofluids play a vital role in augmenting the heat transfer performance of existing systems and also 

open new avenues for research and applications.  Effective thermal management has become increasingly significant in modern 

engineering applications, ranging from power generation and automotive systems to electronics cooling and advanced 

manufacturing. Traditional heat transfer fluids such as water, oil, and ethylene glycol have limited thermal conductivity, which 

restricts their ability to meet growing thermal performance demands. In this regard, novel nanofluids prepared by dispersing 

nanoscale particles into conventional base fluids offer a promising solution for improving heat transfer efficiency. The present 

study highlights the potential of nanofluids in thermal management systems through improved thermal conductivity, improved 

convective heat transfer, and superior heat dissipation characteristics. The enhancement mechanisms, including Brownian motion 

of nanoparticles, increased surface area, and improved interfacial interactions, contribute significantly to overall system 

performance. Applications in heat exchangers, solar collectors, automotive cooling systems, and precision machining processes 

demonstrate measurable improvements in temperature control, energy efficiency, and operational stability. Despite these 

advantages, challenges such as nanoparticle stability, increased viscosity, and cost considerations must be carefully addressed to 

ensure practical implementation. Overall, the integration of novel nanofluids represents a progressive step toward energy-efficient 

and sustainable thermal management technologies. 
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1. INTRODUCTION 

          The concept of nanofluids for heat transfer augmentation emerged in the late 1990s. Since then, their application has 

expanded significantly across various fields, including heat transfer enhancement, medical science, and applied physics. This 

transformative innovation represents a revolutionary breakthrough and has been widely adopted in related disciplines. Such 

multidisciplinary approaches have opened new technological frontiers and promising avenues for advanced research. 

A fluid containing uniformly dispersed nanoparticles (typically metals, metal oxides, carbides, or carbon-based nanomaterials) is 

known as a nanofluid. The mixing of nanoparticles at very nominal volume fractions significantly alters the thermophysical 

properties of the base fluid, such as thermal conductivity, viscosity, specific heat, and convective heat transfer coefficient. 

Because nanofluids can be engineered to either enhance or regulate heat transfer depending on operational requirements, they are 

often described as “smart fluids.” By carefully selecting particle type, size, concentration, and surface treatment, the thermal 

performance of the fluid can be tailored for specific applications. A schematic of thermophysical properties and the application of 

nanofluid is shown in Fig. 1. Nanofluids incorporating copper nanoparticles exhibit markedly enhanced thermal conductivity and 

convective heat transfer coefficients compared to conventional base fluids. The improved thermo-physical properties of these 

nanofluids contribute to superior heat transfer performance under similar operating conditions. Furthermore, (Choi & Eastman, 

1995) reported that the enhanced thermal characteristics can lead to a significant reduction in the required pumping power in heat 

exchanger systems due to improved energy transport efficiency. Conventional macroscopic theories of suspensions have been 

surpassed by advanced nanofluid technology, which enables ultra-high heat transfer enhancement. The diversified application of 

nanofluids is highly significant and opens promising future research directions. A new multidisciplinary research framework has 

also been proposed by (Choi, 2008), highlighting potential applications in transportation, medical science, space technology, 

nuclear power, microelectronics, and the defence sector.  
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Figure 1. Significant thermophysical properties and application of nanofluid 

 

          The wide spectrum of its future applications has been comprehensively discussed by (Wong & De Leon, 2010), (Yu & Xie, 

2012), (Bahiraei, 2014),(Ali et al., 2018 and Wong & De Leon, 2018). 

Furthermore, nanoparticles are increasingly incorporated into manufacturing processes to improve energy efficiency, particularly 

in machining operations. The applications of nanofluids in industrial machining processes such as grinding, turning, milling, and 

drilling, have been extensively reported by (Kadirgama, 2021). The use of nanofluids in machining has demonstrated significant 

reductions in cutting forces, improved thermal management, and optimized heat generation during operations. Various 

preparation techniques for nanofluids, along with their distinctive morphology, optical characteristics, stability, toxicity aspects, 

and improved thermophysical properties, have been comprehensively examined by (Kumar et al., 2022) and(Mebarek-Oudina & 

Chabani, 2022). 

In addition, the development and potential of green nanofluids from economic and environmental perspectives have also been 

discussed, highlighting their significance for sustainable and cost-effective thermal applications. 

The combined application of phase change materials (PCM) and nanofluids in solar thermal energy storage systems has been 

comprehensively discussed by (Pereira et al., 2023). The study reported that the integration of nanoparticles can enhance the 

thermal conductivity of the base fluid by up to 100%, significantly improving heat storage and retrieval performance. 

Furthermore, the use of nanofluids for cooling electronic components has emerged as a highly promising research area. The 

integration of highly thermally conductive nanoparticles, including hybrid nanomaterials, substantially enhances heat transfer in 

electronic devices, thereby improving thermal regulation and operational reliability, as highlighted by (Thesiya et al., 2023). 

(Singh & Sood, 2024) highlighted both the one-step and two-step methods for the preparation of nanofluids, outlining their 

respective advantages and limitations. The study also provided a detailed discussion on their thermophysical properties and 

concluded that hybrid nanofluids show significantly superior performance compared to conventional single-component 

nanofluids. An extensive body of experimental and numerical investigations has been summarized by (Peer et al., 2025), (Kalsi et 

al., 2025) highlighting the performance of thermal energy storage systems integrated with nanofluids and evaluating their key 

efficiency parameters. Furthermore, (Said et al., 2025) investigated the application of turbulators as a technique to enhance heat 

transfer performance. The study reported that the incorporation of such advanced enhancement strategies can effectively 

overcome existing limitations and open new avenues for future research. 

Although substantial progress has been made in the expansion and characterization of nanofluids, substantial scope for further 

improvement still remains. Continued research in this emerging domain is essential to address technical challenges and to realize 

environmentally sustainable and economically viable thermal management solutions. 

Novel Nanofluids Application and Preparation Techniques 

Hybrid nanofluids comprise two or more dissimilar types of nanoparticles, such as Al₂O₃ and Cu, dispersed within a base fluid to 

enhance thermal performance. Ternary nanofluids consist of three distinct nanoparticles suspended in a base fluid, offering 

improved and synergistic heat transfer characteristics. Carbon-based nanofluids incorporate carbon nanomaterials such as 

graphene and carbon nanotubes (CNTs), known for their exceptional thermal conductivity. Magnetic nanofluids, also known as 

ferrofluids, contain magnetic nanoparticles and can be controlled or manipulated using external magnetic fields. Bio-based 

nanofluids utilize environmentally friendly base fluids, making them suitable for justifiable and eco-conscious thermal 

applications. Novel nanofluids, developed by dispersing advanced nanoparticles into conventional base fluids, exhibit enhanced 

thermal conductivity and superior heat transfer performance. They are widely used in thermal management systems such as heat 

exchangers, solar collectors, automotive radiators, and electronic cooling devices. 

In manufacturing, nanofluids serve as efficient cutting fluids in machining operations, reducing friction, tool wear, and heat 

generation. Emerging applications also include nuclear cooling, biomedical systems, refrigeration, and aerospace technologies. 

Overall, novel nanofluids offer energy-efficient and sustainable solutions for advanced engineering applications. The novel 

composition of nanoparticle and its major application are tabulated in Table 1. 
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Table 1. Novel nanofluids and their application 

Nanofluids Types 
Nanoparticle 

Composition 
Base Fluid Application Technique 

Major 

Application Area 

Hybrid  Al₂O₃ + Cu Water 
Forced convection in heat 

exchangers 
Thermal systems 

Ternary  Al₂O₃ +CuO + TiO₂ Ethylene glycol Microchannel cooling 
Electronics 

cooling 

Graphene-based  Graphene  Water Turbulent flow enhancement Solar collectors 

CNT-based 
Carbon Nanotubes 

(CNT) 
Water/EG Boundary layer disruption 

Automotive 

radiators 

Ferrofluid Fe₃O₄  Water/Oil 
Magnetic field-assisted heat 

transfer 

Biomedical & 

cooling systems 

Silver  Ag  Water Spray cooling 
High-heat flux 

devices 

Silica  SiO₂  Water Pool boiling enhancement Nuclear cooling 

Phase Change  (Nano-

PCM) 
Al₂O₃ + PCM 

Paraffin-based 

fluid 
Latent heat storage 

Thermal energy 

storage 

Bio-based  ZnO  Vegetable oil Natural convection systems 
Green thermal 

systems 

MXene-based  Ti₃C₂Tx Water Micro-fin heat sinks 
Advanced 

electronics 

Diamond  
Nano-diamond 

particles 
Water High-pressure cooling loops Aerospace systems 

Nanolubricant MoS₂  Compressor oil Tribological heat reduction HVAC systems 

Nanofluids Preparation Techniques 

Nanofluids are commonly prepared using two principal techniques: the one-step (single-step) method and the two-step (double-

step) method shown in Fig. 2, each having distinct preparation procedures, advantages, and limitations. 

In the single-step method, the mixture of nanoparticles and their dispersion into the base fluid occur concurrently. This approach 

minimizes particle agglomeration because nanoparticles are produced directly within the fluid medium, reducing the chances of 

oxidation and contamination. Techniques such as chemical vapor condensation, physical vapor deposition, laser ablation, and 

submerged arc synthesis are commonly employed. The primary advantage of the one-step method is improved stability due to 

uniform dispersion and reduced clustering of particles. However, it is generally more complex, costly, and limited in large-scale 

production, making it less suitable for industrial applications. 

  

Figure 2. Nanofluid preparation techniques (a) Single step method (b) double step method 

In contrast, the two-step method is a widely used and commercially feasible technique. In this approach, nanoparticles are initially 

synthesized separately using chemical, physical, or mechanical processes such as sol-gel methods, precipitation, ball milling, or 

hydrothermal synthesis. In the second step, these prepared nanoparticles are dispersed into the base fluid (such as water, ethylene 

glycol, oil, or refrigerants) using mechanical stirring, ultrasonication, surfactants, or pH control to enhance stability. Although this 

method is more economical and suitable for mass production, it faces challenges related to particle agglomeration, sedimentation, 

and long-term stability. 

Overall, while the one-step method offers better dispersion and stability at laboratory scale, the two-step method remains more 

practical for industrial and large-scale applications. The selection of the preparation technique significantly influences the 

morphology, stability, thermophysical properties, and overall performance of the resulting nanofluid. 

http://www.jetir.org/


© 2026 JETIR March 2026, Volume 13, Issue 3                                                         www.jetir.org (ISSN-2349-5162) 

 

JETIR2603020 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a149 
 

CONCLUSION 

Advanced nanofluids have developed as a promising solution for better heat transfer performance in modern thermal systems. By 

incorporating engineered nanoparticles into conventional base fluids, substantial improvements in thermal conductivity and 

convective heat transfer characteristics can be achieved. Hybrid, ternary, carbon-based, magnetic, and bio-based nanofluids 

further extend the potential of this technology by offering improved stability, controllable properties, and environmentally 

sustainable alternatives. 

Despite challenges related to sustainability, stability, economically, and large-scale implementation, continuous research and 

multidisciplinary advancements are paving the way for practical and industrial applications. Overall, advanced nanofluids 

represent a transformative development in thermal engineering and open new avenues for innovative research and high-efficiency 

energy systems. 
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