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ABSTRACT 

The ever-growing demand for energy-efficient heating systems has led to extensive 

research on various types of heating systems, heat exchangers, and heating agents. Traditional 

studies have predominantly focused on improving performance parameters such as increment 

in efficiency, reduction of components, design adaptations for specific climatic conditions, and 

minimizing electricity consumption. However, a notable research gap exists in the exploration 

of materials that can enhance heat transfer rates and improve the Coefficient of Performance 

(COP) of heating systems. 

This project aims to address this gap by integrating a combination of nanofluids to 

boost the heat transfer rate in a hybrid solar and heat pump system. Unlike conventional 

systems that rely solely on electrical energy, our design conserves energy by partially utilizing 

solar energy. Furthermore, while most existing systems employ water as the working fluid, our 

innovative approach uses nanofluids, which significantly enhance the heat transfer capabilities. 

By incorporating nanoparticles in the refrigerant and utilizing Phase Change Materials (PCM) 

in water, our system achieves greater efficiency and flexibility. This study also focuses on 

designing a system suitable for the diverse and rapidly changing climatic conditions of India, 

thus providing a more adaptable and cost-effective solution. 
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In the pursuit of sustainable energy solutions, 

this proposal explores the enhancement of a 

groundbreaking hybrid system integrating solar and 

heat pump technologies. By incorporating 

nanoparticles into the system's heat transfer fluid, 

the goal is to amplify its performance and 

efficiency. This research aligns with the imperative 

for cleaner energy and advanced materials, aiming 
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renewable energy utilization. The subsequent 

sections outline the methodology, objectives, and 
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innovation and a greener future. 
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Chapter 1 

Introduction  
 

The ever-growing demand for energy-efficient heating systems has led to extensive 

research on various types of heating systems, heat exchangers, and heating agents. Traditional 

studies have predominantly focused on improving performance parameters such as increment in 

efficiency, reduction of components, design adaptations for specific climatic conditions, and 

minimizing electricity consumption. However, a notable research gap exists in the exploration of 

materials that can enhance heat transfer rates and improve the Coefficient of Performance (COP) 

of heating systems. 

This project aims to address this gap by integrating a combination of nanofluids to boost 

the heat transfer rate in a hybrid solar and heat pump system. Unlike conventional systems that 

rely solely on electrical energy, our design conserves energy by partially utilizing solar energy. 

Furthermore, while most existing systems employ water as the working fluid, our innovative 

approach uses nanofluids, which significantly enhance the heat transfer capabilities. By 

incorporating nanoparticles in the refrigerant and utilizing Phase Change Materials (PCM) in 

water, our system achieves greater efficiency and flexibility. This study also focuses on designing 

a system suitable for the diverse and rapidly changing climatic conditions of India, thus 

providing a more adaptable and cost-effective solution. 
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Chapter 2 

Literature Review 

 
1. M. Arun et.al (2022): 

This paper gives introduction of a 3% Al2O3 concentration led to a notable enhancement in the 

performance of the parabolic plate solar collector, achieving an efficiency of 32.3%. 

Furthermore, the thermal efficiency of the solar water heater exhibited a gradual increase 

corresponding to higher water mass flow rates. Notably, the highest mass flow rate tested, 2.5 

kg/min, yielded a remarkable 4.5% improvement in thermal efficiency compared to the 2.0 

kg/min flow rate. Comparing the obtained experimental outcomes with simulation results 

demonstrated a satisfactory agreement, with an overall deviation of only 3.1%. 

 

2. Kedri Janardhana et.al (2022):  

The present research paper investigated of the effect of outcomes of the investigation reveal that 

the utilization of a hybrid Nano fluid as the circulating fluid in the solar collector significantly 

enhances the performance of the FPSH (Flat Plate Solar Heater) compared to conventional water. 

Both the outlet water temperature and the overall system efficiency experienced notable 

improvements due to the incorporation of the hybrid Nano fluid. Notably, when employing the 

hybrid Nano fluid at a flow rate of 0.0167 kg/sec, the FPSH efficiency saw a remarkable 

enhancement of 43.3%. 

 

3. M. Mohanraj et.al (2021): 

This paper gives study delved into the empirical investigation of a heat pump water heater 

augmented by a regenerative solar still, incorporating latent heat storage. The research focused 

on both the system's performance and its economic viability. The heat liberated during the 

condensation process of water vapor within the solar still was effectively regenerated through the 

application of a heat pump. This heat pump facilitated the preheating of saline water prior to its 

introduction into the basin, ultimately generating heated water suitable for domestic purposes. 

 

4. Mr. Pravesh Kumar et.al (2023):      

The research underscores the potential for optimizing flat plate solar collectors by implementing 

distilled water as the heat transfer medium and incorporating a phase-changing material for 

thermal energy storage. The addition of Al and Cu oxide nanoparticles in concentrations ranging 

from 0.05% to 0.5% resulted in a remarkable 75% enhancement in the thermal conductivity of 

paraffin wax and distilled water. This advancement holds significance in the context of solar 

water heaters. A substantial 78% of researchers express keen interest in applying these findings 

to domestic water heating applications, particularly due to the substantial energy consumption 

associated with such systems in both urban and rural settings. 

 

5. Nitesh Singh Rajput et.al (2019): 

The main objective of this research work biggest proponents incorporating solar technology 

along with nano particles for their high thermal conductivity. This study concerns with the effect 
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of water based Al2O3 Nano fluid on the performance of solar water heater- Flat plate type. In the 

study, the dispersion quality of nanoparticles in fluid was enhanced using high quality surfactant 

sodium dodecyl sulfate (SDS). The experiments were conducted at Amity University Rajasthan, 

Jaipur, India (27.1721° N, 75.9542° E) which has an annual average solar irradiance 5.56 

kWh/m2/day. Different conditions like flow rate, pressure, climatic conditions, time, solar 

collector inclination angle, composition of Nano fluid etc. 

 

6. Li Peng et.al (2023): 

This review paper our application from an increment in the operating hours of solar heaters, 

usage of storage units can boost both energy and exergy efficiencies. Furthermore, the study 

denotes that the power saving rate is influenced by the abundance of solar energy resources. In 

addition, it could be denoted that the performance of the systems is improvable by employing 

some ideas, such as the application of nanotechnology in storage materials. Fossil fuel usage for 

heating applications must be reduced considering the issues related to the environment and the 

restriction of their resources. In this regard, attention is devoted to renewable energy sources to 

supply the energy requirements of different sector. 

 

7. Gokhan Yıldız et.al (2022): 

 The present research paper thermodynamic analysis concerning the effects of introducing 

nanoparticles into lubricants on the energetic, exergetic, and thermoeconomic aspects of a heat 

pump system. Through experimentation, an air-to-water heat pump was subject to separate 

charging with distinct metal oxide-based nanoparticles (namely Al2O3, CuO, and TiO2) added to 

oils, maintaining a consistent mass fraction of 0.5%. The lubricant chosen is Polyolester (POE), 

while 134a is employed as the refrigerant. The investigation encompasses variations in the mass 

flow rates of water flowing through the condenser, ranging from 10 to 25 g/s with increments of 

5 g/s. 

 

8. H. H. El Ghetany et.al (2021): 

This study research paper  is aimed at leveraging Nano-fluid particles, specifically Titanium 

dioxide (TiO2), to enhance the heat transfer characteristics of the Heat Transfer Fluid (HTF) 

within a solar heating system, thereby elevating its thermal efficiency. The utilization of TiO2 

Nano-fluid particles leads to a notable enhancement in the heat transfer properties of the HTF 

within the solar water distillation system, resulting in an increased rate of daily water production. 

The investigation demonstrates that the system's distilled water output experiences. 
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Chapter 3 

Construction & Working  

 

Working: 
The system operates by harnessing solar energy through flat plate collectors, which heats the 

nano-fluid. This heated fluid is then circulated through the heat pump, enhancing the overall 

heating process. The integration of nano-particles improves heat transfer efficiency, resulting in 

reduced energy consumption and faster heating times. This project represents a significant 

advancement in solar heating technology, particularly in adapting to the unique climatic 

challenges of India while promoting sustainable energy practices. 

The first water come from tank enters the solar water heater, it using sun ration water gets 

heated. Inside solar heater we used PCM to reduce temperature fluctuations. In rainy or winter 

seasons temperature of water is less compared to summer. If water temperature is low then water 

flows through heat pump their water temperature is increased. For operating heat pump, we used 

solar panel to supply electricity and excessive electricity is used in home. Also, there is provision 

that heat pump can be driven on single phase electric supply. In heat pump Nano-fluid increases 

heat transfer rate. By use of Nano-fluid we save electricity. To control flow of water solenoid 

valves and flow control valve are used. 

 

Completed Work: 
1. Solar Energy Utilization: 

• Generation of solar energy for solar water heating (SWH) and electricity production 

using photovoltaic cells. 

• Increased adoption of SWH due to its cost-effectiveness and high thermal efficiency. 

2. Nanoparticle Research: 

• Examination of the use of Cu and Al nanoparticles for their affordability and thermal 

conductivity. 

• Study of the impact of nanoparticles on the thermal conductivity of  nanolubricants. 

3. Heat Pump Efficiency Analysis: 

• Investigation into the usage of different nanoparticles in heat pumps. 
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• Analysis of thermal conductivity improvements in pure POE with nanolubricants, 

particularly POE + TiO2. 

Approved Objectives of the Project: 

1. Evaluate Solar Energy Applications: 

Analyze the usage and efficiency of solar energy in SWH and electricity production. 

2. Enhance Thermal Conductivity: 

Explore the potential of nanoparticles to improve the thermal conductivity of heat transfer fluids 

in heat pumps. 

3. Optimize Nanolubricants: 

Determine the optimal nanoparticle types and concentrations to maximize heat pump efficiency. 

 

Summary of the Progress: 

1. Increased Efficiency in SWH: 

Successful implementation of SWH systems with noted limitations in flat plate solar collectors 

and energy consumption. 

2. Thermal Conductivity Improvements: 

Significant enhancement in the thermal conductivity of POE lubricants with the addition of 

nanoparticles. 

3. Heat Pump Performance: 

Demonstrated improvements in COP (Coefficient of Performance) and exergy efficiency with 

nanolubricants. 

 

Work Done So Far : 

1. Solar Water Heating Analysis: 

Comprehensive study of SWH systems and their performance. 

2. Nanoparticle Integration: 

Integration of Cu and Al nanoparticles in heat transfer fluids and analysis of their thermal 

properties. 

3. Experimental Testing: 

Conducted experiments to measure the performance of nanolubricants in heat pumps. 
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Innovations : 

1. Nanolubricant Development: 

Development of POE + TiO2, POE + Al2O3, and POE + CuO nanolubricants with improved 

thermal properties. 

2. Efficiency Enhancement Techniques: 

Identification of optimal mass flow rates and nanoparticle concentrations for maximum 

efficiency. 

3. Exergy Efficiency Improvements: 

Reduction of exergy destructions and enhancement of exergy efficiency with nanolubricants. 

 

Completed Work (In Detail) : 

1. Solar Water Heating (SWH): 

Implemented SWH systems and analyzed their cost-effectiveness and thermal efficiency. 

2. Nanoparticle Analysis: 

• Studied the impact of Cu and Al nanoparticles on thermal conductivity. 

• Identified POE + TiO2 as the best-performing nanolubricant with a 4.5% increase in 

exergy efficiency. 

3. Heat Pump Performance Testing: 

• Conducted performance tests on various nanolubricants. 

• Found POE + TiO2 at 25 g/s to exhibit the maximum COP improvement of 8%. 

4. Thermophysical Characteristics: 

Analyzed the impact of nanoparticle grain size on the thermophysical properties of nanofluids. 

 

Future Recommendations : 

1. Advanced Research on Nanofluids: 

Focus on identifying the best type of nanoparticles for use with POE lubricants. 

2. Optimization of Concentration Rates: 
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Optimize the concentration rates of TiO2 nanoparticles for enhanced commercial viability. 

3. Exploration of Cutting-edge Technologies: 

Investigate high-performance piezoelectric nanogenerators for sustainable buildings and 

advanced energy conversion strategies. 

 

Methodology : 

1.Literature papers are studied from various sources like science Direct, Nature and research gate. 

2.After finding the problem statement accordingly the information is collected for the solution of 

the problem. 

3.Design and Development of the experimental set up for proposed research work. 

4.By the study of weather with relative temperature we selected proper method i.e. heat pump 

with Nano-fluid and finalized the design. 

5.Selection of the components for well-conditioned output at low cost with high efficiency, low    

electricity consumption. 

6.We will complete the experimentation on our research work and comparing the results for both 

theoretical and practical. 

7.The result discussion and conclusion will be made and we will try to commercialize it. 
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Chapter 4 

Observations & Result 

 

Calculation:
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Table 1: COP Improvement with Different Nanolubricants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Exergy Efficiency Improvement with Different Nanolubricants 

Nanolubricant 

Type 

Baseline Exergy 

Efficiency (%) 

Improved Exergy 

Efficiency (%) 

Exergy Efficiency 

Improvement (%) 

Pure POE 40 40 0 

POE + TiO2 40 44.5 11.25 

POE + Al2O3 40 43.8 9.5 

POE + CuO 40 41.8 4.5 

 

 

 

Nanolubricant Type Baseline COP Improved COP COP Improvement (%) 

Pure POE 3.5 3.5 0 

POE + TiO2 3.5 3.78 8 

POE + Al2O3 3.5 3.64 4 

POE + CuO 3.5 3.56 1.7 
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Table 3: Thermal Conductivity and Viscosity Changes 

Nanolubricant 

Type 

Baseline 

Thermal 

Conductivity 

(W/mK) 

Improved 

Thermal 

Conductivity 

(W/mK) 

Thermal 

Conductivity 

Improvement 

(%) 

Baseline 

Viscosity 

(Pa.s) 

Improved 

Viscosity 

(Pa.s) 

Viscosity 

Change (%) 

Pure POE 0.13 0.13 0 0.85 0.85 0 

POE + TiO2 0.13 0.14 7.69 0.85 0.9 5.88 

POE + Al2O3 0.13 0.138 6.15 0.85 0.88 3.53 

POE + CuO 0.13 0.135 3.85 0.85 0.87 2.35 

 

Table 4: Energy Savings with Different Nanolubricants 

Nanolubricant 

Type 

Baseline Energy 

Consumption (kWh) 

Improved Energy 

Consumption (kWh) 

Energy 

Savings (%) 

Pure POE 1000 1000 0 

POE + TiO2 1000 950 5 

POE + Al2O3 1000 960 4 

POE + CuO 1000 980 2 
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Conclusion: 

 
In conclusion, this study presents a novel hybrid system that leverages the synergistic 

effects of solar energy and nanofluid-enhanced heat pumps to achieve superior performance in 

heating applications. By using nanolubricants such as POE combined with TiO2, Al2O3, and 

CuO nanoparticles, the thermal conductivity and COP of the system are significantly improved. 

The use of nanoparticles not only enhances the heat transfer rate but also increases the exergy 

efficiency, making the system more energy-efficient and cost-effective. 

Our design demonstrates a substantial improvement in performance by incorporating solar panels 

to drive electrical devices, thereby reducing electricity costs and enhancing system flexibility. 

The application of nanofluids in place of conventional chemical refrigerants, coupled with the 

use of PCM in water, further contributes to the system's efficiency. The study's findings indicate 

that the hybrid system is well-suited for the Indian climatic conditions, characterized by 

alternating and sudden changes in climate. 

Future research should focus on optimizing the concentration rates of the most effective 

nanoparticles, specifically TiO2, to maximize the commercial viability of their use in heat pump 

systems. By addressing the identified research gaps and leveraging advanced materials and 

technologies, this project paves the way for more efficient, economical, and sustainable heating 

solutions. 
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Photographs: 
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