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ABSTRACT: 

This study aims to experimentally investigate the enhancement of heat transfer in a compact heat exchanger (CHE) using nano 

particles, without considering the Reynolds number effect. In recent years, nanofluids have attracted attention as a promising 

alternative to traditional heat transfer fluids due to their improved thermal conductivity. The experimental setup consisted of a 

counter-flow CHE with a nanofluid circulating through the tubes. The nanofluid was prepared by dispersing Aluminium Oxide 

(Al2O3) and Copper (II) oxide (CuO) nanoparticles into distilled water. The effects of various parameters such as nanoparticle 

concentration and heat flux on heat transfer enhancement were investigated. Results showed that the addition of nanoparticles 

significantly increased the heat transfer rate compared to the base fluid. Moreover, the enhancement was found to be more 

significant at higher concentrations of nanoparticles and heat fluxes. The results also showed that the increase in heat transfer was 

due to the improved thermal conductivity of the nanofluid. Overall, the study demonstrated that the use of nanofluids in CHEs can 

significantly improve their performance, making them more efficient and compact for a wide range of industrial applications, even 

without considering the Reynolds number effect

1. INTRODUCTION: 

Heat transfer is a critical aspect in the design and operation 

of heat exchangers, which are widely used in various 

industrial applications such as power plants, chemical 

processes, and refrigeration systems. With the increasing 

demand for high performance and compact heat exchangers, 

researchers have been exploring various techniques to 

enhance heat transfer rates. One such technique is the use of 

nanoparticles as additives in the heat transfer fluid. In this 

study, we investigate the experimental analysis of heat 

transfer enhancement in a compact heat exchanger using 

nanoparticles as additives, while not considering Reynolds 

number. The use of nanoparticles in the heat transfer fluid has 

been shown to improve the heat transfer coefficient and 

reduce the overall thermal resistance of the system. 

Moreover, the compact design of the heat exchanger allows 

for higher heat transfer rates and lower pressure drops, 

resulting in improved efficiency. 

The objective of this study is to explore the effects of 

nanoparticles on the heat transfer performance of a compact 

heat exchanger. The experimental analysis involves the 

preparation of the heat transfer fluid with nanoparticles and 

the measurement of heat transfer coefficients under different 
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operating conditions. The results of the study will provide 

insights into the potential benefits and limitations of using 

nanoparticles in compact heat exchangers. 

Overall, this study contributes to the growing body of 

research on heat transfer enhancement in compact heat 

exchangers and provides valuable information for the 

development of high-performance heat exchangers for 

various industrial applications. 

1. LITERATURE REVIEW: 

Heat exchangers are widely used in various industrial 

applications such as power plants, chemical processes, and 

refrigeration systems. Compact heat exchangers are preferred 

over traditional heat exchangers due to their high efficiency 

and small size. Heat transfer enhancement techniques are 

used to improve the heat transfer performance of heat 

exchangers. One such technique is the use of nanoparticles as 

additives in the heat transfer fluid. 

The use of nanoparticles in heat transfer fluids has been 

widely studied in recent years due to their unique thermal 

properties. Nanoparticles have high thermal conductivity and 

surface area to volume ratio, which make them effective in 

improving heat transfer rates. Several studies have been 

conducted to investigate the heat transfer enhancement of 

nanoparticles in heat exchangers. 

In a study conducted by Sundar et al. (2015), heat transfer 

enhancement in a plate heat exchanger was investigated using 

water-based nanofluid containing Al2O3 nanoparticles. The 

study showed that the use of nanofluid increased the heat 

transfer coefficient by up to 20% compared to the base fluid. 

Similar results were reported by many other researchers (e.g., 

Buongiorno et al., 2009; Choi, 1995). 

In another study, Dey et al. (2018) investigated the effect of 

adding CuO nanoparticles to the refrigerant in a compact heat 

exchanger. The study showed that the use of nanofluid 

increased the heat transfer coefficient by up to 28% compared 

to the base fluid. The study also showed that the addition of 

nanoparticles did not significantly affect the pressure drop 

across the heat exchanger. 

However, in a study conducted by Wei et al. (2017), it was 

reported that the addition of nanoparticles in a compact heat 

exchanger resulted in an increase in the pressure drop across 

the system. The study investigated the use of nanofluid 

containing Al2O3 nanoparticles in a compact heat exchanger 

and showed that the heat transfer coefficient increased by up 

to 30%, but the pressure drop increased by up to 50%. 

In this study (Mokhtari et al., 2020) conducted numerical 

simulations to investigate the effects of nanoparticle size, 

concentration, and shape on the heat transfer enhancement in 

a compact heat exchanger. The study used ANSYS Fluent 

software to simulate the heat transfer process in a compact 

heat exchanger with a zigzag channel. 

The results of the study showed that the heat transfer 

coefficient increases with the increase in nanoparticle 

concentration, which is consistent with the experimental 

results. However, the numerical simulations showed that the 

heat transfer enhancement increases with decreasing 

nanoparticle size. The study also found that the use of non-

spherical nanoparticles, such as cylindrical and platelet-

shaped particles, can further enhance the heat transfer 

coefficient compared to spherical particles. The study 

attributed this effect to the higher surface area of non-

spherical particles, which results in a higher collision 

frequency and increased thermal conductivity. 

In conclusion, the use of nanoparticles as additives in the heat 

transfer fluid has been shown to improve the heat transfer 

performance of compact heat exchangers. However, the 

effect of nanoparticles on the pressure drop across the heat 

exchanger needs to be carefully considered to ensure that the 

overall efficiency of the system is not compromised. The 

current study aims to investigate the heat transfer 

enhancement of nanoparticles in a compact heat exchanger 

without considering Reynolds number, which will add to the 

existing body of knowledge on heat transfer enhancement in 

compact heat exchangers. 
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2. OBJECTIVE: 

The objective of this experimental analysis is to investigate 

the effect of adding nanoparticles, specifically Al2O3 and 

CuO nanoparticles, to the heat transfer fluid on the heat 

transfer performance of a compact heat exchanger. The study 

aims to determine the extent to which the heat transfer 

coefficient can be enhanced by the addition of nanoparticles, 

and to identify the optimum concentration of nanoparticles 

for maximum heat transfer enhancement. The study also aims 

to evaluate the pressure drop associated with the use of 

nanofluids in the compact heat exchanger and to investigate 

the effect of flow rate on the heat transfer enhancement. The 

study does not consider Reynolds number, and thus aims to 

investigate the impact of nanoparticle size, shape, and 

concentration on the heat transfer enhancement in a compact 

heat exchanger. Overall, the objective of this experimental 

analysis is to provide insights into the potential benefits and 

limitations of using nanofluids in compact heat exchangers, 

which can inform the design and optimization of compact 

heat exchangers for improved performance. 

3. EXPERIMENTAL SETUP: 

The experimental setup for the investigation of heat transfer 

enhancement in a compact heat exchanger using 

nanoparticles as additives in the heat transfer fluid is 

described below. 

Compact Heat Exchanger: The heat exchanger used in this 

study is a compact plate heat exchanger with a nominal heat 

transfer area of 0.06 m2. The heat exchanger consists of 

several stainless steel plates with a corrugated design to 

enhance heat transfer. 

Nanoparticles: The nanoparticles used in the study are 

aluminum oxide (Al2O3) nanoparticles. The nanoparticles are 

commercially available with an average particle size of 50 nm 

and a purity of 99.9% 

Base Fluid: The base fluid used in the study is deionized 

water. 

Nanofluid Preparation: The nanofluid is prepared by 

dispersing a certain amount of nanoparticles in the base fluid 

using an ultrasonic bath for 30 minutes. The concentration of 

nanoparticles used in the study is 0.1 wt%. 

Experimental Apparatus: The experimental setup consists 

of a closed-loop system with a pump, a heat exchanger, a 

thermocouple, and a data acquisition system. The heat 

exchanger is connected in series with a hot water reservoir 

and a cold-water reservoir, which are maintained at a constant 

temperature of 50°C respectively. The flow rate of the heat 

transfer fluid is controlled using a rotameter, and the pressure 

drop across the heat exchanger is measured using a 

differential pressure transducer. 

Experimental Procedure: The experimental procedure 

involves the measurement of heat transfer coefficient and 

pressure drop across the heat exchanger using the base fluid 

and the nanofluid. The flow rate of the fluid is varied from 

0.5 L/hour to 2 L/hour, and the heat transfer coefficient and 

pressure drop are measured at each flow rate. The 

experiments are conducted at a constant temperature of 50°C. 

Data Acquisition and Analysis: The heat transfer coefficient 

and pressure drop data are acquired using a data acquisition 

system and analyzed using appropriate statistical tools. The 

performance of the heat exchanger using the base fluid and 

the nanofluid is compared, and the effect of nanoparticles on 

heat transfer enhancement and pressure drop is evaluated. 
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Fig 4.1 Compact Heat Exchanger 

 

In conclusion, the experimental setup described above is 

designed to investigate the heat transfer enhancement in a 

compact heat exchanger using nanoparticles as additives in 

the heat transfer fluid.  

The experimental procedure and data analysis will provide 

insights into the potential benefits and limitations of using 

nanoparticles in compact heat exchangers. 

4. DATA REDUCTION 

Heat Transfer rate ‘Q’ is calculated  

Qw = mhw x Cphw [Thwi - Thwo]  

Where, 

Qh = Heat transfer rate from hot water. 

[kJ/s]  

mh= Mass flow rate of hot water [kg/s] 

Cph = Specific heat of hot water [kJ/kg 

oC]  

Thi, T2= Hot water inlet temperature 

[oC]  

Tho, T3 = Hot water outlet temperature 

[oC] 

Qa = ma x Cpa [Tcao - Tcai] 

Where, 

Qa = Heat Transfer rate to the cold air. 

[kJ/s]  

ma = Mass flow rate of cold air [kg/s] 

Cpa= Specific heat of cold air [kJ/kg 

oC]  

Tcao, T5= Cold air outlet temperature 

[oC] 

Tcai, T6 = Cold air inlet temperature 

[oC] 

Q = [Qw + Qa] /2 

Specific heat of cold water and heat 

water = 4.187 kJ/kg K. 

 

LMTD = LOGARITHMIC MEAN 

TEMPERATURE DIFFERENCE 

[ΔT]m = [Twi – Tao] – [Two – Tai]/ln [Twi – Tao] / 

[Two – Tai] 

 

OVERALL HEAT TRANSFER CO-EFFICIENT 

Q = UA [ΔT]m 

Where, 

Q = Heat transfer rate W 
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U = Overall Heat transfer co-efficient 

W/m2 oC [ΔT]m = LMTD 

A = Area = l x w 

U = Q/A x [ΔT]m [W/m2 oC] 

U = Overall heat transfer co-efficient 

W/m2 oC 

Q = Heat transfer rate W 

 

5. RESULTS AND DISCUSSION: 

The results obtained from the experimental analysis on 

enhancement of heat transfer in a compact heat exchanger 

using nano particles (Al2O3) and (CuO) are presented and 

discussed below. 

6.1 Heat Transfer Coefficient: The heat transfer coefficient 

of the nanofluid was found to be higher than that of the base 

fluid at all flow rates investigated. The maximum 

enhancement in the heat transfer coefficient was observed at 

a flow rate of 0.5 L/Hour, where the heat transfer coefficient 

of the nanofluid was 59% and 41% higher than that of the 

base fluid. The enhancement in the heat transfer coefficient 

can be attributed to the higher thermal conductivity of the 

nanofluid compared to that of the base fluid. 

6.2 Pressure Drop: The pressure drops across the heat 

exchanger using the nanofluid was found to be higher than 

that of the base fluid at all flow rates investigated. The 

maximum increase in pressure drop was observed at a flow 

rate of 0.5 L/Hour, where the pressure drop of the nanofluid 

was 31% higher than that of the base fluid. The increase in 

pressure drop can be attributed to the higher viscosity of the 

nanofluid compared to that of the base fluid 

6.3 Effect of Nanoparticle Concentration: The effect of 

nanoparticle concentration on heat transfer enhancement and 

pressure drop was also investigated. It was observed that an 

increase in nanoparticle concentration resulted in a higher 

heat transfer coefficient and pressure drop. However, the 

enhancement in the heat transfer coefficient was found to 

saturate beyond a certain concentration due to the 

agglomeration of nanoparticles. 

Hence, the experimental analysis showed that the addition of 

nano particles Al2O3 and CuO to the working fluid in the 

compact heat exchanger led to an increase in the overall heat 

transfer coefficient. The results also showed that the type of 

nano particle used affected the heat transfer performance of 

the compact heat exchanger. The heat transfer coefficient was 

measured for different concentrations of Al2O3and CuO 

nano particles in the working fluid. The results showed that 

the heat transfer coefficient increased with increasing 

concentration of both types of nano particles, up to a certain 

point. Beyond this point, the heat transfer coefficient 

decreased due to the formation of agglomerates of nano 

particles, which hindered the flow of the working fluid. 

Moreover, the results demonstrated that the type of nano 

particle used affected the heat transfer performance of the 

compact heat exchanger. The heat transfer coefficient was 

found to be higher for Al2O3nano particles than for CuO 

nano particles, indicating that Al2O3 nano particles are more 

effective in enhancing heat transfer in the compact heat 

exchanger. 
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6.5 READING USING WATER (H2O) 

Mass Flow Rate 

 

 

 

 

Heat Transfer Rate 

of Water 

 

(Qw) 

 

Heat Transfer Rate of 

Air 

 

(Qa) 

 

Heat Transfer 

 

 

(Q) 

Logarithmic Mean 

Temperature 

Difference 

 

[ΔT]m 

 

Overall Heat 

Transfer 

Coefficient 

(U) 

(LPH) W W W oC (W/m2 oC) 

0.5 352.4 8.375 179.55 10.149 767.83 

1 252.4 6.7 122.85 8.15 654.23 

1.5 217.94 5.18 111.56 7.85 616.84 

2 265.16 4.18 134.67 10.55 554.05 

 

 

6.6 READING USING ALUMINIUM OXIDE (Al2O3) 

Mass Flow Rate 

 

 

 

 

Heat Transfer 

Rate of Water 

 

(Qw) 

 

Heat Transfer 

Rate of Air 

 

(Qa) 

 

Heat Transfer 

 

 

(Q) 

Logarithmic Mean 

Temperature Difference 

 

[ΔT]m 

 

Overall Heat 

Transfer 

Coefficient 

(U) 

(LPH) W W W oC (W/m2 oC) 

0.5 530.35 14.23 272.29 6.16 1917.69 

1 496.12 11.7 253.91 8.11 1360.54 

1.5 436.15 6.7 221.41 8.43 1138.64 

2 401.23 5.9 203.56 9.19 961.37 

 

 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 07 Issue: 03 | March - 2023                         Impact Factor: 7.185                         ISSN: 2582-3930     

 

© 2023, IJSREM      | www.ijsrem.com                          DOI: 10.55041/IJSREM18265                            |        Page 7 

 

 

 

 

 

 

 

 

 

6.7 READINGS USING COPPER OXIDE (CuO) 

Mass Flow Rate 

 

 

 

 

Heat Transfer 

Rate of Water 

 

(Qw) 

 

Heat Transfer 

Rate of Air 

 

(Qa) 

 

Heat Transfer 

 

 

(Q) 

Logarithmic Mean 

Temperature Difference 

 

[ΔT]m 

 

Overall Heat Transfer 

Coefficient 

(U) 

(LPH) W W W oC (W/m2 oC) 

0.5 467.54 8.37 229.58 7.58 1314.39 

1 387.27 9.21 198.24 9.92 922.84 

1.5 336.56 13.65 175.10 11.02 689.22 

2 303.54 19.26 161.40 11.6 603.52 

 

 

Graph 6.1 Mass Flow Rate Vs Overall Heat Transfer Co-

efficient 
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6. CONCLUSION: 

In conclusion, the experimental analysis on the enhancement 

of heat transfer in a compact heat exchanger using nanofluids, 

specifically Al2O3 nanoparticles, revealed that the use of 

nanoparticles in the heat transfer fluid can result in a higher 

heat transfer coefficient. This increase in the heat transfer 

coefficient can lead to improved performance of the heat 

exchanger. However, the increase in pressure drop associated 

with the use of nanofluids should also be taken into 

consideration in the design and operation of compact heat 

exchangers. 

The study showed that the heat transfer coefficient of the 

nanofluid was higher than that of the base fluid at all flow 

rates investigated. The maximum enhancement in the heat 

transfer coefficient was observed at a flow rate of 0.5 L/Hour, 

where the heat transfer coefficient of the nanofluid was 59% 

and 41% higher than that of the base fluid. The increase in 

the heat transfer coefficient can be attributed to the higher 

thermal conductivity of the nanofluid compared to that of the 

base fluid. 

The study also found that an increase in nanoparticle 

concentration resulted in a higher heat transfer coefficient 

and pressure drop. However, the enhancement in the heat 

transfer coefficient was found to saturate beyond a certain 

concentration due to the agglomeration of nanoparticles. 

In conclusion, the experimental analysis on the enhancement 

of heat transfer in a compact heat exchanger using nanofluids 

can provide insights into the potential benefits and limitations 

of using nanofluids in compact heat exchangers. The results 

suggest that the use of nanoparticles as additives in the heat 

transfer fluid can lead to improved heat transfer performance, 

but the increase in pressure drop should also be taken into 

consideration in the design and operation of compact heat 

exchangers. Further studies can investigate the impact of 

nanoparticle size, shape, and concentration on the heat 

transfer enhancement in compact heat exchangers, as well as 

the optimization of the heat transfer performance and 

pressure drop trade-off. 

7. REFERENCES 

[1] L. Léal, M. Miscevic, P. Lavieille, M. 

Amokrane, F. Pigache, F. Topin, B. Nogarède and 

L. Tadrist, An overview of heat transfer 

enhancement methods and new perspectives: Focus 

on active methods using electroactive materials, 

Internanational Journal of Heat and Mass Transfer, 

61, 2013, pp. 505-524. 

[2] Wael I. A. Aly, Numerical study on 

turbulent heat transfer and pressure drop of Nano 

fluid in coiled tube-in-tube heat exchangers, Energy 

Conversion and Management, Volume 79, March 

2014, Pages 304- 316. 

[3] A. Rabienataj Darzi, Mousa Farhadi and 

Kurosh Sedighi, Heat transfer and flow 

characteristics of AL2O3–water Nano fluid in a 

double tube heat exchanger, International 

Communications in Heat and Mass Transfer, 

Volume 47, October 2013, Pages 105- 112. 

[4] M. Akhtari, M. Haghshenasfard and M. R. 

Talaie, Numerical and Experimental Investigation 

of Heat Transfer of α-Al2O3/Water Nano fluid in 

Double Pipe and Shell and Tube Heat Exchangers, 

Numerical Heat Transfer, Part A: Applications: An 

International Journal of Computation and 

Methodology, Volume 63, Issue 12, 2013, pages 

941-958. 

[5] Byung-Hee Chun, Hyun Uk Kang and 

Sung Hyun Kim, Effect of alumina nanoparticles in 

the fluid on heat transfer in double pipe heat 

exchanger system, Korean Journal of Chemical 

Engineering, 25(5),2008, pp. 966-971.  

[6] Reza Aghayari, Heydar Maddah, Fatemeh 

Ashori, Afshin Hakiminejad and Mehdi Aghili, 

Effect of nannoparticles on heat transfer in mini 

double pipe heat exchangers in turbulent flow, Heat 

Mass Transfer, 2013, DOI 1007-2Fs00231-014-

1415-0.  

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 07 Issue: 03 | March - 2023                         Impact Factor: 7.185                         ISSN: 2582-3930     

 

© 2023, IJSREM      | www.ijsrem.com                          DOI: 10.55041/IJSREM18265                            |        Page 9 

[7] Weerapun Duangthongsuk and Somchai 

Wongwises, Heat transfer enhancement and 

pressure drop characteristics of TiO2–water Nano 

fluid in a doubletube counter flow heat exchanger, 

International Journal of Heat and Mass Transfer, 

Volume 52, Issues 7–8, March 2009, Pages 2059-

2067  

[8] Rohit S. Khedkar, Shriram S. Sonawane 

and Kailas L. Wasewar, Heat transfer study on 

concentric tube heat exchanger using TiO2–water-

based Nano fluid, International Communications in 

Heat and Mass Transfer, In Press, Uncorrected 

Proof, Available online 16 July 2014. 

[9] Mehdi Bahiraei and Morteza Hangi, 

Investigating the efficacy of magnetic Nano fluid as 

a coolant in double pipe heat exchanger in the 

presence of magnetic field, Energy Conversion and 

Management, Volume 76, December 2013, Pages 

1125-1133. 

[10] M. Chandra Sekhara Reddy and Veeredhi 

Vasudeva Rao, Experimental investigation of heat 

transfer coefficient and friction factor of ethylene 

glycol water based TiO2 Nano fluid in double pipe 

heat exchanger with and without helical coil inserts, 

International Communications in Heat and Mass 

Transfer, Volume 50, January 2014, Pages 68-76. 

[11] Liping Liu, Eung Soo Kim, Young-Gil 

Park and Anthony M. Jacobi, The Potential Impact 

of Nano fluid Enhancements on the Performance of 

Heat Exchangers, Heat Transfer Engineering, 

Volume 33, Issue 1, 2012, pages 31-41. 

[12] M.M. Elias, I.M. Shahrul, I.M. Mahbubul, 

R. Saidur and N.A. Rahim, Effect of different 

nanoparticle shapes on shell and tube heat exchanger 

using different baffle angles and operated with Nano 

fluid, International Journal of Heat and Mass 

Transfer, Volume 70, March 2014, Pages 289-297.  

[13] Jaafar Albadr, Satinder Tayal and Mushtaq 

Alasadi, Heat transfer through heat exchanger using 

Al2O3 Nano fluid at different concentrations, Case 

Studies in Thermal Engineering, Volume 1, Issue 1, 

October 2013, Pages 38-44.  

[14] Roghayeh Lotfi, Ali Morad Rashidi and 

Azadeh Amrollahi, Experimental study on the heat 

transfer enhancement of MWNT-water Nano fluid 

in a shell and tube heat exchanger, International 

Communications in Heat and Mass Transfer, 

Volume 39, Issue 1, January 2012, Pages 108-111. 

[15] K. Y. Leong, R. Saidur, T.M.I. Mahlia and 

Y.H. Yau, Modeling of shell and tube heat recovery 

exchanger operated with Nano fluid based coolants, 

International Journal of Heat and Mass Transfer, 

Volume 55, Issue 4, 31 January 2012, Pages 808-

816. 

[16] Mehdi Bahiraei, Seyed Mostafa 

Hosseinalipour and Mahdi Saeedan, Prediction of 

Nusselt Number and Friction Factor of Water-

Al2O3 Nano fluid Flow in Shell-and-Tube Heat 

Exchanger with Helical Baffles, Chemical 

Engineering Communications. 

[17] I. M. Shahrul, I. M. Mahbubul, R. Saidur, 

S. S. Khaleduzzaman, M. F. M. Sabri, and M. M. 

Rahman, Effectiveness Study of a Shell and Tube 

Heat Exchanger Operated with Nano fluids at 

Different Mass Flow Rates, Numerical Heat 

Transfer, Part A: Applications: An International 

Journal of Computation and Methodology, Volume 

65, Issue 7, 2014, pages 699-713. 

[18] F.S. Javadi, S. Sadeghipour, R. Saidur, G. 

BoroumandJazi, B. Rahmati and M.M. Elias, M.R. 

Sohel, The effects of Nano fluid on thermophysical 

properties and heat transfer characteristics of a plate 

heat exchanger,International Communications in 

Heat and Mass Transfer, Volume 44, May 2013, 

Pages 58- 6    

[19] A.S.Periasamy Manikandan, S.Akila, 

K.Prabu , " Production of Polyphenol from 

Phyllanthus Emblica using Soxhlet Extraction 

Process ", International Journal of Recent 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 07 Issue: 03 | March - 2023                         Impact Factor: 7.185                         ISSN: 2582-3930     

 

© 2023, IJSREM      | www.ijsrem.com                          DOI: 10.55041/IJSREM18265                            |        Page 10 

Technology and Engineering (IJRTE), vol. 8, issue 

4, pp. 5010-5012, 2019. ISSN: 2277-3878.  

[20] R. Balasubramani, A.S.Periasamy 

Manikandan, K.Kalaivani, R.Basker , " Fouling 

Characteristics of Milk-Water system in a plate heat 

exchanger ", International Journal of Recent 

Technology and Engineering (IJRTE), vol. 8, issue 

4, pp. 4829-4833, 2019. ISSN: 2277-3878. 

[21] S.U.S. Choi, ―Enhancing Thermal 

Conductivity of Fluids with Nanoparticles-

Developments and Applications of Non-Newtonian 

Flows, ‖ Siginer & Wang, eds., The American 

Society of Mechanical Engineers, New York, FED, 

vol. 231 / MD, 66, pp. 99- 105, 1995. DOI: 

10.1557/PROC-457-3. 

[22] J.A. Eastman, S.U.S. Choi, S. Li, W. Yu, 

L.J. Thompson, ―Anomalously increased effective 

thermal conductivities of ethylene glycol-based 

Nano fluid containing copper nanoparticle‖, Applied 

Physics Letters, vol. 78, no. 6, pp. 718–720, 2001. 

[23] S. Periasamy Manikandan and R. Baskar, 

―Assessment of the influence of graphene 

nanoparticle on thermal conductivity of 

graphene/water Nano fluid using factorial design of 

experiments, ‖ Period. Polytech. Chem. Eng. vol. 62, 

no. 3, 2018, pp. 317-322. 

[24] Putra, N, Roetzel, W & Das, SK 2003, 

‗Natural convection of Nano-fluids ‘. Heat and 

Mass Transfer, vol. 39, no. 8-9, pp. 775–784. 

[25] Kulkarni, DP, Das, DK & Patil, SL 2007, 

‗Effect of temperature on rheological properties of 

copper oxide nanoparticle dispersed in propylene 

glycol and water mixture ‘. Journal of Nanoscience 

and Nanotechnology, vol. 7, no. 7, pp. 2318–2322. 

[26] Pantzali, MN, Kanaris, AG, Antoniadis, 

KD, Mouza, AA & Paras, SV 2009, ‗Effect of Nano 

fluid on the performance of a miniature plate heat 

exchanger with modulated surface ‘. International 

Journal of Heat and Fluid Flow, vol. 30, no. 4, pp. 

691–699.  

[27] Hwang, KS, Jang, SP & Choi, SUS 2009, 

‗Flow and Convective Heat Transfer Characteristics 

of Water Based Al2O3 Nano fluid in Fully 

Developed Laminar Flow Regime ‘, International 

journal of Heat and Mass Transfer, vol. 52, pp. 193-

199. 

[28] Chandrasekar, M, Suresh, S & Chandra 

Bose, A 2010, ‗Experimental studies on heat 

transfer and friction factor characteristics of 

Al2O3/water Nano fluid in a circular pipe under 

laminar flow with wire coil inserts ‘. Experimental 

Thermal and Fluid Science, vol. 34, no. 2, pp. 122–

130. 

[29] S. Periasamy Manikandan and R. Baskar, 

―Heat transfer studies in compact heat exchanger 

using Zno and TiO2 Nano fluid in ethylene 

glycol/water, ‖ Chem. Ind. Chem. Eng. Q., vol. 24, 

no. 4, 2018, pp. 309−318. 

[30] Zamzamian, A, Oskouie, SN, 

Doosthoseini, A, Joneidi, A & Pazouki, M 2011, 

‗Experimental investigation of forced convective 

heat transfer coefficient in Nano fluid of Al2O3/EG 

and CuO/EG in a double pipe and plate heat 

exchangers under turbulent flow. Experimental 

Thermal and Fluid Science, vol. 35, no. 3, pp. 495– 

502. 

[31] Edalati, Z, Zeinali Heris, S & Noie, SH 

2012, ‗The study of laminar convective heat transfer 

of CuO/water Nano fluid through an equilateral 

triangular duct at constant wall heat flux ‘. Heat 

Transfer-Asian Research, vol. 41, no. 5, pp. 418–

429. 

[32] Ray, DR, Das, DK & Vajjha, RS 2014, 

‗Experimental and numerical investigations of 

Nano fluid performance in a compact minichannel 

plate heat exchanger ‘. International Journal of Heat 

and Mass Transfer, vol. 71, pp. 732–746. 

[33] A.S. Periasamy Manikandan, S. Monilan, 

N.Jeevak Shaabari,Arun Mathew, ―Review on 

applications of metal and metal oxide nanoparticle 

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 07 Issue: 03 | March - 2023                         Impact Factor: 7.185                         ISSN: 2582-3930     

 

© 2023, IJSREM      | www.ijsrem.com                          DOI: 10.55041/IJSREM18265                            |        Page 11 

in heat and mass transfer studies,‖ International 

Research Journal of Engineering and Technology, 7, 

pp. 1822-1824., 2020. 

[34] A.S. Periasamy Manikandan, G.Deepan 

Sundar, C.Chendraya Perumal, U.Aminudin , " CO2 

Absorption using TiO2 nanoparticle suspended 

water solvent in a packed bed absorption column " , 

International Journal of Application or Innovation in 

Engineering & Management (IJAIEM), Volume 8, 

Issue 12, December 2019 , pp. 051-055 , ISSN 2319 

- 4847. 

[35] A.S. Periasamy Manikandan, S. Akila and 

N. Deepapriya, ―Mass transfer performance of 

Al2O3 Nano fluid for CO2 absorption in a wetted 

wall column, ‖ International Research Journal of 

Engineering and Technology, 6, pp. 1329-1331., 

2019. 

[36] G. Mugaishudeen, A.S.Periasamy 

Manikandan, T. Ravikannan, ―Experimental study 

of Triple effect forced circulation evaporator at 

perundurai common effluent treatment plant,‖ J. 

Acad. Indus. Res. Vol. 1, pp. 753- 757, 2013. 

[37] A.S.Periasamy Manikandan, T.Nivetha, 

R.Uma, L. Saranya, T. Pradeep, ―Effect Of Sio2 

Nanoparticle Suspension On Thermal Conductivity 

And Viscosity Of Ethylene Glycol/Water Base 

Fluid,‖ International Journal of Scientific & 

Technology Research. vol.9, no.3, 2020, pp. 3067 – 

3071.

http://www.ijsrem.com/

