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Abstract— Experimental Investigation of characteristics of 

heat transfer using nanofluids which shows that when 

nanoparticles are mixed in a common fluid in particular 

volume concentration which gives them the ability of heat 

transfer. These investigations which being conducted 

various researchers world widely for industrial, commercial, 

and residential applications gives benefits may less energy 

costs also less environmental impact. Experimental studies 

have been done with various nanoparticles Al2O3, CuO, 

Fe2O3, TiO2 etc, with base fluids water, ethylene glycol, oil 

mixtures of ethylene glycol and water. 

Key words: Nanofluids, Convective Heat Transfer 

Enhancement, Passive Method, Insert 

I. INTRODUCTION 

The heat transfer fluids like water, mineral oil, ethylene 

glycol which play important role in industrial processes such 

as power generation, chemical processes, heating or cooling 

processes, microelectronics. The properties of   heat transfer 

of common fluids are poor compared to solids. Therefore 

many types of particle like metallic, non-metallic and 

polymeric add to fluids which form nanofluids. There is also 

a great need of new and innovative coolants which gives 

improve performance. Heat Exchanger involve several 

important design consideration which include thermal 

performance, pressure drops across the exchanger, fluid 

flow capacity, physical size and heat transfer requirement. 

Also using inserts which are highly effective to transfer heat 

in the pipe. 

II. DIFFERENT METHODS OF HEAT TRANSFER ENHANCEMENT 

A. Active Method 

The active method which involves external power input of 

heat transfer enhancements. The various examples of this 

method which has reciprocating plungers, magnetic field for 

disturbed seeded light of a flow stream etc. 

B. Passive Method 

The Passive method of heat transfer as stated that, it does 

not need external power. The presence of such particles 

induced drastic effect on the wall shear that increase 

appreciably with the particle loading. Among the two, 

Ethylene Glycol-Al2O3 has better heat transfer 

enhancement than that of water. They conclude that, in 

general the heat transfer enhancement also increases with 

the augmentation of the flow Reynolds number. The given 

methods to improve the heat transfer enhancement: 1] 

Inserts 2] Extended surface 3] Surface Area modifications. 

III. NANOFLUIDS 

A Nanofluid is a fluid which contains nanometer sized 

particles (0.1-100nm) called nanoparticles. The 

nanoparticles used which generally made from carbides, 

carbon nanotubes, metals, oxides etc. Nanofluids is a fluid 

having non sized solid particles, normally particle size less 

than 100 nm, disperse in the convectional based fluid water, 

mineral oil, ethylene glycol. Advancements in material 

technology have provided the opportunity to produce 

material particles at the nano (10-9) scale. Some of the 

common oxide nanoparticles being used in heat transfer 

research are Zinc Oxide (ZnO), Copper Oxide (CuO), 

Aluminum Oxide (Al2O3), and Titanium Oxide (TiO2) 

while some of the metal nanoparticles are Gold (Au), Silver 

(Ag), and Copper (Cu). 

A. Need of Nanofluids 

 Due to nanosize particles, pressure losses are 

minimum. 

 Greater thermal conductivity (k) of nano-particles 

which increases rate of heat transfer. 

 Successful implementation of nanofluid will make 

the heat exchanger lighter and smaller. 

 There are rapid changes in properties of base fluids, 

having nanoparticles mixed with base fluid. 

 Nanofluids are very suited for continuous heating and 

cooling devices. 

B. Applications 

Nanofluids can be used to cool automobile engines, welding 

equipments and power microwave tubes etc. Nanofluid can 

flow through the very miner gap of any devices to improve 

the heat transfer efficiency. The nanofluid can be used for 

transportation vehicles. Some of the manufacturing 

companies are focusing the research projects on nanofluids 

like by General Motors, Ford, etc. Some most common 

applications of nanofluids in various fields are:- 

 Engine cooling  

 Engine transmission oil  

 Boiler exhausts flue gas recovery  

 Cooling of electronic circuits etc. 

IV. LITERATURE SURVEY  

Sandesh S. Chougule, S. K. Sahu [1] In automobile radiator 

the heat transfer characteristics by using the two different 

nanofluids such as aluminium oxide and carbon nanotube 

are studied. The concentrations are taken as 0.15 vol. %, 

0.45 vol. %, 0.60 vol. % and 1 vol. %. These nanofluids 

were prepared by adding the nanoparticles in base fluid 

water by the functionalization acid treatment method. The 

flow rates used of range 2 to 5 lpm. The carbon 

nanotube/water nanofluids gave the better heat transfer 

characteristics than the use of aluminum oxide/water 

nanofluid. The experiment was carried out at an ambient 

temperature of 350C having relative humidity of 65 to 70%. 

Also the inlet temperature of 900C for all the runs. The 
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maximum heat transfer using CNT/water nanofluids is 

90.76% and aluminum oxide which is give 52.03% as 

compared to pure water. As the concentration increases the 

Nusselt number increases the performance of heat transfer is 

increased. 

Alberto Garcfa et al. [2] In their experimental 

enhancement of heat transfer for the laminar and transitional 

flow in tubes by using the wire coil inserts are studied. The 

experiment was carried on three wires with varying pitch 

which was fitted in a tube for the both transitional and 

laminar flow regimes. Also the pressure drop under constant 

heat flux conditions is studied. The inserts used wire coil is 

used in the setup. The test section was about 4m long made 

of stainless steel tube. The both inner and outer diameters of 

tube are 18 mm and 20 mm respectively. The wire coil 

inserts give the higher heat transfer coefficients at the 

Reynolds number above 1000. The friction factor in the 

laminar flow regimes increases up to the 5% to 40%. At the 

Reynolds number in the range of 200 to 1000 there is more 

change in heat transfer. Also at the Reynolds number 1000 

to 1300 the inserts change the laminar flow to turbulent 

flow. 

L.Syam Sundar et al. [3] they studied on heat 

transfer enhancement which used the hybrid nanofluids such 

as Carbon nanotube-Fe3O4/water in a tube and twisted tape 

insert for turbulent. The test was conducted under the 

uniform heat flux conditions. Also the sodium hydroxide 

was used as a reducing agent to prepare the CNT-Fe3O4 

nano composite. The hybrid nanofluids prepared by 

dissolving nanocomposite in distilled water. The 

concentration of 0.1% and 0.3% by volume was used. The 

setup consists of tube made of copper having 1.75 m length. 

The both inner and outer diameter of tube is 0.014 m and 

0.016 m respectively. This test section placed in straight 

square channel. Initially the test conducted with the water 

and then the nanofluids is used. The Reynolds numbers 

range from 3000 to 22000. The inserts such as twisted tape 

of thickness 1 mm and 13 mm width made of aluminum 

strip. The friction factor for the CNT- Fe3O4   is 1.11 and 

1.18 for both 3000 and 22000 Reynolds number for the 

0.3% volume concentration as compared with water. The 

nusselt number for the 0.3% concentration is more as 

compared to the 0.1% concentrations. The heat transfer 

performance for the hybrid nanofluids is superior as 

compared to single particles nanofluids like Aluminium 

oxides, copper oxides etc. The results show that the tube 

with twisted tape inserts, the nusselt number is increases. 

Bodius Salam et al. [4] they studied on 

enhancement of heat transfer using rectangular cut twisted 

tape insert in tube. On investigation of heat transfer 

coefficients, friction factor was carried out in a tube for the 

turbulent flow. The copper tube was having inner diameter 

26.6 mm and outer diameter is 30 mm, the tube total length 

is of 900 mm, the twisted tape insert having twist ratio of 

5.25. The thickness of twisted tape is 2 mm and width 20 

mm. The minimum flow rate used was 9.9 l/min. and the 

maximum up to the 18.8 l/min. The test was conducted 

under the uniform heat flux conditions. The Reynolds 

number range was 10000 to 19000. The results shows that 

for smooth tube the Nusselt number increases 54 to 120by 

increasing the Reynolds number 10002 to 18811 resp. for 

the tube with twisted tape insert the Nusselt number is 125 

for Re=10116 and increases up to Nusselt number is 309 for 

Re=19070. 

M.R. Sohel et al. [5] they studied enhancement of 

heat transfer of minichannel sink by using Al2O3/water 

nanofluid. This investigation was carried out for cooling 

applications using nanofluids instead using of pure water in 

the electronics devices. Different concentrations were taken 

for Al2O3/water nanofluid in the range of 0.10 to 0.25 vol %. 

Also the different flow rates used for the test were also in 

range of 0.50 to 1.24 l/min. The Reynolds number range for 

the experiment was 395 to 989. The minichannel which 

have of 0.8 mm height & width of 0.5 mm and made of 

copper. The significant enhancement has observed by using 

the nanofluid.  

Sibel Gunes et al. [6] they performed the 

experiment and investigated the heat transfer performance 

and pressure drop in tube by using the coiled wire insert. 

The experiment performed in a tube for the turbulent flow. 

The wire thickness is of 6 mm and also using different pitch 

ratios. The experiment performed under the constant heat 

flux. The Reynolds number used in this paper which is 

varied from 4105 to 26400. The results show that with 

coiled wire inserts in a tube leads increases in heat transfer 

and pressure drop compared with smooth tube. At low 

Reynolds number the overall efficiency is achieved much 

greater with pitch ratios P/D=1 and distance from the tube 

wall is 1 mm. The three different pitch ratios used in the 

setup is P/D=1 P/D=2 and P/D=3 and also the two different 

distance from the tube wall is 1 mm and 2 mm. The high 

pressure drop was occur with coiled wire inserts with P/D=1 

and 1 mm distance from the tube wall. Also the friction 

factor is observed during experiment which is high at 

P/D=1. 

Jaafar Albadr et al. [7] they performed the 

experiment by using Al2O3/water at various concentrations 

ranges are 0.3 to 2.0%. The heat exchanger was shell and 

tube type. The investigations on counter flow for the 

turbulent flow conditions are studied. The results which 

show that the coefficient of heat transfer increases with mass 

flow rate increase. Also shows that friction factor increasing 

by increase in viscosity of Al2O3 nanoparticles by increase 

in volume. The Coefficient of heat transfers the nanofluids 

higher than of base fluid. At 2% of volume concentrations 

the Al2O3/water nanofluid gives the high heat enhancement. 

R.Reji Kumar et al. [8] studied experimentally 

investigated on enhancement of heat transfer in a heat pipe 

by using Al2O3/water nanofluid. The heat transfer 

performance in a heat pipe greatly depends on filling ratio of 

a working fluid. Heat pipe is the two phase heat transfer 

which having high thermal conductivity. The experimental 

setup which has the copper tube of inner diameter 20.8 mm 

and outer diameter 22 mm. The nanofluid was prepared with 

0.1% by mass concentration. Thus the heat pipe is tested for 

various angles of inclination, fill ratio and different heat 

inputs. This mass concentration was mixed with de-ionized 

water in a ultrasonic bath for 6 hours. The temperature of 

inlet and outlet and also temperature at different places in a 

heat pipe are measured. 

Eiyad Abu-Nada [9] studied the Numerical 

investigations on nanofluids application of enhancement of 

heat transfer of separated flows in backward facing step. 

The various volume fractions of nanoparticles are used with 
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the base fluids and different types of nanoparticles would be 

used. The nanoparticles used Cu, Ag, Al2O3, CuO, and 

TiO2. It is seen that in outside of recirculation zones the 

high thermal conductivity of nanoparticles has more 

enhancement on the Nusselt number and in the recirculation 

zones low thermal conductivity of nanoparticles enhances 

high heat transfer. The Reynolds number used in this 

research is 200 to 600 and the concentration used for the 

nanoparticles is 0 to 0.2%. Also the Prandtl number is 6.2. It 

was shown that the high Nusselt number in the recirculation 

zone depends on the thermal properties of nanoparticles and 

independent of Reynolds number.  

V. Chandraprabu et al. [10] they did experiment on 

enhancement of heat transfer in a tube in tube condenser 

which is provided in air conditioning system by using 

Al2O3/water and CuO/water nanofluids. The different 

volume concentrations of nanofluids used in the experiment 

is 1%, 2%, 3% and 4%. The nanofluids was used as a 

cooling in the outer tube of condenser. The nanofluids used 

better heat transfer performance than the base fluid. In this 

experiment the CuO/water nanofluids shows the good heat 

transfer than the Al2O3/water. Also the nusselt number for 

the CuO/water nanofluid is higher than the CuO/water 

nanofluids. Also by increasing in the volume fraction which 

leads to increase in heat transfer performance. The results 

shows that heat transfer coefficient for Al2O3/water and 

CuO/water is 49.84% and 58%. 

Majid Roshani et al. [11] had performed 

experiment investigations on hydrodynamics and heat 

transfer characteristics of a pin fin heat sink by using the 

Al2O3/water and TiO2/water nanofluids. The miniature plate 

heat sink used in cooling for the electronics devices. The 

material used for the heat sink is aluminum and covered to 

insulator foam. The experiment performed under the 

uniform heat flux. Also the volume concentrations used for 

the nanofluids are 0.5, 1.0, 1.5 and 2.0% and the base fluid 

considered as water. The pressure difference between inlet 

and exit of the heat sink also measured. For the high volume 

concentrations such as 2.0% the increase in the pumping 

power. As compared to the nanofluids the Al2O3/water 

nanofluids shows better heat transfer than the TiO2/water. 

The Reynolds number used in this experiment is about 300 

to 1100. It was seen that the increase in heat transfer 

performances, reduces wall temperatures and improves the 

thermal characteristics. At the Reynolds number 100 with 

2% volume concentration the thermal resistance decreases 

by 17% and 14% for Al2O3/water and TiO2/water 

nanofluids respectively. 

M. R. Salem et al. [12] studied the experimental 

investigations of the shell and coil heat exchanger by using 

the Al2O3/water nanofluids on heat transfer and also 

pressure drop characteristics. The experiment setup consists 

of cooling and heating units, pumps, and shell and coil heat 

exchangers, measuring devices and connecting pipes. The 

volume concentrations used in the experiment are 0% to 2%. 

The flow rates used 1.7 to 18 l/m into the test section. In this 

experiment the friction factor, Nusselt number calculated. 

The results show that the average Nusselt number and 

friction factor of nanofluids higher than the pure water of 

same flow conditions and it was increased by increases in 

the volume concentrations. The five heat exchangers are 

used in the experiment setup with the different helically 

coiled tube and curvature ratios. It was seen that the total 

Nusselt number and friction factor increases with increase in 

curvature ratios. 

V. CONCLUSION 

1) The higher the volume fraction of nanoparticles greater 

the heat transfer enhancement. 

2) Also the used of high thermal conductivity of 

nanoparticles increases the rate of heat transfer. 

3) The used of inserts in tube of test section which 

increases the heat transfer and its performances. 

4) By increasing the Reynolds number the efficiency is 

also increases. 

5) Also the fine grade of nanoparticles which increased 

the surface area increases the rate of heat transfer. 

6) Reynolds number, fluid flow rate, and the volumetric 

or weight concentration of nanoparticles or additives to 

a base liquid along with its physical parameters were 

presented in this research. 

REFERENCES 

[1] Sandesh S. Chougule, S. K. Sahu, Comparative Study 

of Cooling Performance of Automobile Radiator Using 

Al2O3-Water and Carbon Nanotube-Water nanofluid, 

DOI:10.1115/1.4026971. 

[2] Alberto Garcfa, Juan P.Solano, Pedro G.Vicente, 

Antonio Viedma, Enhancement of laminar and 

transitional flow heat transfer in tubes by means of wire 

coil inserts, International Journal Of Heat and mass 

transfer 50(2007)3176-3189.0. 

[3] L. Syam Sundar, Antonio C. M. Sousa, Manoj Kumar 

Singh, Heat Transfer Enhancement of Low Volume 

Concentration of Carbon Nanotube-Fe3O4/Water 

Hybrid Nanofluids in a Tube With Twisted Tape Inserts 

Under Turbulent Flow, Journal of Thermal Science and 

Engineering Applications JUNE 2015, Vol. 7 / 021015-

1. 

[4] Bodius Salam, Sumana Biswas, Shuvra Saha, 

Muhammad Mostafa K Bhuiya, Heat transfer 

enhancement in a tube using rectangular-cut twisted 

tape insert, Procedia Engineering 56 (2013) 96 – 

103,5th BSME International Conference on Thermal 

Engineering, www.sciencedirect.com. 

[5] M.R.Sohel, S.S. Khaleduzzaman, R. Saidur, A. 

Hepbasli, M.F.M. Sabri, I.M. Mahbubul, An 

experimental investigation of heat transfer enhancement 

of a minichannel heat sink using Al2O3–H2O 

nanofluid, International Journal of Heat and Mass 

Transfer 74 (2014) 164–17,  

www.elsevier.com/locate/ijhmt. 

[6] Sibel Gunes, Veysel Ozceyhan, Orhan Buyukalaca, The 

experimental investigation of heat transfer and pressure 

drop in a tube with coiled wire inserts placed separately 

from the tube wall, Applied Thermal Engineering 30 

(2010) 1719e1725. 

[7] Jaafar Albadr,Satinder Tayal, Mushtaq Alasadi., Heat 

transfer through heat exchanger using Al2O3 nanofluid 

at different concentrations, Case Studies in Thermal 

Engineering 1 (2013) 38–44. 

[8] R. Reji Kumar, K. Sridhar, M. Narasimha, Heat 

Transfer Performance in Heat Pipe Using Al2O3 –DI 



Review on Enhancement of Convective Heat Transfer using Nanofluids and Insert 

 (IJSRD/Vol. 3/Issue 12/2016/096) 

 

 All rights reserved by www.ijsrd.com 373 

Water Nanofluid, International Journal of Material and 

Mechanical Engineering (IJMME) Volume 3 Issue 

1,February 2014, DOI:10.14355/ijmme, 2014.0301.01. 

[9] Eiyad Abu-Nada, Application of nanofluids for heat 

transfer enhancement of separated flows encountered in 

a backward facing step, International Journal of Heat 

and Fluid Flow 29(2008)242–249, 

www.elsevier.com/locate/ijhff. 

[10] V. Chandraprabu, G. Sankaranarayanan, S. Iniyan, S. 

Suresh, Heat Transfer Enhancement Characteristics of 

Al2O3/Water and CuO/Water Nanofluids in a Tube in 

Tube Condenser Fitted With an Air Conditioning 

System—An Experimental Comparison, Journal of 

Thermal Science and Engineering Applications, 

December 2014, Vol. 6 / 041004-1. 

[11] Majid Roshani, Seyed Ziaeddin Miry, Pedram 

Hanafizadeh, Mehdi Ashjaee, Hydrodynamics and Heat 

Transfer Characteristics of a Miniature Plate Pin-Fin 

Heat Sink Utilizing Al2O3–Water and TiO2–Water 

Nanofluids, Journal of Thermal Science and 

Engineering Applications September 2015, Vol. 7 / 

031007-1. 

[12] M. R. Salem, R. K. Ali, R. Y. Sakr , K. M. Elshazly , 

Effect of γ-Al2O3/Water Nanofluid on Heat Transfer 

and Pressure Drop Characteristics of Shell and Coil 

Heat Exchanger With Different Coil Curvatures, 

Journal of Thermal Science and Engineering 

Applications December 2015,vol.7/041002-1. 


