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Abstract: 

Nanofluid is collo idal mixture of nano size additives and base fluids which have great heat transport properties and applied in high 

heat flux system. Nanoflu id have unique features such as increase in thermal conductivities .The variations of the nanofluids, water 

temperatures, heat transfer rate ,mass flow rate and heat transfer coefficients  are observed. The synthesis of Copper oxide by solvo 

thermal process and characterized by X-ray diffract ion (XRD) and SEM spectroscopy. The experimental study of heat transfer 

coefficient of CuO/Water nanofluid flowing in a horizontal Double Pipe counter flow heat exchanger .The experimental results 

indicated that heat transfer is increased in nanofluid as compared to base fluid.  

 

Introduction 

The growth of high heat flux system have generated 

noteworthy demand  for new techniques to enchance the 

heat transfer.Nowdays prices of energy motivate industry to 

enhance heat transfer of heat exchangers, reduce the heat 

transfer time and finally improve energy utilizat ion 

efficiency .The heat transfer technology is immense increase 

in heat flux at one side and min iaturization on the other 

side.Various techniques have been propound to improve the 

flu id thermal conductivity. Such as suspending of micron 

size part icles in  fluids have been practiced back to work of 

Maxwell [1].Such suspension suffer from problem of 

stability and clogging in microchannel ,increase the pressure 

drop considerably. To overcome th is problem , a  novel 

approach of “Nanofluid” was proposed by Choi [2] ,which 

is a fluid comprising the solid part icles (usually a metal 

oxide powder o r none-metallic  thermal conductive powder) 

with mean size of 1–100 nm suspended in a base fluid 

(usually a traditional coolant such as: water or ethylene 

glycol). The size dependence of the melting temperature of 

copper nanoparticles, especially for surface melt ing, is 

believed to play an important role in interpart icle 

coalescence, leading to size growth as the reaction 

temperature is increased. Control of the reaction 

temperature and capping molecules has also been 

demonstrated to produce copper nanoparticles with different 

shapes such as rods and cubes . Copper oxide has ample 

attractive features such as 

abundance, low cost, nontoxicity, and easy preparation 

methods for different morphologies and particle sizes . 

 

Chun et al. [3] experimentally analyzed convective heat 

transfer coefficient of nanofluids (alumina nanoparticles and 

transformer oil) through a double pipe heat exchanger 

system under laminar flow regime. The experimental results 

showed that the addition of nanoparticles in the fluid 

increases the average heat transfer coefficient of the system 

in laminar flow . The main focus of nanofluid research since 

then has been to develop superior heat transfer fluids . 

Lee et al. [4] investigated experimentally fo r the suspension 

of 4.0% volume 35 nm CuO particles in ethylene glycol 

andobserved 20% increase in thermal conductivity. Palm et 

al. [5] through numerical investigation of laminar flow heat 

transfer of Al2O3/ethylene glycol (EG) and Al2O3/water 

nanofluids in a radial flow system reported considerable 

improvement in heat transfer rate. Zhang et al [6] have 

studied the thermal conductivity enhancement ofPoly (α-

Olefin ) oil with Multi-wall carbon nanotube (MWCNT) at 1 

vol. %. They found that the thermal conductivity of the 

nanofluid is increased upto 150% compared to base 

flu ids[7,8].  As the heat input remains same all the cases and 

our   LMTD of nanofluid  is decreasing as compared to base 

flu id this indicate that overall heat transfer coefficient is 

increasing .As the overall heat transfer coefficient is 

indicator of heat transfer enchancement.So  we can 

concluded that Nanofluid can be used as heat transfer 

techniques  

Nanofluid Preparation  

The production of nanofluids is the vital step in the use of 

nanoparticles to improve the thermal conductivity of fluids. 

There  are two basically two methods for producing 

nanofluids. One is a single-step method and  two-step 

method.Firstly wash the beakers with double distilled water.  

 Solution A: Add 0.6 g of urea in 20 ml of water fo llowed 

by stirring of 6 mints. at 500 rpm. after that add 0.5g of 

CTAB then stir the solution for 31 mints. After 31 mints add 

20 ml of cyclohexane and stirring of 5 mints. Solution B: In  

5 ml double distilled water, add copper precursor 0.54 g  

(0.001mol) Copper (II) chloride dehydrate. Stir sol. B for 5 

mints. Add sol. B drop wise in sol. A and do stirring for 5 

mints. Transfer the solution to the autoclave. Set the 

pressure of autoclave i.e. two bar, maintain the temperature 

i.e. 90
0
C and set the rotation at 1000 rpm for four hours. 
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After 5 hours & 30 mints stop heating and stir for 10 mints. 

Cool down the autoclave. 

 

After cooling down, remove the solution from Teflon 

vessel. Transfer the solution into beaker. Cool the solution. 

Put the solution into centrifuge tube. These tubes placed in 

centrifuging machine. Centrifuge the solution for 30 min  at 

5000 rpm. Then after centrifugation particle settle down, 

remove the upper solution. Wash the solution two or three 

times at same rpm. Moisturize nanoparticles are placed in  

Furner at 80
0
C temperature till all the moisture removed 

from the particles.Now the copper nanoparitcles is obtained 

. 

 

 Characterization and Experimental observation 

 

The synthesized CuO nanoparticles calcined at 450 ◦C. It  

was observed that the particles grew with calcination 

temperatures which were indicat ive of the agglomerat ion of 

particles. It was also observed that the size distribution also 

changes, the material calcined at lower temperature have 

narrow size distribution whereasthe material calcined at 

higher temperature shows wide size d istribution. 

XRD spectra of CuO shown in Fig.1 indicate peak at(2ѳ= 

32.5
0
, 38.36

0
) and the heighest peak intensity tells that this 

is (−1 1 1 and 0 0 2) reflections of monoclinic phase CuO. 

For the rays to interfere constructively, this path difference 

must be an integral number of wavelength λ  .Bragg angle is 

just the half of the total angle by which the incident beam is 

deflected. 

 

nλ = 2d sinθ                                        Bragg’s condition 

 

The average size of nanoparticles is 37 nm.The SEM 

characterizat ion Fig.2 shows that sample is distorted shape 

copper nanoparticle.[9] 

 

From Fig.3 XRD taken after calcination at 400
0
c gives peak 

at 2ѳ= 33.5
0 

. The average size of nanoparticles is 35 nm. 

The SEM characterizat ion Fig.4 shows that sample is Cubic 

shape copper nanoparticle. 
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 Fig. 1. X-ray diffract ion (XRD) pattern of Cu nanoparticles  
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                                Fig. 2. SEM  image of  Copper nanoparicles  of monoclinic phase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                            

 

 

 

 

                            

 

 Fig. 3. X-ray diffract ion (XRD) pattern of Cu2O 
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                        Fig. 4. SEM  image of  Copper nanoparicles  cubic shapes 

 

Experimental Setup and Analysis 

 

The  experimental set up is consist of two concentric tubes 

with one fluid  flowing in the inner tube and the other fluid  

flowing in the annulus .The outer tube is PVC pipe o f dia 19 

mm The copper tube which is inner is dia of 4 mm.The 

copper tube carrying the nanofluid and and the water is 

flowing through PVC  p ipe. 

 

S.No. Nanoparticle 

/Fluid  

Mean Diameter 

(nm) 

Density 

   (kg/m
3
) 

Thermal 

conuctivity(W/mK) 

Specific heat 

(J/kgK) 

1 CuO 37 6310 32.8 550.49 

2 Water - 997.5 .628 4179 

 

 

       Double Pipe Heat Exchanger 
Hot Water Inlet 

RTD Sensors 
Hot Water outlet  

RTD Sensors 

Hot water Inlet  
Hot water Outlet  D.T. Indicator   

Nanofluid outlet 

& Temp Sensors  
Nanofluid Inlet & 

Temp Sensors  
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To check the thermal enchancement properties of nano-

particles the nano fluid is made to run in counter flow 

concentric tube heat exchanger and inlet and outlet 

temprature of hot fluid and cooling fluids i.e water and 

different nanofluids were noted down in tabular 

form.Concentration of different nano-particles is same in 

base fluid. 

T1= Hot water in let temp. 

T2= Cold water outlet temp. 

 T3= Hot water outlet temp. 

T4= cold water in let temp. 

LMTD= ѳ1- ѳ2/ln(ѳ1/ ѳ2)   → (1) 

ѳ1 = T1-T2 &ѳ2 = T3-T4  →(2) 

 

TABLE: 2 

Fluid T1,
0
c T2, 

0
c T3, 

0
c T4, 

0
c LMTD 

Water 92 82.23 42.23 28 12.204 

Copper oxide cubic nanofluid 92 74.48 39.18 28 10.546 

Copper oxide destorted nanofluid 92 73.12 36.89 28 10.233 

 

    CONCLUS ION 

       Solvo thermal process applied for making of h igh 

quality nano-particles that is shown by the   different 

characterisation is done on nano-particles.From the table 2, 

it is clearly concluded that heat carrying capacity of 

nanofluid is large than the base fluid.Though different shape 

of nano particles have less impact , heat carrying capacity 

nearly same for different shape Copper oxide. As the heat 

input remains same all the cases and our   LMTD of 

nanofluid  is decreasing as compared to base fluid this 

indicate that overall heat transfer coefficient is increasing 

.As the overall heat transfer coefficient is indicator of heat 

transfer enchancement.Copper oxide significantly improve 

the heat carrying capacity of base fluid which is water in 

this case.So Copper oxide can also be used as nanofluid for 

heat transfer enhancement. 
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