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Abstract 
This paper presents an experimental comparative thermal analysis of CuO-W nanofluid in 

circular minichannels. Under steady state forced convection and constant heat flux of 3.4 KW/m2 

CuO-W nanofluid and water are passed through the minichannel. The flow rates chosen are 0.4 

lpm (litre per minute), 0.6 lpm, 0.8 lpm and 1 lpm and with hydraulic diameter of 2mm of the 

minichannel. Variation in Nusselt number (Nu), Convective heat transfer coefficient (h), friction 

factor, pressure drop and pumping power along with flow rates for CuO-W nanofluid are compared 

with water. For all the flow rates considered in present investigation, an increase in all the thermal 

parameters is observed. % enhancement in actual heat transfer rate is upto 89%, 20% for convective 

heat transfer coefficient and 26% in case of Overall heat transfer coefficient are obtained compared 

to water. However, the pumping power required for CuO-W nanofluid is more compared to water. 
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1. Introduction 

For cooling several electronic devices heat sinks are employed. In many engineering 

applications and in biomedical devices a lot of interest is growing due to their enhanced heat 

transfer characteristics. Minichannel heat sink serves as a means of cooling for several devices. 

Due to this, attention of researchers is increasing for their application in automobile, aerospace, 
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bioengineering, refrigeration and electronic cooling [1],[2]. To enhance the heat transfer 

phenomenon in minichannels, nanoparticles are mixed with conventional fluids like water and 

circulated through the channels. The obtained nanofluid is passed through the minichannels which 

results in great enhancement of heat transfer rate [3],[4]. Many nanofluids prepared using 

nanoparticles like Al2O3, CuO, TiO2, SiO2, MWCNT etc., are studied by various researchers for 

their application in different heat sinks and heat exchangers [5]-[7].  

Al2O3 nanoparticles suspended in water/ethylene glycol as base fluid was experimented in 

minichannel with 0.1-0.25% VC (volume concentration) [9],  Re 133 to 1515 [10], 0.1 & 0.5% VC 

[11], 0-3% VC [12] having different cross sectional channels. Significant heat transfer 

enhancement (HTE) is reported in all the cases mentioned. Al2O3 and TiO2 with 0.8-4% VC in 

water [13] and Re 125-20000 [14] was separately studied and reported upto 71% THE. TiO2 and 

SiC [15], TiO2, [16], Diamond, CuO, SiO2 [17] are used in different case studies and all reported 

good improvement in convective heat transfer coefficient. 

However, experimental study of CuO-W nanofluid in circular minichannel is not reported in 

the previous works. Hence this work is intended to analyze the heat transfer characteristics of 

minichannel maintained at constant heat flux using CuO-W as nanofluid for 0.02% volume 

concentration. 

 

2. Experimental Methodology 

2.1 Nanofluid Preparation and Experimental Setup 

The nanoparticles are purchased form Sigma Aldrich chemicals Limited, India. The water was 

used as a base fluid for this study. The CuO-Water nanofluids of 0.02% volume concentrations 

were prepared by dispersing CuO nanoparticles in water. The solution was sonicated continuously 

for 1 hour using a probe sonicator to disperse the nanoparticle uniformly. Following this, the 

nanofluids was stirred continuously to obtain uniform dispersion of nanoparticles in base fluid. 

Figure 1 shows CuO-W nanofluid preparation. 

 

2.2 Relations Used 

The following Equations 1-8 were used to estimate the different important thermal parameters 

of the minichannel heat sink. 

 

Actual heat transfer: 𝑞 = 𝑚𝑓𝐶𝑝(𝑇𝑐,𝑜 − 𝑇𝑐,𝑖)                                                                                 (1) 
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Reynolds number: 𝑅𝑒 =
𝜌𝐷ℎ𝑣

𝜇⁄                                                                                  (2) 

 

LMTD : ∆𝑇𝑙𝑚𝑡𝑑 =
(∆𝑇2 − ∆𝑇1)

𝑙𝑛(
∆𝑇2

∆𝑇1
)

⁄                                                                                  (3) 

 

where ∆𝑇2 = ∆𝑇𝑏 − ∆𝑇ℎ,𝑜,  ∆𝑇1 = ∆𝑇𝑏 − ∆𝑇𝑐,𝑖 

 

Nusselt number: 𝑁𝑢 = 0.027𝑅𝑒0.8𝑃𝑟0.33 (
𝜇

𝜇𝑤
)
0.14

                                                                      (4) 

 

Heat transfer coefficient: ℎ =
𝑁𝑢𝑘

𝐷ℎ
⁄                                                                        (5) 

 

Friction factor: 𝑓 = 0.184𝑅𝑒−0.2                                                                                             (6) 

 

Pressure drop: ∆𝑃 = 𝑓𝜌 (𝐿 𝐷ℎ
⁄ )(𝑣

2

2⁄ )                                                                                       (7) 

 

Pumping power: 𝑃 = ∆𝑃𝑓𝑣                                                                                                    (8) 

 

 

Copper oxide nanoparticles of size <50nm 
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CuO-Water nanofluids of 0.02%wt concentration 

 

Sonication process of CuO-Water nanofluids 

Fig.1. CuO Nanoparticles and Its Preparation for Nanofluids 
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Fig.2. Experimental Setup of Minichannels 

 

3. Results and Discussions 

CuO nanoparticles of volume concentration 0.02% suspended in water as base fluid is used to 

analyse the thermal performance of circular minichannel for four different flow rates of 0.4 lpm, 

0.6 lpm, 0.8 lpm  and 1 lpm. The values of temperature are recorded after reaching a complete 
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steady state under transition flow conditions. For each flow rate three trails were taken which 

consumes atleast 3 hours of time under a constant heat flux of 3.4 KW/m2. Water was also 

circulated for the same flow rates to compare the results of CuO-W nanofluid. 

The figure 3 shows the variation of Nu with flow rate at fully developed flow condition, we 

observe that as the flow rate increase the Nu also increases. This is mainly due to increase in 

velocity of fluid which further increases the convective heat transfer coefficient. CuO-W nanofluid 

have shown an increase in Nu for all flow rates except at 0.4lpm compared to water. As CuO 

nanoparticles have enhanced heat carrying capacity and thermal conductivity leading to improved 

heat transfer parameters like Nu and convective heat transfer coefficient as shown in Figure 4. 

 

Fig.3. Variation in Nu for Variation in Flow Rates 

 

 

Fig.4. Improvement in Convective HTC for Variation in Flow rates of CuO-W 

 

The Figure 4 shows the different major parts of the heat sink used for the existing study. 

Rotometers are used as flow meters here and they provide simple and efficient readings of flow 

rates. T-type (copper-constantan) thermocouple having a sensitivity of 43 μV/°C is used to measure 

the temperature of the flowing nanofluid at the inlet and exit of minichannel as they are suitable 

for a range of -220°C to 330 °C. K-type thermocouples are placed at several points on the channel 

to measure the channel surface temperature. They have range of about -220°C to 1400°C and are 

cheap. Electric heater employed is film heater which transforms alternating current into heat based 
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on the principle of joule heating effect. To avoid any kind of transfer of heat from the surface of 

minichannel setup, it is insulated carefully with asbestos. A mini-pump is placed to supply the 

nanofluid from the reservoir to the heat sink. A heat exchanger is placed immediately after the flow 

of nanofluid from the minichannel in order to obtain the constant inlet temperature of the fluid. 

The minichannels are made of split aluminium plates of 2mm hydraulic diameter size circular 

channels. For the above-mentioned set-up, the nanofluid after sonification (achieved using probe 

sonicator) for 90 minutes to have a uniform suspension of CuO in water is pumped from the 

reservoir through the flow regulating valves. At the inlet of the minichannel, the temperature is 

measured and then allowed to pass through the channel so that it can carry heat from it. At different 

points of the minichannel, temperature is measured once the flow attains steady state. At the exit, 

again the temperature is recorded and made to pass through the heat exchanger so as to maintain 

the flowing fluid temperature at constant range. 

 

 

Fig.5. Friction Factor vs Different Flow Rates of CuO-W and Water 

 

 

Fig.6. Pressure Drop vs Different Flow Rates of CuO-W and Water 
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Fig.7. Pumping Power vs Different Flow Rates of CuO-W and Water 

 

In Figure 5-7 depicts the change in friction factor, pressure drop and pumping power with 

flow rates. It is seen that with increase in flow rate the friction factor, pressure drop and pumping 

power also increases. It is known fact that the velocity and pressure are inversely proportional to 

each other in a flowing fluid, as the velocity of the fluid increases the pressure decreases which 

leads to overall drop of pressure throughout the length of the channel. The maximum variation in 

all the parameters considered are gradually increasing with flow rate. 

 

 

Fig.8. Actual Heat Transfer Rate Improvement along with Increase in Flow Rate 

 

 

Fig.9. Overall HTC for CuO-w and Water 
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Fig.10. %Enhancement of Different Parameters at Flow Rate of 1 lpm Compared to Water 

 

The parameters such as Convective HTC (Figure 4), Actual heat transfer rate (Figure 8) and 

Overall HTC (Figure 9) are gradually increasing with increase in flow rate. We can see that at 1 

lpm these parameters are showing maximum variation compared to water. On the other hand, the 

energy consuming parameter pumping power has also increased which is due to increased viscosity 

of the nanofluid due to presence of CuO nanoparticles.  

From figure 10 % enhancement are shown compared to water at a flow rate of 1 lpm. It can be 

quickly noticed the difference obtained. This improved thermal parameters are obviously at the 

cost of increased pumping power. Upto 89% actual heat transfer rate has enhanced, which is a sign 

of ability of CuO-W nanofluid to be used in heat sinks for cooling various devices. 

 

Conclusion 

An experimental study has been carried out on comparative heat transfer analysis of circular 

minichannels subjected to CuO-W nanofluid. The experiments were conducted for constant heat 

flux under steady state transition flow with forced flow conditions. During the time of experiments 

the following concluding remarks were disclosed. 

 With increase in the flow rate the convective heat transfer coefficient increases and it is 

maximum in case of CuO-W nanofluid compared to water. 

 For CuO-W nanofluid the amount of pumping work required is more compared to water. 

 Even for small percentage of CuO nanoparticles suspension in base fluid can improve and 

enhance the heat transfer capability of fluid. 

 % enhancement in actual heat transfer rate is upto 89%, 20% in convective heat transfer 

coefficient and 26% in case of Overall heat transfer coefficient are obtained compared to water.  

 

References 

1. G. Huminicn, A. Huminic, Application of nanofluids in heat exchangers: A review, 2012, 



343 
 

Renew. Sustain. Energy Rev., vol. 16, no. 8, pp. 5625-5638. 

2. X. Liu, J. Yu, Numerical study on performances of mini-channel heat sinks with non-uniform 

inlets, 2016, Appl. Therm. Eng., vol. 93, pp. 856-864. 

3. M. Ismail, S. Fotowat, A. Fartaj, Numerical Simulation of Al2O3/automatic transmission fluid 

and Al2O3/water nanofluids in a compact heat exchanger, 2016, J. Fluid Flow, Heat Mass 

Transf., vol. 3, pp. 34-43. 

4. A.R. Betz, D. Attinger, Can segmented flow enhance heat transfer in microchannel heat sinks, 

2010, Int. J. Heat Mass Transf., vol. 53, no. 19-20, pp. 3683-3691. 

5. V. Kumaresan, R. Velraj, Thermochimica Acta experimental investigation of the thermo-

physical properties of water - ethylene glycol mixture based CNT nanofluids, 2012, 

Thermochim. Acta, vol. 545, pp. 180-186. 

6. N. Ahammed, L.G. Asirvatham, S. Wongwises, Thermoelectric cooling of electronic devices 

with nanofluid in a multiport minichannel heat exchanger, 2016, Exp. Therm. Fluid Sci., vol. 

74, pp. 81-90. 

7. S.H. Yoon, N. Saneie, Y.J. Kim, Two-phase flow maldistribution in minichannel heat-sinks 

under non-uniform heating, 2014, Int. J. Heat Mass Transf., vol. 78, pp. 527-537. 

8. L. Ma, X. Zhao, H. Sun, Q. Wu, W. Liu, Experimental Study of single phase flow in a closed-

loop cooling system with integrated mini-channel heat sink, 2016, Entropy, vol. 18, no. 6, p. 

128. 

9. M. Sohel, S. Khaleduzzaman, R. Saidur, An experimental investigation of heat transfer 

enhancement of a minichannel heat sink using Al2O3-H2O nanofluid, 2014, Int. J. Heat Mass 

Transf., vol. 74, pp. 164-172. 

10. C.J. Ho, W.C. Chen, An experimental study on thermal performance of Al2O3/water nanofluid 

in a minichannel heat sink, 2013, Appl. Therm. Eng., vol. 50, no. 1, pp. 516-522. 

11. I. Zakaria, et al., Thermal analysis of Al2O3-water ethylene glycol mixture nanofluid for single 

PEM fuel cell cooling plate: An experimental study, 2016, Int. J. Hydrogen Energy, vol. 41, 

no. 9, pp. 5096-5112. 

12. P. Li, Y. Xie, D. Zhang, G. Xie, Heat transfer enhancement and entropy generation of 

nanofluids laminar convection in microchannels with flow control devices, 2016, Entropy, vol. 

18, no. 4. 

13. A. Ijam, R. Saidur, P. Ganesan, Cooling of minichannel heat sink using nanofluids, 2012, Int. 

Commun. Heat Mass Transf., vol. 39, no. 8, pp. 1188-1194. 

14. M. Kanikzadeh, A. Sohankar, Thermal performance evaluation of the rotating U-shaped 

micro/mini/macrochannels using water and nanofluids, 2016, Numer. Heat Transf. Part A 



344 
 

Appl., vol. 70, no. 6, pp. 650-672. 

15. M.K. Moraveji, R.M. Ardehali, A. Ijam, CFD investigation of nanofluid effects (cooling 

performance and pressure drop) in mini-channel heat sink, 2013, Int. Commun. Heat Mass 

Transf., vol. 40, no. 1, pp. 58-66. 

16. P. Naphon, L. Nakharintr, Heat transfer of nanofluids in the mini-rectangular fin heat sinks, 

2013, Int. Commun. Heat Mass Transf., vol. 40, no. 1, pp. 25-31. 

17. A. Sakanova, C.C. Keian, J. Zhao, Performance improvements of microchannel heat sink using 

wavy channel and nanofluids, 2015, Int. J. Heat Mass Transf., vol. 89, pp. 59-74. 

 

Nomenclature 

Re Reynolds number 

Nu Nusselt number 

v Fluid average velocity m/s 

h 
Convective heat transfer 

coefficient, W/m2 K 

k Thermal conductivity, W/m K 

Pr Prandtl number 

Dh Hydraulic diameter, m 

T Temperature, oC 

b, w base, water 

LMTD 
Log Mean Temperature 

Difference 

L Length of the channel, m 

µ Viscosity  

 


