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Abstract- An experimental investigation was 
performed on the thermal performance of a cylindrical 
heat pipe with inner diameter and length of 22 mm and 
450 mm respectively. The heat pipe charged with 
baseE distilled water and CuO nanoparticlesF of 10 nm 
and 40 nm in diameter. The effects of power inputs, 
heatG pipe tilt angle and copper oxide nanoparticlesH 
size on the thermal resistance of the heat pipeI were 
investigated. The nanoparticles have a significantJ 
effect on the enhancement of thermal performance of 
heat pipe. Experimental results emphasized that the 
copper oxide nanofluidsM significantly improved the 
thermal performanceN of the heat pipe with a volume 
concentration of 1% for maximal heat transfer 
enhancement. Compared with distilled water the 
thermal resistance was decreased by 0.086 m0C/W 
(33.23%) for 40 nm andB 0.118 m0C/W (43.76%) for 
10 nm than that with theH based working fluid at 400 
for 40% filling ratio. 
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of nanoparticle size and Tilt angle, Thermal performance 
enhancement 
 

1.  INTRODUCTION 
 

TechnologicalJ advances in microelectronic 
devices with decreasingK sizes and increasing heat 
loads demand forL more effective cooling technology. 
Due to higherF density of chips design of electronic 
componentsY with more compact makes heat transfer 
more difficult. Therefore, heat pipe hasK been used in a 
wide varietyG of applications in the electronic 
components with high speedT and high level of heat 
generation. ThereR are many researches presented the 
heat transferD characteristics of the heat pipe. Among 
them, nanofluids, whichV are engineered by dispersing 
metallic/non-metallic nanosizedU particles in base 
fluids like water, oil, ethyleneF glycol etc. have received 
much attentionB for the past decade due to their 

enhanced heat transferH capability. Nanofluids possess 
remarkablyJ higher thermal conductivity and greater 
heat transfer properties comparedH with conventional 
pure fluids. NanofluidsG are found to exhibit a 
noticeable changesL in their thermophysical rheology 
properties such as Gspecific heat, thermalJ 
conductivity, densityG and viscosity due to the 
nanoparticle typesM and concentrations. Several 
researchersH have experimentally attempted to use 
nanofluids asK a working medium in heat pipe using 
nanoparticles suchN as silver, CuO, diamond, titanium, 
nickel oxideD as well as gold. Other studies applied 
nanofluids in heat pipesV have focused on factors that 
affects its use suchB as heat pipe size and type, its 
operatingG conditions, material of the nanoparticles as 
well as the base fluid types. The alumina (Al2O3), silver 
(Ag) and copper oxide (CuO) areJ among the common 
and cheaper H nanoparticles experimentally utilized 
and this is well reported Gby a number of researchers. 
Paisarn Naphon et al. [1] experimentally investigated 
that thermal efficiency Gof titanium nanofluid is 
10.60% higher than that with Ithe base working fluid. 
Yu-Hsing Lin et al. [2] studied the effect of silver 
nanofluid on pulsatingB heat pipe for various fillilg 
ratios. Yurong He et al. [3] Heat transfer and flow 
behaviour of aqueous Rsuspensions of TiO2 
nanoparticles (nanofluids) flowing upward through a 
vertical pipe. Shung-Wen Kang et al. [4] experimentally 
investigated that Hthermal performance of heat pipe 
for different silver nanoparticle size of 10 nm and 35 
nm and also concentrations ranged from 1 mg/l to 100 
mg/l. MohamedK I. Hassan et al. [5] investigated The 
effect of water-based nanofluids using different 
aluminum oxide nanoparticle concentrations, 1-3 vol%, 
on heat Gpipe performance after several use was 
investigated. Jubin V Jose et al. [6] review aim to 
compile the effect of nanofluid in heat pipes. 
Performance Fof different nanoparticles and different 
base-fluids are investigated. TMaryam Shafahi et al. [7] 
studied  the Dthermal performance of a cylindrical heat 
pipe utilizing nanofluids. Three of the most common 
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nanoparticles, Jnamely Al2O3, CuO and TiO2 are 
considered as the working fluid and found that smaller 
particles have aF more pronounced effect on the 
temperature gradient Halong the heat pipe. Kamble 
D.P. et al. [8] studied the thermal performance of the 
heat pipe under different operatingW conditions for 
hybrid nanofluids (Al2O3 + CuO) with water base as 
workingH fluids. Thermal performance of heat pipe 
increases with increasing (Al2O3 + CuO) water based 
nanofluid compared to that Vof pure water. Shung-Wen 
Kang et al. [9] The experiment was performed to 
measure the temperatureK Edistribution and compare 
the heat pipe temperature difference using silver 
nanofluid (10 nm and 35 nm)and DI-water. TheD 
tested nano-particle concentrationsK ranged from 1, 10 
and 100 mg/l. Demonstrated that the temperature 
difference decreasedJ 0.56–0.65 _C compared to DI-
water at an inputB power of 30–50 W. In addition, the 
nanofluid as working medium in heat pipe can up to 
70Wand is higher than Jpure water about 20 W. Jian Qu 
et al. [10] investigationD was performed on the 
thermal performance of an oscillating heat pipe (OHP) 
charged withS base water and spherical Al2O3 particles 
of 56 nm in diameter. The effectsR of filling ratios, mass 
fractions of alumina particles andG power inputs on 
the total thermalH resistance of the OHP were 
investigated. Experimental Bresults showed that the 
alumina nanofluids significantlyS improved the 
thermal performance of the OHP, with an optimal mass 
fraction of 0.9 wt.% for Smaximal heat transfer 
enhancement. Compared with pure water, the maximal 
thermal resistance was decreased by 0.14 °C/W (or 
32.5%) when the Dpower input was 58.8Wat 70% 
filling ratio and 0.9% mass fraction. 

As mentioned above, theG papers presented the 
study on the heat transfer and flow characteristics of 
the heat pipe with Fnanofluids have beenH reported. 
Only some have worked on thermal resistanceG of the 
heat pipe with Fnanofluids. The objective of this paper 
is to study the thermal performance enhancement of 
the heat pipe Swith nanofluids. Effect of heat pipe tilt 
angle and Wnanoparticle size on the thermal 
performance on heat pipe are Cconsidered. The 
obtained results of the nanofluid are compared with 
the base fluid. 

 
 
 
 
 
 
 

            2. DESCRIPTION OF THE EXPERIMENT 
 

2.1 Preparation and properties of nanofluid 
 

The nanoparticles Dused in these experiments were 
copper oxide particles of 10 nm and 40 nm in size. The 
base working fluid was distilled water. Copper oxide 
(CuO) nanofluid was  prepared using a two step 
method. CuO nanoparticlesG were prepared first. Then, 
they were produced using a catalytic chemical vapor 
deposition methodB (purchased from Nano wings 
Private Limited, Telangana). The copper oxide  
nanoparticles were then added to pure water. Citrate 
surfactant  isM used in the CuO nanofluid suspension. 
The Dmixture was prepared using an ultrasonic 
homogenizer. Nano-fluid volumeG concentration of 1% 
is used in this study.  
 
 And have the following properties of Cuo 
nanoparticles: 
 

1. Specific heat   = 520 J/kg K 
2. Melting point  = 1326OC 
3. Density            = 6.31 g/cm3 

 
An experimental system is setup to measure the 

thermal resistance of cylindrical heat pipe. The inner 
diameter and length of the heat pipe used in these 
experiments were 22 mm and 450 mm, respectively. 
The heat pipe contained stainless steel as wick material  
of dimension 45 mm wide and 288 mm length. 
 

 
 

Fig.2.11: CuO nanofluid (40 nm and 10 nm) 
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2.2 Experimental setup 
 

 
 
Fig. 2.21: Experimental setup of heat pipe 
 

2.3 Procedure 
 
    Heating controlled by anF electric heated wire 

wound in the evaporator wall. The wire is 
connected to a variator. 

 No heating or Dcooling occurs in the adiabatic 
section. 

 For cooling, a Fwater jacket with tap water 
surrounds the condenser. 

 The water flow is measured Fwith a Measuring 
jar and stop watch. 

 Temperatures Jare measured at several 
positions at the outer wall and at the coolant 
inlet with K-typeH thermocouples. 

 The thermocouples Oare read with a digital 
thermocouple thermometer. 
 

3. RESULTS AND DISCUSSION 
 

 
 
Chart -1: Variation of heat pipe thermal resistance 
with heat inputs for 00. 

 

 
 
Chart -2: Variation of heat pipe thermal resistance 
with heat inputs for 40o. 
 

 
 
Chart -3: Variation of heat pipe thermal resistance 
with heat inputs for 800. 
 

Charts 1, 2 and 3 shows the variation of heat pipe 
thermal resistance with different heat inputs for heat 
pipe tilt angle of 00, 400 and 800 at 40% of charge 
amount of distilled water and CuO nanofluid (10 nm 
and 40 nm). CuO nanoparticle size and heat pipe tilt 
angle affects more on thermal resistance of the heat 
pipe. It can be seen that the thermal resistance tends to 
decrease as the CuO nanoparticle size decreases for the 
volume concentration of 1%.  In this study the thermal 
resistance of the heat pipe is very low when the heat 
input was 50-60 W for CuO (10 nm) nanofluid than that 
of CuO (40 nm) and base workind fluid at 40o. 
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Chart-4: Variation of heat pipe thermal resistance for 
different heat inputs with CuO (10 nm and 40 nm )at 
0o. 
 
 

 
 
Chart -5: Variation of heat pipe thermal  resistance for 
different heat inputs with CuO (10 nm and 40 nm) at 
40o. 
 

 
 
Chart -6: Variation of heat pipe thermal  resistance for 
different heat inputs with CuO (10 nm and 40 nm) at 
80o. 
 

Charts 4, 5 and 6 reveals that effect of 
nanoparticle size. Thermal resistance decreases as the 
nanoparticle size decreases but as the concentration 
increases thermal resistance also increases. It is 
observed that the themal resistance of the heat pipe for 
10 nm is low as compared to 40 nm at 40o. For the 
optimum condition at 400 tilt angle and 40% charge 
amount for CuO (10 nm) nanofluid that results in 
maximum decrease in thermal resistance is achieved. 
 

4. CONCLUSION 
 

   Heat pipe technology Fhas used a wide variety 
of applications in Fthe various heat transfer devices 
more specially in the Gelectronic components. 
However, the heat transfer capacity is limited by the 
working fluid Hproperties. The heat transfer 
enhancementD can be accomplished by changing fluid 
properties and  flow feature with nanoparticles 
suspension. FNew experimental investigation on the 
decreasing of thermal resistance of the heat pipe with 
CuO nanofluid is presented. Effects of nanoparticle size 
and heat pipe tilt angle on the heat pipe thermal 
resistance are taken into account. For the heat pipe 
with nanoparticle volume concentration of 1% at 400 

the thermal resistance is decreased by 0.086 m0C/W 
(33.23%) for 40 nm and 0.118 m0C/W (43.76%) for 10 
nm than that with the based working fluid. 
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