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Abstract- The present work investigates the enhancement in the convective heat transfer coefficients of evaporator and 
condenser section of mesh wick heat pipe. CuO/DI water nanofluid with the concentrations of 0.5, 1.0 and 1.5 wt.% 
respectively are used as a working fluid and its results are compared with DI water. Orientation of heat pipe is also varied 
and it improves the thermal performance. The heat transfer coefficients of evaporator and condenser sections are found to 
increase withheat flux. The dry out condition of heat pipe is delayed by about 20% with the addition of CuO nanoparticles in 
horizontal position and 14.2% due to the inclination of heat pipe. 
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I. INTRODUCTION 
 
Heat pipe is a passive type heat exchanger, which 
works on the principle of phase change heat transfer 
It contains three regions i.e., evaporator, condenser 
and adiabatic section. The heat pipes are widely used 
in electronic cooling, solar system, air conditioning 
system etc. The performance of heat pipe can be 
enhanced by replacing the base fluids by high 
conductive fluids. Therefore, nanofluids are used in 
heat pipes to enhance its thermal characteristics.Putra 
et al. used DI water based Al2O3, TiO2 and ZnO 
nanofluids in mesh wick heat pipe to study the 
enhancement in evaporation and condensation HTC 
(Heat Transfer Coefficient). The authors indicated 
that the increase in HTC of heat pipe was related to 
the thermal conductivity. Surface tension of the fluid 
was decreased when the nanoparticles were added in 
the base fluid, it reduces solid-liquid contact angle 
and thus enhancing the capillary force in the heat pipe 
was improved. This increased the convective heat 
transfer characteristics of evaporation and 
condensation region. Solomon et al. investigated the 
thermal performance of screen mesh wick heat pipe 
with and without nanoparticles coated over the wick 
structures. During the nanoparticle coating, the wick 
was immersed in 1 g/lof Cu/DI water nanofluid and it 
gets dry out by an electric heater. For the complete 
coating of nanofluid, this procedure was repeated for 
six times. The results indicated that the heat transfer 
coefficient of evaporator section was enhanced up to 
40% for Cu nanoparticles coated wick.  
 
Shukla et al. carried out an experimental study in a 
cylindrical copper heat pipe with DI water and Cu 
dispersed DI water as working fluids. The authors 
used lumped thermal resistance network to calculate 
the overall heat transfer coefficient of heat pipe. They 
found that the evaporator heat transfer coefficient was 
enhanced for the Cu nanofluid heat pipe, because a 
thin coating layer was developed by the nanoparticles 
improves the critical heat flux and thus enhances the 

thermal performance. Leong et al. investigated the 
performance of nanofluid as a working fluid in a 
thermosyphon used for air preheating application. 
TiO2 and Al2O3 nanofluids were used as working 
fluid. The results showed that the addition of 
nanoparticles moderately enhances the thermal 
performance of thermosyphon. Meantime the velocity 
of hot air over the thermosyphon increased its 
efficiency. A 23% of overall heat transfer 
enhancement was observed for Alumina (Al2O3) and 
TiO2 nanofluids when the hot air velocity was 
increased from 2.0 m/s to 4.75 m/s.Liu and Zhu 
studied the effect of CuO nanofluids on the heat 
transfer enhancement of a heat pipe with 0.5, 0.8, 1, 
1.25, 1.5 and 2 wt.% concentrations. Peak 
performance was obtained at 1 % mass fraction and 
showed similar results for both evaporating and 
condensing heat transfer coefficients. They also 
found that the operating pressure influenced the heat 
transfer coefficient and best results were obtained at 
low pressures. 
 
Kandhekar et al. investigated the thermal 
performance of two phase closed thermoshyphon 
using pure water and Al2O3, CuO and Laponite based 
nanofluids. The authors observed thewettability of all 
nanofluids on the copper surface is better than the 
pure water. Kumaresan et al conducted an elaborative 
review on the thermal performance enhancement of 
heat pipe using nanofluids. The authors reported that 
the use of nanofluids in heat pipes improves its heat 
transfer characteristics. The present experimental 
study effectively analyzes the improvement in 
convective heat transfer coefficient of copper mesh 
wick heat pipe with CuO nanofluids. 
 
II. NANOFLUID PREPARATION AND ITS 

PROPERTIES 
 
The stability of nanofluids prepared byTwo-step 
method is higher than that ofsingle step method and 
hence the CuO/DI water nanofluid is prepared using 
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Two Step method. The CuO nanoparticles are 
dispersed in DI water and the solution is treated in 
Ultrasonic bath (Lark, India) which generates 
ultrasonic pulses in the frequency of 45 kHz. Figure 1 
represents the Transmission Electron Microscope 
(TEM) image of CuO nanoparticles dispersed in DI 
water. It shows the nanoparticles are spherical in 
shape. Figure 2 shows the particle size distribution of 
the dispersed CuO nano particles in DI water. It is 
found from the results the average size of the CuO 
nanoparticles in the suspensions are around 91.3 nm. 
 
Thermal properties of CuO nanofluids for the various 
concentrations are given in table 1.All the 
measurements are done at the atmospheric 
temperature. Thermal conductivity of nanofluids is 
increases with increasing concentration of CuO 
nanoparticles. The increment is higher for 1.5 wt.% 
concentration. Dynamic viscosity of CuO nanofluid is 
also increases with the nanoparticles concentration. 
Surface tension is a tendency of the surface of a fluid 
that allows it to resist an external force. When the 
fluid is flow over the solid surfaces, the reduction in 
surface tension increases the surface wettability and 
thus the thermal characteristics. The results show that 
the addition of CuO nanoparticles in the base fluids 
slightly reduces the surface tension. 
 

 
Fig. 1 – TEM image of CuO nanoparticles dispersed in DI 

water. 
 
Table 1 –Thermophysical Properties of CuO/DI water 

nanofluid with different concentrations. 
Conce
ntratio

n 
(wt.%) 

Thermal 
Conductiv

ity 
(W/m°C) 

Dynamic 
Viscosity 

(cP) 

Surface 
Tension 
(mN/m) 

DI 
water 0.613 0.787 72.80 

0.5 0.618 0.799 72.21 

1.0 0.627 0.801 71.48 

1.5 0.645 0.802 70.98 

 
Fig. 2 – DLS particle size distribution of prepared CuO 

nanofluid sample. 
 
III. EXPERIMENTATION 
 
The schematic diagram of experimental facility used 
for the present investigation is shown in figure 3. The 
heat pipe is mounted on a variable angle holder, 
whichis used to vary the inclination angle of heat pipe 
from horizontal position to 30°, 60° and 90° 
respectively.  An autotransformer is provided with the 
circuit to increase heat input to the evaporator section 
of heat pipe. Thermocouples are fixed in evaporator, 
condenser and adiabatic sections. These 
thermocouples are connected with data acquisition 
system to measure the temperature values at each 
position. A personal computer is connected with the 
system to monitor and record the readings. Heat 
rejection in the condenser section is carried away by 
the cooling water. The mass flow rate and inlet 
temperature of cooling water both are maintained at 
20 kg/hr and 25°C respectively. The readings are 
noted under steady state conditions. Table 2 
represents the detailed information of the heat pipe. 
 

Table 2–Specifications of heat pipe. 
Description Value 

Heat pipe material  Copper 

Total length  330 mm 

Evaporator length 100 mm 

Adiabatic length 80 mm 

Condenser length 150 mm 

Outer diameter  12 mm 

Wick material Copper 

Wick type Screen mesh wick 

Quantity of working fluid 7.3 ml  

Working pressure 13.45 kPa 
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Fig. 3–Experimental setup 

 
IV. RESULTS AND DISCUSSIONS 
 
Convective heat transfer properties of heat pipe is 
significantly enhanced by the replacement of base 
fluid by nanofluid. HTC of the heat pipe is measured 
based on its value at evaporator and condenser using 
the following formulae, 
 

ee
e TA

Qh


  , where v ,es ,ee TTT   (1) 

cc
c TA

Qh


 ,where s ,ev ,cc TTT    (2) 

 
where, ΔT is the temperature difference between the 
surface and vapor core, Ae and Ac  are the surface 
areas of evaporator and condenser sections and Q is 
the heat supplied to the heat pipe. Figure 4 (a-d) 
represents the HTC of evaporator and condenser 
sections with respect to the heat flux. 
 
All the graphs show that the HTC of evaporator 
section is higher than the condenser sections, because 
the effective length of condenser section is (150 mm) 
greater than evaporator section (100 mm). Hence, the 
surface area of heat pipe is increased and it leads 
deterioration in HTC of condenser side. HTC of both 
evaporator and condenser sections are increases with 
increasing heat flux. This happen due to the increase 
in the convective heat transfer capacity of working 
fluid with heat flux.The addition of CuO 
nanoparticles in the base fluid significantly enhances 
the HTC and it increases with the mass concentration 
of CuO up to 1.0 wt.%. For 1.5 wt.% of CuO 
nanofluid, the HTC is deteriorated. This is because 
the presence of excess particles in the working fluid 
increases the viscosity and thus creates restriction to 
the fluid flow. HTC of heat pipeis enhanced by 
16.7%, 40.1% and 24.3% for evaporator section and 
21.3%, 64.8% and 48.3% for condenser sections 
respectively for 0.5, 1.0 and 1.5 wt.% of CuO 
nanofluid compared with the DI water. Inclination 
angle of heat pipe majorly affects the HTC of heat 

pipe. When the heat pipe is tilted from the horizontal 
position, an increase in the performance is observed 
for 30° and 60°.The tilt angle beyond 60° the 
performance deteriorated.The increase in HTC is 
21.8%, 33.9%and 14.6% respectively for evaporator 
section and 28.1%, 43.6%and 21.9% respectively for 
condenser section at 30°, 60° and 90° positions 
compared with the results of horizontal heat pipe. 
This is because larger tilt angle produces faster 
condensaterate and this leads the quick return of 
working fluid to the evaporator section. Heat pipe 
filled with DI water at horizontal position reaches the 
dry out condition at 26.5 kW/m2. The addition of 
CuO nanoparticles in the base fluid delays the dry out 
condition up to 31.8 kW/m2. Orientation of heat pipe 
also increases the heat transport capacity of heat pipe. 
The heat pipe performed well up to 37.1 kW/m2 for 
inclined position whereas the horizontal heat pipe 
gets dry out at 29.2 kW/m2. 
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Fig. 4(a-d)– Evaporator and condenser HTC of heat pipe with 

respect to heat flux. 
 
CONCLUSIONS 
 
The convective heat transfer coefficient of circular 
mesh wick heat pipe is experimentally studied. HTC 
of evaporator and condenser sections increases with 
heat flux. The addition of CuO nanoparticles in the 
base fluids considerably increases the HTC value and 
the increment is highest at 1.0 wt.% concentration. 
For this optimum concentration, the evaporator and 
condenser HTC increases by about 40.1% and 64.8% 
respectively. The heat pipe inclination angle also 
plays significant role changes in the thermal 
performance. The maximum enhancement in the 
HTC observed for evaporator and condenser sections 
are 33.9% and 43.6% at60° positions compared with 

the results of horizontal heat pipe. The addition of 
CuO nanoparticles in DI water and inclination angle 
delays the dry out conditions as well as improves the 
heat transport capacity of heat pipe. 
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