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Abstract: The nano fluid is a magic fluid which can enhance the heat transfer. The specific area of nano particles is very 

high. So, these particles can use in different fields. The zinc oxide nano fluid has different properties such as non toxic 

and useful for mass and heat transfer fields. Also, heat pipe is a power full device which can improve the heat transfer. 

So, a heat pipe and zinc oxide nano fluid as the operating fluid is used in this paper. Temperature distribution, nano fluid 

density and nano fluid shear stress is considered in this work. The results present better temperature distribution of zinc 

oxide nano fluid relative to the pure water. 
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INTRODUCTION 

Generally, attempts of humans during the 

industrial history have been tended to higher heat 

transfer rates and making heat exchangers in smaller 

size [1- 3]. Although the metallic particles suspended in 

the fluids have higher thermal conductivities and had 

been proposed to heat transfer augmentation in the heat 

exchangers, but they also are responsible of erosion, 

corrosion, pressure drop and pipe blockage [4-6]. 

 

Therefore, adding particles in millimeters or 

even micrometre size, have encountered problems. 

Suspensions with millimeter or micron sized particles 

are famous to cause severe problems in heat transfer 

apparatus [7]. However, particles in large size tend to 

quickly settle out of suspension and cause to severe 

clogging by passing through micro channels. Thereby, 

the pressure drop increases severely [8, 10-11]. 

Furthermore, the abrasive actions of these particles 

cause the erosion of pipelines and industrial equipments 

[12-14]. Nowadays, developing technology represents 

the utilization of nanofluids as working fluids in heat 

transfer equipments. ’Nanotechnology’’ is one of the 

important branches which uses substances in nano size 

in many revolutionary variations that can significantly 

improve device performance, which relates to engine 

cooling systems, petroleum and chemical plants, the 

technology of communication, resistor materials, sensor 

applications, drug delivery, pharmaceutical industries 

and several areas of practical importance [7]. However, 

traditional fluids have poor heat transfer properties 

compared to most solids. Some experimental 

investigations have revealed that water has a 

remarkably higher thermal conductivity and greater heat 

transfer characteristics than conventional oily fluids. A 

theoretical model and an experimental setup are 

proposed to describe the heat transfer performance of 

water flowing in a heat pipe. The experimental results 

illustrate that the thermal conductivity of nano particles 

is higher than the thermal conductivity of the macro 

particles. In 2001, a heat pipe consisting of aluminum 

wick presented a much higher effective thermal 

conductivity. The convective heat transfer feature and 

flow performance of water in a tube are experimentally 

investigated by Scientifics. The other researchers 

investigated the increase in thermal conductivity with 

temperature for oily fluids with water as the base fluid 

and glycerol as suspension substances [13 and 14]. The 

results indicated an increase in enhancement 

characteristics with temperature, which makes the wick 

even more attractive for applications with higher energy 

density than usual room temperature measurements 

reported earlier. The other Scientifics performed boiling 

experiments, varying the conditions of fluids. The 

measured pool boiling curves for oily fluids saturated at 

60 centigrade degree demonstrated that the critical heat 

flux increases dramatically (200% increase) compared 

to pure water [13-14]. In 2004, some researchers 

investigated the thermal performance of fatty fluids in 

meshed heat pipes [13]. The circular meshed heat pipe 

had a length of 170 mm and an outer diameter of 6 mm. 

The heat pipe thermal resistance ranged from 0.17 to 

0.215C/W. The measured results showed that the 

thermal resistance of the heat pipes with fatty fluids is 
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lower than that of pipes containing pure water [13]. 

Recently, Scientifics demonstrated that a fatty fluid 

consisting of Ethanol molecules in distilled water 

enhanced grooved heat pipe thermal performance [11-

12]. Similar experiments are observed in another recent 

study by authors. This study is focused on the 

temperature distribution in a heat pipe. Their result also 

showed that copper heat pipe thermal performance is 

higher than that for a conventional heat pipe [10]. The 

present study aims at assessing the effect of zinc oxide 

nano fluid as the working fluid on the temperature 

distribution in an aluminum heat pipe. The obtained 

results are compared with data collected from pure 

water. 

 

MATERIALS AND METHOD 

An experimental system is set up to measure 

the thermal distribution of circular heat pipes. The local 

heat pipe temperature is measured using four isolated 

Omega type-T thermocouples. Two thermocouples are 

attached to the evaporator; one is attached to the 

adiabatic section; and the last one is attached to the 

condenser section (for ambient temperature). All 

thermocouples are calibrated against a quartz 

thermometer. The uncertainty in temperature 

measurements is ±0.1 C. Two heater bars (maximum 

120 W) are used as a heat source in the heating section. 

 

 Modeling for temperature prediction 

Figure 1 shows the heat pipe in three sections. 

For a fully-thawed low-temperature heat pipe, the vapor 

phase can be assumed to be saturated and uniform. 

Therefore, there is no need to solve the energy equation 

for the vapor phase.  
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Fig 1: The experimental heat pipe in three sections 

  

                 Results show the axial vapor and wall 

temperature distributions of a metallic heat pipe with 

zinc oxide nano fluid as the working fluid. These results 

show that the vapor temperature is uniform along the 

heat pipe. The authors believe that the wall temperature 

in the evaporator and the condenser sections is almost 

uniform, except near the interfaces with the adiabatic 

section where axial conduction in the wall is most 

pronounced. In the present study, the heat pipe is heated 

uniformly over the evaporator section and convectively 

cooled in the ambient as condenser section. The vapor 

temperature is assumed uniform along the heat pipe, 

and a one-dimensional heat conduction model is used 

for the wall and liquid-wick regions. For steady-state 

operation, the convective boundary condition at the 

outer wall surface ( oRr  ) is: 

 

)(2 , bcwallco TThLRQ    1 

 

 Where Q  is the heat input, h  is the convective heat transfer coefficient, cwallT ,  is the wall temperature in the condenser 

section, and bT  is the bulk temperature of the coolant. The vapor and wall temperatures are obtained as follows: 
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And the equation 3 can predict the wall temperature for eLx 0.0 . 
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Also, the wall temperature for the aee LLxL   can be written as equation 4. 
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The wall temperature for LxLL ae   can be written as equation 5 
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Where wallk  is the thermal conductivity of the heat pipe wall, and 
effk  is the effective thermal conductivity of the 

liquid-saturated wick. 

 

RESULTS AND DISCUSSION 

Heat transfer in heat pipe and thermal 

specifications are considered in design and performance 

of experiments. The heat pipe which is made aluminum 

wick is used to investigate the temperature distribution 

of zinc oxide nano fluid in the heat pipe. Also, the heat 

pipe capacity to tolerate the input powers is surveyed by 

different amounts of input power. Blow figures 

illustrate the results related to the heat pipe performance 

and the rheological properties of zinc oxide nano fluid 

in the rotational viscometer.  

 

Temperature profile 

The effect of power supply and zinc oxide 

nano fluid on the amounts of temperatures through the 

length of heat pipes are shown in Figures 2 to 5. 

Temperature decreases from the evaporator to the 

condenser through the length. The length of heat pipe 

which is used in these experiments is 18 cm. Figure 2 

shows the temperature changes in heat pipe emerging 

20 watt power. The volume percentage for the Figure 2 

is 2%. The experimental and theoretical temperature 

distribution has decreased from 33 to 32.7 and 32.8 to 

32.2, respectively.  

 

 
Fig 2: Temperature profile through the pipe length at 20 W, 2% nano particles. 

 

In Figure 3, the experimental temperature 

distribution is compared with the theoretical 

temperature distribution. The experimental temperature 

changes from 30 C to 29.4 C.  The start and the end 

point for temperature in theoretical model is changed 

from 29.9 C to 29.1 C.  
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Fig 3: Temperature profile through the pipe length at 20 W, 4% nano particles. 

 

Figure 4 and Figure 5 show the variations of 

temperature through the heat pipe for 6 and 8 volume 

percentage. The experimental temperature variation for 

6% of nano particles is 26.6C to 25.7C and from 25 to 

23.6 when 8% of zinc oxide nano particle is used. The 

range of temperature changing in a theoretical state for 

6 and 8 volume percentage are 26.3C to 25.2C and 

24.9C to 23.3C, respectively.  

 
Fig 4: Temperature profile through the pipe length at 20 W, 6% nano particles. 

 

Usage of 8 vol% of zinc oxide nano particle 

with   aluminum wick and input power values of 20 

Watt through the 18 cm heat pipe, obtain decreasing 

trend of start point of temperature.  
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Fig 5: Temperature profile through the pipe length at 20 W, 8% nano particles. 

 

CONCLUSION 

This paper discusses the thermal enhancement 

of heat pipe performance using zinc oxide nano particle 

and aluminum metal as internal wick. In the present 

case, distilled water in a 211 micrometer wide x 217 

micrometer deep grooved circular heat pipe is 

experimentally tested. Input power is 20 W and results 

of the performance test are as follows: A). Aluminum 

wick shows good heat transfer performance when the 

zinc oxide nano fluid passes through the heat pipe as 

working fluid. B). The lower amounts of temperatures 

are obtained through the heat pipe, when the 

concentration of zinc oxide nano fluid is 8%.  

 

REFERENCES’ 

1. Bhuwakietkumjohn N, Rittidech S; Internal 

flow patterns on heat transfer characteristics of 

a closed-loop oscillating heat-pipe with check 

valves using ethanol and a silver nano-ethanol 

mixture, Experimental Thermal and Fluid 

Science, 2010; 34(8): 1000–1007. 

2. Shuang-Ying Wu, Qiao-Ling Zhang, Lan 

Xiao, Feng-Hua Guo; A heat pipe 

photovoltaic/thermal (PV/T) hybrid system 

and its performance evaluation, Energy and 

Buildings, 2011; 43(12): 3558–3567.  

3. Cho T, Baek I, Lee J, Park S; Preparation of 

nano-fluids containing suspended silver 

particles for enhancing fluid thermal 

conductivity of fluids, Journal of Industrial and 

Engineering Chemistry 2005; 11(3): 400–406. 

4. Nkwetta D.N, Smyth M, Zacharopoulos A, 

Hyde T; Optical evaluation and analysis of an 

internal low-concentrated evacuated tube heat 

pipe solar collector for powering solar air-

conditioning systems, Renewable Energy, 

2012; 39(1):65–70. 

5. Xin-She Yang, Tao Luan; Modelling of A 

Pulsating Heat Pipe and Startup Asymptotics, 

Procedia Computer Science, 2012; 9: 784–791. 

6. Lin Z, Wang S, Shirakashi R, LWinston 

Zhang; Simulation of a miniature oscillating 

heat pipe in bottom heating mode using CFD 

with unsteady modeling, International Journal 

of Heat and Mass Transfer, 2013; 57(2): 642–

656. 

7. Choi SUS, Wang X, Xu W; Thermal 

conductivity of nanoparticle- fluid mixture, 

Journal of Thermophysics and Heat Transfer 

1999; 13(4): 474–480. 

8. Jian Qu, Qian Wang; Experimental study on 

the thermal performance of vertical closed-

loop oscillating heat pipes and correlation 

modeling, Applied Energy, 2013; 112: 1154–

1160. 

9. Wei WC, Tsai SH, Yang SY, Kang SW; Effect 

of nano-fluid on heat pipe thermal 

performance, in: Proceedings of the 3rd 

IASME/ WSEAS International Conference on 

Heat Transfer, Thermal Engineering and 

Environment, 2005; 115–117. 

10. Laubscher R, Dobson RT; Theoretical and 

experimental modelling of a heat pipe heat 

exchanger for high temperature nuclear 

reactor, Applied Thermal Engineering, 2013; 

61(2): 259–267. 

11. Chauris N, Ayel V, Bertin Y, Romestant C, 

Eysseric D; Hydraulic modelling of a flat heat 

pipe with two different groove shapes and a 

small vapour section, Applied Thermal 

Engineering,  2013; 61(2): 311–326. 

12. Tsai CY, Chien HT, Chan B, Chen PH, Ding 

PP, Luh TY; Effect of structural character of 

gold nano-particles in nanofluid on heat pipe 

thermal performance, Materials Letters 2004; 

58: 1461–1465. 

13. Buschmann MH; Nanofluids in thermosyphons 

and heat pipes: Overview of recent 

experiments and modelling approaches, 

International Journal of Thermal Sciences, 

2013; 72: 1–17. 

14. Xie HQ, Wang JC, Xi TG, Liu Y; Thermal 

conductivity of suspensions containing nano-

sized SiC particles, International Journal of 

Thermophysics 2002; 23(2): 571-580. 

23.2

23.4

23.6

23.8

24

24.2

24.4

24.6

24.8

25

25.2

0 2 4 6 8 10 12 14 16 18 20

Length of heat pipe (cm)

Te
m

pe
ra

tu
re

 (
o
C

)

Experimental temperature Theoretical temperature

The volume percentage of nano particle is 8

http://www.sciencedirect.com/science/article/pii/S0894177710000580
http://www.sciencedirect.com/science/article/pii/S0894177710000580
http://www.sciencedirect.com/science/journal/08941777
http://www.sciencedirect.com/science/journal/08941777
http://www.sciencedirect.com/science/journal/08941777/34/8
http://www.sciencedirect.com/science/article/pii/S0378778811004051
http://www.sciencedirect.com/science/article/pii/S0378778811004051
http://www.sciencedirect.com/science/article/pii/S0378778811004051
http://www.sciencedirect.com/science/article/pii/S0378778811004051
http://www.sciencedirect.com/science/article/pii/S0378778811004051
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788
http://www.sciencedirect.com/science/journal/03787788/43/12
http://www.sciencedirect.com/science/journal/09601481
http://www.sciencedirect.com/science/journal/09601481/39/1
http://www.sciencedirect.com/science/article/pii/S1877050912002050
http://www.sciencedirect.com/science/article/pii/S1877050912002050
http://www.sciencedirect.com/science/journal/18770509
http://www.sciencedirect.com/science/journal/18770509/9/supp/C
http://www.sciencedirect.com/science/article/pii/S0017931012007016
http://www.sciencedirect.com/science/article/pii/S0017931012007016
http://www.sciencedirect.com/science/article/pii/S0017931012007016
http://www.sciencedirect.com/science/article/pii/S0017931012007016
http://www.sciencedirect.com/science/article/pii/S0017931012007016
http://www.sciencedirect.com/science/journal/00179310
http://www.sciencedirect.com/science/journal/00179310
http://www.sciencedirect.com/science/journal/00179310/57/2
http://www.sciencedirect.com/science/article/pii/S0306261913001384
http://www.sciencedirect.com/science/article/pii/S0306261913001384
http://www.sciencedirect.com/science/journal/03062619
http://www.sciencedirect.com/science/journal/03062619/112/supp/C
http://www.sciencedirect.com/science/journal/13594311
http://www.sciencedirect.com/science/journal/13594311/61/2
http://www.sciencedirect.com/science/journal/13594311/61/2
http://www.sciencedirect.com/science/journal/13594311
http://www.sciencedirect.com/science/journal/13594311
http://www.sciencedirect.com/science/journal/13594311/61/2
http://www.sciencedirect.com/science/journal/12900729
http://www.sciencedirect.com/science/journal/12900729/72/supp/C

