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Abstract :  This study utilizes an aqueous solution of n-Pentanol and copper nanoparticles in an aqueous solution of    n-Pentanol 

on a heat pipe.. The copper nanoparticles used are 40 nm. The nanofluids are prepared and an aqueous solution of n-Pentanol is 

added to it at a concentration of 2 ml in one litre of DI water. From the comparison of the performance using both DI water and 

other fluids, it is found that, the thin porous coating layer formed by the nanoparticles suspended in nanofluids is a key effect of 

the heat transfer enhancement for the heat pipe using nanofluids. The results show the possibility of enhancing the thermal 

performance of heat pipe if copper nanoparticle in the aqueous solution of n-Pentanol is used as a working fluid.  Finally, the 

thermal resistance of the nanofluid heat pipe tends to decrease by adding the aqueous solution of n-Pentanol in the copper 

nanofluid. 

 

Index Terms - Heat pipe, copper nanofluid in the aqueous solution of n-Pentanol, heat input, angle of inclination. 
 

I. INTRODUCTION 

The heat pipe is a simple heat transfer device which can transport more heat from one place to other with an extremely 

higher thermal conductivity than the conventional pipes. Heat pipes are widely used for cooling electronic equipments in space 

vehicles and terrestrial applications such as high performance computers, laptops, heat recovery systems and solar energy.  Higher 

amounts of heat can be transferred at very low temperature differences between a heat source and a heat sink [1-3], i.e., between 

the evaporator and condenser sections. Tien [4], Tien and Rohani [5] studied about the operational characteristics of a two-

component working medium in heat pipe filled with different water/ethanol solutions. A theoretical framework has been 

performed to foresee the performances gained by this type of heat pipe and it is found that the performance depends on several 

factors like initial composition of two components mixture and heat pipe geometry. 

Brommer [6] analyzed the two-component heat pipes using water/methanol binary mixture. It has been shown that, the 

startup behavior of heat pipes are enhanced by using these working fluids, when it is initially frozen and the freezing point of the 

working medium can be lowered by adding together with an appropriate liquid, like methanol in water for low temperature range. 

Kadoguchi et al. [7] examined the two-component heat pipes with the binary mixture working fluid which is a more advantageous 

heat transfer device than a gas-loaded variable- conductance heat pipe for controlling the temperature of electric device. 

All of the conventional heat pipes endure from the common problem of heat transfer constraint. The maximum heat transfer 

rate of any particular heat pipe can be determined by these limitations under the typical operational circumstances. The capillary 

limits and the boiling limits are regarded as the most significant features in the heat pipe design. The capillary limit of a heat pipe 

can be persuaded by the surface tension of the working fluid. As the temperature increases, the surface tension of all the pure 

liquids generally reduces on account of the fact that the liquid travels along the interface towards the cooler condenser zone. The 

existing working fluids for the heat pipes have negative surface tension gradient with temperature, which is an unfavourable one 

for spreading or re-setting on a heated surface, and so the operating temperature as well as the heat load of heat pipe systems are 

limited. Besides, the heat pipe systems also suffer from operational instability problems because of the characteristics of the 

negative surface tension gradient with temperature.  

The heat transfer capability of the all heat transfer devices including the heat pipe is restricted by the working fluid 

transport properties. To conquer these limitations, the thermo physical properties of the working fluid have to be enhanced.  The 

heat transfer rate of heat transfer devices can be improved by adding additives to the working fluids to alter the fluid transport 

properties and flow features. One of the techniques is to use the aqueous solutions of alcohols, with chain lengths longer than four 

carbon atoms. 

The aqueous solutions of long chain alcohols which have the carbon atom more than four have specific properties that the 

surface tension increases with temperature [8-9]. In the case of boiling phenomena, increasing surface tension at a higher 

temperature of such kinds of fluids causes supply of cooling liquid at dry patch on the heated surface. Therefore, using these kinds 

of fluids as heat pipe working fluids has led to the improvement in the heat transfer performance when compared with the 

conventional water heat pipe. It is sufficient that only a small amount of the long-chain alcohols, in the order of 10-3 mole per 

liter, is required to change the surface tension characteristics of water without affecting the other bulk properties of the water [10]. 

In addition, the heat pipe using the dilute solutions of long chain alcohols like aqueous solution of n-Pentanol yields both the high 

surface tension and the positive surface tension gradient with temperature, when the heat pipe operating temperature is at 90oC or 

above. Because of the high positive surface-tension gradient with temperature, the working fluid tends to move towards the 
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evaporator in the heat pipe, reducing the liquid pressure drop, increasing the capillary limit and the boiling limit, and 

consequently, increasing the heat load.  

Another method is to use the nanofluid in the heat transfer equipments to enhance the thermal performance of heat transfer 

devices. An innovative way to improve the liquid thermal conductivity is the diffusion of highly conductive solid nanoparticles 

within the base fluid. This new creation of conductive fluids with nanoparticles is referred to as nanofluids. Nanofluids are 

becoming the fast emerging alternatives to the usual heat transfer fluids. The term ‘Nanofluids’ is used to indicate a newly 

introduced special class of heat transfer fluids that contain nanoparticles less than 100 nm of metallic or non-metallic substances 

uniformly and stably suspended in a conventional heat transfer liquid [11].  

The thermo physical and transport properties of the conventional fluids are improved by adding the nanoparticles in base 

fluid. The effective thermal conductivity of nanofluids increases with increase in temperature [12]. This finding makes nanofluids 

even more attractive as a cooling fluid for heat transfer devices with high energy density. Some experimental investigations have 

revealed that the nanofluids have remarkably higher thermal conductivities and greater heat transfer characteristic than those of 

conventional pure fluids [13-14]. A theoretical model and an experimental procedure are proposed to describe the heat transfer 

performance of nanofluid flowing in a tube.  The results obtained illustrate that the thermal conductivity of nanofluids remarkably 

increases with the volume fraction of ultra-fine particles [15]. The nanofluid consisting of copper nanoparticles dispersed in 

ethylene glycol has a much more effective thermal conductivity than the pure ethylene glycol or ethylene glycol containing the 

same volume fraction of dispersed oxide nanoparticles [16]. Tsai et al. [17] studied the thermal performance of the gold nanofluid 

in meshed heat pipe. The measured results show that the thermal resistance of the heat pipes with nanofluids is lower when 

compared with pure water.  Kang et al. [18] discussed about the thermal enhancement of heat pipe using silver nanofluid as the 

working fluid. The experiments were conducted using DI-water dispersed with 10 nm and 35 nm silver particles, inside a          

211 x10-6 m wide and 217 x10-6 m deep grooved circular heat pipe. The experimental results show that the thermal resistance of 

heat pipe filled with silver nanofluid reported a reduction of 10–80% compared to DI-water. 

Kang et al. [19] employed the dilute dispersion of silver nanoparticles in DI water as a working fluid for a conventional      

1 mm wick-thickness sintered circular heat pipe. The nanofluid is an aqueous solution with 10 nm and 35 nm diameter silver 

nanoparticles and the tested nanoparticle concentrations range from 1, 10, and 100 mg/ lit. At the same charge volume, it has been 

demonstrated that the temperature difference decreased to 0.56–0.65oC when compared with DI water at an input power of        

30–50 W.  The nanofluids are having a higher heat transfer capacity than the conventional working fluids and also it reduces the 

overall thermal resistance between the evaporator and the condenser. It is in this direction, a working fluid which is the 

combination of copper nanoparticle and the aqueous solution of long chain alcohols has been explored in order to enhance the 

thermal performance of the heat pipe. 

In the present analysis, heat pipe of copper container and the two strands of stainless steel wrapped screen are used as a 

wick material. The DI water, aqueous solution of n-Pentanol, copper nanofluid and copper nanoparticle in aqueous solution of n-

Pentanol are used as working fluids in the heat pipe.  The copper nanoparticle with a size of 40 nm and the aqueous solution of 

copper nanofluid prepared by adding the 2 ml/lit of n- Pentanol is used as working fluid. The concentration of copper nanoparticle 

in the DI water is 100 mg/lit. The nanofluids are prepared using the ultrasonic homogenizer for copper nanofluid and copper 

particle in the aqueous solution of n-Pentanol. The experiments are carried out for different inclinations of heat pipe to the 

horizontal with diverse heat inputs. The objective of this work is to study about the thermal efficiency improvement of heat pipe 

using copper nanofluid and the aqueous solution of n-Pentanol in copper nanofluid. 

II. EXPERIMENTAL ARRANGEMENT AND TEST PROCEDURE    

The experimental arrangement of heat pipe is shown in Fig. 1(a). The thermocouple positions are shown in Fig.1 (b). The 

evaporator section of heat pipe is excited by the circumferential electric heater which is linked in the evaporator section. The 

temperature distributions along the heat pipe are calculated with the help of fourteen sets of copper-constantan thermocouples. 

The wall temperature distribution of the heat pipe in adiabatic zone is measured using six evenly spaced copper constantan        

(T-type) thermocouples with an uncertainty of ±0.1oC, at an equal distance from the evaporator. In addition, the thermocouples 

are also located in evaporator surface (three locations), condenser surface (three locations), inlet and outlet of the condenser 

jacket. The heat pipe is charged with 40 ml of working fluid, which approximately corresponds to the amount required to fill the 

evaporator. At the beginning of the experiment, the evaporator temperature is controlled at a temperature of 30°C.  

The cooling water is circulated in the cooling jacket to remove the heat of the working fluid. This cooling jacket is attached to the 

condenser section which is located at the end of the heat pipe. The heat pipe has the capability to transmit the heat through the 

internal structure. Therefore, an abrupt increase in the wall temperature arises which could harm the heat pipe if the heat is not 

released at the condenser correctly. Consequently, the cooling water is dispersed first through the condenser jacket, before the 

heat is supplied to the evaporator. The condenser section of the heat pipe is cooled using water flow through a 150 mm long 

jacket with an inner diameter of 30 mm and outer diameter of 36 mm. The cooling water flow rate is measured by the floating 

rotameter with an uncertainty of ±1% and the flow rate is kept constant at 0.08 kg/min.   

           The initial temperature of cooling water is maintained at 28oC. The inlet and outlet temperatures of the cooling water are 

computed using two copper constantan thermocouples. The experimental part consists of a 20 mm outer diameter copper-water 

heat pipe with a length of 600 mm and a wall thickness of 1.2 mm. The wick consists of two wraps of stainless steel wire mesh 

with a wire diameter of 0.183 mm and 2365 strands per meter. The adiabatic section of the heat pipe is entirely shielded with the 

glass wool. The amount of heat loss from the evaporator and condenser surface is negligible. The experiments are performed 

using four identical heat pipes which are manufactured as per specified dimensions. One of the heat pipes is filled with de-ionized 

water, second one with copper nanofluid, third one with the aqueous solution of n-Pentanol and the fourth one with the aqueous 

solution of n-Pentanol with copper nanofluid. The power input to the heat pipe is slowly increased to the preferred power level. 
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The surface temperatures at six different locations along the adiabatic section of heat pipe are measured at regular time intervals 

until the heat pipe attains the steady state condition. Concurrently, the evaporator wall temperatures, condenser wall temperatures, 

water inlet and outlet temperatures in the condenser zone are also measured.  

           Once the steady state is reached, the input power is turned off and cooling water is permitted to flow through the condenser 

to cool the heat pipe and to make it ready for further experimental purpose. The steady state is defined as the variation in 

temperature which is less than ±0.1oC for 10 min. Then the power is increased to the next level and the heat pipe is tested for its 

performance. Experimental procedure is repeated for different heat inputs (30, 40, 50, 60 and 70 W) and different inclinations of 

pipe (0o, 15o, 30o, 45o, 60o, 75o and 90o) to the horizontal and observations are traced. The output heat transfer rate from the 

condenser is calculated by applying an energy balance to the condenser flow. The vacuum pressure in the inner side of the heat 

pipe is monitored by vacuum gauge, which is attached in the condenser end of the heat pipe.  

 

 
 

Fig. 1(a) Experimental arrangement     

 

 

 
Fig. 1(b) Thermocouple locations of heat pipe 

 

III. RESULTS AND DISCUSSIONS 

3.1 Effect of heat pipe inclination in thermal efficiency 

The thermal performances of the cylindrical heat pipe with various working fluids such as DI water, copper nanofluid, aqueous 

solution of n-Pentanol and copper nanoparticle in aqueous solution of n-Pentanol are compared. The heat pipe thermal efficiency 

is calculated by the ratio between the cooling capacity rate of water at the condenser section to the power supplied at the 

evaporator section [20].  

 

 
 

Where ‘ḿ’ is the flow rate of water in the condenser, Cp is specific heat of water, Tc,o is the outlet temperature of cooling water in 

the condenser and Tc,i  is the inlet temperature of cooling water in the condenser. Figures 2 - 6 show the variations of heat pipe 

thermal efficiency for DI water, copper nanofluid, aqueous solution of n-Pentanol and copper nanoparticle in aqueous solution of 

n-Pentanol with various tilt angles for 30 W, 40 W, 50 W, 60 W and 70 W heat inputs respectively. From all the figures, it has 

been observed that the efficiency of the heat pipe increases with increasing values of the tilt angle. This is due to the fact that the 

gravitational force has a significant effect on the flow of working fluid between the evaporator section and the condenser section 

along with the capillary action of wick. However, when the heat pipe inclination angle exceeds 30° for de-ionic water, aqueous 

solution of n-Pentanol and copper nanoparticle in aqueous solution of n-Pentanol and 45° for copper nanofluid, the heat pipe 

thermal efficiency tends to decrease. The efficiency of the heat pipe seems to decrease since the formation of the liquid film is at 

higher rate inside the condenser due to the deposition of coolant in the bottom side of the condenser resulting in the increased 

value of the thermal resistance. Therefore the thermal efficiency decreases when the angle exceeds 30° for DI water, aqueous 
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solution of n-Pentanol and copper nanofluid in the aqueous solution of n-Pentanol and 45° for copper nanofluid. The maximum 

heat input for the heat pipe using DI water can be calculated from the available equations [2] and it is found to have a value of 74 

W for this study. Therefore, for comparative study the maximum heat input of the heat pipe is limited to 70 W.  

In this analysis, the thermal efficiency of heat pipe increases about 8% with copper nanofluid as a working fluid when 

compared with the DI water. Besides, the heat pipe which uses copper nanoparticle with aqueous solution of n-Pentanol increases 

the thermal efficiency to nearly about 20% as compared to that of DI water due to the positive surface tension gradient possessed 

by n-Pentanol.  

The heat pipes filled with DI water and the copper nanofluid takes 60 to 70 min to attain the steady state. The steady 

state time for aqueous solution of n-Pentanol and copper nanoparticle in the aqueous solution of n-Pentanol are 40 to 50 minutes. 

The maximum temperatures of heat pipes using various working fluids are ranging from 110oC to 120oC for DI water, 90oC to 

115oC for copper nanofluid, 65oC to 80oC for the aqueous solution of n-Pentanol and 70oC to 85oC for copper nanoparticle in 

aqueous solution of n-Pentanol. The maximum temperature of the heat pipes depends on the heat input and the angle of 

inclination.  

 

 

 

  

Fig. 2 Variations of heat pipe efficiency for various 

inclinations at 30 W heat input 

 

Fig.3 Variations of heat pipe efficiency for various 

inclinations at 40 W heat input 

 

  

Fig. 4 Variations of heat pipe efficiency for various 

inclinations at 50 W heat input 

Fig. 5 Variations of heat pipe efficiency for     various 

inclinations at 60 W heat input 
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Fig. 6 Variations of heat pipe efficiency for various 

inclinations at 70 W heat input 

 

Fig.7  Thermal resistance of heat pipe for 0o 

inclination 

 

  
Fig. 8 Thermal resistance of heat pipe for 15o inclination 

 

Fig. 9 Thermal resistance of heat pipe for 30o 

inclination 

 

  

Fig. 10 Thermal resistance of heat pipe for 45o 

inclination 

 

Fig. 11 Thermal resistance of heat pipe for 60o 

inclination 
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Fig. 12 Thermal resistance of heat pipe for 75o 

inclination 

 

Fig. 13 Thermal resistance of heat pipe for 90o 

inclination 

 

 

3.2 Effect of thermal resistance 

Figures 7-13 show the relative results of thermal resistance of heat pipe with DI water, copper nanofluid, aqueous 

solution of n-Pentanol and copper nanoparticle in aqueous solution of n-Pentanol. The thermal resistance (R) of the heat pipe is 

defined as  

 
where Te and Tc are average values of temperatures at the evaporator and condenser sections respectively and Q is the heat 

supplied to the heat pipe in the evaporator section. From all the figures, it is clear that the thermal resistance of heat pipe 

decreases for all the four working fluids with increasing values of angle of inclination and the heat input. The figures show that 

the thermal resistance of the heat pipes with nanofluid solution is lower than that with base working fluids. The reason for 

reducing the thermal resistance of the nanofluid heat pipe is the convective heat coefficient of nanofluid is higher than pure water 

[21] and the suspended nanoparticles in a fluid can increase the thermal conductivity of fluid. Therefore, it is expected that the 

thermal performance of heat pipe will be enhanced. However, the thermal resistances of heat pipes using both the base fluid and 

nanofluids are comparatively high at low heat loads for the reason that a relatively solid liquid film resides in the evaporator 

section.  

On the other hand, these thermal resistances condense quickly to its minimum value when the heat load is increased 

because of the sudden collapse of the solid liquid film in the evaporator section. The difference between the thermal resistance of 

DI water & copper nanofluid is nearly 10% and the thermal resistance of the copper nanofluid and the aqueous solution of n-

Pentanol is less than the DI water and copper nanofluid for all the variables and the value is nearly 30%  less than the copper 

nanofluid. The decreasing value of thermal resistance between the aqueous solution of n-Pentanol and copper nanofluid is nearly 

8% .The reason behind it is the fact that the surface temperature of the self rewetting fluids (aqueous solution of n-Pentanol) heat 

pipe is less than that of the DI water and copper heat pipe, i.e., more amount of heat is carried away by the self rewetting fluids in 

the evaporator section. For the high-temperature heat source, a large amount of the aqueous solution of n-Pentanol could be 

vapourized in the heat pipe and that vapour moves to the condenser section quickly and powerfully. It results in an increase in the 

condenser section temperature, subsequently lower thermal resistance for higher heat input than the lower heat input. The thermal 

efficiency reaches its maximum value when the value of the resistance is minimum. For DI water and aqueous solution of n-

Pentanol the thermal efficiency is high at the angle of 30o and the value of thermal resistance is lower than other inclinations. 

Similarly copper nanofluid and copper nanoparticle in the aqueous solution of n-Pentanol gives higher efficiency and lower 

thermal resistance at 450. The variations of thermal resistance are within 8 to 10% only for all fluids at all inclinations expect for 

horizontal position. 

Recently, Do and Jang [22] mathematically presented that the key effect of the heat transfer enhancement of a heat pipe 

using nanofluids is not due to the thermo physical properties of nanofluids but it is owing to the thin porous coating layer formed 

by nanoparticles in the evaporation region. Besides, Yang et al. [23] and Kim et al. [24] indicated that the coating layer formed by 

nanoparticles improves the surface wettability by reducing the contact angle and increasing the surface roughness, which in turn 

increases the critical heat flux. This not only improves the maximum heat transport rate but also, significantly reduce the thermal 

resistance of the heat pipe using nanofluids. This may be due to the formation of the thin porous coating layer by nanoparticles 

suspended in nanofluids. The coating layer on the mesh wick surface provides an additional evaporating surface where high heat 

transfer rates occur. This drastically reduces the thermal resistance of the mesh wicked heat pipe and also it increases the capillary 

pumping ability to pull the liquid to the mesh wick surface. The uncertainties of both thermal efficiency and the thermal resistance 

are within ±1% 

The heat transfer coefficient of the heat pipe increases due to the presence of nanoparticles in the base fluid and its 

effective properties. In addition, the particle relocation is also one of the reasons for this enhancement in efficiency which led to 

the non-uniform distribution of thermal conductivity and viscosity of flow field. 
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IV. CONCLUSION   

This experimental study investigated that the effect of angle of inclination in thermal performance of cylindrical heat 

pipe using DI water, copper nanofluid, aqueous solution of n-Pentanol and copper nanoparticle in aqueous solution of n-Pentanol. 

From the experimental study it is found that the thermal efficiency of copper nanoparticle in aqueous solution of n-Pentanol is 

higher than the base fluids like DI water, copper nanofluid and aqueous solution of n-Pentanol. Also the thermal resistance of 

copper nanoparticle in aqueous solution of n-Pentanol reduces to three fourth of DI water. The results show that the thermal 

performances of the heat pipe may be enhanced by adding a very small amount of long chain alcohol which gives the better 

performance than the conventional working fluid and also nanofluid. This may be due to the reason that, the dilute aqueous 

solution of n-Pentanol which is having a positive surface tension gradient with temperature gives rise to an increased value of the 

capillary limit and the boiling limit of the heat pipe along with the nanofluid.  
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