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ABSTRACT 
In this paper, an experimental study was performed to determine the performance of the grooved heat pipe using DI water based 
Copper nanofluid as the working fluid. The average diameter of Coo nanoparticles was 50 nm. The parameters considered in this 
analysis are heat input, angle of inclination and filling ratio of the working fluid in the evaporator section. The experiment was 
conducted with various heat inputs from 30 to 70 W with 10 W intervals, inclination angle varies from 0°to 90 ° with 15° interval, 
filling ratio varies from 25 % to 125 % with 25% interval with constant flow rate of coolant in the condenser section as 80 ml/ sec.  
The efficiency and thermal resistance of the grooved heat pipe has been determined and it was observed that 75 % filling ratio and 
60°orientation of the heat pipe has more excellent performance. 
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INTRODUCTION 

 

The heat pipe is a closed tube or chamber of different shapes whose inner surfaces are lined with a porous 

capillary wick. The wick is saturated with the liquid phase of a working fluid and the remaining volume of the 

tube contains the vapor phase. Heat applied at the evaporator by an external source vaporizes the working fluid 

in that section. The resulting difference in pressure drives vapor from the evaporator to the condenser where it 

condenses releasing the latent heat of vaporization to a heat sink in that section of the pipe. Depletion of liquid 

by evaporation causes the liquid–vapor interface in the evaporator to enter into the wick surface and a capillary 

pressure is developed .The capillary pressure pumps the condensed liquid back to the evaporator for re-

evaporation. The heat pipe can continuously transport the latent heat of vaporization from the evaporator section 

to the condenser without drying the wick. This process will continue as long as the flow passage for the working 

fluid is not blocked and a sufficient capillary pressure is maintained. 

The amount of heat that can be transported as latent heat of vaporization is usually several orders of 

magnitude larger than that which can be transported as sensible heat in a conventional convective system. The 

heat pipe can therefore transport a large amount of heat with a small unit size [1]. Normally the wick structures 

consisting of a porous structure made up of interconnecting pores. The covered channels consisting of an area 

for liquid flow closed by the finer mesh capillary structure. Grooved heat pipes with gauze covering the groove 

and arterial wicks are included in this category. Grooves are one type of wick, which is widely used in 

spacecraft applications but which is unable to support significant capillary heads in earth gravity, is a grooved 

system. The simplest way of producing longitudinal grooves in the wall of a heat pipe is by extrusion or by 
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broaching An alternative groove arrangement involves ‘threading’ the inside wall of the heat pipe using taps or a 

single-point cutting tool. 

The radial thermal resistance of grooves will be radically different in the evaporator and condenser sections. 

This occurs because of the differences in the mechanisms of heat transfer. In the evaporator the land or fin tip 

plays no active part in the heat transfer process. The probable heat flow path is conduction via the fin, 

conduction, across a liquid film at the meniscus and evaporation at the liquid–vapor interface. In the condenser 

section, grooves will be flooded and the fin tip plays an active role in the heat transfer process. The buildup of a 

liquid film at the fin tip will provide the major resistance to heat flow. The thickness of the liquid film is a 

function of the condensation rate and the wetting characteristics of the working fluid [2].  

Zhen-Hue Liu et al. [3] studied experimentally to investigate the thermal performance of an inclined 

miniature grooved heat pipe using water-based Coo nanofluid. They reported that the inclination angle has a 

strong effect on the heat transfer performance of heat pipes using both water and the nana fluid. The best result 

achieved at the inclination angle of 75°. In heat pipe using nanofluid, the maximum heat flux for inclined heat 

pipe can increase doubly and the inclination angle itself has only weak effects on the maximum heat flux. 

Horng-Jou Wang et al 

Jing –Se Such et al. [4] conducted study on an analysis of thermal performance in a micro flat heat pipe 

with axially trapezoidal grooves. They investigated that the flow of liquid and vapor in trapezoidal grooves and 

the effect of variable shear stress along the interface of the liquid and vapor also considered. Jorge Berthold 

Junior et al. [5] conducted the study on dynamic test method to determine the capillary limit of axially grooved 

heat pipe. The dynamic method is used to detect dry out limit in heat pipes. Zed Lataoui et al. [6] experimentally 

investigated the thermal behavior and performance of an axially grooved heat pipe. In this work the maximum 

heat transfer capacity can be determined and significant increase in the mean evaporator temperature also 

examined.  

Peter Stephan and Christophe Brandt [7] were developed an advanced capillary structure with high thermal 

effectiveness, low axial pressure drop, high capillary pressure and a high boiling limit. It combines open mini 

channels with open micro channels that are manufactured perpendicular on top of the mini channels. They 

reported the heat transfer coefficient in the evaporator zone, which is a characteristic value for the thermal 

effectiveness, was up to 3.3 times higher compared to a similar structure without micro channels. A model that 

combines micro- and macroscopic phenomena was developed. Kym Hung Dao et.al [8] developed a 

mathematical model for predicting the thermal performance of a flat micro heat pipe with a rectangular grooved 

wick structure. The results obtained from the proposed model are in close agreement with several existing 

experimental data in terms of the wall temperatures and the maximum heat transport rate. The maximum heat 

transport rate of a micro heat pipe with a grooved wick structure is optimized with respect to the width and the 

height of the groove by using the proposed model.  

In this work, the performance of the grooved heat pipe has been analyzed using the copper oxide nanofluid 

as the working fluids. The effect of heat input, angle of inclinations and filling ratio of the working fluid have 

been analyzed and reported. The specifications of heat pipes are given in Table 1. Microscopic structure of 

grooved structure of the heat pipe is shown in fig 2. 

  
Table 1: Specification of Grooved Heat Pipe 

Description Value 

Evaporator Length 150 mm 

Condenser Length 150 mm 

Total Length 600 mm 

Width of the Groove 136μm 

Outer Diameter of Heat pipe 9.5 mm 

Inner diameter of Heat pipe 8.75 mm 

Heat Input (W) 30,40,50,60,70  

Heat pipe inclination 0°,15°,30°,45°,60°,75°,90° 

Working Fluid DI Water + CuO Nano Fluid 
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Fig. 1: Microscopic structure of grooved heat pipe Nanofluid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: SEM image of copper 

 

II. Experimental Setup & Procedure: 

 
 

Fig. 3: Experimental setup 

 

The experimental setup of the heat pipe as shown in figure 3 and the position of the thermocouple are 

shown in figure 4.The adiabatic section of the heat pipe is covered with insulation material (glass wool). The 

power input (heat) is applied to the evaporator region of the heat pipe by using electric heater and measured 

using electric transducer (wattmeter). Three thermocouples are placed along the length of the pipe to measure 
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the temperature of the evaporator and condenser section and four thermocouples are placed to measure the 

temperature of the adiabatic section. In addition to the above, two more thermometers are placed along the path 

of the coolant to measure the temperature of the coolant (water) inlet and outlet. The uncertainty in temperature 

measurements was ± 0.1 °C. The nano particles used in the experiment were copper oxide particles with a size 

of 50 nm. The base working fluid was DI water. The mixture was created using an ultrasonic homogenizer. 

Nanofluid concentration of 100 mg/lit was used in this study. 

In this experiment, input heat flux is given to the evaporation region by using variac and can be measured 

by wattmeter. The power supply was turned on and the power incremented at this point in the tests, it took 

approximately 50 to 90 minutes to reach steady-state. Once the steady-state condition had been reached, the 

temperature distribution along the heat pipe was measured and recorded, along with the other experimental 

parameters. The power was incremented from 30 W to 70 W with incremental value of 10 W. The process was 

repeated for varying tilt angles (0°,15°,30°,45°,60°,75° &  90°) and with varying filling ratios ( 25%, 50%, 75%, 

100% & 125%). 

 

3. Experimental Results & Discussion: 

3.1 Effect of heat input, angle of inclination and filling ratio on thermal efficiency:  

The thermal efficiency of the heat pipe is defined as the ratio of the heat rejection rate in the condenser to 

the heat supplied in the evaporator section [12]. 

 

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =  
𝑚𝐶𝑝(𝑇𝑐𝑜−𝑇𝑐𝑖)

𝑄𝑖𝑛
                                              (1) 

 

Where m is the flow rate of cooling water in the condenser in kg/s, Cp is the specific heat of water in J/kg 

K, Qin is the heat supplied at the evaporator in W, Tci & Tco is the temperature of the water at inlet and exit 

respectively in K. 

Figures 5-8 shows the variations of thermal efficiency with heat input, angle of inclinations and filing ratios 

of working fluid in the heat pipe. The thermal efficiency of the grooved heat pipe increases with increasing the 

heat input in the evaporator. It is owing to the fact that the increasing the temperature difference between the 

evaporator section and condenser sections of the heat pipe. At the higher rate of heat input in the evaporator 

section, the heat generated in the surface is more and the working medium which is in the form of vapor moves 

strongly into the condenser section. The cooling water in the condenser absorbs this excessive heat and as a 

result, the efficiency of the grooved heat pipe increases. 

From the figures, the heat pipe efficiency increases with the increase in the tilt angle up to certain angle and 

then decreases. 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 in addition to capillary action of groove which is 

present in the inside of the heat pipe. The thermal efficiency of the heat pipe with all the working fluids reaches 

a maximum value at 45o for 25% filling ratio and 60o for other filling ratios (50%, 75% and 100%) tilt angle 

afterwards the heat pipe thermal efficiency tends to decrease. It is due to the formation of the liquid film at the 

inner side of condenser section resulting in the high thermal resistance between the vapor of the working fluid 

and the cooling medium in the condenser. The higher value of heat pipe thermal efficiency is attained at 75% of 

the filling ratio of the working fluid (fig 9).  At higher filling ratios the space available for liquid and vapor in 

the inside of the heat pipe is reduced and it increasing the resistance between the vapor and the liquid, as a 

result, thermal efficiency gets reduced for 100% filling ratio of the working fluid. 

 

 
 

Fig. 5: Effect of heat input, angle of inclination on thermal efficiency for 25% filling ratio 
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Fig. 6: Effect of heat input, angle of inclination on thermal efficiency for 50% filling ratio 

 

 
 

Fig. 7: Effect of heat input, angle of inclination on thermal efficiency for 75% filling ratio 

 

 
 

Fig. 8: Effect of heat input, angle of inclination on thermal efficiency for 100% filling ratio 

 

 
 

Fig. 9: Effect of Heat Input and Filling ratio on thermal Efficiency 

 

3.2.  Effect of heat input, angle of inclination and filling ratio on thermal resistance: 

The thermal resistance (TR) of the heat pipe is defined as 

𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  
𝑇𝑒−𝑇𝑐

𝑄𝑖𝑛 
                                             (2) 

Where Te and Tic are the average surface temperatures of the heat pipe at the evaporator section and the 

condenser. Qin is the heat energy supplied in the evaporator section in W. 

From the figures 10-13, the thermal resistance of heat pipe decreases with its increasing values of angle of 

tilt and the heat load. The thermal resistance of the heat pipes are high at low heat loads than the higher heat 

loads, because of that a relatively solid liquid film resides in the evaporator section. On the other hand, these 

thermal resistances fall quickly to its minimum value when the heat load is increased. The minimum value of 

thermal resistance obtained at the 60o inclination of heat pipe. Figure 14 show that the variations of thermal 
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resistance for various heat inputs and filling ratios. From this figure the minimum resistance obtained at the 

filling ratio of 75% than the other filling ratios 

Tsai et al. [13] and Liu et al. [14] declared the reduction in the thermal resistances of the heat pipes using 

nanofluids is on the thermal resistance from the evaporator section to the adiabatic section at higher heat loads. 

Also the main reason for the decreasing values of the thermal resistance of heat pipe is due to the formation of 

vapor bubble at the liquid–solid interface. A larger bubble nucleation size creates a higher thermal resistance 

that prevents the transfer of heat from the solid surface to the liquid. The suspended nanoparticles tend to 

bombard the vapor bubble during the bubble formation. Therefore, it is expected that the nucleation size of 

vapor bubble is much smaller for fluid with suspended nanoparticles than that without them. 

Yang et al. [15] and Kim et al. [16] stated that the reduction in thermal resistance is not only due to the 

thermo physical properties of nanofluids but it are owing to the thin porous coating layer formed by 

nanoparticles in the evaporation region. It forms the coating layer on nanoparticles which improves the surface 

wet ability by reducing the contact angle and increases the surface roughness, which in turn increases the critical 

heat flux and considerably reduces the thermal resistance of the heat pipe using nanofluids.  

 

 
 

Fig. 10: Effect of heat input, angle of inclination on thermal resistance for 25% filling ratio 

 

 
Fig. 11: Effect of heat input, angle of inclination on thermal resistance for 50% filling ratio 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Effect of heat input, angle of inclination on thermal resistance for 75% filling ratio 

 

 
Fig. 13: Effect of heat input, angle of inclination on thermal resistance for 100% filling ratio 
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Fig. 14: Effect of Heat Input and Filling ratio on thermal Resistance 

 

For the heat pipe using nanofluid, not only does the total thermal resistance at different Inclination angles 

reduce greatly, but also does the maximum efficiency at different inclination angles increase greatly. The 

enhancement effect of the nanofluid on the thermal performance is very apparent. Inclination angle has a strong 

effect on the efficiency and total thermal resistances of heat pipes. The total thermal resistance for the inclined 

heat pipe reduces greatly comparing with that of the horizontal heat pipe. 

 

Conclusion: 

In this study, the thermal performances of the cylindrical grooved heat pipe are experimentally investigated 

using the copper nanofluid as working fluid. The experiments are conducted with various heat inputs, inclination 

angles and filling ratios of the working fluid on the heat pipe. To analysis the thermal performances of the heat 

pipe the thermal efficiency and the thermal resistances between the evaporator and the condenser regions are 

measured. From the experimental results the thermal efficiency is maximum at an angle of 60o with respect to 

horizontal direction of the heat pipe and the minimum thermal resistance attained at 60o inclination of the heat 

pipe. The effect of filling ratio has a significant role in enhancing the thermal performance of grooved heat pipe. 

The best filling ratio was 75% for all heat inputs. 
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