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Abstract 

The paper presents the results of experimental investigations 

on loop heat pipes (LHP) using nanofluids. LHP is subjected 

to a heat load of 30 - 310 W in steps of 40 W. Alumina–water 

and copper–water are the nanofluids considered in the present 

study. The nanoparticles are taken at a concentration of 2 

wt%. The thermal performance of LHP with nanofluids are 

compared with that of deionised water (baseline case). The 

results indicate that the use of nanofluids in LHP enhanced the 

thermal performance. LHP attained steady state faster with the 

presence of nanoparticles due to enhanced thermal properties. 

Among the nanofluids, copper – water nanofluid shows better 

heat transfer performance. The thermal resistance, thermal 

efficiency and heat transfer coefficient of LHP using copper 

based nanofluid are 0.03 0C/W, 72 % and 2130 W/m2K 

respectively. 
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Introduction 
The loop heat pipe (LHP) is a highly efficient heattransfer 

device that pumps the working fluid betweenevaporator and 

condenser using a capillary wick. Heat isprimarily transferred 

from the evaporator and condenserby the latent heat capacity 

of the working fluid as itevaporates to a gas and condenses to 

a liquid,respectively [1-3]. 

Alekeyet al. [4] numerically investigated 3D model of 

LHP evaporator to analyse the flow and conjugate heat and 

mass transfer. The simulation results shows that evaporation 

mainly occurs at the vapour groove corners close to the 

evaporator. To determine thermodynamic behaviour of LHP a 

steady state model was developed by Benjamin et al. [5]. 

They reported the major effect of evaporation coefficient and 

wick conductivity on the LHP evaporator temperature and its 

temperature field. Esarteet al. [6] experimentally investigated 

LHP to develop a new model for cooling diodes which emits 

high power. It was based on the steady state energy balance 

equations for each components. The effect of various 

parameters such as tube radius and length was also studied. 

Mariyaet al. [7] numerically investigated the LHP to develop 

a 3D model of heat and mass transfer in the flat evaporator. 

The results were used for getting heat exchange dependences 

of heat load for various orientations of the evaporator. Huiet 

al. [8] numerically investigated an anti-gravity LHP and its 

steady state model is considered. It was found that 

condensation length and anti-gravity length influence the 

circulation of working fluid. The thermal characteristics of 

LHP evaporator was analysed by Masahito et al. [9]. It was 

done by using a 3D pore network model with a dispersed pore 

size wick. They concluded that optimum shape can be 

achieved by varying three phase contact line. Riehl [10] 

studied the effect of nickel - water nano fluid in a LHP. Result 

showed that heat transfer coefficient was lower at the 

evaporator side and operating temperatures were higher 

throughout the LHP.  

Masahito et al. [11] also developed a mathematical model 

to investigate the heat transfer characteristics of evaporator in 

LHP with a small gap between case and wick. Also the effect 

of this gap on the thermal properties was discussed. It was 

found that microgap is an efficient approach for improving 

thermal performance. Jobinet al. [12] conducted a review on 

recent advances on loop heat pipes. It was concluded that 

investigations based on LHPs using nanofluids were scarce. 

The thermal performance of LHP using alumina nanoparticles 

were experimentally investigated by Akshayet al. [13]. It was 

found that the evaporator temperature can be reduced by 12% 

using nanofluids than deionised water.Guohuiet al.[14] 

experimentally investigated, an active air-cooling module 

based on a 1-mm-thick loop heat pipe with a flat evaporator 

for laptop computers. Experiments were conducted under 

natural air convection and forced air cooling conditions for 

various fan voltages. The results indicate that by using the 

proposed module, cooling energy savings of up to 80% could 

be realized compared to the current applied heat pipe module 

in a laptop computer.  

The application of nanofluid in LHP is a challenging and 

fertile area of research, which is still in its nascent stages. 

Literature on LHPs are scarce and the use of nanofluids as the 

working medium in LHPs are scarcer. The present study deals 

with the experimental investigations of LHPs with heat input 

ranging from 30 to 310 W in steps of 40 W using nanofluids. 

The thermal performance of the LHPs using nanofluid is 

compared with that of deionized water (baseline case). 

 

Nanofluid preparation 

In the present study, the working fluids used are alumina 

water nanofluid and deionised water. The nanofluid is 

prepared by using a two-step method. Deionised water is 
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taken as the base fluid for the preparation of nanofluid. The 

particle mass concentration of the nanofluid is calculated 

using (1)  

 

Percentage mass concentration = 
Wnf

Wbf
 * 100 % (1)  

 

Where, Wnf = Amount of nanofluid in gram and Wbf = 

Amount of base fluid in gram. 

 

Experimental setup 
The experimental setup used to test the heat pipe in the 

present study is shown in Figre 1. It primarily consists of a 

LHP assembly, a personal computer based multichannel data 

acquisition system and a power supply system. The detailed 

dimensions of LHP is shown in table 1. 

 
Table 1: Dimensions of LHP used for the present study 

 

Component Dimension(mm) 

Evaporator L35 × W35 × H12 

Condenser L235 × W75 × H50 

Vapour line  

Outlet diameter  13 

Inlet diameter  11 

Length  475 

Liquid line  

Outlet diameter  13 

Inlet diameter  11 

Length  475 

 

The evaporator area is same as that of the area of heater top 

surface. In order to reduce contact resistance between 

evaporator and heater, a flat evaporator is employed. The wick 

with a porosity of 63 % is used. Wick is used to produce the 

capillary force which is required to overcome pressure losses 

in the LHP. The compensation chamber acts as the reservoir 

of working fluid. After placing the wick inside the evaporator 

the compensation chamber and evaporator are brazed 

together. 

A thick layer of glass wool insulation is given at the 

heater so that heat loss can be minimised. The chilling unit is 

used to maintain the cooling water at constant temperature. 

Rotameter and pump are used to measure and maintain 

constant cooling water supply to condenser. Cooling water 

enters the condenser at bottom left corner and leaves at top 

right corner. The uncertainty in measurement of temperature, 

voltage and current are ± 0.2 oC, ± 0.1 V and ± 0.01 A 

respectively. Fifteen calibrated T-Type thermocouples are 

used to measure temperatures at different locations of the heat 

pipe assembly. The thermocouples are fixed to the outer 

surface of heat pipe. The heat pipe used for the present study 

is shown in Figure 2. 

 

 

Figure 1: Experimental setup 

 

 

Figure 2: Heat pipe used in the present study 

 

Experimental procedure 
The LHP is tested with deionised water and alumina–water 

nanofluid to study its thermal performance for the heat load 

range of 30-310 W. The evaporator of heat pipe is connected 

to heater block and the whole assembly is covered with thick 

layer of glass wool insulation. The heat pipe is kept in vertical 

orientation for all the experiments i.e. condenser is above the 

evaporator. The condenser is connected to cooling water inlet 

and outlet. The cooling water kept at a temperature of 20 oC is 

made to flow through the condenser at a constant flow rate of 

40 LPH using pump and rotameter. 

The thermocouples are connected to data logger. After 

connecting heater wires to dimmerstat, power supply is 

switched on. An initial heat load of 30 W is applied to heater 

and the heat pipe is allowed to reach steady state. The above 

step is repeated until the heat load becomes 310 W.  

 
Results and discussions 

 

Thermal resistance 

The thermal resistance of LHP for various heat inputs is 

shown in Figure3. It is observed thermal resistance is 

decreasing with the increase in heat load. This reduction is 

maximum when nanofluids are used.LHP is having least 

thermal resistance when copper nanoparticles are used. The 
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minimum thermal resistance of LHP using copper, alumina, 

and deionized water are 0.03, 0.05and 0.1 oC/W respectively. 

 

 
Figure 3: Thermal resistance of LHP for various heat inputs 

 

Thermal efficiency 

The thermal efficiency of LHP for various heat loads is shown 

in Figure4. It is found that thermal efficiency of LHP is 

increasing with the increase in heat load. When nanofluids are 

used LHP is able to attain efficiency greater than that of 

baseline case. The maximum thermal efficiency of LHP using 

copper, alumina and deionized water are 72, 69 and 57 % 

respectively. LHP is able to attain maximum efficiency when 

copper nanoparticles are used. 

 
Figure 4: Thermal efficiency of LHP for various heat inputs 

 

Heat transfer coefficient 

Heat transfer coefficient of LHP for different heat input is 

shown in Figure5. It is clear that the heat transfer coefficient 

of LHP increase with an increase in the heat flux. The heat 

transfer coefficient of LHP using nanofluids are greater than 

those using deionized water. This is due to the reduced 

temperature difference between the evaporator wall and vapor 

core with the use of nanofluids.It is observed that LHP is 

having maximum heat transfer coefficient of 2130 W/m2K 

when copper-water nanofluid are used. 

 

 
Figure 5: Heat transfer coefficient of LHP for various heat 

inputs 

 

Evaporator temperature 

The evaporator temperature of LHP for different heat input is 

shown in Figure6. It can be observed that evaporator 

temperature of LHP is increasing with the increase in heat 

load. But it is lower for LHP using nanofluids than deionised 

water. It is due to the enhanced thermal properties of 

nanofluids. 

 
Figure 6:Evaporator temperature of LHP for various heat 

inputs 
 

Enhancement ratio 

Enhancement ratio of a LHP is defined as the ratio of 

evaporator temperature of deionised water to the evaporator 

temperature of nanofluid for a given heat input. The effect of 

heat input on enhancement ratio is shown in Figure7. It is 

found that enhancement ratio is increasing with the increase in 

heat input. Enhancement ratio of LHP using copper based 

nanofluid is more compared to that using alumina based 

nanofluid. It indicates that copper based LHPs are capable of 

absorbing more amount of heat. 
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Figure 7:Enhancement ratio of LHP for various heat inputs 

 
Conclusions 
Loop heat pipes were experimentally investigated to 

determine its thermal characteristics using nanofluids. The 

heat input was varied from 30-310 W in steps of 40 W and 

nanofluids were taken at 2 % nanoparticle concentration. The 

following conclusions are drawn from this work: 

1. Thermal resistance of LHP is decreasing with the 

increase in heat input. Copper nanoparticles is found 

to provide least thermal resistance (0.03 0C/W). 

2. Thermal efficiency of LHP increases with increase in 

heat input. LHP attained maximum efficiency (72 %) 

when copper nanoparticles are used. 

3. LHP is having maximum heat transfer coefficient of 

2130 W/m2K when copper-water nanofluid are used. 

4. Evaporator temperature of LHP using alumina and 

copper based nanofluids reduced by 31 and 42 % 

respectively. 

5. Enhancement ratio increases with the increase in heat 

input. Enhancement ratio of LHP using copper based 

nanofluid is more compared to that using alumina 

based nanofluid. It indicates that copper based LHPs 

are capable of absorbing more amount of heat. 
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Nomenclature 

Al      alumina 

Cu copper 

Dideionised 

Hheight 

Llength 

LHP loop heat pipe 

LPH litre per hour 

W width 
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