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Abstract 

The present study deals with experimental investigation on the 

thermal performance of a pulsating heat pipe (PHP) using 

deionized water and alumina – water nanofluid as the working 

fluids. The experiments are conducted for heat input ranging 

from 40 – 180 W in steps of 20 W. Nanofluid is of 2% 

concentration by weight. The parameters considered are 

thermal resistance and effective thermal conductivity. The 

thermal resistance of PHP using nanofluid is lower than that 

using deionized water. The PHP using nanofluid has higher 

effective thermal conductivity than that using deionized water. 

The experimental results indicate that nanofluid can 

significantly enhance the thermal performance of pulsating 

heat pipes. 

 

Keywords: pulsating heat pipe, nanofluid, thermal 

performance. 

 

Introduction 
Pulsating Heat Pipe (PHP) is a heat exchanger device which 

absorbs heat from evaporator region and transfers it to the 

condenser region. The flow in pipe is Multi-Phase flow. 

Vapour plugs and Liquid slugs are formed in PHP due to the 

capillary action [1]. 

        Zhihu et al. [2] studied startup performances of pulsating 

heat pipe using ammonia as working fluid. The filling ratio is 

70%. The experimental results show that the startup power 

required by the ammonia PHP is very small, owing to 

particular identities of ammonia. It is observed that there are 

also some uneven distributions in slug-train during initial and 

operating state.  Burban et al. [3] tested an unlooped PHP by 

varying heat power, air velocity and temperature, inclination 

and fluid. Four working fluids have been tested and classified 

into two groups according to the performances of the PHP. 

The PHP worked with high reliability and reproducibility and 

without any failure during the start-up or working stage. 

Methanol as a working fluid outperformed both acetone and 

water in a pulsating heat pipe. Jason et al. [4] experimentally 

investigated thermal performance of a pulsating heat pipe 

performance for fuel cell cooling application. Performance for 

the PHP peaked with methanol and a fill ratio of 45 percent 

fluid to total volume. A smaller resistance was associated with 

a higher power input to the system. Pouryoussefi et al. [5] 

numerically studied the chaotic flow in a two-dimensional 

closed-loop pulsating heat (CLPHP). The investigated 

temperature ranges for the evaporator and the condenser were 

100–180  °C and 20–50  °C, respectively. The range of 

filling ratio was from 30 to 80%. It was observed that by 

increasing the filling ratio and evaporator temperature, the 

correlation dimension increases. A rack cooling system with 

the pulsating heat pipe and inner duct in data center is 

suggested and the heat transfer performance was numerically 

investigated by et al. Jason et al. [6]. The simplified thermal 

conductivity model of the pulsating heat pipe is introduced in 

numerical simulation. The temperature of cental processing 

unit(CPU) was evaluated based on the rack electricity power, 

the working state of the pulsating heat pipe, the temperature of 
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the cooling air and the wind pressure of the rack fans. The 

results show that the CPUs temperature increases with the 

rack heating power. The start-up of the PHP leads to the 

temperature of CPU decrease and the distribution of 

temperature of CPU uniformly.  

          Harshal et al. [7] experimentally studied a PHP with 

water as working fluid. Experiments are conducted with 

filling ratio as 40%, 50% and 60%. Heat input is varied as 

10W, 20W, 30W, 40W and 50W. The results indicated better 

system performance with lower level of filling ratio and at 

higher heat input. An experimental investigation was 

performed on the thermal performance of a PHP charged with 

base water and spherical Al2O3particles by Jain et al. [8]. The 

effects of filling ratios, mass fractions of alumina particles, 

and power inputs on the total thermal resistance of the OHP 

were investigated. Experimental results showed that the 

alumina nanofluids significantly improved the thermal 

performance of the PHP, with an optimal mass fraction of 0.9 

wt.% for maximal heat transfer enhancement.  An 

experimental study was conducted to investigate the heat 

transfer performance of a PHP charged with deionized water 

and surfactant solution by Wang et al. [9]. The experimental 

results indicate that the heat transfer performance of the PHP 

was greatly influenced by the surfactant solution, and the 

influence was dependent on the charge ratio and the 

concentrations of the solutions. The PHP with 10 ppm sodium 

stearate solution showed better performance than the PHP 

with deionized water within the whole test range (0–160 W).  

PHP made of copper with with fin in the condenser section 

was used to evaluate the heat transfer performances by Lutfor 

et al [10]. Methanol is used as working fluid. The 

experimental results indicate a strong influence of gravity and 

thermo physical properties of the working fluid on the 

performance of the CLPHP. 

         From the literature survey it is found that experimental 

investigations on PHP using nanofluids are fewer. Thus the 

present study deals with experimentally investigation on the 

thermal performance of a PHP using deionized water and 

alumina – water nanofluid. The experiments are conducted for 

heat input ranging from 40 – 180 W in steps of 20 W. 

Nanofluid is of 2% concentration by weight. 

 

Nanofluid preparation  

In the present study, the working fluids used are alumina – 

water nanofluid and deionized water. The nanofluid is 

prepared by using two step method. The scanning electron 

microscope(SEM) image of nanoparticle is shown in Figure 1.  

 

 
 

Figure 1: SEM image of nanoparticle 

 

        Deionised water is taken as the base fluid for the 

preparation of nanofluid. The alumina nanoparticles having an 

average size of 13 nm and density 3.95 g/cm3 is used to 

prepare the nanofluid with 2 wt%. Nanoparticles are mixed 

with deionized water using a machine setup which uses 

streams of ultrasonic waves to break down the provided nano 

particle and to make the mixing and stirring action simple. 

 

Experimental setup 

The schematic of experimental setup used in the present 

study is shown in Figure 2. It primarily consists of a PHP 

assembly, a personal computer based multichannel data 

acquisition system and a power supply system. Three similar 

PHPs forming 5 turns each in evaporator and condenser 

sections are made of copper capillary tube. The inner and 

outer diameters of the capillary tube are 2.3 mm and 3.3 mm 

respectively and the height of all these PHPs is 190 mm. The 

length of evaporation, adiabatic and condenser sections are 

50, 90, and 50 mm respectively. The filling ratio of the 

working fluid is 50% of the total volume of the tube. AC 

power supply is given to the evaporator section by passing the 

current through wrapped Ni-Chrome wire. An AC voltage 

stabilizer, a voltage transformer and a power meter are 

included in the power supply unit. The condenser section is 

cooled by chilling unit. The inlet cooling water temperature is 

maintained at 20 ± 0.50C and the cooling water is maintained 

at a specific flow rate by the adjustment of rotameter valve. 

Fourteen T-Type thermocouples are used to measure the 

temperature response of the PHP. Twelve thermocouples are 

used (four on each section) in the evaporator, adiabatic and 

condenser sections.  The remaining two thermocouples are 

used to measure temperature of cooling water at the inlet and 

outlet of condenser section. The thermocouples are welded 

over the surface of PHP and ensured to be away from the Ni- 

Chrome wire in the evaporator section. The whole test section 

is thermally well insulated to avoid the heat loss from the 

device to the surrounding. The Agilent (34972A) data 

acquisition system with benchlink software is used to record 

the thermocouples readings. The PHP used in the present 

study is shown in the present study is shown in Figure 3. 
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1. Rotameter 2. Chilling unit 3. Condenser 4. Data Aquisition 

System 

Figure 2: Experimental setup 

 

 
Figure 3: PHP used for the present study 

 

Experimental procedure 

The PHP is tested with deionised water and alumina–water 

nanofluid to study its thermal performance for the heat load 

range of 40-180 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 litre per hour 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 40 W is applied to heater 

and the heat pipe is allowed to reach steady state. One heat 

load is maintained for 30 min. Then heat input increased by a 

step of 20 W. The above step is repeated until the heat load 

becomes 180 W. The thermocouples measure the temperature 

of various locations in every 5 s and the values are stored in a 

computer. 

 

Results and discussions 

 

Thermal resistance 

The variation of thermal resistance of PHP for heat input 

ranging from 40-180 W is shown in Figure 4. It can be seen 

that with the increase in heat input thermal resistance of PHP 

is decreasing. The maximum thermal resistance of PHP using 

alumina-water nanofluid and deionised water are 0.229 and 

0.275 K/W respectively. 

 

Figure 4 : Thermal resistance of PHP for various heat loads 

 

        Thermal resistance of the PHP with nanofluid is lower 

than DI water for all range of input power which means that 

better performance. It results from the difference of 

thermophysical property of working fluids. DI water has 

relatively higher latent heat (LHV), specific heat and surface 

tension than alumina-water nanofluid. Since the heat transfer 

performance of PHP is a complicate combination of these 

parameters, better thermophysical property lead to a higher 

heat transfer performance in PHPs. 

 

Effective thermal conductivity 

Effective thermal conductivity of PHP for heat load ranging 

from 40-180 W is shown in Figure 5. It is found that effective 

thermal conductivity of PHP is increasing with increase in 

heat input for both working fluids. But it is higher for PHP 

using nanofluid. The maximum thermal conductivity of PHP 

using deionized water and alumina-water nanofluid are 5033 

and 6044 W/mK respectively. Thus effective thermal 

conductivity of PHP can increased by 16% using alumina-

water nanofluid. 
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Figure 5 : Effective thermal conductivity of PHP for various 

heat loads 

 

Evaporator temperature 

Evaporator temperature of PHP for heat load ranging from 40-

180 W is shown in Figure 6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 : Evaporator temperature  of PHP for various heat 

loads 

        It is observed that evaporator temperature of PHP is 

increasing with the increase in heat input. Evaporator 

temperature of the PHP reduced by 12 % when nanofluid is 

used. It is due to enhanced thermal properties of Al-Di water 

nanofluid. 

 

Conclusions 

A PHP is experimentally investigated using alumina-water 

nanofluid and deionized water for heat inputs ranging from 

40-180 W in steps of 20 W. The alumina nanoparticle is taken 

at a concentration of 2 wt%. The major findings from the 

present study are : 

1. The maximum thermal resistance of PHP using 

alumina-water nanofluid and deionised water are 

0.229 and 0.275 K/W respectively. 

2. The maximum thermal conductivity of PHP using 

deionized water and alumina-water nanofluid are 

5033 and 6044 W/mK respectively. 

3. Evaporator temperature of the PHP reduced by 12 % 

when nanofluid is used. 
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Nomenclature  

Al     alumina 

Di     deionised 

PHP  pulsating heat pipe 
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