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ABSTRACT 

A Closed Loop Pulsating Heat Pipe (CLPHP) is a self-excited thermally driven two phase passive heat transfer device, 

which transfers heat from one location to another with a negligible temperature drop. Its operation depends on the phase 

change of a working fluid within the loop. This research investigates the effect of concentration of water based 

Aluminum oxide nanofluid (i.e. Al2O3 Water) on thermal resistance of closed Loop Pulsating Heat Pipe (CLPHP). 

CLPHP is made up of copper tubing with internal diameter of 3mm and outer diameter of 4mm. the tube had 2 

meandering turns. The length of evaporator was 380mm and condenser section was 360mm. Experiment was conducted 

in vertical orientation with having 50% filling ratio (FR). Heat load varied from 6 Watt to 72 Watt. The concentration of 

Al2O3Water nanofluid was 0.25%, 0.5%, 0.75% and 1% w/v. The various temperatures were recorded on the outer wall 

of the evaporator and condenser section and inlet & outlet of cooling water. Overall thermal resistance at different heat 

inputs was calculated. It is found that thermal resistance of CLPHP using Al2O3water nanofluid as working fluid was 

better than thermal resistance when pure water is used. 
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________________________________________________________________________________________ 

 

INTRODUCTION 

Due to huge development in electronic filed, thermal management of high performance chips has become a challenging 

issue to direct heat transfer investigations and again in industries, there had been always a great demand for having 

robust and promising cooling devices. For this reason, pulsating heat pipe is best option due to simplicity of structure, 

reliability and low manufacturing cost. 

A heat pipe is simply a type of heat exchanger that is very simple in construction, easy and straight forward for use. 

Improvements have been done over time in heat pipes used for heat transfer. Over the years, researchers have 

continuously search new methods of heat transfer augmentation. The result of employing different working fluid proved 

to be one effective way of improving the system overall performance. Nano fluid is a new working fluid used in heat 

exchanger which is eco- friendly because it uses water as a base fluid. Nanofluids are prepared by suspending metallic 

or non-metallic nanometer dimension particles in base fluid (water, oil and ethylene glycol). So, the nanofluid is used as 

a working fluid in the pulsating heat pipe and analyzed the improvement of performance. 
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EXPERIMENTATION 

a. Preparation of nanofluid 

Nanofluid is produced by metal or metal oxide nanoparticles suspended in base fluids such as oil or water. It involves 

many methods such as changing the pH value of the suspension, using surfactant activators, and using ultrasonic 

vibration. The nanoparticles suspended in base fluids are stable for a long time. For this research, nanofluid was 

prepared by a sonicator for one hour. The sonicator had a probe type, operating frequency, and power source of 20 

kHz, AC100, and 120V/AC220 240V 50/60 Hz, respectively. The Al2O3 nanopowder used in this study has a particle 

size of 50 nm and purity of 99.5%. The Al2O3 nanoparticles were suspended into DI water with concentrations of 

0.25%, 0.5%, 0.75%, and 1 %w/v. Stability was up to 48 hours. Nanofluid for experimentation was prepared in 

Unique traders, Nagpur. 

 

b. Experimental Setup 

Figure1 illustrates the experimental setup, consisting of a closed loop PHP assembly with double turn, having a control 

panel. The CLPHP is divided in three main sections: 

 The evaporator zone, where the device receives a controlled heat input by means of oil bath heaters. 

 The adiabatic zone ideally insulated from the environment. 

 The condenser zone where the PHP releases the heat by means of a liquid cooled heat sink 

The tubes in the three sections (i.e. evaporator, adiabatic and condenser) are made of copper in order to minimize the 

thermal resistance between the tube and the heat input/output zones while the straight tubes in the adiabatic section are 

covered with insulated material so that there is no contact with the environment. 

 

Fig. 1 Schematic of the Experimental Setup 

 

Figure 1 shows the Experimental setup. All copper tubes have 4.0 mm O.D. and 3.0 mm I.D. Two smaller copper 

tubes (4 mm O.D., 3 mm I.D.) has been brazed on the main tube of the condenser section in order to connect the 

vacuum/filling valve and pressure indicator. In the evaporator section oil bath is used. Oil bath is made of aluminum 

sheet having dimension 11×7×23 cm3. It is heated with press coil of 500 Watt. This whole assembly is insulated with 

glass wool then it is enclosed with plywood structure. The adiabatic zone is made of four straight copper tubes. The 

straight tubes in the adiabatic section are covered with insulated material (Cotton rope) so that there is no contact with 

the environment. All copper tubes have 4.0 mm O.D. and 3.0 mm I.D. Two copper tubes (4.0 mm O.D., 3.0 mm I.D.) 

has been brazed on the main tube of the condenser section in order to connect the vacuum/filling valve and pressure 

indicator. The condenser section was cooled by (coolant) normal water with maintained flow 50 ml/min and inlet and 

outlet temperature measured. The copper tubes in the condenser section are embedded into a shell made of 
transparent acrylic plate’s Four holes allow the copper tube branches to come out the shell and connect with the 

adiabatic section, cooling water is kept at constant flow 50 ml/min circulated through the condenser. 
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c. Experimental Procedure 

 The first step is to create a vacuum inside the tube. In order to create vacuum inside the PHP, a reciprocating 

vacuum pump is connected to the filling valve. 

 Thereafter the device is fill with the desired working fluids and closed the valve. 

 Water was supplied from storage tank to the condenser section. Wait till the condenser tank is completely 

filled. Then flow rate was measured with beaker and stop watch. 

 Switch on the control panel and set appropriate power supply for oil bath with the help of dimmer stat. 

 Oil in oil bath starts heating. This in turn heats the evaporator section. 

 Provide a constant heat input to the oil bath up to steady state reached and temperature at different points of 

CLPHP note down between 10-minute intervals. 

 The heat input is increased with step of 10 W input powers after steady state reached. After a quasi-steady 

state was reached, note down the readings. 

2. At steady state from the inlet - outlet temperature and mass flow rate of the coolant, the heat transfer could be 

calculated. Above procedure was repeated for the different working fluids. 

 

DATA REDUCTION 

Average temperature of evaporator and condenser are used to calculate the thermal resistance for test of CLPHP by 

using equation as: 

Rth =
 

��� ��

���  

Where, 

Rth - Thermal resistance 

Te - Average temperature of evaporator  

TC - Average temperature of condenser Qin – Heat input (V×I) 

The cooling capacity of condenser is calculated from the following equation 

Qout  =  m cp (Tout – Tin) 

Where, 

Qout= Heat output (W) 

m= mass flow rate of water (kg/s) 

Cp= specific heat capacity of water (J/Kg-K) Tout= outlet temperature of water (oC) 

Tin= inlet temperature of water (oC) 

 

RESULT AND DISCUSSION 

From the experimental analysis, graphs are plotted showing effect of different concentration of Al2O3/water nanofluid 

and pure water on average evaporator temperature, average condenser temperature and thermal resistance with 

different heat inputs as shown in figure 2, 3 and 4 respectively. With increasing heat inputs to the device, the 

evaporator temperature rises resulting in a greater density gradient in the tubes. Simultaneously the liquid viscosity 

also drops diminishing the wall friction and it proportionally to heat input therefore thermal resistance decrease with 

increase in heat input for all working fluids. 
Figure 2 shows the change in average evaporator temperature of PHP for various heat in-puts as well as different 

concentration values of Al2O3/water nanofluids and pure water. Average evaporator temperature increases with 

increasing heat load and decreases as increase in mass concentration of nanofluid. It is due to the higher saturation 
temperature and high specific heat of water. As concentration of nanoparticles in water increases saturation 

temperature and specific heat of water decreases tends to decrease in evaporator temperature. Minimum evaporator 

temp is obtained for 1%w/v Al2O3/water nanofluid. 
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Fig. 2 Average Evaporator Temperature Vs Heat input of water and nanofluid PHP 

 

Figure 3 shows the change in average condenser temperature of PHP for various heat inputs as well as different 

concentration values of Al2O3/water nanofluids and pure water. Aver-age condenser temperature increases with 

increasing heat load and increase as increase in mass concentration of nanofluid. Because thermal conductivity of fluid 

is increases due to addition of Al2O3 nanoparticles, hence more heat is transported towards condenser section. 

Fig. 3 Average Condenser Temperature Vs Heat input of water and nanofluid PHP 

 
Figure 4 shows the change in thermal resistance of PHP for various heat inputs as well as different concentration values 

of Al2O3/water nanofluids and pure water. Thermal resistance decreases with increasing heat load and decreases with 

increase in mass concentration of nanofluid. It is due to the presence of nanoparticles in base fluid. This increases 

thermal conductivity of base fluid. Reason for enhancement of thermal conductivity is microconvection between solid 
and liquid molecules, Brownian motion of nano size particles and clustering in nanofluids. 

Fig. 4 Thermal resistance of water and nanofluid PHP 

 

CONCLUSION 

Form this experiment studies, following conclusion are drawn: 
 Al2O3/Water nanofluid PHP gives better thermal performance than pure water PHP 
 For all concentration of nanofluids and water PHP thermal resistance decrease with in-crease heat input. 
 Thermal performance of PHP strongly depends on thermo physical properties of working fluids. 
 Thermal resistance decreases with increase in mass concentration of Al2O3/water nanofluid. 
 Minimum value thermal resistance 0.829 °C/W is obtained for 1%w/v concentration at 72W heat input. 

 



Wandhare M et al                                                     Euro. J. Adv. Engg. Tech., 2022, 9(4s):605-609 

 

609 

 

 

REFERENCES 

[1]. T Smyrnov G. F. and Savchenkov G. A., 1971, USSR patent 504065. 

[2]. A. Akachi, Structure of a heat pipe. US Patent No. 4921041, 1990. 

[3]. A. Akachi, U.S. patent, Patent Number 5219020, 1993. 

[4]. Differentiate between two comparative Nano fluids for enhancing the heat transfer coefficient inside the heat 

exchanger using inserts, Nilesh C Kanojiya, Achal S Shahare, Ritesh Sambare, Kalyani Sengar, annales de 

chimie-science des materiaux, Lavoisier. 

[5]. H. Akachi, U.S. patent, Patent Number 5490558, 1996. 

[6]. S. Khandekar, N. Dollinger, and M. Groll, “Understanding Operational Regimes of Pul-sating Heat Pipes: An 

Experimental Study”, Applied Thermal Engineering, ISSN 1359-4311, Vol. 23/6, 2003, pp. 707-719. 

[7]. Performance Analysis of Solar Water Desalination System Using Humidification and Dehumidification Cycle, 

Pratik Dhage Nishikant Bhalme, Kalyani Sengar, International Journal of Scientific Research and Review, 

2019/3, 03,7. 

[8]. P. Charoensawan, S. Khandekar and M. Groll, “Closed Loop and Open Loop Pulsating Heat Pipes”, 13th 

International Heat Pipe Conference, Shanghai, China, 2004, pp. 21-25. 

[9]. Himel Barua, Mohammad Ali, Md. Nuruzzaman, M. Quamrul Islam, Chowdhury M. Feroz, “Effect of filling ratio on 

heat transfer characteristics and performance of a closed loop pulsating heat pipe”, 5th BSME International 

Conference on Thermal Engineering, Procedia Engineering 56 (2013) 88 – 95 

[10]. J. Xu, Y. Li and T. Wong, “High Speed Flow Visualization of a Closed Loop Pulsating Heat Pipe”, International 

Journal of Heat and Mass Transfer, Vol.48, 2005, pp. 3338-3351. 

[11]. Q. Cai, C. Chen and J. Asfia, “Operating Characteristic Investigations in Pulsating Heat Pipes”, ASME J. Heat 

Transfer, Vol.128, 2006, pp. 1329–1334. 

[12]. Y. Song and J. Xu, “Chaotic Behavior of Pulsating Heat Pipes”, International Journal of Heat and Mass Transfer, 

Vol.52, 2009, pp. 2932–294. 

[13]. M. Mameli, S. Khandekar and M. Marengo, “An Exploratory Study of a Pulsating heat pipe Operated with a Two 

Component Fluid Mixture”, Proceedings of the 21st Na-tional and 10th, ISHMT-ASME Heat and Mass Transfer 

conference, December 27-30, IIT Madras, India, Paper ID: ISHMT-IND-16-033,2011, pp 1-5. 

[14]. P. Pachghare M., Mahalle, Khedkar, S., “Effect of Working Fluid on Thermal Performance of Closed Loop 

Pulsating Heat Pipe: A Review,” International Journal of Computer Ap-plications, 9, 2012, pp. 27-31. 

[15]. P. Pachghare, M. Mahalle, “Thermal performance of closed loop pulsating heat pipe using pure and binary 

working fluids,” Frontiers in Heat Pipes (FHP), 3, 033002,2012, pp. 2-6 

[16]. R. Borkar, P. Pachghare, “State of The Art on closed loop pulsating heat pipe,” Interna-tional Journal of Emerging 

Technology and Advance Engineering (IJETAE), ISSN 2250-2459, Volume 2, Issue 10, IJETAE 2012, pp. 3-5 

[17]. K. Chien, Y. Lin, Y. Chen, K. Yang and C. Wang, “A Novel Design of Pulsating Heat Pipe with Fewer Turns 

Applicable to all Orientations”, International Journal of Heat and Mass Transfer, Vol.52, 2012, pp. 2935-2944. 


