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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. In this paper, experimental study on a vertical closed loop pulsating heat pipe (PHP) has been conducted having 
50% filling ratio (FR). The heat power was supplied from 8 W to 96 W, in the steps of 8 W. The thermal performance is measured in 
terms of thermal resistance. The work explores the thermal performance of a PHP working with an azeotropic mixture of water (4.5% 
wt.) and ethanol (95.5% wt.) in comparison to pure ethanol and water. The various temperatures were recorded on the outer wall of the 
evaporator and condenser section. Overall thermal resistance at different heat inputs was calculated. It is concluded that, the thermal 
resistance decreases more rapidly with the increase of the heat Input power. No measurable difference has been recorded for the PHP 
running with azeotropic mixture of ethanol (95.5% wt.) and water (4.5% wt.) in comparison with pure ethanol, in terms of overall 
thermal resistance. 
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1. Introduction 
 
Thermal management is the challenge of the day in 
electronic product development. Presently, the chip heat flux 
level ranges between 40 to 120W/cm2. It is expected to 
increase to 200W/cm2 in the next few decades. Several 
cooling methods are employed to cool the electronic devices. 
The Pulsating Heat Pipe (PHP) is being explored for cooling 
electronic devices with promising results. The PHP is simple 
in structure with a small diameter capillary tube filled with 
certain working fluid in it and extended from the heat source 
to sink. PHP uses the technique of transporting the working 
fluid by means of differential pressure across liquid slugs 
and vapor plugs from evaporator to condenser and back from 
condenser to evaporator. The fluid from the evaporator is 
pushed towards the condenser in the form of discrete liquid 
slugs and vapor bubbles. The vapor gets partially condensed 
at the condenser and looses the heat and returns to evaporator 
to complete the cycle. The heat transfer in a PHP is due to 
the sensible heat and latent heat combination.  
 
The pulsating heat pipe, proposed and patented by Akachi 
[1], is a new member of the wickless heat pipes. Due to its 
excellent features, such as high thermal performance, rapid 
response to high heat load, simple design and low cost, PHP 
has been considered as one of the promising technologies for 
electronic cooling, heat exchanger, cell cryopreservation, the 
spacecraft thermal control system, etc. Recently a Zhang and 
Faghri [2] presented a review on effect of various parameters 
such as working fluids, charge ratios, inclination angles, etc. 
in terms of fluid dynamics and heat transfer. Charoensawan 
et al. [3] performed the experiments in vertical orientation 
for the 2.0 mm device, water filled device showed higher 
performance compared to R-123 and ethanol; whereas R-123 
and ethanol showed comparable performance in case of 1.0 
mm devices. However Mameli et. al [4] used the similar 

azeotropic working fluid in two turns CLPHP and conclude 
that no measurable difference has been recorded between the 
CLPHP running with the azeotropic mixture and the CLPHP 
running with pure ethanol, in terms of overall thermal 
resistance. Pachghare et. al used the pure and binary working 
fluid CLPHP and conclude that no measurable difference has 
been recorded between the CLPHP running with pure and 
binary mixture working fluids. Working fluid behavior is 
strongly depends on the thermo-physical properties, put 
latent heat of vaporization is main property that strongly 
affects the thermal performance [5, 6]. Shafi [7,8] performed 
the numerical modeling of PHP with multiple liquid and 
vapor plugs using the constant wall temperature condition. 
They illustrated that the gravity force has an insignifant 
effect on the performance. They also demonstrated that the 
major heat transfer mechanism is due to sensible heat and the 
PHP does not work at high fill ratios such as higher than 
90%. Kang et al. [9] demonstrated that silver nanofluids 
temperature difference decreased 0.56-0.650C compared to 
DI water at an input power 30-50 W at the same charge 
volume by experiment. Qu et al. [10] performed an 
experimental investsigation charged with base water and 
spherical Al2O3 particles of 56 mm diameter. Compared with 
pure water, the maximum thermal resistance was decreased 
by 0.140C/W (or 32.5 %) when the power input was 58.8 W 
at 70% filling ratio and 0.9 % mass fraction. 
 
At different situations, different pure working fluids have 
their advantages. Up till now, very little experimental work 
was reported on single loop PHP. It is also observed that 
only one fluid i.e. ethanol is used as the working fluid in the 
experiments of single loop PHP. No more data is available 
related to single loop PHP. Thus in the present work, fluids 
like water, azeotropic mixture in addition to ethanol are 
considered and the various experiments are carried out for 
single loop PHP. 
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1.1 Details of Azeotropic Mixture 
 

• It is a mixture of at least two different liquids. 
• The mixture has either a boiling point higher than the 

boiling point of the components or less than the boiling 
point of the components when fraction of liquids can’t be 
altered by distillation. 

• At the azeotropic point, the vapour phase composition is 
same as the liquid phase composition. 

• It exist in the solution at a boiling point specific for that 
component 

• e. g. 95.63% ethanol and 4.37% water 
 

2. Experimentation 
 
2.1 Experimental setup 
 
Figure 1 illustrates that, the schematic of experimental set-
up. The set-up comprises the CLPHP, cooling water unit, 
heater and a control panel. 

 
Figure 1: Schematic of experimental setup 

 
 

The CLPHP is divided in three main sections:  
• The evaporator zone, where the device receives a 

controlled heat input by means of heating coil. 
• 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. All tubes in evaporator and condenser 
section have inner diameter 2.0 mm and outer diameter 3.0 
mm. The total length of evaporator section (Le = 270 mm), 
total length of condenser section (Lc = 190 mm) and total 
length of adiabatic section (La = 300 mm). The centre 
distance between two tubes (pitch) was maintained 70 mm. 
 
In the evaporator section, insulation paper is provided on the 

copper tube and then a nichrome wire is wound on the tube. 
For safety, again a layer of insulation is used. The condenser 
section was cooled by (coolant) normal water through a 
cooling box of dimension 100×20×70 mm3 with maintained 
flow 3 ml/sec and inlet and outlet temperature was measured.  
 
The control panel comprises of power measuring and 
temperature measuring equipment as shown in fig. 1. The 
heat input is measured in terms of electrical power supply 
through Dimmerstat (0 – 1000 W). The voltmeter (0 – 300 
V) and Ammeter (0 – 3 A) was connected in line for the 
input power measurement. The output of the experimental 
setup is calculated in terms of thermal resistance, for that, the 
various temperatures were recorded at different location by 
means of thermocouple wires (Chromel-Alumel, K-type, 
accuracy ± 0.20C). The position of the thermocouple wires 
are shown in fig. 2. With the help of knob eight different 
temperatures can be noted. Water, ethanol and azeotropic 
mixture of water (4.5% wt.) – ethanols (95.5 % wt.) are 
selected as working fluids for experimentation. 
 
2.2 Experimental Procedure 

 
• The primary requirement of CLPHP 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.  

• Power was supplied to the control panel and checked well 
for the data collection.  

• Control panel was connected to the PHP setup with the 
help of power cord, the nichrome wire starts heating. This 
in turn heats the evaporator section.  

• Provide a constant heat input to the heater 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 8 W input powers after steady state 
reached.  

• After a quasi-steady state was reached, note down the 
readings. 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. 
 

3. Data Reduction 
 
The cooling capacity of condenser is calculated from the 
following equation: 
 
����� �  ��  ��  ����� � ���� (1) 
 
where m, CP, Tout and Tin represents the flow rate, specific 
heat at constant pressure, outlet temperature, and inlet 
temperature of chilled water, respectively. The total thermal 
resistance is obtained from the following equation: 
��� � ∆�

�� �  ��� ��
��  (2) 
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where Te and Tc is the average temperature of evaporator and 
condenser, and ��  is represents the average of the heat 
removal form of the condenser and supplied input power (�� = 
I×V). Normally the difference amid the heat removal from 
condenser and the supplied power is less than 5%. 

 
4. Results and Discussion 
 
4.1 Pure working fluids PHP 
 
A typical plot shows the effect of different pure working 
fluids on average evaporator, average condenser wall 
temperature, evaporator-condenser wall temperature 
difference and thermal resistance with different heat inputs 
are shown in fig. 1, 2, 3 and 4 respectively. With increasing 
heat input 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 proportional to heat input therefore 
thermal resistance decrease with increase in heat input for all 
working fluids. 
 
From the Fig. 1, it can be seen that the evaporator wall 
temperature is higher in case of water and lower in the case 
of ethanol due to higher saturation temperature and high 
specific heat for water. It is also observed that the system 
takes more time to reach the steady state in case of water. 
Figure 2 concludes that the condenser temperature of water 
and ethanol is nearly equal at low heat input but as the heat 
input increases, the condenser temperature of ethanol is 
higher than the water. 
 
There is no quantifiable difference in all working fluids for 
high heat inputs after input heat power 56 W. The 
temperature difference between the evaporator and the 
condenser is less for ethanol and more for water. This is due 
to the fact that the saturation temperature of ethanol is lower 
compared to water.  
 
This shows that ethanol can transfer heat with less 
temperature difference compared to water up to 24 W heat 
input. Figure 4 shows the variation of thermal resistance with 
heat input for different working fluids. From figure 4, it is 
clear that up to 40 W heat input power thermal resistance 
decrease with increase in heat input for all working fluids, 
because in high power inputs, the temperature of the 
evaporation section is high enough to keep the working 
fluids of high boiling points can boil vehemently and 
smoothly flow in one direction. Thermal resistance of 
ethanol PHP is lower than water PHP for all heat input. After 
heat input power 32 W thermal resistance for ethanol and 
water smoothly decrease with heat input.  

 

 
Figure 2 : Average evaporator temperature of azeotrpic 

mixture PHP 

 
Figure 3: Average condenser temperature of pure working 

fluid PHP 

 
Figure 4: Thermal resistance of pure working fluid 

 
4.2 Ethanol/Water PHP (Azeotropic mixture) 
 
Figure 5 and 6 shows the effect of Azeotropic mixture 
(water-ethanol binary working fluids) on the average 
evaporator and average condenser temperature respectively.  
 
From fig. 5, it is clear that the evaporator temperature for 
pure ethanol and azeotropic mixture of ethanol (95.5% wt.) 
and water (4.5% wt.) is lower as compared to water. Fig. 5 
also shows that the evaporator temperature for ethanol PHP 
and azeotropic mixture of water and ethanol PHP is nearly 
same at all heat inputs. Fig. 6 presents that the average 
condenser temperature is nearly same for the three fluids i.e. 
water, ethanol and water+ethanol between the heat input 8 W 
to 24 W. After 24 W, condenser temperature for water is 
lower than the ethanol PHP and azeotropic mixture PHP. The 

Paper ID: 02014396 1737



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Impact Factor (2012): 3.358 

Volume 3 Issue 6, June 2014 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY

evaporator and condenser temperature difference is nearly 
equal for azeotropic mixture and pure ethanol but for pure 
water the temperature difference is very high and hence more 
thermal resistance shown in fig. 6.  
 

 
Figure 5: Average evaporator temperature of azeotrpic 

mixture PHP 
 

 
Figure 6: Average condenser temperature of azeotropic 

mixture PHP 
 

 
Figure 7: Average thermal resistance of Azeotropic mixture 

PHP 
 

Figure 7: concludes that the thermal resistance for ethanol 
PHP and azeotrope PHP is same between heat input 8 W to 
24 W.  

 
Thermal resistance of water PHP is more than the azeotrope 
PHP and ethanol PHP for all heat inputs. From fig. 8, it is 
found that no measurable difference has been recorded for 
the PHP running with azeotropic mixture and the PHP 
running with pure ethanol. Hence, the ethanol PHP and 

azeotropic PHP is more effective than water PHP. 
 
5. Conclusion 
 
From these experimental studies, following conclusions are 
drawn:  
• For all pure and Azeotropic mixture PHP thermal 

resistance decreases with increase heat input. 
• Thermal performance of PHP strongly depends on thermo 

physical properties of working fluids. 
• No measurable difference has been recorded for PHP 

running with azeotropic mixture of water (4.5% wt.) and 
ethanol (95.5% wt.) and PHP running with pure ethanol, in 
terms of overall thermal resistance. 

• Thermal performance of PHP strongly depends on thermo 
physical properties of working fluids. 

• No measurable difference observed for all working fluids 
at low heat input but measurable difference observed at 
high heat input.  

• Ethanol PHP and azeotropic PHP gives the good themal 
performance than water PHP. 

 
 

Nomenclature 
Q heating power input(W) 
FR filling ratio 
R thermal resistance (0C/W) 
T temperature (0C) 
Te temperature of evaporation section (0C) 
Tc temperature of evaporation section (0C) 
Ts temperature of boiling point ( 0C) 
Tc temperature of condenser section (0C) 
C heat capacity (J/m3·K) 
�� specific heat (KJ/kg·K) 
��� latent heat of evaporation (KJ/kg)  
t time (s)  
 
Greek Symbols  
ρ density (kg/m3) 
σ surface tension(N/m) 
υ dynamic viscosity (Pa·s) 
λ thermal conductivity(W/m0C) 
 
Subscripts  
l liquid  
v vapor 
sat saturation state 
e evaporation section 
c condensation section 
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