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Abstract— The closed loop Pulsating Heat Pipes (CLPHPs) 

are emerging new technology for electronics cooling 

equipments.It simply two-phase passive heat transfer 

devices that enhances large amount of heat.It transport heat 

from evaporator to condenser by the principle of 

evaporation and condensation of a working fluid with 

minimum drop of temperature.The present work represents 

transient state experiment conducted on multiturn closed 

loop PHP. The Evaporator and condenser wall temperatures 

are measured with the help of thermocouples.Use the 

capillary tube  in the evaporator and condenser sections with 

inner diameter of 3 mm and outer diameter of 4 mm. The 

total length of the closed loop pulsating heat pipe is 6M.The 

evaporator and condenser sections are 150mm and 150 mm 

respectively. The experiments are conducted in three mode 

of condition i.e vertical ,inclined and horizontal.The PHP is 

tested with working fluid R134a for different fill ratios from 

50% to 83%.The performance parameters like temperature 

difference between evaporator and condenser and thermal 

resistance.The experimental results shows that 50% filling 

ratio within  the tube shows better heat transfer 

characteristics among 83% FR and 70% FR. The 50% filling 

ratio in horizontal mode of operation shows lowest thermal 

resistance and higher heat transfer coefficient. 
Key words: Pulsating heat pipe, Fill Ratio, Orientation, 

Working fluids,Thermal resistance 

I. INTRODUCTION 

The Conventional heat pipes with wick structures are widely 

used to manage thermal problems of Electronic products 

such  

as laptop, computers, servers and power Electronic 

components.The key characteristics  of the heat pipes is the 

ability to transport a large amount of heat over its length 

with a small drop of temperature. The transportation of heat 

in heat pipe took by liquid evaporation at heat source side 

and condensation at the heat sink side,then the condensate 

liquid moves back to evaporator via wick structures using 

capillary force of actions.Unlike conventional heat pipes, the 

pulsating heat pipes (PHP) firstly introduced by Akachi 

(1990) [1] which is made from a long and continuous 

capillary tube bent into many turns and filled with desired 

working fluid mostly more than the conventional heat 

pipes.The heat transfer in PHP is occurs due to the  self-

excitation force generated within the tubes.The oscillation 

which may be driven by fast fluctuating pressure wave 

caused by nucleate boiling and condensation of the working 

fluid. Therefore, PHP has no internal wick structure and it is 

easier to manufacture and possesses fewer operating 

limitations. 

 

Fig. 1: Schematic of a pulsating heat pipe and its design 

variations. 

The PHP has a better heat transfer performance and 

most of the research work were associated with this 

design.The performance mainly depends upon the factors 

like diameter of the tube,heat input,orientation,working 

fluid, etc.   The unique and key characteristics features 

feature of CLPHPs as compared with the conventional heat 

pipe is that it has  no internal wick structure for  return the 

condensate to the heating section.Therefore, there is no 

countercurrent flow between the liquid and vapor [2].So that 

it is become simpler in design and construction as well chief 

in cost. 

The PHP was first invented by Akachi (1990). In 

his patent (US Patent, 4921041), he described 24 different 

types of loop type heat pipes. All the proposed structures 

consisted of one or more non- return flow check valve to 

ensure a proper flow direction in the tubes. The inner 

diameter of the tubes was reported as 2 mm. Water and R-11 

were used as the working fluids. It was claimed that working 

fluids which are unsuitable for conventional heat pipe can be 

used in PHP with better performance. The thermal resistance 

values reported was ranging from 0.082 K/W to 0.233 K/W 

for water and 0.077to 0.189K/W for R-11 in the heat load 

range of 92 to 310 W. In their study, R-11 was found to be 

the most suitable for PHP.  

Charoensawan et al (2001) conducted experimental 

investigation on range of multi turn PHPs. The closed loop 

PHPs were made of copper tubes of internal diameters 2 mm 

and 1mm. water, ethanol and R-123 were used as the 

working fluids. The authors identified that the relative share 

of sensible and latent heat transfer in a PHP is influenced by 

the working fluid. It is evident that the type of flow (i.e. 

slug/annular flow), the average flow velocity and overall 

pressure drop in PHP depends on the working fluid. It was 

also found that the bubble nucleation, collapse, shapes and 

bubble pumping action were influenced by the working 

fluid. In their experiments, they observed better performance 

of PHP with water at vertical orientation with 2 mm inner 
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diameter. With 1 mm diameter tubes, they obtained better 

result with R123 and ethanol.  

Khandekar (2008) demonstrated the existence of 

multi quasi- steady state in a PHP by developing an 

experimental test rig of a single loop PHP made of copper 

tubes of inner diameter 2 mm and outer diameter 3 mm .The 

experiments were conducted for heat input of 10 W, 15 W 

and 20 W with ethanol as the working fluid at 60% fill ratio. 

A tendency of liquid hold–up was observed in the condenser 

section which made the evaporator zone drier and hotter. It 

was observed that the churn flow takes place in the 

evaporator and slug flow in the condenser zone. It was also 

noticed that continuous heat transfer takes place in the 

evaporator and condenser at steady state. The effect of heat 

load on the performance of PHP was reported in this 

investigation which shows that an increase in heat load 

increases the operating temperature resulting in better 

thermal performance. This study shows the results of single 

loop PHP with only ethanol as working fluid at a fill ratio of 

60% and does not report the effect of other working fluids 

and fill ratios on the performance of PHP.  

Shi Liu et al (2007) developed three types of PHP 

configuration with varying cross sections. It was found from 

their experiments that the thermal resistance of a PHP 

decreases with the increase in heat load. 

Meena et al (2008) studied the effect of inner 

diameter and orientation on the performance of a closed 

loop PHP with check valves. The authors developed two 

experimental setups of copper tubes of 1.77 mm and 2.03 

mm inner diameters with 10 turns. They maintained equal 

lengths of 5 cm in evaporator, condenser and adiabatic 

sections in their setup. A fill ratio of 50% was used and the 

working fluid used was R - 123. The experiments were 

conducted for different orientations of 0, 20, 40, 60, 80, and 

90 degree. It was showed that the critical heat flux increases 

with the increase in orientation.  

Rama Narasimha et al (2012) conducted 

experimental work on single loop PHP with copper tube of 

2mm ID and 3mm OD in the evaporator and condenser 

sections, glass tube of 3mm ID and 4mm OD as adiabatic 

section.   Transient studies were conducted for different heat 

input, working fluid and evacuation levels. It was 

demonstrated that acetone is the most suitable working fluid 

for PHP operation and the performance of the PHP was 

found to be better at atmospheric conditions compared to 

evacuation conditions. Authors have also conducted Power 

Spectral Density analysis for the same. In this analysis, the 

frequency distribution of temperature variation in PHP was 

observed over a wider range, signifying the periodic motion 

in the fluid flow of the liquid slug and vapour plug.his 

characteristic frequency corresponded to the characteristic 

time for a couple of adjacent vapour plug and liquid slug 

passing through a specific local wall surface in a PHP. Their 

study is carried out only in the horizontal orientation of 

PHP.  

Pramod Pachghare and Ashish Mahalcle et al 

(2012) has presented their experimental study on thermal 

performance of PHP by using pure and binary working 

fluid. The copper capillary tube was used having internal 

and external diameter 2.0 mm and 3.6 mm respectively. For 

all experimentation, filling ratio (FR) was 50 %, number of 

turns was 10 and different heat inputs of 10 to 100W were 

supplied to PHP. For all PHPs, Vertical bottom “heat mode” 

(+90
0
) position is maintained.The equal lengths of 

evaporator, adiabatic and condenser sections were 50 mm 

each. Working fluids are selected as Methanol, ethanol, 

acetone, water and different binary mixtures 

Thus the literatures available on multyiloop PHP have 

reported the experimental work restricting only ethanol as a 

working fluid for a particular fill ratio and orientation. The many 

experimental data have not been reported on multy loop PHP 

with respect to different working fluids, fill ratio and orientation. 

In the present work, an attempt has been made to address all 

these issues by thorough systematic experimental 

investigation on multy loop PHP for different fill ratios, 

R134a as a working fluids, heat input and orientation in 

order to evaluate the performance parameters such as 

thermal resistance and heat transfer coefficient. An attempt 

is also made to determine the best filling ratio of working 

fluid and orientation under various operating conditions.     

II. CHARACTERISTICS PARAMETERS  OF PULSATING HEAT 

PIPE 

The various parameter are directly or indirectly affects the 

thermal performance of the PHP,which are as follows                      

(1) Internal tube diameter and material, 

(2) Orientation  

(3) Number of turns             

(4) Filling ratio, 

(5) Heat Flux/Temperature. 

(6) Operating temperature range, 

(7) Sensible heat and latent heat. 

(8) Viscosity 

III. 3. THE OPERATING VARIABLE 

A.  Filling ratio 

It is defined as the ratio of working fluid volume actually 

present in the device to that of the total volume of the 

device.In optimal filling ratio where maximum heat transfer 

rate is achieved at a given temperature. There are two 

optimum filling  ratios limits 0% and 100%. In between 

these two extremities here exist three distinct sub-regions.  

B. 100% filling ratio:  

It is completely with operating liquid.There is very few 

bubble formation is taking place.These bubbles are not 

sufficient to generate the required pumping action. Resulting 

in a small heat transfer takes place. Thus, the performance 

of the device is seriously hampered in 100% filled PHP. 

C.  0% filling ratio:   

In this mode, there is no liquid or  very small liquid  

contained within the tubes to formation of required or 

enough slugs and there is a tendency towards evaporator to 

become dry-out.The operational characteristics are 

unstable.It works purely on the conduction basic.To become 

pulsating heat pipe two phase thermosyphons should passes 

by device.So it is ineffective without the working fluid. 

D. PHP true working range:  

 In between about 20% to 80% filling ratio the PHP operates 

as a true pulsating device. The exact range will differ for 

different working fluids, operating parameters and 
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construction. The more bubbles (lower fill charges), the 

higher is the degree of freedom but simultaneously there is 

less liquid mass for sensible heat transfer. Less bubble 

(higher fill charges) cause less perturbations and the bubble 

pumping action is reduced thereby lowering the 

performance. Thus, an optimum fill charge exists[11,12] 

Khandekar S. et al.[13] conducted experiments on a CLPHP  

IV. PROPERTIES SHOULD PASSESES BY WORKING FLUID 

Selection of working fluid is directly linked to the properties 

of the fluid.The properties are going to affect both the ability 

to transfer heat and the compatibility with the tube 

material.The following characteristics should be examined 

while selecting working fluid : 

(1) Compatibility with the OHP material, 

(2) Thermal stability,  

(3) Wet ability 

(4) Reasonable vapor pressure, 

(5) High latent heat and thermal conductivity, 

(6) Low liquid and vapor viscosities,  

(7) Acceptable freezing point.                                

V. DESCRIPTION OF EXPERIMENTAL   SET UP  

It consist of the heating and cooling baths. The tested 

CLPHPs were made of copper capillary tube. Both ends of 

the tube were connected together to form a closed loop 

structure. The CLPHP was formed from 10 copper tubes. 

The capillary tube has inner diameter of 3mm and outer 

diameter of 4 mm. The total length of the closed loop 

pulsating heat pipe is 6000 mm. The evaporator and 

condenser lengths are 150 mm and 150mm respectively. A 

adiabatic sections is connected between evaporator and 

condenser for a length of 150 mm. The adiabatic section was 

well insulated with foam insulation.A water heater of 1000 

W capacity insert in the hot water bathe to providing heat 

the evaporator copper coils during the experiments for 

heating the working fluid as well. 12J type thermocouples 

are used for the temperature measurement. The operating 

temperature range of these J type thermocouples is -50 to 

500 
0
C with a maximum error of ±0.5

0
C. The temperature 

indicator fixed which is having 12 thermocouples. Three 

thermocouples are fixed in the evaporator section and two in 

the condenser section. The temperatures measured by three 

thermocouples in the evaporator section are named as T9, 

T10,and T11 respectively. The temperatures measured by two 

thermocouples in the condenser section are named as T3 and 

T4 respectively.T1  and T2 are the inlet and outlet 

temperature of condenser and T12 is measuring inlet water 

temperature of the condenser. The thermocouples are fixed 

on the walls of the copper tube.A temperature indicator 

indicate the temperature with the help of thermocouples. A 

pressure indicator shows the pressure inside the tubes. A 

flow meter of 6 LPH capacity measure the flow of water 

circulating in the condenser section from the cold water 

bathe. Experiments are repeated in order to ensure the 

consistency of the thermocouples.2 water pump used for the 

pumping the water circulation the both Cold and Hot bathe. 

To tilt the set up manually with angles like 45 and 180 . 

 

 

 

 

Fig.1: Shematics diagram of PHP 

 

Fig. 2: Fabricate Pulsating heat pipe 

VI. PROCEDURE ADOPTED FOR  EXPERIMENTATION 

(1) Before filling the working fluid, air is blown inside 

the heat pipe to ensure that there is no fluid present 

inside the PHP. 

(2) PHP is filled with working fluid of R-134a  using 

compressor of required amount. 

(3) The experiments are conducted for different fill 

ratios ranging from 50% to 70% in steps of 83%. It 

is reported in the literature that PHP works as a true 

pulsating device when the fill ratio is ranging from 

50% to 80% [Khandekar et al (2004)]. Hence, in 

the present investigation the fill ratio is chosen in 

the range of 50% to 80%. 

(4) The PHP is heated with the help of a circulating hot 

water in evaporator. 

(5) Data logger is switched on to record the 

temperature readings. 

(6) The cooling water is allowed to flow through the 

PHP to the condenser section of PHP from the 

constant water bath at a flow rate of 6 LPH in such 

a way that the temperature rise of cooling water in 

the condenser is always maintained at constant 

temperature. 

(7) Experiments are conducted in the horizontal, 

Inclined as well as vertical orientation of PHP . 

A. .EFFECT OF DIFFERENT ORIENTATION AT 

CONSTANT HEAT LOAD: 

The graph 6.1 shows that in case of vertical orientation high 

thermal resistant ie 0.091 is exist in 83% FR and 70%FR 

than other orientation when 145.44W heat input is given in 
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evaporator.But in case of horizontal orientation it is found 

that lowest thermal resistant than the other two orientation. 
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Fig. 3: Effect of different orientation at 83% Filling Ratio 

The graph 6.1 shows that in case of vertical 

orientation high thermal resistant ie 0.091 is exist in 83% FR 

and 70%FR than other orientation when 145.44W heat input 

is given in evaporator.But in case of horizontal orientation it 

is found that lowest thermal resistant than the other two 

orientation.It is 0.061thermal resistance.The thermal 

resistance is increases from horizontal to vertical orientation 

in 50% FR and 70% FR.But 83% FR reduces thermal 

resistance to inclination and again increases from inclined to 

vertical. Hence we can concluded . 

 

VII. RESULT AND DISCUSSION 

A. EFFECT OF HEAT INPUT ON TEMPERATURE 

DIFFERENCE AT 83% FR: 
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Fig. 4:  Effect of heat input VS Te-Tc When 83% Filling 

Ratio 

   The graph 6.2 shows that effect of heat input verses 

change of temperature in evaporator and condenser,when 

the capillary tubes containing 83% filling ratio of the 

refrigerant.It is depicted that as the heat input is increases 

the temperature difference is also increases in all the 

orientations.In vertical orientation maximum temperature 

difference occur.In case of vertical orientation heat input is 

increases,temperature deferences between evaporator and 

condenser is also increases from 10
0
C to 22

0
C as providing 

heat from 109W to 509W.In case of inclined orientation the 

difference in the temperature is found to be less than the 

vertical orientation.The difference is increases from 10
0
C to 

22
0
Cas heat input from 109W to 509W. In case of horizontal 

orientation temperature difference is greater than the 

inclined up to 145W only.Bur later temperature difference is 

lowest than other two orientation. The heat is provided from 

109W to 472W. The maximum heat transfer takes place 

within this graph is for the vertical orientation . 

B.  EFFECT OF HEAT INPUT ON TEMPERATURE 

DIFFERENCE AT 70 % FR: 

The graph shown in Fig6.3 represent that the difference 

between Te-Tc verses heat input.In case of horizontal 

orientation 70%FR represent minimum temperature 

different than any two orientation.It is also seen that Te –Tc 

temperature difference is increases as the heat flux 

increases. 
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Fig. 5:  Effect of different orientation at 70% Filling Ratio 

  In the case of the inclined orientation it is seen that 

temperature difference is more than the horizontal 

orientation for the same heat input in all the readings.In case 

of vertical mode of orientation the temperature difference is 

maximum among other two orientation.So it is concluded 

that the in vertical orientation of 70 % filling ratio shows 

maximum heat transfer characteristic than inclined and 

horizontal orientation. 

C.  EFFECT OF HEAT INPUT ON TEMPERATURE 

DIFFERENCE AT 50 % FR: 
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Fig. 6: Effect of different orientation at 50% Filling Ratio 

The Graph 6.4 shown in the fig.shows that three 

orientation and 50% filling ratio filled in the coper tubes. 

The temperature difference between Te-Tc start from heat 

input 145.44W to 581.77W. For 145.44W,181.80W,216.16 

W and 363.61W show the same temperature difference in 

vertical and horizontal orientations. But at other input heat 

flux horizontal orientation shows more magnitude than 

vertical orientation. In inclined orientation of 50%FR shows 

the minimum temperature difference than other two 

orientation for every heat input and flux.These difference is 

gradually increases from 10
0
C to 24

0
C as the heat input is 

increase.So these graph concluded that in case of horizontal 
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orientation and 50%FR shows the better heat transfer 

characteristic than other two mode of orientations. 
 

D. CLOSURE OF THE DISCUSSION 6.2 TO 6.4 : 

From the above result we found that in case of 83% filling 

ratio and vertical mode of operation shows the higher 

temperature difference.In case of the 70% filling ratio and 

vertical mode of operation shows  
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Graph 6.5. Maximum Te-Tc found in orientations 

And in case of 50% FR and horizontal mode of 

operation shows better heat transfer than the vertical and 

inclined mode of operation. These graph shows the 

comparison between these modes of operation. 

The given graph is shows the comparison between 

the vertical 83% and 70% filling ratio and horizontal 50% 

filling Ratio.The temperature difference is same for vertical 

orientations of 83% and 70% FR when the heat input is 

109.08 that 10C.as the same for all filling ratio and heat flux 

of 145.44W found the same temperature difference.The 

temperature difference is lower in the vertical and 83% 

filling ratio.The slightly greater 

VIII. RESULT AND DISCUSSION 

The PHP performance data were obtained according to the 

following procedure: Heat input was stepwise increased in 

the evaporator.Then, the spatial temperatures were recorded, 

so the thermal resistances could be determined. The thermal 

resistance is defined by Eq. 1 

Rth = 
Qin

TcTe      1 

where Te and Tc are the average evaporative and condenser 

temperature ,Calculated by using Eq.2 and 3.  

Te =
3

11109 TTT 
        2 

Tc  =
2

43 TT 
     3 

where, Qin is the input  heat power.  

IX. CONCLUSION 

A range of closed loop pulsating heat pipes has been 

experimentally investigated to study the effects of various 

influence parameters. The effect of internal diameter, 

operating inclination angle (gravity), working fluid and 

number of turns on the thermal performance has been 

demonstrated. 

The following main conclusions can be drawn from the 

study: 

(1) The evaporator and condenser wall 

 temperature difference varies as heat 

 input varies in accenting order. 

(2) The thermal resistance is decreases as  the 

heat input is increases in all  orientations. 

(3) In horizontal mode of operation and 50% 

Filling rato is found the minimum hermal 

resistance than any other orientation. 
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