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Abstract: The development of electronics technology is limited by the heat generationof 

electronic components. Heat pipesare heat exchangers which are widely used in electronics 

cooling system. Loop heat pipe (LHP) is a type of heat pipeswhichhas a very high thermal 

performance. Several studies have been conducted to reduce the thermal resistance ofLHPs. 

The improvement of LHPs performance can be achieved by developing the design of the 

shape, type of material and method of manufacture of the capillary wick. One of the problems 

in the application of the LHPs is the high temperature of the condensersthat lead to 

increasethe ambient temperature so as to interfere with the performance of electronic devices. 

Therefore we need a method to reduce the temperature of the condenser of the LHPs. The 

results of this study showed that the use of biomaterial wick can reducethe evaporator 

temperature by 35.16% and 2.9% at 30W heat load compared to the use of screen mesh and 

sintered cooper powder wick respectively. Further application of the cascade loop heat pipe in 

a cooling system can make a fairly low condenser temperature. The cascade LHP could 

reduce the heat discharging temperature through the condenser section by 16.7%, 26.2% and 

30.1 % at 10W, 20W and 39W heat load respectively compared to the single stage LHP. The 

reduction in the thermal resistance of the cascade LHP achieves 62.23% at 10W heat load 

compared to the sintered copper powder. At 30W heat load, the thermal resistance of the 

cascade LHP with biomaterials wick is reduced by 60% and 25.9% than with the screen mesh 

and the sintered copper powder wick respectively. 
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1. Introduction 

 

The development of electronics technology that rapidly increased creates a new problem in 

the thermal management. The performance improvement of electronic devices coupled with 

reduced area and dimensions impact on the emergence of a very large heat flux [1].Cooling 

that involve a very large heat flux can no longer be resolved by conventional method using 

only conduction and convection heat transfer as presented by Putra et al. [2], and this must be 

handled by implementing of two phase system instead. Loop heat pipes (LHPs) are cooling 

devices that work based on two phase circulating fluid flow through capillary action of porous 

media [3]. LHP's has a number of applications because of their high efficiency with the use of 

small amounts of fluid [4, 5].Another advantage of Loop Heat Pipes is that they are passive 

cooling systems where heat transfer is produced without the need for additional external 

power [6]. 

LHPs consists of the evaporator, vapor line, condenser and liquid line with porous media or 

wick capillary section that serves as a capillary pump to circulate the condensate from the 

condenser to the evaporator.LHPs have vapor flow and liquid flow that are completely 

separated [7].LHPs advantages such as passive cooling, great efficiency, low thermal 

resistance, ability to withstand the forces of gravity and an operational angle as well as its 

ability to transport heat over long distances resulting in LHPs ranging widely used in various 
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electronic devices.There are many studies that have been carried out to obtain the optimal 

performance of LHPs either through improvement of the wick structure, the working fluid, 

the design and whether or not the compensation chamber or on other parts that have the 

potential to improve the performance of LHPs. 

The Capillary wick is one of the most important parts in the circulation of the working fluid 

on LHPs. If the wick is not working properly then there will be no circulation or LHPs would 

not be able to function as a good heat exchanger [8]. There are many parameters that 

influence the performance of capillary wick such as wick material, porosity, type of wick, 

wettability as well as some factorsthat affect the hydrophobic and hydrophilic properties of 

the capillary wick. The capillarity of a capillary wick is determined by the type of material 

used.On the other hand, oxidation on the surface of the wick material can degrade the 

wettability with a contact angle greater than 90° which tends to make the material to be 

hydrophobic[9] and reduce the capillarity of the wick. 

There are many studies that have been done to improve the performance of LHPs, among 

which are Boo et al. [10] who examined the effect of pore size on the performance of a 

circular heat pipes and found that the smaller the pore size the greater the maximum thermal 

load, and the smaller the thermal resistance.Li et al. [11] conducted an experiment to compare 

the effect of compression in wick manufacturing on the properties of biporouswicksand found 

that the application of compression in wick manufacturing would increase the porosity, 

permeability, and strength of the wick.Yeh et al. [12] also observed the effect of using 

biporous wick with parameters of pores size, pore volume, and sintering temperature. It found 

that the most influential factor is the large pores and pore volume, while the sintering 

temperature does not really give the effect.JiyuanXu [13] observed the influence of the pore-

forming volume ratio and pressure on biporous wicks and concluded that the smaller the 

pressure and the greater the pore-forming volume ratio, the better the porosity. 

Upon cooling of electronic components, heat is transferred from the heat source to the 

evaporator and will be released from the condenser to the ambient.LHPs high performance 

will lead to the heat released from the condenser sufficiently large so that the temperature on 

the outside of the condenser will be very high. If the condenser to be around other electronic 

components, it will adversely affect the component. The objectives of this study are to obtain 

a lower condenser temperature of a LHP without reducing the heat transfer capability. Besides, 

the use of biomaterials as a capillary wick material, which is not easily oxidized, is expected 

to improve the thermal performance of LHPs. 

 

 

2. Research Methodology 

 

2.1 Design of Wick and Loop Heat Pipe (LHPs) 

 

The capillary wick is made using biomaterials Tabulate coral species with an average pore 

diameter of ± 52.949 μm. The coral is formed into a cylinder with 20 mm long and 7 mm 

diameter. A sintered copper powder wick with an average pore diameter of ±58.572 μm and a 

200 mesh stainless steel screen mesh wick are used as comparator to the biomaterials wick. 

The SEM photograph of the pores structure of biomaterials Tabulate wick is shown in Fig. 1. 

Tabulate coral pores structure is more homogeneous than the sintered copper powder [3]. 
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Figure 1 Pores structure of biomaterial Tabulate 

 

 
 

Figure 2. Loop heat pipe design 

 

Fig. 2 shows the design of a cascade LHP made of copper tube with 7 mm and 7.6 mm 

diameter. The length of each evaporatorsis 60 mm, and the length of each condensers section 

is 60 mm. The second stage condenser has a doubled-pipe construction for circulation of 

conditioning fluid flow. The first stage condenser is attached to the second stage evaporator. 

The first stage LHP uses water as the working fluid, while the second stage LHP uses 96% 

alcohol as the working fluid. The charging ratio of working fluid for both LHP is 30% of the 

total volume. 

 

 

2.2 Experimental Set-up 

 

Fig. 3 shows the schematics arrangement of LHP experimental setup. It can be seen that the 

performance of the cascade LHP is tested using a heater as the heat source. The rate of heat 

load that exposed to the evaporator section is controlled by a voltage regulator, where the heat 

load value is calculated using the voltage and current measurement according to Eq. 1. Ten k-

type thermocouples are installed, two on the first stage evaporator, twoon the liquid line and 

vapor line ofthe first stage LHP, two on the second stage evaporator, two on the liquid line 

and vapor line of the second stage LHP, and two on the second stage condenser.To reduce heat 

loss from LHPs wall to the ambient, polyurethane insulation with thermal conductivity of 

0.02 W/m°C is used. The insulation materials cover the entire surfaces of the LHPs with ± 50 

mm thick. Water is flowed through the second stage condenser using a circulating 

thermostatic bath (CTB) to condition the outer wall of the condenser at 25°C. The measured 

temperatures are sent to a computer through data acquisition system NI 9219 and c-DAQ9174. 

The experiments were conducted at heat loadsof 10 watts, 20 watts and 30 watts for each 

wick material. The thermal resistances of each stage of LHP are calculated using the 

temperature difference between evaporator and condenser section and the heat load according 

to Eq. 2.    

 

.Q V I           (1) 

 

whereQ is the heat load absorbed by evaporator through the heater in watt while V and I are 

the  voltage in volt and the current in ampere respectively which are controlled by the 

voltage regulator. 
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condenser temperature at each stage in °C respectively, and Q is the heat load in watt. 

 

 
 

Figure 3 Schematic arrangement of the experimental setup 

 

3. Result and discussion  

 

The temperature distribution of the cascade LHP for the heat load of 10W, 20W, and 30W 

with biomaterials Tabulate wick is shown in Fig. 4. It can be observed that there is a 

decreasing temperature from the evaporator section toward the vapor line, the first stage 

condenser to the second stage condenser. The increase in heat load results in increasing 

temperature at entire section of LHPs. The temperature of the liquid line is seen to be higher 

than the temperature of the condenser section in both stages due to heat conduction from the 

evaporator section to the liquid line wall. It can also be observed that condenser 

temperaturesfor the cascade LHP for 10W, 20W and 30W heat load 27°C, 32°C and 34°C 

respectively. This means that the cascade LHP could reduce the temperature of the condenser 

by 16.7%, 26.2% and 30.1% for 10W, 20W and 30W heat load respectively compared to the 

single stage LHP. 

The temperature distributions of the cascade LHP with biomaterials Tabulate, sintered copper 

powder and stainless steel screen mesh wick for 30W heat load are presented in Fig. 5. The 

temperature of the first stage evaporator for biomaterials Tabulate, sintered copper powder 

and stainless steel screen mesh wick are 96.73°C, 99.59°C and 149.18°C respectively. The 

use of biomaterials Tabulate as wick provides the lowest evaporator temperature than sintered 

copper powder and stainless steel screen mesh. This is due to the biomaterials Tabulate has a 

better porosity than sintered copper powder and stainless steel screen mesh so it will affect the 

mass flow rate of the condensate (m) to the evaporator section [14] as shown in Eq. 3. It 

would be proportional to the mass flow rate of the vapor (mv) to the condenser section [5] 

according to Eq. 4 and Eq. 5. The mass flow rate would strongly determine the heat absorbed 

by the evaporator[16, 17]so at the same heat load the wick with highermass flow rate will 

provide a lower evaporator temperature as reflected in Eq. 6. In the LHP with screen mesh 

wick the evaporator temperature and the condenser temperature seem to be very high. This is 

because of the flooding condensation at the inner side of the condenser wall that the screen 

mesh wick could not handle this condition so the condensation of subsequent vapor would be 

obstructed by the liquid flow which also ceased in the evaporator. 
.
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Figure 4.The temperature distribution of the cascade LHP with biomaterials wick 

 

 
 

Figure 5. The temperature distribution of the cascade LHP at 30W heat load 

 

The LHPs performance could also be represented by the thermal resistance. Fig. 6 shows the 

thermal resistance of the LHPs for biomaterials Tabulate, sintered copper powder and screen 

mesh wick.  The heat load increment provides a lower thermal resistancefor both stages of 

LHP for all type of wicks. The thermal resistance of the LHPs for each stage is calculated 

based on the temperature difference between the evaporator and the condenser and the heat 

load. The thermal resistances of the LHPs with biomaterials Tabulate are 1.25°C/W, 1.3°C/W 

and 0.8°C/W at 10W, 20W and 30W heat load respectively. Meanwhile, for The LHPs with 

sintered copper powder and screen mesh wick the thermal resistances are 1.4°C/W, 1.3°C/W, 

1.08°C/W and 3.4°C/W, 2.4°C/W,2.0°C/W at 10W, 20W and 30W heat load respectively. At 

heat load of 10W the thermal resistance of The LHP with biomaterials wick is 63.23% lower 

than the LHP with screen mesh wick, and 10.7% lower than the LHP with sintered copper 
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powder. At heat load of 30W the thermal resistance of the LHP with biomaterials wick is 60%  

and 25.9% lower than the LHP with screen mesh and sintered copper powder wick. The use 

of biomaterials as the wick is capable to reduce the thermal resistance of the LHP compared 

to sintered copper and screen mesh wick. This result is parallel to the result of the work of 

Putra et al. [3] in the study of the performance improvement of single stage LHPs using 

biomaterials wick and nano fluid.   

 

 
Figure 6.Thermal resistance of cascade LHPs 

 

4. Conclusion 

 

The study of the use biomaterial wick in cascade LHPs has been conducted. It can be 

concluded that the use of biomaterials Tabulate as the wick is capable to improve the 

performance of the cascade LHP by means of reducing the evaporator temperature by 35.16% 

and 2.9% at 30W heat load compared to screen mesh and sintered cooper powder wick 

respectively.The cascade LHP could reduce the heat discharging temperature through the 

condenser section by16.7%, 26.2% and 30.1% at 10W, 20W and 30W heat load respectively 

compared to the single stage LHP. The thermal resistance of the cascade LHP decrease with 

the use of biomaterials Tabulate as the wick compared to sintered copper powder and screen 

mesh wick. The reduction in the thermal resistance of the cascade LHP achieves 62.23% at 

10W heat load compared to the sintered copper powder. At 30W heat load, the thermal 

resistance of the cascade LHP with biomaterials Tabulate wick is lower by 60% and 25.9% 

than with the screen meshand the sintered copper powder wick respectively. 
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