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Abstract 

Experimental investigation has been performed on cavity type heat sinks for 

electronic devices are necessary to ensure sufficiently low operating 

temperatures for reliability. In this study, the effects of (Phase change material) 

PCM material, variation of PCM volume (50 ml to 100 ml) pin fin (circular 

and square), and different cavity heat sinks on thermal performance were 

investigated experimentally. The thermal performance of heat sinks was 

examined using paraffin with heat source of 70W. In this results, it is found 

that the inclusion of PCM to enhance the heat dissipation rate and lower the 

operating temperature of the electronics devices. The thermal performance of 

9 cavity heat sink is enhanced while compared to other cavity heat sinks and 

comparable with pin fin configuration heat sink. It is noted that by increasing 

volume of PCM, the latent heat capacity is enhanced.  
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1. INTRODUCTION  

In the present scenario, the heat transfer enhancement has greater significance in 

microelectronic cooling, mainly in CPU, micro and macro scale heat exchangers, bio 

medical devices and fuel elements of nuclear power plants. For increasing heat 
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transfer from finned surface to the surrounding flowing fluid, many researchers have 

been devoted the tremendous effort to develop new methods. In case of the electronics 

industry, as the component size shirks the heat flux per unit area increases 

dramatically. The working temperature of the electronic components may exceed the 

desired temperature level. Thus, enhancing the heat transfer rate and keeping the die 

at the desired operating temperature play an important role in insuring a reliable 

operation of electronic components. Number of methods has been proposed for 

electronics cooling, such as jet impingement cooling [1,2] and   Many of the 

researchers have focused on heat pipe cooling and few of them discussed about liquid 

cooling for CPU. Zhao and Avedisian [3] have presented an experimental study of 

heat transfer from an array of copper plate fins supported by a copper heat pipe and 

cooled by forced air flow. Walsh  et al [4] investigated about the number of fan 

geometries where both the inlet and exit rotor angles are varied relative to the heat 

conducting fins on a heat sink. The use of active thermal methods such as miniature 

centrifugal fans proved to be inefficient due to space, noise levels, high maintenance 

and additional power consumption. In order to enhance the thermal performance of 

heat sinks few researchers [5-7] suggested that porous channel heat sinks or heat sinks 

with combined with porous structure. Kim et al [8] revealed that the effective heat 

sink type between plate fin and pin fin heat sinks could be determined depending on 

the pumping power and heat sink length. Based on above research activities, there has 

been a new attempt to examine the thermal performance of combination of plate fin 

and pin fin heat sinks [9]. Amon et al [10, 11] studied the fluid flow and heat transfer 

characteristics of cross cut heat sinks.  Yu and Webb [12] investigated the flow and 

heat transfer inside a computer cabinet for the high power conditions expected in 

desktop computer. In the paper 40 W PCI card, different case fan size and different 

positions have been studied. Mohan and Govindarajan  (13-17) have studied the 

performance of slot parallel plate fin heat sink, double base plate heat sink, elliptical 

fin heat sink, pin fin heat sink with various base plate materials and un uniform fin 

width heat sinks with nano coating. The experimental results are compared with CFD 

results. Akhilesh et al [18] presented a thermal design procedure for proper sizing of 

such CHS, for maximizing the energy storage and the time of operation until all of the 

latent heat storage is exhausted. In this study, composite heat sinks (CHS), 

constructed using a vertical array of fins (or elemental composite heat sink, ECHS), 

made of large latent heat capacity phase change materials (PCM) and highly 

conductive base material (BM) were suggested to enhance the cooling method for 

portable electronic device. Fok  et al [19] was conducted experimental work on the 

cooling of portable hand-held electronic devices using neicosane as the phase change 

material (PCM) placed inside heat sinks with and without internal fins. Under 

frequent, heavy and light usage conditions, the transient thermal performances were 

examined the effects of the PCM, orientation of the device, number of fins, and the 

power level (ranging from 3 to 5 W).  PCM-based heat sinks with internal fins were 

http://heattransfer.asmedigitalcollection.asme.org/solr/searchresults.aspx?author=Ed+Walsh&q=Ed+Walsh
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suggested for cooling mobile devices. Xiang-Qi Wang et al. [20] explored  about 

Phase change material (PCM)-based heat sink, consisting of a conventional, extruded 

aluminum sink embedded with appropriate PCMs, can potentially be used for cooling 

of mobile electronic devices such as personal digital assistants (PDAs) and notebooks 

which are operated intermittently. During the use of such mobile devices, the 

orientation changes from time to time. A numerical investigation was carried out to 

study the effect of orientation of heat sink on the thermal performance of the 

combined cooling system to determine if it affects the thermal performance of a 

PCM-based cooling system significantly. Krishnan Swaminathan Gopalan, Vinayak 

Eswaran,[21] Numerically investigated the thermal performance of PCM based heat 

sink using structured porous media as thermal conductivity enhancer. The results 

indicated that the heat sink with porous structured media as TCEs had a significantly 

better performance than heat sink with pure PCM consistently. Additionally, the 

performance of the heat sink depends explicitly only on the effective thermal 

conductivity. R.Pakrouh et al. [22] were done the numerical investigation on 

geometric optimization of PCM based pin fin heat sinks and the results shows that a 

complex relation exists between PCM and TCE volume percentages and the optimum 

PCM percentages were found. Salma Gharbi et al. [23] presented the behavior of 

phase change materials as the cooling system for electronic components 

experimentally. From their result, using graphite matrix filled PCM in heat sink 

showed better improvement on system thermal performance than silicon matrix. 

Rasool Kalbasi, and Mohammad Reza Salimpour, [24] Evaluated the constructal 

design of phase change material enclosures used for cooling electronic devices. They 

found that for a rectangular enclosure with a constant area, it is better to use wider 

enclosure than the square and thin one. Peleg P. Levin et al. [25] presented 

optimization procedure for the design of PCM based heat sink with internal fins. They 

were performed two dimensional, three-parametric , finite element simulations with 

systematically varying both the number and thickness of the fins and results showed 

optimal PCM percentages depend on the number and length of the  fins, the heat flux 

at the interface and the difference between the critical and liquids temperature of the 

PCM. S.F.Hosseinizadeh et al. [26] experimentally and numerically studied the 

performance of PCM-based heat sink with different configurations of internal fins. 

Their results showed that, increasing the number of fins and fin height resulted in a 

considerable increase in the overall thermal performance. R.Kandasamy et al, [27] 

experimentally and numerically, investigated the use of PCM based heat sink in the 

transient thermal control of plastic quad flat package electronic devices. They found 

that the increase in thermal performance and melting rate at higher power levels until 

full melting of the PCM, paraffin wax. Rajesh Baby, C.Balaji, [28] experimentally 

investigated the PCM based finned heat sinks for electronic equipment cooling. They 

conducted study on heat sinks of unfinned and finned cases on which a uniform heat 

load is applied and the results indicate that the operational performance of portable 
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electronic device can be significantly improved by the use of fins with PCM heat 

sinks. In this paper the cavity type heat sink with PCM are designed and implemented 

for better performance. This study investigates the effect of PCM material, variation 

of PCM volume and number of cavities on thermal performance of cavity type heat 

sinks. 

 

2. EXPERIMENTAL SETUP  

The experimental setup consists of a PCM filled heat sinks, rectangular duct, electric 

heater, DC power supply, thermocouples and data acquisition system. The schematic 

illustration of the experimental setup is shown in figure 1. An electric heater of size 

50x50 mm which produces a maximum power of 320W was attached to the base of 

the PCM filled heat sink. The heater is joined with heat sink using anabond compound 

with thermal conductivity of 0.437 W m/ K and Delta Bond 155 with thermal 

conductivity of 0.836 W m/ K was applied to the contact surface between heat sink 

and heater to make proper surface contact. The DC power supply was given to the 

heater. The bottom of the heat sink was covered with insulation material (thermal 

conductivity of 0.037 W/mK) to minimize thermal losses. The insulation was drilled 

to allow routing of power supply and thermocouple wires to reduce free stream 

interference in the surrounding area of the heat sink.  Eight J type thermocouples were 

used to measure the base surface temperature of the heat sink. Four thermocouples 

were positioned 10 mm from edge of the heat sink in all directions. Remaining four 

thermocouples was positioned 6mm apart from previous four thermocouples. In order 

to make good contact between tip of thermocouples and metal, the heat sink was 

drilled with 2mm deep in the base. The thermocouples were connected with data 

logger. It was operated by Picolog software installed in computer. The temperatures 

were measured at periodically and the calibration of thermocouples was done with 

maximum uncertainty of ± 0.85ºC.   With the help of blower, atmospheric air is 

passes over a heat sink which absorbs heat from the PCM filled heat sink. 

 

Fig.1 A Schematic diagram of the Experimental setup 
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2.1 HEAT SINK CONFIGURATIONS 

Four cavity type heat sinks have been selected in this work as shown in figure 2.  The 

effect of different cavity heat sinks with PCM is studied on thermal performance. The 

large cavity is the single cavity heat sink (SC). In the parallel fin heat sinks, three 

designs were used 3-Cavity and 6-Cavity and 9-cavity designs were used. The 50mm 

x 60mm heat sink rectangular base plate size is selected for this work and For all fin 

geometries 40mm fin height, 50mm x 60mm heat sink base plate. The different shape 

of extruded fins and a 3.5mm thick base plate is finished of aluminum materials. In 

addition to enhance the heat transfer, the heat sinks are filled with a constant volume 

of PCM (50ml) which gives 18.7 mm height in the SC heat sink. According to the 

configurations of heat sink cavities, PCM levels are varied but PCM volume is 

constant. 

 

Fig 2 The schematic diagram of the heat sink configuration  

 

3. GOVERNING EQUATIONS 

The continuity, momentum and energy equations are solved numerically. PCM 

medium is considered as porous substance with varying degrees of porosity at 

different computational cell and assumed as liquid PCM using enthalpy porosity 

formulation. The model is created for the melting process of the PCM. It is assumed 

that the melting of PCM is a moving solid liquid interface problem. The source term 

latent heat is included and velocity in the solid field is negligible for both solid and 

liquid thermo physical properties are equal. 

The sum of sensible heat and latent heat is total enthalpy of the PCM. 

  h  = hs + hLat 
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The sensible heat is given as 
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The governing equations are given for the solidification/ melting problem. 

Continuity equation 
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Momentum equation 
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Energy equation  

For PCM 
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Where, Si & Sh are the source terms.

 

For Aluminum heat sink 
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In this study, the Residuals on the continuity, momentum and energy equations are 

assumed as  10-6, 10-3, and 10-7 respectively. 
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3.1 BOUNDARY CONDITIONS 

According to experimental work, the boundary conditions are applied for the whole 

domain including the heat sink with PCM. 

Initial conditions: At   t=0, T=303 K and u =0  

Top Surface:  For heat sink 0
dT
dy



,    

 and for PCM surface 0
dT
dy

 & u =0 

Side walls of heat sink:  0
dT
dN

  Where, N represents the normal direction to the 

heat sink outer wall surface.                 

Bottom surface:   For aluminum surface surrounding the heater 0
dT
dy

  

 

4. RESULTS AND DISCUSSION  

The single cavity heat sink without PCM and with 50ml PCM was experimentally 

investigated to compare the thermal performance of a heat sink at a heat source of 

70W. The difference in temperature variation with time is shown in figure 3 for single 

cavity heat sink with and without PCM. The heat sink without PCM temperature is 

high (with reference to 109ºC ) at the time of 60-90 minute while compare to with 

PCM (with reference to 89ºC )  at the same time. The thermal performance of heat 

sink with PCM is enhanced because of PCM absorbing huge amount of latent heat 

while it started to melt at 42ºC resulting in better cooling of the heat sink. The heat 

capacity of PCM is increased by increasing the volume of PCM. However, after 

removing the heat source the PCM release the stored heat to the surroundings. So   the 

heat sink with PCM is cooled down at a slower rate than that without PCM  
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Fig.3 Temperature–time response of SC heat sink with and without PCM 

 

 

Fig.4 Temperature variation of different cavity heat sinks 

 

The temperature variation during heating and cooling phase of different cavity heat 

sinks with PCM is shown in figure 5.  It is clearly understand that the temperature 

variation of 3, 6 and 9 cavity heat sinks are lowered when compared to single cavity 

heat sink because of the improved overall thermal conductivity. The thermal 

performance of 9 cavity fin configuration and pin fin (circular and square) fin 

configuration heat sinks are better to other heat sinks in terms of lower heat sink 

temperatures. Even though the thermal performance of pin fin heat sink is better than 
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9 cavity fin configuration heat sink, the manufacturing of 9 cavity heat sink is easy, 

lower weight and cost effective. It is shown in figure 4 the temperature variation of 

pin fin and 9 cavity configuration heat sinks are very close.  

The rate of cooling is superior for single cavity heat sink when compared to 9 cavity, 

pin fin configuration heat sinks. In figure 5, it can be seen that the lowest temperature 

is arrived at 210 min for single cavity heat sink. Also the cooling performance of the 3 

cavity, 6 cavity configuration heat sinks are poorer that of the 9 cavity heat sink. The 

heat sink with pin fin and 9 cavity achieved a comparable cooling performance when 

compared to single cavity heat sink. 

 

Fig.5 Temperature variation of 9 cavity heat sink with variable volume fraction of 

PCM 

 

In this figure it is clearly understand that smaller PCM volume provides a lower latent 

heat absorption capacity. By increasing the volume of PCM leads to enhance latent 

heat potential, decrease the melting period of time. The thermal performance of 9 

cavity heat sink with 80 ml PCM is better than other volume of PCM. The heat sink 

with 80 ml PCM performance is comparable with 100 ml PCM heat sink. 

 

5. CONCLUSION 

The cooling of electronic devices is significantly enhanced by using Phase Change 

Materials (PCMs) based heat sinks. In this work provides experimental investigation 

of the effect of heat sink geometry and variation of PCM volume on the thermal 

performance of PCM based heat sinks. It is examined that the heating rate and peak 
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temperatures of the heat sink is reduced by inclusion of PCM and also cooling rate is 

lowered. The thermal performance of pin fin configuration heat sink is increased due 

to increasing the number of fins which leads to a lower melting time. It is observed 

that by increasing the volume of PCM beyond the limit does not provides significant 

performance of heat sink. It is examined that thermal performance of 9 cavity heat 

sink with 80ml PCM closer to pin fin configuration heat sink with PCM because of 

weight reduction, ease of manufacturing and cost reduction.  

 

NOMENCLATURES 

L length of heat the sink (mm) 

W width of heat the sink (mm) 

H height of the heat sink (mm) 

R     Thermal resistance (K/w) 

h Total enthalpy (kJ/kg) 

Cp specific heat at constant pressure (kJ/kg K)  

T temperature (K) 

Tw,max maximum temperature (K) 

Tbm,in bulk mean temperature at inlet (K) 

Tl liquid temperature(K) 

Ts solid temperature (K) 

hs sensible heat (kJ) 

hLat latent heat (kJ) 

V  velocity vector 

µ dynamic viscosity (kg/ms) 

 density(kg/m3) 

PCM Phase Change Material 

Al Aluminium 

Si , Sh source terms 

 

 



Experimental Investigation on the Thermal Performance of Cavity Type Heat… 1557 

REFERENCES 

[1]  Y. Chung and K. Luo, Unsteady heat transfer analysis of an impinging jet, 

Journal of Heat Transfer, 124 (2002) 1039-48. 

 [2]  K. Nishino et al., Turbulence statistics in the stagnation region of an 

axisymmetric impinging jet flow, International Journal of Heat Fluid Flow, 
17 (1996) 193-201. 

[3]  Z. Zhao and C.T Avedisian, Enhancing forced air convection heat transfer 

from an array of parallel plate fins using a heat pipe, International Journal of 
Heat Mass Transfer,  Vol 40. No 13. pp. 3135-3147, 1997 

[4]  Walsh E, Grimes R, Walsh P, Egan. Thermal management of low profile 

electronic equipment using radial fans and heat sinks. J Heat Transfer 
2008;130:125001–9. 

[5]  G. P. Peterson and C. S. Chang, Heat transfer analysis and evaluation for two-

phase flow in porous-channel heat sinks, Numerical Heat Transfer A, 31 (2) 
(1997) 113-130.  

[6]  S. Y. Kim et al, Effect of anisotropy in permeability and effective thermal 

conductivity on thermal performance of an aluminum foam heat sink, 

Numerical Heat Transfer A 40 (1) (2001) 21-36.  

[7]  T.-G. Maxime and G. Louis, Thermal resistance minimization of a fin-and-

porous medium heat sink with evolutionary algorithms, Numerical Heat 
Transfer A, 54 (4) (2008) 349-366. 

[8]  S. J. Kim et al, Comparison of fluid flow and thermal characteristics of plate-

fin and pin-fin heat sinks subject to a parallel flow, Heat Transfer Eng., 29 (2) 
(2008) 169-177. 

[9]  Y.-T. Yang and H. S. Peng, Numerical study of thermal and hydraulic 

performance of compound heat sink, Numerical Heat Transfer A, 55 (5) 
(2009) 432-447. 

[10]  C. H. Amon and B. B. Mikic, Numerical prediction of convective heat transfer 

in self-sustained oscillatory flows, Journal of Thermophysics, 4 (2) (1990) 
239-246.  

[11]  C. H. Amon et al, Numerical and experimental studies of self-sustained 

oscillatory flows in communicating channels, International Journal of Heat 
Mass Transfer, 35 (11) (1992) 3115-3129. 

[12]  C. W. Yu and R. L.Webb, Thermal design of a desktop computer system using 

CFD analysis, Seventeenth IEEE SEMI- THERM SYMPOSIUM (2001) 18-26. 

[13]  R. Mohan, P.Govindarajan, Thermal Analysis of CPU with Variable Heat 

http://www.ijcim.th.org/past_editions/2010V18N1/Paper-4-p27-36-IJCIM%20Vol%2018%20No1-Jan-Apr-2010.pdf


1558  Sivapragasam A, Senthilkumar D and Mohan R 

Sink Base Plate Thickness Using CFD , International Journal of the 
Computer, the Internet and Management, Vol. 18 No.1 (January-April, 2010), 
pp 27-36. 

[14]  R. Mohan, P.Govindarajan, Thermal analysis of CPU with CCC and copper 

base plate heat sinks using CFD in International Journal of Heat Transfer—
Asian Research, Volume 40, Issue 3, May 2011, pages 217–232,  

[15]  R. Mohan, P.Govindarajan, Experimental and CFD analysis of heat sinks with 

base plate for CPU cooling in International Journal of Mechanical Science 
and Technology, Volume 25, Number 8, 2003-2012, 2011 

[16]  R. Mohan, Experimental analysis of un-uniform fin width heat sinks with base 

plate, IJST, Transactions of Mechanical Engineering, Vol. 38, No. M1, pp 79-

90 

[17]  Mohan, R, Vijayakumar, M, Navaneethakrishnan, P; Experimental 

investigation of planted pin fin in plate fin heat sink for electronics cooling, 

Journal of heat and mass transfer; allahabad 13.2  (May 2016): 143-160. 

[18] Akhilesh etal, Method to improve geometry for heat transfer enhancement in 

PCM composite heat sinks, International Journal of Heat and Mass Transfer 
48 (2005) 2759–2770. 

[19]  Fok SC, Shen W, Tan FL. Cooling of portable hand-held electronic devices 

using phase change materials in finned heat sinks. International Journal of 
Thermal Sci. (2010), 49, 109-117 

[20]  Xiang-Qi Wang et al. Effect of orientation for phase change material (PCM)-

based heat sinks for transient thermal management of electric components, 

International Communications in Heat and Mass Transfer, vol. 34 (2007) 801-

808. 

[21]  Krishnan Swaminathan Gopalan, Vinayak Eswaran, Numerical investigation 

of thermal performance of PCM based heat sink using structured porous media 

as thermal conductivity enhancers, International Journal of Thermal Science. 
104(2016) 266-280. 

[22] R.Pakrouh, M.J.Hosseini, A.A.Ranjbar, R.Bahrampoury, A numerical method 

for PCM based pin fin heat sinks optimization, Energy conservation and 
Management 103 (2015) 542-552. 

[23]  Salma Gharbi, Souad Harmand, Sadok Ben Jabrallah, Experimental 

comparison between different configurations of PCM based heat sinks for 

cooling electronic components, Applied Thermal Engineering 87 (2015) 454-

462. 

[24]  Rasool Kalbasi, Mohammad Reza Salimpour, Constructal design of phase 

http://www.ijcim.th.org/past_editions/2010V18N1/Paper-4-p27-36-IJCIM%20Vol%2018%20No1-Jan-Apr-2010.pdf
http://onlinelibrary.wiley.com/doi/10.1002/htj.v40.3/issuetoc
http://www.springerlink.com/content/1738-494x/
http://www.springerlink.com/content/1738-494x/
http://www.springerlink.com/content/1738-494x/25/8/


Experimental Investigation on the Thermal Performance of Cavity Type Heat… 1559 

change material enclosures used for cooling electronic devices, Applied 
Thermal Engineering 84 (2015) 339-349. 

[25]  Peleg P.Levin, Avraham Shitzer, Gad Hetsroni, Numerical optimization of a 

PCM-based heat sinkwith internal fins, International Journal of Heat and 
Mass Transfer 61 (2013) 638-645. 

[26] S.F.Hosseinizadeh, F.L. Tan, S.M.Moosania, Experimental and numerical 

studies on performance of PCM-based heat sink with different configurations 

of internal fins, Applied Thermal Engineering 31 (2011)3827-3838. 

[27]  R. Kandasamy, X.Q. Wang, A.S. Mujumdar, Transient cooling of electronics 

using phase change material(PCM)- based heat sinks, Applied Thermal 
Engineering, 28 (2008) 1047-1057. 

[28] Rajesh Baby, C.Balaji, experimental investigations on phase change material 

based finned heat sinks for electronic equipment cooling, International 
Journal of Heat and Mass Transfer 55 (2012) 1642-1649. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1560  Sivapragasam A, Senthilkumar D and Mohan R 

 

 

 

 

 

 

 

 


