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ABSTRACT    

Thermal management systems using phase change materials 

(PCMs) can improve heat absorption and increase safe 

operating times. However, limited research has explored 

combining multiple PCMs within a system. This study 

investigates the thermal performance of a two-dimensional heat 

sink with varied PCM configurations. Simulations tested RT-54, 

CaCl2.6H2O, anfigd n-Eicosane arranged in different ways at 5 

W and 7.5 W. Key results show CaCl2.6H2O with n-Eicosane 

increased the time to reach 40°C by 186% compared to 

CaCl2.6H2O alone at 5 W. Pairing CaCl2.6H2O and RT-54 

improved time to 40°C by 425%. Increased power amplified 

these effects. The density and latent heat fusion of PCMs were 

critical factors. This demonstrates combining certain PCMs 

extends safe operating times more than using a single material. 

These optimal configurations can guide thermal management 

system design for electronics and other applications. 
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1. Introduction 

 With the proliferation of portable, compact and 
powerful electronics, effective thermal 
management has become imperative yet 
remains a significant challenge. Failure to 
regulate operating temperatures can lead to 
decreased performance, component damage, 
and reduced device lifetimes. As such, 
researchers are actively investigating novel 
cooling methods to meet the stringent thermal 
requirements of modern electronics. One 
emerging approach is utilizing phase change 

materials (PCMs) for their high energy storage 
density and ability to absorb substantial 
amounts of heat during phase transitions. 
However, PCM integration faces limitations 
like poor thermal conductivity and rapid post-
melting temperature spikes that must be 
overcome to fully exploit their advantages. 
Various methods, including natural 
convection[1, 2], forced convection[3-5], 
radiative convection[6], heat pipe[7-10], 
boiling/ immersion [11, 12], spray cooling[13, 
14], and nanofluids[15-20], have been proposed 
to address this issue. Among these, natural and 
forced convection techniques have garnered the 
most interest[21]. due to their high energy 
storage capacity, phase change materials 
(PCMs) have been utilized in a range of 
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applications, such as photovoltaic[22-24], 
buildings[25], heat exchangers[26-28], and 
desalination[29]. However, their low 
conductivity poses a significant challenge, and 
various methods have been suggested to 
improve it[30-38]. One such method involves 
combining PCMs with a heat sink [39, 40], 
temporarily maintaining a lower heat sink 
temperature as the PCM absorbs a substantial 
amount of heat during the phase change[41, 42]. 
Yet, once the PCM melts, the temperature rises 
sharply[22]. Consequently, using PCM in a heat 
sink is only beneficial if the applied power 
duration is shorter than the melting time[41], 
and the input power must be removed before the 
PCM melting is complete, presenting a 
challenge for this method. Table 1 presents a 
summary of the studies conducted in this field 
and their differences with the present work [43-
70]. 
In this study, a two-dimensional simulation 
analysis was conducted to examine the impact 
of using multiple phase change materials, 
individually and simultaneously, on the 
performance of a finned heat sink with a PCM 
structure. Three distinct materials n-Eicosane, 
RT-54, and CaCl2.6H2O were simulated in 
combined and individual arrangements within a 
heat sink under constant input power across six 
different configurations. Two power levels, 5 W 
and 7.5 W, were utilized as heat sources. The 
volumetric fraction of the phase change material 
was set to 1, while the volumetric fraction of 
fins in the heat sink was considered to be 9%. 
As the simultaneous use of phase change 
materials has not been extensively studied, this 
research focuses on the effects of employing 
different phase change materials, both 
separately and in combination, on the operating 
duration at a safe thermal temperature, the 
average system temperature, and the maximum 
system temperature.  

2. Physical and geometrical properties 

2.1 Physical structure 

The geometry under investigation is a two-
dimensional heat sink designed to dissipate heat 
using multiple fins. Each fin has a thickness of 
2 millimeters, and the volumetric fraction of fins 
in the heat sink is considered to be 9%. Recent 
experimental studies by Arshad et al. [68, 70, 
71]and Ashraf et al.[72, 73]  have reported that 
a finned heat sink with a 9% volumetric fraction 
offers optimal thermal performance for passive 
thermal management in portable electronic 
devices. Equation 1 is used to determine the 
volumetric fraction of the fins in the heat sink: 

Ψ =
𝑉𝑓𝑖𝑛

𝑉𝐻𝑆
 

(1) 

In this equation, Vfin represents the volume of the 
fins, while VHS denotes the volume of the heat 
sink without fins. The area surrounding the fins 
is filled with phase change material. Table 2 
presents the thermophysical properties of the heat 
sink and phase change materials: 
A heater with 5 and 7.5 W powers is used to 
simulate an electronic processor. The heat sink's 
surroundings are considered to be insulated. 
Figure 1 displays the full dimensions and 
specifications of the various components of the 
heat sink: 

2.2 Governing Equation 

The enthalpy-porosity method is utilized to 
model the phase change effect of the phase 
change material in the finned heat sink. 
Continuity, momentum, and energy equations 
are solved simultaneously for heat transfer 
modeling, with the melting/solidification model 
applied to the phase change issue. The 
governing equations for mass, momentum, and 
energy are as follows: 
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Table 1:  Summarized recent studies on thermal management with PCMs and Differences with this work 

Differences Topic 
Experimental 
/Numerical 

Single PCM/ 
multi PCMs 

Passive/Active 
heat transfer 

year ref 

- 

 The impact of employing one or 
multiple phase change materials 
(PCMs) on thermal management 

 Using different layouts of PCM 
 The effect of increasing the input 

power on the operating time of the 
system at thermal safe temperature 

 Investigating the thermal behavior of 
PCMs under different input powers 

Numerical 
Single and 
multi PCMs 

passive 2023 Present work 

 No multi PCMs 

 Investigating integrated heat sink, 
PCM, and radiative cooling for PV 
temperature regulation 

 Testing 8 combinations of HS, PCM, 
and RC for PV performance 
improvement 

Numerical Single PCM Passive 2023 
Lamba, R., et 
al [43] 

 No multi PCMs 

 Investigating thermal performance 
and optimization of metal foam 
PCM-based heat sinks for thermal 
management of electronics 

 Analyzing different design 
parameters: PCM types (RT31, 
RT42, RT55), metal foam porosities 
(85%, 90%, 95%), materials 

  

Numerical Single PCM Passive 2023 
Hu, X., et al 
[44] 

 No multi PCMs 

 Investigating PCM-integrated 
thermal control devices (TCDs) for 
satellite electronics thermal 
management 

 Adopting RT35 organic PCM in 
TCD for small satellite subsystem 
under zero gravity 

 Using various pin fin geometries 
(square, circular, triangular, cross, I, 
V shapes) to improve PCM thermal 
conductivity 

Numerical Single PCM Passive 2023 
Elshaer, A.M., 
et al [45] 

 No multi PCMs 

 Investigating heat sink with PCM 
and silicon carbide nanoparticles for 
thermal management of electronics 

 Mixing varying silicon carbide 
nanoparticle compositions (1-3 
wt%) in paraffin wax PCM 

Experimental Single PCM Passive 2023 
Balakrishnan, 
R., et al.[46] 

 No multi PCMs 
 Improved heat sink cooling through 

the use of a PCM 
Experimental Single PCM Passive 2022 

Tharwan, 
M.Y., et al.[47] 

 No multi PCMs 

 Investigating effects of PCM filling 
height and copper foam pore density 
on cooling performance of a bio-
PCM composite heat sink 

 Testing three PCM filling height 
ratios (1.0, 1.3, 1.6) and three copper 
foam pore densities (35, 80, 95 pores 
per inch (PPI)) 

Experimental Single PCM Passive 2022 
Sheikh, Y., M., 
et al.[48] 
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 No multi PCMs 

 Investigating thermal management 
using nickel foam and RT-44HC 
paraffin PCM heat sinks for 
electronics 

 Using nickel foam for high heat 
transfer area with minimal reduction 
in PCM latent heat 

Experimental Single PCM Passive 2022 
Rehman, T.-u., 
et al.[49] 

 No multi PCMs 

 Investigating thermal performance 
impacts of PCM and nano-enhanced 
PCM (NIPCM) in heat sinks for 
electronics 

Experimental Single PCM Passive 2022 
Manoj Kumar, 
P., et al [50] 

 No multi PCMs 

 Investigating melting of paraffin 

wax PCMs for thermal control in 

microgravity spacecraft 

 Conducting 2D simulations of 12 

arrangements of heat source-sink 

pairs in a square cavity 

 Analyzing stored energy, liquid 
fraction, and heat transfer 
characteristics 

Numerical Single PCM Passive 2022 
Mahmud, H., 
et al [51] 

 No multi PCMs 

 Developing layer-by-layer (LbL) 

carbon nanotube-

polyethyleneimine interfaces 

between PCM and heat sink 

Experimental Single PCM Passive 2022 
Kim, J., et al 
[52] 

 No multi PCMs 

 Investigating the effect of using 

phase change material (PCM) on 

heat sink cooling performance 

 Adding 2% aluminum oxide 

nanoparticles to PCM improves 

performance further 

Experimental Single PCM Passive 2022 
Jalil, J.M., et 
al [53] 

 No multi PCMs 

 The study is 
investigating 
detached/lifted 
fins in a PCM 
(gallium) heat 
sink, versus 
traditional 
attached fins. 

 Investigating a new lifted fin 

concept for PCM heat sinks, 

where fins are detached from the 

hot base instead of attached 

 Numerically analyzing thermal 

management of a gallium PCM 

heat sink with vertical plate fins 

lifted at different levels from the 

hot base 

Numerical Single PCM Passive 2022 
Al-Omari, 
S.A.B., et 
al.[54] 

 No multi PCMs 

 Investigating methods to improve 

thermal conductivity of phase 

change materials (PCMs) for 

thermal management 

 Investigating methods to improve 

thermal conductivity of phase 

change materials (PCMs) for 

thermal management 

Experimental Single PCM Passive 2022 Ali, H.M.[55] 

 No multi PCMs 

 Investigating thermal performance 

of heat sinks using higher alcohol 

and higher alcohol/graphite foam 

PCMs 

Experimental Single PCM Passive 2021 
Wang, S., et 
al.[56] 

 No multi PCMs 

 No passive 

cooling 

  

 Analyzing the impact of a PCM 

on the thermal performance of a 

heat sink in forced convection 

Experimental Single PCM Active 2021 
Sunku Prasad 
., et al.[57] 
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 No multi PCMs 

 This study 
Provides 
guidance on 
design and 
application of 
SPM in PCM-
based thermal 
management 
units 

 Using structured porous material 

(SPM) as a thermal conductivity 

enhancer (TCE) to improve heat 

sink performance 

 Testing heat sinks with SPM of 

different porosities (80%, 85%, 

90%, 95%) 

 Evaluating thermal response at 

various heating power levels (8W, 

10W, 12W) 

Experimental Single PCM Passive 2021 
Hu, X. and X. 
Gong [58] 

 No multi PCMs 

 Investigating topology 

optimization (TO) of PCM-filled 

heat sinks to improve thermal 

performance 

 Numerically studying effects of 

heat transfer mechanisms on TO 

design 

 Numerically studying effects of 

heat transfer mechanisms on TO 

design 

Experimental 
And 
Numerical 

Single PCM Passive 2021 
Ho, J.Y., et 
al.[59] 

 No multi PCMs 

 Investigating thermal reliability 

optimization of pin fin heat sink 

filled with phase change material 

(PCM) 

 Using aluminum pin fins and 

paraffin wax PCM to study 

cooling performance for 

electronics 

 Investigating thermal reliability 

optimization of pin fin heat sink 

filled with phase change material 

(PCM) 

 Using aluminum pin fins and 

paraffin wax PCM to study 

cooling performance for 

electronics 

Numerical Single PCM Passive 2021 
Dammak, K. 
and A. El 
Hami [60] 

 No multi PCMs 

 The main focus 
was on 
maximizing the 
operation time 

 "Optimizing the system's 

operating time at the optimal 

temperature with and without the 

use of a PCM 

Experimental 
And 
Numerical 

Single PCM Passive 2020 
Taghilou, M. 
and E. 
Khavasi [61] 

 No multi PCMs 

 The main focus 
was on finding 
the best PCM 
with multi 
attribute decision 
making (MADM) 

 Identifying the optimal PCM to 

use for thermal energy storage 

purposes within the temperature 

range of 40-80 °C 

 Employing a (MADM) approach 

to determine the most suitable 

PCM 

Numerical Single PCM Passive 2020 
Motahar, S. 
and M. 
Jahangiri [62] 

 No active 

cooling 

 No multi PCMs 

 Assessing the thermal storage 

potential of various PCMs by 

comparing their thermal 

conductivity 

 Establishing a distinct coefficient 

(hd) for the thermal conductivity 

of PCMs in heat transfer 

Numerical Single PCM Passive 2020 
Gaddala, 
U.M. and J.K. 
Devanuri [63] 
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Table 2: Thermophysical properties of phase change materials and heat sink 

properties n–Eicosane RT-54 CaCl2.6H2O Aluminum 

Tm (K) 309.5 327.15 302.15 – 

L (J/kg) 241,000 200000 170000 – 

Cp (J/kg.K) 2050 2000 2230 871 

ρ (kg/m3) 790 850 1710 2719 

k (W/m.K) 0.23 0.2 1.088 solid 

0.529 fluid  

202.4 

 

 
Fig.1: The dimensions of the different sections of the investigated heat sink 

 

 No multi PCMs 

 Investigating the impact of a 

constant and variable thermal load 

on a heat sink, both with and 

without PCM 

 Four different fin configurations 

were considered 

Numerical Single PCM Passive 2020 
Debich, B., et 
al.[64] 

 No multi PCMs 

 Examining the influence of 

augmenting the thermal surface 

area of a heat sink integrated with 

a PCM on its thermal management 

efficacy 

Numerical Single PCM Passive 2020 
Akula, R. and 
C. Balaji [65] 

 No multi PCMs 

 The main focus 
was on 
optimizing the 
number of fins 
and volume 
fraction 

 Determining the ideal number of 

fins and the appropriate volume 

fraction of PCM  

Experimental 
And 
Numerical 

Single PCM Passive 2019 
Kalbasi, R., et 
al.[66] 

 No multi PCMs 

 The main focus 

was on the 

effects of 

different forms 

of fin on PCM 

heat sink 

 Investigating the thermal 

performance of a heat sink 

integrated with PCM, both with 

and without fins 

 Studying the effects of different 

types of fins in PCM heat sink 

Experimental Single PCM Passive 2018 
Usman, H., et 
al [67] 

 No multi PCMs 

 The main focus 

was on fin length 

and direction of 

cavity on the 

meltdown 

process 

 Investigating the impact of a 

single fin within a square cavity 

 Examining the influence of fin 

length and cavity orientation on 

the process of meltdown 

Numerical Single PCM Passive 2018 
Arshad, A., et 
al [68] 
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Mass conservation equation: 
𝜕𝑢

𝜕𝑥
+
𝜕𝑣

𝜕𝑦
= 0 (2) 

Momentum conservation equation: 

𝜌 (
𝜕𝑢

𝜕𝑡
+ 𝑢

𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
) 

= −
𝛿𝑃

𝛿𝑥
+ 𝜇 (

𝜕2𝑢

𝜕𝑥2
+
𝜕2𝑢

𝜕𝑦2
) + 𝑆𝑢 

(3) 

𝜌 (
𝜕𝑣

𝜕𝑡
+ 𝑢

𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
) 

= −
𝛿𝑃

𝛿𝑦
+ 𝜇 (

𝜕2𝑣

𝜕𝑥2
+
𝜕2𝑣

𝜕𝑦2
) + 𝑆𝑣 

(4) 

Energy conservation equation: 

𝜌𝐶𝑃 (
𝜕𝑇

𝜕𝑡
+ 𝑢

𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
) 

= 𝑘 (
𝜕2𝑇

𝜕𝑥2
+
𝜕2𝑇

𝜕𝑦2
) + 𝑆ℎ 

(5) 

 
In these equations, P represents pressure, g is 
gravitational acceleration, ρ is density, µ is 
dynamic viscosity, 𝜌𝐶𝑃 is heat capacity, k is 
thermal conductivity, t is time, and u and v 
denote the velocity components in the x and y 
directions, respectively. The S value in the 
momentum equations is expressed as: 

𝑆 = −𝐴𝑚(𝜑) (6) 

Here, Am(φ) is the porosity function defined by 
Brent et al.[74], inspired by the Carman-Kozeny 
relation for porous media. This relation's 
fundamental principle is that the velocity 
gradually decreases from a finite velocity inside 
the liquid state to zero in the solid state during 
numerical calculations in the phase change time. 
Consequently, for the nth fluid cells undergoing 
phase change within the mushy zone, Am(φ) is 
defined as transforming the momentum 
equation into Carman-Kozeny equations for 
porous media: 

𝐴𝑚(𝜑) = −𝐶
(1 − 𝜑)2

(𝜑3 − 𝑏)
 

(7) 

In these calculations, b = 0.001 is used to  avoid 
denominator to be  zero. The constant C 
represents the shape of the melting site, 
controlling the continuous fluid displacement's 
degree within the mushy phase change region. 
The value of C is set to 105, as recommended in 
numerous studies[75-77]. A mushy zone lies 

between two liquid fraction values of 0 and 1. 
The liquid fraction is defined as: 

𝜑 =
Δ𝐻

𝐿

=

{
 

 
0                            𝑖𝑓 𝑇 <  𝑇𝑠      

𝑇 − 𝑇𝑠
𝑇𝑙 − 𝑇𝑠

                      𝑖𝑓 𝑇𝑠 < 𝑇 < 𝑇𝑙   

1                         𝑖𝑓 𝑇 >  𝑇𝑙  

 

(8) 

The mathematical models employed in this 
research are detailed in the works of Niak et 
al.[78], Shatikian et al.[77, 79], Sahu et al.[80], 
and Wang and Yang[75, 76]. These papers have 
simulated the thermal performance of using 
internal fins for heat transfer. In the studies by 
Hosseinzadeh[81] and Fok et al.[82], a strong 
agreement between simulation results and 
experimental results has been reported. 
Therefore, the above method is used for 
simulation in this work. 

 
3.Boundary Conditions and Initial Conditions 
 
In this research study,  boundary and initial 
conditions are based on the experimental works 
of Arshad et al. [68, 72] and Ashraf et al. [73]. 
A two-dimensional schematic of the physical 
domain employed in this research is illustrated 
in Fig.2. The outer boundary walls are defined 
as adiabatic boundary conditions. Due to the 
phase change phenomenon, the simulation 
process occurs in a transient state. 
 

• Initial condition 
 
At the start of the simulation, the entire thermal 
management system has a uniform temperature 
of 25 degrees Celsius, and the volumetric 
fraction of phase change materials is equal to 
zero, with all materials in the solid state. 

t=0, T=Tin, 𝜑 =0 
 
4.Numerical solution 
 
Grid and time step independence have been 
examined to mitigate their impact on the results. 
Three grids with dimensions of 3,760 cells, 
15,040 cells, and 60,160 cells were studied to 
assess grid independence. Figure 3 displays the 
change in the average temperature of the heat 
sink over time for these three different 
computational grids. 
 



462 Salar Hosseinjany et al./ Energy Equip. Sys. / Vol. 11/No. 4/December 2023 

 
Fig.2: Boundary conditions 

 
 

 

Fig. 3: Grid independence study 

 
The melting time and average base 

temperature for all three grids are presented in 
Table 3. The results demonstrate that the 
maximum deviation in melting time and average 
heat dissipation temperature is found to be 0.02 
and 0.26 percent, respectively. Three-time 
intervals of ∆t = 0.05 s, 0.1 s, and 0.2 s were 
investigated, with the results shown in Fig. 4. 
After comparing the results, the grid with 
15,040 elements and a time step of ∆t = 0.1 s 
were selected for the simulation. 

 
5.Validation 
 
To validate the model and ensure the accuracy 
of the numerical method used, temperature and 
volume fractions have been compared with the 
results of Hosseini and colleagues[83]. Figure 5 
presents the validation results, demonstrating a 
maximum discrepancy of 5% relative to 
experimental data. 

Table 3: Melting Time and Average Base Temperature for Each Network 
Network Number of 

Nodes 

Melting 

Temperature 

Deviation 

Percentage 

Average Heat Sink 

Temperature 

Deviation 

Percentage 

0.5 3760 308.4 0.02% 337.814 0.26% 

0.25 15040 308.34 0.00% 338.711 0.00% 

0.125 60160 308.35 0.003% 338.71 0.0003% 
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Fig.4: Time independence study 
 

 
Fig.5: Validation of the numerical study 

 

6.Results 
 
6.1.First scenario 

 
In the initial scenario, the heat sink's thermal 
performance was examined individually with 
each of the three materials: n-Eicosane, 
CaCl2.6H2O, and RT-54. Here, the heat sink was 
filled exclusively with one of these materials, 
and a simulation was conducted at two input 
power levels: 5 and 7.5 W. 

Figures 6A and 6B illustrate the progression 
of maximum temperature over time for this 
scenario. Among the materials, CaCl2.6H2O 
demonstrated the strongest resistance to a 
temperature increase during the melting phase. 
n-Eicosane also exhibited a later melting point 

compared to RT-54. The graph of liquid volume 
fraction (Figs. 7A and 7B) shows RT-54 with 
the most pronounced slope during the melting 
process. The maximum temperatures observed 
align with these trends: RT-54 reached the 
highest temperature, followed by n-Eicosane, 
with CaCl2.6H2O registering the lowest. As the 
input power increased, the melting duration for 
all materials shortened, and the system's peak 
temperature rose. 

The influence of integrating phase change 
material into the thermal management system is 
assessed based on the duration needed to reach 
various set point temperatures (SPTs)[84], 
where electronic equipment remains 
undamaged. Figure 8 reveals that the time for 
the system's temperature to meet the specified 
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level differs across materials and for distinct 
SPTs of 40, 45, and 55 degrees Celsius. At an 
SPT of 40 °C, CaCl2.6H2O, when powered at 5 
W, takes the longest duration, approximately 
3.7 times longer than n-Eicosane and 11 times 
longer than RT-54 (Fig.8 - A). Under the same 
conditions, n-Eicosane requires thrice the time 

of RT-54 (Fig.8 - A). When the power is 
increased to 7.5 W, CaCl2.6H2O's duration 
extends to 10.5 times that of RT-54 and 4.2 
times that of n-Eicosane (Fig.8 - A). Meanwhile, 
n-Eicosane's duration is 2.5 times that of RT-54 
(Fig.8 - A). 

 

 

Fig.6: Temperature fluctuations for each of the three phase change materials at input power levels of 5 and 7.5 W 

 

 

 

Fig. 7: Changes in liquid volume fraction for each of the three PCMs at input power levels of 5 and 7.5 W 

 

 

A) 5 B) 7.5 

A) 5 B) 7.5 
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C) SPT 55 

Fig.8: Conditions for different SPTs in each of the three PCMs at input powers of 5 and 7.5 W 

 
Moving to an SPT of 45 °C, CaCl2.6H2O 

takes 2.37 times the duration of n-Eicosane and 
8.5 times that of RT-54 when powered at 5 W 
(Fig.8- B). Under these conditions, n-Eicosane's 
duration is 3.7 times that of RT-54. At 7.5 W, 
the duration for CaCl2.6H2O increases to 8.5 
times that of RT-54 and 2.8 times that of n-
Eicosane (Fig.8 - B), with n-Eicosane requiring 
thrice the duration of RT-54. 

Lastly, for an SPT of 55 °C, CaCl2.6H2O 
does not reach 55 degrees at 5 W (Fig. 8 - C). 
However, at 7.5 W, CaCl2.6H2O's duration is 
twice that of RT-54 and only 10% longer than 
n-Eicosane (Fig.8-C). n-Eicosane, in this 

instance, requires a duration 1.8 times longer 
than RT-54 (Fig.8 - C). 

The average temperature is lowest for the 
scenario utilizing CaCl2.6H2O, followed by n-
Eicosane, with RT-54 exhibiting the highest 
average temperature (Fig.9). A surge in input 
power increases the system's average 
temperature across all scenarios (Fig.9). 

Figure 10 presents the contours of the liquid 
volume fraction at various intervals for the three 
materials n-Eicosane, CaCl2.6H2O, and RT-54 
at 7.5 W. 

 
 

A) SPT 40 B) SPT 45 
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Fig.9: The thermal management system's mean temperature (in degrees Celsius) at input powers of 5 and 7.5 W. 

 

 

 
CaCl2.6H2O n–Eicosane RT-54 

   
A) 10 minutes 

   
B) 20 minutes 

   
C) 30 minutes 

   
D) 40 minutes 

Fig. 10: Liquid volume fraction contours over time for each of the three PCMs at 7.5 W. 
 

  



 Salar Hosseinjany et al./ Energy Equip. Sys. / Vol. 11/No. 4/December 2023 467 

6.2.Second Scenario: CaCl2.6H2O and RT-
54 

 
The second scenario introduces a combination 
of two materials, CaCl2.6H2O and RT-54, used 
as phase change materials within the heat sink. 
Here, RT-54 is positioned adjacent to the heat 
source, while CaCl2.6H2O is situated distantly 
from it. Simulations were carried out for two 
input powers, 5 and 7.5 W. 

Figures 11a and b depict the system's peak 
temperature fluctuation over time for this 
scenario. For RT-54, the temperature curve 
initially ascends, then descends post reaching 
the melting point (Fig.11-a). Following the 
melting phase, the temperature change slope 

experiences a rise. As input power is elevated to 
7.5 W, the system reaches the melting 
temperature more rapidly, shortening the 
melting duration and significantly raising the 
maximum system temperature (Fig.11-b). For 
CaCl2.6H2O, the material swiftly attains the 
melting temperature, causing a notable decline 
in the temperature curve's slope. Post-melting, 
the slope escalates once more. As input power 
intensifies, melting duration lessens, and the 
final temperature also elevates. The presence of 
dual melting points is distinctly visible on the 
liquid volume fraction chart when both 
materials are employed simultaneously for both 
5 W and 7.5 W inputs (Fig.12-a and b). 

 

 

Fig.11: Temperature fluctuations for the second scenario: 
 CaCl2.6H2O and RT-54 at input powers of 5 and 7.5 W.  

 
Fig.12: Alterations in liquid volume fraction for the second scenario: 

 CaCl2.6H2O and RT-54 at 5 and 7.5 W input powers. 

A) 5 B) 7.5 

A) 5 B) 7.5 
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Figure 13 illustrates the varying durations 
required for the system temperature to attain 
specific Set Point Temperatures (SPTs) of 40, 
45, and 55 degrees Celsius in different materials 
and their combinations. At an SPT of 40 degrees 
Celsius and an input power of 5 W, employing 
two substances simultaneously prolongs the 
time to reach the target temperature by 425%, 
while at a power of 7.5 W, this duration 
escalates by 525% in comparison with the RT-
54 condition (Fig.13-A). Regarding an SPT of 

45 degrees Celsius, the time extension is 370% 
at 5 W and 383% at 7.5 W relative to RT-54 
(Fig.13-B). For an SPT of 55 degrees Celsius at 
7.5 W, the extension is 144% (Fig.13-C). 

The lowest average temperature is observed 
in the CaCl2.6H2O scenario; subsequently, the 
combined scenario demonstrates superior 
performance. Increasing input power elevates 
the average system temperature across all cases 
(Fig.14). 

 
 

 

 

 

 

 

 

 

 

 
C) SPT 55 

Fig.13: Set Point Temperature conditions for the second scenario of CaCl2.6H2O and RT-54 at 5 and 7.5 W 
input powers. 

A) SPT 40 B) SPT 45 
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Fig.14: Average system temperature for the second scenario of CaCl2.6H2O and RT-54 at 5 and 7.5 W input 

powers. 

Figure 15 portrays the contours of the 
volumetric fraction of liquid at various times 
across three scenarios of CaCl2.6H2O, RT-54, 

and the combined scenario with an input power 
of 7.5 W. 

 
 

 
CaCl2.6H2O n–Eicosane RT-54 

   
A) 10 minutes 

   
B) 20 minutes 

   
C) 30 minutes 

   
D) 40 minutes 
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E) 50 minutes 

Fig.15: Volumetric fraction of liquid at different times for the second scenario of CaCl2.6H2O and RT-54 at 
7.5 W power 

 
6.3.Third scenario: CaCl2.6H2O and n–

Eicosane 
 
In the third scenario, two substances of 
CaCl2.6H2O and n–Eicosane are used as phase-
changing materials in the heat sink. In the 
scenario of simultaneous use of two substances, 
n–Eicosane is on the heat source, and 
CaCl2.6H2O is far from the heat source. The 
simulation has been done for two input powers 
of 5 and 7.5 W. 

Figures 16 A and B show the graph of 
maximum temperature changes over time for 
the third scenario. For n–Eicosane, the 
temperature graph initially increases, and after 
reaching the melting point, the slope of the 
graph decreases (Fig.16-A). After complete 
melting, the slope of temperature changes 
increases. At 7.5 W of power, the set reaches the 

melting temperature faster, the melting time is 
shorter, and the maximum system temperature 
is much higher than before. For CaCl2.6H2O, the 
substance quickly reaches the melting 
temperature. At the melting temperature, the 
slope of the temperature change graph decreases 
significantly. After melting, the slope of 
temperature changes increases again. With the 
increase of input power, the melting time 
becomes shorter, and the final temperature also 
increases. At 5 W power, the presence of two 
melting points for the scenario of simultaneous 
use of two substances is clearly visible on the 
graph of the volumetric fraction of liquid 
(Fig.17-A), but with an increase of power to 7.5 
W, the graph becomes continuous, and it is 
impossible to distinguish two melting points 
(Fig.17-B). 

 
 

 

 

Fig.16: Temperature variations for the third scenario CaCl2.6H2O and n–Eicosane in 5 and 7.5 watt input 
powers 

 

A) 5 B) 7.5 
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Fig.17: Changes in the volume fraction of liquid for the third scenario CaCl2.6H2O and n–Eicosane in 5 
and 7.5 watt input powers 

Figure 18 illustrates the variance in duration 
necessary for the system temperature to reach 
predetermined SPTs of 40, 45, and 55 degrees 
Celsius across different materials and their 
combined scenario. At an SPT of 40 degrees 
Celsius, employing two materials concurrently 
at 5 W amplifies the operating time by 186%, 
and at a power of 7.5 W, this extends by 250% 
compared to the n–Eicosane condition (Fig. 18-
A). For an SPT of 45 degrees Celsius, the time 
increment is 81% at 5 W and 133% at 7.5 W 

relative to the n–Eicosane scenario (Fig.18-B). 
For an SPT of 55 degrees Celsius at 7.5 W, the 
extension is 60% (Fig.18-C). 

The minimum average temperature is 
exhibited by the CaCl2.6H2O condition, 
followed by the combined scenario with 
superior performance. A surge in input power 
prompts an elevation in the average system 
temperature across all scenarios (Fig.19). 

 

 

 

 

 

 

 

 

 

 

 

A) 5 B) 7.5 

A) SPT 40 B) SPT 45 
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C)SPT 55 

Fig.18: Set Point Temperature conditions for the third scenario involving CaCl2.6H2O and n–Eicosane at input 
powers of 5 and 7.5 W 

 

 

Fig.19: Average temperature of the thermal management system for the third scenario involving CaCl2.6H2O 
and n–Eicosane at input powers of 5 and 7.5 W. 

Figure 20 presents the contours of the 
volumetric fraction of liquid at varying times for 
all three scenarios— CaCl2.6H2O, n–Eicosane, 
and the combined scenario—at an input power 
of 7.5 W.Fourth scenario: RT-54 and n–Eicosan 

The fourth scenario employs RT-54 and n–
Eicosane as phase change materials within the 
heat sink. In concurrent use of these substances, 
n–Eicosane is positioned near the heat source, 
while RT-54 is stationed farther away. 

Simulations were carried out for input powers 
of 5 and 7.5 W. 

Figure 21 depicts the progression of 
maximum temperature changes over time for 
these cases. In the RT-54 scenario, the 
temperature curve initially ascends, and its 
slope reduces upon reaching the melting point 
(Fig.21-A). Following complete melting, the 
temperature change slope rises again. When the 
input power is amplified to 7.5 W, the system 
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reaches the melting temperature more swiftly, 
the melting duration diminishes, and the 
maximum system temperature significantly 
exceeds the previous case (Fig.21-B). In the n–
Eicosane scenario, the temperature change slope 
decreases markedly at the melting point but, 
after complete melting, increases again. With 
increased input power, the melting duration 
decreases, and the final temperature also rises. 

In concurrently using both materials, two 
distinct melting points are clearly discernible on 
the liquid volume fraction chart at both input 
powers of 5 and 7.5 W (Fig.22-A). An increase 
in input power heightens the liquid volume 
fraction chart's slope and reduces the melting 
time (Fig.22-B). 

 

 

 
CaCl2.6H2O CaCl2.6H2O  n–Eicosane n–Eicosane 

   
A) 10 minutes 

   
B) 20 minutes 

   
C) 30 minutes 

   
D) 40 minutes 

   
E) 50 minutes 

Fig.20: Volumetric fraction of liquid at different times for the third scenario involving CaCl2.6H2O and n–
Eicosane at an input power of 7.5 W 
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Fig.21: Temperature changes for the fourth scenario involving 
 RT-54 and n–Eicosane at input powers of 5 and 7.5 W. 

 
 

 

 

 

 

 

 

 

 
 

Fig.22: Changes in the volumetric fraction of liquid for the fourth scenario involving 
 RT-54 and n–Eicosane at 5 and 7.5 W input powers. 

 
 
For SPTs of 40, 45, and 55 degrees Celsius, 

the time required for the system temperature to 
attain the predetermined temperature varies 
across different materials and their combined 
scenario. At an SPT of 40 degrees Celsius, 
employing two materials concurrently at 5 W 
extends the time to reach the target temperature 
by 71% and at 7.5 W by 50% compared to the 
RT-54 case (Fig. 23-A). For an SPT of 45 
degrees Celsius, the time extension is 100% at 5 
W and 83% at 7.5 W (Fig.23-B). For an SPT of 

55 degrees Celsius, the extension is 40% at 5 W 
and 44% at 7.5 W (Fig.23-C). 

The lowest average temperature is observed 
in the n–Eicosane scenario, following which the 
combined scenario exhibits superior 
performance. As the input power rises, all cases' 
average system temperature elevates (Fig. 24). 

 
 

 

A) 5 B) 7.5 

A) 5 B) 7.5 
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C) SPT 55 

Fig.23: Set Point Temperature conditions for the fourth scenario involving RT-54 and n–Eicosane at 5 and 7.5 W 
input powers. 

 
Fig.24: Average temperature of the thermal management system for the fourth scenario involving RT-54 and n–

Eicosane at input powers of 5 and 7.5 W 

A) SPT 40 SPT 45 
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n–Eicosane n–Eicosane   RT-54 RT-54 

   
A) 10 minutes 

   
B) 20 minutes 

   
C) 30 minutes 

   
D) 40 minutes 

Fig.25: Volumetric fraction of liquid at different times for the fourth scenario involving RT-54 and n–Eicosane at 
an input power of 7.5 W. 

7.Conclusion 
 
This study investigated the implications of using 
multiple phase change materials (PCMs), both 
individually and in conjunction, within a two-
dimensional heat sink at two distinct input 
power levels. The findings are summarized as 
follows: 

• The density of the PCM plays a pivotal role 
in the outcomes. Despite its low latent heat 
of fusion, CaCl2.6H2O, due to its high 
density, necessitates more heat during phase 
transition. When considering PCMs 
separately, CaCl2.6H2O yields the most 
favorable results. The latent heat of fusion 
of a material, which is the product of its 
mass and latent heat of fusion, should be 
considered when selecting a PCM. 

• Given the passive nature of the system, the 
heat absorbed by the PCMs is the most 
crucial factor in maintaining the 
temperature stability of the thermal 
management system. Hence, in a material 
where the majority of the heat is consumed 
for the latent heat of fusion, the system 
resists temperature increases for a longer 
duration. This is conspicuously observed in 
using CaCl2.6H2O, followed by n–
Eicosane and RT-54. 

• Concurrent usage of two PCMs alters the 
operating conditions and, contingent upon 
the required melting heat, can enhance the 
system's thermal performance. Including 
CaCl2.6H2O alongside the other two 
materials ameliorates their thermal 
performance metrics, such as Set Point 
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Temperature (SPT) and average system 
temperature. 

• As the input power escalates, the impact of 
utilizing PCMs diminishes. This is 
attributed to the fact that, for all cases, an 
increase in input power leads to a decrease 
in SPT and a rise in the average system 
temperature. 

• When two PCMs are used simultaneously, 
the thermal management system encounters 
two distinct melting points. One for the 
material with a lower melting temperature, 
and following the complete melting of the 
first material, the second material with a 
higher melting point commences its phase 
transition. 

• Among the combined materials, 
CaCl2.6H2O, in conjunction with n–
Eicosane, presents the greatest resistance 
against temperature change. 

• During the melting of the PCM, a lower 
product of mass and latent heat of fusion 
corresponds to a decreased slope in 
temperature changes. This feature is 
particularly noticeable in the concurrent use 
of two materials, as depicted on the charts. 

• Post complete melting of the PCMs, the 
slope of the temperature change curve is 
dependent on the specific heat of each 
material. A higher specific heat yields a 
lower slope in temperature changes. 
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