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ABSTRACT: 

An experimental and computational investigation studied phase change material melting in a cylindrical capsule with 

PCM. The capsule is placed horizontally in a rectangular test section, where it is insulated from all sides’ wall except 

the front one. The PCM capsule is heated by passing hot water from downward to upward with different inlet mean 

water temperatures (327.9, 333.7, 338 and 343) K, different velocities, varied thermal conductivities of capsule 

material wall (copper, iron, pyrex-glass, and polyethylene), and PCM. Experiment during melting inside a pyrex-glass 

capsule was performed and compared with prediction analysis by using CFD ANSYS 2019 R2. Image processing of 

melting photographs along with melted time were used in comparison. The comparison between the liquid fraction 

and energy stored with time for lauric acid and paraffin wax was analyzed. PCM liquid fraction, temperature and 

energy stored measurements for lauric acid were assessed numerically. The results reveal for lauric acid that the total 

melting time was enhanced 43% for 4.6% increase in water mean inlet temperature, 18% for 500% increase in inlet 

water mean velocity, and 7% when used copper capsule wall.  The results proved that the lauric acid charged with 

energy stored were 47% more than paraffin wax during the total melting time of it, and the effect of different water 

mean inlet temperatures was the main factor for the charging process to improve the PCM melting time. 

 :ملخص البحث

 خًٍغ يٍ ػسنه ٌخى حٍث ، يطخطٍم اخخبار يقطغ فً أفقٍا   انكبطىنت حىضغ. أضطىاٍَت كبطىنت فً انطىر يخغٍرة يادة لاَصهار ظرٌتوَ ػًهٍت دراضت

 ، 999.7 ، 9.7.9) يخخهفت حرارة بذرخاث الأػهى إنى الأضفم يٍ انطاخٍ انًاء حًرٌر طرٌق ػٍ  انكبطىنت حطخٍٍ ٌخى. الأيايً اندسء باضخثُاء اندىاَب

 حى. ،( اٌثٍهٍٍ انبىنً و ، انبٍركص زخاج ، انحذٌذ ، انُحاش) انكبطىنت خذار نًادة يخُىع حراري حىصٍم يؼايم ، يخخهفت ضرػاث ، K( 949 و 998

 ئحانُخا حطدٍم حى.  CFD ANSYS 2019 R2 باضخخذاو انُظرٌت بانُخائح ويقارَخها انبٍركص زخاج- يٍ كبطىنت داخم الاَصهار أثُاء حدربت إخراء

 قذ انكهً الاَصهار زيٍ أٌ انهىرٌك نحايض انُخائح أوضحج. به انًخسَت وانطاقت انًخىضطت حرارحه ودرخت ، انًُصهر انهىرٌك نحايض نُطبت  انُظرٌت

 اضخخذاو ػُذ :7 و ، انذاخم انًاء ضرػت يخىضط فً: 055 بسٌادة: 88 و ، انذاخم انًاء حرارة درخت يخىضط فً: 4.6 قذرها بسٌادة: 49 بُطبت ححطٍ

 . نهبرافٍٍ انكهٍت الاَصهار فخرة خلال انبارافٍٍ شًغ ػٍ: 47 بُطبت حسٌذ انهىرٌك حًض فً انًخسَت انطاقت أٌ انُخائح أثبخج. انُحاش يٍ كبطىنت خذار

Keywords: (Melting process, Lauric Acid, PCM capsule, Horizontal cylinder, Numerical) 

 



Ahmad A. Sultan, Emad Al-Negiry, Ali Radwan, Mohammad Alawady " MELTING CHARACTE…" 

Engineering Research Journal, Menoufia University, Vol. 43, No. 1, January 2020 12 

 

 

1. INTRODUCTION 

Increasing continuously of the consumption demands 

of energy in transport field, industrial sectors, and 

domestic make the solar energy as a renewable and 

sustainable clean source and the energy that can fulfill 

the requirements. The main drawbacks and the 

problem of discontinuity can be solved by storing the 

energy. Higher heat transfer (charging and discharging 

cycles) during the melting or solidification of a phase 

change materials (PCMs) became more attractive in 

the recent decades due to its relevance to many 

technological applications especially in thermal 

storage systems. Several experimental and 

mathematical models were developed to provide the 

basis for an optimum design of the latent heat storage 

unit LHSU, [1].  

[2] examined the storage capabilities and potential for 

storage deterioration in cylindrical capsules to 

determine the types of encapsulated phase change 

materials (EPCMs) suitable for thermal energy storage 

(TES) system. Several kinds of PCMs were considered 

for the experiments and simulations, including metals 

like zinc and aluminum; salts like NaNO3, NaCl-

MgCl2 eutectic (57% mole fraction NaCl and 43% 

mole fraction MgCl2), MgCl2, and NaCl. Stainless 

steel 304 (chromium and nickel) or carbon steel was 

selected as the encapsulation shell with around 1.5875 

mm (1/16 inch) thickness.                                       

[3] investigated the role of natural convection on solid-

liquid interface motion during constrained melting 

within a horizontal cylindrical Gallium capsule. A 

numerical code was developed using an unstructured 

finite-volume method, an enthalpy porosity technique. 

It was found that the melting process of PCM was 

dominated by conduction at early stages indicated by 

concentric solid–liquid interfaces parallel to the 

circular heated wall. At later times, natural convection 

was augmented and this affected the shape of the 

melting front and consequently results in 

unsymmetrical melting about the horizontal axis of the 

capsule. 

[4] numerically analyzed the melting process around a 

horizontal circular Gallium cylinder in the presence of 

the natural convection in the melt phase. Two 

boundary conditions were investigated one of constant 

wall temperature over the surface of the cylinder and 

the other of constant heat flux. It is found that, 

independent of the boundary condition, melting of 

PCM in the bottom part is very inefficient because the 

energy charged to the system is mainly transferred to 

the upper part of the cylinder by the convective flow in 

the melt.                   

Nomenclature                                                                      
Amush       mushy zone constant                                             

Cp            specific heat capacity (J/K kg)                              

FB           buoyancy force                                                      

g             gravity (m/s
2
)                                                         

H            enthalpy (J/kg)                                                       

h             sensible enthalpy (J/kg)                               

href          reference enthalpy (J/kg)                                       

k             thermal conductivity (W/K m)                              

L             latent heat of melting (J/kg)                                  

S             momentum source term (pa/m)                               

T             temperature (K)                                                     

t              time (s)                                                                   

Ts            solidus temperature (K)                                         

Tinitial       initial temperature   (K)                                         

Tl             liquidus temperature (K)                                       

Tm           melting temperature (K)                                        

u             velocity (m/s) 

Greek symbols 

β       thermal expansion coefficient (1/K) 

λ       liquid fraction 

µ       dynamic viscosity (Pa. s) 

ρl      liquid density (kg/m
3
) 

ρs      solid density (kg/m
3
) 

 

Abbreviations 

CFD          computational fluid dynamics 

CPVC       chlorinated polyvinyl chloride 

EPCMs    encapsulated phase change 

 

materials 

HTF          heat transfer fluid 

PCM         phase change material 

PDEs        partial differential equations 

PRESTO  pressure staggering option 

SIMPLE  semi-implicit scheme 

TES           thermal energy storage 
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[5] numerically studied the thermal energy storage 

using capsulated cylinders filled with PCM. These 

cylinders were arranged in-line in the direction of heat 

transfer fluid. The results showed that the increment of 

both Reynolds number and the ratio of the pitch (l) 

(longitudinal pitch is equal to transverse pitch) to 

diameter (l/D) gave decrement in the final time of 

melting of PCM in the cylinders.  

[6] experimentally and computationally investigation 

reported for understanding the role of buoyancy-driven 

convection during constrained melting of phase 

change materials (PCM) inside a spherical capsule. 

Paraffin wax n-octadecane was constrained during 

melting inside a transparent glass sphere through the 

use of thermocouples installed inside the sphere.  

[7] presented a comparative study of three different 

mathematical models for the packed bed latent heat 

storage system, comprised of a cylindrical storage tank 

filled with paraffin encapsulated plastic spherical 

containers which were packed randomly inside the 

tank. The results obtained by solving the models using 

the fully explicit finite difference method were initially 

validated with experimental results. Further numerical 

analysis was performed using the models for two 

different heat transfer fluids of air and water at 

different mass flow rates and ball sizes and the validity 

of the models were compared and reported. It was 

found that one model was sufficient when air was the 

heat transfer fluid and another model was 

recommended when water was the heat transfer fluid.  

[8] analyzed numerically a two dimensional sphere 

model with hallow section as a test section. The 

melting behavior of PCM was predicted using the 

finite volume based CFD tool ANSYS Fluent. The 

diameter of hollow section of sphere was 84 mm. The 

aluminum wall thickness was 1 mm. The isothermal 

boundary condition was taken for numerical 

simulation. The Paraffin wax, Sodium acetate tri-

hydrate and Lauric acid were tested for energy storage 

and for performance analysis. The melted PCMs were 

collected at top of 2D sphere due to natural convection 

and gravity effect. The rate of melting in Sodium 

acetate tri-hydrate was more compared to Lauric acid, 

Paraffin wax due to its thermal properties. Thus at 

given time energy storage capacity was more in 

Sodium acetate tri-hydrate.  

[9] numerically and experimentally analyzed a 3D 

axisymmetric model of the heat transfer during the 

melting process of a PCM inside a spherical container. 

The mathematical model was solved using the 

“Volume of Fluid Method,” and the “Enthalpy-

Porosity Formulation” was employed to solve the 

energy equations in both the liquid and solid regions of 

the PCM, using the Fluent software. It was found that 

at a constant value of Stefan Number, increasing the 

Grashof Number would enhanced the heat transfer 

rate. Additionally, the combined effect of the Grashof 

and Stefan Numbers at an increase of the outer surface 

temperature of the enclosure could also enhanced the 

melting rate of the PCM.                  [10] numerically 

studied a packed bed heat storage system using 

spherical capsules filled with three kinds of PCM. The 

capsules are filled into a packed bed which is 

connected with a flat plate solar collector. The 

capsules are placed in series based on the melting 

temperature of PCM. Water is used as heat transfer 

fluid (HTF) and heated in the solar collector. The 

comparison results indicate that this new type heat 

storage packed bed has higher energy and exergy 

transfer efficiencies than the traditional packed bed, 

and the average energy and exergy collection 

efficiency of its solar collector are higher too. 

The present work focuses on low melting temperature 

encapsulated phase change materials for thermal 

energy storage (TES) system. The objectives of the 

present experimental and numerical work are:             

(i) To develop and compare a numerical model for 

CFD analysis of capsulated PCMs in a two 

dimensional horizontal cylinder by using Ansys Fluent 

2019 R2 and to solve for natural convection coupled to 

solid-liquid phase change.  

(ii) To investigate numerically the natural convection 

dominated melting of a PCM within a horizontal 

cylindrical capsule and estimate the melt fraction and 

temperature contours.  

(iii) To compare the energy stored at a given time of 

simulation. The above objectives will be studied at 

different HTF inlet temperatures, different velocities 

of heat transfer fluid (HTF), different material types of 

capsulated shell (copper, iron, pyrex-glass, and 

polyethylene), and different PCM type. 

2. NUMERICAL MODEL 

2.1. Governing equations 

In the present study, the combined convection-

diffusion phase transition of the PCM is modeled 

applying the enthalpy-porosity formulation. In this 

method, the PCM is treated as a “pseudo” porous zone, 

in which the porosity is defined by the value of liquid 

fraction (λ) which varies between 0 and 1, where the 0 

represents a solid zone while 1 represents a liquid 

zone. The liquid PCM is assumed to be Newtonian, 

two-dimensional, incompressible, and unsteady flow. 

Moreover, the liquid PCM density variation in 

buoyancy force term is modeled by the Boussinesq 

approximation in order to involve thermal buoyancy 

which gives rise to natural convection. The 2D phase 

transition process (governing equations) analysis of 

PCM during melting, including buoyancy driven 
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convection in the molten PCM can be written as 

follows [11] and [12]; 

Continuity equation: 
  

  
 
  

  
                                                      … (1) 

Momentum equation (in x- direction): 
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Momentum equation (in y- direction): 
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Where   is the density (kg/m
3
);  ,   are the velocities 

of the PCM liquid phase (m/s) in x and y directions, 

respectively,   is the pressure (Pa);   is the dynamic 

viscosity (Pa s);    is a buoyancy force given by the 

Boussinesq approximation 

       (     (    ))                  ….   (4) 

The terms   ,    ,    and g are the operating density 

(density of the liquid PCM (  =     (kg/m
3
)), the 

thermal expansion coefficient (1/K), the operating 

temperature (  =    (°C)), and the gravitational 

acceleration (m/s
2
), respectively. The parameters   , 

and    are Darcy's law damping terms (source term) or 

the porosity function that are added to the momentum 

equations due to the phase change effect on 

convection.  

Energy equation for liquid phase: 
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)   ... (5) 

Energy equation for solid phase: 

  
  

  
   (

   

   
 
   

   
)                               ... (6) 

where   is the enthalpy of the material (J/kg), and is 

computed as the sum of the sensible enthalpy,   , and 

the latent heat,   : 

                            (J/kg)                …(7) 

  =      ∫      
 

    
       (J/kg)                …(8) 

Where      is the enthalpy at reference temperature 

     and the latent heat term can be written in terms of 

the latent heat (L) of the material (J/kg).as: 

L=                                                             …(9) 

Where ΔH may vary from zero for a solid to L for a 

liquid. Therefore, the liquid fraction, λ, can be defined 

as 
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…(10) 

2.2. Initial and boundary conditions 

Initially at t=0, (solid PCM) at an initial temperature, 

Tinitial= 299 K. Furthermore, no-slip boundary 

conditions are considered at the solid-fluid interface. 

At time t > 0, Reynolds number is to be in the laminar 

flow regime, Re < 2300, adiabatic boundary condition 

is applied on all sides of the test section else the lower  

and upper of the system, as shown in Figure (1).  

 

 
Fig. (1): Numerical model 

3. NUMERICAL METHOD  

A 2D mathematical transient melting thermo-fluid 

model for PCM is developed by using CFD ANSYS 

FLUENT 2019R2, where the governing partial 

differential equations (PDEs) (continuity, momentum 

and energy) are solved, the semi-implicit (SIMPLE), 

pressure staggering option (PRESTO), and second-

order upwind schemes are used. The time step is 

carefully chosen to be 0.5 s. At liquid mass fraction 

(amount of PCM liquid mass) has been updated using 

equation (10). The mesh size and time intervals are 

considered after a careful examination of results to 

achieve grid independency (selected 0.0005 m, 57639 

elements), see Figure (2).  
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Fig. (2): Relation between lauric acid liquid fraction 

and mesh size after 10 min of melting for water mean 

inlet temperature 327.9 K and inlet water mean 

velocity of 0.0059 m/s (pyrex-glass capsule). 

The numerical solution convergence was tested at each 

time step with the convergence measure of 10
−6

 for all 

results.  

In the present work, the following assumptions are 

employed: 

1. Two - dimensional geometries. 

2. PCM is a pure substance, so the sub-cooling effect 

is negligible. 

3. Capsulated PCM is placed in a cross flow with the 

heat transfer fluid. 

4. Molten PCM and the heat transfer fluid are 

considered to be incompressible flow. 

5. Physical properties such as viscosity, thermal 

conductivity, specific heats of solid and molten 

PCM are constant.  

4. EXPERIMENTAL TEST RIG 

A schematic diagram of the experimental test rig is 

shown in Figure (3). The test rig is essentially consists 

of hot water storage tank made of galvanized steel 

through a set of two valves enabling closed-loop 

operation. A 30W circulation water pump, head 1.2 m 

having a maximum capacity of 22 L/min is also 

available on the water storage tank which is 

rectangular in shape (length 30 cm × width 25 cm × 

height 30 cm). The test section shown in Figure (4) is 

a rectangular galvanized steel having a dimensions (10 

cm × 8 cm) and 0.2 cm thickness. It is insulated with 

7.5 cm thick layer of rock wool from three faces else 

the front face in order to allow direct visualization and 

photography of the melting process and also to 

minimize the heat loss from the acrylic sheet 

transparent face by low thermal conductivity (k=0.17 

W/m K). The test section contains one cylindrical 

pyrex-glass PCM capsule thin walled (0.2 cm) with 

diameter 2.6 cm, and length 7.6 cm. The cylinder is 

filled with lauric acid with a mass of 0.04 kg with 99 

% purity as shown in Figure (5). Water passes through 

the chlorinated polyvinyl chloride (CPVC) pipe with 

rock wool insulation to transfer energy. The 

cylindrical capsule was then put horizontally into the 

middle of the rectangular galvanized steel tank, 

through which hot water entered from the bottom of 

the test section passing around the capsule. The 

thermophysical properties of the lauric acid and 

paraffin wax are given in Table (1), [13] and [14]. The 

top section of the galvanized steel collectors-storage 

tank also contains 8.55 W electrical heater with 

temperature control in order to enable controlled hot 

water temperature via a variac (TROIDAC) to control 

voltage. The measurement system includes a total of 

six pre-calibrated K-type thermocouples, three of them 

are distributed horizontally, before the water outlet 

from the storage tank, while another three were 

distributed at the water inlet to the storage tank. All 

thermocouples are connected to a YOKOGAWA 3087 

portable hybrid recorder connected to a PC to enable 

the continuous recording of the temperature readings 

during various test. Experiment is conducted for 

Reynolds number of 287 and inlet mean water 

temperature of 327.9 K. 
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Fig. (3): Experimental test rig block diagram 

 
 

Fig. (4): Photography of the experimental test rig  

 

 
Fig. (5): The lauric acid capsule photography 
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Table (1): Thermophysical properties 

Properties 

Lauric Acid Paraffin Wax 

solid liquid solid liquid 

Latent Heat 

of Fusion 

(J/kg) 

129555 278800 

Melting 

Temperature 

(K) 

313.48 315.48 327.22 329.22 

Specific Heat 

Capacity 

(J/kg.K) 

2180 2390 2384 2440 

Thermal 

Conductivity 

(W/m.K) 

0.16 0.14 0.15 

Dynamic 

Viscosity 

(kg/m.s) 

0.0059295 0.0063 

Density 

(kg/m
3
) 

940 885 890 712 

Thermal 

Expansion 

Coefficient 

(1/K) 

0.00083 0.000714 

5. MODEL VALIDATION 

Numerical simulations were conducted, and the 

predicted results were compared with the available 

experimental data in existing studies to validate the 

developed comprehensive model. The experiments 

were conducted at combustion laboratory of Mansoura 

University. The experiments were compared with 

numerical simulation at inlet HTF temperature of 327.9 

K and inlet water mean velocity of 0.0059 m/s for 

lauric acid. The complete melting time of PCM with a 

deviation between the experimental and numerical 

simulation of 2.6 % is shown in Figure (6).  

 

 

 

 

 

 

 

Theoretical 
Experimenta

l 

Theoretica

l 

Experimenta

l 

    

Time= 2 min Time= 6 min 

    

Time=10 min Time= 14 min 

    

Time=18 min Time=22 min 

  
 

Time=24.6

3m in 

Time=25.3 

min 

Fig. (6): Comparison between experimental image and 

theoretical contours for inlet HTF 

temperature of 327.9 K 

6. RESULTS AND DISCUSSION 

CFD ANSYS 2019R2 dimensional transient heat 

transfer analysis is conducted for lauric acid and 

paraffin wax inside cylindrical capsules with pyrex-

glass wall. 

6.1. Effect of inlet HTF temperature 

The developed CFD model is used to simulate the PCM 

charging process at constant HTF flow velocity of 

0.0059 m/s at variable inlet temperature of 327.9 K, 

333.7 K, 338 K and 343 K and pyrex-glass capsule is 

used. The selections of these inlet temperatures are all 

applicable for the actual operation of indirect solar 

assisted heat pump system where the PCM is 

integrated. The temporal variations of liquid fraction, 

PCM temperature, and energy stored at the PCM 

capsule can thus be simulated at constant fluid flow 

velocity but different inlet HTF flow temperatures, as 

shown in Figures (7 to 9).  

Figure (7) indicates the relation between lauric acid 

liquid fraction and time, where the liquid fraction inside 

the capsule increases with time and HTF temperature.  

Figure (8) indicates the relation between lauric acid 

mean temperature and time, it is shown that the lauric 
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acid mean temperature increases with time and HTF 

temperature. 

Figure (9) indicates the relation between lauric acid 

energy stored and time. This figure shows that the 

energy stored increases with time and HTF temperature.  

Figure (10) indicates the relation between lauric acid 

total melting time and inlet water mean temperature, 

where the total melting time decreases with the increase 

in the inlet hot water mean temperature.  

Fig. (7): Relation between lauric acid liquid fraction 

and time for different water mean inlet temperature and 

inlet water mean velocity of 0.0059 m/s (pyrex-glass 

capsule). 

Fig. (8): Relation between lauric acid mean temperature 

and time for different water mean inlet temperature and 

inlet water mean velocity of 0.0059 m/s (pyrex-glass 

capsule) 

 

Fig. (9): Relation between lauric acid energy stored and 

time for different water mean inlet temperatures and an 

inlet water mean velocity of 0.0059 m/s (pyrex-glass 

capsule). 

 

Fig. (10): Relation between lauric acid total melting 

time and inlet water mean temperature at an inlet water 

mean velocity 0.0059 m/s (pyrex-glass capsule) 

6.2. Effect of inlet HTF velocity 

Five HTF inlet velocity (0.005, 0.008, 0.011, 0.02, and 

0.029) m/s are investigated. The HTF inlet mean 

temperature equals 327.9 K and pyrex-glass capsule is 

used. 

Figure (11) indicates the relation between lauric acid 

liquid fraction and time, the figure shows that the liquid 

fraction of PCM increases with time and inlet velocity 

of the hot water flow.  

Figure (12) indicates the relation between lauric acid 

mean temperature and time. It is shown that, increasing 

time, increases the mean temperature of the PCM. Also 

increases the inlet velocity of the hot water flow 

increases mean PCM temperature. 

Figure (13) indicates the relation between lauric acid 

energy stored and time. The energy stored in the PCM 

increases with time and inlet velocity of the hot water 

flow. 

It is clear from Figure (14) that increasing the velocity 

caused to reduce the total malting time of the PCM in 
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the pyrex-glass capsule. The increase of the heat 

transfer fluid velocity can enhanced its overall 

convection heat transfer and thus speed up the charging 

process during the phase change period. Since the main 

thermal resistance is in the PCM side, the thermal 

resistance reduction on the HTF flow side due to the 

high velocity has small effect on the overall heat 

transfer during this period.  

Fig. (11): Relation between lauric acid liquid fraction 

and time with different water inlet mean velocities for 

an inlet water mean temperature of 327.9 K (pyrex-

glass capsule). 

Fig. (12): Relation between lauric acid mean 

temperature and time for different water inlet mean 

velocities for an inlet water mean temperature of 327.9 

K (pyrex-glass capsule) 

Fig. (13): Relation between lauric acid energy stored 

and time for different inlet mean velocities for an inlet 

water mean temperature of 327.9 K (pyrex-glass 

capsule) 

 

Fig. (14): Relation between lauric acid total melting 

time and inlet water mean velocity at an inlet water 

temperature of 327.9 K for (pyrex-glass capsule) 

6.3. Effect of capsule wall conductivity 

CFD model is used to simulate the PCM melting 

process at constant HTF flow velocity of 0.0059 m/s 

and water mean inlet temperature of 327.9 K with 

different thermal conductivities (387.6, 73, 1.1, 0.33) 

W/m.K for different PCM capsule material (copper, 

iron, pyrex-glass, and polyethylene) respectively. 

Figures (15 to 17) show the effect of varying material 

of capsule wall on the lauric acid liquid fraction, PCM 

mean temperature, and energy stored.  

Figure (15) indicates the relation between lauric acid 

liquid fraction and time. The liquid fraction of lauric 

acid inside the PCM capsule increases with time and 

thermal conductivity. 

Figure (16) indicates the relation between lauric acid 

mean temperature and time. The PCM mean 

temperature increases with time and thermal 

conductivity. 

Figure (17) indicates the relation between lauric acid 

energy stored and time for different capsule materials. 
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It is shown that energy stored in the PCM capsule 

increases with time and thermal conductivity. 

Figure (18) shows the relation between the thermal 

conductivity of different capsule materials and total 

melting time for lauric acid. The total melting time in 

the PCM pyrex-glass capsule decreases with the 

increase of thermal conductivity.  

Fig. (15): Relation between lauric acid liquid fraction 

and time for different thermal conductivities of capsule 

material wall at water mean inlet temperature 327.9 K 

and inlet water mean velocity of 0.0059 m/s   

Fig. (16): Relation between lauric acid mean 

temperature and time for different thermal 

conductivities of capsule material wall at water mean 

inlet temperature 327.9 K and inlet water mean velocity 

of 0.0059 m/s. 

Fig. (17): Relation between lauric acid energy stored 

and time for different thermal conductivities of capsule 

material wall at water mean inlet temperature 327.9 K 

and inlet water mean velocity of 0.0059 m/s. 

Fig. (18): Relation between thermal conductivity of 

capsule material wall to total melting time for lauric 

acid at water inlet mean temperature 327.9 K and inlet 

mean water velocity 0.0059 m/s. 

6.4. Comparison between lauric acid and paraffin 

wax 

Figures (19 and 20) show the comparison between the 

liquid fraction and energy stored with time for lauric 

acid and paraffin wax as PCMs with inlet mean water 

temperature of 338 K, inlet mean water velocity 0.0059 

m/s, and the same capsule material (pyrex-glass). It is 

shown from the figures, that the total melting time of 
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the paraffin is higher than that of lauric acid 

(approximately 3 times) as shown in Figure (19). The 

lauric acid energy stored for the same working fluid is 

lower than paraffin wax as shown in Figure (20) 

because of the lower lauric acid latent heat of fusion 

than paraffin wax. 

It is clear from the result of the Figures (19-20), that it 

is possible to give amount of latent heat of fusion from 

lauric acid (410863 J/kg) during the total melting time 

of paraffin wax more than paraffin wax (278800 J/kg) 

by 47%. 

Fig. (19): Relation between liquid fraction for different 

PCMs for water mean inlet temperature 338 K and an 

inlet water mean velocity of 0.0059 m/s (pyrex-glass 

capsule). 

Fig. (20): Relation between energy stored and time for 

different PCMs to water mean inlet temperature of 338 

K and an inlet water mean velocity of 0.0059 m/s 

(pyrex-glass capsule). 

 

 

7. Conclusions 

A numerical and an experimental study of transient 

laminar flow past cylindrical PCM capsule is presented. 

The numerical finite-volume method is utilized two-

dimensional CFD simulations to study the thermal 

characteristics of an energy storage system. The effect 

of the different water mean inlet temperature, different 

water inlet mean velocity, different capsule material 

and different PCM is presented. For all examined cases, 

the following conclusions are made: 

1- The lauric acid melting time decreases with the 

increase of the inlet mean water temperature. The 

enhancement in the total time melting is 43% for 

4.6% increase in water mean inlet temperature. 

2- Increasing the inlet water velocity (Reynolds 

number) decreases the melting time of the lauric 

acid. The enhancement in the total melting time is 

18% for 500% increase in inlet water mean 

velocity. 

3- The melting time decreases with the increase of 

capsule thermal conductivity. The improvement in 

the total time melting is 7% when used copper 

capsule wall. 

4- The energy stored of the paraffin wax is higher than 

that lauric acid for the same working fluid, and 

capsule size with same material wall, but when 

compared to the total melting time of paraffin wax 

to lauric acid, which is approximately three times 

the melting time of lauric acid, the amount of latent 

heat stored to the lauric acid pyrex-glass capsule is 

47% higher than paraffin wax capsule if the lauric 

acid is melted at the same time as paraffin wax. 
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