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Improvement of paraffin melting using additional metals.
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ABSTRACT
Thermal storage systems, based on latent heat storage (LHTES) by PCM devices, are among the best storage
technologies thanks to the important energy storage density and high thermal storage process. However, the main
disadvantage is their low thermal conductivities.An experimental study is carried out to analyze the thermal
behavior of the paraffin melting in athermal cavity.This paper investigates the use of Zamak and aluminum with
different configuration to improve thermal conductivity of paraffin and accelerate the melting process.The
experiments showthatadding the aluminum perforated plate in the paraffin can accelerates the melting process
by about 19 % and homogenize the temperature of the paraffin by reducing the average temperature difference
by about 13.5 %.
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1. INTRODUCTION
Thermal storage by latent heat of fusion allows the recovery of heat at constant temperature. Thermal energy can
be stored isothermally thanks to a phase change material PCM. During the charging phase, the thermal energy
supplied to the solid MCP allows its heating up to the melting temperature. Then, the MCP undergoes a phase
change in the liquid state followed by heating. During the discharging phase of the energy, the material releases
the stored energy and becomes solid again to return to its initial state.The choice of the MCP as a function of the
latent heat and the melting temperature makes it possible to considerably reduce the congestion and the thermal
losses of the storage unit and improves its efficiency.
Elnajjar [3]investigated numerically the thermal analysis of typical United Arab Emirates (UAE) bricks
containing an organic phase change material (PCM) under the UAE’s hot climate. After an accumulating seven
day assessment, bricks embedded with PCM type P116 with a melting temperature 47°C demonstrated a 30%
reduction in heat flux and energy saving. Kasaeiana[2] presented a critical review of experimental works in the
areas of PCM in buildings. The papers are classified according to the heating, cooling and air conditioning.PCMs
are the appropriate solutions to increase the efficiency of building cooling systems by reducing temperature
variations from the inside and keeping the space cold. In addition, the addition of high thermal conductivity
nanoparticles to the MCP base fluid improves the thermal conductivity and energy saving density of MCPs Korti
et al. [19] presentsthe experimental study of the charging and discharging process of the LHTES for three types
of PCM paraffin. They concluded that increasing the HTF flow rate from 15 l/h to20 l/h accelerates the charging
phase by 11% and delays the discharging phase by 20%. These values become 4.7 and 21% while passing from
20 l/h to 25 l/h. Then, the HTF flow ratedoes not have a great effect on the discharging phase comparedto the
charging phase. Adding the oil of engine to theparaffin improved the speed of the charging and dischargingheat
process by 42.4 and 66%, respectively.Fayaza[13] used the aluminum material of thermal collector by
introducing a novel design to enhance heat transfer performance, which is assembled in PVT and PVT-PCM

systems. The tests show that the experimental results are in satisfactory range with the numerical analysis for
different mass flow rates. Maximum cell temperature reduction (numerically and experimentally) of 8.3 °C and
8.1 °C in case of PVT, and 12.8 °C and 12 °C is achieved in the case of the PVT-PCM system from the PV
module. For PVT, the highest overall efficiency is 89.9 and 88.84%, and for PVT-PCM, the maximum overall
efficiency is obtained as 85.88 and 82.87% numerically and experimentally, respectively. Park[4] investigated
the optimization of PCM applied to glasscurtain wall GCW and to evaluate the building energy performance.
When PCM was installed on GCWs, PCM melting temperature close to the thermal comfort range was effective
with regard to the building energy performance as a retrofit in hot, cold, and moderate locations. However, in a
hot-humid region such as Miami, efficiency of PCM was lower than others. He could be seen that high annual
temperature prevents PCMs from losing stored heat, consequently failing solidifying process. Therefore, PCM
application in hot-humid climate could be suitable for melting temperature of 1 ºC above the cooling set-point
temperature.Madrugaa[18] carried out a comparative analysis of experimental results and numerical simulations
on the melting of the PCM tetracosane contained within a cube and heated below. They show how the
experimental snapshots along a side of the cube correspond to the turbulent regime based on the shape of the
solid/ liquid interface. The interface is characterized by an irregular form, and appears after the melted PCM has
suffered a sequence of instabilities, from the conductive state, leading to a flat interface, to the stable growth
regime, characterized by a modulated surface, to the coarsening state with a modulated interface but with shorter
wavelength.
The present work present the experimental analysis of the thermal behavior of paraffin melting contained in a
thermal cavity. In order to accelerate paraffin melting, two types of materials (Zamakand aluminum) are
integrated into the cavity. The idea in adding these materials will contribute to the improvement of the effective
conductivity of the PCM. In order to be able to compare between the obtainedresults, the paraffin-additive
volume ratio is taken identical in the different experiments.
2.MATHEMATICAL MODEL/EXPERIMENTAL METHOD
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FIGURE 1. Schematic diagram ofexperimental setup

4.5 cm
4.5 cm
1cm

T8

T6

T3

T7

T5

T2

T4

T1

Electrical variable
Heater

Insulation

3 cm 3 cm 3 cm 3 cm

FIGURE 2. Arrangements of the K-type thermocouples on thermal cavity
In order to analyze the thermal behavior of the meltingof paraffin, an experimental system was set up. The main
components and the schematic explanation of the experimental setup are shown in the Fig. 1. The work consists
to recording as a function of time, the dynamic behavior of the solidification front and the evolution of the
temperature at different points of the paraffin. The PCM is contained in a cubic thermal cavity (dimensions are
showed in FIGURE1), which is made of glassin order to capture the development of melting front with digital
camera. The thermal physical properties of the paraffin used are shown in Table 1.
The paraffin volume occupies 83% of the total volume of the thermal cavity. The air space is expected due to the
expansion of the paraffin during melting. The thermal cavity is thermally insulated in three faces using the glass
wool and the polystyrene. The right face of the cavity is heated using an electrical heater (1.8 W) manufactured
on laboratory. Eight K-type thermocouples (Testo AG 6061ST) are placed in the thermal cavity to measure the
temperature evolution of the PCM. They are distributed as shown in FIGURE2.The temperature recording is
assured using NI data acquisition (typecDAQ-9174), NI thermocouple input (type 9211) and a graphical interface
developed by Labview.
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Thermal physical properties of material used[7,8]

3. RESULTS
Pure paraffin:
The first experiment consists in analyzing the phenomenon of paraffin phase change during melting. FIGURE 3
shows the time evolution of the position and shapeof the solid-liquid interface. It is observed that melting starts
near the heated (right) face of the cavity. After 30 min, the melting front moves towards the left face with a
curved form, the percentage of molten paraffin reaches approximately 22%. A cap shape is observed in the upper
part of the melting front. The initial curvature existing in the upper surface of the paraffin (air pore) is the essential
cause of this cap shape of cap. After, the melting front develops with a curved inclined shapeuntil the end of the
fusion at180 min. that the liquid paraffin rises upwards and the solid paraffin exist always at the bottom of the
cavity.
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FIGURE 3. Time evolution of the position and shape of the solid-liquid interface

Paraffin with a Zamak grid:

FIGURE 4. Form of the Zamak grid used
To accelerate the melting of paraffin, we propose to integrate different materials in the thermal cavity. The first
material added is two grids made of Zamak (FIGURE 4 ). The choice of Zamak is due to its composition and its
good price. Zamak is a family of alloys with a base metal of zinc and alloying elements of aluminum, magnesium,

and copper.The addition of a material in the paraffin modifies its effective conductivity and so the melting
velocity. The effective conductivity obtained depends on the thermal conductivity and the volume and mass ratio
of the material added in the cavity. In order to compare, the volume of paraffin with Zamak is equal to the volume
of paraffin alone (pure) of the first case.
FIGURE 5 shows the comparison between the time evolution of the paraffin melting front with and without a
Zamak grid. The results show clearly that the addition of a Zamak grid causes a delay in paraffin fusion. Indeed,
the Zamak grid absorbs a part of the heat provided by the heat source and delays the melting of paraffin. In
addition, it is observed that the slope of the melting front of pure paraffin is greater than that with the Zamak
grid. This shows that the convective heat flow is more intense in the case of pure paraffin.It is concluded that the
Zamak grid does not adequately improve the thermal conductivity of the paraffin. There fore, it is proposed to
use other materials having better conductivity, like aluminum or copper.
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FIGURE 5 . Evolution of the paraffin melting front with and without Zamak
grid

1

Perforated aluminium plates :

FIGURE 6..Perforated plates

Due to the unavailability of copper and aluminum grids on the market, two perforated plates (spaced by 1.7 cm)
of aluminum (FIGURE 6) were chosen and added in the thermal cavity. The paraffin-plate volume ratio is always
equal to pure paraffin. FIGURE 7shows the comparison between the time evolution of the melting front of paraffin
with and without an aluminium plate. At 30min, the evolution of the melting front shows that the velocity of
pure paraffin fusion is slightly higher than that with aluminum plate. Indeed, the aluminum plate absorbs part of
the heat supplied by the heat source. At 60min, the results show that the addition of the aluminum plate causes
an acceleration of the melting of the paraffin; this is explained by the good thermal conductivity of the aluminum.
At 120min, the rate of paraffin melting reached 88% and 92% without and with the aluminum plates,
respectively.
It should be noted that the total melting time of paraffin with the aluminum plates (145 min) is shorter than that
of paraffin alone (180 min). Then, the aluminum plate accelerates the melting process by about 19 %.
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FIGURE7 .Time evolution of the paraffin melting front with and without aluminium plates.

4. CONCLUSIONS
The present experimental work concerns the thermal analysis and the acceleration of the paraffin melting process
by adding metal additives (Zamak and aluminum). Through the various experiments, we have observed the
following:
1. By adding Zamak grid or aluminum perforated plates to the paraffin,theseabsorb heat and delays melting
process during the first period. After, an acceleration of the melting process is recorded.
2. It is noted that the melting of pure paraffin is initially faster without Zamak grid by about 8 %. However,
melting velocity of the paraffin with Zamak grid increases after and the complete melting is achieved in both
cases at the same times.

3. By adding the aluminum perforated plates in the paraffin can accelerate the melting process by about 19 %.
4. In perspective, it is necessary to analyze the chemical behavior of adding Zamak and aluminum to paraffin.
Also, optimizing the size and density of pores created in aluminum plates on the thermal behavior of paraffin.

REFERENCES

[1] EmadElnajjar ,Using PCM Embedded in Building Material for Thermal Management: Performance
Assessmen Study , Energgy and building shttp://dx.doi.org/10.1016/j.enbuild.2017.06.010

[2] Alibakhsh Kasaeiana,∗ , Leylibahramia, FathollahPourfayaza, ErfanKhodabandehb, Wei-Mon Yanc,∗
(2017) Experimental studies on the applications of PCMs and nano-PCMs in buildings: A critical review ,
Energy and Buildings 154 pp 96–112

[3] Abdel Illah Nabil Korti, Fatima ZohraTlemsani(2015),Experimental investigation of latent heat storage in a
coil in PCM storage unit, Energy Storage

[4] H. Fayaza,b, N.A. Rahima,c, M. Hasanuzzamana,b,⁎, A. Rivaia, R. Nasrind ,(2019),Numerical and outdoor
real time experimental investigation of performance of PCM based PVT system, Solar Energy 179 pp 135–
150

[5] Ji Hun Park, JisooJeon, Jongki Lee, Seunghwan Wi, BeomYeol Yun, SuminKim, (2019), Comparative
analysis of the PCM application according to the building type as retrofit System, Building and Environment.
[6] Santiago Madrugaa, Naoto Harukib, Akihiko Horibec, (2018) , Experimental and numerical study of melting
of the phase change material tetracosane, International Communications in Heat and Mass Transfer 98
pp163–170

[7] https://www.rubitherm.eu/en/index.php/productcategory/organische-pcm-rt.
[8] Thermophysical

Properties,
Juan
J.
Valencia,
Concurrent
Technologies
Corporation
Peter N. Quested, National Physical Laboratory.ASM Handbook, Volume 15: Casting
ASM Handbook Committee, p 468-481, DOI: 10.1361/asmhba0005240, Copyright © 2008 ASM
International

