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RESEARCH ON THERMAL ENERGY STORAGE AND RELEASE
CHARACTERISTICS OF FOAM ALUMINUM PARAFFIN COMPOSITE PHASE
CHANGE MATERIALS
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In this paper, the FLUENT software is adopted to carry out numerical simulation for the
temperature distribution of the building envelope blending with mixed phase change
materials and composite phase change material under winter condition. The foam
aluminum/paraffin composite phase change material is placed in the wall structure, the
experimental study was used to reach on thermal energy storage and release characteristics
of composite phase change wall, and the effect of phase change walls on the channel and
the room, to test the practicality of composite phase change materials, and through the
experimental research and numerical simulation. It shows that, when the composite phase
change material is added into the wall, the temperature variation in the room is decreased,
and the temperature is delayed; With the heat transfer performance of the wall is better, the
room’s temperature is lower, the thermal conductivity of the material is good for the wall
thermal insulation; there is a certain error between the experimental value and the
simulated value.
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1. Introduction

As a kind of typical phase change thermal storage materials, paraffin is characterized by
large phase change latent heat, and no super-cooling, good stability and low price™, with different
mass ratio by mix up low melting liquid paraffin with high melting solid paraffin were studied
experimentally to choose the phase change temperatures fluctuates between 20~30 °C and latent
heats is larger as heat storage material of building wall.

But paraffin has a disadvantage of low thermal conductivity, to improve the
storage/exothermic capacity of paraffin in the heat storage system, domestic and foreign experts
have conducted a number of studies. HC. Min®®! research shows that using PCM-based materials in
roof finishing materials can reduce surface temperatures and improve thermal comfort. Hua Wei
san et.al™ research that the nano iron for effective heat transfer enhancement. Zhang X et.al®
research that PA-CNTS/EP FS-CPCMs exhibit good chemical and thermal stabilities. And
demonstrate considerable potential as thermal energy storage materials. Sahan N, Paksoy H!®.
research that the nano tubular-zinc oxide is used as an additive with 10%wt composition to
paraffin to prepare a nanocomposite. The variations in thermo physical properties of paraffin in
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composite form were subjected to investigate by experimentally. H. Zou et.al™ results show that
the heat storage and heat release rate of the composites increase with the addition of porous nickel,
and the composite has a high salt content and a large heat storage density. So far, there are mainly
includes the following four aspects to improve the heat storage capacity of paraffin storage
system!®:: Enhancement of heat transfer by adding fins; Enhancement of heat transfer by adding
graphite; Enhancement of heat transfer by adding graphite metal.

The phase change energy storage technology has been applied in many fields, such as
solar thermal utilization, waste heat utilization and (more than) in the field of construction
(including construction of air conditioning and heating), the application of passive solar house
agricultural greenhouse, daily necessities, household heating and heat recovery, aerospace and
other fields. It should be said that the theory and application of phase change energy storage is a
new discipline which is rooted in many interdisciplinary fields. It has profound significance and
value in the utilization of new energy and energy saving technology research!®.Species, phase
change material selection principle was studied"®. The application method of phase change
materials with the building as well as phase change materials in building cooling and heating field
were summarized systematically. Pasupathy et.al™ propose a new type of residential building
with two layers of phase change material. The test results show that the double layer phase change
material can effectively reduce the variation of indoor temperature. However, there is not much
research on the application of phase change thermal storage materials to buildings to improve the
building insulation and energy saving effects.

With the rapid development of materials technology to the aluminum foam as a porous
matrix, filled with suitable temperature close to the melting point of mixed paraffin, preparation of
aluminum foam / paraffin composite phase change materials (Foam aluminum / paraffin composite
phase change material, referred to as FAPC, a phase change material) surface of the foam
aluminum can be used as a storage base paraffin phase change material, the other foam aluminum
can improve the thermal conductivity of paraffin as additives. This paper uses the method of
numerical simulation and experimental study of the combination of FAPC, The heat storage
properties were studied about phase change material thermal conductivity and latent heat, and the
analysis of the FAPC phase change material under winter condition, building materials with heat
storage characteristics in the wall, and the influence of temperature on the channel and storage
wall of the room. And the results of the two methods were compared and analyzed, in order to test
the practicability of the aluminum foam / paraffin composite phase change material.

2. Experiment

2.1 Arrangement of test room and temperature measuring points

Al5m X 1.8m X 4 m passive solar laboratory was constructed, as shown in figure 1.
It is divided into two layers, the specific size of the two layer, as shown in figure 2. The main
structure is steel structure, south walls of 5 mm toughened glass wall, the wall with steel wall.
Based on the direct immersion method™ to prepare composite phase change materials, the FAPC
phase change material with porosity of 98%, pore density of 0.3 g/cm® and pore diameter of 0.8
mm was prepared. The FAPC phase change materials provided by Suzhou gassider foam metal
limited liability company, as shown in figure 3. The prepared 1.2 m X 0.6 m X 0.02 m FAPC
phase change material is placed on the south wall of the lower layer of the experimental room, and
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vents are arranged at the upper and the lower parts of the laboratory, The upper layer of the
experimental room was used as the control group.

Fig.1 Laboratory room photos
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Fig.2 Specific size of the experimental room

Fig.3 Foamed aluminum board

The temperature sensor is arranged in the thermal channel, the south wall surface, the
inside of the south wall and the two rooms. The arrangement form is shown in figures 4-6. 02, 16
and 18 are temperature measuring points along the direction of the thermal channel width. Among
them, 02 are arranged on the right (East) near the wall surface, 16 are arranged in the middle
position of the hot wall, 18 are arranged in the left (west wall); 10, 16 and 07 are temperature
measuring points along the direction of the thermal channel. Among them, 07 are near the upper
wall, 16 are near the hot wall, and the No. 10 is near the lower wall; 11 and 20 are respectively the
point for measuring temperature of the upper and lower two rooms, the 04 is the point for
measuring temperature of the middle of the north wall surface, 01, 02 and 03 are respectively the
point for measuring temperature from the inside of the south wall to the exterior.
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Fig.4 Arrangement of temperature points in the channel
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Fig. 6 Arrangement of temperature points inside the south wall
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2.2 Experimental device and measurement method

The main parameters of this experiment are temperature, wind speed and solar radiation,
and the instruments used mainly include: Agilent, 34972a data acquisition, intelligent wind and air
volume meter, high-precision wind meter, thermocouple, thermometer, solar radiometer.

Before the experiment, in order to ensure that each thermocouple in the experiment is
under the same temperature baseline, the T thermocouple is placed in boiling water (100°C) to
calibrate the water bath temperature, and two times are determined and checked. The three
experimental data are processed, and the deviation value is calculated. Then the software is used to
correct the thermocouple.

2.3 Results and discussion

Under winter (11.25~11.27) conditions, the influence of the south wall on the indoor
temperature was analyzed. In the phase change material solar house and ordinary material solar
house indoor temperature monitoring points, monitoring temperature changes, as shown in figure 5,
respectively 20 and 11, and the temperature change trend is plotted as figure 7.
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Fig. 7 Comparison of temperature between the phase change material
solar room and the ordinary material solar room in winter

The temperature difference between the phase change material solar house and the
ordinary material solar house is 14 and 17, respectively. The addition of phase change material can
obviously improve the temperature fluctuation; The temperature of ordinary materials solar house
reached 25°C at 13 noon, and the maximum indoor temperature of the phase change solar house is
about 1°C lower than that of the ordinary room; After 4 p.m., the phase change material solar house
temperature is gradually higher than the ordinary material solar house, the highest is about 2°C.The
phase change material solar house is delayed about 1 hours longer than the peak temperature time
of the ordinary material solar house, thus avoiding the peak of the electricity consumption.

As illustrated in Figure 8, during the day, when the outdoor temperature is higher than the
melting point of the phase change material, part of the heat passes through the wall into the room,
while the other is stored by the phase change material.

The outer surface of the south wall of the phase change material reaches the maximum
temperature at 1 p.m., about 26°C, and the temperature of the inner surface is 22°C,that is, the
maximum temperature is decreased by about 4 degrees, and the time is delayed for about half an
hour; The temperature of the wall that close to the outdoor part (that is, the No. 1 point position)
changes most, and the closer the room is, the more slowly the temperature changes. That is to say,

the storage capacity of the phase change wall can reduce the range of indoor temperature change to
a certain extent.
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Fig. 8 Temperature variation in the south wall of the phase change room

3. Numerical Simulation analysis of phase change wall

Using FULENT simulation software, a two-dimensional full scale model is abstracted, the
paraffin / foam aluminum composite phase change material was applied to the whole wall, the
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room temperature of solar house with composite phase change material was numerically simulated
and compared with the actual experiment.

3.1 Build physical models

The FAPC phase change material is placed in the whole south wall of the laboratory, and
vents are arranged at the upper and lower parts of the laboratory, and the experimental room with
shaped phase change material was used as the control group. To study the effects of adding storage
materials on the rooms, the wall and the thermal channel temperature change trend. In the
simulation part, respectively by shape-stabilized phase change wallboard wall, composite phase
change wallboard, hot channels and the room area is calculated, under the same conditions, the
temperature distribution and phase change material liquid fraction changes on the two wall, hot
channel, room area were numerical simulation of unsteady coupling. The model is shown in Fig. 9.
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Fig.9 The room model

3.2 Build mathematical models

To consider convenience, make the following assumptions about the model:

(1)the paraffin wax is pure and isotropic and has phase transition in a certain range of
temperature;

(2)The fluid after melting is a Newton fluid, incompressible, and the density consistent
with the Bounssinesq hypothesis;

(3)Air belongs to fluid, phase change wall is solid, and their contact part belongs to fluid
solid coupling heat exchange;

(4)In the two-dimensional simulation, it is assumed that the thickness is 1 m, the heat flux
that applied to the phase change wall is 500 W/m2, and the volumetric heat source as follows,
P(W)
Vv (m°)

follows:

q =
, The wall height is 1400 mm, and the length is 20 mm. Then the volume heat source as

P 500x1.4x1 500

g=—-= = =25000 W/m?
V 14x0.02x1 0.02

Using Gambit software to model and mesh, and quadrilateral mesh is selected.

In order to get better solidification / melting of paraffin phase change material, and air
flow, using 2D implicit, non steady state, and the pressure based solver, choose energy equation,
standard k-¢ turbulence model and Solidification/Melting model on numerical simulation.

According to the hypothesis of the physical model described above, the basic theory of
solidification / melting is simulated by FLUENT, and a specific mathematical model is established.
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Since the effect of convection is not considered, so the equations are energy equations.

X, <x< X,
According to the volume average theory:
V
&= —PcM
v (1)
V
Y=
VPCM (2)

In the formula: Ve —phase change material, m3

V1 —volume of liquid phase change material, m3

V —total volume, m3

In the wall with phase change material,the energy equation as follows,

e +(1-7) pH,)+(1-8) p,H, ] =V (2 T)

or ©)
There is no phase change material in the wall, and the energy equation as follows,

0 H 1- H |=V-(4:VT

E[‘gpk k+( 5),09 g:l_ ( eff2 ) @
when #s =P =P equation 1-3 was simplified as follows,

0
E[e(;fp (Hy-Ho)+p Hy)+(1-8) pH, | =V (20 VT) 9
Equation (4), (5),
Aot —Equivalent thermal conductivity, W/m-K
€ _Porosity of porous media, %
Y _liquid fraction, %
4 : A —Liquid phase / solid phase thermal conductivity, Wim-K
19 —Thermal conductivity of skeleton, Wim-K
H, , I_|S—Enthalpy of liquid / solid phase change materials, kJ/kg
H, —The enthalpy of the skeleton, ki/kg
P Ps liquid / solid phase change material density, kg/m3
Ps__ skeleton density, kg/m3
Equivalent thermal conductivity as follows:
Aetrr :5[721 +(1_7)/ISJ+(1_‘9)19 (6)
Jeire =k +(1-8) 44 7

A —Air thermal conductivity, W/m-K
Boundary condition:
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In the process of melting, Constant heat flow surface:
oT

Q=
oX q’ r>0 X=X (8)
Other wall heat insulation:
or  oT
x oy
9)

3.3 Parameter setting

In the process of solidification, natural cooling is adopted, and the initial temperature as
the ambient temperature is used .

At the initial stage, the phase change wall, the room and the ambient temperature are set to
TO. With the constant input and output of the surrounding heat, the temperature of the phase
change wall and the two area of the room will reach equilibrium state.

The simulation process is divided into accumulation of heat and heat release. The heat
storage time of the wall is 08:00~16:00 (Using daytime light, the area may vary at different times).
The system initialization temperature is 18 °Cin simulation, the time step is 10s, and the number of
steps is 2880 in simulation. The heat release time is 16:00~08:00, and the 4th wall is set as
adiabatic condition. The wall temperature after the end of heat storage is taken as the initial
condition, the time step is 10 s, and the calculation step is 5760.According to the literature 131 the
parameters used in the calculation are shown in table 1-2:

Table 1. Parameter set value of phase change material

Name size unit
density p1=p,=783 kg/m?
phase transition temperature t=15~48 °C

Specific heat cp=0.871 kJ/(kg-K)
Thermal conductivity 4s=0.235,4=0.154 W/m-K

Phase change latent heat 7pcm=65.86 kJ/kg
Outdoor heat transfer coefficient hout=20 W/m?.K
Indoor heat transfer coefficient hi,.=15 W/m2.K

Table. 2 Parameter set value of foam aluminum

Name size unit
Porosity £=98 %
Density p=3000 Kg/m?

Specific heat cp=0.871 kJ/(kg-k)
Thermal conductivity A=237 W/m-K

3.4 Comparison between simulation and experiment

Fig.10 (a) and (b) are comparison between the simulated temperature and the experimental
values of the D center temperature of FAPC phase change solar house in the process of melting
and solidification. As can be seen from the diagram, the simulated values of indoor temperature
coincide with the experimental values at the initial stage, and the trends are the same. Because the
simulation delay time of phase change process is more than the actual experimental, there is an
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error at the end of phase transition. And the actual experiment can not be completely adiabatic, the
measured temperature of the indoor temperature is always lower than the simulated value, but the
maximum error is not more than 9%, to meet the actual requirements.

As shown by the diagram, in the case of natural cooling, the actual experiment can not be
completely adiabatic, the measured temperature of the indoor temperature is always lower than the
simulated value, but the maximum error is not more than 18%, to meet the actual requirements.
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Fig.10 Simulation and experimental values of point D in melting and solidification

To sum up, the simulation results of the foam aluminum / paraffin composite phase change
material in the whole south wall are very different from the actual experiment, meet actual
requirements. That is to say, the simulation method is correct.

3.5 The analysis of simulation results
Figure 11 and 12 were compared the change trend of temperature inside the wall in the
melting process of south wall were implanted with shaped phase change material and composite
phase change material. The left side indicates the temperature according to the color difference,
and the temperature distribution inside the wall is on the right.
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Fig.11. Temperature field of melting in the shaped phase change wall
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Fig.12 Temperature field of melting in the composite phase change wall

As can be seen from the diagram, due to the poor heat transfer performance of the
polyethylene / paraffin storage wall, there is a phenomenon of heat accumulation, which is
characterized by uneven temperature distribution.The aluminum foam / paraffin composite PCM
Wallboard, the excellent heat transfer performance of the foam aluminum enables the heat energy
to transfer rapidly from the heating surface to the heat flow direction, the heat transfer
performance of the whole storage wall is improved, the temperature distribution is more uniform,
and the heat transfer time is shortened. Foam aluminum, as a porous medium, has its own
characteristics. It belongs to the flow problem in porous media, also known as porous 0Smosis.
Inertial resistance and viscous resistance affect the flow. Therefore, the isotherms are shown to be
more regular.

Fig. 13 (a) and (b) show the change of liquid volume fraction with time in the porous
medium layer of the phase change wall and the composite phase change wall during melting, it can
be seen from the figure a, the slope curve of composite phase change wall liquid volume fraction
changes with time is far greater than the composite phase change wall, so the melting speed of
composite phase change wall is far greater than the shaping phase change wall. Because the heat
transfer performance of the phase change wall is poor, a large amount of heat is gathered in the
local part of the system. The temperature increases rapidly to the melting point, while the
composite phase change material has good heat transfer performance, and the overall temperature
distribution is even.

Fig. 13 (b) shows liquid fraction change trend of shaping phase change material and
composite phase change material in solidification process. From the figure, the composite phase
change material melting speed is far greater than the shaping phase change material; when the
liquid fraction is 0.5, the foam aluminum composite phase change wall with 13h, until the phase
change material completely solidified, the liquid fraction reaches 0, with about 21h, about 4.5%
less time, improve the efficiency of heat transfer; thermal conductivity type of phase change
material, and the heat is from the outer wall to the south wall in the direction of diffusion layer and
more slowly, so in the exothermic stage of 8~24h, the liquefaction rate of shaped phase change
material is higher than the composite phase change material.
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Fig. 13 The liquid rate curves of composite/mixed phase change
materials in melting and solidification

Fig. 14 (a) and (b) are the change of the temperature of the D point at the center of the
room with the addition of foamed aluminum during the melting and solidification process. From
the figure a, the temperature of the exterior environment is lower than that of the indoor
temperature in the south wall heat storage period, but the poorer the heat transfer performance of
the south wall, the smaller the heat flow through the wall to the interior, lost to the external
environment by the room through the building envelope heat cannot be added, therefore, the
indoor temperature has been reduced to a certain extent; The lower the thermal conductivity, the
smaller the heat flow to the room, the indoor temperature decreased relatively fast, so the
temperature of shaped phase change solar house decreased faster than the compound phase change
solar house; the temperature of indoor air increases with the increase of thermal conductivity.
Figure b is the variation of the temperature with the time of the D point at the center of the shaped
phase change solar house and the compound phase change solar house during the heat release
process. According to the diagram, because of the poor heat transfer performance of the shaped
phase change material, the room temperature drops rapidly than the composite phase change room.
But since there is latent heat of phase change material, can be released as the heat load of the room,
the temperature drop at the end stage heat is not severe; but 21h to 24h hours, the temperature of
composite phase change material indoor decreased rapidly, which is mainly due to the composite
phase change material has good heat transfer performance, at about 21h have all been solidified,
all latent heat stored has been released, only through the release of sensible heat to compensate for
the loss of heat flow outside the room, so the room quickly cool.
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Fig.14 (a) The temperature variations of point D in melting,
(b) the temperature variations of point D in melting and solidification
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4. Conclusions

In order to improve the thermal performance of paraffin phase-change material, with
aluminum foam as porous matrix, melting point close to the optimal temperature of mixed paraffin,
preparation of aluminum foam / paraffin composite phase-change material, and the heat release
characteristics of composite phase change materials and building materials were put into the wall
under winter conditions from two aspects of numerical calculation and experiment, and the
influence of the channel and the room temperature. The results obtained by the two methods are
compared and analyzed, and the following conclusions are obtained:

(1) In the south wall of the solar house, a phase change heat storage material with a
melting point close to the optimum temperature can maintain the indoor temperature balance well.
Phase change materials have certain thermal storage and thermal resistance. During the day, they
can not only prevent excess heat from being introduced into the room, but also prevent indoor
temperature loss, so that the room has been maintained in a comfortable temperature range. The
temperature of the outer wall of the south wall appears to be delayed due to the thermal storage
capacity of the phase change heat storage wall, and the air temperature in the solar channel
gradually increases with the height.

(2) FLUENT simulations were used for analysis. In the thermal storage stage, the melting
rate of the foam aluminum / paraffin composite phase change wall is much higher than that of the
paraffin shape, and the temperature increases gradually along the height direction in the Trombe
wall structure; In the exothermic stage, the liquefaction rate of paraffin shaped phase change
material is higher than the other two groups, the smaller the coefficient of thermal conductivity is,
the more obvious the room temperature drops, improving the thermal conductivity of material is
beneficial to wall heat preservation.

(3)The experimental results are compared with the numerical results: the delay time in the
simulation process is longer than the experimental time, and it can not be completely adiabatic
under the experimental conditions, the experimental and simulation results have some deviations,
and the experimental values are low, but the maximum is not more than 18%, in a certain range of
error, to meet the actual requirements.
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