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Numerical simulations were carried out to investigate the performance of shape-stabilized phase change
material (SSPCM) wallboard with sinusoidal heat flux waves on the outer surface and compared with tra-
ditional building materials – brick, foam concrete and expanded polystyrene (EPS). One-dimensional
enthalpy equation was solved using control volume-based implicit finite-difference scheme. Time lag
(u), decrement factor (f) and phase transition keeping time (w) of inner surface were applied to analyze
the effects of PCM thermo-physical properties, inner surface convective heat transfer coefficient and
thickness of SSPCM wallboard. The results showed that for SSPCM, there exist two flat segments within
one wave length period of inner surface heat flux lines and it has larger time lag and lower decrement
factor than those three ordinary building materials. It was found that melting temperature and thermal
conductivity of SSPCM have little effects on u, f and w, which is different from the case of temperature
waves; for a certain outside heat flux wave, there exist critical values of latent heat of fusion and thick-
ness of SSPCM above which the heat flux wave amplitude can be diminished to zero; inner surface con-
vective heat transfer coefficient is one important factor which significantly influences the decrement
factor; and the phase transition zone leads to small fluctuations of the original flat segments of inner sur-
face heat flux line.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Within the past decade latent heat thermal energy storage
(LHTES) has regained interest and the uses of phase change mate-
rials (PCMs) in buildings for space heating and cooling have been
investigated widely. PCMs have the advantages of high energy
storage density and nearly isothermal nature of the storage pro-
cess. Therefore, by incorporated into wall materials, PCMs may in-
crease the thermal mass of lightweight buildings and then level off
the indoor temperature swings and peak load shifting could be
achieved [1,2].

Experimental and simulation studies by Athienitis et al. [3]
showed that utilization of the PCM gypsum board as inside wall
linings in a full-scale outdoor test room may reduce the maximum
room temperature by about 4 �C during the day and can reduce the
heating load at night significantly. The same results of using the
salt hydrate as PCM were ascertained by the experimental work
of Voelker et al. [4]. Numerical results by Heim and Clarke [5] also
showed that the solar energy stored in the PCM gypsum panels can
reduce heating energy demand by up to 90% during the heating
season. Recently, Kuznik and Virgone [6] set up a double test cell,
ll rights reserved.

: +86 10 61772277.
MICROBAT, to characterize the phase change effects and provide
reliable data for validation of numerical model. An external sinu-
soidal temperature evolution is used as the thermal excitation.
Time lag and amplitude reduction caused by the PCM wall board
were concluded in their report. The decrement factor observed
with PCM wallboard is about 0.7 for summer, mid-season and win-
ter cases tested. The wall surface temperature fluctuations are also
reduced.

Most of the above PCM composites are prepared by immersing
wallboard into PCM or by direct incorporation at the mixing stage
of wallboard production. The leakage may be a problem for these
two methods over a long period of time, and this also limits the
amount of PCM (usually 20–30%) in the wallboard. A kind of novel
compound PCM, the so-called shape-stabilized PCM (SSPCM), was
recently developed for latent thermal storage by Inaba and Tu [7],
Xiao et al. [8] and Zhang et al. [9]. The mass percentage of paraffin
(dispersed PCM) in this compound material can be as much as 80%
or so, and it can keep its shape as long as the operating tempera-
ture is below the melting point of the supporting material (HDPE).
This reduces the liquid PCM leakage danger and it can be used for
thermal storage in buildings without encapsulation [10]. SSPCM
could have shapes of plate, rod and pellet etc. according to different
application manners [9]. For example, SSPCM plates can be used as
inner linings attached to the walls and the ceiling to absorb solar
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Nomenclature

A amplitude of heat flux wave (W m�2)
cp specific heat (J kg�1 K�1)
dt phase transition zone (�C)
f decrement factor
h convective heat transfer coefficient (W m�2 K�1)
H enthalpy (kJ/kg)
k thermal conductivity (W m�1 K�1)
L thickness (mm)
q heat flux (W m�2)
SSPCM shape-stabilized phase change material
t temperature (�C)
x position along the direction of the board thickness (mm)

Greek letters
u time lag (h, hour)
q density (kg m�3)

s time (s)
W phase transition keeping time (h, hour)
x relaxation factor

Subscripts
a air
in inside
init initial
l liquid state of PCM
m phase transition state of PCM
out outside
p PCM
s solid state of PCM
w wallboard
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energy (or night cool) to narrow indoor temperature swing in win-
ter (or summer). It can also be incorporated into the floor structure
combined with electrical heating system or hydraulic floor heating
system to narrow the gap between the peak and off-peak loads of
electricity demand. Fire retardant could be added to reduce the
flammability of the SSPCM plates. Rod or pellet-shaped SSPCM
can be mixed with ordinary building materials such as concrete
or gypsum for thermal storage.

It has been demonstrated that the choice of PCM plays an
important role in developing PCM building fabrics and the optimi-
zation of parameters such as melting temperature, latent heat,
thermal conductivity, etc. is fundamental to successful application
of PCMs in buildings for space heating and cooling [11]. Therefore,
the effects of these parameters on the thermal performance of
SSPCM board need to be clear. In the previous work [12], character-
istics of SSPCM wallboard with sinusoidal outside air temperature
wave with convection boundary condition on the outer surface
were investigated numerically and showed that SSPCM presents
distinct characteristics from traditional building materials. In most
cases of passive solar buildings, solar radiation is absorbed directly
at the surface of the building envelopes and the heat flux also
changes periodically. No convective thermal resistance is present
for this boundary condition and the thermal storage behavior of
SSPCM wallboard is unclear. Therefore, the present work aims to
clarify the thermal performance of SSPCM wallboard under period-
ical heat flux waves and compare it with that of traditional build-
ing materials – brick, foam concrete and expanded polystyrene
(EPS). Effects of several factors on the SSPCM wallboard perfor-
mance with sinusoidal heat flux waves are then discussed.
outside

0 L       x
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inside 
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Fig. 1. Schematic sketch of the heat transfer condition of the SSPCM wallboard.
2. Simulation method

The problem now investigated is a SSPCM wallboard shown in
Fig. 1. On the outside of the SSPCM wallboard, there is a heat-flux
boundary condition (due to solar radiation) and it is assumed to
show sinusoidal variations from �100 W/m2 to 100 W/m2 during
a day period. While at the inner side of the SSPCM wallboard, con-
vection boundary condition is present and the air temperature is
kept constant at 20 �C. The present work is to numerically investi-
gate heat flux variations at the inner surface of the SSPCM wall-
board. Calculations are also carried out on brick, foam concrete
and expanded polystyrene (EPS) wallboards for comparison with
SSPCM. These three materials respectively represent the heavy-
weight, lightweight and insulation materials commonly used in
building envelopes. Then, for SSPCM, the effects of PCM thermo-
physical properties (melting temperature, heat of fusion, phase
transition zone and thermal conductivity), inner surface convective
heat transfer coefficient, and thickness of SSPCM wallboard are
analysed.

The enthalpy model in previous work [12] is employed for this
simulation. The main idea is that enthalpy is used as the primary
variable and temperature is calculated from enthalpy by the corre-
lation between them. This method simplifies the solution of the
problem without explicit tracking of the solid–liquid interface. It
is assumed that heat transfer through the SSPCM board is one
dimensional and time dependent. The governing equation is

q
@H
@s
¼ k

@2t
@x2 0 � x � L ð1Þ

where the enthalpy of SSPCM is the function of temperature de-
scribed as

H ¼

R t
t0

cp;s dt t < t1R t1
t0

cp;s dt þ
R t

t1
cp;m dt t1 � t � t2R t1

t0
cp;s dt þ

R t2
t1

cp;m dt þ
R t

t2
cp;l dt t > t2

8>>><
>>>:

ð2Þ

Here, t0 is the temperature point where the enthalpy is considered
to be zero and the phase transition occurs within a small tempera-
ture range from t1 to t2. The equivalent specific heat capacity during
the phase transition process for SSPCM is also assumed to be uni-
form, i.e. cp,m = Hm/(t2 � t1). Research by Li et al. [13] showed that
little calculation error was caused by this simplification. cp,s and
cp,l are the constant specific heat capacities in the solid and liquid
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states, respectively. For constant-thermophysical-property materi-
als, H ¼

R t
t0

cp;s dt.
The initial condition is:

tðx; sÞjs¼0 ¼ tinit ð3Þ

Different from the case of outside temperature wave, now the
boundary conditions are:

qout ¼ �kp
@t
@x

����
x¼0

ð4Þ

hinðta;in � tp;inÞ ¼ kp
@t
@x

����
x¼L

ð5Þ

where qout is the outside heat flux and hin is the inside convective
heat transfer coefficient, respectively.

The aforementioned equations are solved numerically using a
control volume-based fully implicit finite-difference scheme. Along
the direction of thickness, the computational domain of wallboard
is discretized uniformly. Then, Eq. (1) is discretized using central
difference in space and backward Euler method in time to ensure
the convergence and stability of the numerical solution. Successive
over relaxation (SOR) iteration algorithm is applied with the relax-
ation factor x = 1.5. The space grid size for the SSPCM board is
0.5 mm and the time step is 1 min. Further refinement of either
space grids or time steps shows no effect on the calculation results.
The calculation proceeds for many cycles to eliminate the effect of
the initial conditions.

The model is verified by comparison with data in literature for
cases of both the PCM board [14] and the constant-thermophysi-
cal-property material–concrete [15]. The maximum discrepancy
of present model from the original data was shown to be within
±2%. Detailed description of the solution algorithm and model val-
idation can be seen in [12].

3. Results and discussion

3.1. Comparison of SSPCM with traditional building materials

The heat flux at the inner surface of wallboard is calculated to
compare the thermal performance of SSPCM, brick, foam concrete
and expanded polystyrene (EPS) under the same outside sinusoidal
heat flux waves. Table 1 lists the thermo-physical properties of
these four materials and convective heat transfer coefficients on
the wallboard inner surfaces. For SSPCM, the typical bold figures
in the table are used for calculation when compared with the other
three materials. Fig. 2 shows the variations of inner surface heat
flux of these four kinds of wallboards. It can be seen that for the
Table 1
Thermophysical properties and convective heat transfer coefficients for wallboard
materials.

Parameters SSPCM Solid brick Foam
concrete

EPS

tm (�C) 18, 20, 22 / / /
Hm (kJ/kg) 60, 90, 120, 150,200 / / /
dt (�C) 0.2, 1.0, 2.0, 5.0 / / /
cp (J kg�1 K�1) 2000 880 1000 1380
k (W m�1 K�1) 0.2, 0.5, 1.0, 2.0 0.62 0.22 0.042
q (kg m�3) 850 1800 700 30
L (mm) 10, 20, 30 20 20 20
hin

(W m�2 K�1)
2.5, 5.4, 8.7, 15.4 8.7 8.7 8.7

Note: when a specific parameter is analyzed, the other parameters take the values
with bold face. For example, to investigate the effect of different tm (18, 20, 22 �C),
the other parameters are set as: Hm = 120 kJ/kg, dt = 0.2 �C, k = 0.2 W m�1 K�1,
L = 20 mm, hin = 8.7 W m�2 K�1, etc.
brick, foam concrete and EPS wallboards, the inner surface heat
flux lines keep the sinusoidal wave style with slight time delayed
and amplitude decreased. However, besides larger time lag and
amplitude decrease, there exist two flat segments within the inner
surface heat flux lines of SSPCM wallboard where the heat flux is
diminished to zero (for one wave length period). This is due to
the fact that when the sinusoidal heat flux wave propagates from
the outside to the inner side of the SSPCM wall, the SSPCM is
melted or solidified at or near the melting temperature and the
heat or cool is stored by the PCM. Therefore, the heat transfer to
the inner side of wallboard is ‘‘blocked’’ or ‘‘obstructed’’ until the
phase transition ends.

Similar to the case of temperature waves [12], ‘decrement factor’
(f) is also defined as the ratio of the heat flux wave amplitude of in-
ner surface (Ain) to that of the outer surface (Aout), i.e. f = Ain/Aout.
And the ‘time lag’ (u) can also be defined as the time delayed when
the heat flux wave reaches the low (or high) level from the outside
to the inner surface of wallboard. For the case in Fig. 2, the SSPCM
wallboard gives the largest time lag and lowest decrement factor;
while the EPS gives the smallest time lag and the highest decre-
ment factor, i.e. uSSPCM = 3.47 h, ubrick = 1.14 h, ufoam con-

crete = 0.64 h, uEPS = 0.07 h; fSSPPCM = 0.63, fbrick = 0.96, ffoam

concrete = 0.99, fEPS = 1. This is due to the fact that the latent heat
greatly increases the thermal mass of SSPCM which effectively de-
lays the thermal wave phase and decreases the amplitude; while
EPS has the lowest thermal mass and then rarely influences the
propagation of the heat flux wave. It can also be seen that the ther-
mal conductivity almost has no effect on decrement factor of heat
flux waves, which is quite different from the case of temperature
waves [12]. However, although there is not much difference be-
tween the thermal conductivities of SSPCM and foam concrete,
the SSPCM gives much lower decrement factor than the foam con-
crete due to the nearly constant temperature characteristics during
the melting/freezing process. As long as the phase transition lasts,
the inner surface heat flux will keep constant at or near the zero
point, which indicates the advantage of using PCM to improve
the indoor thermal comfort for a long time. Similar to the case of
temperature wave, the time that the wallboard inner surface heat
flux keeps constant at or near the zero point is called as ‘phase tran-
sition keeping time’ or ‘flat time’ (w in Fig. 2, for one wave length
period). It (w) includes two parts: the melting time (w1) and the
freezing time (w2). u, f and w are the three important characteris-
tics to analyze the thermal behavior of SSPCM wallboard.

3.2. Parametric analysis for SSPCM wallboard

The computations are then performed to investigate the effects
of several factors on the performance of SSPCM wallboard. The
effecting factors considered include thermo-physical properties
such as melting temperature, heat of fusion, phase transition zone
and thermal conductivity of the SSPCM as well as inner surface
convective heat transfer coefficient and thickness of the SSPCM
wallboard. In each parametric analysis, only one specific parameter
is changed, whereas the others are kept constant when the simula-
tion is carried out.

Fig. 3 shows the hourly inner surface heat flux for various melt-
ing temperatures of the SSPCM. It is interesting to see that for
tm = 20 �C, the inner surface heat flux line keeps almost flat near
the zero point during the phase transition time; while for
tm = 18 �C and 22 �C, the heat flux are not zero and lines are not flat
during the phase transition period. This is due to the fact that the
indoor temperature is assumed to be constant at 20 �C, so there is
temperature difference between the inner surface and indoor air
and then heat flux keeps around some value during the phase tran-
sition period for tm = 18 �C and 22 �C. For tm = 20 �C,
w1 = w2 = 7.26 h, w = 14.52 h; while for tm = 18 �C, w1 = 6.88 h,
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Fig. 2. Comparison of inner surface heat flux for SSPCM, brick, foam concrete and EPS.
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Fig. 3. Hourly inner surface heat flux for various melting temperature of the SSPCM.

2116 G. Zhou et al. / Applied Energy 88 (2011) 2113–2121
w2 = 8.47 h, w = 15.35 h; for tm = 22 �C, w1 = 8.47 h, w2 = 6.85 h,
w = 15.32 h. It is indicated that although the melting time and
freezing time are not equal for different melting temperature, the
total phase transition keeping time w are almost the same. This
is a little different from the cases of outer temperature waves
where there exist various phase transition keeping time for differ-
ent melting temperatures. The similarity also occurs for the values
of decrement factor (f), i.e., for tm = 20 �C, f = 0.63; for tm = 18 �C
and 22 �C, f = 0.59.

With regard to the time lag (u), for tm = 20 �C, u = 3.47 h; for
tm = 18 �C, u = 4.54 h; for tm = 22 �C, u = 2.65 h. It should be noted
that the time lag here is defined as the time delayed when the heat
flux wave reaches the low level (bottom point). However, on the
side of high level (top point), for tm = 18 �C, u = 2.65 h; for
tm = 22 �C, u = 4.54 h. Therefore, the average values of time lag
are almost the same for different melting temperatures.

Fig. 4 presents the inner surface heat flux variation for different
heat of fusions (Hm) of SSPCM. It is clear that with increasing the
heat of fusion, the time lag (u) and the phase transition keeping
time (w) increase and the decrement factor (f) decreases. With out-
er surface heat flux rising up in early hours, the inner surface heat
flux keeps constant near zero point, which indicates that the PCM
begins to melt. However, with time proceeding forward, the inner
surface heat flux, for cases of Hm 6 150 kJ/kg, begins to rise up,
which means that the PCM has been fully melted to liquid state.
After the inner surface heat flux reaches some top point, it begins
to fall down following the descending outside heat flux wave and
keeps constant around zero again due to the fact that the liquid
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Fig. 4. Hourly inner surface heat flux for various heat of fusion of the SSPCM.
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PCM begins to solidify. After the inner surface PCM is fully solidi-
fied, i.e. the flat time period ends, the inner surface heat flux falls
down again till some bottom point due to the consistently
descending outside heat flux wave.

The above description indicates that there exist fluctuations of
inner surface heat flux between the two flat time periods for cases
of Hm 6 150 kJ/kg due to the low values of heat of fusion. While for
cases of Hm = 200 kJ/kg in Fig. 4, the inner surface heat flux dimin-
ishes to zero at all times (i.e. no up-and-down appears) which
means that the outside heat flux wave is fully ‘‘blocked’’ or
‘‘shielded’’ by the PCM due to the high latent heat of fusion. This
suggests that, corresponding to some certain outside heat flux
waves, there exists a critical value of heat of fusion for SSPCM be-
yond which the inner surface heat flux keeps constant at or near
zero.
240
-120
-100

-80
-60
-40
-20

0
20
40
60
80

100
120
140
160
180
200
220
240

tm=20oC
dt=0.2oC
Hm=120kJ/kg

hin=8.7Wm-2K-1

L=20mm

he
at

 fl
ux

 (W
/m

2 )

time

Fig. 5. Hourly inner surface heat flux for var
Fig. 5 gives the hourly inner surface heat flux for various ther-
mal conductivities (k) of SSPCM. It appears that thermal conductiv-
ity almost has no effect on w, f and u. It is indicated that thermal
conductivity is not an important factor affecting the thermal
behavior of the SSPCM. This is a little different from the case of out-
er temperature waves for which thermal conductivity significantly
influences the decrement factor f.

Fig. 6 shows the effect of wallboard thickness on the inner sur-
face heat flux. Similar to the effect of heat of fusion, with increasing
the wallboard thickness, w and u increase and f decreases. There is
also an appropriate value of thickness above which the inner sur-
face heat flux keeps constant at or near zero at all times.

Technical-grade PCMs usually have a phase transition zone
rather than a sharp melting point. From Fig. 7, we see that a narrow
phase transition zone leads to small fluctuation of the original flat
48 72
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Fig. 6. Hourly inner surface heat flux for various thickness of the SSPCM wallboard.
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Fig. 7. Hourly inner surface heat flux for various phase transition zone of the SSPCM.

2118 G. Zhou et al. / Applied Energy 88 (2011) 2113–2121
inner surface heat flux line. Larger phase transition zone also in-
creases the decrement factor f and decreases the time lag u.

Fig. 8 shows the hourly variation of inner surface heat flux for
different convective heat transfer coefficients between the inner
surface and the air (hin). It can be seen that with increasing hin,
the decrement factor f decreases. However, if hin is much low
(e.g. 2.5 W m�2 K�1), the decrement factor f will be as high as about
1.4, which means that the amplitude of outside heat flux wave is
not diminished but amplified for this condition. This is due to
the fact that when the outside heat flux rises up, the PCM may
be fully melted and if the convective heat transfer coefficient is
too low, the inner surface temperature of SSPCM may increase rap-
idly which leads to the suddenly rising transient heat flux at the in-
ner surface of SSPCM. It should be mentioned that the inside
convective heat transfer coefficient calculated with natural convec-
tive formula in ASHRAE handbook [16] is much low (about
2 W m�2 K�1) which limits the availability of the latent storage
and this problem still needs to be addressed. Most recently, Liu
and Awbi [17] reported their experimental work on the perfor-
mance of PCM boards under natural convection and their results
showed that the heat transfer coefficient between the PCM wall
and indoor air can be up to 4.43 W m�2 K�1 due to the increased
energy exchange. Kuznik and Virgone [6] also pointed out that
the natural effect is enhanced by PCM wallboard based on their
own experiments.

Fig. 9 presents the hourly variation of inner surface heat flux for
different wave amplitudes of outer surface (Aout). It can be seen
that with decreasing the outside heat flux wave amplitude, the
decrement factor f decreases and the time lag u and phase transi-
tion keeping time w increases. For the case of Aout = 100 W/m2, the
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Fig. 8. Hourly inner surface heat flux for various inside convective heat transfer coefficients.
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Fig. 9. Hourly inner surface heat flux for various heat wave amplitudes of outer surface.
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inner surface heat flux diminishes to zero which indicates that the
outside heat flux wave is fully ‘‘blocked’’ or ‘‘shielded’’ by the
SSPCM.

3.3. Further discussion

From Fig. 5 we have seen that thermal conductivity almost has
no effect on w, f and u for the present conditions. The propagation
of outside heat flux wave from outer surface to the indoor air in-
cludes the heat conduction through the SSPCM wallboard and
the convective heat transfer between the inner surface and indoor
air. The thermal resistance of heat conduction through SSPCM is L/
k with typical value of 0.1 m2 K/W for the present case (L = 20 mm,
k = 0.2W m�1 K�1); while the convective thermal resistance at the
inner surface is 1/hin with typical values of 0.4, 0.19 and 0.12 under
natural conditions (hin = 2.5, 5.4 and 8.7 W m�2 K�1), respectively.
So, the natural convective thermal resistance is the controlling
resistance and then the heat conduction resistance through the
SSPCM has little effect on the heat flux wave propagation.

As to the influence of convective heat transfer coefficient on the
inner surface heat flux, we can also refer to the transient temper-
ature distribution along the SSPCM wallboard thickness which is
shown in Figs. 10 and 11. It can be seen that for the case of larger
convective coefficient (8.7 W m�2 K�1), the local temperature fluc-
tuation decreases gradually through the SSPCM wallboard and
there is little temperature fluctuation at the inner surface. This is
due to that the higher convective heat transfer coefficient improves
the heat exchange between the air and inner surface and also the
thermal storage effect. While for the case of lower convective coef-
ficient (2.5 W m�2 K�1), the local temperature fluctuation
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Fig. 10. Transient temperature distribution along the wallboard thickness
(hin = 8.7 W m�2 K�1).
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Fig. 11. Transient temperature distribution along the wallboard thickness
(hin = 2.5 W m�2 K�1).
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Fig. 12. Transient temperature distribution along the wallboard thickness
(Hm = 200 kJ/kg).
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Fig. 13. Transient temperature distribution along the wallboard thickness
(L = 30 mm).
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decreases more slowly and there is still large temperature fluctua-
tion at the inner surface due to the weak heat exchange between
the air and the wallboard.

Figs. 12 and 13 present transient temperature distribution along
the SSPCM wallboard thickness for the cases of critical values of
heat of fusion (200 kJ/kg) and SSPCM wallboard thickness
(30 mm) which may help to understand the results in Figs. 4 and
6. It can be seen that for these two cases the local temperature fluc-
tuation decreases rapidly due to the large thermal storage capacity
and the temperature of the latter part of the wallboard keeps con-
stant around the phase transition point (20 �C) which indicates the
SSPCM being in the phase transition state. Actually, the optimal
thermal storage capacity of the SSPCM is related with the indoor
and outdoor environment and boundary conditions. Xiao et al.
[18] presented an analytical method to optimize PCM panel for en-
ergy storage which could be used to calculate the optimal values
for the present problem.
4. Conclusions

Thermal performance of shape-stabilized phase change mate-
rial (SSPCM) wallboard with sinusoidal heat flux waves on the out-
er surface was investigated numerically and compared with
traditional building materials such as brick, foam concrete and ex-
panded polystyrene (EPS). The calculated results showed that there
exist two flat segments within the inner surface heat flux lines of
SSPCM wallboard for one wave length period, which is distinct
from the other three ordinary building materials. The thermal
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wave amplitude is considerably decreased and wave phase is de-
layed due to the latent heat thermal storage. Time lag u, decre-
ment factor f and phase transition keeping time w of inner
surface were applied to analyze the effects of PCM thermo-physical
properties (melting temperature, heat of fusion, phase transition
zone and thermal conductivity), inner surface convective heat
transfer coefficient and thickness of SSPCM wallboard. The results
showed that for various melting temperature, the corresponding
values of u, f and w of inner surface are similar, which is different
from the case of temperature waves where the values of phase
transition keeping time w are quite different. For a certain heat flux
wave, there exist critical values of latent heat of fusion and thick-
ness of SSPCM above which the inner surface heat flux keeps con-
stant at or near zero at all times, i.e., the outside heat flux wave is
fully ‘‘blocked’’ or ‘‘obstructed’’. Thermal conductivity almost has
no effects on the behavior of heat flux wave propagation for both
SSPCM and traditional building materials, which is also different
from the case of temperature waves; inside convective heat trans-
fer coefficient has little effects on the phase transition keeping time
but significantly influences the decrement factor; and phase tran-
sition zone leads to small fluctuations of the original flat segments
of inner surface heat flux line. The results aim to be useful for the
selection of SSPCMs and their applications in passive solar build-
ings and related areas.
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