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Temperature and Energy Consumption Simulation of Phase Change Materials
Applied to Building Exterior Wall
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Abstract: EnergyPlus sofiware was employed to simulate the application of PCMs as thermal
insulation materials on exterior wall surface. The simulations were performed in a small box model and an
office model. By changing the melting/solidification temperature board structure and the amount of
PCMs and furthermore taking into account the effects of internal heat source and different climate zones
the zone temperature variations and the cooling energy reductions during air conditioning season were
analyzed and compared. The simulation results show > PCMs with melting/solidification temperature a little
bit over average outdoor air temperature are apt to restore their cool storage during night time. When they
are combined with insulation materials to form double layer hybrid structure it can result in better
temperature suppression effect and higher cooling energy reduction rate. Internal heat source also has a
negative effect on the contribution of PCM to cooling energy reduction rate and it can to some degree
override the temperature suppression effect of PCM. Nonetheless the amount of cooling energy reduction
due to the presence of PCM almost remains unchanged in the simulation with or without internal heat source.

Keywords :Phase Change Materials(PCM) ; exterior wall thermal insulation; EnergyPlus simulation;

temperature suppression; energy consumption

20 70 o (Phase Change Material PCM)

2201640722 2201640840
* : (CXZZ20140903152243524) ( - - )

56 |



16~28 C 1
( ) 1.1
1~3 C
Y. PCM N I m, 50 mm
. N 10%
PCM ( N
o )
60 °C PCM 10~20 mm PCM
PCM ( ):
20 mm PCM /30 mm (20P/30G) .
. 15 mm /20 mm PCM /15 mm
PCM PCM \PCM (15G/20P/15G) <10 mm PCM /40 mm
. (10P/40G) <20 mm /10 mm PCM /20 mm
(20G /10P/20G) .
125 m x 8 m X
PCM o 3.2 m, 1.5 mx2m
PCM 25 mm o 6 m X
1.2 m 13 mm,
PCM 20 mm /5 mm /200 mm
o /5 mm 20 mm PCM /5 mm
EnergyPlus /200 mm /5 mm o
(Conduction Finite Difference CondFD) 7 20 mm /5 mm /50 mm
/120 mm /5 mm o
PCM o
sl 25 C\28C 30 <C PCM
EnergyPlus 24.5~25.5 °C.27.5~28.5 C
o 29.5~30.5 C 190 kJ/kgo
10% 27. 5~
. 28.5 C 18.1 kJ/kg.
o 1.
1
Table 1 Thermophysical properties of building materials
/mm 15~50 10~20 50 50 5~20 10 200 120
/ W/(m*K) 0.73 0.51 1.00 0.03 0.93 0.69 0.22 1.74
/(kg/m*) 1 602 825 1761 32 1 800 1 858 700 2 500
! 1/ (kg *K) 836 1 921 1 180 1 500 1 050 837 1 050 920
/(x1077 m?/s) 5.45 3.22 4.81 6.25 4.92 4.44 2.99 7.57
1.2 EnergyPlus v8.3
EnergyPlus o

=



PCM o
7:30—18:00
26 C 5 1 —10 31
PCM o
PCM
( N
2)

2

Table 2 Setting value of main operating conditions

/

2

/m~* 100 -
/ 10 7:00—19:00
W/ ) 117 -
/(W /m?) 9 7:00—19:00
/W 500 7:00—19:00
EnergyPlus CondFD PCM
¢))
C, -
2) C,
o CondFD
(Ar)
Ax 3) o
20 At
180 s C 3.
pe G, A (T T T -1
At v Ax
i1y
T M
et
Cp:T_y:+l_T]: (2)
Ax=/C-*a- At A)
p kg/m’;
C, kJ/kg;
Ax m;
T C;
i ;
j 7
At s;
ky kg
W/m K,
2
2.1 PCM
l m’

58 |

PCM

50 mm
PCM N N
(25 C
30 C) PCM
1. 6—9 )
27~28 C 25 C PCM
PCM 25 °C PCM
PCM o PCM
30 °C PCM
PCM
PCM o
2.2
28 C
PCM . 7 21 )
o 2
N N 10%
( 3.5%C)
( L h ); PCM
( 2.5%C) (4.5 h)
; 10%
3~4 h
o 3 PCM
PCM
PCM
PCM
2
PCM o 20 mm PCM

10 mm PCM 2



20P/30G

3
15G /20P/15G

PCM

10P/40G

PCM

PCM

o x
s —— = ——
s e wE
wmﬁ w===% . Emmb =
s o g P
EO [
1e it
g o icpc] b
pehic) = st Pagay
.Wn.mnu S = s/ B " i ot o
N s fo oy
g I,
ARl
o3 ol 33
e g - :
S () . 0
o v < o o = (=1 N ~ O O Vn T N AN - O N X O <
N N en N o n N oen AN N N N M N N on M on A A N AN AN
oNE:| ONERLS

00:00:2T 1€/L0
00:00:60 1€/L0
00:00:0T 0€/L0
00:00:L0 0€/L0
00:0081 67/L0
00:00:50 6/L0
00:00:91 82/L0
00:00:€0 8T/L0
00:00:bT LT/LO
00:00:10 LT/LO
00:00:CT 92/L0
00:00:€T ST/LO
00:00:01 SZ/L0
00:00: 1T bT/LO
00:00:80 $Z/L0
00:00:61 £2/L0
00:00:90 £2/L0
00:00:L1 TT/LO
00:00:70 T/L0
00:00:ST 12/L0
00:00:20 12/L0
00:00:€1 02/L0
00:00:4T 61/L0
00:00:11 61/£0
00:00:¢T 81/L0
00:00:60 81/L0
00:00:02 L1/L0
00:00:L0 L1/L0
00:00:81 91/L0
00:00:50 91/L0
00:00:9T ST/L0
00:00:€0 S1/L0
00:00:71 P1/L0
00:00:10 ¥1/L0
00:00:T1 £1/L0
00:00:€T T1/L0
00:00:01 T1/L0
00:00:1T [1/£0
00:00:80 T1/L0
0030061 01/L0
00:00:90 01/L0
00:00:LT 60/L0
00:00:70 60/L0
00:00:ST 80/L0
00:00:20 80/L0

00:00:
00:00:¢C S0/L0
00:00:60 S0/L0
00:00:0C+0/L0
00:00:L0 ¥0/L0
00:00:81 €0/L0
00:00:50 €0/L0
00:00:91 20/LO
00:00:€0 20/L0
00:00:%1 10/L0
00:00:10 10/L0

Fig. 1 Simulation results of box temperature under the effects of different PCMs
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Fig. 4 Simulation results of box temperature under the effects of 28 C PCMs in July
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Fig. 6 Simulation results of temperature variations at the internal surface on the west wall of office building in July
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Fig.7 Simulation results of office room temperature variation in July
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