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Thermal performance and energy saving potential study on
a thermo-activated PCM building system
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Abstract: Based on the clean energy heating context in China, a novel thermo-activated PCM composite
building envelope system was proposed to further reduce building energy consumption and improve indoor
comfort by utilizing low-grade hot water produced by valley current. A comprehensive heat transfer model
was built and validated by comparing with reference test results. Under the condition of heating season in
cold area like Tianjin, the effects of pipe spacing, PCM thickness and orientation on thermal behavior and
energy saving potential were numerically investigated. The results show that the thermal performance of

the composite wall has been changed, and the primary energy as well as the operation cost, taking south
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wall for example, are reduced by 14.07% and 56.03%, respectively. The pipe spacing shows a more
obvious influence than PCM thickness, thereby 100 mm for pipe spacing and 30 mm for PCM thickness
seem to be the satisfactory values when taking the thermal resistance and heat charge/discharge into
account simultaneously. Orientation has big influence on the performance and the improvement in north
orientation is most obvious among the four orientations. The primary energy and operation cost saving ratio
in north orientation show a reduction by 20.3 and 9.0 percent respectively compared with that in south. This
study can provide reference for pipe-embedded PCM envelope design and its application to buildings of clean
heating and low energy consumption,

Keywords: low energy building; low-grade energy; thermo-activated PCM building system; thermal

behavior; energy saving potential
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Fig.1 Fundamental structure and mesh generation of thermo-activated PCM wall

2 HEFHRBRBERIE

21 HREEHUSEERE

TR A 72 5 B AT BRL IX I S A A DX T AR DRI RS A IX . B X AR S X, Fluent 2R S LB 38 32
S RCAE TSI BE [ /Rl A R R T ST VBRORE 25 AT LA ) 2 R A ST A A, SR FH IR X B [
BGOSR A AR BN T - 1) Bir A AR 5 A& 1] [R5 2) A 25 i8R 728 2 7 B [T A Rl A 3ok 2 v i B AR X
MR 53) B A1 RESR MR 45 2 2 0] 4 fih R 45 4) 25 B G A 55 30 358 22 )4 O S e A O B A O A
B

BT UL EAR AR ARAZ SR BE DT RN

h PT BT | 9T
. %Ai(axz Iy* ayzzj ’

Kb RERMAMELT HIBE.Cip WEE, kg/m 52 HFHREH, W/ (m - °C); C, NHHAFR,
J/ (kg * C)sh Ak kl/ ke,

AHAE AP RL RS Sl R INT

QY




% 11 4 A WLF: ABEMEESERSRFRE T RES 45

T

h=h.+ JC,,dTJrrL, 2
T ref
[09T<Tl-();
r= . (€D
1. T > Ty (B,
K :h WS HRE KT/ ks T NS HWEECor WAL AW K]/ kg T AAHASIREE,C .,
B AH AR J2 41, e [ A Xk B i
(T [ PT  PTY.
(‘0(/,)),- [(,]IZ ayz ayzzjj =1,2, €]
A =1 MK ,.j=2 N XPS,; =3 NEi L7k,
B AHARJZ A0, e MR X I ae i R F
I(ox®)
p;z 4+ V (pU®) =V (Ipgrad®) + S, , (5

Kk AR Sy GRS R R LA S A SRS R Ty N R B U s i) 5 S W IR
22 BENEH
PR AR S 5t R N SR T S A

aT
dx

A, AAPHIRZ AL W/ (m o« °C) 5 T M E N A TBCE R, C LA 18 T, o8 5 % il iy
PRI 2 RN °C e 0 % X AR B W/ (m® « C) L 8.7,
PR AL S B R AP R T SR AR A A

/1 ‘.r Ozam(Tin_T.z' O)? (6)

aT
Ao lo1=au (T, — T, 1) +p] Ry )
dax

KA, FIMEKSMEEL, W/ (m « C)s T, AEIERME,C; T, h 5= HM 0y S 3K K 2 3R iR
ELCo an WEIMIFTFHHEARE W/ (m? « C). a,  HEATFARX 55,
@ =5.62+3.9v, (8)
P, HEINAEERGE , m/ s,
F K B8 S DA R 5 A 5 28 A IR B =2 [ 1) o 3 5 | Ak 1) A 3k
I« p,

T, = +T., €D

ATy MRS ERGURIEL L C 5 T Ry KV 5% 5] 1] KBRS W/ 5 0 O S 9K 0 2 T 4 S 4 0 i 35 2
AR 0,65,
AR AR JZ R AR I A [ 2 22 18] 9 & fh 18T 320 53 2% A A

aT aT
7 (71 ‘z-,laycd:iA (’)J_ ‘,l.laychO (10)
AR J2 R R AR I S R 2 22 (0] 0 4 fh T 00 57 2 1
aT Ir aT
- Ir JA,IaycrliI‘[Oi 57/\ E ‘J.,laycr2 ’ a1y
S A tagent F Ay 73900 R AR AR AARE B SR B W/ (m O

KT B L TR AT E — A AR S I R A o) B L S KRR E] B E R 21 00~06 ¢ 00, &5 8 1K A 6
UL Bl 0 A i o2 K R 2 R AROR SRAIL L BEOKIRL B B D TR N BE IR 2.0 CLBEHREDY 0.5 m/s. 3C
R T R X F R SR R H (1 A 23 HD RS HEAT I 5T, G R R I8 (o [l A SR AR 858 20
BHARGHARE) P 2 FiR . Hehh, Elnajjar 50558 B 5 RS AR 530 167 37 78 38 G A ik 2
FoE B EAL b o P, O CRIE RO 5 B BT A BT K2 O 5 R, B LA AT IR BIAR E #Y A 5 R A AT
o HT



46 TR K F FHR %41 %

40 41000 20
—=—T,——T ~—T —Q—Ta < TM o ])32
——ly St vy, 118
30 F 100 16 iE
A 414 &
2 \ BN .
1600 & 112 B
ol 51008
M < e & & & & s o < N’\:
= Y {4002 | o £ &
X Eé_ = &
or —=—al} =16 X §
—— ;j?} e ] 200 K | 4 =
-10f4 4 ®
i 12
—0—0— T b s a8 s & % 840
-20 L I I I ! I 10
0o 2 4 6 8 10 12 14 16 18 20 22 24

B [l /h
B2 REBEZXEZHXHBAXTEZSH

Fig.2 Meteorological data of Tianjin during simulation
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Fig.3 Comparison of the simulated and measured data
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Fig.4 Variation of interior heat flux and temperature of the three studied cases
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Fig.8 Effect of orientation on interior surface temperature
02 - P T B 3—=—100/30-%5—e—100/30-F§ +100/30-F§ —v—100/30-t.
P T AR /D 3% —o—100/30-Fi—o—100/30-R§ — 100/30-7§ ——100/30-3¢ 7 107
o Q 106
0.0
105
104
-0.2
103
-0.4 102
101
-0.6
100
99
| | | | | | | | | | |

0 2 4 6 8 10 12 14 16 18 20 22 24
it )/

B9 HEMARTARELZM

Fig.9 Effect of orientation on interior surface heat flux
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Fig.10 Effect of orientation on energy saving potential
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