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Fig. 2 DSC curve of composite phase change thermal

insulation mortar
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Table 1 Thermophysical properties and reference price of materials
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Table 2 Enthalpy of composite phase change thermal

insulation mortar
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Fig. 5 Temperature field of composite phase change thermal
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thickness and brick after loading 12 hours

20.1¢
20.0
190l MEDHERE/mm
" +]0
IS 19.8 T 20
Y L ——30
%( 19.7 "0
196 —— 50
—— 60
19.5}¢
19.4+
P e e et Pt e o oo
SESSSSAS S SO
AT A R A 0
Tk /s
El6  NFAHAERD SR +0it 4 52 A A AR (R TR R

T 12 h A AR P 2 B R A Al
Fig. 6 Temperature variation of inner side of composite phase
change thermal insulation wall with different phase change

mortar thickness and brick in loading 12 hours

PR IR 3 4 5 R £ 19.43.19.77 ,19.83 ,19.88.19.91,19.93
19.95 °C, B S A AR DR IELRD S8 3 hn , 52 5 AR
PRl A P e T IRLIEE £ b THEa e, U A2 AL fR
I JZ W B JE R S A A DR P 1) IS Sl ey, 2 5
FHAS PRI (R B SRR AT . (BN i A& Y 25
R AR PRl B3k % A D00 it 3 A J= 2 2 ) 34 o 7 g
JER/IN R AR AR D IR R B 5 30 mm ), A A
AR PR S A AR B B A R I 5% , UL PR IRD I )2 5
JEH L 30 mm J5 0 5 A AR AL PRI SR AR 0 RO PE R I A



41 J

45 I ANSYS 1) FIGIAE S A S IR BRI "

Ko VIR A AR PRIRTDH)ZRE 30 mm 55 490 mm
i 3 20 W H OB IR % 2 A AR PRI S 1 . B O IR % 50
P45 K 1N 395 2 CIB/T 10286—2001 H Otk 28 45 4y )17 v
HAHDCHIE « HOGIR aE AN 25 48 J5 1% 1 FABH 2k K F
PR BRI R, o AR H X A [) 28 AN SR T 1
TICBRABH R, W35 3.
#x3 HBXBEINEIPEHEHARRAE
Table 3 Low limit thermal resistance of exterior wall of

solar greenhouse

G AR D IR R R BE R 52 A AR B AR PN IR R 3 Ak
X B K, 240 mm BIHLES 240 mm BIHEE+10 mm FAE
4 240 mm W HHE +20 mm AHAEEP K 240 mm M) He
5% +30 mm FHAZ 0K 240 mm 3R 5% +40 mm AH AR w
3 240 mm B +50 mm AHAERPHRN 240 mm BHLRE+
60 mm AR DI I A5 ARSI S AR O B AR 00 12 h 5
SIS IO (R 9L RE 43 9 A 2 17.36,17.94,18.35,18.66,18.9
19.09.19.25 °C, H 5% Py P85 5L 19 3R 25 43 5010
2.64.2.06.1.65.1.34.1.1,0.91.0.75 °C, Bt 5 &= A5 S 14

SOMBEE IRRRL | SMEE ACRRAY LD R (N, A M AR (L VP TR 2 1
WEMC  w KW | REC mhKeW Tk, 35 5 0 B LT 10 T D S R W/
-4 1.1 -26 2.1 KEJ%/A‘C ﬂ%g
12 1.4 -32 2.8 LEE 13¢
9.86 1.03
-2 2.1 — — 036 o
i - i2136 i2259
R SRR TR A5 135 324,
ks o (B (B
‘ R 5z b. A+ 10mm RS 3K
A, R—— B, (- K)/W; 8 ——BHRHREE , m; . e
A— RS REL W/ (KD, m i 137
AR AR 195 108
5 3 i
R=Y" & 7 : .
52 ™ i B
o . . -2.45 -2.39
L 25 X £ %8 A1 B3R -8 C B 263 B (g
SO RLARKRAN R, =1.25 (m?-K)/Wo 490 mm % 5+ o BIHE20 mm MRV d. #5430 mm HIZEH)
30 mm 5 £ H A {5 T5L D 35 2L 11 A K AL i/ B/ C
1.89 1.91
. \ S Owm _ 0.049  0.03 i Bica
BE - brick IS - . . -
B 7D TS B R= 5 3 =200 ¥ 0.076 198 il
8.28 8.40
094 (w’ - K)/W< R,,, AW AEGHIEOR . 75 it | bh LHE
L M PR D 35 A AR e AL FL7E SE o 7= i |:%;83 I:'ﬁ;gg
-7.65 -7.65

T v Rl 12 S ) R PR B il T T 258 A i, o %2
4, U S AR PRR D A R RE RTINS 50 mm i, R=

e. WHL+40 mm FAAFTS £, {W)H+50 mm AHAS DI

B | Oem _ 0049, 005 _y o1 (. k), SEACH 2 {;fégc
A A 0.9 0.076 ’ 139
SR B S IEEEHIERG s THERE SRR AR £
IRERE , 200 L A AR (RS2 9 JEEFE g 50 12:2%2 ,
Kt 490 mm FEH% AT P AR IRED AR A B, T A A g 2 I:‘;{gg

DR APRIBACR o
3.3.2  InAUIREE L IR S AR Rl A A
P 7 JIT 7 DAy TR U5 e DR35S [i] 5 2 AR S Rl
WG A AR AT 12 h 5 A LA & 8 FIrR
12 b P 2 TSR] 28 TS5k A PR 0035 7 Al fH 22 4
HilE 7 18 8 Wl 2 BN Ar 12 h J5 A [l 52

. FIER+60 mm AIZETH
K7 TR R AP SRS R+ B - I
ARAE GRS A NG 12 h ISR Y
Fig. 7 Temperature field of composite phase change thermal
insulation wall with different phase change mortar

thickness and concrete block after loading 12 hours



118 K 6 ¥ 414
20.5 WEBIL b, =15 W/ (m*-K) o RIFAKEEN 60s,2K
20.04 fiff LA [E] R 86400 s, X ALLLE A AT 44T o
19.5F T WAL 9 Bz, — R A Il 28 A il R AR, =8 ML R A
©190f =0 BORAAL , HARA AR IEAR — B, % W e Ul A i
2 s Eég ARSI 357127 °C K IEIE 23 CL BRI
ol 40 R T A RS .
s % Ml
gy o TE
SO S SSs ol
P8 RIS SR e R Ol S A A R B 5
T 12 b PSP 25 f =0
Fig. 8 Temperature variation of inner side of composite phase ok
change thermal insulation wall with different phase change s
mortar thickness and concrete block in loading 12 hours 1ol—

Ui B AR AR D 3R 2 RS | 2 A R AR R TR AR 1) IR b
T, TR TR RE B, W IR S PN TR Y 2% b A R
Ko [FIEFNE 8 AT F Y, 525 AR AR CRED IR 1Y) JRE E
KT 30 mm B, FHAS RS AR THE AR 52, 36 PR RS
W) I 30 mm Ji7 % A AR 5 A O T R A9 5 i AR
/o A ESC, X 240 mm BTHEE+30 mm AHAERP IR B R
A FH B d5k R HE AT S T 5, 459 3] R=0.24/0.24+0.03/
0.076=1.39(m*-K)/W> R . =1.25(m*-K)/W , iith J& 25 K 1%
TR . LA EZEPERE i T MERE (L TFMERE AR
PERE , B 20 5 A AR PRI AP IR )2 19 )R B2 R 30 mm,
X} 240 mm JIA TR EE T )P HEAT 9 ORI AP AL, B
205 HAREBSOR 54T

4 EAEETREEFEBTERNE
WA ST

41 HIEFERE

M H B S, i 5% 00 A TR B 4 A B 5% 43 S HR 490
F1 240 mm , 52 A FAS (4 15 D 3% 2 R 3 ) B 50 Al
30 mm, B5E L 3.5 m, EE7 Py BB
42 MRS R IERTE

TESE B AL pe ik B v, RS N AN 4 Bt
TE] F4) 2 A T A Ak, P B 305 R 1 A8 A 52 6 AT AR o TR S A
S AT RE B BERE . PR — K (08:00~1K
H 08:00) 72 N AN SEFPRIRE R INAS | %5 N AN
AR AL WL B 9,08:00 i PR IR AY L 17:00 38 P PR IR 88, DL
08:00 % =S SR 12 CHE N E G A ZE RS 7R 90 UR 1R
B AR A A AR B AR— R i e POt AR Hrp s N A
SRR B b, =5 W/(m*-K) , 384025 SO0 i

PR RIS
ST S DD F TS

SRR EF A DR FEE
ey

Ko =W SNRE

Fig. 9 Temperatures of indoor and outdoor

43 HERMERED W
43.1  fEHEE A AR RS R

10 A [R) B 22t 43 52 5 A A (R 358 R 1) A AV
PUEL, B 11 2y 24 h Pt 52 6 AR AR CR T 355 1 P i
XN

HE 10 & 11 AT F 1, 08:00~12:00 W] , Bl %5 =
PR T, B2 A5 AR AR O T S50 R A YR B Rt =2 T
AZHE R LR, THEE R BN FENEE, Y=
PRk B2 ) 26 °Ciey T 525 AH AR D3R %) AR AR T BE B, &2
AR IR 2 P A8 TR G AR 22 5 12:00~14:30
[, % N R RS O T, fe s TR IR 35.7 °CL(HE

mEEIC wEC
l2.71 !2.58
2.54 245
238 232
221 219
2.04 2.06
187 1193
170 P o
1.53 1.67
1.36 1.54
1.20 1.41
1.03 1.28

a. 12:00 IELE b. 16:00 R
R/ C i/ C
' 1.72 . 1.57
1.59 1.42
1.45 1.28
1.32 114
1.18 9.95
B 1os 8152
C 911 H 710
7.76 5.67
6.41 424
5.06 2381
3.71 1.39

c. 20:00 L d. 24:00 B EE



41 J& AR, LT ANSYS 1 HOGIRE & A A (R IR B AR BT 5T 119

A C A C
151 144
B3 Fi
121 112
1:07 9:90
918 840
77 16,90
624 1340
477 390
330 240
183 98
357 6.02

e. YCH 04:00 L 7 £. YCH 08:00 L 7
K10 filedi 52 5 AL DRI (AN TR i 22 9308 37
Fig. 10  Temperature fields of the brick composite phase

change thermal insulation motor wall at different time

35r

—— N
—e— (A A

o_
NN NN NN
NSNS SENSENSENE NSNS SN
NEENERUENGEN N O R ARNANGEN N
2
BT et S A AL DRI (A A IR R A2 Al
Fig. 11 Temperature variation of the inner surface of brick

composite phase change thermal insulation wall

A AR IKZ IR T E 27.1 CRARLE R
A4, 12:00.13:00, 14:00 B 5 A5 HHAE G i 55 74 o9 0 )
TR REAr SR 27.1.27.2.27.4 °C, B AR T 28 IR,
B LIS 52 A5 AR AR D 3R A RS A 35 A B 5 14:30~
16:00 1 [8] , 25 P9 L8 B 3 B (ELIR EE AT i T A A
ARHD I B R AS IR, 5 A FE AR PR IR D 3R )2 1 1R BE 4T3 Ak
TR AR BB B, A A A AR R R B AR P ) 3R A
15:00.,16:00 B 43511 K 26.7 .25.8 °C, Hii B T 3
1% T 2% IR ;5 16:00~17:00 W] , 42 4 A0 28 45 el b 3
J2 P R S S IR AR B Y ENRE T
M2 25 CUU TR, A MARRDKIZE = MR
JE B4 o ARG 0 0 S B R CHRCIR A #F 17:00~ 7K H 08:00
WiTa], &2 A A AR AR IR D IR )2 P I S R AR 4 T
PRI B, U B A2 B A 7 5 A T 4% A T [) 489 Ak T A
KA

JCHA B B 2 A AR 78 B A 9 L E L3R 4, A
A AT S )2 P I B T L IR R A LA,
WRMEZEN2C, AR 16 h JFEIRH
08:00, & A FH7AS PR D 34 J2 P ) 55 1 38 B A HE 2 P 3R
FE 0.4 °C, B A AR R IR A I 3 IEE 1 &

. 490 mm f%+50 mm & A AHAE CRIR DI A B 2 A
AR B R BAT RAF DR IR &8 A Tl
x4 HANMEREESSHEEREBEEAMEEEL
Table 4 Temperature variation of inner surface of brick
composite phase change thermal insulation wall in

heat release phase

21 FEWIRE/C  EEHER RN MREE/ C

18:00 18.5 20.5
19:00 17.5 18.4
20:00 16.7 17.1
21:00 15.9 16.5
22:00 15.6 16.0
23:00 15.1 15.4
00:00 14.8 15.1
01:00 14.4 14.8
02:00 14.1 14.5
03:00 133 13.9
04:00 13.1 13.7
05:00 13.0 13.5
06:00 133 13.7
07:00 13.0 13.4
08:00 12.8 13.2

K 50 mm & A HHAE G RE PR IR AP I AE Ry 9 AR TR AD S
Xtk $it H SR ) 5 5 A T iR R o A B i 3 X B
AR B IR IR R A A PRI AP IR B HOGTRE A H B
RCIR B HE JCAR AR B0 5 o) B R 25 ) H SR I I S 4
15 °CL B A A RE S IR AP I M AR IR ORI B &
A A S it B PR IR D IR MR = B R 25 P REAR T
3.3 °C, B AMARRYRIRENE RS
AR/ T IR E N BB IR 2™
4.3.2  IARIREE - BIPE E G AR LR B R

12 AR TR 2 IR e + s & A A AR R
BEAK AL B 18] 13 A 24 h IR B i ek
A2 A5 R AR AR R 35 A P 0 L R A T i 2 T

R/ C W/ C
. 2.67 . 2.58
250 2.45
233 232
2116 1.19

- 1.99 - 2.06
- 1.82 H 1.93
1 1.65 1.80
1.48 1.68
1.31 1.55
1.14 1.42
9.71 1.29

a. 1

(3]

:00 B E b. 16:00 B3 #E7



o>

[Ny

s 414

Ay,
£

120 K [H
R/ C wE/C
Bl L JEE

1.59 136
141 1.19
1.24 1.02
107 853
891 ol
7.17 5.15
5.44 3.47
3.70 178
1.96 9.60
2220 ~1.59

¢. 20:00 I 137 e. YK H 04:00 B 2217

A C A C

> 124
117 108
1.02 926
8.64 771
710 617
5138 L 462

106 Xy
353 153
101 “104
500 137
2205 371

£. ¢ H 08:00 L 7 d. 24:00 FHELE )
B2 I RSE L mI R S AHAL PRI AN ]
I 2
Fig. 12 Temperature fields of concrete block composite phase

change thermal insulation wall at different time
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Fig. 13 Temperature variation of the inner surface of concrete

block composite phase change thermal insulation wall
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Table 5 Temperature variation of inner surface of
concrete block composite phase change thermal

insulation wall in heat release phase

Hi Z) FEWIREC AR RN MR/ C
18:00 18.5 19.7
19:00 17.5 18.4
20:00 16.7 17.3
21:00 15.9 16.7
22:00 15.6 16.1
23:00 15.1 15.5
00:00 14.8 15.1
01:00 14.4 14.6
02:00 14.1 14.2
03:00 13.3 13.5
04:00 13.1 13.2
05:00 13.0 13.1
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SIMULATION STUDY ON COMPOSITE PHASE CHANGE THERMAL
INSULATION WALLS IN SOLAR GREENHOUSE BASED ON ANSYS

Zhou Ying'?, Wang Shuangxi’, Liu Zhonghua®, Ma Jinping’, Wang Ting’
(1. College of Urban Construction , Heze University , Heze 274000, China;
2. College of Engineering , Shanxi Agricultural University, Taigu 030801, China)

Abstract: Composite phase change insulation mortar can be used as internal insulation and energy storage layer, together
with the walls of solar greenhouse, to constitute the composite phase-change thermal insulation wall, which can provides
heat energy but also insulation for greenhouse production. The heat charge and discharge characteristics of solar greenhouse
phase change wall are numerically simulated based on finite element analysis software ANSYS in this paper, which
providing theoretical support for the application of composite phase- change materials in solar greenhouse. This study
numerically examines the heat transfer process of composite phase change thermal insulation wall. The results show that this
walls, which consists of composite phase change insulation mortar with 50 mm and 30 mm thick, respectively, and brick
wall with 490 mm thick and aerated concrete block wall with 240 mm thick, respectively, has a strong ability of heat store
and release. Both of them have 8 hours heat storage duration of time , while the duration time of heat release is 16 and
13 hours, respectively. Overall, two kinds of the walls are suitable for greenhouse production in winter.

Keywords: ANSYS finite element analysis; heat transfer; numerical simulation; composite phase change insulation

mortar; solar greenhouse



