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Study of Heat and Moisture Coupling Characteristics of the Phase Change Wall
Zhang Peilu  Cao Xiaoling Zhao Ning Li Jinwei
(' School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  Phase change materials (PCMs) are widely used in building envelopes, which can significantly enhance the heat
storage capacity of the envelopes, reduce the amplitude of indoor temperature fluctuations, and improve the thermal comfort of
people indoors. Previous studies have mostly focused on the thermal performance of phase - change walls, with insufficient
research on the impact of temperature changes during the phase - change heat absorption and release process of the phase - change
materials in the walls on the moisture transfer inside the walls. In this paper, a heat - moisture coupled transfer model for phase -
change walls was established. The temperature and humidity distributions inside ordinary walls and phase - change walls, as well as
the changes in heat and moisture fluxes on the inner surface, were compared and analyzed. The research results show that, the
temperature at the interface of the wall is slightly higher than the temperature calculated by the coupling of heat and humidity. The
moisture coupling effect reduces the wall temperature by 0.7% to 1.86%, verifying the role of moisture transfer in thermal
buffering.Compared with ordinary walls, the temperature attenuation multiple of the phase - change wall is increased by more than
1 time, the relative humidity attenuation multiple is increased by nearly 2 times, the delays of both temperature and relative
humidity of the phase - change wall are increased by approximately 3 hours. The fluctuation range of the heat and moisture fluxes
on the inner surface is small, and the peak appearance time is delayed by 2 hours. However, the phase - change material has
basically no hygroscopicity, resulting in the relative humidity of the inner surface of the phase - change wall being greater than that

of the ordinary wall, but the fluctuation amplitude is reduced by 37%.
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Table 1 Material heat and moisture physical property parameter table

050 150 200

- ML - ML ‘
SEMEME REL BEHAEME TREEL
HIE FHRARH 15.8
753 1800 0.451 1.5+——w
/(kg/m®) /W/(m-K) 1000
1568 . 146
Eb K £7 SRR [1.01x10"*e“”7°J RT 163037
kg C) W 2138 /(kg/m®) "-2.01x107 [1+(—8><108 T/”’ In q)] ]
w
S IX ] KFEA BB R M, 26.1x10°° 1-116
26~32 — 2.078x10!" RT 200 2
/Ic /kg/(m-s-Pa) 0.5(1—%) +0.5
FHAS P Hh WA KA 5 B S0P ~39.26+0.07(w-73)-1.74x10"* (w - 73)’
o 215 — T 2;3 1’”5’ SoP exp|-2.8x10° (w—-73) =1.16 x1077 (w - 73)"
/g) /kg/(m-s-Pa) (T-273.15)8,0P, ~2.6x107° (w-73)°

T P, WKKIERE, ke/m? M A/KEIEE/RBE, kg/mol.

» R E AT X e H 2 SRR i A,
Va e B 3 T, i i 34.8°C, IRARIRIE N 21.7°C,
2] /7N / P35I 30.68°C o HLAUL BT kAT A6 TR T

] N\ // e 23°C. SO%RH, % POl % IR 4 Jy 23°C

el \ o g 50%RH, 25 A AMIGHATH A 2R 020 3 8W/(m2K)

% 26 1”& A 48W/(m>K) » X i & BT & B A
\ / \ 6.16x108kg/(m?s)F1 3.96x10-8kg/(m?"s).

A e Fl A B 2 P A 0 A il 1 1 3 S A
L R AR TR T M T SR, T T M VRO AL IR I (8], SR A0 v AR IR I T UK
W1 (&) FESR AR AR T IR I o, Kb R A O

B3 mMBEAEMNRRE 0
Fig.3 Outdoor temperature and humidity on a day V= @e 9)

in Chengdu



810+ A 5

G| 2025 4F

TR (8] £, 270~ G 5055 A P 2 110 I 100 1 U8
e (E (B ARAED H I B[] 5 45 A o ) 2 <UL i
FE e (B AR HBLRIRT R 2.
22 IR E LR ST

EH ] 4 R, RGBS A I 05 U8 B T L o
AL AN /N, BT 5 R B R A R AR S R R
RESE AR AR R AR AT, /N L BRI B8l . B
Al AL BN, R AR A 5% ST Ak U IR B B = A T
0.7%~1.86%, HL21 7% & T RN 1) AH A8 1l 4k 25 A8 At
T A iR P32 W vy T PR RS S  ST AR IR, F e T L
VAT FEAE SEBR SR A W] A0 A I I PRI
VAL B AP AERT BE N T AR BRI A B o

3107
30.59 « 4
30.0 *

.
29.5
29.0
28.5]

2807,

©27.54

e

. 27.0

o ]

L=t B

™ 26.0
25.59 . .
25.0]
24.5
24.0
23.5
23.0

i) (h)
Bl 4 BAERSRIERBEEMERII
Fig4 Comparison of simulation results of simple heat
transfer and coupled heat and humidity

R S5 A A Sl 55 AT P AR S 2 SRt ] 5
Fis e BPIRTRAR 24h A IRIIR AR TR, BE AR A
TR IR i R PR R A AR TR, i SR A
N BRI 3 AN AR = NI
A SR R L BB B o AR 1 3 FAt i
H1 Ah 2R T 28 1 AR A AR X 38 HLR B T AR AR
26°CIY, KAEARARRINSSE, HHAR S 1A P il 2 i e
)28 b, T 30 5 S AL P 42 SRS i B R 28 1
-, WAEFHAZBE R x=50mm. x=150mm &b B 50
W A 3 4 A D o R AR G 1 A 3R TR B AR
24.16°C~30.01°C Z [l , I 4 P S 2 THIIR 5 2
24.16°C~29.57°C 2 [A133)), H il YK 0.44°C;
HHAR K8 1A A R THT I 2 7 24.14°C~25.22°C 2 [8) 3¢5,
S K8 R A R THI U2 7 24.44°C~26.45°C 2 IR) ),
e i B AR 1.23°C, Wl WL REA R PRI 14 Py 2 i
TR, NIRRT . AEAH R A READL T T
R 8 0 A 1 30 355 A P T D % B 7>l 5.52 A

2.69, AHARREARIER RS R RR S T 1 52 AR
oA R S 5 A4 IR, AR I 18] 43 53104 7h 1 4h, AH
AR FEZE IR N T4 3he Z5AKEIS (o) (DD
AR, FHARRARE B AF L 5 B A4 3 g it it 72
558 RS R B, AH AR A DR A AR AR AR B AR AR
RN IESE | MR _EFE, BRI T 5 A SR AR
WP

31

—8— x=0mm
—#— x=50mm
307 —m— x=150mm
—#— x=200mm

29
28

274

R (C)

26

25

24

D e L R B B B B S L B |
0 2 4 6 8 10 12 14 16 18 20 22 24

fE - (h)
(a) HFHACKS VAL L B I (R AZ £

= = (i
. =8 x=ilmm
30 —m— x=150mm

=l =200

BE ()

T T T T T T T T T
i} 2 4 & 8 12 14 16 18 20 22 324

] (h)

(b) 3 di At PE B I () A2 4k

—— =i
=== =1h
og - == t=18h
—a— =24k

e cy
5= [

23 +—r—-r-r-rr-rTTr T T T
L1} 2 4 B B il 12 14 I6 13 20

X (em)
(c) MAEHERNSTE T I FE A2 Al

i



539 &5 6 Ji SR, S RS AAEAR SRR ERT T - 811 -
2 I, LR DAY TR o 3 R A A A IR M Tk

23 T T T T T T T T T T T
0 2 1 G E:| e 12 14 1% 18 20
X {em)

(d) EEES A 5 BE 77 ) it AR Ak
Es5 ERETE
Fig.5 Wall temperature changes
R 8 4 A R 30 58 A R 0 3 R AR A AL 5 R
UATEL 6 FIT o B A A3 THTHE 0T 52 28 SN JEE S
DB LB R, N 2R T 32 A% 328 B 1 i 52 o 4 A
A1 S PN 2R T TR AR A, TR PRI IR A 3R T

85

80

et B b B N

70 _,-/"./.

AAXHZAE ()

L T

457y g -——--‘H:::::::.‘.

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

BF1E] - (h)
Ca) HHAZ S A HE I B I ] 424k

—8— t=(h
BD - == t=1Zh
—=— =18h
v =@= t-24h

o
=

HRHREE %)

T T T T T T T T
L] 2 i 6 8 Lo 12 14 16 (8.3 20
% (em)

(c) MASHERINSTEETT [F AT AR 1

BB 76 5 2 TR AFF T R U8 T /), DR A A G L VR £
DU AN o AHAE RS x=195mm A1 D ALK X
FEREAL TR, x=0mm. x=5mm. x=50mm-
x=150mm &b AH X8 JE 1 Gl A, A AR A A
x=50mm. x=150mm s K AHXVRFEFEARAAR, I id
BaR x=150mm AbFHXHEE KT x=50mm &b, 454
Bl6 (c) (d), BEEMAMRIIEAAN BA IR,
T BURH R $5 Ak P 2R TR ARG 52K T d@ Rl Ak o AR
R AR T 5t A P 2 TR 43 ) 3.13% 5.06%
7 335 A PRy 2 THTAF G 5 0 28 8 2 5 387 il 4 4 /)
Tt B R BEE S B A, AH AR R A R I N 3 AH A8 A
WG TS, Tk R o i A Y A s (1) 52 1 %o =35 N RO LA
VRIRAE R o ZEAH R AL T T, AH AR RS A4 A0 i
A N B S DA B0 i 4.04 A1 251, AHAR
AR TR AT R R T 2 A% s AHARRE RN I R A4
FHAR VP SE IR I [] 43531 9 10h AT 7h,  AHAZBS A4 AH
P P SE IR B I T £ 3he

85

AEXHRAE (%)

o_
»
PR 1
o 4
o5t

10 12 14 16 18 20 22 24

IS (h)

(b) RS A X FE B I ) 224k

=== 1=fh

ap —== t=1Zh
—a— 1=18h
—=— t=24h

R ()

X {em)

(d) M3 S A J5 L7 T AR O L AR Ak

Elo EAEHEEEN
Fig.6 Changes in relative humidity of the wall



=812 - VA

G| 2025 4F

AR P SR T VB IR BER AR L B 7 B, =
W SR FE AR AR T S A Y SR TGRS, YA ) =5 Y
T BE TRCR, AH AR Sk A N 3R T AL AE -5.51TW/m2~
-10.41W/m? 2 [8] 3% 7)), 7 38 55 4k N 3% T R 7R
-6.93W/m?~-16.55W/m? 2 [i]% 311, i B AH 308 388 435
A, FHARREAR A 2 A SRR /D, SR /N FLUE (A
HH I B ) REAR T 2 AS/NE o [ 355 A P 3R T R
iX, KES D EINMRTENTA, RN R R

4

—=— AR
—m— ik

PRI (W/m7)

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

mfie] (h)

(a) HIME

WIRIE, ZBNRIKZESSEE TR0, AR
(1TSS I L T i< M - A N 1 TR T A M ¢
-1.72x107kg/(m?s)~1.66x 10"kg/(m?-s)Z [B) I 5, T
I RS R N 3R TR I AE -3.21x107kg/(m?+s)~ 3.01x%
107kg/(m?-s) 2 [A] %3l , 1t AR B ik, AHAR
R P2 TV A R U AN R S LA H LB (i) 2
iR 2 AN/

—=— AR

] —=— wEwh

w

R ERIR X 10 kg/ (m* « )

T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24

B1E] - (h)

(b) MRifE

7 iEARERERENL

Fig.7 Change of hot and wet flow on the inner surface of the wall

3 g

A SC U AH X FEE A BIK 2 34 7 TR AR AR AR
A AL AR, FIH MATLAB #HATHERSR AR, LI
FCERHLIX B H ARG A T SMA %A, X AHAR
AR EAT BB, 1SRRI

(1) A FE T A (1) 55 A58 T TH] Ak i3 s
m T AR A THE T HRE, RGBS 1 A A i
TR EFEAR 0.7%~1.86%, JGUE T WBA% 138 XF FA L% ph 1K)
EH .

(2) AHAZ SR AR P 2 I 1 5 B AT 3 ek A 2
IRYEA . FEAHF AL TOUR, B @Es Ak =,
FHAR BRI FE S i e = 7 1 52, AR
AR R 1 I 2 A% s AHAR B A I RS R o I B A
RGN T 29 3he

(3) MHABMRIEARN G RENE, ST
2 B R PN 2R T AE R B2 K T e ik A, (L8 B i 2
FAAK 37%.

(4) B mBE R, AHAR A ) == N G D,
HEZR 55 4k P 2R T HAGIE 9 12 98 0 s B /S LU o B
A ZE IR 2 AN/

SE

(1] FRIEFA, (a7 5 M8, 7K 18, 5 RH A A 8 AROSE T A R T
5275 B A (0 R AR 52 3 BT (0] SR 72,2012,28(6):
102-105,1009.

2] = EXE X ST ANSYS W HDLIRER &
AR DR T 43 A% PR B ADLIIE 72 (7] K BH BB 27 41,2020,41(4):
113-122.

(3] FLFETE XD By R, 55 A AR & et 2 DR R B Re
ST BARATH FE ] 5 F} 22,2016,32(8):40-46.

[4]  E¥EICEME PV T FE T Bk @ s 4 iR
DAL HT[I]. 22N A K 55 4K,2015,34(3):153.

(51 EUR, A AL 6 Be A4 R BT 5E 2E R (01,7 M AL
1T.,2008,35(6):75.

[6] HAUPL P. Coupled heat air and moisture transfer in
building structures[J]. International Journal of Heat and
Mass Transfer, 1997,40(7):1633-1642.

(71 S5 G WP A YRGS b RIS [D] 4R
P rp ALK 52,2020.

[8] CHO B, KIM Y, LEE S. Study on the heat-moisture

concrete under real

transfer in environment[J].



39 H5 6 1

SR, SF: AR AR IRAR & LB R ERT 7T

- 813

[12]

[13]

Construction and Building Materials, 2017,132:124-129.
TR, 2R 52 R S A AR TR A RN A HGREA
I S M RO ] 2 S} 52,201 6,32(12):72-79.

A B E T2 SUAH AR BE AR RL RRA 32 B 18 70 BT B
BREG W FE[D]. 05 %2 76 2 R FRHE R A,2017.

JIANG D H, XU Y Z, CHEN CY, et al. Preparation and
properties of phase change energy storage building
materials based on capric acid—octadecanol/fly
ash—diatomite[J]. Journal of Materials Science, 2022,
57(46):1-15.

HOU S D, LI H, ZHANG G Q, et al. Coupled heat and
moisture transfer in hollow concrete block wall filled
with compressed straw bricks[J]. Energy and Buildings,
2017,135:74-84.

MELIN C, JANSSON R, SVENSSON S. Simulations of
moisture gradients in wood subjected to changes in
relative humidity and temperature due to climate
change[J]. Geosciences, 2018,8(10):378.

MELIN C, JANSSON R. Moisture gradients in wood
subjected to

relative humidity and temperatures

simulating indoor climate variations[J]. Journal of

Cultural Heritage, 2017,25:157-162.

[15]

[18]

[19]

[20]

[21]

LU X S. Modelling of heat and moisture transfer in
buildings - I. Model program[J]. Energy and Buildings,
2002,34(10):1033-1043.

ZHONG Z P. Combined heat and moisture transport
modeling for residential buildings[D]. Indiana: Purdue
University, 2008:18-24.

KONG F H, LIU J P, ZHANG Y, et al. Heat and mass
coupled transfer combined with freezing process in
building materials[J]. Energy and Buildings, 2011,43(10):
2850-2859.

X A I X B ARSI 2. AT
REPEWEFL[D] A VD T F K 2,2015.

RAO Z H, WANG S F, ZHANG Y P, et al. Energy
saving latent heat storage and environmental friendly
humidity-controlled materials for indoor climate[J].
Renewable and Sustainable Energy Reviews, 2012,16(5):
3136-3145.

P ] e AH 22 ik e A SR A A TR R K% REFE S R 7
[D] AR A E A PR H2,2018.

IR T AHASIRRS AAR A EEIAIRAL SR PRI ST (D). R
IRFE R ,2021.



	Study of Heat and Moisture Coupling Characteristic
	0  引言
	1  热湿耦合模型建立
	1.1  湿传递模型
	1.2  热传递模型
	1.3  定解条件
	1.4  模型验证

	2  热湿耦合传递特性
	2.1  墙体构造与热湿物性参数
	2.2  热湿耦合传递特性分析

	3  结论
	参考文献

