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1.3l

AT S REFEA R BRIR = SR HEE T 30%-40% [1], HARK—H
oy 5 A RR A A TR B OC, IR R R AETIEE . N T I X Fl
THFE, TERESUFE 2540 8 PR BRI V2 IR — PR ) okl o] LA
5o SR ) TS B = LR AR BB UR AR [2]. R MIRR AR, it R AN SR
KON, TERAATNHAERE, EARGSIERKERY, AR EK
SN, ST RIGIX SRRk, AEPIERRE CINFERL. RMRIZEERD H B EESAT
Ml H R SR R SZ Y, RO BT R R G, E A A iy S PR R IR R R e
o AEVDNEMBIE B RAFIRE, GRRRERE . RS 3,418 R 17K 5>
ZERRE T [5,6]. BRI FLERRMEEATREBAEFLIR R IR SCRNE 7K 73, SRIE IR
P B B S AR SAREUK 7o B A IRAT RN BB 9P 45 44 ] DA SE IR R 2 50,
e I T = RS R B R A B I R R A TR

PNVFERT, ai/hdE. KFERIRZE, 2B RIAETmE [7]. B TAREA
B s, R R — N R . BT AR RS R S
Pk, FEEASEH O TRKE. FBFEEE, HPRATarge 548
HEFIREE, WIERERAYE. AR THUREBAM BRI AR &35, BRTIE
W 51 2 K& I 5T TAE [8-11].

2 A LM EMVEAL TR S A MBI AR AR . Ismail %A
(121 R AEMARAE 72 FEE G B GEYERE, KIH THSHAE, &
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EMELEA mKERBEN. Javaid N [1318 H RSP BAGETF R IERAE 1 F4
HEGMENSRERL, RIHERK, N 0.023 W (mK) , KTEGEE
LIFI)FINAE SR, VP E AR BE RIS 54 N kAT, XA
& DI PPAL RS AT 2B BHME A SR A R e, AR B AN 1HE SEBR 1 4%
PR 52 B Zh A RGBID AL R0 [14,15]. 1A, BRI 8 R SRS A PR 8
AT, MR R B 2K 52 F ORI BE R B ) &

TR E NS RS e IR HE T RE, A ZRUE B IS IR R 2K A
N, WREEERE, WEMAS RS2 A MORE A YIRS GRS R RS
PERE . AUEESRML 7 — P20 A, H S IS AR i v ) A 4
fiko Slimani 58 A [16]0F 78 T 1EZ A5 T AL 4R AR I HGBAT . TR
PRI PR IR PR RO W R U e B, K28 S BBt A VS /K R B BT 40 AT o Latif 55
N (177585 OB S0 3 b 1 = Fh AR R AR e, BD AR AR . AR 4R 4
T AR FR A £ 48 R0 R R A K R A AR TR . 45 SRR 8, R ZE IR Rk ) i
AEFLEFN A AR LA A AR LA o s AR I A AR AR . TESR S MBS 4
R, xR RRVEEE L [18]. HEAUREEL [19)MIRHIREE L [20]7ERE R EE EAg#
AT AT T2 00T, 45 R3RW, EWDIEM R AT BT SR At S R e A8
b, FEBRUE T AL RFIL I A (SRR A RN . R, B s i penI R
SRRGEE FFSFT AR RAIRAT AR A B3R it 7t . TR 264
RIHRR FITHOW S5 A FFLAR 0 A, X PR ) A FAFN A AR 1 T R 5 A A= 4 4
FARLFIRS FTIRAE - B AN

T IR 22 FLAY J5E Hh FR A 3 AN K A 8 P AR A R T i RS 4 1 T AR
WIIEBE R IAHGBAT A [21,22]0 SRR HGEAR AL 2 18] ) 3 B X I E T K iR 1
XA S, BREMAMSEE. S/KE. ZRIEMEUEE /7. Kaoutari
Louahlia [231JF &K T — MBS AE B, H T B A 45 M BRI 48 2 b
MRHISUE S I RGBAT A RO, BT RS MRIRE 71, M BT
IK 3B E AR EE S5 R R BE 9 F4% . Mendes 25 N [2410F 5% T 7K 73 %A% S A 47 )
SO, R I RS AR R K A ik 2 T BUFE OB =R RIA 59%, IS EUE
REFEARAL . ZRVRAE AR S 7 BT Tp SR R, DA RIS A
V)R RE AT WERR IR K A AT R T . SR, TESRET AR, BT RS TR A
&, XA IE B R A A AR Y [25,26]. Alioua. Agoudjil. Boudenne %
N [2714 A Kunzel B89 ELER T FHOHE B2 B RS0 T BB ALV % 70 A RV A i i
FER IS DU R MAUEA ST EE (RHD AT . X SRR 70 W B By B 5 7t A 5
BEMEAmE, 76 3 FHAK. 7.5 FKM 12.5 KR, 215 5iE 3
3.8%- 4%F 2.3%. AFFHE IR EHIARMESLIGRAE TV (ASTM C1794-15) 4k
ERR TR RIS KRR . SR, ARdEN A — e KRR, Flng sz A
NERFIAE SN RIS . oAb, IS AR T M A i LAAERR AR,
T T m IR A RE, RS BRI R IR S IR AR A L, SRR EE
o I, BhAFNESLNE I vE O T RAEBS /KL 25

IR SCHRGER Y T AR TR AR 2 A i R G, DA RS /K AR I 1)
L, DUMEFERE R AR YA R RIBAT . AR, IR, K



TEERERRIFE SR 2025, 3(1), 248

IR R K 2> G2 RE T AR AT A M EHOBGRAT AR BRI B0 R R .
by AL IKEERS AR HE T IRAE S AR BN AS AR AR S (10 RE /7 7 T 52 BUPR G, 6
R TR A R N TN —F B, AP IRR T BRI R
AR ST B AE YR R AR BGRAT v . 7RSI ARSI A BISSE AR
AFFAET, R S S E AR PIRIERE T 1SRRI . BT AR AT
TRISEIR IR, SEH T — A T ORE RS KR R . AN, RS
e (TH) B, RS RRIRAEE (CHMD A DL SRS & 14 R < 5 )
&K (CHMWL) BRI PPEREREAT 1 LURL,  BLRA T RRE & OB A A A%
S e - T R i SRS R AR AT O S

2. MBI
S AR 1

Hygrothermal behavior of a novel single-layer rice straw wall

______________________________________________

Isothermal Non-isothermal Dynamic i

25°C 25°C 25°C  5°C  25°C 5~15°C i
KCl  CaCl, KCl  CaCl, K1 B
4> [

[ T and RH revolution within the wall

Numerical modelling

Inverse estimation of K;

Input:
Measured T & RH in internal and external surfaces
Matcrial paramcters: p. 4, g, &
Initial liquid water permeability: K

i F—

CHM modeling (COMSOL): Measured T & RH

o 20 a T & RH at different depths at different depths
3 within the wall within the wall
E
(=]
TH, CHM, CHMTW model 3 L
CompaIISOH 'T'j é [ Objective function: AK) |
5 90 : T
. <E v
Sy g Optimization algorithms: Fmincon, PSO, GA
j ; = min K}
=

| e

o ]

i Step 2:

Ouput:
Estimated K,

B 1. W FT ) EAHE S

Figure 1. Overall framework of study.

2.1. SLR
2.1.1. RIS HE A AR
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X TGV 9T 1) E psi A 50 4 FH AR DR R G M L B 0 B 2 58, R P g R R B
K EfEE . XM AN ETM R AR AR ERE, & —Fm AR
WAk, &G RTREE R . R AMBES LT ETT R S 8wl B FR N 1)
FEREL 5 R AR B . SR PAE M RE T pl i b, X LU REAE [28] B M
JE o IR 50 x 50 x 8 cm, HAFFIARLLERRHBIRL, Wit VAEER PVC
W ST B A, AR DR I8 I 1 R R 1 B (m A IR R ik (LB 2)

B 2. (a) LA (b) X304 o
Figure 2. (a) Hole network; (b) test wall.

HEMBIERIBIERE CAESR 1 P T T RIEMGS, . BARm S, Ak
FIETERRES T EM BT R, MERRSRRBEHEKERLM R,
F2BOWE N 0.56 [29]. W B S5 R £k bR 0T PR M AR IR S5 R 26T B (E Y
Guggenheim-Anderson-de Boer il & R THFNEM MR LR, BiIZKES
BERSHENBERLMERR.

R 1 AR - RIR R SR RIRTERE .

Table 1. Hygrothermal properties of rice straw—alginate composite material.

Variable Value/formula Unit

Dry density pm =124 kg/m?

Mass specific heat capacity Cpm=1353 Jkg/K

Thermal conductivity 1= 0042 + 056 w W/m/K

' 71000

Sorption isotherm u= 0.2978-¢ kg/kg
" (1-0.9560-¢)(1 — 0.9560-¢ + 4.6027:¢)

Water vapor permeability v = (6.69 ¢ + 1.44) x 101! s

REBESREE H A SHT7S &3 (Hi - Sensirion) , T i s REEE N 413
T DA R = AN AN [R5 P2 1R il B RURE 6 8 P AR A . SHT 75 AR SR I RSFIRAN, N
3.1 x5.1x19.5mm, EEIRANATEAERG b, TR KRR B2 Hb sk i 3R
BEITFH0 o P AR T 52 WU 2 R4S BE A 29 3ol 0.5 °CRIE2% . N T AEANR
Bl RESE B (IS DL T 7 (AR RS A, A& TNl Al A AR i
HET HRESEMF D (B2 o N TRDIERTE, RS 5 I B R 45°
R o
2.1.2. SEIOE

AT CETHIL-INSA H 5 SR80 = 1) 5250 Wit B fE 0 AL 2481 A T @ 3
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9 A ALAF I FAIRAT 9 [16,30]0 20t FE PSRRI 2L, I 2H e 2 e [R)
I BB 1 H— A EMEE . — 2 60 mm FIERELMERHE. IIANE
PRI AE IR & SR AR A —MEPUN 0.5 m? M S SEANRE =418, (Rt
MANRIIEI ARG T 1 m® R B 2 i 240 mm 22 MR HZ
P JZ 40 mm BRERRE AR . — A5 A B AR BRIVE TE 1) R E A E RSN TETS
ik = A — AR R TR 0.5 m? 19 A o515t Re = A AR (RIR 1E IR
A SCVFARYE 222 ARG ELR 25 P9 BT AN BR 2 A (1 PT100 A% 12885 I B AR RE3EAT P
PRI ER R o AHIT FUR A S 1 R R 1 SRR . [ 2 R AT
Clima R4 (CTS) MUK, % FRGEFCVE™ A I 7 AR B AR X
A AT IR A IR ) A SR — S TR PT100
ko FERXTSLIGHTTEH, CTS A A IR P2, 0 il il v
AP TR 1 ARG 2 e AR L . XU 22 2B AE B 2 SRR T
i 20 FOKR R, DMERRIE N 2R 5. B 3 40 TSR B IR
Ko IR AR IRES AR PN R S, DL S It I 2 X B L A P 4
i o

Alr exit (to the climatic chamber)
Internal parts

External parts
Salt Solution/Desiccant

Tested wall
\
Compartment 1 i

Compartment 2

Heat exchanger
(to thermal bath)

— " Airentrance
Compartment insulation (rom climatic chamber)

(@) (b)
] 3. (a) CETHIL-INSA H 5 S50 % 550 256 B R = AT (b) ML
Figure 3. (a) Schematic diagram and (b) view of experimental setup at CETHIL-INSA Lyon laboratory.

2.1.3. B ARB KM

ARFFRAT T =00, BPERE . JEFR MBS . ok, W5
BEAE S WA N AT R, HERE. MNTIEaIR, ¥ 1 SENEERE
N 25 °C, S ilME AN SR (EPEAREE (KCD D FIF 55 (RS 445
(CaCly) ) W 1 5=/ 2 S ERAXIEE . #RHE SO 12571 #rifE [31], A
KC1 A1 CaCl, TEFAVRFFIARXHE B EZ8 85%RH Hl 40%RH. /KZ&S#
W ERE T, ERARFE, MR E AR . b, SPETAEXHEE R K
TR FSRERETEOC, XA SRR —BURE A 075 (31

SRR, K= 2 75 25 CCHMEIR NERFFIUR, DUHBRERRE. %
TRIE SV 7K 0 R AR B SR I BE AT N RS . o T 3RS IR, K=
2 7F 5 CCHMEIR AR R o WA FHXI RN 283 A FEE A P 0 1 4 MO 5 1)
FHIF o AT 2RI T R 2 U P P I8 B /K AR A ) e . S IR
K2 SHe TR IIREAR L. 78 24 /NS ROFEIR R, JRIEAE 5 °CE 15 °CIa)K
31, WEEEA 10 °Co HHATZIREE N T W 78 R U0 BE 78 B I SE 4614 1 1 AR AT
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B LA ATEYE, ARSI IS, 8 R R I A
FEXE N A SEBRIERE o SRR F) AL A2 S MU R S R BE 7030 9 2.8 K 3.6 KA
6.4 JE K.

2.2. CHM f&%Y

T FREMEEESTE, JFR TERRERGER . AV R AN 2
AT, BRI TE SRR R, RERBEW T (1) AEES
L (2 AR BRI R AT % I [ 1 PR R R s S 1
(3) R EL RIS RE K Pl (4) W 7 W BRI 2 A]
FEM%: (5 BRIRRE I SIRETR, IFH (6) BIMAUK LN
— 4k,
2.2.1. P52

EZALMR, KA NPT B, BIZKZE SRS K. HR4E
JRESFIEER, KRR [32]:

ou
PmGr = =V(g» + g1) (1)

KRB E, g (B kg/(m?s-Pa) MR /KIEL R,
TEAZIGERI T, TR R SE v R, VBES /KR R 1A V5 s ik «

P,

gy = _6PE (2’)
aP.

= —K — 3

g1 K 9x (3)

Hrh 6, (FAAL kg/(mes'Pa) WK TBER, K (B4 kg/(m-sPa)y A& KB IE
K, P, (FAL Pa) N3 7875 K, P (BRAL Pa) N BANE K ).
NTAET IR, AZAACR AR BEVE K o ik (Rl R 22 . [Rth, 2%
FRIERERE AT DAHE S
0P,  0(@Pysar)  dPysqr OT dp

- 4 4
ox dox Tar ox + Posat dx @
HA Py e LR FHBEAKZESE CRALN Pa) , o —AHXTRE
515 A R M AN K 28 SR IR AN [33]:

17.269T
Py, sqt(T) = 610.5exp (m) (5)
WRIETF RSO RE, B B SRR T HES 1 [34]:
o, oT T g
F (In(fﬂ)a‘l'ga) (6)

oA py (FRAL kg/m? R RASIKEE, R, (AL (kg K)RAKESSMER, T (R
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AL KD IR
Rk, KITRE (4 F(6) RATTRE (1), KA TTREU R -

dp 0 APy sar oT T\ d¢
pmfa = a [(67,@ dv’]fa + KleIn(§0)>a + (Sppv,sat + KipiRy 5) a (7
Horb & = 0u/0p AR ERLEIRIZE, T u = flp)s
2.2.2. #PHEHFE
2 L8 BRI Az iy T /K ZE RS K B HVE, R A T A 22 T
Bl MERIHASHE R PLR IR N:
oT a8 /. T Py sqc OT 99
(mep,m + WCp,l) E = a </1 a) + Lv <6p (‘p%a + Pv,s,sat a)) (8)

Hr, 2 (A W/(meK)) 2RISR, w (BT kgm)ZEKE, Com (PR
B (kg K)EMENREAE, C (AL (kg K) ZKKIBELAR, L, (A7
Jkg) e 28 R
2.2.3. B F%MHF

e CHM B8 FIAES 2 77, C.7F HAMSTAD ZE#EZR G 2 hilb4r T3
E. AMUR I R AT

9i = Bi(@iPsati — PsurfiPsat,surfi) )
9e = Be(@ePsate = PsurfePsatsurre) (10)
qi = hi(T; = T) + Ly g (11)

Ge = he(Te =T) + Ly ge (12)

Hrb, g (AL kg/(m?s) Rl AL ZRIE R, g (BB W/mP)J& il S ab i #il
., B (AN kg/(m?sPa)) el AL 2R AL 3 R AL h (BRAL W/(m*K)) A2 Ak
AL RE, RRSERS

Z RE BT ANVE R A RECR A, AHIE T I & T X560 55 14 2% T R R
FEXTREE, FEHHAE L %At EN:

p(x =0,0) = ¢;(t) (13)
p(x =L, t) = ¢e(t) (14)
T(x =0,t) =T;(t) (15)
T(x =L,t) =T,(t) (16)

Horb, L RRHER, ¢ RIS, @A e 793 2o 06 55 ) 3 R T A Ak
eI

2.2.4. RIETT B
AW FE A8 H COMSOL Multiphysics 3R 4% #FEIR 7 FEREAT A5, 148K

7
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A S —Fe R F A5 PR R LA R % . COMSOL 2% T H 432 F T Hai i
F [21,22,35] COMSOL H [P ffsr H#E (PDE) B [H v 99 N A& HOR1A£ 1T
TR, FFESEATZ HREG KRR EZBHd, (Rl 7R — R RIE
R
2
Cuytda et VI = f (17)
Ht, e Rl RE, dAHBRE, MERspms, ffEIim.
R & S e P RIS o AR BT T 2 L, CHM B AT AR R 30

+d

ZHH:
aT dP, v,sat de sat
L, g
p f a§0 Py sat T @
" at l6 + KleIn((p) Sppv,sat + KipiRy aj
2.2.5. BB IHIE

HAMSTAD FE#EZ M1 2 KA 200 2K B Z B AR I IE B ERAR T . B
UL T FIEE IR 2N 20 °Co TE 95% HIRAHGHE B FHIghibfE, Wk B ik
AR X6 B I 26 T o P S A A S5 A 6 B AL 43 N 65% Al 45%. 1t
4k, %*ﬂ%ﬁ%ﬂ%m%é&“”w&iﬁ25W/(m KR 1.0 x 1073 s/m. 25T
MEVEME . BT RERRE N, BERE & K& ih 28 mT CUE I AR bR g, et
FERA MR, TG R IEAT BUEIE AL . BAUHREE T 1000 /NIF, 15 2] H) 4558 2 100
/NS 300 /MR 1000 /NI Bl 2K

Z 2. HAMSTAD FEHE RG] 2 shdp k) G ar e .

Table 2. Hygrothermal properties of material in HAMSTAD benchmark case 2.

Material property Value/formula Unit
Density, pm (kg/m?) pm =525 kg/m?3
Thermal conductivity, A (W/(m*K)) A=0.15 W/(m-K)
Specific heat capacity, Cp,n (J/(kg-K)) Cpm =800 J/(kg'K)
Sorption isotherm, w (kg/m?) W= 116 kg/m?3

0.869
(1-g118M )

Water vapor permeability, Jv (kg/(m-s-Pa)) Sy=1x10"1 kg/(m-s-Pa)

Moisture diffusivity, D (m?/s)

D,, =6 x 10710 mZ/S

ME 4 FETRIEH, CHM AR H R A5 1 5 i 45 R [3616 1RIFHY
—FE. £E 100 /NEFL 300 /NEFAT 1000 /NP, CHM #5845 5L 5 20 M i 22 )
(5 KA R 224> A 5.4% 4.3% T 2.9%. XLestE BAEH T CHM [ 2K
P
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i’ 60
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€130 —=—Model (100 h) A
= —+— Model (300 h)
20 ¢ —e—Model (1000 1)
10 . . s
0 50 100 150 200
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& 4. HAMSTAD ZE#E S0 2 (17K 5 & B ih 28
Figure 4. Moisture content profiles for HAMSTAD benchmark case 2.

2.3. BAKBE BN E

M ERARAE K REIARHETTIEA — € M RIRYE, HIEEZ I iR ZEM
MARAESE . teoh, RAMEHEFBA SIS S ME T AL, 5 R Tt
IRSREPRL, DR R A I B R AT ) SL B B A LU AEE I R 22 e . R, ASHF
FURRH T — MR SEAG TR, ARIERE A R ) 3h 2 ISR i i AR T 7K 1
2.3.1. BT

FEAM T, WAKBENE KA MR BN, FEREDSEMET
A ANV TR IR P RN AR O I P I AR A e . K I e R AAE SR B 5 R
No

Input:
Measured T & RH in internal and external surfaces
Material parameters: p. A. g, ¢
Initial liquid water permeability: K
CHM modeling (COMSOL) Measured T & RH
T & RH at different depths at different depths
within the wall within the wall
[ I
¥

Objective function: AK)) |

}

Optimization algorithms: Fmincon, PSO, GA
min{{K)}

LiveLink™ for
MATLABE - COMSOL

Ouput:

Estimated K

& 5. 28t TR AR .

Figure 5. Parameter estimation workflow.

R, K BERIRT . R EAAERT KIEER 0 2 1.17 x 107'°[37].
NI, B KRS KRR, N Fs:
K, =(axw)x10"Y (19)
Her, w (B kg/m®) RBoRMEFFRIKD SR, o BRFHERTLENSH,
JEFEAN 0 & 100.
NT PN FEIRIfRIOT %, ATk 2 B sk Boe SChIE SR (BFER
FERAHXHRRE) 5 CHM RIS B 2 (R 1)~F 7 iR 22 2
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f(a>=zj:1zj:1(yw;—im@)z 0)

Horr, yu FoRBEAN I EAR & n CREZFXRED 1) 1N AL T yu(a) W3R
A~ EHE CHM B A AT K tH R AR
Ik, wRUEN e/ ME B bR s S 2 K TN SEL Wk s

min f(a) = ZNZL (yl‘a—yl(”)z 1)

2.3.2. fRALSE

Fmincon &2 MATLAB {4k T EAH B — R — g iR 5%, H 15K
FFOER) IR IR T Bt —MmAT I R =77, U R EdE
MR B 2 R i /ME . X 5% I Levenberg-Marquart 5758 ANFE, f5&
MBI R, FRATIESE Fmincon H%RAE Levenberg-Marquart
ik, RNEREBASIARLR. EARMAH, Fmincon 1EFE T N AR,

SR EERBUBE SR VPl B AR R ELIBE BE . AR TR S RIE IR BN 10 IR

KL (PSO) HER PR 2R 7%, HRBORIE T H R A
YIMRR A AT, WS AE B EARIZ) [38]. fEixBEET, R HHAL
B RRIA . KT ia sh 252 21 HA0 12 CL R BTG R I ) s A0 1 1 5%
Wi, JXAE, AR R DAL S B T AR

PSO FiEMIHESEU/D, WEoEE TR, 78 PSO Hikd, ®ASkLF i B E )
wEAAERED N V= [vi, via, oo, viv] B X = [Xi, Xoo, ., Xiv|Rom e RL T i ¥
WRyER T i e AL E (RN pbest: = [pu, piz, ..., piz]) FHEEASFPRE A ) B AR AL
B (B gbest=[g., g, ..., gv]) MIFEMIHH HOREAM B . [ &V /X1 26T
BENLRIAGAL, SRERRHE LR A A7 5

VMl = w -V} + ¢ - rand, - (pbesti - Xlk) + ¢, -rand, (gbest — Xlk) (22)

X = xk  yktt (23)

He, o AREREL o MNNFEARE, o WERY IR, PR
R, AR o A o, —RRNAEEE, T rand; R rand; 5 0 & 1 Z [A]
(R BE LA .
BAESEE (GA) 2 —F i ACHLHB0E I BE L4 R R 77 [39]. 5 H A
FREEARLE, R BbrRBUAEAESNE . AR RO R, (HESHL H LT
AN MRS . GA BV —DFEE, BI— AR AN
ER—Rr, BV AR RO MBS T HE AR R NG, MRIEIERE.
XANGEAE = AFAA . TEARTRE A, PRI AR /N BEE N 100
2.3.3. IR TE R

N T R FERACE LR B KA THE P AR RE, ARBFFCRA T A
fetr, BISPR4E5HRZE (MAE) A HRiEZE (RMSE) [40]:

10
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N 15—

MAE =W (24)
NG — ye)?

RMSE — t=1 y;/ Ve (25)

b,y AN TR FE ) S I FE B R E - 57 AN [RIR P2 AR P2 B o)
MR, ¢ NTEAG, N i RIS TR

3. RN

3.1. SE A
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Figure 6. Evolution in time at depths of 2.8 cm, 3.6 cm and 6.4 cm on internal side
under isothermal condition: (a) temperature; (b) relative humidity; (c) partial vapor
pressure.
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Figure 7. Evolution in time at depths of 2.8 cm, 3.6 cm and 6.4 cm on internal side

under non-isothermal condition: (a) temperature; (b) relative humidity; (¢) partial
vapor pressure.
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conditions after stabilization.
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Figure 9. Evolution in time at depths of 2.8 cm, 3.6 cm and 6.4 cm on internal side
under dynamic condition: (a) temperature; (b) relative humidity; (c) partial vapor
pressure.
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Figure 10. Temperature evolution within wall predicted by CHM and TH models:
(a) isothermal test; (b) non-isothermal test; (¢) dynamic test.
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Table 3. Liquid water permeability determined by different optimization algorithms.

Optimization algorithm Liquid water permeability, K; (kg/(m*s*Pa)
Fmincon 3.4441 x 10716
PSO 3.4071 x 1071¢
GA 3.7176 x 1071¢

R 4 50457 CHM AL CHMWL A AL Tl (il FE AR R B R 22 . B2
AT AR5 5 — 350, AR S0 5 1) Ky % I RTRE o 52 00 f) 52 ] L2
WA TR BAh, 5 RS KAL) CHM BIAAE b, SR =R 5L
CHMWL R 18 1 RS /KA, ORI 1 BT R PR AR 6o I B3 Al F i 22
fRYE MAE 1845, 5 CHM BB AR ZAH L, CHMWL BEALTE 28 =K. 36
ZARA 64 ZRIRENNRZE AT 61% 57% Fl 8%. 64 ZKIRE IR ZE
W A A RN AR K . fEIX — IR, /KoL 4 32 B h 2895 F1 5K 3,
[FI AR BAE R 1. Bk, RALHEREEREKE, IRt sl
KM, TS TR 22 . 7R R b, SRR IR 22 1 2 5%
B EHA R,

R 4. S KA TR KR A KM BUEAR L A PR RE LA

Table 4. Performance comparison between numerical models with and without liquid water transfer under dynamic

condition.
x =28 mm x =36 mm X =64 mm
Parameter Model MAE RMSE MAE RMSE MAE RMSE
T (°C) CHM 0.79 1.03 1.07 1.31 0.46 0.58
CHMWL + Fmincon 0.83 1.08 0.99 1.22 0.51 0.66
CHMWL + PSO 0.83 1.08 0.99 1.22 0.51 0.66
CHMWL + GA 0.83 1.08 0.99 1.22 0.51 0.66
RH (%) CHM 5.6 5.8 4.9 5.1 5.9 6.7
CHMWL + Fmincon 2.3 2.4 2.1 2.4 54 5.8
CHMWL + PSO 2.2 2.4 2.1 2.3 5.4 5.8
CHMWL + GA 2.2 2.4 2.1 2.3 5.4 5.8

Note: CHMWL + Fmincon, CHMWL + PSO and CHMWL + GA denote models with liquid water
permeability determined using Fmincon, PSO and GA optimization algorithms, respectively.
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Figure 12. Comparison of relative humidity predicted by CHM and CHMWL + PSO
models under dynamic condition at depths of (a) 28 mm; (b) 36 mm; (¢) 64 mm.
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Figure 14. Moisture fluxes through interior surface predicted by CHM model and
CHMWL + PSO model.
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Figure 15. Comparison of relative humidity predicted by CHM and CHMWL + PSO
transfer models under non-isothermal condition at depths of (a) 28 mm; (b) 36 mm;

(c) 64 mm.
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Table 5. Performance comparison between numerical models with and without liquid water transfer under non-

isothermal condition.

x =28 mm x =36 mm X =64 mm
Parameter Model MAE RMSE MAE RMSE MAE RMSE
T (°C) CHM 1.69 1.97 1.03 1.38 0.50 0.62
CHMWL +PSO 1.99 2.21 1.13 1.43 0.52 0.65
RH (%) CHM 8.1 8.4 9.4 9.9 3.8 4.8
CHMWL + PSO 0.9 1.0 2.4 2.5 6.6 6.8
4. SRMARRITAE
AW FCE R M e R B S R A | BT T AR WD R R AT Y
FEAFIR . ARSER MBS AR KT, XAESR IR DA BEBEAT 1 SEIR ML
EWFFT. CHMERITERE 5 TH B R PEREREST 1 LB, (0 sl 55 7
BKBER, FFHER THEKITRSPIRAT AR . FEERWT:
(1) ARIAIIAL RIS FE D g LA 5 RN LA B B A it iR AR [R5 T fie gt 17 ke st
R 0 Al o M BHR LR IEREZ108 2.5 /N, SORE4ECRIE A K
HIRFARE A 2
(2) AL FAERYAS & DOBEHOUAN FoTI0 G i B A I AR A I . Bl 5
CHM AL, TH BRAMIEAS 1B AR ETA 30.6%.
(3) WESIKARR A TRAE A AR K e E R EE . 5 CHM AU L,
CHMWL HAYAE I EE SN 28 2K 36 ZKAN 64 =K =ANRE L)
MAE 73BT 61%- 57% Fl 8%.
R IGT FUA PR RV AR 2 I ARORI TARRY B2 )2
WA ARG, WNZREEARGE GRS RN thsh, IEREAT 51%
Giimik R (Wl R IERER LR AR DR IR BRI R G0 T, B
i 5 A T PP A AP S B AR AE S S0 P 0 AR R REAT S T 7T
EETRR: Wik, FNESE: 759ke, FAESER AT Ik, FESEANIAT: 5
TE—pIfeiEse, FWSEMER; SE—9EMME, FILFEM AT, HE, AT
FIMEM: R BTG, J8ESEA MEM.  JirA V2 35 L 5 I 1R B TR 0 H AR
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ROLAITE Y. BAh, R I BRI [ [ 5 B 2 i B 0 e R 2
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Rz PR 1EE YRR 2R .
ZENETE
Cp  Specific heat capacity (J/(kg'K)) p Density (kg/m?)
D, Moisture diffusivity (m?/s) A Thermal conductivity (W/(m-K))
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Abstract: Straw composites, owing to their low carbon footprint and favorable hygrothermal properties, are becoming a promising
alternative insulation material for buildings in order to promote energy saving and occupants’ comfort. However, the heat and
moisture characteristics of straw composites at the material scale and under steady-state condition are insufficient for a thorough
assessment of their performance as a building component in actual service conditions. This study focused on the hygrothermal
performance of a novel bio-based wall made with a rice straw—alginate composite material. The temperature and relative humidity
profiles within the wall were monitored under various boundary conditions. The inverse analysis method was proposed to determine
liquid water permeability. In in a dynamic test, compared with the model of coupled heat-and-moisture transfer (CHM), the transient
heat transfer model predicted temperature profiles with higher errors and underestimated total heat flux by up to 30.6%. Also, under
the dynamic condition, the CHM model with liquid water transport showed decreased mean absolute errors by 61%, 57% and 8%
at depths of 28 mm, 36 mm and 64 mm, respectively, compared with those predicted by the CHM model without liquid water
transport. Both vapor transport and liquid transport seemed to be essential when modeling thermal transfer and moisture transfer
through the wall.

Keywords: straw composite; hygroscopic material; liquid water permeability; coupled heat and moisture transfer; inverse parameter
estimation
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