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1
[3.4]
Gi(V).o= (ki( V). ).+ fr, (1
Cji = Cji(Vk, t), (2
ki = lg‘i(l/f,t), (3
Lijo L1 k= 1,2 k=1 sh=2 ; i
l .
s ki c 2
k= (ko+ 2P0€an080) + kgt V'+ XoPof B amoSo+ €oam So+ EoamoSi) V2 +
20P0( €oami S1+ Eramo 81+ €1am So)(V2)P+ No&am 8i( V)7, (
k= 2Po&an+ MO €am+ €an) V+ NPo€am( V)7, (
kiz= N&ko+ )\okp081V2+ )oa)kprl+ )081kp1V2V1, (
kot = PoanoBo+ Pof ami So+ amo ) V24 Poam 81 V2)7, (
kn = Poamo+ poalez, (
k= kot ki V', (
k31 = - Po&amoSo— P &amo &1+ &ami S+ Elamoo) V-
Po( €oam1 81+ € amo &1+ €1am &o)( V)= Po€ram &i( V)7, (10)
En=— Po€oamo— Pof €ami+ € amo) V= Qami&i( V?)?, (11)
kn = kol(l= &) — €hoVP+ ki(1— &) V'= €k V V', (12)
cii= Pocgo+ Pocgt V', (13)
cn= P, (14)
en= Poco+ Pocyi V', (15)
ci= 0 (i Zj), (16)
1
1 2 3
ky/(W/(m* K)) 10C 0.2 10C  0.29 0.35
60C  0.45 60C  0.45
e/ (1 (kg* K) ) 10C 1163 10C 1163 1284
60C 1405 60C 1405
a,/ (m*/s) 12% m/c  0.60x 10-° 1.00x 107 ° 2% m/c  0.60x10°°
30% e 1.%x 10-° 0% m/c  1.54x10-°
8/(1/°C) 2% m/c 001 0.02 12% m/ ¢ 0.0l
0% m/c 002 30% m/c 0.0
€ 120 m/c 1.0 0.3 12% m/c 1.0
30% m/c 0.1 30% m/c 0.1
NM(J kg 2.3x 10P 2.3x 1P 2.3x 10°
P/ (kg/m?) 500 500 500
ko kg1 & € N amo ami Po So & kyo kp1t o cp1 cqo cqi [2],

1 [2] .
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<
1l
4
3

hi= hi( Vo) = DR
m=0
f] — ;Iﬂsnl’
Vm, V H ql lg f‘]m Cji kji ‘fj
s = ([— t())/Tx;
to T )
[3,4]
N
Sl o= SR 0s 5
[3.4]
Vo= (Vi € G
nlz‘fk/zmml—qw ( T )
Gi= ail Vo), b= ki( Ve ok

ku = bo+ b1 ZVnS + b2 ZVHS + b3 ZVn s ZVn s 2+

/1—0 /1—0

by sz VR DA =

n—O n—O

(bo+ biVh+ baVo+ b3(V2) + ba(V0)) +

Z{blv + bR+ bngn, R b4ZZVH Vi

n— n—On—O

n o n
1s ,
n=0

bo = kso+ MNPo€ amo S,
b1 = kg1,
by = NPo( &amobo+ €am So+ €amobi),
by = XPo( @an1 61+ € anbi+ Eiami o),
bs = MPo€iami 61°
(25)
K= bo+ biVo+ baVo+ bs(Ve)+ ba( Vo),

(17)

n’_
n2 S

k11— b1V1\+ szN+ b3 ZV\ n, V T b4ZZV1\L ,,,,LZV?IZ (N i())'

u=0n =

Gji = Cji(Vk, t) kji = l@'i(VA: t) *

(17)
(18)
(19)

(20)

(21)

(2)

(23)
()

ku

()

(26)
(27)
(2)
(2)
(30)

(31)

(R2)
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(22), FEM L3:4]
N N
%LCN‘”’VWH DK o= N B (33)
m= 0 § m=0
Vi WV , e K ey Y [ 3] [4] .
. , ,n_l .
Abs[ Vo™ \ 2V sl‘] . <8, (34)
k=0
B Vi Vi o .
Va(m= 1,2, -.) ; (34) 3 ,
, . , m+ 1 .
s m M- m=M ,
M; (34 m<M , .
(121 3 :1) :2)
;3) . 2 8, [2]
2 1 9(x= 0,y=0) 40(x = Sem, y = 1.4 em) (C)
9 40
(min)

[2] At= Is

10 46. 020 46. 009 S51. 809 S1. 802
20 56.979 56.960 58.371 58. 364
30 59.273 59. 260 59.574 59.572
40 59.737 59.736 59.79 59. 198
0 59.829 59.828 9. 842 9. &1
60 59. 847 59. 846 59. 850 59. 849
3 1 ( t= 30min) (C)
X [2] (2
(‘em) y=0 At=1sy=0 y= 1.4 cm At= 1s,y = 1.4cm
0 59.273 59.269 59. 483 59. 81
2 59.295 59. 291 59. 497 59. 495
4 59.362 59.359 59. 540 59. 538
6 59.481 59.479 59.615 59. 615
8 59. 662 59. 661 59.734 9. 734
4 2 (t= 10h)
X [2] (2
(‘em) y=0 At=1sy=0 y= 1.4 cm At= ls,y = 1l.4cm
0 0.298 8 0.29 0 0.267 1 0.267 2
2 0.298 8 0.29 0 0.267 1 0.267 2
4 0.298 8 0.29 0 0.267 1 0.267 2
6 0.298 8 0.29% 9 0.267 1 0.267 2
8 0.292 9 0.293 1 0.263 0 0.263 1




783

5 3 9(x= 0,y = 0) 40(x = 5 cem, y= 1.4 em) (C)
40
(min)
2] Ar=1s [2] Ar= 1s
10 45.75% 45.753 51. 611 S51. 612
20 56. 805 56. 800 58.223 58. 27
30 59. 147 59. 145 59.458 59. 457
40 59. 626 59.625 59. 690 59. 60
30 59.72 59.721 59.735 59. 734
&0 59.741 59.740 59.743 59. 743
6 3 ( t= 30min) (C)
X [2] [2
(‘em) y=20 At=1sy= y= 1.4 cm At= 1s,y = 1.4cm
0 59. 147 59. 145 59. 365 59. 364
2 59. 169 59. 167 59.37 59. 378
4 59.239 59.237 59.424 9. 422
6 59.363 59. 361 59.503 59. 501
8 59.532 59.537 59. 609 59. 613
7 3 9(x= 0,y = 0) 40(x = 5 cem, y= 1.4 em)
40
(h)
21 Ar=1s [2] At= 1s
2 0.302 6 0.302 6 0.29 8 0. 3002
4 0.302 4 03025 0.29 9 0.2911
6 0.301 9 0.302 0 0.2816 0.2818
8 0.300 6 0.300 7 0.273 6 0.2737
10 0.298 5 0.29% 6 0.266 6 0.266 7
8 3 (¢t= 10h)
X [2] [2
(‘em) y=0 At=1sy=0 y= 1.4 cm At= 1ls,y = 1.4cm
0 0.298 5 0.29% 6 0.266 6 0.266 7
2 0.298 5 0.29% 6 0.266 6 0. 266 7
4 0.298 5 0.29% 6 0.266 6 0. 266 7
6 0.298 4 0.29% 6 0.266 6 0. 266 7
8 0.292 5 0.292 8 0.262 5 0.262 7
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Solving 2_D Nonlinear Coupled Heat and Moisture
Transfer Problems via a Self Adaptive Precise
Algorithm in Time Domain

YANG Hai tian', LU Yarn’, WU Rui feng
(1.State Key Laboratory of Structural Analysis of Industrial Equipm ent,
Departm ent of Engineering Mechanics, Dalian University of Technology,
Dalian 116024, P .R. China;
2. Department of Engineering Mechanics, Tsinghua University,
Beijing 100084, P.R. China)

Abstract: A sdf adaptive precise algorithm in the time domain was employed to solve 2_D nonlinear
coupled heat and moisture transfer problems. By expanding variables at a disaetized time interval,
the variations of variables can be described more precisely, and a nonlinear coupled initial and bound-
ary value problem was converted into a series of recurrent linear boundary value problems which are
solved by FE technique. In the computation, no additional assumption and the nonlinear iteration are
required, and a criterion for selfadaptive computation is proposed to maintain sufficient computing ac-
curacy for the change sizes of time steps. In the numerica comparison, the variations of materia
properties with temperature, moisture content, and both temperature and moisture content are taken
into account, respectively. Satisfactory results have been obtained, indicating that the proposed ap-
proach is capable of dealing with complex nonlinear problems.

Key words: finite element; non _linear transfer problem; time stepping; selfadaptive computation



