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I n t r o d u c t i o n  

Knowledge of t h e  mois ture  c o n t e n t  and d i s t r i b u t i o n  i n  wood 

produc ts  i s  important  i n  connec t ion  wi th  a  number of wood 

eng inee r ing  ~ r o b l e m s ,  e , g ,  d ry ing  of t imber,  c r e e p  of t imber  

s t r u c t u r e s  and o t h e r  moisture-temperature-t ime-dependent 

p r w e s s e s  i n  wood, 

T h i s  paper g i v e s  a  d e s c r i p t i o n  of two computer programmes 

us ing  t h e  f i n i t e - d i f f e r e n c e  method f o r  computer-calculated 

mo i s tu re  v a r i a t i o n s .  The programmes s o l v e  t h e  d i f f u s i o n  

equa t ion :  

3 where MC = mois ture  c o n t e n t  (g/g o r  cm /cm3 o r  0 
2 D = mois ture  d i f f u s i o n  c o e f f i c i e n t  (cm / sec )  

t = t ime ( s e c )  

X = p l a c e  (cm) 

The equa t ion  i s  solved wi th  t h e  f i n i t e - d i f f e r e n c e  approximation 

u s i n g  t h e  Schrnidt Method CF?lQJK ( 2 )  : 

where Ax = t h i ckness  of l a y e r  (cm) 

A t  = t ime d i f f e r e n c e  ( s e c )  

AMC, = change of mois ture  c o n t e n t  i n  A t ( - )  of p lane  n r .  n. 

n  = n lane  number (from 2 t o  n )  

Both computer programmes have been w r i t t e n  i n  FORTRAN IV, and 

have been run a t  t h e  computing Cente r  (NEUCC) a t  t h e  Technical  

U n i v e r s i t y  of Denmark, The machine c o n s i s t s  of an ZBM 370/165 

wi th  a  CALCOMP p l a t t e r .  I t  could be necessary  t o  r e w r i t e  t h e  

p l o t t e r  p a r t  f o r  use e lsewhere .  

This  method w i l l  no t  always g i v e  a s t a b l e  s o l u t i o n ,  a s  it i s  
2 dependent of t h e  f a c t o r  DeAt/Ax , c a l l e d  t h e  F o u r i e r  Number. 



The s o l u t i o n  i s  s t a b l e ,  i f  Fo is less t h a n  0.1. The s t a b i l i t y  

c r i t e r i o n  ' c a n  b e  folxnd i n  KRESCEIER ( 3 ) ,  b u t  it shou ld  b e  

p o i n t e d  o u t  t h a t  h i s  d e f i n i t i o n  o i  t h e  Fo-number i s  x2/D* A t .  

The K r i s c h e r  d e f i n i t i o n  h a s  been. used  i n  t h e  computer pro-  

grammes, 

The m o i s t u r e  c o n t e n t  i n  p l a n e  no ,  l i s  assumed i n  e q u i l i b r i u m  

w i t h  t h e  su r roundfng  a i r ,  I t  should  b e  p o i n t e d  o u t  t h a t  it i s  

n e c e s s a r y  t o  make a  s h a r p  d i s s o c i a t i o n  between t h e  words ' p l ane  

and Layer.  The f i r s $  p l a n e  no.  l i s  t h e  s u r f a c e ,  and t h e  

l a s t  p l a n e  no. n  i s  t h e  c e n t e r  o f  t h e  p l a t e .  The number of 

p l a n e s  i s  e q u a l  t o  t h e  number o f  l a y e r s  + l. I t  is  assumed 

t h a t  t h e  m o i s t u r e  v a r i a t i o n  t a k e s  p l a c e  i n  a  p l a t e  w i t h  t h e  

t h i c k n e s s  2a w i t h  t h e  same s u r r o u n d i n g  media and c l i m a t e  on 

t h e  two s i d e s  ( t h e  r e s u l t  would be  t h e  same f o r  a  p l a t e  w i t h  
t h i c k n e s s  "a'" and t h e  o t h e r  s i d e  m o i s t u r e - d i f f u s i o n - t i g h t )  

nme f o r  c x c l i c  c o n d i t i o n s  -- -- 

T h i s  programme s o l v e s  t h e  d i f f u s i o n  e q u a t i o n  f o r  c o n s t a n t  

m o i s t u r e  d i f f u s i o n  c o e f f i c i e n t  and a  c y c l i c  m o i s t u r e  c o n t e n t  

a t  t h e  s u r f a c e ,  The v a r i a t i o n  c o u l d  b e  s i n u s o i d a l  o r  s q u a r e  

wave. 

For  t h i s  programme it i s  c o n v e n i e n t  to u s e  two non-dimensional  

v a r i a b l e s  : 

r e l a t i v e  t ime  - W = D * t 

f r a c t i o n a l -  m o i s t u r e  c o n t e n t  = FMC = 
M C ( t )  - MC(0) 
MC(rnax) - MC(0) 

where 

a  .-- half t h i c k n e s s  o f  wooden p l a t e  

MC ( t )  = m ~ ~ i . s . t u r e  c o n t e n t  a t  t ime  "t" 

M C ( 0 )  . rz i n i t i a l .  m o i s t u r e  c o n t e n t  

MC (max) = maximum m o i s t u r e  c o n t e n t  

D = d i f f u s i o n  c o e f f i c i e n t  ( c o n s t a n t )  



In this way it is easy to use the obtained calculations for 

different dimensions, moisture content variations, time and 

diffusion coefficients, 

The next pages is a list of the progr with coment cards, 

to make it understandable with a little knowledge of FORTRA'N, 

The computing time, incl, plotter part, is approx, 7 see fo r  

this example with REGION = 150 k ,  This programe has been 

used for the calculations in BACH & NIELSEN (l), 



PROGRAM M A M F ~ .  a#&: SINUS-DZFFUS **r 
L A R S  EACH.  LBM~I .~T"b4  J t i l - Y  X 3  9 1373 % TEL., 5245)  
ANKER N I E L S ~ ~ - : N B I . - V $ - ~ ~ - H  J U L Y  1973 ( VEL B 5 352 1 

D l F F U S  Iil$NT'P:E1Utekr4 W f l I - 4  WAR I A T  I N G  MnUNBAFTY CONDITION 
SEE C R A N K  P4,a r i - i k M A V 1 C S  O F  D IFFUS l Oht ( F I Y  B T f  DIFFERENCE METHOD) 

X M  ( 5 0  B =MO B S T U R E  GDNTENT IN PEHCE.NV 
AM=MOJ STLtRF CHAWGE O F  PLANE X M ( K  1 T I M E = A I  IME+DT 
X M (  M L A G  1 =MCIX SSbBBBdii12 CQqTENT DF CENTERPLANE 
UIMEMSION ~ ~ ( 6 2  I ,G!?( 20 B B a ~ ~ ( a o ,  
NEXT 2 C A R D S  O N L V  USED $09 P L O T  
D I M E N S I O N  fRTt 3 .030)  * H X ( P Q 0 0  c l  l )  
DPMENSIDN RH( 1090) , R X X (  l O O B 1  pF?VY[  I 0 0 0 1  

L 
C 

R E A D ( 5 w 3 8  A ~ X M C ~ ~ T B D ~ D M B D H F  ~ D T ~ T S T Q P B P J I ~ A G ~ N U D  
3 F O R M A T ( S E - I G F ~ E  ,13,]3) 

C 
C B V = T I M E  X N'Gi:AVAL WETHEEM C A L C U k A T l  UNS 
C 
C A=HALF THICKNESS OF SAMPLE I N  CENTIMETEMS 
C XMQ=MOI S T U R E  C O N l E N T  f3F SURFACE P L A N E  
C T I D - T I M E  I %  SECCjNOS F O R  ONE PERIOD OF MU1 STURE V A R I A T I a N  
C DM=AMPLI %UDE O F  M U I S V U R E  V A R  %ATION I N  PERCENT 
C D% F=DIFFUSIClN C O E , F F Z C P E N I  
C D T = T I  WE.,lW%EI4'+iAL I N  SECONDS F O R  EACH CALCULATION 
C TSTOP=MAXeVALUB O F  T I V E  FOR WHICH THE PROGRAM W I L L  WORK 
C N L A G = N u & ~ B E R  <'F PLANES MHERE MC I S  C A L C U L A T E D  ( N L A G - I z W U M B E R  OF L A Y E R % )  
C MUDEMUMUER OF  CA!-Ci.ILATI QNS 00 tdE F062 EACO-1 ONE LISVEDr 
C NHZ-NUP4BEW Qci PI..ANES BETWEEN E A C H  L % SVED % N  OUTPUT 
g: F O z F O I I W j  El2 NI1Mt31iF2 % GRIZATER VkiA1\8 9 r 4  Y E C E S S A R Y  F O R  S"TAS%LL%TY)  
6- 
L. 

C BX=IHLCKMESS O F  E A C H  L A Y E R  I N  C A L C U L A T I O N  
NZZ=B 

C 
C NEXT 4 CARDS ONI ... V USED F O R  P L O T  

O T ~ T 1 8 4 1 0 0 8 0 ~  
XNUD.=F&OAT Q NUD B 
X Y = T S T U P / i  5 T S X M U D I  
H F ~ X Y ~ G T ,  IQOO, a ~11=:0,30001 

C 
NN-.P.IIAG- 1 
DX=A/ [F I iZA"S1113N l  3 
F D = ( D X * D X  ] T I I U I F $ k D " r )  

C SEE $R1Pi:.i~l!'Jil!.aG5~~Pt,:Ck4F1IK P - 0 r K R X S C k t E H  + K a M R O L  % S P R I N G E R  6 3 )  
10=2,%~3e 1415%T20 

C TU=DME$A 4 2*P$-b l /P? ,KI00  UF O 5 C I L A T X O U  I N  S E C O N D S )  
AQrDf $cDIF/nxx%$z% 

C AO-SEE C I ~ A N K  MAT)- I ,  13F D K F F U S B O N ( F " I N I T E  DIFFERENCE METHCJD) 



I M I T E C 6 a 3 0 Q ) F O  
300 F O R M R 6  4 It42 9 l O X s F l  l a 7 9  @ z F C I U R I E R  T A L  L E S S  9 e 4  NO s I A B I L ~ % Y '  9 

W W ~ T E ~ ~ S ~ B A I X M B ~ T I D O O W ~ U I F B O T  
4 F O R M A Q d % W C p l U X e F l B o ; P ~ ' ~ A ~ H A L F  THICKNESS O F  SAMPLE I N  C M \ / e  

2 P l d X r F L 2 . ' P s  " X M D = T 1 \ I I T I A L .  MBJI S T U R E  CCJNTENT I N  P E R C T *  f A 1 _ L I B  @ P ,  
3 1 Q X ~ a i ' ~ 1 2 ~ 7 9 ' = T ~ D = T ~ M ~  I N  SECONDS F U R  ONE P E R I O D  O F  M O % e  V A R e e w b .  
4 9 X s 0 P F % Z a 7 9  "=OM=AMPLITUDE O F  M C - V A R I A T I O M u  r / ,  
5 l Q X ~ F L 2 e 7 9  "OIF=DIFFUSION CDEFFICIEMT I N  C M * * 2 / S E C e / s  
~ ~ ~ X S ~ P E ~ ~ . ~ , ~ = D B = T % M E  I N T E R V A L  ( S E C )  BETWEEN C A L C U L A T ~ Q N S ~ )  

C 
W 2  I T E i  69/44 B D X e A Q p T S T O P , M L A G , N U U  

$ 4  F U R M A  $ $ 1  W 9 

C 
* B O X V ~ P ~ ~ ~ ~ ~ ~ ~ " D X = T W I C K M E : S S  CIF E A C H  L A Y E R  I N  C M e o / w  
* B O X ,  I ; > E P 2 , 2 9  @ = A Q = D T * D I F / D X * * 2  (SEE CRANK MAPH*  O F  D T F F U S .  ) ' , / S  

* I O X , B $ P E % ~ ~ ~ ~ @ = V ~ T O P ~ M A X ~ V A L U E  O F  T I M E  F O R  PROGRAM I N  S E C S w / r  
% % Y ; X 9 1 8 . 2 r  ' = N L A G = Q N O  O F  S U R F A C E S  IN C A L C U L s  W I T H  *MLAG- I *  L A G w s /  
* B O X %  1 1 2 s  'zNUD=NUMBER O F  C A L G U L  BETWEEN E A C H  R E S U L T  L I S T E D B / / )  

@ R B , # " E [ B , S D )  
30 $ O W ? l i A l [ l W O e 6 X ,  ' R E t e T I M E  A V & * - M C  H A N D e = M C ( %  B M C 4 2 1  MC(3B M C ( 4 1  

MCI{,51 M C ( 4 )  M C ( 7 )  M G ( 8 )  M C 9 9 1  M C t I O )  M C 6 P I I = M I O P L A v e / B  
c 

D O  5 K=:% p M L A G  
X!4 ( K 1 =XF.EB 

&$ ( K ji z: C Q 
C 
6 X M 'b.l <) :::: 1 , 
C f 2 M f K  )=--~j e o  
c 

5 CON'T 9 NIIE  
1 fbiE:z:D l F* A B  M E /  ( A*A ) 

.%M 1 OzzXMQ 
W E-2 1 B ::: Q 

6 
c 

XfPlk r, ~ - ~ L $ E S T U R E  CONTENT S U R F A C E  PLA"BE 
X % (  2 T 'i lr X M { N L A ( B - l  ) =  MC O F  PLANES B E T l E E N  S U R F A C E  A N D  CENTER 
:4$4[ V!"&<;  ) 2- M B I  STURE C O M T f  MT OF CENTER PLANE 



S Q A R E  %AVW ( N E X T  2 C A R D S  REMUVED 1% S I N U S  WAR. WANTED) 
$ F ( X M % P I ~ G E B I S ~ ) X M ( ~ I = ~ O ~  
% F ( X M ( ~ B I L T ~ % ~ ~ ) X M ( ~  1~10-a  

N E X T  C A R D  U S E D l N O V  C I N  COls % 1 % F  S T A N D A R D  CHANGE IS WANTED 
% M (  1 ) = 2 3 *  

COMVX NUE 

XSL!M~B--O,U 
DQ 118 1-2sNN 
X S U M = X S U M + X M Q I l  
X M I L 3 = ( 8 s S * X M (  1 ) + 0 r 5 * X M (  N I p A G l + X S U M l / N N  
X M I D =  A V E R A G E  M O I S T U R E  CONTENT OF A L L  L A Y E R S  

R X M I  = Q  X M H D - X M O  ) / D M  
F R A C T I O N A L  A V E R A G E  M O I S T U R E C O N T E N T  

LFBNrLTeYUD) CO T O  B0 
C 
P 

NUDzMUMBER O F  C A L C U L A T I O N S  DQME FUR EACH ONE L I S T E D .  
L 

C 
C 
Q 
C N E X T  C A R D S  O N L Y  USED F O R  P L O T  FROM HERE 

'f .zNX+ 1 
i i ~  ( 1 ) = R B  I M E  
w ~ i  g )::Rawli 
N X X : ~  

c 
00 (398 K - l  s N L A G  
R X F I  a K J = M X M ~ K )  

999 t.,i':?NT I N U E  
C: 
C 



TO WERE 

C 
C PLOTTING PROGRAM S T A R T S  MERE 
C 
C 

CALL PARALF ( 2 C  ea 9 23 r 1 
CALL FAKIQRBOe5rOe5) 

C CALL FAKTOR(Be5eO.5) 
CALL PLIM(12D) 
CALL PLOT l-Bac24eo2) 
GALL PLOT(5Iec24c~Pl 
CALL PLOT (51 r 9-1 8 e  r f 1 
CALL PLOT(-Bec-l8arl) 
CALL PLOT(-8ee24eoI) 

c 
L 

CALL PLOT(-6ep22ee2) 
CALL PLOT( 4 9 r  o22s r P 1 
CALL PLOT(49er-16eoI) 
CALL PLQT4-6er-%brsb) 
CALL PLOT(-60 822, r 1 1  
CALL SYMBOL( 38er-1 5 a  r 0 e 6 e  ObARS BACH SEPa $994' e8eOa18b 

c 
C 

D 8  P01 % = l o M X  
C 
c 
CS*$$@******$**$l***f$*****8@*rPr**** IPa*S***********  

WWITE(6s55) M T ( I I ~ R M ( I ) ~ ~ R X ( I ~ K I ~ K ~ ~ ~ ~ ~ ~ G B W Z L ~ ~ N X ~ I  
C YRlTE[6r55) R ~ ( I ) ~ R Y ( I ) ~ ( R X ( ~ ~ K ) ~ K ~ ~ O N L , A ~ ~ N L ~ ) O N X ~ B  

55 F 0 R M A T ( ~ M 0 r 2 X r F 1 2 r 6 o F 8 e 3 0 5 X ~ I 1 F 7 e 3 r ~ I d )  
CI***$**%******$**@*******rk*@*#****dt*%Q********** 
c 

I B P  GDNVZNUE 
A M X z 0  @g125 

C ABsqX--OeQ2% 
C A#X=De 1 

YHA=BOe 
AMVzOel 
X M A = 4 O r  

C X M A z 4 Q e  
C XMA-1Cc 

XLL=40 r 
g: AMXzMAALESPOK f ILVAEKST X-AKSE 
C AMX=DeD25 F O H  X - A X C I S  1 ~ 4 3  CM 



C  A M V z M A A L E S T O K  T I L V A C K S T  Y-AKSE 
C  X M A z O M S A E T - F A K I U K  X - V E K I O R  QC BHUGER E N H E D  
C X M A z 4 0 .  F O R  X - A X C I S  1 ~ 4 0  CM 
C Y M A = O M S A E T - F A K T O K  V - V E K T O R  U G  URUGER ENHED 
C  X L L = L E N G T H  X - A X C I  S 
G ORAW X - A X C I S  ON 20923  W I T H  800 C T E K S T  
C C A L L  A X E ~ O e Q ~ C o 3 r X L L e O ~ ~ Q e O w C ~ e l ~ A M X e O m 3 ~ 1 e O r d . o - l o e l e ~  

C A L L  A X ~ ~ O ~ 0 ~ C ~ 3 r X L L o O e r O e O r 8 m ] L s A M X p O e 3 e 1 e 6 r l e - ~ e e l o )  
c 
C DRAW V - A X I C I S  UN 20920 W I T H  0 ? 0  4 T e K S T  I 

C A L L  A X E ( O e ~ - 1 0 s o 2 0 e r 9 ~ e r ~ ~ ~ Q r ~ Q e 9 e A M Y e ~ e 4 e 1 e l e 1 o ~ e e 1 e ~  
C A L L  S Y M B O L ( - 2 e o ~ 9 e r 0 * 8 r  VRRACPIUNAL M O I S T U R E  C O N I E N T ' ¶ 9 0 e e 2 7 )  

C C A L L  S V M B D L ( + ~ ~ ~ C ~ ~ ~ ~ ~ ~ O I I ' P E R I Q D  OF SURFACE C H A N G E  = 5 r O o O c 2 6 )  
G A L L  S V M R O L ( + Z e e + 1 2 e p l e 3 e q P U R I ~ D  OF S U R F A C E  C H A N G E  = ' o Q e 3 9 2 6 )  

C C A L L  SYMBOL(+2a,+12*rgeOoqSTEP C H A N G E  O F  E N V P R O N M E N 1 ° 0 0 e O o 2 6 )  
C A L L  Y d M a ? R ( + 2 5 a  r 12. r l q O  r T I D ~ O m O O ~ 2 )  

C C A L L  N U M B E R ~ + 2 5 e e 1 2 e r l . D ~ T I Q e O t ) O O s 2 )  
C A L L  S V M B O L ~ 4 0 e e O e 5 r 0 ~ 6 r  ' R E L A T I V E  T I M ~ d s r 0 0 0 w 1 3 )  
C A L L  S Y M B O L  ~ 4 1 a o - D e 5 e Q e 6 ~ ~ ~ U * T ) ~ ( A * A ~ ~ 9 1 3 ~ 0 0 ~ ] L )  
C A L L  S Y M B O L ( + 2 m  , + 1 4 a  r0m 6, ' F O U R I E R  NUMBER =' * O e O r l b )  
C A L L  N U M B E R ~ P 1 e r l 4 ~ r ~ r b r F O ~ O a O O r 1 )  

C  
Q 
C 
P 

P B O T N I N G  V o H e A w  SURRClVTINE * K U R V E  * 
L. 

C V 1  P L O T T E R  A L L E  P U N K T E R  V Z D  A T  G A  T I L B A G E  
C H D I S I J 2 E  M A T R I X  R X ( I s K )  WVUR T I D  A N G I V E S  VEO V E K T O R  R T ( I 1  
C OG S N I T  M O I S T U R E  V E D  R M ( 1 )  
C A N T A L  FLADER ER A M G I V E T t K r N L A G *  OG A N T A L  K U R V E - + I D  PUNMPER *P=NX*  
C A N T A L  L k G  ER A N G I V E T  Y L A G  OG A N T A L  IOEER 1 M A T R I X  N X  
C 

O(KK=240 
c 

DD 1 0 3  K = % r N L A G e 2  
DO 102 I = l  9NX 

C R Y Y ( I B = - - F R A C T I O N A L  MC I N  L A Y E R  K ( - 1 e 0  T O  + l o o )  
C R M 6 H )  = F R A C T I O N A L  A V E H A G E  MC ( - l m O  T O  9 1 e O )  
C  R T ( 1 )  = F H A C T I C N A L  T I M E  ( 0.0 'TO 4 4 a 0 )  

R Y Y ( E ) = R X ( E e K 9  
132 C O N T I N U E  

M i7SY=KS(K+ l  
KKK==NRSbr 
C A L L  P L Q T ( D e O e 8 a 3 s 2 )  
G A L L  P L O V g R T t  1 1  r R Y Y (  1 )  9 1 )  

C A L L  K U R V E ( R T e R Y Y 9 N X r  I ~ X M A ~ V M A B O ~ O ~ O ~ ~ - ~ ~ W H S Y I ~ B ~ ~ ~  
1 C 3  COMTY NUE 

C C A L L  K U M V E g R B e  R M s N X p  l ~ X M A e V M A p O ~ O s O e r - ~ o N R ~ Y r 0 e 2 O ~  
C  
C 

C A L L  PLTEND 
888 C O N T I N U E  

G 
S T O P  
END 



1. card:  c o l  1-80 , (1OA4)  t e x t  w r i t i n g  

2 .  card :  c o l  l - l0  

c01 11-20 

c o l  21-30 

c o l  31-40 

c o l  41-50 

c o l  51-60 

c o l  61-70 

c o l  71-73 

c01 74-76 

sample th ickness  (cm) 

s t a r t  moisture content  

time f o r  one period v a r i a t i o n  

amplitude f o r  period v a r i a t i o n  
2 d i f f u s i o n  c o e f f i c i e n t  ( c m  / sec)  

time s t e p s  between c a l c u l a t i o n s  

max. c a l c u l a t i o n  time 

number of planes i n  specimen 

number of planes between each 
one l i s t e d  

is  seen on next  page and c o n s i s t s  o f :  

The inpu t  d a t a .  

The value of t h e  Fourier-number. Sf it i s  Less than ' 

9 - 4  t h e  c a l c u l a t i o n  w i l l  no t  begin.  

The moisture  d i s t r i b u t i o n ,  which is  p r i n t e d  i n  f r a c t i o n a l  

values of t h e  moisture content  versus t h e  r e l a t i v e  time. 

is shown f o r  t h e  same example. 
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FRYCTIONHL MOISTURE CONTENT 



This programme solves  t h e  d i f f u s i o n  equat ion f o r  v a r i a b l e  

d i f f u s i o n  c o e f f i c i e n t  and a  known moisture con ten t  a t  the  

su r face .  For t h i s  programme it i s  n o t  poss ib le  t o  use non- 

dimensional v a r i a b l e s  because of v a r i a b l e  c o e f f i c i e n t ,  The 

moisture content  f o r  each plane is  read separa te ly ,  s o  t h a t  

t h e  i n i t i a l  moisture con ten t  could be v a r i a b l e  i n  t h e  specimen. 

This programme could be used f o r  drying c a l c u l a t i o n s ,  where t h e  

moisture  content  a t  t h e  su r face  is  i n  equi l ibr ium with the  

surrounding a i r ,  The r e s u l t s  could show t h e  moisture  d i s t r i -  

bu t ions  f o r  d i f f e r e n t  d ry ing  scedules  a s  seen on t h e  p l o t s  

l a t e r .  

The ca lcukat ions  i n  both programmes a r e  c a r r i e d  o u t  under t h e  

assumption t h a t  t h e r e  i s  no temperature g rad ien t ,  a s  t h i s  

might inf luence  t h e  moisture  t r a n s f e r .  This means r a t h e r  com- 

p l i c a t e d  equat ions f o r  h e a t  and moisture:  G 

aMc a moisture ----- = ---- a aMc 
a t  ax (D X) + ax 

h e a t  

where T = temperature 

k = thermal moisture d i f f u s i v i t y  

a  = thermal d i f f u s i v i t y  

I n  NLELSEN ( 5 )  a computer programe f o r  t h e  moisture equat ion 

is  used on c e l l u l a r  concre te .  

The computer programme i n  t h i s  paper i s  l i s t e d  on t h e  next  

pages. The computing time i s  approx, 3 s e c  f o r  t h i s  example. 



C ANKER N I E L S E N I T H E R M A L  I N S U L A T I O N  L A B - D T H o M A R e  1975 
c 
C  D I F F U S E  ONPROBLEM W 1  TH V A R I  A T I N G  BOUNDARY C O N O I T  I O N  
C SEE CRANK M A T H E M A T I C S  O F  B I F F U S I U N  ( F I N I T E  DIFFERENCE METHOD) 
C 
C X M ( 5 B ) = M O I S T U R E  CONTENT I N  P E R C E N T  
C AM=MQISTURE C H A N G E  OF P L A N E  X M i K )  I I M E = A P % M E + D T  
C X M C M L A C ) = M D I S T U R E  CONTENT OF C E N T E R P L A N E  

D I M E N S I O N  XM(bO ) s Q R ( 2 G ) s A O I F ( G O )  
e 
C 

R E A D C S ~ I ) ( Q R ~ N ) P N ~ % , ~ ~ )  
C Q R = F I E L D  O F  H0  COLOUMS FOR T E X T  W R I T I N G  

1 F O R M A T l 2 0 A 4 )  
C  

WRITEdGs2)CQR(N)sN=Ps2$)] 
2 F O R M A T (  f H l  r 2 Q A 4 8 / / / %  

C 
C  

R % A D 1 ; 5 * 3 )  A s B I F , D P % T S Z O P . N L A G e M U D  
3 F O R M A T B 4 E % 6 e l ~ 1 3 e 1 4 1  

C 
C  D T = T I M E  I N T E R V A L  BETWEEN C A L C U L A T I O N S  
C 
C A = W A L F  THICKNESS O F  S A M P L E  I N  C E N T P M E T E R S  
e DXF=DIFFUSION COEFFICIENT 
C D B = T I M E I N T E R V A L  I N  SECONDS FOR E A C H  C A L C U L A T I O N  
C TSIOP=MAX.VALUE OF TIME FOR WHICH THE PROGRAM W I L L  WORK 
c NLAGZNUMBER OF PLANES WHERE MC IS CALCULATED (NLAC-I=NUMB$R OF LAYERS) 
C NUDzNUMBEM O F  C A L G U L A T X Q N S  DONE FOR E A C H  ONE L I S T E D ,  
C NZZ=NUMBER OC P L A N E S  BETWEEN E A C H  L I S T E D  I N  OUTPUT 
C FD=FOURPER NUMBER ( G R E A T E R  T H A N  9 e 4  N E C E S S A R Y  FOR S T A B I L L I T Y )  
C 
C D X = T H I C K N E S S  O F  E A C H  L A Y E R  I N  C A L C U L A T I O N  

N Z Z = l  
e 

XNWD=FLQATQNUDB 
C 

M N z N L A G - 1  
D X = A / ( F L Q A T g M N I )  
F O = ( D X * D X D B ( D I F * D T I  

6: Fa= SEE TRDCKNUNGSTECWNIK I OsKRPSCWER + K r K R O L  ( S P R I N G E R  6 % )  
A Q = D I * O % F B D X * * 2  

C AQ=SEE CRANK M A T W .  O F  D I F F U S I O N C F P N I T E  D I F F E R E N C E  METHOD)  
N==O 
A T  %MEzharQ 

c 
C 

WR%IEd6,308)FO 
303 FORMAT(1HQ.BOXsFB1e2s8~FC)URaER T A L  L E S S  9.4 NO S T A B f L I T Y ' b  

W R I T E ( 6 r 4  b A e D I F s D T  
4 FORMAT(lHQcPQXrFl%s7%'=A~HALF T H I C K N E S S  QF S A M P L E  I N  C M % / *  
~ ~ ~ X ~ B P E ~ ~ B Q * @ Z D I F = D I F F U S ~ D N  C O E F F I C I E N T  %N C M * * 2 / S E C w / ,  

r 
61 O X *  I P E l 2 . b  c = Q T = f  IME I N T E R V A L  ( S E C )  BETWEEN C A & C U L A T % O N S w  1 

U 

W R T I E Q b s 4 4  1 D X r  A Q s  T S T O P s N L A G c N U D  
44  F O R M A T g l H  , 

c 



*l 0 X e  l P E 1 2 s 2 s S = D X = T H X C K Y E S S  O F  EACH L A Y E R  I N  CM' , / P  

*10XofPEP2,29*=AO=DT*DXF/DX*42 (SEE CRANK MATWe O F  D I F F U S o ) ' * / s  
*1QXelPE13o2s@-ISTOP~WAXeVALUE O F  TIME F O R  PROGRAM IN SECBe/s 
*18X1I12r e = N L A G = ( N Q  O F  SURFACES I N  C A L C U L I  WITH *NLAG-1* L A G e s /  
* s 9 X ~ % b 2 r  Q=MUD=MUMBER O F  C A L G U L  B E T W E E N  EACH R E S U L T  L I S T E D 8 / / )  

A Q - - A Q / D I F  
R E A D ( 5 e 6 0 )  g X M ( K 9 s K = l . N L A G )  
FORMAT ( BFB e 3 1 

XM(1 )=MOISTURE C O N T E N T  S U R F A C E  P L A N E  
X M ( 2 )  %D X M ( N L A G - l ) =  MC O F  PLANES B E T W E E N  S U R F A C E  AND CENTER 
X M ( N L A G B =  MOISTURE CONTENT OF C E N Y E R  PLANE 

W W l T E ( b s 5 9 9  A T I M E P X M I D ~ ~ X M ( K ) ~ K = ~ $ N L A G . N Z Z ~  
F Q R M A I ( ~ H C s 2 X ~ F % 2 e G ~ F 8 * 3 p 5 X ~ 1 1 F 7 ~ 3 s / / / ~ f O X S U E  CONTENT ' V / )  

T A L ~ O I  \ 
ZZZZLZZZLZZZEZZZZZZZEZ 
HFQFQeLEr9e4B G O  T O  888 
ZZZZZZZZEEZZZZZZLZZLZL 
CON% INUE 
TALzTAL+I e 
A T 1  ME=DT*TAL 
ACTUAL T I M E  IN SECONDS 

D E F e  O F  S U R F A C E  M Q I S I U R E  C O N T E N T  T O  B E  INSERTED HEER 
X M 4  1 )=30e-ATPMk/2%68Oo 
IF(XM(B$sLVs%O.) X M ( l I = l O o  

DO 6 2  I = Z e N h A G  
C  O E F  l o OF D I F F U S I O N  COEFFPC l E N f  INSERTED H E R  

IFCXM(I)rGTr20rI GO TO 80 

GO '$14 42 
80 A D I F [ I ~ = % I ~ 6 + ( X M t % ) - 2 8 ~ ~ * 0 ~ 9 8 J ~ * f e O E - Q 5  
42 C O N T I N U E  

C 
C 
c 



XSUM=Oe O 
BD 1 %  %L=29MN 
X S U M = X S U M + X M ( I )  
X W I D = t o , 5 * X M ( 1  ) + 0 , 5 8 X M ( N L A G ) + X S U M I / N N  
X M I D =  AVERAGE M D l S T U R E  C O N T E N T  O F  ALL PLANES 

P T I M E = % F P X t A Y I M E / 3 6 0 c )  
M P = P % % X ( X M ( 1  ) * P O .  1 
M 2 = I F I X ( X M ( 2 ) * 1 Q e )  
W 3 = I F I X ( X H B 3 ) * 1 0 e )  
M 4 = I F I X ( X M ( 4 ) * I Q e )  
W 5 = % F % X ( X M ( 5 ) * 1 0 e )  
V R I Y E ( 7 s 9 0 0 1 )  I T I M E e M l r M 2 s M 3 r M 4 r M S  
F O R M A V ( * ~ ~ P J O ~ ~ X ~ ~ ~ ~ X ~ I ~ U ~ ~ ? X P ~ ~ ~ ~  

V R I T E ( 6 . 7 9  A T I M E s X M I D s l X M ( K I r K ~ % e N L A G I  
F O R M A T ( % H O ~ ~ X S E % ~ ~ ~ ~ ~ ~ ~ ~ S ~ X ~ ~ ~ F ~ O ~ )  

hf=Q 
I & ( A T % M E ~ G E ~ T S ~ O P )  GO 10 100 
G B  TQ 8 

100 CONTINUE 
888 CONY % M U E  

STOP 
END 



l, card: c01 1-80 (20A4) text writing 

2. card: col 1-10 (EEO. 1) sample thickness (cm) 
2 c01 11-20 (E10,l) diEfusion coefficient (cm /sec) 

col 21-30 (E10,l) time step between calculations 

col 31-40 (ElO-l) max. calculation time 

col 41-43 (13) number of planes in specimen 

c01 44-47 (14) number of planes between each 
one listed 

3. card: col 1-8 

c01 9-16 

col 17-24 

c01 25-32 

col 33-40 

col 41-48 

col 49-56 

c01 57-64 

moisture content plane l (surf ace) 
- - 2 
- - 3 

- - 4 
- - - 5 
- - 6 1 

- 7 
- - 8 

4.card: col 1-8 (F8.3) - 9 

as 3. card continued until the n 
given in 2. card. 

The printer output is seen on next page and consists of: 

The input data 

The value of "the Fourier-n er. If it is less than 9.4, 

Wle calculation will not begin. 

The moisture distribution is printed versus the time. 



DRYING OF WOO0 WITH VARIATING DIFFUSION CDEFFICIENT 

69*44=FOURIER TAL LESS 904 NO STABILITY 

5~0300900=A=HALF THXCKNESS OF SAMPLE IN CM 
1.300003E-05=DIF=DIFFUSPON COEFFICIENT IN CM+*2/SEC 
3.605000E 02=DT=TIME INTERVAL (SEC) BETWEEN CALCULATIONS 

5.00E-01=DX=THICKNESS OF EACH LAYER IN CM 
lo44E-02=AQ=DT*DIP/DX**2 (SEE CRANK MATHI O F  DHFFUS-2 

I e O O E  0 6 = T S T O P = M A X n V A L U F  O F  TTUF F f l U  PROGRAM TN <FC - - - - . . - - . - . . . . . - - . . . . 
II=NLAG=(MO OF SURFACES IN CALCUL. WITH ~NLAGZI* LAC 
10=NUD=NUMBER OF CALCUL BETWEEN EACH RESULT LPSTED 

ACT-TIME AUG.-MC RWND.=MCIP) MC(2B MC(31 MC64) MC(5B MC662 MCe7) MCU81 WC493 MCt10) MC~~lB=MiDPLA 

M O I S T U R E  CONTENT 



The next  two pages show t h e  moisture d i s t r i b u t i o n s  f o r  two 

examples p l o t t e d  with a computer programme from NIELSEN ( 5  ) . 
Example l i s  t h e  one l i s t e d .  

Example 2 has  a change of! t h e  su r face  moisture content  from 

30% a t  t h e  s t a r t  t o  1 2 %  a t  40  hours and t o  1 0 %  f o r  times 

longer  than l20 hours. 

2 The d i f f u s i o n  c o e f f i c i e n t  i s  0 . 1 * 1 0 - ~  cm /sec a t  0% and 

l . 6 a l ~ - 5  a t  20% and 9 . 4 3 e l 0 ~ ~  a t  30%. Between these  p o i n t s  

a r e  s t r a i g h t  l i n e s .  

Cone l u s  ion  

These computer programmes a r e  no t  very complicated, and it i s  

hoped t h a t  they  could be used a s  an a i d  f o r  o t h e r s  t o  make 

own c a l c u l a t i o n s .  The g r e a t e s t  problem f o r  t h e s e  c a l c u l a t i o n s  

is: Which values does t h e  d i f f u s i o n  c o e f f i c i e n t  have? A s ,  t h e  

material i s  non-homogenous it must be expected t h a t  measure- 

ments w i l l  g ive  d i f f e r e n t  va lues  i n  dependence of the  wood 

s t r u c t u r e .  

The Thermal I n s u l a t i o n  Laboratory has  used gama-ray-attehua- 

t i o n  (NIELSEM (4) ) f o r  measurements of homogeneity and moisture  

d i s t r i b u t i o n s  in c e l l u l a r  concrete  (NIELSEN (5)  ) and b r i cks .  

Experiments of drying and i n f i l t r a t i o n  o f  water i n  wood a r e  

going t o  s t a r t  i n  1995. 
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