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9. Computer Programmes

Appendix 1.

———————————————— e R L T
THIS PRGZ7AM CRLCULATED 4 SINGLE MIGRANT

DUE TO COWVECTIVE TAR B PERSION fidh KINETICS

OF SORPTION LITH LINERR ISOTHERM, Vi THET 4RL YD BE INPUT ARE:

R s IMITIAL SOILYUTE COMCENMTRRTI

C3 : COMCEMTRATION OF THE €

ALT 5 COLLMM LEMET

N 3 HUMZER IRVALS IN SINMPSE QUATRSTURE:

T8 ¢ IMITIAL F roF THZ:

DT ¢ TiiE PERIOD OF CALCULRTED DATE:

¥ ¢ A DESTH FOR WHICK CALCULATIONHS ARE TO BE MNADE:
EET ¢ "INTERHRL" FLOU RATE:

GAM 1 A RATIO OF CRPACITIES OF ThE TWO EXCHAMGING PHASES:
LAM ¢ THE RATE OF DESORPTION:

MY : THE COEFFICIGNT IM FREUNDLICH ISOTHERIT:

B.C (M3) — BOUMDARY CONDITION AT THE TOP &F THE COLUMN

MB=1 ~ COMCENTRATION AT THE TOP IS HELD CORSTANT.

,M8=3 - THE SAME FOR FLOW INPUT:
D : THME DISPERSION COEFFICIENT.
ALL THESE VARIABLES ARE TO BE INRPUT IN FREE FORMAT, RESULTING VALUES
(CONCEWTRATION OF FILTRATE IM SEQUENTIAL MOMENTS OF TIME: IF
DESiRED~ SORBED COMCENTRATION VALUES CAN BE APPEHDED AS LELL)
RRE DIRECTED TO DISK FILE. NAMED "MY.LC". IN PRINTABLE FORMAT.
FiY OTHER PERIPHERAL MAY BE USED INSTEAD.

SUPPORTING ROUTINES : SIMPSOM. PRRRB- SURINT. BESREG. WERF. ERFC.

ARAMETER =49
COMMON  /RLFHA- BET-1MB.RKRR-AKAP 1. AKAP2
& ZDELTEZ GAMILALAM.X-T-ALT
DIMENSION W(@:M).TL(R:M
FORMAT (18 sT19,°D=",E12,.6.725."BET=".E16,4.T42-
*GAM=*.F7.4,T55. " LAN="-FB.5-T19. "MY=".FB.5-
Ta5-"A="»F7. s T42. "ALT="+F5.2,T559. " ;=" .F8. 4./
TG *TIME? » T2 *FILTRAT »/2
FORMAT (1. TG-FB.5.T28-FE.5)
LT fL LE 07T 5
=L 6. 06=",00.-"ALT="LALT,
STG-"DT=".DT, " %K=" 2}
TEAM=" L GAM. TTIV=" L ANY .
L'E.C. (1 OR 3y 2 ".M3.7D=".D

& P

FoF N

GArl =G

D0 & I=6.71
TTLCD

AMEaLANET

PEON (MLUL-U2.U3)

Y1) =SB4+ CA-CBIF(EXP (-GAMI¥T)*(PRRAB (X. T-8. )~
* PANAB (K, T» ALTY )+ T (ALAMZHUZ+CAMIKU1) )
COMTTLUE

1. BET, GAM- ALAM- Y. 2001, X
CTLCIY YT - 156,10
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c
Cmmmmmem e SUBRDUT INE~~§ IMPEGN =+ mm mm mm et m e et e
C
L THIS SUBROUTING REQLIZES THE NUMERICAL INTECRATION WITH
G SIMPSON FORFWLA. WUNAER OF SUSINTERVALS : N
(] IHTERVEL : [8.113
C INTEGRATED FUNCYIONS 21,22.23 ARE SUPPLIED WITH SUBROUTINE
€ SUBINT, LHILE RESULTING INTEGRALS U1.UZ.U% ARE
c OUTPUT ARGIY TS
G CALLING SEQUEMCE : CALL SIMPSON (M.UI.0U2.U3)
cC
C
SUBROUTIME SIMPSOHM (M.U1.U2.U3)
Caia
Y1=@,
¥2=9,
¥2=0,
Lt=a,
Wa2=n,
W3=5.
DO 1 I=1.N
CALL SUBINT ((I-B.5)/M.21.72.23)
Y1=Y142Z1
Y2=12422
1 ¥3=Y2+23
DO 2 T=1.M-1
CALL SUBINT ¢I/FLOATC(M).Z1.22.73)
W1=Wi+2 1
L2sb24g2
2 W3=13423
CALL SUBINT €@, .UL.U2.U3)
CALL SURIMT €1..21.22.723)
U= L+2 142,54
U2=(GE4Z242 ,
UZ=(US+2342, 43+4, %Y3) /T
RETURN
END
¢ BUBROUTINE~~SUB IHT~ = mm e
= THIS SUBROUTINE FROVIDES THREE FUNCTIONS Yi.Y2 nND v3 THAT
:  FURTHER SRE TO BE [MTEGRATED UITH SUBROUTINE SIMPSON. Z Is
P AN RRBUNENT. SOME CONSTANTS GMD VARIRBLES 6RE SUPPLIED THROUGH
: COMMGH FIELD CDELTA/. FURTRER DEFIHITIONS £ND DISCUSSIONS
D OSEE MM TEWT.
- SUPPCRTING ROUTI!ZS BESIDES STANDARD FORIRFH LIBRARY
o PARAB
2 SREG
2 anE:Ec SEQUENCE & CALL SUBINT (Z.Y1.Y2.¥3)
- SUSRGUTINE SUBINT (Z.Y1.v2,Y3)
COMHON #DELTAZ GAMI-ALAM. ¥ ToALT
iF (T.LE.0.) GO 70 3
YI=SERT(GAML D)
¥2=SERT(ALAM( L, ~2))
Y3sY1-Y2
YE=TaN3u¢3
IF (Y3.LT.28.2 GO TO 2
1 Yi=8.

Y2=8.
Y3=8.
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RETURN
¥3=

(=%Z)IPERRE (X T#Z, 8. )-FARAB (M. THZ-ALT))
Yim2
. BESREG 1¥-'1.Y2)

S FUHC T 10N ~~~~PARAB--——

THIS SUBROUTIHE COMPUTES VPLUES OF FURCTION OF TWO ARGUMINTS.
HOAND T. THIS FUNCTION PRESEMTS A SOLUTION 57 A FARABOLIC EOUA-
TION OH A SEFIIMFIMITE INTERVAL: BOWADARY CCHDITION AT M=8

MAY BE OF FIRST (M3=1). SECOND (MB=2) AND THIRD KIND (MB=3).
INITIAL COMPITION IS A JUMP FUKCTION EGUAL TO ZERD FOR H.LT.S
AND 1.8 FOR X.G=.8 . T MUST SE MON-NEGATIVE.

THE SUSROUTINE ASSUMES THAT LOME COMSTARTS ARE BEING CUPPLIED
THROUGH COMitGr FIELD ~ALFHA/ FROM MAIH PROGRAM. MORE PETAILLCD DIS-
CLSSION SEE IN TEXT. .

SUPPGRTING RCUTIHES : ERFC RND LIERF

CALLING SEQUENCE : ¥ = PARRB (X, T.5)

FUNCTION PARAD (X.T.5)
COF#idN 78LPHA/ BET.MB-AKAP. AKAP 1. AKAP2
IF (T.GT.9) GO T0 1
PRRAB=1,

IF (5.G7.X) PRRAD=O.
RETUREN

A=SART(T)

LI=RKEP 1A

L =AKEPZRA

A=BET*T+S

ANET={A-H) 4

KADV= (A-HL) i

¥=ERFC (XRET)
A=RKAP KA~ XADVHXADY

IF (A.LT.~174.67> GO TO 5
' 1=LERF (XADY)

IF (MB-2) 2.4.3

rl=-Y1

GO 70 4

¥leY 15 be(Y 1HADY-0, 5641896)
Y=Y Y LERP (R

PARAE =, S:kY

RETURH

EHMD

~~~~~~~~~~~~~~~~ SUBROUT INE--BESREG -

THIS SUBROUTINT COMPUTES VALUES OF TWO FUNCTIONS Y1 AND Y2
FOR NOM-HEGATIVE ARGUMENT X.

¥1 = 160X s ENP (-3)s

Y2 = I10H % EHP (X)X

I8 AND J1 REING THE MODIFIED BESSEL FUNCTIONS OF FIRST KIND
WITH ORDERS B AMD 1 CORRESPONDENTLY. RELATIVE ERROR IS
BELIEVED WOT TO BE GREATER THAN 2.BE-7

CALLING SEQUENCE : CALL BESREG (X.Y1.Y2)

191
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SUGROUT IME DESREG (K. Y1.Y2)

DIMENSICH CS(7)-SH2(7)-RIG)-B(6)

DATA [5-8M2.0-B .
#.,9945219. 5510565, . 8660254, . 7431448,

*
4 LSEP7BT3. . AR67F366, . 2072117, 0105262,
#* L9549 15. , 237, . 4477352 . £545985. , 5345653,
# LOEEPPRT.  125. .B703125, , FE24219E~1, . 1121521,
= L2271688. 5725914, .375. . 1171875,
Lol . 1025391, 1441956, ,2775764, 67659267
Yi=1.
Ya=1,
IF (X.BT.11,3y GO TO 2
Dd 1 J=i.7
R=2 . kCOSH{HACS (1))
Y1=YI4R
1 Y2=Y2+EN2 (J) 5R
R=ENP(-¥)~15.
GO TO 3
2 R=1./1
Y1=1.727728
Y2=1.893322
25 RAB ¢
Yi=1.+Y14R
Y2=Ewl) . ~Y24R)
P=P.3929423/30RT(K)
3 Yi=Y1nR
Y2=V2AR
RETUR:
EWD
C
& FUNCTION--UERF
c
C  THIS SUBROUTIME COMPUTES THE VRLUE OF THS FUNCTION
c ZRE (A = ERFC (X)) % EXP (X2) .
[ ERFCCA) BEING THi COMPLEMEMTNRY ERROR IRTEGRAL
E
C CALLING SEOUENCE : Y=WERF (X))
C TG PREVERT EXPOMENT OVERFLGW X MUST SE GRERTER THAM -13.216
{5
G

* 13 Zhe T

DRTA P2.C2/7.

[opiniag i
9388 6.865 & 32. B.9E316%96. 4,318779 &-5.

% T.IVEES1. 1B,1E451. 12.798%3. 5.354217. [.B/
IRTA PF3-03/-¢ 5 E-2. ~1.,96@69% [-1. -5,160623 224
#* _ B.1ua421. £.8216524. 1.8
I (X.HE.G.3 GO T0 28
2e LERF=1
RETURH
23 Y=ARECR)
=Y
IF (Y.GT.0.47975) GO TC 128
U=PLeg PL1CL 42221020
AR EEII R G BED
=),
J= (1, =T (2)
115 LIERF =i

RETURH
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158

IF (Y.GT.4.) G 70 158
U=F2 (A

Y=02id

D0 148 J=3.8.-1
U=Usy=P21J)

Y= 2033

=y

50 TO 178

U=PZ (D3+(PAC 1 4P3(2)/2) /2
VeRT (R (0AC1I AT (21 /2) /2
L=(B. 5541826+ UAT) Y

IF OLLT.0.) WU=BHEP(2) -l
GO 7O 115

ENB

ononooOoOoooonn

THIS 5U7

R FUNCTICH--ERFC

JTIME COMPUTES THE CCMPLEMENTARY ERROR INTEGRAL.

HORMeL S0 THAT IT EOUALS 1.8 FOR X=0.08 AHD 2.8 FOR ¥

It

ETIVE INFIMITY.FOR FURTHER DEFIMITIONS AMD DISCUSSIONS

SEE  L.ERDPELYI.ED., HIGHER TRANSCERDENTAL FUHCTIONS. VOL.2
CALLING SFOUENCE : Y = ERFCOD

THE RELATIVE ERRIR IS BELIEVED TO BE LESS THAMN 1.5 E-7

o

i
,011-P3ﬂ P21.F32.038-031

ZR276. P.FIGESDT. 18,55226. 7.843746.
E?h9»~3515“3:35-?-.]569421».9214?24/
£.865018, : 031759, 8.5631696,
15.18491. 12.78553. 5.354217~/

Li=0.
50 TO 8
IF (V.GT.0.

GO TC 8

V=1,

03 J’“s”AH'
L=
W\
U=l
comr

193
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Appendix 2

——————————————————————— MIGR2=~ MATM o m o mmeee

PRCGRAFMING LANCURGE : DGC FORTRAN-5 FIR DGO NOVA-2 COMPUIER

HERE 1S A SAMPLE FROGRAM TO DEAL WITH SUSROUTINE CYLi2 AND TO SOLVE

THE MISCIBLE DISPLACEMENT FROBLEM (DISPER GMLESS) pS DECCRIPTED

IN TEXT. CilY THE I-0 INSTRUCTION ARE GIvEM HERE,

ALL IMPUT IS IM FREE FORMAT: REQUIRED (AND ASKEM PARRA

A ¢ THE VALUE OF IMITIAL (PROFILE-CONSTRHT) SOLUTE C
TION I COLUMH.

ETERS RRE:

AN A b

CA : SOLUTE CGHCEMTRATION INTRODUCED AT THE TGP OF THE COLUMM.

T8 : @ MOMENT OF TIME STRRTING AT WHICH THE FILTRATE CONCENTRATION
IS “MEASUREL®.

X 1 A COLUMM LENGTH.

BET: VELOCITY OF UATER MOVEMENT IN PORES. THAT IS. THE
EXTERKAL YELOCITY DIVIDED BY THE “TRGHSFERENT® FORGSITY.

DT = TINE INTERVAL LENGTH CWITH IT AS A PERIOD A "MERSUREMENTS" WILL
BE [4DE) -

LAM: A COMSTAMT DESCRIBING THE RATE OF EXCHANGE BETLEEN STAGHANT
ARD TRAHSFEREMT ZOMES-

GAM: A RATIC BETWEEN PORE VOLUMES OF THE TLO ZOKZS,

NUMBER OF MEASUREMENTS [S SET TO 46. IF ANOTHER VALUE 18 DESIRED.
JUST REFLACE THIS IN FAPAMETER STATEMEWT (M=...).

AN BUTPUT IS DIRECTED TO THE BISK FILE. NAMED “MY.LC*.
THIS CAN BE ERSILY REWRITTEN IF. FOR EXAMPLE. IMMEDIATE PRIMTING
IS HEEDED.

VARMING : ¥ MUST BT LESS THAN BET®TIME

PAPLIMETER =48

DOUBLE FRECISICH XI.TAU.U1.UZ

DIMENSION Y(B:M . T(B:M)

FORMAT (1X/T5.°BET=".F8.4.T18.
FERM=" L F7, 4. 738, °LAM=", FB.5,T5.
CRETLFR.A.TIB, " K=" ,F, 4
T8."TIME" . T24, *FILTRST /)

FORMAT (1¥.-T6.FS.5.T20.F3.5)

ACCERT “R="»Q."CO=",C0."TO=".Ta.

* TR=T LM PBET="LBET.*DT=" . DT,

#* *LAM=".ALAM. " GAM=". AN

R

T1=0-00
X1 MBET

0 4 [=0.M

T =TO+I4DT

R =H{aGAM RLAM/EET

0 6 1=8.11

TAU=ALAME(TIII=%1)

CALL CYLI2 (Xi,TAU.UL.UZ)

YOI =CBHIBAHI2

IF (TRU.LT.B) Y(I)=0,
CONTINUE

OPEN 2.”MY.LC*

LRITE (2.18) BET.GAM.-ALAM-A-¥
WRITE (2,28) (T(Id.YC(I2.1=0.MD
CLOSE (2)

5TpR

EMD
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18
15

28

---------------- Sl LU INE--CYL12 ——— -t

THIS SUSROUTINE COMPUTES A PAIR OF GOLDSTEIN-TYRPE FUNCTIONS. UL AND
U2. VEHICH GIVE A SOLUTION OF MISCIBLE DISPERSIONLESS DISPLACEMENT
FUDBLEM. DEFINITIONS AMD RELATIONS AND BIBLIOGRAPHY SEE IN

S CF BESSEL FUMCTIONSY. BY Y.L. LUKE. MN.Y.1962. CHAPTER XII.
"MODELTROVANIE POCHVENMYH PROCESSOV I AVTOMATIZACIYA [H

IMG ROUTINES : DERF - FGR COMPUTIMG GF ERROR
COHE FOR COMPUTING GF THE TWO FIRST MODIFIED BESSEL
/2R GHLY OME OF THEM IS USED HERE.

IDUBLE PRECISION
HE CYL12 CRA-'YR.U1.U2)

3 /.534159583547?5629/

E.98078528848323045»
08.83687274153268830-
B.75183390747397748.,
0.55557023391966222.,
D120, B,32143545530316153.
Q52201512827 5.54D3129238143867D-27

oo
& 9

Ay
P

8%
o

yi=n,

IF ¢Fa,ME.YA) C0 70 28
IF (¥R.GT.2.) BU 70 1@
GO Ta 1&

CRLL IZECHE (Z.2¥R.Z2.Z1)

Ul=,Sa(1.-28)

IF (2,15, 174.67305) EZ-EXP(-Z)
IF CRI.ET.20.) GO 70 48

24-POINT TRAPEZOIDAL QUDRATURE

(HP.LE

216) T1=EMP (~XP%XP)
B) T2=EMP {-MHeri)
TI+72

*DERF (Y5, 1)

£0 T 3

195
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C  ASYMPTOTICS I
[

48 £2=(XSA+YS0) /SORT (2. %% 1)
T=.5%2/X1
IF (T.LT.1.) GO TO 68
R=5SPI%Z2,21
Ul=],
Q=1.
P=1,
§=i,
D0 58 N=1.25
P=pu(.5-H)r2

IF (DABS (LYUL).LE..5E~15) GO TO S5

UL=Usy
58 COMTINUE
55 Ul=.Sw(Ral-za) 4EZ
GO0 TO 80
c
C  ASYMPTOTICS II
¢
50 T=. 2541
P=1.
R=DERF (21, 3)
Ur=r
c=gPirzl
78 N=1.25
% (2. =1, AT
-z

.5

IF (DABS(W-UL}Y.LT..1D-15) GO TO 75
Ul=U1+
78 CONTINUE
75 Ul=,5%(Z2KU | -ZBYHEZ
&8 U2=1,-Z@*Ez-U1
IF (X.EQ.%A) RETURH
2=U2
uz2=u1
u1=z
RETURN
EKD

FUNCTION--DERF

DERF (X.1) = ERF (X)
DERF (X.2) = ERFC (X)
DERF (X.3) = ERFC (X) % EXP (X&)

RATIONAL CHEBYSHZY APPROXIMATION DUE TO (.J.CODY-
SEE MATH. COMPUT.19653.Y0L.23-#187.PP.631-637

aOoaaqonno

COMPILER DOUBLE PRECISION,
FUNCTION DERF (X.K)
LOGICAL WEG-LOG
DIMENSION PL(B:4)-01(0:3).P2¢B:8).02(0:7).P3(E:5).03(0:4)
DATA C ~,5641395835477552%,
DRTA P1.01,3209,3775691384655. 377.405237685:R202.
* 113.86415415105816. 3.1611237432765556.,
* . 1BOPF77B612468315. 2844. 2366334301706,



1B

20

38

48

a5
50

LAG. HZATETHA44417 .
DATA PZL02. 2651.07837782687 15,
831.93222124170969,
19740€13, 66.115198637141629.
883759, .56418B45658567¢03-
A05ESD-7, 1279.3353548037494,
741437216, 4362.6196901432472,
3.7E923575345058, 1621.5595745666922 -
L16119186200805, 117.69335699131258.
rUed261137058357
A31615398370ED-3, -, 16082785143742277D~1.
: 611122023, ~.36034489994580544,
DEBZAT8 123234, ~, 16315387 1375R2838D- [,
I049FE25686919D-2, LGB518341312441319D~1.
510295:42041, 1.5723528499234625,
19228582247

Y=DRBE(X) R
=y

Wel,

IF (V.GT.8.45373) GO TO 2@

4 EDL 1
DERF=1.-DERF
IF (1K.EQ.3) DERF=DERF*DEXP(Z)

RETUNN

RETURHM
HEG=1.LT.6. N

LOG=Y.GT.13.216
IF (LOGy GO TO (83.88) K
IF (LOG.AMD.NEG) GO 70 188
IF (. KOT.LOG) T=DEXF(2)
1IF (¥,G7.4) GO TO 44
U=Pz2(8)
N0 28 J=7.0.-1

T20)
02T
COnTINUE
DERF =
GO T2 50
U=P3{5)
DO 45 J:

G2B.-1

WeAZHIE (D)

COHTINUE

DERF = (C+UA/ZY Y
0,3) GO TO 78

DERF=DERF-T
IF (K,E0.2) G0 TO &8
DERF= ERE

IF (HEG) DERF=-DERF
RETURWN
I¥ (HER) DERF=2.-DERF

G) DERF=2.%T-DERF

i

DERF=1,
G0 TO 355

197



198

USEOUTINE COMPUTES A PAIR OF FUNCTIONS OF ARGUMENT ¥ :
=]

21 = EXPI-X) #» 11 ) ~ ¥ .

WHERE I AHD 11 ARE MODIFIED BESSEL FUNCTIONS DF ORDERS @ AND 1

: FETTIS-TYPE TRRPEZOIDAL

FOR X,LE.20 BMD ASYMRTOTIC E¥PAMSICON FOR 3.GT.29.

GREATER THSN 5 IN 16-TH SIGNIFICANT

8.9887385260849323045.
B.B5687274153250930.
B.r51533587 47897740,
B.55557023351258222,
B.3214394653653 16153,
23230143867D-2,
232744556622D-2,
8. 1256 1926519562958
8.4347 5590739937 429,
8.6213417 1618254439,
2.80557667E 145517538,
8.93572243068698521 ~

o8 DERF =0,
GO 70 &8
180 TVPE TH.LT.-13.216 IM DERF(.3)*
C
c
C THIS S
C 26 = EXP(-X) %« I8 (X AND
E
C  COPRESPOHDENTLY. MEITHCDS USED ORE
C  QURDRA
C ER i LIEVED TO EE NOT
C DISIT.
C
CCMFTLER DOUSLE FRECISION
ITIME 1ZEONE (X.ZB-21)
GEHIICH CSC123-5H2(12)
DATA C3-5H2 ~
# 0.99785592323862351 .,
E 0.245335129495 10566,
2 0,BE146981 220251524,
Ll 9.559345815 10855597
2 S 85001600128,
2k a 201612027, 6,54
o 4 4726:1D-3. 2. 8064
L a J438242,
4= a 17435511
£ 0.
* a.
= 3. FESEERE4333.,
IF (.GE.Z9.) GO TO 20
28=3.
18
20

RI=DFLOAT(4-K04R1
RI==DFLDAT ()7 #R2
T=T/{PHDFLOAT(NY )
2O=2B8+R1%T
C1=Z1-+R2&T
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49

119

128

199

COMT *vUE
T-1.'2P372{ATRY55126/50RT(P)
FdmE
zl=c.
RETUNM
BT

———————————————————— AT~ (MUBY ===~ -

THIS RRCGEZAH COMPUTES THE REDISTRIBUTION OF MOISTURE IN
VER CULUMS TUS TO THE CR2ILLARY COWDUCTIVITY fGND GRAVITY.

ALl CALCULATIO ARE BEING MADE [1 TERMS GF SUCTIOM. GHD

CLV'U‘LD FOR OUTPUT. ALL INPUT AND
iDES SUBROUTIME INITL. SEE THERE ALSO IN

THE FACTORIZING COEFFICIENTS
=NCE EQUATION.
«FER. DUTPUT. 14ITL. DERF.

TS HBNY RN L F LD
1 GLEHA - DETALED F (H-1)-F2CN=1) s HZ(N-1)
oL IHITL (554,528 DX-DT,EPS.IT)

(JFDTBETAC.FLAY

a{H(I=1)~] H(J)an1+
o) 0'14LJ \HLJ+1)—H +DHE1 ) +DTHFLA
CG TIHEE

RO ERLTH P
IR
TR (J)4ERHZ (I +DRR(ACTH 1D AL DI /R

JERELONDLIDLLT.60) GO 7O 108

PUT (2.
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SUBROUTINE=-IN{TL=c-m=-- ———

THIS SUBROUTINE INPUTS THE STARTING INFORMATION AND
INITIALIZES THE CALULATIONS,

AN EXPLANATION OF PARAMETERS FOLLOWS

H : AN ARRAY OFOF SUCTION VALUES IN SACH X-POINT
OF FIMITE-DIFFERENCE SCHEME,
175 DIMEMSION IS @:52. THOUGH THIS VALUF COULD BE RE-
PLACED WITH AH APPROPRIATE OME (THE REST OF ARRAYS 1S
HANDLED AMALOGOUSLY). TWD LAYS OF IWPUT ARE PRESCRIBED :
H=CONST AT THE BEGIMMING (L=B) OR H IS SUBSTITUTED
BY THE VALUES CALCULRTED FROM ANY SET OF MOISTURE CONTEMT.
STORED IM SUSROUTINE INTRA CL=1: SET IS DETEINMIIED BY THE
PRRAMETER KB- KB=B.1.....7).

A-F1 ~ ARRAYS USED IN MAIN PROGRAM: HERE THEY ARE
INITIALIZED.

f8.88,.C8 : CONSTANTS 11 PF-CURVE RPPROXIMATION.

HL AND H2.A1.B1.¥1.A2.82,V2 : CONSTANTS IN EXPRESSICHS
CARILLARY COWDUCTIVITY AS A FUNCTIGN OF SUCTION.

DX AND DT - THE INTERVALS OF DISCRETIZATIGN ALONG X-AXIS
AKD T (TIME) ~ RMIS CORRESPONDINGLY.

ITHE @ "TIME-TO-PRINT® ARRAY- THAT IS A SET OF MUMIZRS
OF TINE INTERVALS AT LCHICH AN QUTFUT IS TO BE DONE.

LTIM : THE LENGTH OF THIS ARRAY.

KB ~ NUMDER OF EWPERIVEZNTOL TIME. STARTING WITH IT
A CALCULATION 1S PROCEEDED.

RO - AN ARRAY OF ZVAPORATION RATES FOR ERCH EXPERIMENTAL
TINS INTERVAL.

§ AND 'S1 - COEFFICIENTS IN FINITE DIFFERENCE SCHEME. S SHOULD
EE TAKEM It INTERVAL FROM 8.5 TG 1.8. S1 - BETUEEN 8.8
AlD 3.5

PARGMETER H=53
SUBROUTINE IMITL (S-51.52.8M.DX.DT1.EPS.JT)
COMMIN AATO, KB »ACNY -F1 (1)

CORMaN ~WAT2, A3.BA.CO

COMMON /WAT3/ HI.K2.AL,B1.V1.A2.V2.A3.V3
COMAIN ~LAT4~ DT. IT,LMNT. ITME(B: 12)
COMMDM AUATS/ LBCL1.8:7)

COMMBN ALAT7Z ROCO:6)

ACCEPT “Ta=*, ITMECA)

IT=1THE (@)

D¥=B.2

AB=D, 2855

BA=-1.28596

£B=.372715

H1=65. 12817

H2=7241.5994

Al=1751.

ACCERT *KB=".KB

ACCEPT “RG(D:6) : *.(ROCI).[=@.6)
ACCEPT *S=*,5."51=",51, "DT=*.DT

ACCEFT "EPS=.EPS

B1=1693,

Vief.2

AZ=643,

V2=2.88

A3=E.B978

V3=1.81

ACCEPT "LMTw’,LMT
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ACCEPT “ITME ¢ *-CITMECIY-I=1.LMT)
ACCEPT “HB ? (B OR 1) ".L

IF (L.EC.8) GO TO 288

DO 169 I=1.18

WIt=YaCI.-KB)

LiR= (U CI+1LKBY-UTHD

J1=(1-1):5

D0 109 J=8.4
HOILETY =LATH (BIN+T5WR. 3D

COMTINUE

Do 153 J=58.53

HCII =LATH (WG (11.KB) »3)

GO TS 2E0

ACCEFT *HB="-HO

DO 218 I=8.il

H{I)=Ha

COHTIHLE

PTL=DT

1T=1

§2=(1-31)/5

51=51/5

S=1,5-1

SM=DT/(D¥DX)

Do 38 J=1.H

F10J)=UaThH (H(IY-2)

RLT FERCHLIY)

COMT
RETUMN
END

————————————— FUNCT ION--UATN

THIS SUSROUTIME COMPUTES THE VOLUMETRIC MOISTURE
CONTENT WITH SUCTION AS AN ARGUMENT (KEY=1). OR IT"S DERIVATIVE
WITH RESPECT TO SUCTIOM. AS AN ARGUMENT OF SUCTION (KEY=2). OR
SUCTION A% AW RRGUIMENT OF MOISTURE COMTENT (KEY=3).
THE FOAMULA IN USE IS THE FIRST APPROXIMATING FORMULA FOR
PF-CURYE.

CARLLIMG SEOUEHCE : Z=WATN(Y.KEY).
SUPPORTING ROUTINE : DERF. YNVERF

OO0 OOooo

FUACTION UATN (Y. KEY)
DOUSLE FRECISION DERF.YNVERF
COMOH /WRT2/ A-B.C
IF (KEY,EQ.3) GO TO 28
WATH=B8
IF (¥.GT.9) GO TO 18
IF (KEY.EQ.1) LATH=2%A
RETURN
18 Z=D4CHAL0G10(Y)
IF (2.GT.13,2) RETURN
SeZHZ
IF (HEY.ED.[) WATH=A%DERF (DBLE(Z).2)
IF ({EY.E0.2) WATH=@.4989488%AKCHEXP (~5) /¥
RETURN
20 WATHSERP(2,3825B5% (YNVERF (1,~Y/A- JER)-B) /C)
RETURN
END
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——————————————— L (4 ———

THI® SUBROUTIME COi'PUTES THE UMSATURATED CAFILLARY COMDUCTI-
VITY (¥FER) AS A FUNCTION OF SUCTION (H). EOR

H < HI GAPDNER”S FORMULA IS IM USE. FOR H1 < H ¢ H2 AMD

H > H2 - FORISJLA OF YISSER. WIND AND WESSELIMG (WITH TLA
SETS OF PRERIMETERSY.

COOOOOO00on

FUMCTIGH “FER (H)
COMMIM AWGT37 HL HZ2,A1.Bl-VI.R2.V2.63.3
IF (H,GT.Ki) G0 TO 38
P=8,
IF (H.CGT.8) P=EAP(Y1=#ALOG(H))
KFER=A1/(P+B13
RETURH
38 IF (4.GT.H2) GO TD 48
KFER=R2%EXR (~V2aEL0G (H))

PETURM
4B MFER=AZFEXP (-VIHALOG (M)
RETLRM
END
e SUBROUT INE--QUTPUT - 5

THIS IS A SAMPLE SUBRDUTINE CONTROLLING THE CALCULATING OF
THE MOISTURE CONTEWT AND THE OUTPUT OF RESULTING INFORMATIOM
(MOISTURE CONTEXT AND SUCTION) TO A PERTPHERAL, HERE DUTPUT
1S B=IMG MATZ TO A DISK FILE. NAMED "LISTA.LS",

SUPPORTING ROUTINE : WATH.

oOOono0O0n

PARRMETER H=53
SUBRCUTINE CUTPUT (J3.H»
COMMON ZLRTS7 TT. 17, LHT. ITHE(B: 12)
DIFEHSION HCB:M)-W(B:M)

188 FORMAT (1A-/14."T=".F7.4." DRY"//1X-12F6.4)
I CJ3.LT.ITHMECIT)) RETURN

DO 18 J=3.MN
1@ LT =LATH (H(JY. 1)
CFEN 1. "LISTR.LS"-ATT="A"
LRITE (i2.103) T.(W(S*kI). 1=B.NS5.L(53)
WRIITE (1. 1803 T, (WSR2 1=6.N/5) . W(53)

CLOSE (1)
17 CIT.GT.LMT) STOP
RETUM

EMD

C --SUBROUTIHE~~INTRA e B L]
c ;
g
C  THIS 15 AN IHTERPCOLATING ROUTINE TO PROVIDE THE IMITIAL DATA
C AT EACH X-POINT OR</AND BOUMDARY COMDITIONS AT EACH T-POINT
C
[ FLL : MDISTURE COMTEMT'AT THE TOP ACCORDINGLY TO EXPERIMNEMTAL DATA-
[ FLO : EVAPORATION RRTE,
E
SUBROUTIME INTRA (T.FLW.FLO)
COMMDN ARTE, TIME(D:7).LAYRLLTIFLTE- T, WAL L02. B3 1LO4
#* AUATS, W(11.8:7)

COMMON ~UAT7- POA:6)
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paTA TIME #B..1..2.125.3.125.4.292.6.292,18..14.842~

LAd L, A48, 453, 458, . 452, L 465 L 468, . 47D, 471,472,
.3081,.388..395-.399..482. .496. . 485, .413. . 415. . 417
.38, .528,.329.,357..343, . 350, ,355-.359. . 362, 365+

*J

.264..283.,235..303,,3088-.313. .317. .321, .324.
195, .232, .2%3,.267..277. ., 285, 232, . 297, .295,.392.
138-.184, .217,.236-.246.,255, .262, .268: .271,.275~

* 661,098, ,133,.164..19¢..208..219, , 227, 232, .237..241.
F .85%5, .685.,116-, 142..163,.178. . 19R. . 208, . 266+ .212. .214~/

DO 18 KB=E.B.-1

IF (T,CE.TIME(KB)) GO TO IS
CONTINUE

Wa1=Uc1-KB)
WA= 1. KB+1) 1Bl

T3 KB)

T (KB+1)-T8
RT=(T-TA 71

ATH (LB L+ TxLB2.3)

8
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Appendix 3

THE PROSRAM WRITTEN IN DGC FORTRAM 5 FOR DGC NOVYA-2 COMPUTER

THIS PROGRAM LAS DESIGHED TO PEAL WITH A SY3TEM OF SIX DIFFESENTIAL
EQUSTINSS DESCRIBING B0TIUM CONVECTIVE DISSERSION AND SORPTICHAL

IhYERCH E UITH CALCIUY. THZ EGUATIONS AND ALGORITHM SEE IN TEXT.
HERE A CNIEF 100 INSTRUCTIGH 1S FRESENTED.
BLL IMFUT 1S ACCOMFANIED WITH SUFFORTING OUESTIONS &ND

EVERY VRRIASLE IS INPUT IN FREE FORMAT.
It ¢ IF @ THEM IHITIAL COMDITIONS LIILL BE IMPUT FRGH THE
GHSOLE. TF ¥OU SPECIALIZE 1 THEM AS IHITIAL WILL BE
JED THE IMFCRMATION. PREVIOUSLY STORED (PREFRODUCED
IS PROGRAM IN DISK FILE MAMED "DASHA.EE”.
GUT : IF 1 THEM RESULTING IHFORSOTION WILL 88 FUT IN
THAT DiSK FILE. IF THIS IS NOT DESIKES. SRECIALITE 8.
B.C : - BOUMD=RY COMDITIONS. IF 1 — @ CONSTENT CONCENTRATION
AT THE TOP OF THE COLUMM WILL BE GIVEM. IF 2 - A ERENHER-
COMDITION WITH COMETANT FLOW.
H AMD H2 ARE THE CORFFICIEMTS IN FINITE-DIFFERENCE SCHEFE.
CUTPUT PR ILMT. IS HUMBER OF FRINTS TO BE 1ADE
T Gl [MORMSHTS OF TASK TIME. THAT WILL OE INPUT FURTHER):
NITER I3 NUNBER OF ITERATION STEPS.
CUPA IS TOTAL SOLUTE COMCENTRATION AT THE TOP OF THE COLUMN.
CiUPR/ IS THE SArE FOR SODIUM:
EFSA AHD EPSB ARE RELATIVE (YOLUIE PER
TRANSFEREMT AIID STAGHANT ZOME CGRR
FLOW YELOCITY, Wol. 1S AN EXTERNALLY 03
(HIEHT PER UNIT GF TIME):
15 ThE TOTAL 0N EXCHAMGE CAPACITY-
D DM RRE THE FINITE TINE AND VERTICEL COORDINATE INTERVALS -
ADOPTED 1M FIMITE-DIFFERENCE SCHEME:
IS CCEFFICIEMT OF (MOLECULAR) BIFFUSIOM. 34D
P 18 THE CECef 1T OF LOWGITUDINAL DISFERSION:
1S THE EaTZ THE TWO Z0MES IHTERCHANGE. .
IS THE RATE QF SORPTION.
IS THE I50THERM'S COEFFICIENT.
I3 A SET OF ILMT INTEGERS. PRESEHTING WUMBERS OF
OF STEPS AFTER LHICH AN QUTPUT OF CURRENT RESLLT WILL BE
FORE: IN THIS VARIAMT OF PRGGRAM THAT INFORMATION 1S DIFECTED
IH FRINTRBLE FORMAT TO THE FILE BAMED *RASHR.LC.THE
CONTEMTS GF THIS FILE COULD LARTER BE PRINTEL. IF BESIRED.
THE MEXT IS AN LHPUT OF IMITIAL VALUES. IT IS DONE FRQOM THE
DISK FILE “RASMA.BM’ (IN=1) OR FROM THE CONHSOLE (IN=8).
THESE RRE :
CA9 ~ IMITIAL (QONSTANT THROUGHOUT) TOTAL SCLUTE CONCENTRATION
IN R-Z0 (TRAHSFERENT) »
CIRB IS THE SOME FOR SCDIUM.
CBA NMD C183 ARE TI’E CORRESPONDENT YALUES FOR B-ZOME (STAGHANT) -
SR MHD SBJ REE SCRCED SODIUM CONCEMTRATIONS FOR A~ AND B-Z0NE
Cor FONDENTLY.

VOLUMEY POROSITIES DF
SPONDEMTLY;
<RVED VZLOCITY OF SEEPAGE

o

=0
S5 D

Ly

s L=

i

“DDDEE

- N TL K = g

nnnnnnnﬁrjnnnnnnnnhnnnnnnnnnnhnnnnnnnnnnnnnnnnnt‘:nnnmn

IMPLICTIT REAL (L.t

PARAMETER H=28

DIMZHITON ITHE(2RY . RHB(B: M) -CD(B: M), R(B:NY»
GAN(B MY GERG: M) . GA(B: M) -GB(B: 1) - HR(B:H) »
ALF ) L ALFZ ()L BETIN) -QCACD:N) . OCB(B:N) »
OSACB MY, DEBIR 1KY CACO:N).CIACB:NY . SLALA:N) .
CB(8:M),C18(A:HI . SLEIO:N).SRIB:N) . SB(B:N)

28 FORMAT (1A/T5.°T=".F7.4/T11.7CLl".T21.°C2°.T31-

& % H



-
%
38
#
#
#*
#
i
*
iee
*
118
128
.
E
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“51*.T41."CA".T51."CIR"-T61."C2R".T71-"BA".
T81-7C0%.T91.°C1B". T121.°C28" . T111.* 58" ~)

FORMAT (1K (TS, LIF1IB.G))

RCCEPT 7 IM 7 (B CR 1) “.IM.70UT 7 (B OR I3 °.I0UT-
“B.G.7 (1 OR 25 *.KBOUMD.*H=".H.,"H2=",HE.
4OUTPUT DUMTY 27 ILMT. "MITER=".NITER. "CURR="»
CUFN.*CilPR=".CI1UPA. *EPSA=" .EPSA. "[P5D0=", EFSL .

*FLOW WELDCITYs=".WEL.“CAPACITY="»CAP."bT=",DT.
*DH=" D "DF3=".DFS.*DISP="-DISP. "AK1=", A1,
PAKZ=" L PK2. 7 AKS = A AKE L P ITHE: 7 CITHECTD » J=1, ILTMT)

IF (IM.EQ.8) GO TO 109

OFEM 2."RASNA.BN*

REAT DINARY (2) CA-C1A.CB.C1E.5R.53

CLOSE (2)

GO 7O 1z

RCCEPT “CRO.C1AB.CBS.C1BB.5A6-580="+
Cho.C1AY-CE3-C1BB.5A0.5BE

DO 118 I=@-H

CACD) =CRE

CilA(y=C1AD

CB(1)=CFz

CIBCIY=CIBD

SH(I) =519

8B(1)=5E0

OPEM 1,°RASMA,LC"-ATT="R"

WRITE FREE (1) *B.C.=".KBOUND."H=",H.*HZ=",RKI."NITER="+
NITER. "< 15>CURPA=",CUPR. *C1UPR=".CI1UPA. "EFSA=",EPSA.
*EPSE=’ , EFSH, < 1SOVEL=",VEL, "DT=".DT, "DX=", DX, "DF5=" -
DFS. 41930 IGP="+DISP, "RK1=" . AX1. " AKZ=" K2, "AKS =" . AK3

D= (DESHELADISFI ~DX =
K=DT,DN

ERSA-(EPSA+EPSE)
1-AZ1

RKAF=AKZHCAPERZ]
BKAP=AK3:CAPHAZR
La=Da#TH
AR=VTLxT+BO
Ce=ABb+E0

Al=AEH
Ris=AB-A1
Bi=501H
B15=BC-B1
AZ=A0xH2
AZ25=RE-A2
B2=BB*H2
B25=BB-B2
LAM=AK14DT

LAMO=LAMHA (EPSB+LATMHY
|-AML =H: A8
LAMIS=LNRMa-LAML
LAMR=1-LGEMA
LArB=LAMI+EFSB-EPSA
LAMd4=LArH2
LAM3=EPSE+_AM4
LAM4AS=LAM-LEMA

G1S=G2-&
G2=GA*H2+1
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125 ALFC1) =30
ALF2R(1)=0
GO TO 140

138 F=VdlLsVELADT)
Clif= ’
Ciumy E
148 DB 157 I=1.11
153 ALF CI4+0) =Bi (G I-AIALF (1))
REES]
)
C tAs
168
SURA
=1.M1
rI—U—G!SH:CQ(I)+818*Em,I+1)+LRHB*EB(I)
176 BETCI+1 =OLF CI+1)#(AIBETL I 4F) /B1
SR =BETOM A I~RLF M)
g FeNafa-1
188 LECIDEA{DHBET(D)
9.1
H2ECE I LAMIASA (I +LAMISHCAC )
158 £
C ClA
260 EETI=CiUrD
F=DCR(I)+(LRT‘E4'kHE(I)*(OEB(IJ-}GBR(I))—
* H2 CIDECDCI)4GARCI) ) /EPSA
218 e
220 ETCD)
C CIB & ¢
DO 229 1=0.4
(GBE(I)+LRN4*CIHEI)+RHBEI])
239
c
243

KAPLCACTI.CIACIY . SLACT)LGACT) )Y
o UL BRAP.CBCI -CIBCD .SLBEI) . GRCT))
(R

En(i3=15

(88
in
[}
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DS Ty =M1 (1) ~MIg4SLAac

0ERITY =N
CLRATY =03

FI3=CALTI-C1A(D
LA=CB{II-C18(D)
288 LEITE (1.38) Z.F.GB.CA(DY.CIACIY-RB-SACI)-CBMOI).CiB(I).RE.SE(1)
EOLIZLLELILMT) GO TO (68
CLOSE (D)
iF (ICUT.EC.9) STOP B
CPEM 2.7 iR BN
WRITE DINARY (2) CA.ClA-CB.C1B.5R.58
CLD&E (2)
ETIR 1

END

Cmmmmmmmmmm oo SUBROUT INE--SARG -

THIS SUBRCUTINE IS PROVIDED FOR "RASMA" SYSTEM AMD CALCULATES AN
ECUILICEIUM SORBZD SODIUM COMCEMTREATION (SL) RS WELL AS ITS
DERIVATIVE (GY WITH RESPECT TO SODIUM SGLUTE CONCEMTRATION,
INPUT RRGUMZKTS @ SKAP - I0ON EXCHANGE CEPACITY.

RK  ~— COEFFICIENT OF ISOTHERM

C - TOTAL SOLUTE COMCENTRATION

Cl - SODJUM SOLUTE CONCEMTRATION
AN [SOTHERM IM USE IS THAT OF GAPOH. IF OTHER ITOTHSRM IS
REQUIRED. THI5 SUSROUTINE SHOULD BE REWRITTEN.

OooooOooooon

SURRCUTIME SARG (RK-SKAP.C-CL1.SL-G?
IF (CI1,GE.C) CI=.82959:C

Z2=C-C1!

& 1=S0RT{Z)

RETURH
D





