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Abstract

For the proper management of water and fertilizer resources, distributions of water and solute
in soil should be precisely predicted. The movement of water and solute in soil may be expressed
with partial differential equations (PDEs). The PDEs should be numerically solved for real world
applications because of complex initial and boundary conditions and high non-linearity in some
cases. The recent development of a general PDE solver using the finite element method enabled
FlexPDE Lite

can be freely obtained through the Internet, and its applicability to solve water and solute

us to more easily solve these PDEs governing water and solute transport in soil.

transport in soil was investigated. FlexPDE Lite successfully simulated water infiltration into
Haverkamp’s sandy soil with <2% of mass balance errors. However, it failed to calculate water
infiltration into dry loamy sand when initial pressure head was < —60cm. Results of simulating
solute transport with FlexPDE Lite also agreed well with analytical solutions especially when the
convective transport was not dominant. Therefore, FlexPDE Lite, although its performances
were purposely limited, could be an ideal tool for a training purpose or a small-scale simulation.
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Fig.1 Comparison of water distribution calcu-
lated by FlexPDE Lite, FEM (Noborio et
al., 1996), and FDM with results of
Haverkamp et al. (1977) during water
infiltration under (A) the Dirichlet, and
(B) the Neumann boundary conditions.
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Table 1 Comparison of calculating methods and calculation time for water infiltration into the soil of
Haverkamp et al. (1977) using three programs (FlexPDE Lite, FEM and FDM)

) Pi)E-3 v o s = FRkE B R I I
7o 75 a4 HETILT) R A ER il »
5 2 dx, dy dt LEP SRS ==&

FlexPDE Lite (1 EBE=2—tv - dx=H#nE  HEERT 1.0 <2%
57 vik dy=HEnEl

FEM* (2) BIEEH—F dx=1.0cm HEh%E 0.3 <0.2%
(Noborio 5, 1996) BOR L dy=1.0cm

FDM** 3 0% g dy=1.0cm 0.0001 h 5.0 <6%

*FEM 70 7' 5 6 OFETICIE~ A 70y 7 t® FORTRAN PowerStation 4.0 2 {difH L 72,
*FDM 7' 0 /' 5 L DEFTICIE~Y A Y 7 kD MathCAD 2000 % #H L 72,

" FlexPDE Lite O35 % 1.0 & L CHiOfi#r 7 0 7' 5 4 OF R Z IR L,

Celia 5 (1990) WHEEIGGREEZDKREZE T 5 /v iciE
KLU IRAEORSBEI AR GREQ2) EEBEEH — Fig
DIRLEEDHAGDLEEABEHAL TWAEIcHTH S,
SHEM1Z, FORTRAN I ¥ %A 5 &> TW 5
FEM mSHEIFICE D - 7o (F-Do LA L, FIEEEHRD
FRiTl, o7 v 75 %5 NEND 5, FDM %

R-2  FRWE L A oKy RIS T B R
7w 75 L oMREHE
Table 2 Performances of FlexPDE lite and
FEM (Noborio et al., 1996) for simu-
lating water infiltration into a dry
sandy soil*

Ef7 LT3 01 MathCAD EWEEN BFIEIEISE (1) o0 re g0 RS S
7u7T AT, 4yy=7) yEBERTS LD, 5956  FlexPDE FEM
Mot 7 a 7 5 s iR U CRHRERRESE S e - Vi(cm) (cm’/cm?) Lite  (Noborio 5, 1996)
120 HIRLDEFIEZE - 72 FlexPDE Lite 13, ) 7V % 60 0.084 > >50 0.3
4 LATEERERE V5 7 ICERLTWEDT, 7575k ~100 0.071 NG 0.3
R LIEWEA TGRS - L m s Ebh ~1000 0.058 NG 0.3
b0 WINODRITT B 75 A SRS DE W DGR —5000 0.05709 NG 0.3
MIATIE BRI EA LD - 1, —~10000  0.05704 NG NG

B 7 0 75 L OFFE G & FTERE A ik L 7c o
ME-1TH B, A()Q)BEFNICEFMTH 505,
EHE LI ConIEIETh 5 -dich () 215 L BHE
INZEAEZNS KT EENRNETHZ EEDNTVS
(Celia 5, 1990), L7 L, FlexPDE Lite T3, (2%
WA S EHEREE S >0, X)) TRENB T
FIKERHL EREIE N B 7Kk E AR 2R &, T oftho >
0275 ATRR(Q TRENBESE EFIFN KD
B RO 21T - 7oo REBORE RS0 2513
FOXHIC3HEITDH 5, A THEH L /2 FDM I
13, [EEED SRR - 72, W/ FEM & FDM
WIHEE L, EUIRET R IR A, £/ FDM (3875
AR & S AR R ENRET 20681 H - 1,
L7 L, FlexPDE Lite ld 21 5 % HEICimLifEIc
METARELBELTVWADT, ZOMEREH, -7,

#-2 Tld, FlexPDE Lite & FEM ORYE A~ DIK
iR RE T B HERE D i A 1T - 120 (D (Q2)Fho

R ¥=0cm for t>0, y=0cm

U=T; for t>0, y=—80cm
*HERE 18164 A4 van Genuchten (1980) /¥
J A =% DfE : ;=041 cm®/cm?® 6,=0.057 cm®/cm?,
a=0.124cm™!, n=2.28, K;=350.2cm/h
T #£-112/8 L7 Haverkamp & (1977) ORYVE i~
DRSBTS % FlexPDE Lite O 5 %
1.0 & U CEHRIRFZMEITICR L fc,o
NG FFEAREE R T,

FEUE, WEHEICET 32 013 E % OISR E
{1550 BT, HRRE I~ ORISR D T
IEEch 0T, HEMENIC I IHRPSRE s HR ©
b B, FEM (4, #a821CTWHIHSM: (¢i=—5000 cm)

¥ TEERRETH - 720 — 4, FlexPDE Lite (3, 1FHA
KEAHEOWIIZEME (0i=—60cm) % TITXH L TH 65
TR TH - 720 Lo L, BIEEMBRIEFICES pp -



i AR oKy -

1.2

WEBENEN T~ DI PDE v b S — D 23

P/AL=0.75

0.8
0.6
0.4

0.2

P/AL=1.5

T T T T T

-5
(NI

P/AL=3.0

RELATIVE CONCENTRATION

j — — — - FlexPDE (upwind)
------------------ FlexPDE (no upwind)

Ananlytical

T T T T y T
0 100 200 300

- T - - T -
400 0 100 200 300 400

T

ELAPSED TIME (day)

B-2 FlexPDE &f##frfi# (Eq. 13) 1T & 2 /A BRI D LR
Fig. 2 Solute front calculated with the analytical solution (Eq. 13) and FlexPDE Lite with and

without the upwind weighted scheme.
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Fig.3 Two-dimensional distribution of relative solution concentration in soil
calculated by analytical equation (Eq. 19) and FlexPDE Lite.
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