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Summary

Finite difference method was applied to analyze one-dimensional unsaturated-saturated water movement
in soil. Because it is difficult to obtain the exact solution analytically on usual physical phenomena in
soil-water system, it follows that numerical analysis can be checked on only two ideal cases, namely,
vertical infiltration into uniform soil column from its surface, and water table recharge above impermeable
boundary.

Then both stability and accuracy of numerical scheme were evaluated by comparing numerical
solutions with exact ones, for various sets of grid sizes (At, Az). Two iterative methods, the linear
method and the Newton method were adopted to solve the system of non—linear algebraic equations
derived from partial differential equation.

In case of vertical infiltration,both methods were found to give sufficient stability, when satisfying
von Neumann's criteria. Their numerical errors could be minimized below 5%, by letting both grids
sizes approach zero. :

However, too small sizes of finite differences caused the serious accumulation of round-off errors,
when used to simulate water table reécharge. It proved that the Newton iterative method was more
accurate than the linear one, and was applicable to a wide variety of problems in soil-water system.

Key words : numerical analysis, finite difference method, water movement, stability and accuracy
(Soil Phys.Cond.Plant Growth,Jpn,68, 3 —14,1993)
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Fig.1 Hydraulic conductivity as a function of

matric potential for Masado”. Note log scale
for K but not ¢ .
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Fig.4 Simulated water content during vertical
infiltration as a function of depth at 10
min., for various At and constant A z .Broken
line is analytical solution.
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Fig.5 Simulated water content during vertical
infiltration as a function of depth at 10
min., for various A z and constant At .
Broken line is analytical solution.

AANERB LT LKFEFR O MmN 25, Zhid, REH
51.8cmf L DEE X ¥ T2, PhilipDBTE (BE) &
BE-HKTHL00, ThHUBETRIGTERLGHAL
BRLTWR, 2oz enb, BEMEMECET 5K
SDRODZE%, 0.25emé W HFESHL TROBICEKRE T
ERVWCEEERTE D,

&z, B U< Crank—Nicolsonikic L b, B4 %
3.7 TC—F& L, BEHARE1.0~0.lemEF 2 13t E
REER-5KFRT, Az 22 FT5DEELT, B
E2emfhEC BT AKGROER LA ERBETES &
SR B DD, FHEREECFEPILTLE S 1o,
BEKEORTAEDLRLE-TW3, Zhid, BEZA
3.7, REE2ROICIBRKTHILZL2WE->T W
%o

BEDZ &b, HEBEXMEIRI I, Az
At B EBE—EDEIRTPHELBRETLEZENKDS
ha, COBAELY, K—61Az=1.0cm, At=7.5
BErEssl, WhxAze (At) OBEYERL L

Volumeric water content & (—)
0.0 0.25 0.50

.
8
g
20 e
N
S
2
A
3.0}
T
4.0 Az= | At=
0.10cm ;| 0.075sec
0.25 | 0.46875
0.50 | 1.875
. 1.00 ' 7.50
H-6 BETREIOSHCHGSEKRSHOKER

(At cAZREL, MHALYE 26

Fig.6 Simulated water content during vertical
infiltration as a function of depth at 10
min., for various sets of At and A z.
Broken line is analytical solution.




TEOMEY: F 685 (1993)

Volumeric water content 8 (—)
0.0 0.25 0.50

T T S
1.0
5
N
5 2.0F
=
A
3.0F
7 =1.0(Implicit method)
v 0.75
0.5(Crank—Nicolson method)
F—7 BTRHEL SR BY5EKESMORIERH

(At=1.875 sec, A z=0.5 emilf&H, 7%
%=z B

Simulated water content during vertical
infiltration as a function of depth at 10
min., for various 7 and constant A t and
A z. Broken line is analytical solution.

Fig.7

MHEH I & 20 EMAERTR T, A z2=1.020.5—
0.25-0. lem& B BN ELTHORE LT, FFHBE
BREHCEETS400, Az=0.lcmlETbis
BETOBENTFET %,

Bl 24, OMEMR?.05% L, BEicLoMEmL
PR E Y ROV & BT hE, BER27.715.6
58.72% L BITESBOHETHRY LTWLH, dz=
0.1cm, At =0.075%T4.40% L KAREBEHTELLHD
Bdd, -OBE, B|BEOKNE, BEIRMETEL
kb, FERESHAERTHLDIIE, SIHEERSES
R R BN DETH Do

BTREESCoWTIT, HA*ZHBCRIS0T
fr <, WETMELZEC L SFRENERO Y, &
HEEOEVC ERMbRTWAEY , —7, EHEEKT
DBERERRICES L, Y IEEELLIOADE
&, BEMBARALHRE2RE-EE, ENRCE-T
T35, LT, BRTBECHLTIREBEL
CEHpiil, EEOR®RHRBYRECEELT
w, B b BRI LI RTROILETHS S,

Wi, FEESACHETIER ) EELT, 7=0.5D

e
N7
N
=
B 90F
8 2.5hr
L
\ 2.0
\ 1.0
0.5
100 , . '
0.40 0.50
 J Volumeric water content 8 (—)

-8 BBk’ KysHEOHER
(A t =7.5sec, A z=0.5cm, » =0.5,
Cs=107%cm™)

Fig.8 Simulated water content during recharge as
a function of depth at five different times.
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as a function of depth at five different times.
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Fig.11 Diagram of the Newton iterative method.
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