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A Study of Water Transport Model with Hysteresis
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ABSTRACT

Hysteresis occurs during wetting and drying process in unsaturated soils. Most
studies are ignored about hysteresis because of its complication. Because of governing
equation of unsaturated flow is nonlinear equation, and its analytic solution can’t be
obtained easily. Therefore, the numerical scheme is developed for this mothod. The model
is based on a combination of van Genuchten’s parametric models and Scott’s hysteretic
model. For the purpose of mass balance, finite difference method is used to solve the mix

form of Richards equation in the study, and it compared with the experiment data.

Keywords: Hysteresis, Richards equation, Finite difference method.




L o
— B &

— I AR IR A B ERATRRRE - & IIATR
g R AL - (BERE L YmGRHE Z2EN
BEME BRGHERB LS RYE > RREMRE
FEUERR T e E R AR ARIE - MEL
ARG ERBREET KO RER S BT EE
b BELEESKE S KERAKNESREZHE
BRI B (R - 10 RB IR R (Hysteresis)fl & 48
Ho B 1S HER A KLER KR RE - H
£ K R R - TR AT RE £S Bk S fR K iR
#5(soil-moisture retention curve) » #F #7182 B2 7R 3B
T2 v HAR K AR U FE B — B AR - BERANEIEC
BEEESEEIEME - BRRIENR T
R AR - 3 B E RSB SRR A
EHEE - AEEEE R EE I —RE R AE
B T RHEE— 2 RAKHTER o A SUR B UE
MABEETE S - WIERARE -

— -~ XEBEE

—#eEE A EEKXTTE A [Richards
equation) A KRR B H S B =B A
(—)DKEE h BB A KL 0 BREBCRER
FERA -

2%(;'_){_2[ KW%’}% K(B) woo (1)

HhoE B TE 4 7K Hh(volumetric water content)
(L’/L%) + K Bk F718 38 (£ #(hydraulic con-
ductivity coefficient) (L/T) » h B JI/KHH
(pressure head)(L) » z HEE HAENM LR
1IE - t BREFR o

(THLAKEE h BE—BHZ R :

H C A S E(specific water capacity) »
FNERAK B AR 2 B AR 2R o

E)LEEa kL0 BE R RN
a0 0

a6, d
57_5;(9(9)5;)+5K(9) .................. 3)

welling

7KL 8

1 EBFRZHEKERTEE

Celia(1990) 8 #2 Hi 1R & B #% ) 5 12 sU1F 8
fEEEg ARG EAGRECEET
o h AP ARERRS 0 -h ZRREMEH
R EEERRNBEY . RARNgRER
Ry R RE s TR 0 BV i AR REEE RIFRY
BETH BEESRAIME BRI TRALEK
e s SEER A - B A BN L
R TR S B P 5 1R S B E R R R 12 B DA
FRRtES R AU ERAERESERERES
BRI ERK

DA R 2% 1 4 22 % (Brook and Corey,
1964 - 1966; King, 1965; van Genuchten, 1980)#¢
o R KRR 6-h BB EF DL van
Genuchten 137K 43 2 BHE B BE [ FE TUERK
B IR ATk B B = o (R AR ST A van Genuchten
ZHEAS BEER  WOHAFE

=070 |1 | . (4)
es—er 1+|ahl"

H o BeE - 0, Re, /7RI REE
BE KR EGREES KL o ns m BFR
HF > fim=1-1/n o B4 K-h ZBRIERH
van Genuchten(1980)F#2 2 K-h BERH %
X WO -

{1 —|aH]"™ [l +|och|’ ]_m }2 ................ (5)
[l +lah|" ]M

K@©)=K,-



\ Secondary wetting curve
\}~ b Primary drying curve

Main wetting CUrve

2 IRBEERER(D)

Secondary drying curve

Main drying curve

Primary petting curve

3 RIBEIREQ)

Hr K, BEAK I EERE -
—RELEASBENAE LEERFTS
EETHEAKSHNER  EER LIEPRREER
RE B LR IETZ F L% & (Beese and van der
Ploeg, 1976)c fE R 2 ¥ 0% T R RHERIRIE R
o mEFEWREEL (NE2) cERA
BB A R BT RE - AIRZK BAR A B 5 55 —
H2 1 th %% (Primary drying curve) » Z#27E B B X
4 BRAVIET o BILR A H AR HI # £ (Secondary
wetting curve) » fEBEBEEBREBRL SR LZ
1 5% 768 £ 17 B T R (Scanning curve) » # 4R F 5
ReMR iR B F ERNRHERAE - A %K B HEE
Revesal point o %)k R 52 i B2 82 T v i 8 L
R EHERNER  E 3 - EHLLER
WS TEA A% BEEHER DR E
 » Ibrhim and Brutsaert (1968) ~ Giltham et al.
(1979) ~ Scott et al. (1983)& G2 H! -+ B A 45 B

B AR oA f S R R B o R R Y IR BT AR A T
RER  WFEHLEREG T ELR K ERIER2
BUE - EE R ERBREZH - AWFHRA Scott
et al (1983)FT1R HAVERS » REX LR/ B il
A T o i R B SR 2B TR e o R
MEVTZIRA R » B RE T ERROHR R
SHEZ VR T ETR R TR - WM
ARG EERERZ T -

= -RESE
—HRATEEHEABH

5 A FH B = 4 &% (Finite Difference
Approximation) 5K /F i DURE - B8 AT Be AR B
B B0) N BRI A 2 = 0 B 22 M B R R 2= 5
BB R

einH - ein _ KiTl—l/Z (hiTl—l - hinH)
Ar (4}

(7

Kl ) (K, - k)

(4z) Az

Hoohi 7322 ] A B RS (L n PR I [ R A 5
m 35 RS o

W& —HIBE A KB AR mtl
1 A R ERBURFAY m AR

dej;ll’m (hirl+!,m+1 _hin+l,m )+ 0(52)

Gin+l,m+l =ein+1,m +

RN RE  HORRADR LB

9(1+l,m _en " de;ﬁl,m (h'n+],m+1 _h(1+|,m)
i dn i i
Ar
Kn+1,m (hn+l,m+1 _ hn+l,m+1)
_ TMil/2 VUi i
(4z)
_Rp e o) (- ki)
(azy 4z
.............................................................................. )




/%ahnﬂ,m - hn+1,m+l _hn+l,m , (g)ﬁ%ﬁ

_K_n+l,m n+l,m n+lm n+l
( (Azz—l)/; ) (5h’_,:1,m )+(fA,_Z|/)zz + I(V(Anzl/)zz + CA_](ah"ﬂH.m )
!
_K.m-l,m
L o)
_ 91" _eim»l,m . K'rrl;;n (hir:l,mﬂ —h,-"+l'm+l)
o (acy
KD ) Ko - K
(Az)’ Az

(1)K A% & Fr R S B & v W BRI X
T

al,l al,2 0 0 .. 0 6hln+l,m bl
0 5hzn+l,m b2

@, @G, @y 0
0 0

0 0

n+lm
Ay N1 Ay N 5hN by

B8R ER - FIH Thomas algorithm
AMESSREEE ™ RE  HEFA
6hn+1,m - hn+l,m+l _ hn+1,m E_ISK;'ZH%?E’\J hn+l,m Y zt:m:
FARFEWE Sh " <107° BURERF » BIESIK
&+ ATHETT TR R EH o BE LBk S HR
B E A AT KBUE 4 Fros ©

M~ WL RRE W

(—)R A Gillham (1979)2 BB BB {EER
Hhtw  HERSHERERNE 5> £ 1875
no flux » T i@ R ABKEE o HiGE & Rk
S8 5B E H King(1965)Z fRKHI#RIE A Z 5 R
R I E s i van Genuchten 2 Rk i3
E2YE  F2EEQOR 1 B o 0" SR
HMREMECEREF ( EFE w &K wetting » d
R drying) - o’ n? HBIBSBR MRS HRE
FotBEE RS 60cm- ¥IIaAK 2 B 2 6 -
TR REMEE - WE 7 F[EH8EL-
B2 K TRERTT ©

8 FERIEERSE 00 M R - HE R
EHEBEREERERCERLTKR -EIR

RAWRIEAF(.C)
SLBRBEEB.C.)

5T ¢ G

FIF LIERFRB e Rk A

v

PRI m Rk Rz A" 2
ERBIER BRI R W
9[n+|,m . Kin+l,m &Cinﬂ,m

v

w[al{sn™"}={B}

E i
=

;R—Hj hin+l,m+l N ﬂﬁ’é’h}i
TR R Z 4MH

HEFT T AR BRI

B4 RIAES

Subble
Bottle

Regulat(

Air7ssure

Bubbie

Brass Rod
. Inflow
Crip urette
Poin

Tensiometers -~
Outflow_~» =
Burette '

et Lucite
‘ Support
. Sereen

b Porous to Collection
Barrier  Bottle

|~ Support Screen
To
Manometer
To Positive Needle
Pressure = C eValve
To Vacuum eae===] To Ballast
Pump Bottles

85 Gilliam 2ERBHEEE



x1 BRE—-S28E

LB E 2 0.46cm/min g

fafa bkt 6, 0.301 g

B A4 KL 6, 0.097 >

#BK KB F a (cm) 0.0547 E

MBHRE T 0 4264 o

5B kA F o (cm) 0.0302

] TRIN d
ERYRAT o 8.904 0f 015 02 025 03 035
WATER CONTENT
8 90 WFHEBRREERERRETHEKLTR

Elevation(cm)

5 0 5 10 15 20 25 30 35 40 45 50 55 60 65

Pressure Head{cm)

6 MEEETEE

=
=2

Pressure Head(cm)

TIME(min)

o~

$

-]

]

ot

L

5

2 N

& 100 150 240

Time(min)

7 TEFREIKAREREE S

F12 21em HE 1k BERERF 2 LE - @ 10 B 5
12 21em HEKICRERE T B LE - B /KB E
BEMBEME M KHEERERLKA -
1 BT 2lem HEKERECE » FSEHK
REIS BRI  0~65 PV 38 FUBE H KB TREZ MK
7R TRBENECIRZ BT - TR KA TR - {2
TREMKE - WRISPHRES KN

9 B 2lem ERVIKERFESCREE

0.32
0.3
., 028
Y
% 0.26
i
0.24
022 }

0.2 . -+ .
0 50 100 150

TIME(min)

10 S 21cm SKHLAFKEELE

AR » T PR B AR BN 7 £ BRI AR T B 1L
£ 65 BRATEFERE - LERMZYE
T 3+ ORK ARV 8 — SR AR T L
FIBE > 100 Fo RS o



40

20 &

-10
-20
-30
-40

0.25 0.26 027 0.28 0.29 0.30 0.31

-Pressure head(em)
f=]

4

Water content

11 B 2lem RKBDFRB{CTREZEB

xR2 BE_SBHE

tofok A RSB K, 0.015¢cm/min
s KL 6, 0.441

B S KO, 0.313
R KA T & (cm) 0.04
HMEBHREF n" 2.179
92K B F of (cm) 0.009
B R AT 3.359

(Z) RTELHERBAKHAKSERRSRZ
WE UTHEEEREBASEAERERNASR
ZIR R o M HER o AEERA G C
Topp 2 1971 & BRER » HEREZRH
Caribou Silt Loam 2 1% » #2000/ HE
Es & HEAZE van Genuchten 2 fR7K AR -
BEIL2HE > MK2HT -

AERBREAEELEES 40cm > 55
40 fEIRTBYE - FEHEREE £ 360min » [Kf [ 73 B 360
BRI RS - QI8 12 s o FIRATRIEES A(2,0)
=—80.0cm » T 3875 E K h(—40, H=—80.0cm -
T b 558 Rk BE R s R i B N Rl 13 AR o

HEE iR Rk T ERRMSNE 14 A
T REBRAERBEWR R EELEE Rk
el AIEERIREGR o B EE
B EVER RN F EER MR - 2
I8 S 2 M VR o R R AT O 3 o R T
it o

15 2@ 16 SR B EREREMARES
KGR R R - B E BRI R 360 D E
R 60 S ECEE— R ©

.

Constant Flux
node

40cm

——®—— Constant Head

12 TEEMATEE

. 4

0.01cm/min | WELNg

wetting

drying
Ocm/s -
120 240 360 T(min)

13 FEREREREREE

s 8
S 3

w

=3

=3
T

=
1y
S

-Pressurc head(cm)
—
w2
< (=3

=3
S

w
S
T

=3

Water content

14 FRREIRNERZIRER
HRHE 120 5 L REMEEHEERE
M o DRI R B (S K S B o
0~120 5> B {8 [ 350 2 T B 28 5 W AR FE AT AR
B RELRZRR  HEKHRES T EHR
MR AEEEREMBRERMER - 1
120~240 73 » HZERWWEA - EFQERE
RG> BRI FIRH R R 58 —Ho kR
AR » R B R IR B H R HAR R 1S
FEMRHES(L NEREMRARE KL
TREEARS BEMR KRR - FEE RS i
ERBK o b 240 538 BB R EIRANE -
2ZE LEFUKDTEREEABZEE  HFRX
FEE TR - RAZRINE B E - &
T B SR o AR I AR A ol AR AR B IR

—6—



Water Content
0.3 0.35 0.4 0.45 0.5
0
5
10 f
/g 15 ——0min
L — 8 Glimin
J‘é 20 —&— | 20min
5 25 —— |80min
30 } ¥ 240min
— & 300min
35 F === 360min
40

15 EBRERRRIZFHEE

Water Content

0.3 0.35 0.4 0.45 0.5

Depthem)
=3

0 b —&— 240min hysteretic
—— 240min nonbysteretic

17 25240 DZREHER

Water Content
0.3 0.35 0.4 0.45 0.5

0

5 |5

10}
,é\ 157 ——Omin
\'59 20 W G(imin
5 ~~the { 20min
agA —¥— 130min

30 = 240min

35 ~—&—300min

:6 —+— 360min

16 RERERRRIREBIE

TR o DRI 4% e 5 v B 5 L SR S W ARG ©

17 B % 240min ZfER > FPEE 16cm R
BRI EER HEEC L AR SR
ARFE > T T AREESHIRIREE - B 18 B k
B5 15em FEHAKEEREE - HF) 120min
FET BB E B RR M AR T > 120min F
240min FE B E 16cm DL _E 2 & 5 BE 7 B = 2
BB RILER R R E L R EM TR
EEEE 16cm o

E 240min # - R LBRAEHRAB - TR
BER LRSS SRS _HRiG  HEL
B2 RIS — RS HRBEZ Reversal point [ [E] F]
T E R AR AL

TEBERR RS > FEAR MR 5 12 AR E A
BRESEEETFENMNE  HEH RFNE
BETHEBEREN SREE - BEFEHU TR
RES :

90
80

o —
60 ‘
50

40
30
20
10

-Pressure Head(cm)

0.30 0.35 0.40 0.45

Water Content

18 B85 Sem (RAKEHIRE(LE

_ BEE e AR
NSRS RTR

T AR i R BT AEE 1 WEE BT
TR o

HEFH

& W

1. Gillham(1979):2 B B B B A SO SRR BUR EE
B FREMRE R EREERGEREER
i NI ERBRECEMRAR 0B ELEN
L5 -

2 BB T AR N RS H RO R 2
b RN R H 0 T H R E R
HAR + IR R RR S A 1 00 A1) 13 55 — 09 B O X
B ROBRHIER o W B RINERERET
Al Z A% o

AURTERE L RE REHHR - Rk 28R
BELeEafsEAZER NEEFELR




AL REWIEORE -

AXWMARRED LR AR IF B
B DA R AR B BERE - A R
IR R 22 ] M8 A% B2 Ay AR K /N T B R 2
HRE - BBREREERNE THEERT

2E K

. HEW - BEE - EEE - T REMLEK
EMBPEZHRE, TRBRETRER
F 464 - FEIUEL - 58 33~47 H » 2000 °

. Beese, F., and R. R. van der Ploeg, ” Influence
of hysteresis on moisture flow in an undisturbed
soil monolith” , Soil Sci. Soc. Am. J., 40, 1976.

. Brooks, R. H, and A. T. Corey, 1964,
“Hydraulic properties of porous media”, Colo.
State Univ. Hydrology Paper No. 3

. Celia, M. A, E. T. Bouloutas, and R. L. Zarba ,
“A  general Mass-conservation Numerical
Solution for Unsaturated Flow Equation”,
Water Resource Res., 26, p1483- 1496, 1990

. Gillham, R. W., A. Klute, and D. F. Heermann,

“Measurement and numerical simulation of
hysteretic flow in a heterogeneous porous
medium”, Soil Sci. Soc. Am. J., 43, 1061-1067,
1979.

Ibrahim, H. L. and W. Brutsaert,

infiltration

“Intermittent
into soils with hysteresis”, J.
Hydraul. Div. ASCE. 94, 265-271, 1968.

King, L. G., “Description of soil characteristics
for partially saturated flow”, Soil Sci. Soc. Am.
Proc., 29(4), 359-362, 1965.

Scott, P. S., G. J. Farquhar, and N. Kouwen,,
“Hysteresis effects on net infiltration, Advances
in infiltration”, ASAE Publ. 11-83, 163-170,
Am. Soc. Agric. Eng., St. Joseph, Mich, 1983.

van Genuchten, m. Th., A closed- form
equation for predicting the hydraulic
conductivity of unsaturated soils, Soil Sci.

Am. J., 44(5):892-898, 1980.

KREH:-REE£11A 7H
BEA:RAIF 11 A27H
BZAM:-REIf£12A 1R



