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Broadcasted fertilizer solute transport model in 2D surface
water flow of border irrigation: I. Modeling

Zhang Shaohui'” |, Xu Di'*, Li Yinong"’, Bai Meijian"’
(1. Department of Irrigation and Drainage, China Institute of Water Resources and Hydropower Research, Beijing 100048 , China; 2. Na-
tional Center of Efficient Iirigation Engineering and Technology Research, Beijing 100048 , China)

Abstract: The surface water depth cross land was obtained numerically by simulating the 2D full
hydrodynamics model in border irrigation firstly. Then the linear and logarithmic profile of turbulent
velocity along the depth in scale form was extended to those in tensor one; subsequently,a non-uniform
3D flow velocity field across the land and along vertical direction was constructed by combining the
continuous equation of incompressible hydrodynamics. Eventually, a convection-diffusion equation was
adopted to describe the broadcasted fertilizer solute concentration across land and along depth of water
in border irrigation. The diffusion coefficient was determined by using the nearby wall non-uniform flow
velocity model. The initial condition was determined with the thin water layer hypothesis in surface
water flow simulation of border irrigation. The overland boundary for solute dissolution and transpor-
tation was imposed by using a first-order kinetics reaction model and mass conservation equation of
solid fertilizer at a point. In this way,a fertilizer solute transport model is proposed in a 2D surface flow
of border irrigation.

Key words: fertilizer solute ;border irrigation ; conventional fertilization ; non-uniform distribution ;

flow velocity field ;solute concentration field

YFE A HE: 2011 —04 -26
E£WH: E5 863 145 H (2011AA100505) ; [E 5 FHE £ 1H%)% B9 H (2011 BAD25B04)
&R M (1977—) B b a RIEN, TR, #1555 4 (zhangsh@ iwhr. com) , 3 %5 WA 55 H 8] 45 7K S AR 72
Vi (1957—) , B AERURE N, U290 % TAREIN, 44 50 (xudi@ iwhr. com) , 3B Al 5 7K iy FHSER 5 5 R AF5T.



= I
B0, &

ARG R RO

FUESHEEL: | B

e G AU ARt 2 T 51 4 T3 3 >R FH 1 - 1 o SR
T AE 773X, FF R AH OC I R A B (B B AU 5% , B 6% R4
FEREAL T (A E 2R G 1 A B S M BRI A $2 A
BT, 3306 i b v i I =X o Al
A T R I TR S Y A6 () L EL AT E S R S LS
B ARG o v AR 7 2R i L T B AL
SEAE AT LA A UKL (1) T8 22 S0 T Hb 3%, BE &
REEPEE 7K UL PR AR B 1) 45 A T 1) 9 Al R E 9, TRk
AW, I 1) _E s B FK IR 3 2 3.
PR R I b R ) B P 2 i, AR AR U 2 T
427K BI) 7 AR ) Fa %) Y A it A e A AR D I
55 R RV W A AT A 1) DR I P B4 A 1) R AR
B BRSSO, —seeg F R AR
A Navior — Stokes J R AR IZ A A SR 17T,
T A KA HE K Navior — Stokes J5 R 2K fiff 14 Rl
HECT A M LASE T S B 1) A, LY LA
EWE AER I R, T Ak 3 e
SRAFI R IRIE A B B K T A, 15 B i S e
OEZY /N WS N DS R/ R L A =S AR o ¥ )
A T M o A v A I % T [ R X A K I
Yy, MR AS E T H0 AR R T 1 — ke b KR S
bRy 4 SIS

SR, 24 e HE: A 114) 900 38 B 7K R S5 ) L A Y
RS 1) 7 A D 00 P s 25 72 S M s, 4 T b 3% 7 [
TRIE B A AR WA i T e 2 R AKIR AR
F B B ALE S PG, K BE I K I R A O T
TR MY S SR E R e M4, S
— AT S S A R, O IE R R B — 4k
B VEE b R 7K U5 V5 o as RS A AR I SR X Ll A 12 g 3
TR AHOC R HE ) T B R UR B FEAR AR R A AR
ARk SR T A B A SO T b 2R ) NE R A
e T B e ) P R 2 PR 5 VA8 oo A, S X A
() —AERS R EATHE T 5 % e, b — A it AT ek
T M R 5 1 ST R AR

1 “fEREEMRKIRIEEERE

H1 427K B0 77~ AR ARAT A8 T 2 i) 2 F) — 4
T L33 7 A B K TR AR AR S B2 A1 A i I
T LNE 5 xR A ) O R IR 3, DL 3RAS
MR T ) AR A B VR E . K Bl )
TIFRAT IS 1 MR TR R Ao B A, A5 B
T YA R AR AR ) S S T B, TR AR A
3 1 A 2 A 1 2 1) 9038, DT ) A e 2 R R O

O e 17 7 1) R4 A 1) = 4 .
1.1 RS KE S SR
1.1.1 #3548

BEETHE 7K 03 Bl AR 1) 7 5 S o S ) B A
e 1] (A8 Al 1 R 8 /N T K- 1 DR IR 1 22 T
T 4 B 47 g R W P AT 73 ) R T P9 97 3
AR B AT AR T, SR 2 <1 75 e 3
FoAK iz SR BRAE L3 e (A i s e v b K
Fisshi R

oU  oF oG

+— =385 1
at  dx Iy ’ 1)

Az DM IR TR AR AR s 50 Ty Sy e FEL - 187 A7
M EIERZ 2 [ AR AR, ms U D NS0 F ALG 73
R x Fy At 1] ) BRIE A5 S PRI,
U R S, KERK G S, MABKE S, ZH,H
DA NE SV W)

Q.

H
U=|0 |F=|QU, +%gH2 ;
¢ 0,U.
G = QIULV
1
Qy Uy + ?gfl2
— i
1y b gn’HU, JU. + U, 1y,
S = -8 ox - H4/3 + 2 xle ,
ob gn’HU, JU:+U. 1 .
— gH@ - H4/3 + ?UJ,LC
0
0z
N
Sl = g x |»
0z
— oH =
sty
0
B gn’HU, \JU. + U,
S2 — H4/3 ,
gn’HU, \JU, + U:
- HY3
— ic
1, .
S; = ZU"LC
1, .
?U)/LC

R



< | T

b H Rk AT R A bR, m Q, AT Q, 43331
W xRy A bR 3 Ik i P AT 2 3 ) R T 174 B S8 O A
m’/ (s - m);U, U, 535000 « Fly AebRmE AT 8
3 ) OB T PN 14 2 A T, /s 5, R B ERK A B o
K kostiakov 25 ABATITH ,m*/ (s - m*) 56 H
IS, m/s” ;b N BEH R A2, m;n oA Manning k&

REH,m".
1.1.2 A5 &4t

KA (1) BRI 1 AREN R U, 71U, N
0, BETT bR /K TR H Ky 0. FERE 1 A FE A TR, —
FRAFAEF AT AT LR A3 3 Rt B AT 4%
3% 3 Ff AT A S N A AR Q) , HLH:
WK H $R A PO 26 A ) mage
ZETRIE , W FH 0 4% s 4 e K R R A 7R R
PSRN i 2 B TR AN T AL U o Ay A
BT 1) 0 R ik R A& Q, = 0 F1Q, = 0.
1.1.3  Hfhfdk

FE TR AR A v SR A o 42K B g S,
5B i P A 28 2 ) P A A ) 4R U, R U, L
i F KR H R IR GBI 18 dK T 1 ) R 2k A
SR A
1.2 Z#H#mmREEEIEHRIRE

T A I T X g6 B 1T P AR 2 A 5 R R w
FELE 3 N30 U o ARFRIA R, U y AT
VR A w, , WP [] 2 AR 1) (08 2 .. MY
e R ) P P4 A Y, B R R X 3 A

TR Y.
1.2.1 RikpZFu Fu,

W M 2K iz Bl R 2248 H L34 2], Al ik
AR T B T () K R ANAFAE I B A TEIZ ARG T
UAFEAE y bR D7 a1, BRI 8w, Y[ 73
A JI LRI B R A B0 ST y AR 7 1]
B, AR w, 1w, B9 A AR B ARIC R w0
B8 ™ e 1] B9 S0 TSR AT B ik S X
Ell

u® = u:p) 27,0 <27 < 12.2,
(p) Hu(p)

u® = —"Inz"+C,12.2 <z' < —,
K 14

(2)
A ™ STIET] a1y A AR ] Y PR 458 E 2K
m/s 52" g LURE T D 6 o T B 1) A G R 4

(p) |
. sk o Karman ¥ 30, BUE 0. 4150 K

zl u

Hz =

Hu A K CIZ S B R TR 131 x 107 m/55C
A

(2 0 C R AR B R
2t = 122 0, SIS (2) RIS
% 1

u(p)

T

Inz"+C = u:p) zt.

(3)

IR A b, R 2 A K ] AR i
Y AR W K 3 SR rh 2 A
Wk U, , U, HIRIE R AT kK

H
NG

A(3), (4) BIrTafE(2) hrgkmE C
Ful  NTIAFE] w' B AR A S ™ i) x Al
y ABRISCRY , FTARAR u, ,u, TR AR ERIAE,

u, = u'" cos 0,u, = u'sin @ (5)
A0 W u” 5 ARkl f.
1.2.2 #Z#E45Fu,

DAL ZRK A A i, M MR T i 5%
8 et R 2K H 19325 H bk w2 5t s 1) 38
WL AEET E ISR w, A w, , 8 3 AN AT R 4 A
e ST R (6) 5K A% 2 7 1a] B w, , E)

ou, Jdu, du,
. a—y + o 0. (6)
1.2.3  #Aa

T Y e AT S ) 1) — AR XA A I R A ) A
BIvh A (6) i or T e , Rt HAGA Z A 2L
{BLARVE. TEAL B AR R (o + 1) S —ZERE AT B
2] (L)) Ak R A BRZ S 0 22 00 ks s
IF) 15 T 18 5 R = (6) , R IR 20 5 I T A

, Az
(u)ir = (u)i, - E[(ux);ﬂ:ll,j,l - (u)) -

Az

7[ (uy)?;:lz - (u’y :ﬂ;-lll]

o (7)

DA 2K 8 F A RERARAT Y (w + 1) I 220 B e 7K
B HMAB M, E R A, DL
w, Al w, MRS A0, FUHIEC(T) AT
[ AU ) L BV AT SR AT 21 3 [ B w, , T3] —
2 s 1 B T ) R4 A Y = e .

2 “hmEMRAEREBRE
2.1 BEREBEMHHED

2.1.1 #=HIF42
LTy T AERERE 4K B0 7 S AR AT 0 ) 1



= [ o
=R

ARG R RO

FUESHEEL: | B

A S U, , U, i I T AT V8 ok 32 e [
IS  AERERE L RS s R R N
ac a(U,C) .\ a(u,C)

ot ox ady
i aC aC\ , 0 aC aC
9 + 9
E)x(D’”‘ dx +D, ay) ay(D”' ay + D, Gx) ’

(8)
22 € Sy b 7K U I A e TR A A A 1] 2 A
3 it it vk, mg/Ls D, D, D, D, 53 53 Ry i
P A T [ T TR R 8 A ) 9 o K i R R

m’/s.
2.1.2 5B REH
1) WG &AM
C(x,y,0) =0, 0<x<L,0<y<L,

(9)
2) A Fostt
C0.y.1) = {Coﬂi C(x,0.1) = {CO,O st< T,
0 0,0 >T,,
0sx=<L ,0<y<lL, (10)
A Co A B B, me/ L T, BERE i AL
1, s.
3) Tl AR

aC(L(;j:y,t) :OﬁGC(xa,jy,t) _ 0,
0<sxs<L ,0<ys<lL, (11)
2.2 BEREGE@IEHHER
2.2.1 EHIFAE

FET AR I ) A e R T ) R 2 A ) = 4
TG, TR v Jo e SR e A e AT % 3 (] A 2y
G AR UL o R A B S

e 0(ue) alue)  a(ue)
+ + + =
ot 0x ay 0z

i(dm oc +d, oc +d,. @)+
ox dx 7 9y 0z

i(d de g 9

Jc
ay\ D e Ty, +d, —) +

0z

d dc dc dc
g g g o 12
az(d”‘ ox +d, ay+d” az)’ (12)

2 e Ry R K R T 2 i R i R A A
JE i B, me/ Lsu, ,u, R w, 53530 FRAG 3 9T
THYERET &,y A bR ] BT 1] 2 AR ] 4 HE A AR R
Y,wsid,, d, d,d, ,d,d.d,.d. §d, 555
i T ST AT v,y AR AR ) BT [ 2 AR A )
A ) sk R TR BUR AL, m s

2.2.2 kb EAE

G T AR VA TR AN B % 1 e e s D
ASCERERHA R C.. [ A NERHE B AT
24 e TR A3 800 8 TR B2 DA TG 55 A, 49 S SR [ fe

FK iz sz 77 B R R BOR T B, BRI A
W T 2 A — N LA TEK)Z T IR IR 2 Y
PRI o 2 g R T ) A AN £, DU SR A =X (12)
ARG SR T Rs
i (2,5,0,0) = ey, 0<x<L ,0<y<L,
(13)

FHrc e AT T RO T b RV BT A R i B o
WEE ,mg/ Lo, N eo BB IE ZREL, T LU AN A
R IARLNERE G RN, Ho— 2 52 PR 5 Tk 1A] i
25| R AV AR R AR AL, R S BREE  JE R A
i et VA PR T 14 v 22
2.2.3 G REH

1) BERLI A A I A AR (13) 9
SRR 172 R 14 0 K
R g

dc

o = ky(Cia — €,
A kg R ER S DL AR H L, 1/ T, g BEN SR AT
R AU A RE R % ) , #0504 i iz = R KR
&2 PR 2], s.

TEREN R BAALHAR N, ] C,, F1 C,,,, 30005
] iz 2 M SRR T 2 2 R i i

Ty a
C,(T.) = J; (d, +d, +d,) 5§dt, (15)

0<t<T, (14)

T,

Cdown(Ts) = JsiCCdt‘ (16)
0
FME(1S) FI(16) AP S, T, L A2
C,(T) +C,,.(T) = C,, (17)

Ao C, AU T 507 T AR E T M 3R A VA T, mg.
2) H KA R BB R R O 454, Rk
A
e,y Hyt) =0, 1 >0. (18)
ady
3) Wi AN 7 7K S B 0 SR R Wk B R O
e, T FRIR N
J .. 0
afyc(O,y,z,t) =0 E&(,Tyc(Lx,y,z,t) =0,
O0<sy<L,t>0; (19)

ic(ac,O,z,t) =0 ﬁic(x,L ,z2,t) =0,
ox ox ’

RU



S

HEREDLAK T 7741t

4530 &

0<sx<L,t>0. (20)
2.2.4 ERYVHEXK
Bk E A Y R, (L) = x,y,2) &S
KL IE A Y B R BN 77 TR LR Bz
it
dj = k; +e,(i,j =x,y,2), (21)
Aok S Hb R K i B 3 5 1R I 2 T x,y 2
TR BR A, m 556 o FIRELREL
HEET e 8 BUE 2.5 x 107 m*/s.
R B VR 1t 2 0 U VR B A O Bk I AR L, TR
Is(22) H5Est21) Py kY
_ (ka)’[1 = exp(=y" /A7) PO,
i S, ’
(i,j = x,¥,2), (22)
e S, Syt K D B R R G AT R B,
HUH 2650, JHRAK G IE SR 4 XHE ,m - /(s -

m).

k

XFR(22) P 0;(iL) = x,y,2) JHRAKN

Q, =0, = _ %)
0x Jy
0, =0, =|%_ o) (23)
dy 0z
‘sz = sz = auz - au% ;
ox 0z
0, =0 =40, =0 (24)

2.2.5 ARk

AR AR (12) B9ISTEAS 2CR A TVD 1k
o8 A R Sk P ) s R R A R ) S
A WA I 2 I e R e

3 #F i

SR BRSSO R AT 77 T ) e 98 1 2
KU S s A i R, MR T RO AE T ¥ 3 16
LT I T 88 4% 50 73 A 1 ) BB 8 AR AN -5
B S, SO URERE 27K 2l 7 A AR B B I i
e [ 2940 ) " HERUE U, F1 U, LSRR IR H A4 R
B A K T2 SR E R0 26 3 2 4 i R
A S RO A LA h b B4 O R TE A 1
ST A T A 5K 1) B A ) 3 A I e,
w,. LARERE 427K Bl 7 A A RS B 36 A8 1l A
TN FETAIE BOE w, Fw, , 2R =4EA AT
FRGR IR e 807 R, ARAT T T 2 ) {2 A £ 2
)L w, , N TITRG 1 T 3 — A e 1A % 3 (] S 2 7 114

—HEHE Y.

SR = e S u, u, Fu, , FIHREAS I
Bl 2 e 1 % 3 [ 35 5 B A 3 A AR AR R R -
PHOT A —4ERERE R IE P g iR, IR
T B S A AH I 22 86 0 SR TS v T B R &8, 1
T YRR AT AR SR KU S i Bs R 1
T A BT e PR O AU I SR P ) e 7K 2 AR R T
e I 0 A A°F , 2R — 3l 0 2 05 A T T s 1)
[ 28 T, R T RO T 2 A IR i
i R A, A T O AL R T ) — ZEmE:
TEMDRIK VA TS RS AU A, Xof 2 R B A 4L A4 SR
R UERE 73 3 4.

52 3Lk ( References)

[ 1] Murillo J, Garcia-Navarro P, Burguete J. Analysis of a
second-order upwind method for the simulation of solute
transport in 2D shallow water flow [ J]. International
Journal for Numerical Method in Fluids,2008,56 (4) .
661 —686.

(2] Bade, Vi, 22454, 45 REDEHE AL A 200 LK &
25 AT SR [0 ] KA 2241, 2008,39 (11) : 1221
-1228.

Liang Yanping,Xu Di,Li Yinong,et al. Influence of bor-
der strip fertigation on spatial and temporal distribution
of soil water and nitrate nitrogen [ J]. Journal of Hydrau-
lic Engineering,2008,39 (11) 1221 - 1228. (in Chi-
nese )

[ 3] Abbasi F,Simunek J,van Genuchten M T, et al. Over-
land water flow and solute transport: model development
and field data analysis [ J ]. Journal of Irrigation and
Drainage Engineering,2003,129(2) .71 -81.

[ 4] Zerihun D,Fuman A, Warrick A W, et al. Coupled sur-
face-subsurface solute transport model for irrigation bor-
ders and basins. [ . Model development[ J]. Journal of
Irrigation and Drainage Engineering,2005,131(5) :396
-406.

[ 5] Bradford S F,Katopodes N D. Nonhydrostatic model for
surface irrigation[ J]. Journal of Trrigation and Drainage
Engineering, 1998 ,124(4) :200 -212.

[ 6] Shao Songdong, Lo Edmond Y M. Incompressible SPH
method for simulating Newtonian and non-Newtonian
flows with a free surface [ J]. Advances in Water Re-
sources,2003,26(7) :787 - 800.

[ 7] Bradford S F, Katopodes B F. Finite volume model for
non-level basin irrigation [ J ]. Journal of Irrigation and

Drainage Engineering,2001,127(4) ;216 —223.
(TF#% 124 W)




