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Abstract[ ]In this study a new hybrid method is developed for solving flow-dominated transport problems
accurately and effectively. The method takes the forward-tracking particle method for advection. However,
differently from the random-walk Lagrangian approach it solves the diffusion process on the fixed Eulerian grids.
Therefore, neither any interpolating algorithm nor a large enough number of particles is required. The method was
successfully examined for both cases of instantaneous and continuous sources released at a point. Comparison with
a surrounding 5-point Hermite polynomial method (Eulerian-Lagrangian method) and the random-walk pure
Lagrangian method shows that the present method is superior in result accuracy and time-saving ability.

Keywords : pollutant transport, forward-tracking method, concentration, flow-dominated transport, advection

and diffusion, Eulerian-Lagrangian method, random-walk method
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Method types
K(ms) oc p Five-point method Present method Random-walk method

2 4.4 1 51
10 7.5 1.05 51




GEEERE)

(a) 5—point method (b) Random—walk method

= 290

{c) Present study (d) Analytic Soin.

- = o = 5000
o Qv Tov

Fig. 5. Comparison with analytic solution for a continuous
point source (t=1000 s, K=2 m?s and contour unit :

kg/m’).

(a) 5-point method (b) Random-walk method

2g,
30, A 03 @,

o

100
o
P
E)
o
°
)

(c) Present study (d} Analytic Soin.

Fig. 6. Comparison with analytic solution for a continuous
point source (t=1000 s, and K= 10 m%s and con-
tour unit : kg/m®).

H
o de-eaR g Py 98
BIPEe ALg o] SeaEn] Lake) auo) o @ 2

7)&9] 3 g

1o
b

to

o2
i1
i)
fo
[
oy
b
e
S
w

awFA wya go| B AE Q7SR ¥e
o} @ e odu-gtaaHA A o ekas
AA Wy vuE Ak 4 LHE ey -etadFA
upwl o 23}ef Abol|A] =M 5AAZEE] Hermite R 7F
7o g Brkehe Weln & adH A e
T4 Yu g s YRS A8k Y olth

3 ol ExHA o FetHe e ddd dSHor
FatEe ol diste 7} e 24 A#E o]
EA<l 3o} ulwstch vl A3, d@ WHe St
Aot FastA Bl uA = vhek 435 AF st
Aom Ak A7EE As] AAH Aew dFHA
o} mEbA] o) AAE R FHek B A S
3 AAEehe @ e A e 359 thet
g B4 FHYES 2+ 8 2 Ft BHNAME
A A48 5 o} VgEH A8 g T
H ure) Hede B8 484 2 &3¢ g 4
Zo| M Folrt.

28

A, Ao, 1995. Eulerian-Lagrangian B8-S o]-&3%F
B FIbAAY) FARY, @R
27(2), 155-166.

o4, 1994, 525 8-3)e) 77
27(3), 95-105.

o E, Aoket, 1994, FR ol M o] @ AEY kel 13}
A oA, gt - s FF e A, 6(1), 51-60.

A, o] A, 1994. Eulerian-Lagrangian &35 &< <
W F 8 BN el A, T A, 260),
137-148.

Dimou, K.N. and Adams, EE, 1991. Representation of

sources in a 3-D Eulerian-Lagrangian mass transport

o

ZE, ¥EFEEIA,

model, Proc. Ist Int. Conf. on Water Pollution, Sou-
thampton, England.

Garder, A.O., Peaceman, D.W. and Pozzi, A.L., 1964.
Numerical calculation of multidimensional miscible
displacement by the method of characteristics, Soc.
Pet. Eng. J., 4, pp.26-36.

Holly, FM., Jr. and Preissmann, A., 1977. Accurate cal-
culation of transport in two dimensions, J. Hydr. Div.,
ASCE, 103, pp.1259-1277.

Leonard, B.P.,, 1979. A stable and accurate convective
modelling procedure based on quadratic upstream inter-
polation, Computer Method in Applied Mech. and
Engrg., 19, pp.59-98.



e
Advection :

Xp(k)=Xp(k)+u*dt
Yp(k)=Yp(k)+u*dt

:

Mesh Search &
Value Assingment
ongrid :

1=Xp(K)/dx
J=Yp(k)/dy
C(i.))=C(i.j)*+Cp(k)

l

Diffused Vaiue Recover
to Particles after '
Diffusion Process

by FDM

L

— 1

1 Newty diffused ?

Yes

2

New Particle Refease :

nk=nk+1
Cp(nk)=C(i,j)
Xp(nk}=i*dx-0.5
Yp(nk)=J*dy-0.5

2 2 B, Hermite C}EHY

7NEe 2y A WEe olguAe) Az
o glo] 717 B-1o) s} Zo] Al7kekAl nold A% Po
AR U7 ARt B BBl efal FRe) ws
glo] AZFeH n+lo] Axte) E41 913) RZ o] H
383 Dok gtk Wb Ak nelolA 2}

3 %

j+1

j /

/r
b

j-1

Fig. B-1. Backward particle tracking method.

Ao} 34 RolA9] B2 AIFRA nel A 2|4 pol
A9) BEo} 2rim B A PojM e BRE F9 A%
oy B Es Y A8l B

WA P} A4S Hola}s] flated The Ao ALg

—=u (B-1)

4714 B2 HEME xol ARE@ Yol §4
B ugl 4@ volth mepd Ak e 4% A
(B'l)‘g‘ Az} FA $1A Xii(xip y.-,-)il'?—ﬁ z} AR o
sl PR 91212 the3} o] 7% 4 etk

Xp =x; —uy At, Yp =Yy —vi; At (B-2)
gele] A HoA e F& e Fig. B-29} Zo] PHo]
ARG ARG o) FANA gt Tl 4 AR

(Fig. B-2ojA T2 FEAE AR ¥ 5 o2V H
Hermite 2 730l 93t H7HE )

X @] X
i, j+1
O o [0
i-1, j i j it1, j
X o1 X
i, j-1

Fig. B-2. Interpolating method by the surrounding 5-
points.



