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M6 phong khuéch tan chat trong
moi truong rong kép khong bio hoa
bang phuong phap dong nhat hoa

Tran Ngoc Tién Diing, Pham Minh Quang, Nguyén Théng,
Bui Pham Phuong Thanh, Tran Vin Tiéng

Tom tit— Khuéch tin chit 13 mdt qué trinh then
chdt dwoc chii trong nghién ciru trong nhiéu linh vie
nhu khoa hoc vit liéu hay ky thuit méi trudng.
Khuéch tin ciia mdt chit héa hoc trong mot méi
truong rong thuong dwge md phong mdt cach truyén
théng bing dinh luit truyén chéit Fick. Tuy nhién,
méi trwong dia chit tw nhién thwong khong déng
nhét va vi viy cin c6 nhitng mé hinh tién tién cho
phép md ti éng xit truyén chit trong méi truwong
nhu vdy. Quan niém méi truong “réng kép” cé thé
dai dién cho mét 16p méi trudong réng khong dong
nhit ma & dé ton tai hai mién réng 16m va bé véi dic
trung thity lwe rat khac biét nhau, vi du da nit né,
dét két cuc,... Trong bai bao nay, ching tbi trinh bay
cich phat trién mét mé hinh “vi mé” khuéch tan
chét trong méi trwong dit réng kép khong bio hoa
nwéc bing phwong phap da ty 1&. M hinh vi mb
nhan dwgc sé 12 mot h¢ phwong trinh phdi hop & ca
hai thang tj 1& vi mé - vi mé va mét ten-xo' khuéch
tan hiéu dung dai dién cho ci mdi truong réng khong
ddng nhit. M6 hinh phat trién dwogc kiém tra khi so
sanh véi 10i gidi tham chiéu thong qua mdt vi du sb
3D ciia bai toan dia chit thiy vin.
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Tir khéa— khuéch tan, truyén chit, méi truong
réng kép, ddng nhét hoa.

1 MO DAU

o ché khuéch tan (diffusion) duoc Fick (1855)
dé xudt, dién ra khi c6 chénh léch néng do va
dugc ap dung rong rai trong nhiéu linh vuec.
Tuy nhién, n6 dugc quan tim nhiéu trong k¥ thuat
dia chat moi truong tir nhimg nim 1970, dé giai
quyét cac bai toan xay dyng cac cong trinh chén
giit chét thai rdn sinh hoat va nguy hai [1]. Hé s6
thim bé ciia moi trudong dia chat (dat, d4 nic né)
chi 1a diéu kién can nhung chua dii ¢ dam bao an
toan tranh ro ri. Khi d6 chat 6 nhidm lan truyén
trong moi truong bi chi phdi manh mé boi co ché
khuéch tan, hon 1a nhiing co ché lan truyén khac.
Trong mdi trudng rdng c6 hé sb thim bé nhu vay,
10 1i cta chét 6 nhi®m s& nhanh hon bai sy khuéch
tan chét, trong khi d6 co ché dbi luu thuan tay
(convection), dbi luu véi khuéeh tan va phan tan
co hoc (dispersion) cho két qua tinh toan sai 1éch

[2] 3 r 7 ~
Truyén chat khuéch tan trong méi truong rong
ddng nhat (homogeneous) chua bio hoa ciing duogc
mé phong bang dinh luat Fick [3], & d6 hé sb
khuéch tan phu thudc vao d¢ khuc khuyu cua méi
trurong rong ma né c¢6 thé ude tinh bang cong thic
thyc nghiém Millington va Quirk [4], thong qua d¢
4m cia moi truong. Tuy nhién, ton tai nhimg
truong hop, dic biét c6 moi trudng khoéng dong
nhét (heterogeneous), ma ching ta khong thé ap
dung dinh lut Fick “truyén thng” [5]. That vay,
mdi trudng dia chit ty nhién thuong cd cu trac
khong dong nhédt do nhimng tic dong ly-héa-sinh
chit chong. D4i v6i mot tap hop moi truong dia
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chat khong ddng nhat ma dugc dic trung boi 2
mién rong (rdng 16n va rdng bé) cé tinh chat thiy
luc va truyén chit khac biét nhau nhu dit két cuc
(aggregated sozl) hay da ntrc né (fractured rock)
chung ta c¢6 thé ding quan niém “moi truong rong
kép” [6] dé dai dién chung. Mot mo hinh todn hoc
khuéch tan trong méi trudng composite (twong tur
mdi trudng rdng kép) dudi dicu kién bao hoa da
duoc gidi thi€u trong [5]. M6 hinh nay nhan dugc
dudi dang mot phwong trinh, bang phwong phap
ddng nhét héa tiém can [7], nhung c6 kho khin
chinh trong viéc xac dinh bién ddi Laplace trong
mo hinh nay.

Muc dich cua bai bao nay la trinh bay m6 hinh
hoa truyén chat khuéch tan trong mot méi truong
rong kép khong bdo hoa nude bang phuong phap
déng nhét hoa tiém can va thyuc thi sé dé kiém tra
mo hinh nhan duoc.

2 PHUONG PHAP PONG NHAT HOA VA
THANH LAP BAI TOAN.

2.1 Phuong phap

Phuong phap dong nhit héa (Homogenization)
cho phép mé ta ing xtr cua mot moi truong khong
dong nhit bang cach thay thé né boi mot moi
truong dong nhét twong duong. Qua trinh nay
duogc goi 1a sy chuyén ddi thang ty 1¢ va nguyén 1y
clia phuong phap dua trén nhing khai trién tiém
can. Tu phuong phap toan hoc nay [8,9], Auriault
[7] d& dé xuit mot cach tiép can goi 1a ddng nhat
hoa vat ly (physical homogenization), dugc thuc
hién trén nhing sb phi thir nguyén dic trung cho
nhiing qua trinh vat 1y lién quan. Phuong phap cia
GS. Auriault dugc sir dung trong bai bao nay va
gidi thiéu tong quat & day (chi tiét c¢6 thé tim doc &
oy

Dong nhat hoa bat dau tir viéc moé ta nhitng hién
tuong vat ly ¢ thang ty 1& vat chat khong dong
nhit, ma thang ty 1& nay rit bé so v6i thang ty 18
cong trinh ma chung ta thyc hién. Gia thiét nén
tang clia phuong phap dong nhat 14 thoa méan thong
sO tach ty 1& (scale separation) cia nhimg dai
luong hinh hoc va vat 1y:

e=01L<<1 (N

& day € va L [L] 1an luot 14 chidu dai ddc trung
& thang ty 1& “vi m6” va “vi md”. Piéu kién (1)
turong duong véi viée ton tai mot thé tich phan t6
dai dién (representative elementary volume, REV).
Trong moi trudng hién dién 2 thang ty 1€, chung ta
c6 thé dua vao 2 bién khong gian phi thir nguyén x
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=X (x1, X2, x3) vay=y (1, y2 y3) [-]: bién vi md
(y = X/ ¢, bién nhanh) va bién vi m6 (x = X/ L
bién cham), véi X = X (X1, Xo, X3) [L] 1a blen
khong gian. Vi vay toan tir vi phan:
V,>V,+eV,. )

Trong moi trudng co ciu trac vi md (REV)
mang tinh chu ky, nhiing bién dai lugng vt 1y cua
bai toan duogc bidu dién dudi dang khai trién tiém
can:

y/*(x,y,t*):V/(O)(x,y,l*)+5y/(1)(x,y,t*)+52y/(z)(x,y,t*)+...
(3)
o day “*” chi dinh nhitng dai lugng phi thir

nguyén. Pé dat duoc mé hinh & ty 1€ vi mo, qua
trinh dong nhét hoa trai qua nhiing budc sau:

- Budc 1: M6 ta bai toan vat 1y & ty 1 vi mo;

- Budc 2: Chuén hoa cac phuong trinh chu dao;

- Budc 3: Panh gia sd phi thir nguyén dic
trung theo Iy thira €;

- Budc 4: Khai trién tiém cin cho moi dai
luong vat 1y phi thir nguyén;

- Budc 5: Giai cac bai toan gid tri bién cho céac
Ity thira € khac nhau;

- Budc 6: Quay lai m6 ta bai toan vi mo véi
day du thir nguyén.
2.2 Gia thiét bai todn

Chung ta xem xét hién twong khuéch tan cua
chit tan co nong do6 bé didn ra trong mot moi
truong rong kép (double-porosity medium) c6 kich
thtrc L, mang tinh chu ky, khong bao hoa va khong
bi bién dang (rdn). Mbi trudng ndy cdu thanh tir
nhitng REV giéng nhau c6 kich thudc €, chia 2
loai vat liéu rong va théa man phwong trinh (1)
(Hinh 1). Hai loai vat liéu rong nay c6 dic trung
thity Iy va truyén chat rat khac biét nhau:

D, /D, =0(s*) “4)

v6i Dy va Dy [LT'] 1a hé sé khuéch tan cua

mién réng 1 va mién rdng 2.

© © 0
Q
© © @ ® @ 0 r
S > —" Q,
@ © O Q@ 0

C
) @
o

Hinh 1. Méi truong rong kép chu ky ¢6 2 mién: mién rdng
Q1 c6 tinh thim 16n va lién tuc, mién rdng € tinh thim kém

va giao dién .
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Trong mdi vat liéu rSng nay, dinh luat Fick
dugc ap dung dé tinh théng luong trung binh. Bo
qua dong chay trong moi trudng (s6 Peclet rit bé).
Hién tuong hip phu, ciing nhu 1a bat ky phan tng
sinh hoa nao khong duoc xem xét ¢ day.

2.3 M0 td khuéch tan ¢ thang ty Ié dia phirong

Phuong trinh chii dao cia truyén chat khuéch
tan trong mdi mién rdng ciia moi trudng rong kép
khong bao hoa nhu sau:

a(ealtc v, (5y(0)-7 ) wong mitn 2, 5
8(6;tC2) =V, -(Dy(6,)-V ,C,) trong mién Q», (6)

cung voi diéu kién lién tuc tai giao dién:
(D1(6))V xC\)-N =(Dy(0,)V xC)-N
trén T, (7)
C =C, trén T, (8)
& day C [ML-] 1a ndng do chét tan; D [L2T"'] 1a
ten-xo khuéch tan; [L3L?] la 46 4m mai truong; t
[T] 1a thoi gian; va N [-] 1a vec-to phap tuyén don
vi v6i chiéu duong huéng ra ngoai Q. “1” va “2”
1an luot 12 nhitng chi s6 cho mién rdng 16n va bé.
2.4 Chudn héa phuong trinh chii dao
Bai toan vit 1y truyén chit khuéch & thang ty 16
dia phuong trén day sé& dugc bidu dién theo nhiing
dai luong khong chiéu:

* * D D
Cl :Q; C2 CZ . l)1 _ 1 D2_ 2 .
Cc Cc ch D2c
0 ==L, 0, =22vat =—, 9
) 1, ©

Chi s6 “c” biéu thi cho cac dai luong dic trung
ma ching ta quan sat dugc. Tur (9) nhu:ng phuong
trinh (5) — (8) duoc chuan hoa ddi véi chiéu dai vi
mo {:

2 *
6, olora)_ v,

) (D1* .vycl*) trong mién Q, (10)

ch tc at*

2 * \
20, A036) g (e g ¢z trong mitn @, (1)
Dy t. ot g g

2¢ (D; ,vyC;).N trén T, (12)

le

(b; v,ci) N =

C =CytrénT, (13)

2.5 Ddnh gid s6 phi thir nguyén

Chung ta xem x¢ét thoi gian dac trung:

L291 Y VAV <B ’ 1 25 ua
t,=——%.Viviyso B, = € = (0(&”) va theo
le lcte
&L )
4), Py, =—2¢=0(1) v6i —2=0(1) (1)
2ctc (916‘

Nhiing phuong trinh (10) — (13) duogc viét lai voi
nhiing xem xét (14):

a 91 C] * * iA

~ =V, '(Dl V,C ) trong mién €, (2)
a!e;‘cz ) - * i3

= =V, '(Dz .vycz) trong mién €, (3)

(b;-v,c ) N=c>(D3-v,C;)- N tenT, (4)

C =G, trén T, (5)

2.6 Phan tich dong nhat héa
Muc dich cua viéc phan tich 1a dua ra phuong trinh
chi dao chira théng s6 ¢6 hiéu mo ta truyén chét
khuéch tan cho mot méi truong lién tuc tor moi
truong thuc té rong kép.
Thay thé khai trién tiém cén (3) vao (15) — (18) va
nhom nhitng $6 hang c6 cuing bac €, dan dén:
*(0)
&2 5( o, fl ):
ot
=V, [Dl* v,V +e (Dl* v,V + D .vxq“”)]+
+V,,- [gz(D,* V,C?+ D/ 'Vfo”) V,-D -V "+
+&°V, Dy (vyc}” +vxc}°>)
trong mién Q, (6)
aei(c + ech +e2c?)|
o
v, (cOsect s 2@
v ect o)

+eV,. Dy V OO +&°V D,V O +£°V Dy -V .

:Vy.[l);.
+Vy-[D;-

trong mién Q,, (20)
D v, (COsech e @)y
v (e e o)

:[gz D;~VyC§°)]~N

*
+Dy -

trén T, (21)
(C(O) +5C(l) +¢& C(z)) (C(O) +5C(1) +¢& C(Z))
trén T, (22)

Thuc hién ddng nhat hoa (19) — (22) theo béc & s&
nhan dugc cac bai toan cho ra nhimg két qua quan
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tam. Chi tiét qua trinh bién d6i cua cac bai toan
duoc trinh bay trong [11].

3 KET QUA VA THAO LUAN.
3.1 Bai todn bién nong dé thang vi mé va khuéch
tan thang vi mé
O bac €°, phuong trinh (19) — (22) tré thanh:

v, (Dl* -VyC](O))Z 0 trong mién Q, (23)

alo;cs” o ié

( ;t*z )=Vy ~(D2 .vycz) trong mién O, (7)
(Dl* ~VyC1(0))'N -0 trén I, (8)
cO —cO trén T, (9)

Loi gidi cua bai toan (23) va (25) c¢6 dang [12]:
= (x,t", (10)
nghia 1a & bac dau tién C” da 1a bién vi mo vi
khong phu thuge vao y, va trg thanh C¥ . Phuong
trinh (24) mo ta bai toan khuéch tan & ty 1& dia
phuong (vi mo) va Cgo) khong 14 hang sb trong
mién Q. Nhu vay, ta c6 2 bién n6ng d0 vi mo
C9va vi mod Céo), turong tac voi nhau qua didu
kién (26).
3.2 Bai toan gid tri bién dia phuong

Phuong trinh (19) va (21) dugc phan tich ¢ bac
&' khi ké dén 101 giai (27):
v, by -v,c® 4D} -v.C?)=0 trong mién

(11)

(b -v,c+p; - v.c®)N=0 enT,(12)
H¢ phuong trinh (28) va (29) c6 nghiém dudi
dang:
¢ =1V P+ (x1),
o day y(p) 1a ham vecto chu ky va la mot

(30)

5‘1(1) (x,t) ham bat ky. Vecto x(y) nhan dugc tir
viéc giai bai toan gia tri bién dia phuong sau:
Vy'[Dl*o(Vy;(+I)J=O trong mién Q, (31)

Ip; (v, x+1)} ¥ =0 wén T, (32)

<x>:ﬁjde=O(Q:Ql+Q2) (33)
Q
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3.3 Bai todn vi mé — M6 hinh khuéch tan trong
méi trieong rong kép

Pé x4c dinh mé hinh thang ty 1& vi md, ching ta

viét phuong trinh (19) va (21) ¢ bac &%

a(e(gClw)):V) (Dl* ‘Vyclm +Dl* 'VxCl(]))+VX 'Dl* '(V«‘;Cl(l) +VXC1(0))

trong mién Q, (13)
(b -v,c®+p]-v,cO) N =(D;-v,c) N
trén I, (14)

Thuc hién hang loat cac bién ddi cho (34) [11],
chung ta nhan dugc:

fant *(0)
¢la(9(;f€l):vx -(D:ﬂ‘ 'VXCI(O))_éé[a@#CLZ)dQ
(15)

vé6i ten-xo khuéch tan c6 hiéu ctia moi trudng rong
kép dugc dinh nghia nhu sau:

* 1 *
D, :ﬁibl (v, x+1)dQ (16)
1
. _la
va ¢1_H. (17)

Cudi cing quay lai bai toan vét ly thir nguyén,
chung ta dat dugc md hinh khuéch tan vi mo
khong cén bang dia phwong véi C; va C; voi mot
thong s6 co hiéu Deff clia moi truong:

6(6()) 8<€2C2>
60y, (b, v )-SR )
%:v){.(l)z-vxcz), (40)
C =GC, trén I, (41)

v6i D, (0) = ﬁ I D, (0)-(Vy+1)dQ. (42)
Q

Phuong phép ddng nhét hoa dwa dén két qua
nhiéu bai toan khac nhau. N6 cho phép giai thich
mbi quan h¢ gilra cac ty 1¢, tuy thudc vao do 16n
cua thong s6 tach ty 1€ €. M6 hinh nhan dugc (39)
— (42) khac véi nhitng md hinh gidi thi€u trude
day (vi du [5]) khi cho phép mé phong bai toan
mdi truong chua bio hoa. Pé kiém tra tinh du
doan mo6 hinh nay, ching ta s€ so sanh véi 161 giai
tham chiéu (reference solution) ciia mé hinh khong
ddng nhat héa (mo hinh 1 phuong trinh khuéch tan
truyén thong) dé ddi ching thong qua mot vi du
s0.

Méi truong rong kép cua vi du s6 3D bao gdm
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nhitng vién sét hinh tron c6 ban kinh R sip xép  trudng rdng kép 14 Degr = 9.05 x 10-10 m2/s, duge
déu dan trong dat cat (Hinh 2). Diéu kién bién va  tinh toan tir bai toan gia tri bién dia phwong (31) va
ban dau dwoc tom tit trén Hinh 2. Thong sb hinh  (32). (Khong trinh bay chi tiét & day).

hoc va vat Iy cta 2 loai vat liéu dugc trinh bay

trong Bang 1. Hé s6 khuéch tan c6 hiéu cua moi

t>0 t>0
X=0 X=L
=1gl -
Cc=1g/ ! 27N C=0

L=0.02m g

Hinh 2. Kich thudc hinh hoc va tinh hubng truyén chit cia vi du sd.

Ho.s

H0.4

(=1x103s t=2x10%s t1=1x10"s t=1x100s Thang
nong do

Hinh 3. Nong d chét trong méi trudng & thoi gian khac nhau tinh toan tir mé hinh déi chimg. (Xem ban sé cua bai bao dé phan
biét thang ndng d6 v6i md mau khac nhau.)
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1.00
——M®5 hinh ddi chimg

, 075 ——Mo hinh ddng nhét hoa_mién Vi md
3
]
= 0.50
£
=
E]
© 0.25 4

0.00

0.000 0.005 0.010 0.015 0.020
X [m]
1.00 -
—2— Mo hinh doi chirng
M3 hinh dong nhét hoa mién vi md

PRLLVEES (8 T B B NGy R Mo hinh déng nbét hoa_mién vi md
3
]
= 0.50
)
=
E]
© 025

0.00 L e

0.000 0.005 0.010 0.015 0.020
X [m]
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1.00
——M9 hinh déi chitng
=M hinh ddng nhit hoa mién vi md
0.75 A
-
-
3
G
= 0.50
©
)
© 025 4
0.00 A \
0.000 0.005 0.010 0.015 0.020
X [m]
1.00 -
—5—Mb hinh déi ching
——M5 hinh ddng nhat héa_mién vi mo
» 075
£
=
I
2050
)
© 025 4
0.00
0.000 0.005 0.010 0.015 0.020
X [m]

Hinh 4. Ndng d6 chit & vi tri trung tim méi truong & thoi gian khac nhau tinh toan tir mé hinh déi chimg va ndng d6 vi mé tir moé
hinh ddng nhit héa. (Nong d6 chit & mién vi mé chi trinh bay & t = 8e4 s, & t = le3s hay 2e4 s rét bé (~ 0), va & t = le6 s ndng do &

2 mién x4p xi nhau (trang thai cin bang).)

_ SE08
E_ | M6 hinh déi chimg
& .
E 5 4E08 Mo hinh déng nhét hoa
2%
£ f 3.E-08 -
[=V)]
sa
23S 2.E-08 A
oo |l
S ~
£  1.E-08
0.E+00 - — - _—
1E-01  1.E+01  LE+03  1.E+05  1.E+07
t[s]

Hinh 5. Théng lwong khuéch tan chét quan sat ¢ 16i ra ciia méi truong mé phong tir md hinh dbi chimg va mé hinh déng nhat hoa.

Bang 1: Thong s6 hinh hoc va vat Iy ctia 2 vat lidu trong méi truong rdng kép vi du.

Thong s6 L i R o ™ 0, 0, D, D,
Pon vi m m m - - m’/m? m’/m? m?/s m?/s
Gia tri 0.02 0.002 0.0005 0.935 0.065 0.5 0.3 1x10"3 1x107°

Thuc thi s6 (numerical implementation) cia mod
hinh ddng nhat hoa co thé tham khao & [13]. Mién
vi md dwoc phéan chia thanh 50 phan tir va 1200
phan tir tam giac cho mién vi md, trong khi d6 mo
hinh khong ddng nhét duoc giai ¢ ty 1& min (fine
scale) bang viéc phan chia mién bai toan thanh
~13400 phan tir tr dién (tetrahedral). Ca hai bai
toan ciia mo hinh ddng nhat va khong dong nhat
duoc thuc thi bé'lng mot phén mém thuong mai

phan tir hitu han phat trién v6i Mathlab. Thoi gian
gidi 1a < 1 s cho mo hinh dong nhat va 16 s cho mo
hinh khéng ddng nhat véi bo xir 1y cua may tinh
3.30 GHz va RAM 4.0 GB.

Két qua ndng do chat & mot sb thoi gian duogc
chon gioi thi€u, Hinh 3. Hinh 4 cho chung ta théy
nong do chat mod phong bai mé hinh ddi chimg dao
dong vi sy khuéch tan lan luot qua mién vit lidu 1
(cat) va mién vat liéu 2 (sét). Két qua mo hinh
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ddng nhat hoa cho ra duong cong ndng dé vi mod —
vi mo tring voi két qua md hinh ddi ching lan
luot & mién 1 va 2. Trung binh néng do & mot mat
cét tai nhimg vi tri X s& rat gidng nhau tir 2 mo
hinh, Hinh 5. Nhu vay m6 hinh phat trién trong bai
bao nay khong chi duoc kiém ching, ma cach thuc
thi s6 cho mé hinh ddng nhét & day chimg t6 hiéu
qua cho phép tinh toan néng do ¢ ca hai ty 18 vi
md va vi mo.

Thong qua vi du s6 trén day, ching ta nhan thiy
moé hinh ddng nhat cho phép biét dugc su khuéch
tan chat ¢ nhimng thang ty 1¢ hién dién trong moi
truong. Ngoai ra, mo hinh ddng nhat vi mé giup
tiét kiém tai nguyén, dac biét trong truong hop md
phong cho bai toan thyc té.

4 KET LUAN.

M6 hinh truyén chat khuéch tan trong moi
truong rong kép khong bio hoa di dugc phat trién
bing cach 4p dung phuwong phap da thang ty 18
ddng nhat héa. Mo hinh nhan dugc 13 mot hé
phuong trinh cho phép mé ta khuéch tan & ca hai
thang ty 1& vi mé va vi mé ma ndng do cua ching
turong tac v6i nhau thong qua bién tiép xuc giita
chung. Sy truyén chat qua lai giita hai mién trong
mdi truong va hé sé khuéch tan c6 hiéu dai dién
cho toan bd mdi treong hién dién trong mo6 hinh
mot cach chinh xac ma khéng chiu bat ky diéu
kién ap dat nao. M6 hinh dé xuét dugc xac nhan c6
kha ning mo phong truyén chat khuéch tan trong
mdi trudng rdng kép khong ddng nhit, théng qua
viée so sanh két qua ndng do ciia mé hinh dong
nhit hoa va mé hinh truyén thong.

Cubi cung, phuong phap mo hinh hoa gidi thiéu
trong bai bio nay c6 thé md rong cho nhiing
truong hop truyén chit khac tinh dén sy bién dbi
hoa sinh cua chit 6 nhidm, ciing nhu 13 4p dung
cho nhiing bai toan da vat Iy trong moi truong dia
chit nhiéu pha va nhiéu thanh phan.
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(2]
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[4]
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A model of solute diffusion in unsaturated
double-porosity medium by
homogenization

Tran Ngoc Tien Dung, Pham Minh Quang, Nguyen Thong,
Bui Pham Phuong Thanh, Tran Van Tieng

Abstract— Solute diffusion is a key process in many fields like for example material science or
environmental engineering. Diffusion mechanism in porous media is often described by Fick’s law.
However, we could not use this law for nonstandard diffusion behaviors occurring in cases of
heterogeneous media. The conception of double-porosity medium can be applied to a class of such media.
The double-porosity medium is characterized by two distinct pore sizes: macro-porosity domain and
micro-porosity domain, respectively, having the contrasted hydraulic properties. This paper presents the
development of a macroscopic model for the solute diffusion in unsaturated double-porosity medium, by
using homogenization method. The obtained macroscopic model is a system of two equations coupling on
the interface of the macro- and micro-porosity domain for diffusion. This model contains the effective
diffusion tensor representing for the entire medium. The developed model is verified by comparing with
the reference solution of the fine scale model through a 3D numerical example of hydrogeology problem.

Index Terms— diffusion, mass transport, double-porosity medium, homogenization.



