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TOM TAT

D¢ tham ciia méi truong 1o rong la mét tham s6 ddc trung cho kha ndng truyén dan nwéce
trong moi truong 16 rong. bo tham cé vai tro quan trong chi phoi dong chay cua nudc va sy
chuyén dong cua cac chat é nhzem dwdi mat dat va cdc tang ngdam nuoc. Do tham phu thugc vao
ddc diém cua moi truong 16 rong nhw kich thudce 16 rong, sw phdn bo 16 rong, sw két néi giita
chung, do rong, v.v. Trong bdo cdo ndy, ching toi xdy dung mé hinh tinh do tham ciia moi
trieong 16 rong dudi diéu kién bdo hoa sir dung mé hinh ong mao dan tudn_theo phan bofractal
M&6 hinh chi ra quan hé giita dé tham va dédc diém cia méi trieong 16 rong nhw kich thuée 16
rong, do xop, dd uon khiic va tham sé dic trung cho phdn bé 16 réng. Két qua chi ra c6 su phil
hop tét giita mé hinh dé xudt véi sé liéu va mé hinh khéc da dwoc céng bo.

Tir khéa: DO thim; Mai truong 16 réng; Do rong; Ong mao din; Phan bd fractal.
1. GIOI THIEU CHUNG

Khai niém méi truong 16 rdng duge str dung rong rdi va lién quan dén nhiéu linh vuc khoa hoc
va k¥ thuat. Moi truong 16 rdng c6 thé 1a tw nhién (moi truong dia chat) nhu dat, cat, da tram tich
thuong gép trong k¥ thuat, nong nghiép va khoa hoc trai dét, v.v. hodc c6 thé nhan tao nhu vat liéu
phan tach, xuc tac, mang loc, v.v. thuong dugc dung trong k¥ thuat hoa hoc. Trong hién tugng
thidm, do tham ciia moi trudng 16 réng 14 mot tham sé dic trung cho kha ning truyén dan nude. Do
thidm c6 vai tro quan trong chi phdi dong chay ctia nude va su chuyén dong ciia cac chit 6 nhiém
dudi mat dat va cac tﬁng ngadm nudc. Cac nha Thuy van hoc can biét gia tri cua d6 thAm cua dat
cho cac mo hinh thiy van hodc du doan dong chay clia nudc qua cac khu vuc khac nhau. Cac nha
nong nghiép dua trén do thdm dé quyét dinh tdc do tudi ciing nhu du doan dugc sy x6i mon hoic
su ria troi cac chat dinh dudng cua dat. Cac k¥ su dia ki thuat dua trén d6 tham dé thiét ké cac hd
chtra nude, thiét ké nén duong, v.v. B thAm phu thudc vao dic diém cta moi truong 16 réng nhu
kich thudc 15 rdng, sy phan b 16 rdng, su két ndi giita chiing, d6 rdng,... Hién nay, ¢6 nhiu cach
tiép can duoc sir dung dé nghién ctru hién tugng tham trong méi truong 16 rdong nhu phwong phap
trung binh thé tich, phuong phap mai trudng hiéu dung, phuong phap 1y thuyét thim, phuong phap
phan tich duong t61 han, hodc cac phuong phap md phong nhu phuong phap phan tir hitu han, ludi
Boltzman v.v. M6t trong cac phuong phap duoc st dung phd bién 1a phuong phap mé hinh 6 ong
mao dan (OMD) do sy don gian nhung hiéu qua trong viéc thu nhdn moé hinh giai tich va do do dé
dang dy doan anh huong cua cac tham s6 dic trung cho méi trudng 18 rdng 1én cac hién twong
truyén dan noi chung va hién tugng tham noi riéng [1, 2].

Trong phuong phap m6 hinh OMD, méi truong 15 réng duoc coi gin dung nhu tap hop cua
cac 6ng mao dan song song ¢ kich thudc khac nhau tuén theo mot ham phén b6 nao d6 (hinh 1).
C6 nhiéu ham phan bd duoc dé xuat dé nghién ctru cac hién tuong truyén dan cho méi truong 15
rong nhu phén bé fractal [3, 4], phan bd xéac suét loga chuén [5], phén b 1éch [2]. Trong béo cao
ndy, ching t6i st dung mo hinh OMD tuén theo phén b fractal dé xdy dyng mé hinh tinh do
tham trong méi truong 16 rdng dudi diéu kién bao hoa. M6 hinh chi ra sy phu thudc ctia do thim
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vao dic diém ciia moi trudng 16 rong nhu kich thudc 16 rong 16n nhat, do x6p, d6 uén khuc va
tham s0 déc trung cho phan bo 16 rong. Ti€p do, chung t6i so sanh va kiém chung mo hinh véi s6
liéu thuc nghi€ém va md hinh khéc da dugc cong bo.

2. XAY DUNG MO HINH

Dé xdy dung mé hinh cho d6 tham trong méi truong 16 réng, ching toi xét rn(}t khdi 16 rong
co so hinh 1ap phuong (REV) c6 chiéu dai L, (m) va tiét dién ngang Arev (m?) vudng goc véi
huong dong chay (hinh 1). Theo m6 hinh OMD, khéi REV duge coi gan dung nhu tap hop cua
cac ong mao dan hinh try song song v&i ban kinh thay do1 tir gid tri nho nhét ry;, (m) dén gia tri
16n nhét Fmax (m). Diéu kién bio hoa la diéu kién khi tat ca cac 6ng mao din trong REV ngam
hay chira ¢y nu6c va do d6, ching dong gop vao do tham cua REV. Ham phan b theo kich
thude f(r) duge dinh nghia la ham sao cho s6 6ng mao dan co6 ban kinh trong khoang tir r dén r +
dr duoc cho boi f(r)dr [4]. Nhu vay, tong sé dng mao din trong khéi REV dugc xéc dinh boi:

N = f £ (r)dr )

Tmin

Hinh 1. Méi truong 16 rong gan ding nhu tdp hop ciia cdc éng mao dan song song.
Theo phan bd fractal, ham f(r) dugc cho bai [3, 4]:
f(r)=Dr,r° (han ST<T,) @
trong d6, D (1 < D < 2) 1a tham s fractal (khong thir nguyén), dic trung cho phan bb 16 rong.

Luu luong dong chay g (m?/s) trong mot dng mao dan riéng 1¢ ban kinh r and chidu dai L,
tuan theo dinh luat Poiseuille [6]:

q(r)=——— 3)
n
trong do, AP (Pa) la do chénh 1éch ap suét giira hai dau 6ng mao dan va 5 (Pa.s) 12 hé sb nhot cua

chat long. Nhu vay, luu lugng tong cong qua khdi REV 1a tong cua luu lwong qua timg 6ng mao
dan ngam nudc va duge xac dinh boi:

Q= [ a(r)f(r)dr 4
Tur cac phuong trinh (2), (3), (4), ta co:
4-D
o« AP D r.
Q=T 1| e ©)
877 L, 4-D (I
Mat khéc, luu lugng dong tong cong tuan theo dinh luat Darcy dudi dang [7]:
Q= e AP (6)
n L
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trong d6, k (m?) 1a do tham ciia mdi trudng 15 rdng.
Theo dinh nghia, d6 rong ¢ (khong thtr nguyén) 1a ty sb giita thé tich 15 rdng V, trong REV va
thé tich khdi REV dang xét Vrey

p=—"" @)

Do vay, ta co:

I ar’L, f(r)dr

I,

gt (®)
AREV LO
Thay ham phén b f(r) tir phuong trinh (2) vao (8), ta dugc
2-D
zLr2 D roin
RN 0
AREV Lo 2-D Mnax

Két hop cac phuong trinh (5), (6) va (9), chung t6i thu nhan duoc biéu thire giai tich cho
d6 tham:

4-D
| Tonin.
pr:. 2-D (I’maxj
Spal ™ 10
8" 4-D [rmmjz_D 4o

rmax
J4 L A 4 A . ~ \ A A ;. 5 A \ X X
trong do6, 7= L—’ (khong thtr nguyén) dugc dinh nghia la d6 uon khuc ctia méi truong 16 rong
0
(chay 7>1).

Phuong trinh (10) 1a dong gép chinh cua ching t6i trong bao céo nay. N6 cho thdy sy phu
thudc cua do thAm vao tinh chit ctia moi tru'ong 16 rong (#, 7, Tmin, max V& D). Tt phuo‘ng trinh
(10), ta c6 thé du doan duoc do tham tir tinh chat cia moi truong. Trong moi truong dia chat, thi
Fmin thuong nho hon rat 7nh1§u 14n 50 VOi Fmax va do d0 ty s Fmin/Tmax ¢6 thé bo qua [1, 4]. Do vay,
phuong trinh (10) cé thé viét lai dudi dang:

_Ph 2-D
81' 4-D

Can chd ¥ rang, ban kinh 15 réng 16n nhat ropy c6 thé dugc xac dinh bang céc phuong phap
nhu thily ngan tham nhap (mercury intrusion method), do qang nhiét hap phu va khtr hap phu khi
(gas adsorption-desorption isotherm method), anh kinh hicn vi dién tu quét (scanning electron

microscope), v.v.. [8, 9]. Ngoai ra, d6i véi moi trudng 16 rdng khong b két nhu cat, dat, nguoi ta
c6 thé tinh gin ding Fya tir duong kinh hat trung binh d va do rdng ¢ qua mdi lién hé [10]

_d fL fi
—4[ 1_¢+ 1_¢] (12)

D6 ubn khuc 7 c6 thé dugce tinh gin dang tir d6 rng ¢ qua biéu thirc [11]

(11)

___ @ 13
1-(1-9)* (43

Tham sé fractal D c6 thé duoc x4c dinh thuc nghiém biang phuong phap dém hop (box-
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counting method) [3]. Tuy nhién, véi cdc mau duoc sir dung trong bao cao nay thi gia tri ciia D
1a chua biét. Do vay, ching t6i sir dung tham s6 D dé khép s6 liéu thue nghiém.

3. KET QUA VA THAO LUAN
3.1. Do nhay ciia mé hinh

Trong hinh 2, chiing t6i chi ra su thay doi cia ham phan bd (tinh theo ty 1& phan trim hay ty
s6 f(r)/N) theo kich thudc 16 r6ng ttr phuong trinh (2) véi cac gia tri dai dién Fpin = 1 pm, Fmax =
100 um va 3 gia tri cua tham so fractal D (1,3, 1,6 va 1,9). Két qua chira, d01 voi phan b6 fractal
thi s6 6ng mao dan c6 kich thuéc nho hon chiém chu yéu trong tong s6 6ng mao dan ciia moi
truong. Ngoai ra, khi D tang thi ty 1& s6 6ng mao dan c6 kich thudc nho ting hay noi cach khac
¢6 nhiéu éng mao din c6 kich thuéc nho hon khi D 16n.

Tir cac phuong trinh (11) - (13), ching tdi chi ra sy nhay cua mo hinh hay sy thay doi ciia do
thim theo cac tham s dic trung cho moéi truong nhu do rong ¢, kich thudce hat d va tham sO
fractal D. Cuy thé, hinh 3 cho thy sy thay d6i cia d6 thim k theo do rong ¢ tmg voi gia tri dai
dién d =20 pm va 3 gia tri cia D (D = 1,3, 1,6 va 1,9). Chu ¥ rang, Fma duoc tinh tir d va ¢ st
dung phuong trinh (12) va 7 dugc tinh tir ¢ sur dung (13). Két qua chi ra do thdm Kk tang theo do
rong ¢ va giam theo tham sd fractal D. Sy ting cia d6 tham k theo do rong ¢ phi hop V01 cac két
qua thyc nghiém va cac cong b6 khac [12, 13]. Su giam cia do thim k theo tham s6 fractal D
duogc giai thich trén co SO ket qua trinh bay & hinh 2. Cu thé khi D tang, so ong mao dan c6 kich
thudc nho ting 1én va sb ong mao dan c6 kich thuéc 16n giam di (tong s6 6ng mao dan khong
d6i). Khi d6, kha nang truyén din nudc ciia moi truong sé giam va do tham sé giam di.

(a) D=1.3 (b) D=1.6 (c) D=1.9
1.4 1.6 2
1.2 ;14
. 1.2 1.5
1
0.8
IS 0.8 X1
0.6
0.6
0.4 0.4 0.5
0 0 0
10° 10" 102 10° 10" 10? 10° 10" 102

7 (pm) r (um) 7 (pm)
Hinh 2. Sy thay déi ciia ham phdn bé 16 rong (tinh theo ty 1é phan tram) theo kich thude véi cdc
gid tri dai dién Ymin = 1 um, rmax = 100 wm cho 3 gia tri cia tham so fractal D (1,3, 1,6 va 1,9).

10-11

10-12 L

k (m?)

10-13 L

10714 . . . . .
0.1 0.15 0.2 0.25 0.3 0.35 0.4

6 ()
Hinh 3. Sy thay doi ciia dg tham k theo dj rong ¢ g véi gid tri dai dién d = 20 um va 3 gid tri
ciaD (D =1,3, 1,6 va 1,9).
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3.2. So sainh mé hinh véi s6 li¢u thue nghiém va mé hinh di cong bd

Tu phuong trinh (11), ching 61 co thé tinh duoc do thim tlr cac tham s6 dic trung cho moi
truong 16 rong nhu ¢, T, Mmax Va D. Trén co so céc sO lidu thuc nghiém ma chung t6i thu thap
dugc tir nim cong bd bao gdm do rdng ¢, duong kinh hat d va do tham do dugc ke [14-18] (xem
bang 1), chiing toi c6 thé tinh duoc do thdm k; va so sanh né véi s6 lidu thuc nghiém k. (hinh 4).
Quy trinh tinh toan nhu d trinh bay trong muc 3.1 d6i véi hinh 3. Cu thé, Imax dugc tinh tir d va
¢ st dung (12) va 7 dugc tinh tir ¢ st dung (13). Do tham s6 D chua duoc biét, nén chiing t6i tim
n6 nhu tham s6 khop s6 liéu thuc nghiém. Qua ham fminseach trong Matlab, ching t6i tim D =
1.1 cho tit ca cac mau sao cho sai s6 binh cin quan phuong nhé nhat. Két qua so sanh trong hinh
4 chi ra m6 hinh c6 thé giai thich kha tot s liéu thuc nghiém. Tuy nhién, két qua 1y thuyét co xu
huong 16n hon gia tri thyc nghiém. Diéu nay, c6 thé giai thich la do tham s fractal Dco thé thay
d6i it nhiéu tir miu nay sang mau khac chir khong ¢6 dinh D = 1.1. Ngoai ra, d6 ubn khiic 7 c6
thé thay doi theo kich thudc 16 rdng chir khong phai khong d6i nhu dwoc dung trong tinh toan
cta chung t6i [19].

Nhu d3 trinh bay, ¢6 rit nhiéu mé hinh Iy thuyét cho phép du doan d6 tham tir ddc diém, tinh
chat ctia méi truong 16 rdng. Mot trong cac mo hinh don gian duoc dé xuat boi Glover va céc
cong su cho cac mau khong cd két (g véi cac mau trong bang 1) ¢6 dang [15]:
d 2¢3m
4am’
trong d6, m va a la cac tham sb 1an luot co6 nhan gia tri 1.5 va 8/3 cho cac mau hat thily tinh
hodc cat.

k= (14)

Tir cac gia tri cia d va ¢ trong bang 1, chung t6i tinh dugc k theo mo hinh dé xuét bai [15] -
phuong trinh (14) va so sanh véi v6i md hinh dé xuat cua chung t6i - cong thirc (11) (xem hinh 5
cho mot mau dai dién boi [18]). Két qua cho thiy c6 sy phu hop tdt giita hai mé hinh va s liéu
thuc nghiém di cong bd vé dang diéu tuy cé su khac biét vé& gia tri. Nguyén nhan cua sy khac
biét c6 thé lién quan dén sy thay d6i ciia D va  nhu da trinh bay & trén.

Bdng 1. Gia trj thuc nghi¢m cho kich thuéc hat d, dg rong ¢ va dg tham k. ciia cac mau 16 réng
sur dung trong hinh 4 va hinh 5 (gom mau hat thuy tinh).

Mau d (um) ¢ () k (10™2 m?) Tai liéu tham khao
Hat thiy tinh 56 0.4 2.0 [14]
72 0.4 3.1
93 0.4 4.4
181 0.4 27
256 0.4 56
512 0.4 120
3000 0.4 14000
Hat thuy tinh 20 0.4009 0.24 [15]
45 0.3909 1.6
106 0.3937 8.1
250 0.3982 50.5
500 0.3812 186.8
1000 0.3954 709.9
2000 0.3856 2277.3
3350 0.3965 7706.9
Hat thiy tinh 3000 0.398 4892 [16]
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4000 0.385 6706
5000 0.376 8584
6000 0.357 8262
256 0.399 41.2
512 0.389 164
181 0.382 18.6
Hat thuy tinh 1.05 0.411 0.00057 [17]
2.11 0.398 0.00345
5.01 0.380 0.0181
11.2 0.401 0.0361
215 0.383 0.228
31 0.392 0.895
475 0.403 1.258
104 0.394 6.028
181 0.396 21.53
252 0.414 40.19
494 0.379 224
990 0.385 866.7
Thuy tinh 115 0.366 8.8 [18]
136 0.364 10.7
162 0.363 18.3
193 0.364 26.7
229 0.362 33.0
273 0.358 51.0
324 0.358 67.4
386 0.356 102.1
459 0.358 134.3
545 0.36 246.2
648 0.358 299
771 0.357 510.4
917 0.356 611.9
— 1010}
g
& \Y%
<z - OGlover et al., 2006 [15]
v v-- Glover and Walker, 2009 [16]
10715+ -7 - v Glover and Dery, 2010 [17]
<] Kimura, 2018 [18]
107 107
ke (m?)

Hinh 4. S0 sanh d@é tham tinh tir mé hinh dé xudt k; va do tham thwe nghiém ke cho cdc mau hat
thuy tinh tue cdc tai liéu tham khao [14-18]. Puong nét dut la duwong 1:1.
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-8
107 5Eq (1)
0Eq. (14)
So lieu thuc nghiem boi Kimura, 2018 [18] o o]
o (o}
— o o
~ (o) o o [m]
g8 4100 o o |
=10 0© g O
e o® y o
o o o
uI:I
10-12 | . | |
0 0.2 04 0.6 0.8 1
d (m) <1073

Hinh 5. So sanh giita mé hinh dé xudt - phuong trinh (11), mé hinh cua Glover va cac cong su -
phuong trinh (14) va so liéu cong bo trong [18].

4. KET LUAN

Trong béo c4o nay, ching tbi da xay dung mo hinh tinh d6 thim ctia méi truong 16 rdng dudi
diéu kién bao hoa sir dung md hinh OMD tuén theo phan bd fractal. M6 hinh dé xuét chi ra sy
phu thudc cua do thim vao dac diém ctia méi truong 16 rdng nhu kich thudc 16 rong 16n nhat, do
rong, do uon khiic va tham s6 fractal. Két qua so sanh chi ra c6 sy phii hop tét giita mé hinh dé
Xut voi so liéu va mo hinh khac da duoc cong bd. M6 hinh cho phép du doan do thAm ctia moi
truong 15 rong tir dic diém, tinh chét cia n6. Trong huéng nghién ciru tiép theo, chung toi sé tinh
dén sy thay doi ciia d6 udn khiic theo kich thudc 16 rong trong mé hinh dé co sy pht hgp hon
cho méi truong 16 rong thyc té.
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ABSTRACT
A model for permeability of porous media under fully saturated conditions

Permeability is an important parameter that describes the ability of a porous medium
to transmit water under saturated or nearly saturated conditions. It governs the flow of
fluids and migration of contaminants beneath the ground surface, especially in soils and
aquifers. The permeability depends on properties of porous media such as porosity,
cementation, pore size, pore size distribution, pore shape and pore connectivity. In this
work, we develop a model for permeability in porous media under saturated conditions
using a capillary bundle model. The proposed model relates the permeability to properties
of porous media such as maximum pore radius, minimum pore radius, porosity, tortuosity
and fractal dimension for pore space. The model is then successfully compared to existing
experimental data and a widely used model from the literature.

Keywords: Permeability; Porous media; Porosity; Capillary; Fractal.
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