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Bai bdo gi6i thiéu mot mé hinh tinh toan lan truyén chét 3 chidu trong séng va g dung
nghién ctru 6 nhiém do nudi ca be trén séng Hau. Truong van tdc 3 chidu duge tinh bing
cach phan bd theo quy luat logarit 10 giai van tdc 2 chiéu trung binh chiéu siu, trong khi
lan truyén chat 6 nhiém duogc giai tir phuong trinh van tai 3 chidu day du. Phuong trinh
chuyén dong 2 chiéu duoc giai bang phuong phap sai phan hiru han theo so dd ADI cia
Ponce-Yabusaki. Phuong trinh tai chat 3 chiéu dugc giai theo phuong phap thé tich hiru
han, so dd ADI cua Douglas — Gunn trong toa d6 “sigma”. M6 hinh dugc kiém chung voi
101 giai giai tich. Mot sé két qua ban ddu mé phong lan truyén 6 nhiém & lang nudi ca bé
My$ Hoa Hung, Long Xuyén ciing dugc trinh bay.

ABSTRACT

The paper presented a 3D model for substance transport in river and its application for
simulation of pollutant transport in Hau river due to floating cages raising . 3D flow-field
was solved by logarithmic distributing 2D flow-field of averaged height. Pollutant
transport are calculated by solving its full 3D transport equation. The 2D continuum and
momentum equations was solved by finited difference method with ADI scheme of
Ponce-Yabusaki. The 3D transport equation was solved by finited volume method with
ADI scheme of Douglas — Gunn in “sigma” transformed co-ordinate. The model was
tested over analytical solution. Some preliminary results of simulation for pollutant

transport of My Hoa Hung floating cages area are also presented.

1. Gioi thiéu:

Hién nay viéc nudi ca bé & dong bang song Ctru
long rat phat trién. Tuy nhién, né dién ra mot
cach ty phat. Méat d6 va vi tri neo dau chua d
duoc bd tri sép xép mot cach khoa hoc nén

dd anh huong dén chat luong ngudn nudc.
Panh gia duoc dién bién méi trudng sé 1a co s¢
dé quy hoach va xdy dung ké hoach phat trién
viéc nuodi ca be, bao dam su can b?‘ing hai hoa
cac ngudn loi, bao vé bén viing tai nguyén thién
nhién. Vi vay viéc xdy dung mot mo hinh tinh
toan mo phong lan truyén chat trong séng 1a
viéc can thiét. Bai bao s& gidi thiéu 1 mo hinh
toan co thé dap ung yéu cau nay. Trong md
hinh, trudng van téc duoc giai tir phuong trinh
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chuyén dong 2 chiéu bing phwong phap sai
phan hiru han theo so d6 ADI ciia Ponce-
Yabusaki. Trong khi d6 lan truyén chit 6 nhiém
dugc giai tir phuong trinh van tai 3 chidu day
du theo phuong phap thé tich hitu han, so do
ADI cua Douglas — Gunn trong toa do “sigma”.
Mo hinh dugc kiém ching vé6i 101 giai giai tich.
Mot sb két qua ban ddu mé phong lan truyén 6
nhiém & lang nudi c4 bé My Hoa Hung, Long
Xuyén ciing dugc trinh bay.



H1: Day bé nudi ca

2. M hinh to4n sé:
2.1 Phuong trinh co bén:
Vin toc dwoc giai tir phuong trinh dong chay 2

chidu nudc nong:
on ohU OhV
—+ + =

—= 1
o o oy b o
a_U+Ua_U+Va_U+
ot Ox oy
Fx—Mx+ga—77:0 2)
ox
a_V+Ua_V+Va_V+
ot Ox oy
on
F-M +g—=0 (3)
y y ay

Sau do6 dugc phan bd lai theo chiéu sdu theo
quy luét logarit:

ule,yz) = h{zij @)
01+ 1n[hJ 0
L Zy )|
v(x,y,2) == d . h{ZiJ (5)
2014 ln(hJ 0
h 20 )]

oC ouC ovC dw-w,)C
ot Ox oy 0z

E(ACG_CJ_FE Aca_c +E[KC a_CJ+S
Ox ox ) oy oy ) Oz oz

(6)
Trong do:

D _dosau
Z _ cao trinh ma ¢ d6 van toc bang 0
C —nong do chat ban.
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u, vvaw — 3 thanh phan vén toc

® —van tbc theo phuong dung trong hé
toa d¢ sigma
Ac, K¢ — cac hé s0 khuéch tan roi trén cac

phuong ngang va phuong dirng
0% — d0 tho thuy lyc.
S — s0 hang nguon.

U, v - 2 thanh phin vén tdc trung binh
chiéu sau theo phuong x va y tuong tng.

t - thoi gian

g - gia tbc trong truong

n - cao trinh mat nudc

Z - cao d¢ day.

h - chiéu sdu nuée (h=mn-z,)

p - khéi luong riéng cua nudc

s - luu lugng nguodn va cac thanh phan
van tdc cta nd

Fy, Fy, - ngoai lyc trén cac phuong X,y
Phuong trinh (6) dugc giai véi diéu kién bién

- Bién mat thoang: khong c6 thong luong chat
tai qua mat thoang:

{a)SC+KCa—C} =0
n

Oz

™)

- Bién dudi cua tang lo ling: tai mat phan cach
voi tang day: thong luong chat tai ngang qua
ngang qua mat phan cach bang:

{a)SCwLKCa—C} =D, -E,
0z 1,14

®

V6i Dy —lugng thirc an dur, chat thai ling xudng
day; Ey - lugng thuc an du, chét thai bdc 1én tir
day. Theo Van Rijn (1987) chiung dugc tinh:
D,-E, =a(C,-Cy) (9a)
D, -E, =0C, (9b)
V6i Cy va Cp+ 12 ndng do hién hanh va ndng do
bao hoa tai day. C6 mét sb cong thirc thuc
nghiém cho phép xéc dinh Cp+ trong truong hop
bun céat lo lung. Tuy nhién trong nghién cuu
nay, hat lo lung 1a thirc an du cua ca va chua co
mot nghién ctru riéng nao cho van dé nay. Do
vy, & nghién ctru ban dau, ching t6i tam lay
Cy+ = 0. Khi thay (9) vao (8), ta dugc biéu thirc
mai:

[a)sC+KC a_c} (10)

=w,C,

s

V4

- Trén bién kin bao quanh: thong luong chét
ban qua bién bang 0.

- Trén bién ho bao quanh: néu dong chay di vao
mién tinh, diéu kién bién s& 1a ndng do chat tai



neéu dong chdy di ra khoi mién tinh, diéu kién
khong c6 gradient nong d6 dugc sur dung.

2.2 M hinh réi.

Trong dong chay 3 chiéu séng, bién, do su
khéc biét rat 1on gitia cac dai lugng dac trung
cho chuyén déng theo phuong ngang va
phuong thang dung nén d6 nhét rdi cho 2
chuyén dong nay thuong dugc lam theo cac md
hinh riéng ré.

Hé sb khuéch tan 16i Ac 1y bang do nhot réi
trén phuong ngang Ay dugce tinh theo mé hinh
Smagorinsky:

2 2 2

Ou ov 1(0u ov
oy _cmy[() (2] 2 2) }

ox oy 2ley  ox

) . (11)

Véi hé so6 C Irlém‘trong khoang 0,01 — 0,5 va
thuong dugc lay bang 0,10. )
H¢ s6 khuéch tan ro1 Kc lay bang d6 nhot roi
theo phuong ding Ky dugc tinh bang cac moé
hinh chiéu dai xdo tron Prandtl-Kolmogorov
(1942) :

K, =C.Lk (12)

Trong d6 C’p - hing s6 mo hinh; L — chiéu dai
x40 tron; k — dong nang roi.

- o-c)
(13)

L=xh(1-¢W<¢ (14

Véi ¢,=0.09 - hjang s6 mo hinh; k=0.4 - hing

S
sO0 Karman; Us | van toc ma sat trén mat
b

thoang; “* - van téc ma sat day
¢ =(n—-z)/(n+h) - 4o sau twong déi.

va

2.3 Phwong phap giai:

Cac phuorpg t{inh duoc dua vé toa do
sigma v&i phép bién doi
Z —
o= n
h+n

15)

Z\T(l/ 1\0?

1

H 2: Bién dbi toa d6
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Trong h¢ toa do nay mién tinh v6i mat thoang
va mit day cong tré thanh mién chir nhat c6
chidu sau bang 1, trong d6 mat thoang & toa do
o = 0 va mat day &i toa do o = -1 (Hinh 2). No
cho phép mo ta chinh xac hon dong chay va qua
trinh tai chat & cac khu vuc gan mit thoang va
sat day.

Phuong trinh tai chat (6) dugc giai theo phuong
phép thé tich hitu han trén luéi so le vuéng goc.
Trudc tién, phuong trinh (6) dugc dua vé toa do
sigma:

oqc 0 0 (d4c
Ye ) uge - pa. 2| de
o ax{uqc Cax[D

K A

+ & {vqc DA o ( D H +

0 @ Ke 0 (4qc)|_

ao[[a)— quc (H—D.S (16)

"D oo\ D
=DC 1 lugng chét tai don vi
Sau khi xac dinh dugc mat thoang, va
cac thanh phan van toc, nong do cac chat tai sé
dugc tinh toan tr phuong trinh (16) theo so do

vei e

nh
y o+ o
S Ac
|
4
T —_
,/”g :’|‘
U
|
I
| v
—Ot=" ==
///’; I"‘/‘U/
| Ac
A
=X TH A | Laoe
//,/J—*“ — o=-1

>
>

|
|

H 3: Vi trf cac bién trén ludi tinh

ADI cua Douglas — Gunn. Cac sé hang ddi luu
ctia phuong trinh vén tai cac chat dugc ndi suy
theo so dd trung tdm. Do dic tinh truyén séng
khac nhau nén budc thoi gian giai cac phuong
trinh van tai duoc léy 16n hon nhiéu 14n so véi
cac phuong trinh dong luong.



H 4: So sanh 10i giai s6 & 10 giai Gauss

3. Két qua tinh toan va phén tich: (X0Y)
3.1 Mb hinh dwoc Kiém tra biang 10i gii o
gidi tich =
Trong truong dong chay voi cac thanh oo
phén van toc W =V =0 va U = const, bo qua £ oy
khuéch tan theo phuong truc x, 101 giai chinh
xac cua phuong trinh vén tai (6) cho ngudn o]
diém lién tuc vdi cong suat M dat tai toa do(x =
0,y=0,z=H) la:
C(x.y.2)=———EXP I
27U0 0,
2 z—H+wx/U)’ 200
~ Y pxp - XU (16)
20 N 20 - 5
= g 100+
Trong do oyva o, 1a cac hé $6 khuéch tan va chi 50 F
bién thién trén tryc x: o w0 2o s a0 s eo 7m0 so s 100
24 2K -
o=y o= Cy X(m)
U U
Loi giai trén 1a cong thic ciia mo hinh Ghi chu: Loi giai Gauss
lan truyén chat 6 nhiém theo ludt phan phot ~ ------- Loi giai s6
chuan Gauss, con dugc goi tat la mo hinh Gauss .
(xem [8], trg.lOO) Phén bd ndng do chit ban trén mat phiang dimg
Mién tinh dugc chon 1a hinh chit nhat di qua nguodn theo chiéu dong chay

c6 canh song song v&i chiéu dong chay
(X=1000m, Y= 1000m) chia thanh 100x100 6 H 5: So sanh 10i giai s6 & 10i giai Gauss (XOZ)

ludi va kéo tir day 1ong dan, z, = Om lén t6i do Su phan bd ndng do chét ban trén tré n
cao 1 = 202,5m chia thanh 41 16p, mdi 16p day cic mat phang XOY, XOZ & 10i giai s6 nhin
5m, riéng 16p sat day day 2,5m nhim ting do chung ding véi 101 giai giai tich, chi c6 vi tri
chinh xac. D6 cao nay dugc lay sao cho dia diém ‘ngudn, veét chat ban ¢ 10i giai s6 co phan
hinh khéng con anh huéng dén chuyén dong. lan vé phia sau so vdi 101 giai giai tich d6 1a do
Thoi gian mo phong 1a T = 20h véi budc thoi 10 giai giai tich d khong tinh dén khuéch tan
gian At=5s. trén phuong x.

Duéi ddy 1a mot vai hinh anh so sanh . Phan b ndng do chat tai trén mat
két qua giira 101 giai sd va 10i giai giai tich: phang dimg vudng goc v6i hudng dong chay &
° Phan bd nf)ng do chit tai trén mat toa d0 x = 800m cho trén hinh:

phing ngang di qua nguon theo chiéu dong
chay trong truong hop diém ngudn ¢ toa do (x
= 100m, y = 500m, z = 152,5m) c6 cong Suatg
M = 314 kg/s, U = 1lm/s, Ac = 5,0 m%/s, K¢

2 r \ A ;. y .
=0.5 m"/s. Cac duong dong muc co don vi ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
gam/lit 0 100 200 300 400 500 600 700 800 900 1000

200

100+
50 r

Y(m)

Ghi chu: Loi giai Gauss
------- Loi giai so

H 6: So sanh 101 giai s6 & 10i giai Gauss (YOZ)
. biém khac biét 16n nhat cua sy phan bo
nong do ¢ mat phang ngang la vét chat ban cia
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10i giai s6 cao hon so véi 16i giai giai tich & khu
vuc gin bién mit thoang.

Qua kiém ching voi 10i giai giai tich
cho thdy mé hinh c6 d6 chinh xac kha t6t .

3.2 Két qua tinh toan lan truyén cac chit 6
nhiem trén séng Hau doan Long Xuyén

Mo hinh dugc ap dung thir cho khu vyc
lang c4 bé My Hoa Hung. Mién tinh c6 kich
thude 10000mx5000mx25m dugc chia Iudi
vuong 25mx25m theo phuong ngang va 10 16p
theo phuong dung.

H 7: bia hinh vung tinh

Riéng 6 ludi sat day cao bang % 6 ludi
ké v6i nd. Bude thoi gian cho At = Is nhim
bao dam d6 6n dinh cua chwong trinh khi giai
mat thoang va cac thanh phﬁn van tbe, budc
thoi gian tinh cic phuong trinh tai chét 16n hon
30 lan dé tang toc do tinh toan .

M6 phong duoc thuc hi¢n cho nam
2000, thoi diém tinh toan 1a thoi gian ddu mua
mua , bat dau tir 20:00:00 ngay 09/04/2000 dén
20:00:00 ngay 12/04/2000.

Mdi day b tri tir 4 -5 be, kich thudc khoang
(12-30)x(9-12)x(4-4,5)m/1b¢ theo phuong doc
hodc phuong ngang, gin bo, & do sau tir 3,5 —
5,0m.

Tién hanh tinh toan cho 2 dang chét tai: BOD
va can lo lung.

Truong hop I: N 6ng d 6 BOD tai c um
bé dat tr 8 -10mg/l xem nhu lién tuc thai ra.
Diém dit ngudn thai ¢ tang thi 8 tirc cach mat
nude 0,8 — 1,0m. Hé sb tu 1am sach 3,6x107.

3400

-5
155au 2h | B

T T T T
3600 3800 4000 4200 4400

-5
-15
3400

3400

-5
-15
3400
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sau 6 h -

T T T T T
3600 3800 4000 4200 4400
|

T T T T T
3600 3800 4000 4200 4400
! ! ! | !

sau 24 F

T T T T
3600 3800 4000 4200 4400

H8: Mit cit qua ngu On theo ph u ong x sau 2h
- 6h — 16h — 24h

Khi sau 2 gio tinh toan triéu dang 1én, vét chét
tai lan vé phia thuong lwu. Dén khi mé phong
dugc 6 gio triéu rat manh, vét chat tai bi troi vé
ha Iuu va khuéch tan ra xa ngudn, nong do chat
tai giam dan.

4000

5000 6000 7000 8000

H9: Mit cit ngang qua tang 8 sau 2h & 6h

bén gio thir 16, thi vét chét tai lai lan vé thuong
lwu theo dong chay. Pén khi triéu rat lai vao gio
thir 24 thi vét chat méi lan vé ha luu, ndng do
cang giam do kha nang ty lam sach cua dong
chay.



4000 5000 6000 7000 8000

4000 5000 6000 7000 8000

10:Mat cit ngang qua tﬁng 8 sau 16h & 24h

Két luan: BOD chi c6 tinh cuc bd
khong anh huong dang ké dén chét lugng moi
truong nude do song qua rong, van tdc dong
chay kha 16n do d6 chit hiru co da bi pha lodng,
nén ndng do thap do kh & n dng ph an tan tu lam
sach cta dong chay.

Trudng hop II: Nong do thic an  lo limg tai -
cum be dat tir 20 -25mg/l. Diém dat ngudn thai
& tang thir 8 tic cach mat nude tir 0,8- 1,0m.

Van téc roi cua dang hat thirc an lo Iung tam -

ldy we="0.05m/s.
Tinh tr Itc cho an dén sau 12’

H11:Mit cit ngang qua tang 8 lic cho 4n dén
sau 12° - 36’ - 48’
Sau 36’ va 48’

4000 5000 6000 7000 8000 4000 5000 6000 7000 8000

Két luan: Truong hop chat tai dang hat, tinh
chit lan truyén ciing twong ty BOD, nhung né
¢6 toc do ling dong. Vi thé no lan truyén di
chura xa thi da bj ldng va tiéu tan gan hét.

Trén mit cit ngang, ching ta s& thiy rd hon

dicu nay:
-5W
15 T T T T T 3
3400 3600 3800 4000 4200 4400
N Sautz - B

T T T T T
3600 3800 4000 4200 4400

-5:_v‘_‘_
] Sau 36’ —

T T T
3600 3800 4000

3400

T T
4200 4400

5
Sau

-15

f T T T T T
3400 3600 3800 4000 4200 4400

H11:Mit cit ngang qua ngudn theo phuong X
tur lac cho an dén sau 12’ - 36’ - 48’

Do céc bé b tri déu khip doc theo bd song nén
ndéng do cua chit tai tuong duwong nhau cho
ving gin bo va dugc dong chay pha lodng di rat
nhiéu nén tinh trang 6 nhiém chua dén murc béo
dong ciing nhu anh huong nghiém trong dén
quéa trinh nudi ca noéi riéng va phat trién cac
nganh kinh té thuy san trong khu vuec.
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—155

15



Két lun:

Bai bao da trinh bay mot mé hinh tinh
toan lan truyén chét trong song. Mo hinh giai
cac phuong trinh vén tai chét bang phuong
phap thé tich hitu han. Kiém chimg véi 1o giai
giai tich cho thdy mé hinh c¢6 d6 chinh xac kha
t6t. Mic du sd liéu so sanh khong diy du nhung
két qua mo phong lan truyén BOD va thirc dn
du & lang c4 bé My Hoa Hung twong d6i hop
ly.
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