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MO HINH TOAN TINH LAN T\RUYf:]N O NHIEM CHO MANG KENH, SONG
PHAN 1: MO HINH TOAN

Nguyén Thi Bay ", Quach Thi Ngoc The @
“Trudng Pai hoc Bich Khoa-DHQG-HCM, ® Truding Pai hoc KHTN-PHQG-HCM
(Bai nhdn ngay 30 thdng 12 nam 2004, hoan chinh sita chita ngay 26 thdng 4 nam 2005)

TOM TAT: Bai bdo trinh bay mé hinh todn mé phdong cdc yéu 16 thity lic va lan truyén 6
nhiém cho mang séng. Mé hinh dugc thiét ldp dua trén 1oi gidi s6 ciia hé phuong trinh Saint-
Venant két hgp vdi hé phuong trinh lan truyén 6 nhiém. Mé hinh duge kiém dinh bdng nghiém
gidi tich. Cdc két qud tinh dugc tit mé hinh so vdi nghiém gidi tich khd chinh xdc.

1. PHAN MO PAU

Khi kinh t€ ngay cang phdt trién, nha mdy, xi nghiép moc ra nhiéu hon...thi méi trudng ngay
cang & nhiém, trong d6 hang diu Ia chit lugng nuc trong cic mang kénh, séng. Va ching ta dang &
trong tinh trang bio dng dé.

G nudc ta, da ¢6 nhiéu nghién ctfu vé& 6 nhidm dong nuéc mat, va theo d6, cdc md hinh tinh
todn thuy lyc va lan truyén cho mang kénh, sdng da ra dvi:
- M5 hinh VRSAP clia GS. Nguyén Nhu Khué.
- M5 hinh SAL ctia PGS. Nguyén T4t Dic.
- M5 hinh KOD ctia GS. Nguyén An Nién.

D&i v6i mo hinh SAL, tdc gid gid dinh ring, tai mdi hop luu tdng dai s6 luu luong phai bing
khong (c6 nghia 12 t6ng luu lugng dén bing tong Iuu lugng di khdi hgp Iuu). Trong cd mé hinh VRSAP
va SAL, cdc tdc gid dung phuong phap phén rd d€ gidi cho bai todn lan truyén: phuong trinh lan truyén
chdt dugc gidi thanh hai budc nhu sau: Budc 1: Phudng trinh tdi thuin tuy dugc gidi d€ cé nghiém vé
nong d6 C,. Budc 2: L'y nghiém C, lam diéu kién ban ddu d€ giii bai toan khuéch tin thuin tuy dé
ra nghiém C, 1a két qua cudi cing clia bai todn.

DB3i véi mé hinh KOD, hgp luu dude xem nhu mét 6 chita, vi muc nudc tai hgp Ivu duge tinh
trudc, sau d6 chuyén bai todn trén mang kénh thanh nhitng bai todn gidi trén mot nhdnh, va dé€ tinh
muc nudc tai hdp luu tdc gid diing sd db hién.

Nhitng mé hinh trén da dat dugc nhitng thanh tyu ddng trdn trong.

Trong bai bdo ndy , cdc tdc gid trinh bay mo hinh todn tinh va md phéng cdc y&u t6 thiy luc va
qué trinh lan truyén 6 nhi€ém trén mang kénh, séng, va budc ddu 4p dung cho mang séng Thi Vii.
Phin thi nha't xin dugc trinh bay md hinh todn va cdc k&t qua kiém nghiém mo hinh.

2. MO HINH TOAN.
2.1. Phudng trinh cd ban.
Dong chdy va sy lan truyén chi't 6 nhiém trén nhanh kénh, séng dugc md ta bdi cdc phuong
trinh [5]:
Phutong trinh lién tuc:
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Phuong trinh vén tdi chat:

0 0 oC 0
= (AC)= ax[AE 5‘x) = (AUC)+ A(-bC +p) 3)
Trong d6:

X —toa dd doc dong chay (m).

t — thdi gian (s).

Q - Iuu lugng (m/s).

B - bé rong mit thodng kénh (m).

h - d6 sdu clia kénh (m).

A - dién tich ugt (m?).

U - vin tc dong chdy (m/s).

z - cao d6 muc nudc (m).

q - luu Iugng bén nhip vio trén mdt don vi chiéu dai kénh (m%s).

ug- thanh phin vén téc doc truc clia luu lugng nhip vao q (m%s).

K- modun luu lugng, K = CAVR = lAR%.

n

C - ndng do chat (mg/l).

E — hé s6 khuéch tin doc (m%/s).

b — hiing s& phin hiy tdng cong (phdn ting, ling dong, gia nhap, ...) (1/s).

p — hé s6 tu do, khong phu thudce vao C, vi du: ngudn ndi tai va ling dong (mat chdt hitu co
clia tdo, ngudn sinh vit ddy, ...) (mg/l/s).

2.2. Sodd phanra
Céc nhanh sdng dudc chia thanh cdc doan tinh 6 chiéu dai Ax; bdi N mit cit.
a. So do thiiy lic

Phuong trinh (1), (2) dugc phin rd theo s dd Preissmann nhu sau [5]:

AT F AT AOT=AQ O7=0
B +| & + —q =0
2At Ax Ax

SN AN AR Al

n+l n+l
+gZ,- 0, Az;y) — Az, o Zi4] —-’-i]+§ o, QfQ| + Q[Q|
Ax Ax 21 K2 K2

“)
-l i) (T o2
Sdp xé&p hé phuong trinh (4) thanh:
A +Az +C1 AQ+I—C1 AQ CZ 5

G 1 +aiAQ'+C4z’Azi+l ~Ghe, =G5

Sau mot s& phép bi€n ddi va dit bién s6 phy, ta thu duge hé phuong trinh:
N +B.Az. Az, ~=D. Bi1=12 00 o NS
AIAZI BIAZ1+1 +CIA,H_2 . (v6ii=1,2 N-2) (6)
v6i A Bi; Civa D; 1a cdc hé s phu thudc vao cdc y€u td thiy luc tai diém thdi gian trude (n),
Af=f""-f", (n+1) 1a diém thdi gian hién tai; n 1a diém thi gian trude do.
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Hé phuong trinh (6) c6 dang 3 duding chéo chinh. Phuong trinh dugc gidi theo phuong phdp truy
dudi véi hai diéu kién ban diu va hai diéu kién bién tai mdi diu nhdnh song.

Sau khi gidi dudc cdc gid tri Az tai cho cd nhdnh sdng, ta ti€n hanh gidi hién AQ; theo hé
phudng trinh (5).

Didu kién ban dau.

Q=0 va z=zgp.

Diéu kig¢n bién.
- Trudng hdp bién 18ng: diéu kién bién 1a dudng qud trinh muc nudc z(xj,t) hodc duting qud
trinh Iuu lugng Q(xj,t). V&i xj ki hiéu cho vi tri bién.
- Trudng hgp bién kin: cho luu lugng Q(xj,t)=0.
- Trudng hop bién hgp luu:
St dung phuang trinh cin biing thé tich cho hgp luu J, [1]:
JV JR

4, %L => 0w -2.95 )
a “ ;
V@i:A; — dién tich mét thodng 6 chita J (c6 thé phu thudc vio muc nudc zy) (mz).
JV - s& nhinh ¢6 chiéu duong huéng vao hgp luu J.
kN - mat cdt cudi clia nhanh thit k ¢6 chiéu dudng huéng vao hgp luu J.
JR - 58 nhdnh ¢6 chiéu duong xui't phat tif hgp luu J.
j1 - mit cdt ddu tién cla nhdnh thy j c6 chiéu duong xui't phdt tir hgp luu J.

Sai phin phdéng trinh (7):
JI JR
n+l n At
e > 0w -2.9) ®)
J\ & J
Trong dé, cdc gid tri lvu lugng Q dugce tinh & budc thdi gian sau (budc thdi gian n+l). Luu y
ring, budc tinh nay dugc thyc hién ciing vdi thudt gidi lap.
Dua vao phuong trinh (8), tinh dude myc nudc z; tai tim ctia hgp luu J tai thai di€m n+1, ta suy
ra dudc muc nude z tai cdc mit cit sat hgp luu theo gid thiét:
2y = 2y ( hay z)

Trong d6, zk1, zkN la myc nude tai mit cdt sat hgp luu J ciia nhdnh k.

NE&u hé théng ¢6 M niit hgp luu thi ta ¢6 M phuong trinh dang (8). Gidi cdc phudng trinh ndy ta
dugc muc nudc z tai cdc mat cit sat hop lvu trén it cd cdc nhdnh. Myc nue nay sé 1a diéu kién bién
z cho mdi nhanh ndi véi hop luu.

b. So dé tinh lan truyén chdt

Phuong trinh (3) dudc sai phan theo cdc so dd: So dd hién Chevereau va Preissmann, sd db én
Crank Nicolson va sd d6 &n Upwind [5].

* Sai phdn phuong trinh (3) theo so d6 hién Chevereau va Preissmann.:
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e 1 o Chy ~Cf
By — ik |i(AE)i—l.'2 e (AE)i+UZ —l__:l
At Xian ~Xian X —X; Xig — X

i 1=l

C Ct e
—(AU),ipn —i Ly A, ( bcn +p;)
X

K&t hgp phuong trinh (3) va (1), ta dugc phudng trinh:
2
ey E?Lc—bmp (10)
ot Ox ox?

* Sai phdn phuwong trinh (10) theo so do Crank Nicolson

cri-cr | (Ch-cl)+ (e -c)
At 4AXx

L

(11)

(Cln+1

27 +C, )+ (€l —2¢! + €1
4Ax

Cn+l +Cn

-b,

+E B

* Sai phdn phuong trinh (3) theo so dé Upwind:
o Truong hgp 1: U™ 20

cit=cp _ [(AELC?*' —(AE),CHy ]_{(AEL_IC?.*.‘ - (AE)i_]C?f;)

At AAX] A AX]
ne~n+l n n+l n+l Cn (128)
i Qi Ci _Qi—lci—l —b.l Ci T4 +p,
A, Ax, 2
o Truong hgp2: UM <0
Cr-C _((AB).,Cli - (AE),,Cii' ) _((AB).CEY ~(AB).C}"
At A AX] A Ax}?
Cn+| ncn+l Cn+] Cn (12b)
_Q|+I i+l Qi i _b i + i +pi
A Ax, 2
Céc phuong trinh (9), (11) va (12) déu c6 dang giéng nhau:
Gt B BCE 4O =i, (véii=1,2, ..., N-2) (13)

Ta ciing gidi hé phuong trinh (13) bing phuong phap truy dudi, v6i diéu kién ban diu va 2 diéu
kién bién, tim dugc ndng d6 chit tai cic mit cdt trén cac nhanh sdng.

Piéu ki¢n ban du.
Ap dit gid tri ndng d6 ban diu tai ti't cd cdc mit cit [2]:
Cix.0) =C; (v8ii=1,2,3,...N)

Piéu ki¢n bién.

P&i vdi cdc bién la cita séng: trong suSt khoang thdi gian thly triéu dang, néng do bién c6 thé
cho bing ndng do do dac dugc & bién. Trong khodng thdi gian thﬁy triéu nit, ndng dd nay dugc chi
phdi bdi song, nén cin dugc tinh todn. J thi gian ddu lic thuy triéu ding, c6 su thay d6i dan tir ndng
d6 Cy & cudi ky triéu it (tai mat cdt cudi sdng) téi ndng dd C, & bién, sy thay d6i nay dugc dién ra
trong khodng thdi gian ty, phu thudc vao diéu kién thuc t&€ & bién, thong thuding ,=0,05-0,15T, véi T l1a
chu ky triéu [7]. G diy, do khu vyc tinh todn nh, ta chon t=0,05T; va trong khodng thdi gian tpta xem
nhu ndng d6 bién thién tuyén tinh tir Cy t6i Co.
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Dua vao cd s§ Iy luan trén, nong do chit & bién néi chung dugc xit 1y nhu sau:
- D01 v6i bién long:
Khi dong chdy hudng tit ngoai vao mién tinh, ndng do chit & bién biing ndng d6 chat cho trudc
(thudng dugc ndi suy tir dai cdc gid tri theo thdi gian).
2

C . g
== 0[2,5]. Khi d6, ndng do tai

Khi dong chdy tir mién tinh hu6ng ra thi sit dung diéu kién

X

bién dugc tinh théng qua qud trinh tai, (qud trinh khuéch tin duge bd qua trong budc tinh nay). Nong

d6 chat tai bién 12 nghiém clia phuong trinh téi va tinh dugc theo phudng phéip dudng dic trung (sé
gidi thich ky trong phan diéu kién bién tai hdp Iuu).

aC
- D&i v6i bién cut: Q = 0 thi 4p dung diéu kién Ox
- Dai v6i bién tai hop luu:

=0.

Nong do tai cic mit cit dp sdt hgp luu ctia cdc nhdnh khi dong chdy huéng vao hgp luu 1a khic
nhau. Nhung khi dong chdy ra khéi hgp luu, gla st xdy ra qud trinh xdo tron hoan toan trong 6 chita
hgp Iuu, ta c6 ndng d6 tai hgp luu bing v4i ndng do tai cdc mat cit sat hgp luu trén cdc nhanh chdy ra:

C; =C"™ [25].
Theo dinh ludt bido toan khdi lugng, trong khodng thdi gian dt, tdng khoi lugng chéit do cdc dong

chdy mang tGi hgp luu biing tdng khdi lugng chit chay ra khéi hdp luu cong véi khdi lugng chit thay
déi tai hgp luu. Ta c6 phuong tnnh vi€t cho cin bang nong d6 chit tai hop luwu J nhu sau:

d WCJ ZQ:WOCWO CraZQ (14)
Jr

Trong dé:
Cy - ndng do chit tai hgp lwu J (mg/l).
C"™ - néng do cha't trén nhanh chiy ra khéi hop luu tai cdc mat cdt sat hgp luu (mg/l).
— thé tich hop luu J.

Nhu vdy, néng dé C, tai cdc nhdnh chdy ra sé tinh dugc tit phuong trinh (14)

Trong trudng hgp chiéu dong chdy 1a chdy vao hgp Iuu (hay trudng hop & bién: dong chdy tir
mién tinh huéng ra bién), thi nong do tai mat cat sat hop luu trén nhanh chdy vao (hay néng do tai

bién) 12 nghiém cla phuwong trinh tdi nhu sau:
6C oC

+U—=-bC (15)
£l ox
Nghiém clia phuong trinh (14) trén ho dudng dic trung dx=Udt 13, [2,6]:
€, = & (16)

Véi: Cg — ndng do tai di€m cin tinh (& budc thdi gian sau).
Ca —ndng do tai chan dudng dic trung tai budc thdi gian trude (n).
At—‘-tn+l-[n

Nhut vdy, diéu kién bién C tai mdr cdt sat hop luu hay tai bién long khi dong chdy tir mién tinh
chdy dén sé dugc xdc dinh tix (16). :

3.  KIEM TRA MO HINH
3.1 Kiém tra mé hinh thiy lyc
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Trong tudng hdp kénh kin mot diu va bj phan xa toan phan tai dau kin. Kénh c6 mat cdt ngang
hinh chif nhit, ddy nim ngang khong c6 nhap luu, bi&n thién muc nudc khd nhd so véi do sdu, bo qua
déi Iwu va ma sat ddy, nghiém gidi tich ciia hé phudng trinh (1 va 2) 1a, [3]:

z (x,t)= o cos(mt) cos(k x)

u(x, t)—Cf;

, sin(kx)sin(w!)

(17)
(18)

Véi: zg — bién dd dao dong muc nudc (m).

2 }
o= —;E - toc do gbc clia song (rad/s), trong dé: T — chu ki song (s).

k

Cp =+/gh - vant8c truyén

Mbd hinh dugc dp dung tinh
vin toc va myc nudec cho doan
kénh v6i chiéu dai L=100 m; dd
sdu h= 1 m; bién dd triéu z;=0.01m;
chu ki T=31.927s (0=0.1967 rad/s).
Trong s0 thdi gian 6=0.666T;
At=0.05s; Ax=0.25m.

Cic két qua tinh todn dudc
trinh bay trén hinh 1.1,2.1 cling véi
cic k€t qud tinh todn theo nghiém
gidi tich (céng thire (17),(18)).

Hinh 1 cho thdy dién bién
theo thdi gian cia myc nudc z tai vi
tri x=0.75L. Tai ddy, muc nudc
khong dao déng va & vi tri trung
binh (0 m).

Hinh 2 ciing cho thdy dién
bi€n vén tdc theo thdi gian tai vi tri
x=0.75L. Tai vi tri nay, véan t6c dao
dong vdi bién dd cyc dai.

T S 2
— —s0 song, trong do:

A - budc séng (m).

séng trong

nudc tinh véi do sdu h (m%/s).

Hinh 1.1 -Muc nudc (x=0.75L)

0015

} 0.01

i I —tinh toan |

| 0005
|E o

-+ gidi tich

-0.005 {

N
w

| -001

-0.015 -

L S—

ChukiT

0.02

0.04

Hinh 2 1 - Van téc (x=0. 75L)

— tinh 'rocm;

(m/s)

0

-0.02

ﬂ —o— gidi ’rlch

-0.04

ARANR
TRVETRIRY
vV VYV

ChulkiT

Céc sai sO tinh todn (so vi k€t qua nghiém gidi tich) rat nhd, c6 gid tri trung binh 12 0.51%.

Nghiém gidi tich (17) va (18) chi phit hgp cho trudng hdp séng truyén trong kénh c6 bién dd nhéd
hon nhidu so véi do siu vi du cu thé trén cho zy/h=1%). Pay 1a thuyét truyén séng c6 bién do nho
trong nuc tinh. Khi bién do clia séng ting 1€n gid tri ddng k€ so v6i do sau (vi du zy/h=10-20%) ,

k&t qua tinh todn s& gy sai s 16n, vi thuy€t truyén séng c6 bién dd nhd khong con phi hgp nira.

3.2

Kiém tra md hinh lan truyén chit 6 nhigm

Né&u K=0, U, A va E 1a hiing s& da biét, nghiém gidi tich ctia phudng trinh (3) 14 mdt ham theo

phan phdi Gauss [5]:

Clx,t)=

Trong do:

Co (
2A(7Er)"” p{ 4

Jr—Ut)2
Et

|

(19)

Co — ndng do chat dua vao ngay lap titc qua mat cit ngang dau kénh (mg/l).
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Vo - thé€ tich clia lugng chat dua vao qua mit cit ngang ddu kénh.

Tinh todn dugc thurc hién cho doan kénh c6 chiéu dai L=100m, c6 hé s& khuéch tin E=1.10"

> Vi y
m/s, vdi _.CO—O”:Z =1.Dong chdy c¢6 vin tdc U=0.1 m/s. Chon At = 0.01 (s) va Ax =0.25 (m).
24(zE)

Mé hinh dudgc tinh v6i nhiéu so dd phan ra khdc nhau. Céc két qua nhin dugc trinh biy trong
hinh 3.

Hinh 3 - Phan phdi néng dé chdt & t =700s

gidi tich
0.05
0.04 - n — ——-s50dé Crank- I
Nicolson [
0 R —= \ !
S 0.03 ’ p———
— 50 d& Upwin
2
g |
= . ‘-
0.01 _ ( ‘L\ sd dd Chevereau
0 = ".’U ~ - Preissmann
v
-0.01 & 20 40 66 80 100

khodng cdch x

Ta nhin xét thiy:

Céc so dd Chevereau — Preissmann va Upwind khong 1am cho néng do chit mang gié tri am. C6
thé néi réing nhitng so dd trén ddm bao dugc pha, nhung bién d§ gidm ddng k€. P8i véi sd dd Crank
Nicolson, dudng bi€u dién néng dd cho thdy k&t qua khd t6t, dic biét 12 tai vi trf x =70 m, nbng do
chdt dat cuc dai va gdn vdi nghiém giai tich.

4. KETLUAN:

Cidc két qua tinh tir m6 hinh kh4 chinh x4c so véi cic két qua tir nghiém gidi tich cho mot kénh
thing chi nhit nhe da néu & phdn trén. R4t tigc, chua c6 13i gidi gidi tich cho mét hgp luu tir cdc
nhdnh hop lai, ciing nhu céc s6 liéu thyc nghiém tir mé hinh 1y trong phong thi nghi€ém, nén mo hinh ¢6
hop luu xin dugc ki€m tra biing s& liéu thyc t&€ trén mang séng Thi Vai, phin k&t qua tinh todn va
ddnh gid xin dugc trinh bay trong bai bio phin hai.

MATHEMATICAL MODEL OF SPREADING POLLUTANTS IN RIVER
‘ NETWORK.
PART 1: MATHEMATICAL MODEL

Nguyén Thi Bay “, Quach Thj Ngoc The @
‘D University of Technology - PHQG-HCM, @ University of Natural Sciences — VNU-HCM

Abstract: This paper presents the model of hydraulic characteristics and spreading
pollutants in channel and river systems. The model is based on the solution of Saint-Venant and
dispersion equations. The results of computations for simple cases by this model are verified by
an. The results show that there is a suitability to the analytic solution.
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