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Bo mén Quan Iy Moi truong - Pai hoc Thuy loi

Tém tat: Thity dong luc hoc & cdc viing nwée ditng nhw cde hé tw nhién va ho chira, chii yéu gay
ra boi liee cdt cia gié tac dong 1én bé mat hé va mot phan do sw trao doi nhiét giita hé va khi quyén
théng qua bé mdt hé, la mét trong cdc vin dé chii yéu ciia khoa hoc méi truong nwée. N6 lién quan
chdt ché dén chat lwong nuwée & cdc ving mede dirng thong qua viéc anh hieong truc tiép dén sw
phan b6 cac thong s6 chat lwong nuoc trong hé. Do ds, viéc hiéu biét va tinh todn duoc sw vin
chuyén ciia nudc trong cdc ving nudc dirng dwdi tdc dung cia gié ¢ ¥ nghia quan trong trong
viéc duy tri va bdo ton chat lwong miede ciia cdc nguon nwée nay. Véi ¥ nghia do, bai bdo ndy sé
trinh bay mét sé két qua ban dau vé viéc xdy dung mét mé hinh sé hai chiéu dé mé phong dong thity
déng liuc hoc & cdc vimg nuwée ditng duwdi tae dung trec tiép ciia gié 1én bé mdt ho. Trén co sé cdc
két qua nghién ciru ndy, cé thé ndng cap dé xdy dwng mé hinh cho viéc mé phong chdt heong nude

0 cdc vung nuoc dung.

1. GIOI THIEU CHUNG

Thay dong luc hoc & cac vung nudc ding
nhu cac ao, ho tu nhién do khong c6 sy trao doi
nudc véi cac ngudn nude bén ngoai nén chu yéu
dugc giy ra boi Gng sudt cit cua gid (1 =
C4p.U?) tac dung 1én mit nude va bi anh hudng
mdt phan boi su chénh 1éch ty trong nudce, cac
thuc vat nudc va cac nhan té khac. Do vay,
dong tudn hoan (circulation) trong cac ho rat
phirc tap va chung ta van chua thé giai quyét
dugc tat ca cac van dé lién quan dén chung. Vi
thé, trong nghién ctru nay gié6 duoc xem 1a nhan
t6 chinh gy ra dong tuan hoan & cac ving nudc
dimg bdi vi dong do gioé gy ra anh huong mdt
cach dang ké dén su phan bd cac thong sb chit
lugng nudc cua chang (Mori et al., 2001).
Ngoai ra, cac thyc vat nude troi ndi cling dugc
xem 12 mot trong nhitng nhan t6 quan trong tac
dong 16n dén thuy dong lyc hoc cua céc hd. Dé
hiéu biét sau hon vé dong tuan hoan trong céc
ving nudc dimg va anh huong cia né dén su
phan bd cac thong sb chit luong nudc, viée ap
dung cong cu mo hinh toan dé mo phong dién
bién cua chung mot cach dinh luong co ¥
nghia khoa hoc va thuc tién sau sic. Trén thé
gi6i dd c6 mot vai phan mém mo hinh héa van
dé nay voi muc d6 chi tiét khac nhau di duoc
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thuong mai hoa trén thi trudng. Tuy nhién, dé
mua dugc cac phin mém ndy thuong 1a véi
chi phi rat dat. Hon nita, viéc van hanh cling
kha phtrc tap.

V&i muyc dich tao ra mot phan mém riéng cho
viéc nghién ctru vin dé ndy ciing nhu phuc vu
cho cong tac dao tao, nghién ctru nay da dugc
thuc hién véi gia thiét 13 dong trong hd 14 hoa
tron déu theo phuong bén (laterally-averaged)
dé phat trién mot mo hinh hai chiéu mé phong
cac dong tuan hoan nay dudi tac dung cia gio.

Pé giai cac hé phuong trinh co ban ciia mo
hinh, phuong phép sai phan theo thé tich hiru
han (FVM) da duoc ap dung. Cac phuong trinh
sai phan duoc giai theo phuong phap sb bang
cach ap dung thuat toan SIMPLE (Semi-/mplicit
Method  for  Pressure-Linked  Equations)
(Patankar, 1980) két hop véi thuat toan TDMA
(Tri-Diagonal Matrix Algorithm) va dugc 1ap
trinh bang ngdn ngit Fortran 90 (Nyhoff and
Leestma, 1997; 1999).

M6 hinh da dugc 4p dung vao viéc moé phong
dong tuan hoan trong mot hd gia dinh véi hai
kich ban khong c6 va c6 sy hién di¢n cua thuc
vat nude trén mot phan dién tich mat hod. Cac
két qua md phong ban dau s& duoc trinh bay
duoi day.



Céc két qua ctia nghién ctru nay s& tao co s
quan trong cho cac budc tiép sau trong viéc mo
rong md hinh dé md phong dién bién chat lwong
nudc ¢ cac vung nudc dung.

2. PHUONG PHAP LUAN

apn) , opw) _,

2.1. Cac phuong trinh co ban

Trong nghién ctru ndy, cac mo phong sd duoc giai
quyét dbi voi trudng hop dong chay duoc gia thiét 1a
hoa tron déu theo phuong bén, hai chiéu va khong 6n
dinh, tuan theo mdt hé¢ cac phuong trinh vi phan sau:
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Trong d6 u va w 1a cac van tc theo phuong
ngang x va phuong dung z; p 1a ty trong cua
nuéc, p 1a ap suat ctia nude, g 1a gia toc trong
truong, u va p_la cic hé sb nhét xody theo
phuong ngang va dang.

2.2. Phuwong phap sai phan

Dé giai theo phwong phap sd cac truong van
tdc va ap suat, cac phuong trinh (1) — (3) & trén
dugc sai phan hoa theo phuong phap thé tich
hiru han. Phuong phép nay lay tich phan cac
phuong trinh (1) — (3) trén mdt thé tich ¢6 kiém
soat theo hai phuong duoc xdc dinh bdi céc
duong nét dut trén mot ludi sai phan so le
(Patankar, 1980) nhu dugc chi ra trong Hinh. 1.

Trong ludi so le, pham vi tinh toédn dugc chia
thanh cac 6 c6 kiém soat boi cac duong lién.
Ap suit dugc dit & cac giao diém cia cac duong
lién cua ludi. Nhirng nat nay duoc biéu thi bang
cac ky tu P, W, E, N, va S. Cac thanh phan van
tdc u duoc dit & cac mit 6 phia dong va phia tay
cua 0 tinh dugc ky hiéu 1a e va w. Cac thanh

[(ow), = (pu), 1Az +[(pw), = (pw),]Ax =0

phan van toéc w dugc dat ¢ cac mat 6 phia bac va
nam cua 0 tinh dugc ky hi¢u la n va 5. Ax va Az
tuong ung la chiéu dai va chiéu sau cua 6 tinh.
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Hinh 1. Ludi so le mé td é kiém sodt véi cdc
thong so dong chay cho truong hop hai huong

Sau khi sai phan, phuong trinh lién tuc dugc
sai phan hoéa tré thanh:

Phuong trinh mé men u dugc sai phan hoa tr¢ thanh
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Va phuong trinh mé men w dugc sai phan thanh :
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Trong 6 p;,p; u;,and w’ chi nhiig gid tri
da biét ¢ thoi diém ¢, trong khi tit ca cac gia tri khac
1a nhimg gié tri chua biét ¢ thoi diém +Az. Cac hé s6
v6i chi s trén (1) va (w) 1a cac hé sb tuong g cho
u va w. a%va achi cic h¢ sé bén canh

W) ) @ @ (w) (w) (W) X (w)
a;’,ay’ ,ay’ a4’ a; ,ay’ ,ay’, va ag

, dai
dién cho anh hudng két hop ctua sy khuéch tan —
doi Iuu tai cac mat cua cac 6 van toc u va w. Gia
tri cdc hé s6 nay duogc tinh dya trén ham mii
(Patankar, 1980). Cac thanh phan van toc u,, va
Wnb 1a cac thanh phan dugc dat & cac nut xung
quanh bén ngoai 6 kiém soat. p, , p,, py,va
P chi ap suat dat ¢ cac mat dong, tay, bac va
nam cua 0 ki€ém soat

2.3. Cac diéu kién bién

Céac dicu kién bién ¢ day va cac thanh bén ho
duoc ap dung di€u kién bién no-slip (v = w=0).

Tai mit nude hd, w duge dat bﬁng 0, va u dugc
tinh tir quan hé sau (Cole and Buchak, 1995):

= CDan2 = CDpw“s2 (7)

Trong d6 r_ 1a ing suét cat bé mit tai mit nudc,
Cp 1a hé s kéo, p, ty trong khong khi, U 1a van
tdc gio o diém c6 chiéu cao cach mét guéc 10 m,
P, 1a ty trong cta nudc, u 1a van toc bé mdt trong

nudce. Tu cong thire (7), u; dugce tinh nhu sau:

u, = [P xU ~0.03U (8)
P

Cong thire (8) duoc biét dén nhu 13 “ luat 3%
” (Cole and Buchak, 1995).
2.4. Thudt todn sé
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Hinh 2. So d6 thudt toan SIMPLE

42



Pé giai cac phuong trinh (4) - (6), thuat
toan SIMPLE (Patankar, 1980) ma vé co ban
dua trén qua trinh thtr - hi¢u chinh trong viéc
tinh thanh phan ap suét trén ludi so le & trén,
dugc ap dung. Hinh 2 tém tat so do thuat
toan SIMPLE ma sé& duoc ap dung trong mdi
budc tinh.

Trong Hinh 2, o, 1a hé¢ sé giin dudi
(under-relaxation) cua ap suat. Cac ky hiéu
con lai da duogc giai thich ¢ trén.

Thuat toan SIMPLE dugc mo rong cho
viéc tinh toan theo thoi gian dé bao gom thoi
doan tinh toan nhu mong mudén. Biéu do cho
viéc tinh toan cac dong khong on dinh dwoc
chi ra & Hinh 3.

Trong Hinh 3, ¢ 1a thoi gian, Ar 1a budce
thoi gian tinh toan, va fnax 12 thoi doan tinh
toan mong mudn. Cac ky hiéu khac di duoc
giai thich & trén.

Thuét toan SIMPLE duogc thuc hién voi su
tro giap cua thuat toan TDMA (Tri-Diagonal
Matrix Algorithm) hay con goi la thuat toan
Thomas, vén d3 tré nén quen thudc ddi voi
vi¢c xu ly hé cac phuong trinh ba duong chéo
(Anderson, 1995).

2.5. S6 liéu dau vao cho tinh toan

Pé tinh toan trudng van tdc dong chay do
gi6 gay ra, ta phai thu thap so lidu vé toc do
gi6. Ngoai ra, ciing phai biét s6 licu vé kich
thuéc hd nhu chiéu sau trung binh cia ho (H)
va chiéu dai trung binh cta ho (L).

Trong md hinh nay, hé s6 nhét xoay theo
chiéu dimng (. ) dugc tinh tir cong thirc sau
(Bengtsson, 1973) :

u, = pchU 27)

Trong d6 A 1a chiéu sau trung binh ho, ¢ 14
hing s6 =2x107, cac ky hiéu khac da giai
thich & trén.

Hé s6 nhdt xoay theo phwong ngang (m,)
dugc xac dinh theo hé sd nhdt xo0dy theo
phuong ding : u =FE.u_, voi E la hing s,
tham khao theo cac tai liéu nghién ctru trudc
day E =~ 100.

2.6. Ap dung md hinh va cic két qua
ban dau

Trong nghién ctru nay chung ta gia dinh co
mot hd nhd ty nhién (khong c6 su trao doi
nudc v6i bén ngoai) ¢ chiéu sdu trung binh
la 2.2m, chiéu rong trung binh hd 1a 80 m.
Gia thiét van téc gid6 & cach mit hd 10 m
trong thoi doan tinh todn 1a 2,0 m/s. Trong
mat cit dung tinh todn cua hd, chiéu rong hd
duogc chia thanh cac doan nho c6 chiéu dai 2
m va do sdu hd dugc chia thanh cac phan
doan 0.2 m dé tao nén cac 6 c6 kich thuée (2
m x 0.2 m). Pham vi tinh toan dwgc bd tri
trén mot ludi so le nhu da minh hoa trong
Hinh 1 ¢ trén. Budc thoi gian tinh (Af) duoc

chon 14 0,5 gio.
( START )

\

Initialise u, w, p

\'4

Set time step At

u w, p

Y

Lett=1¢+ At
o __ o __ o __
uw=uw=wp =p

Y

SIMPLE Algorithm
Qua trinh 1ap cho dén khi

hoi tu

Hinh 3. So dé thudt toan cho viéc tinh dong
khong on dinh véi viéc ap dung thuat toan
SIMPLE

O cac vung nudc dung, sy phét trién qua mirc
ctia cac thuc vat nude troi ndi thudng xdy ra vao
mua he. Do dd, cac tinh toan m6é phong dugc
thuc hién trong cd hai truong hop la khong cé
va c6 thyc vat nude trén mat hd. Trong nghién
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ctru ndy, dbi véi truong hop c6 thuc vat nudc,
gia sir rang n6 che phu 50 % dién tich mat ho va
phat trén tir hai bén bo hd hudng ra giira ho.

Két qua cua cac truong hop tinh toan mod
phdéng dugc hién thi dudi dang dd hoa béng
phin mém Stanford Graphics nhu trinh bay
trong cac Hinh 4 & 5.
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Hinh 5. Truong vin toc dong chdy trong
truong hop co 50 % dién tich mat ho bi
che phu boi thyc vat nuoc.

Hinh 4 & 5 mo6 td mdt cach truc quan dong
tuan hoan do gi6 gay ra trong hd véi truong hop
khong c¢6 va co 50 % dién tich mat hd bi che
phu boi thue vat nudce troi ndi (vi du, béo tay).
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Nhin vao két qua ta c6 thé thay rang gié co thé
gdy ra dong tuan hoan ctia hd bang cach gy ra
su pha trn nudc ¢ cac lop bé mit vao cac 16p
bén dudi. O cac vung nude dung, cic van dé
nhu sy phan tang nhiét vao mua he, sy thiéu 6
xy hoa tan & 16p nudc ddy hd thuong dé xay ra.
Do vdy, qua trinh vat 1y nay (circulation) rat
quan trong vi ndé giap thu hep su chénh Iéch
ndéng do cia cac thong sd chat lwong nude giira
cac 16p nude bén trén va bén dudi hd. Noi cach
khac, né c¢6 anh huong tich cuc 1én sy phan bd
chat lugng nude. Co thé thay rd rang, thuc vat
nude troi ndi cd anh huong dang ké dén dang
chuyén dong cua dong do gi6 giy ra. Tir Hinh 4
ta thiy rang dong tudn hoan (circulation) trong
hd bao phii gdn nhu toan bd mit cit hd khi ma
mit hd hoan toan khong c6 thuc vat nudc che
phu. Khi cé thyc vat nuéc che phu 50 % dién
tich mat hd, khu vuc tudn hoan bi thu hep lai,
tao ra cac vung nudc ¢ bén dudi di¢n tich bi
thuc vat nude che phu khong dugce tham gia vao
quéa trinh tudn hoan (circulation) (Hinh 5). Do
khong dugc tham gia vao qué trinh tudn hoan
nén cac van dé chit lugng nude co thé xuat hién
& cac ving nay nhu hién tuong thiéu 6 xy hoa
tan trong nudc ma cé thé kéo theo hang loat van
dé chat luong nudc khac.

u (m/s) Uygy = 2,0 mis,

-0.04 -0.02 0 0.02 0.04 0.06 0.08

Chiéu sau hé (m)
e
%

* 0%
—4—50%

Hinh 6. Phdn bé thanh phdn vn toc u
theo chiéu sdu hé trong hai truong hop khéng
¢6 va ¢6 50 % dién tich mat ho bi che phu
boi thuce vt nuoc



Hinh 6 chi ra su thay d6i vé phan b theo
chiéu dung thanh phan van téc u & giita hd
twong ng voi truong hop khong c6 va céd sy
che phu 50 % cua thyc vat nuéc & mat ho.
Két qua nay cho thiy rang trong trudng hop
co su che phu cua thuc vat nudc, tdc do cua
dong tuan hoan nho hon dbi vai trudng hop
khong c6 thuc vat nude che phu la do thuc
vat nu6e di thu hep dién tich mit thoang ho,
lam giam di tong luc gi6 tac dong 1én hd. Vé
mdi quan hé giira dién tich mdt ho bi thyc vat
nudc che phu véi toc do tudn hoan nuéc
trong hd s& duoc tiép tuc xem xét trong cac
nghién ctru sau.

3. KET LUAN

T cac két qua mo phong duge trinh bay &
trén, ¢ thé rat ra mot vai két luan nhu sau:

- O cac vang nudc ding nhu cac ao, hd ty
nhién khi ma khong c6 sy trao doi nudc dang
ké v6i bén ngoai, gi6 dong mot vai trd quan
trong trong su tudn hoan (circulation) ciia
ching bang cach pha tron cic 16p nudc bén
trén xudng cac 10p nuéc dudi. Téc do gid
cang cao thi kha nang pha tron cang tang.

- Thyc vat nudc troéi ndi c¢6 anh huong
dang ké 1én ca dang va toc d6 cua dong do
gi0 gay ra ¢ trong cac vung nudc dung thong

Tai liéu tham khao

qua viéc thu hep dién tich mat nudc tuy nhién
dé lam giam di tong luc cua gié. Dong tuan
hoan do gié giy ra dén luot nd cé thé lai anh
huong dén chit luong nudc thong qua anh
huong dén sy phan bd cac thong sé chat
lugng nuée.

- Khi thuc vat nude phat trién che phu bé
mit hd, ching c6 thé thu hep ving tuin hoan
(circulation) cua hd, tao ra cac vung khong
tham gia vao qué trinh tuan hoan do gid gy
ra & bén dudi vung bi thuc vat nude che pha.
Diéu nay c6 thé gay ra cac van dé chat luong
nudce nhu 13 sy thiéu 6 xy hoa tan trong céc
vung nay.

- Trong md hinh nay, cac hé sb nhét xody
(u va p ) duoc liy trung binh cho ca ho. Bé
két qua tinh dugc sat voi thuc té hon co thé
dau tu nghién ctru dé cai tién mo hinh bang
cach két hop véi mo hinh k& - & . Hon nita, trén
co s& ciia mo hinh nay c6 thé md rong dé tinh
dén ca su x40 tron trong hd do su trao ddi nhiét
gitta hd va khi quyén (thermal disturbance)
thong qua bé mit ho ciing nhu viéc ning cap mo
hinh bang cach bd sung thém thanh phan tinh
chit lrong nudc dé moé hinh c6 thé mo phong
duoc dién bién chit lugng nudc & cac vung
nudc dung.
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Abstract
NUMERICAL MODELING OF HYDRODYNAMICS
IN CLOSED WATER BODIES UNDER THE ACTING OF WIND

Dr. Bui Quoc Lap
Division of Environmental Management
Water Resources University

Hydrodynamics in closed water bodies such as lakes and reservoirs, which is primarily caused
by wind shear acting on the water surface, and partly affected by thermal exchange between the
water bodies and atmosphere is one of the key issues in the field of water environment. It is closely
relevant to water quality through influencing the distribution of water quality variables in the water
bodies. Therefore, the knowledge and calculation of water movements in closed water bodies in
response to winds blowing over the water surface is great of significance in maintaining and
conserving their water quality in good condition. With that significance, this paper will present
primary results regarding to development of a two-dimensional numerical model for simulating the
wind-induced flow in closed water bodies. On the basic of this research, the model can be extended
to simulate water quality in this water bodies.
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