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SO PO 2D TINH THANH PHAN NGUON NUGC VUNG VEN BIEN - CONG
CU XAY DUNG BAN PO NEN VE MOI TRUONG

Nguyén An Nién”, Ting Pirc Thing®
(1) Vién Tai Nguyén Nudc va M6i Truong TP. HCM
(2) Vién Khoa hoc Thuy lgi mién Nam

TOM TAT: So do tinh 2D gidi bai todn déng lwc va thanh phan nguon nuoc dugc xdy
dung trén co so cai tién so do KOD-02 véi ludi sai phdn chit nhdt kém mgt so \ phan tir tam
gide & mot s6 bién (voi canh huyén cong). Viéc gidi thanh phan nguon nude thiee hién bang
ham splines bdc hai. Ta at cd dwoc thuc hién theo trinh tu luan hudng. Két qua tinh todn cho ta
ban do phdn bé cdc thanh phdn nguéon nude lam nén cho viéc xdy dung ban do phdn bo cdc
Yéu t6 méi truong.

Tir khéa: so do 2D,ham splines bdc 2, ban do phdn bé cdc thanh phan nguon nuée.
1. MO PAU
Bai toan 2D tinh toan thanh phan ngudn nudc gém 2 phén.
- Bai toan dong lwc 2D-HD
H¢ phuong trinh vi phan trong hé toa do Descartes.
Phuong trinh lién tuc dudi dang 6 chua i

dz.
Siizzgki—i_siri (D
dt %

Phuong trinh dong luc
10 0 V-0 0 . —
~ D Y0 P Ty g, M= W W= S, sin(m.m) =0
g ot gom g om Om (2)

Trong do:
S;, z;, r; — Dién tich mét chira, myc nudc déc trung va cuong do mua/ boc hoi cua 6 i
Qi — Luu lugng tir cac 6 k 14n cin do vao 6 i

m= x hodc y va tuong ing m= y hoac x

Vi, V- — thanh phan van téc trung binh thily truc theo truc toa dd v = (v’ + v?m )"

Win, W — thanh ph::fln tdc do gi6 theo truc toa do w = (wzm +wWm )”2

2 2
n n I S T S
k, =h—42; k; = h—ZZ - Heé s6 can day theo phuong m,m vGi hé sé6 nham n

k ——hé so can cua gié theo cac phuong

h — chiéu sau dong chay ; &k, , o
f—hé s0 coriolis

2Qsin , . y
f= LSNP g Q - toc do gbéc quay cua trai dat;

g
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@ - vi d6 diém tinh toan, g — gia tdc trong truong

Piéu kién bién cua bai toan dong luc l1a
- Obién cimg vy, = v =0
- O bién 1ong c6 thé c6 2 phuong an:

= Cho qué trinh myc nudc va hudng cia véc to luu tdc tai bién vi du nhu muc

nudc va hudng luu tde truc giao véi bién.
= Cho vecto v hodc luu lugng don vi q qua thuy tryc.
- Bai toan thanh phz‘in ngudn nuwéc 2D-WP (Water Portion)

Thanh phan nguon nudc p; cua nguon I (vi du ngudn tir 1 ctra séng cu thé, tir mot ngudn xa

chat 6 nhiém cu thé vao vinh blen ngudn nudc dai duong qua mot eo bién v,v...) dugc dinh
nghia 1a ty 1¢ thé tich dw; trong mau nude dw

_ ﬂ 3)
D, dw

Neéu gia thiét cac phan ti nude xao tron deu thi ta cling co6

p =i Y s )
dq, dq- q, 4
Vi
Qn=h.Va; g =hv- %)
Dé tim pi(x,y.t) ta co phwong trinh (6)

P, Py, %—li(th ap,.j 19 (hDaLﬁ)—(Ri—Rpi)=0 6)
Ot om " Om hom om h@m " Om

Vi R; — 1a cuong do nguén iva R —1a cuong do nguén toan bo chat long — néu dua pri—la
thanh phan nguodn i trong R tirc Rp; = p;; . R. Thanh phan cudi cua phuong trinh (6) c6 thé viét
thanh

Ri —Rp; =R.(pi — pi) (7
biéu kién bién cia bai toan la cho pi(x,y,t) tai cac bién long.
- Luwéi sai phan

Ta ding lu6i sai phan chit nhat vi cic buée Am; Am khong nht thiét 1a hang s6 nho do
c6 thé giam thiéu cac 6 dac biét ¢ cac bién va noi voi 6 mét chiéu. Vi du 6 ludi chia theo cac
duong vi tuyén va kinh tuyén & vinh bién Can gi¢ - Go Cong nhu hinh vé 1
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L1 o 80 BN DiRse

Hinh 1. Ludi sai phan

2. GIAI BAI TOAN PONG LUC 2D-HD [7]

- Tim mue nwée ¢ 16p thoi gian sau tir phwong trinh lién tuc (1)

MBJi 6 chira du 14 thudc mang 1D hay 2D duogc gidi han bdi cac miat bén (canh trén so d(‘S)
va dé tinh muc nudc z°; cua 6 thir i & 10p thoi gian sau sai phan héa theo so dd hién phuong
trinh (1) ta dugc:

Z;:Zi+%ZQKi+r_iAt 3
i K

Trong d6: Q; — luu lugng dd vao 6 chira I tir cac 6 K 14n cin qua cac canh cta 6 ludi
Si — Dién tich mdt chta ; 7, - cuong d6 mua / bde hoi trung binh trong thoi doan At

Luu lugng Qx; dugc tinh toan nhu sau:

- Néuladong 1 chiéu: Q= Av .véi:A — dién tich va v — luu tdc trung binh mit cit.

- Néu la canh cia Iudi 2 chiéu voi chiéu dai Al = Ax hodc Ay 2 Qg; = v,.h.Al v6i: h —

chiéu sau thay luc, v, — luu toc vuodng goéc véi canh.

- Tinh v, :

Do s6 Fr cta chuyén dong trén vinh bién qua nho nén néi chung cé thé bé qua thanh phan
quéan tinh dudi day so voi bac cua cac thanh phan khac trong phuong trinh (2).

1 ov \ 5 .

—V, 8_l Truong hop can tinh thanh phan nay thi lay cac dac trung ¢ 16p thoi gian
g m

trudc.

Béy gid phuong trinh chuyén dong theo hudéng m bat ky (m=x, y) c6 dang:
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+a—+k v, £ A =k, w,W-=0 )

Trudc thanh phan lyc Coriolis 1a ddu + khim=yva—khim=xva m laykhim=x va
nguoc lai. Bé tim v, ta c6 so do:

Xm

Hinh 2. So dd tinh toan thanh phﬁn luu tde Vin-
Trong so dd tinh z’j va 2’y 1a muc nudce da dugce tinh ¢ thot diém t+At, thuong 1a muc nude
tai tdm cac 6 chtra 1an can canh dang tinh.
V6i mang ludi tinh chit nhat didu d6 1a dwong nhién, véi 6 dic biét & bién ¢ thé chon mot
diém goi 1a thuy tri (reper) dé noi suy tir cic myuc nudc xung quanh ,ké ca myc nudc z’,,

Sai phan héa phuong trinh (9) véi hé thic gan ding V', |v'| =2 v| -V, |v| (10)
Va lay tt ca dic trung & 16p thoi gian dang tinh ta duoc:
A Z,~Z . —
mo_moy d J +k', (2v'm |vm| — vm|v|)— ﬁz; *sin(m,m) -k w', |w'| =0 (11)
g Ax, )+ DX,
O day co 1 ngoai 18 1a vz van liy ¢ 16p thoi gian trude va tinh chidu sau h’,, dé suy ra
km.Dth“ ddc mit nuée J’,, theo cong th 1’ = L
at d6 doc mat nude J’,, theo cong thirc sau: Im ,
s Btpyjy+hemgi
Tur (10) ta tim ra ngay
. Jo — kv lol + k wlwl + fosin (mmm
Vpy = Vpy + lk" (. m) (12)
— + 2k, |v]

gAt

Tinh xong moi gié tri ¥,,, ta chuyén sang tinh cho v bang thu tuc twong tu.

Trong cach tinh v, va v khong tring diém. D6 1a néu v, tinh tai cac diém giira cac canh
6 chira theo kinh tuyén thi = duoc tinh ¢ diém giita cic canh theo vi tuyén. nhu véy, tinh
ludn phién v, 10i ¥ va dé co du cac thanh phan luu tdc tai cac diém tinh ta dung phép noi
suy.

Ta thiy céch tinh trén hoan toan khong khé khin ap dung cho cac 6 va canh bai toan 1D vi
muc nudc Z’; cho 6 i van la cong thuc (8) con tinh v’ van theo (12) nhung khong c6 thanh

Trang 46



TAP CHi PHAT TRIEN KH&CN, TAP 12, S0 12 - 2009

phan coriolis va chi tinh mot thanh phéan v’(chinh 14 v, truc giao voi mit cit va khong can tinh
thanh phan ti€p tuyén vz)

Tir diéu kién ban dau cho gin dung theo mot trang thai nao d6 (vi du theo sb liéu thuc do
tai mdt so diém trong mang va ndi suy ra cac diém nut can biét) bat dau tir dinh cac gia tri bién
tai t+At r6i tinh z’; cia cac 6 chira. sau d6 ndi suy z’y, tai cac nut tinh thanh phan Ivu toc (diém
gilra cac canh cua ludi) va néu can ndi suy myuc nudc z’ tai cac thuy tri khong tring voi tdm
clia 6 chira. Budc tiép theo 1a tinh v, va vg; tir d6 tinh luu luong @, = wvl.Al, hoic
Ql, = v hlAx_ va quay lai tinh cho 16p thoi gian sau.

Ghi chi: & cac 6 bién cimg dién tich mat chira S ¢6 thé phy thudc vao muc nude 6 tuy theo
triéu Ién hay xuong.

3. GIAI BAI TOAN THANH PHAN NGUON NUOC

Bai toan thanh phin ngudn nudc cho ta birc tranh phan bd cac khdi nudc c6 ngudn gde
khac nhau trén vinh bién vi du nhu ngudn nude cac song d6 vao vinh (chung hay riéng r& cho
ting cira song); khdi nudc duoc ¢o 1ap nhu ngudn nudce thai ra vinh bién v.v.., Loi giai cho ty
1€ (%) cua ting nguén nudc tai cac diém bat ky va thoi diém bét ky trén vinh bién. Tét nhién
tir phan b6 d6 6 thé tim ra nong do chat chang han phéan b6 nong d6 man phan b vai cac tinh
huéng khac nhau (hudng gio, diéu tiét ngudn song, cong trinh tac dong ...) Ta st dung so dd
hién Cach giai 1a dung ham spline bac 2 dé khir khuéch tan sb dophép néi suy tuyén tinh [2,4 ]
va cai tién dé giai bai toan khuéch tan trong ciing mot thuat toan véi giai phuong trinh tai [2 ].

- Giai bai toan thanh phan nguén nuwéc 1 chiéu [6 |

Vi dy can giai thanh phin p{;) ;4 tai mét cat dudi theo chiéu chay thyc thu khi biét pg;);
va Py O 10p thot gian trude va piﬂ, ; tai 10p thoi gian dang tinh (t+At) tur diéu kién bién
hoac tinh truyén ttr trén xudng.

Ax! |
r J ax;.n
t+At

iy

j Ax; jtl
Hinh 3. So dd WP-1D

Trén co so do ta co:

1 1
ox; = (v; +v))aL ;6x,, = ;("jﬂ + v}, )At JAx! = Ax; + 8x,, — 6x);

F
bit a & &>
ax;
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Ta c6 cac ham Splines nhu sau:

_ axgi| _

S;=atk a(l—a)—Z;f] ; Spa =15, (13)
Vatacoloigidi: Pl = 5,P6; TSPl (14)
Trong cong thure tinh Splines hé s6 tinh dén dao ham bac 2 13 k duoc xac dinh nhu sau:
bat X =Pain ~ Pa;

v— (Pejr1 —Pw; 0% — (Pey; — Pl )0%;4a 0]

Ax/+8x; Ax]
Néu 11 = I¥] thi k= YJ"{X; vanéy Xl <I¥| thi k=sign(X=Y)
Trong ham Splines (13) Axgyj la do dai khuéch tan trong doan j, j+1.

At

Thu tuc tinh todn bat dau tir mat cit bién c6 dong chay vao va tinh dan xudng ha luu.
- Tinh thanh phan ngudn nuwéc bai toan 2D

Nt tinh thanh phan ngudn nudc trung véi nit tinh luu tdc.Trong cach tinh ta van tuan tha
nguyén tac Upwind tic 1a dédc trung thanh phan nguon nudc tai nat tinh phu thude vao dac
trung nguon nudc di dén no

Nt tinh toan thanh phan luu tde c6 2 loai: nut tinh truc tiép v’,, con thanh phan vudéng goc
v6i n6 v dugc xac dinh tir phép ndi suy cac v duge tinh tir cac nit 1an can So d6 tinh p’
tai diém M (gia st d6 1a diém tinh truc ti€p v,,) cho tré€n hinh vE 4:

K M

!

3

iyt

Hinh 4. Luéi tinh p’;

Trude khi tinh p’gu ta d@ €6 pan, P N Paxs P ks Pars P oL va Pam tr tinh todn trude
hodc diéu kién bién.Ta s€ tim cac ham Spline bac 2 cho cac doan NL, KM va LM theo cong
(12) va cac cong thirc phy (14), (15). Cu thé:

- DPoan NL véi ham splines S;n; S

- DPoan KM véi ham splines S;k; Spm.

- Poan LM véi ham splines 54y ; 5 -

Cubi cung tri s6 P’im biang cong thirc sau:
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Plon = (SmwPon + SmP@r)Smn + (SmxPax + SmuPom )Smm (16)

Thu tyc tinh toan nay tuong ty nhu tinh toan cho bai toan 1 chiéu va 1ap trinh d& dang cho
ca 2 bai toan. Biéu quan trong la viéc noi bai toan 1D va 2D hoan toan tu nhién.
- Diéu kién bién va xir Iy & cac 6 bién

- Bién gén voi bai toan 1D:

Bai toan 1 chiéu duoc kéo dai thém cho téi canh ludi chit nhat g?ln nhat va tri sb Poi) duge 4N
cho diém gitta canh (tinh v, 75) cua 6 chit nhat va xem 1a diéu kién bién.

- Tai bién 16ng 1a canh ctia 6 chir nhat tri s6 pg bién nhu trinh bay trong hinh 5.

Bién long

Hinh 5. Vi tri cac diém v&i gia tri bién
- Taicac 6 gin V01 bién climg gia thiét cac chat 1ong nguon gbc khac nhau dugc x40 tron
hoan toan va gidng nhu phuong trinh lién tuc véi so do tinh (7) — vi du cho 6 j:

p'(i)j =Pu; T _vZij (p(i)k - p([)j) (17)
W, %

Trong d6: Qg = % (@5 + Q) luu lugng (chiéu duong huéng vao 6 j)

W’ — thé tich nudc trong 6 chira ¢ thoi diém t+At
Do bai toan dong luc da duoc gidi trude nén Q’kx va Z’; (tir d6 S’j va W’;) da duoc tinh.
Gia tri p’i); dugc gan cho diém gilia cua canh bién di lién vdi 6 tinh chit nhat.

4. THAO LUAN
— Bai toan 2 chiéu vé thanh phan ngudn nudc dugc giai theo kiéu phén ra.

*  Phén rd chinh 1a bai toan thuy luc 2D va bai toan thanh phan ngudn nudc. Bai toan
2D-HD giai trude 1am nén thuy dong luc cho bai toan 2D-WP (WP — water source
portion)

=  Phan rd thi cip hay tinh ludn huéng dé giai bai toan HD

- So d6 giai 13 so d6 hién c6 wu thé 12 ndi mot cach tu nhién bai toan 1D va 2D & cac cira
song d6 vao mién 2D ciia vinh bién. Tuy nhién budc thoi gian tinh dé thuat toan 1a bén
virng (6n dinh) budc tinh At bi han ché béi didu kién Levy-Courant — Friedrich

Cho bai toan dong luc HD [7]

= Baitoan 1D
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"‘—'"frﬂ

h: chiéu siu trung binh mat cat

=  Baitoan 2D

Vs
At , < imf. ——
an Jgh+ov
S: dién tich 6 ludi tinh
Cho bai téan thanh phﬁn nguﬁn nuéce [3 ]
= Baitoan 1D
. Ax — Ax,
At , <inf. -

= Baitoan 2D
ﬁ - d‘td

At_, < inf.
‘gh f .

trong d0:Ax, = JAxZ_+ AxZi_ v = (v2 + v3)
Tuy budc thoi gian han ché nhung thuét téan don gian nén muc do tinh nhanh do khong
phai giai hé dai tuyén 16n ctia phép sai phan an va tinh 1dp — hon nita & day Atyp >> Atyp
- Diéu kién bién long ctia mién 2 chidu & ngoai bién khoi 1a rit kho dinh va can cé kinh
nghiém x ly tir tai liéu do dac hi€m hoi, nhat 1a cho bai thanh phan nguén nuéc.

5. KET LUAN

Muc tiéu ciia bai bao 1a giai bai téan thanh phan nguén nudc 2 chiéu (2D-WP) lam nén cho
viéc tinh dién bién moi truong, nhung dé lam duge diéu d6 phai giai bai toan dong luc 2 chiéu
(2D-HD) cho vinh bién 16n c6 thé ap luéi tinh sai phan chit nhat va phai giai quyét cac 6 ludi
tinh téan khac voi hinh chit nhat gin bién cimg dé gitr mién tinh véi by ty nhién. So do tinh
ciing cho phép ndi cac bai toan 1 chiéu va 2 chiéu & cac cira song. C quy luat phan b ngudn
nuée o loi cho viée quan 1y méi truong vinh bién va d6 ciing 1a muc tiéu cia ching toi.

2D SCHEME FOR COMPUTING WATER SOURCE COMPONENTS IN
COASTAL AREA - A TOOL FOR CREATING BASIC ENVIRONMENT MAP

Nguyen An Nien, Tang Duc Thang

ABSTACT: 2D scheme for hydrodynamic and water source components problems is
created on improved finite difference scheme KOD-02 with rectangular network that may be
added a number of curved triangles at some boundaries. Water resource components problem
is solved via so-called second degree spline functions.In all computational process the
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alternative direction is used. The computation results lead to the formation of the water source
components map, which is the basic environment map in coastal area.

Keywords: 2D scheme, second degree spline functions, a map of water sourse
components distribution.
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