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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 Thiing”
(1) Vién Tai Nguyén Nudc va Méi Truong TP. HCM
(2) Vién Khoa hoc Thuy lgi mién Nam

TOM TAT: So dé tinh 2D gidi bai todn dgng luc va thanh phan ngué‘n nudc duge xdy
dung trén co so cdi tién so do KOD-02 véi luéi sai phan chit nhat kém mot s6 phan tir tam
gidac o mot s6 bién (véi canh huyén cong). Viéc gidi thanh phan nguon nudéc thuc hién bang
ham splines bdc hai. T Gt cd dugc thuce hién theo trinh tw ludn huong. Két qua tinh toan cho ta
ban d6 phdn bé cdc thanh phan nguon mudc lam nén cho viéc xdy dung ban do phan bo cdc
yéu t6 méi truong.

Tie khéa: so dé 2D, ham splines bdc 2, ban dé phan bé cdc thanh phan nguén nuoc.

1. MO PAU
Bai toan 2D tinh toan thanh phan ngudn nuéc gdm 2 phan,

- Bai toan djng lyc 2D-HD
Hé phuong trinh vi phan trong h¢ toa 49 Descartes.
Phuong trinh lién tuc dudi dang 6 chira i

dz,
S, =L=3"0,+5n (1)
d %
Phuong trinh dong luc

l1ov, v,0v, Vm0Ov, 0Oz
— g m oy M B — 4,V

V=K WV — msinm.ﬁ =0
g ot gom g om Om VM| = K] = f, sin(m.m) ()

Trong do:
S,, Z;, r; — Dién tich mat chira, myc nudc dic trung va cuong do mua/ béc hoi cia 6 i
Qui — Luu lugng tir céc 6 k 1an cén dd vao oi
m= x hofic y va tuong img m =y hodc x
Vm, V- — thanh phén vén tbc trung binh thuy tryc theo truc toa do v = (Vo + Vi m)"
Wi, W - — thanh phan toc d¢ gi6 theo truc toa do w = (W +Wom)'?
2 nz

n = g ook a2 R B
k, = F’Z—; k- = h—; - Hé sb can day theo phuong m,m véi h¢ s6 nham n
h — chiéu sau dong chay ; k,,,,k ——hé sb can cia gid theo cac phuong
/- hé sb coriolis
2Qsin : ‘ J . ai
f= sy Vol Q - toc do goc quay cua tréi dat;
g
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¢ - vi d9 diém tinh toan, g — gia tc trong trudmg
Diéu kién bién cua bai todn dong luc I3
- O bién cing vy, = v— =0
- O bién long c6 thé c6 2 phuong 4n:
* Cho qua trinh muc nudc va hudng ctia vée to luu tde tai bién vi du nhu muc
nude va huéng luu toce trye giao véi bién.
* Cho vecto v hodc luu lugng don vi q qua thuy tryuc.
- Bai toan thanh phin ngudn nwée 2D-WP (Water Portion)
Thanh phan ngudn nuéc pi clia ngudn I (vi du ngudn tir 1 ctra song cu thé, tir mét ngudn xa
chat 6 nhiém cu thé vao vinh bién, ngudn nude dai duong qua mot eo bién v,v...) duoc dinh
nghia 1a ty I¢ thé tich dw; trong mau nudc dw

aw,
==t (3)
< dw
Néu gia thiét cac phan tir nuée xdo tron déu thi ta cling co
dq.rm' d mi = qmi qf-t-u
bt b ©
dgm d‘?,; qm C],;
Vi
qm=h.vy; q- = h.v”—I ®))

Pé tim pi(x,y,t) ta ¢c6 phuong trinh (6)

op, op, ap, 1 op, 1 0 ap,
v, Py B ——i[hD,,, ‘”‘)—— = hD. 2L |-(R -Rp)=0 (6
ot om " 0m hom dm) hom " Om
V6iR; - 1a cuong do nguénivaR - 14 cuong do nguén toan by chit 16ng — néu dua pri—la
thanh phan nguén i trong R tirc Rp; = p,; . R. Thanh phan cudi cta phuong trinh (6) ¢6 thé viét
thanh

Ri —Rp; = R.(pi - p)) (7
bicu ki¢n bién cua bai toan la cho pi(x,y,t) tai cac bién long.
- Luwéi sai phéan
Ta ding lu6i sai phan chir nhat véi cic bude Am; Am khong nhét thiét 1a hang sé nhe do
co thé giam thiéu céc 6 dic biét & cac bién va noi véi 6 mdt chiéu. Vi du 6 ludi chia theo cac
duong vi tuyén va kinh tuyén & vinh bién Cin gi¢ - Go Cong nhur hinh vé 1
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Hinh 1. Ludi sai phan

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

- Tim muc nuwéc & 16p thoi gian sau tir phwong trinh lién tuc (1)

M3i 6 chira du la thuoc mang 1D hay 2D dugc gi¢i han boi cac mét bén (canh trén so dd)
va dé tinh muc nude 2’y clia 6 thur i & 16p thoi gian sau sai phin hoa theo so dd hién phuong
trinh (1) ta duge:

Z;=Zi+%t_ZQKi+;i-At (8)
i K

Trong d6: Qk; — luu lugng 45 vao 6 chira I tir cac 6 K 1an can qua cdc canh cta 0 ludi
S, — Dién tich mt chua ;7; - cuong do mua / bdc hoi trung binh trong thoi doan At

Luu lugng Qg; dugce tinh toan nhu sau:
. Néula dong 1 chidu: Q= Av .véi:A — dién tich va v - luu téc trung binh mat cét.
- Néu Ia canh ctia ludi 2 chidu v6i chiéu dai Al = Ax hoge Ay > Qi = voh.AL véiz h -
chiéu sau thuy luc, v, + luu toc vudng goc voi canh.
- Tinh v, :
Do sé Fr ciia chuyén déng trén vinh biéh qua nho nén noi chung c6 thé bo qua thanh phan
quén tinh dudi day so véi bac ciia cac thanh phan khac trong phuong trinh (2).

1 oOv ; : .
—V, 6—" Trudng hop can tinh thanh phan nay thi ldy cac dac trung & 16p thoi gian
g m

trudec.

Bay gi¢ phuong trinh chuyén dong theo huéng m bat ky (m=x, y) co dang:
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l1ov, oz
E oi i Er; + km Vin lvl e ﬁjﬁ B k“-’!ﬂwmlw|_ =0 ©)

Trude thanh phan lye Coriolis 1a ddu + khi m = yva-khim=xva m laykhim=xva
nguoc lai. Bé tim v,, ta ¢6 so do:

Zsj v z,m Z’K

A Xm

___f—m__/ . -

AXm(j) AXmk)

P4

9 “
Hinh 2. So d6 tinh toan thanh phan luu téc v,
Trong so dd tinh 2’ j va 2’ la mue nudce da dugce tinh & thoi diém t+At, thuong 1a muce nuéde
tai tdm céc 6 chira 1an cén canh dang tinh.
Vi mang ludi tinh chir nhat diéu d6 1a duong nhién, véi 6 dic biét & bién co thé chon mot
diém goi la thuy tri (reper) dé ndi suy tir cac myc nude xung quanh ,ké ca mue nuéc z’,

Sai phan hoa phuong trinh (9) v6i hé thirc gin ding v',, V| = 2v', M v, v

(10)
Va lay tit ca dic trung ¢ 16p thoi gian dang tinh ta duge:

r r
v'ﬂl _vm Zk B Zf

g Axm(j) - Axm(,c)

+k, (v, v)- fo *sin(m,m) -k, w', [w|=0 (11)

vm - vm
O day ¢6 1 ngoai 1¢ 1a v, vin ldy & I6p thoi gian trude va tinh chiéu sau h’,, dé suy ra
kK
r ’
Pat d Z" B ZfL‘

at d6 doc mét nude J°, theo cong thire sau: J! = -
Ax .+ Ax

m(j) m(k)

o =kov,, V| + kW W[+ o sin(m, i)

m m

Tir (10) ta tim rangay v, =v, + (12)

R
gAt

Tinh xong moi gid trj v}, ta chuyén sang tinh cho 1/, bang thii tuc twong ty.

Trong cach tinh v, va v, khong trung diém. D6 1a néu v,, tinh tai cac diém giira cac canh
0 chtra theo kinh tuyén thi v duoc tinh & diém gifra cac canh theo vi tuyén. nhu vy, tinh luan
phién vy, rdi v, va dé ¢6 du cac thanh phin luu téc tai cac didm tinh ta dung phép néi suy.

Ta thdy céch tinh trén hoan toan khong kho khin 4p dung cho céc 6 va canh bai toan 1D vi
muyc nude Z°; cho 6 i van 12 cong thic (8) con tinh v’ van theo (12) nhung khéng c6 thanh
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phn coriolis va chi tinh mot thanh phan v’(chinh 1a v, truc giao vi mat cét va khong can tinh
thanh phan tiép tuyén v,)

Tir diéu kién ban dau cho gén ding theo mot trang thai nao do (vi du theo s6 ligu thyc do
tai mot so di€ém trong mang va noi suy ra cac diém nat cén bi€t) bat dau tirdinh cac gid tri bién
tai t+At roi tinh z’; clia cdc 6 chua. sau d6 noi suy z’, tai céc nut tinh thanh phan luu toc (diém
giita cac canh cua ludi) va néu can ndi suy myc nuéc z° tai cac thuy tri khong tring voi tam
ciia & chira. Buéc tiép theo 1a tinh v/, va vj; tir d6 tinh luu lugng Q =v,.A; hoic
Q) =V, A

_Ghi chi: & cac 6 bién ctmg dién tich mat chia S co thé phu thude vao muc nudce 6 tuy theo
triéu lén hay xudng.

_va quay lai tinh cho 16p thoi gian sau.

m

3. GIAI BAI TOAN THANH PHAN NGUON NUGC

Bai toan thanh phéan ngudn nudce cho ta buc tranh phan bd cac khdi nuéc co ngudn gde
khéc nhau trén vinh bién vi du nhu ngudn nuée cac sdng dé vao vinh (chung hay riéng ré cho
timg cira song); khdi nuée dugc ¢d lap nhu ngudn nude thai ra vinh bién v.v.., Loi giai cho ty
& (%) cua timg ngudn nudc tai cac diém bat ky va thoi diém bét ky trén vinh bién. T4t nhién
tir phan bb d6 c6 thé tim ra ndng d6 chat chang han phan bb ndng dd min phan bd véi cac tinh
huéng khic nhau (hudng gio, diéu tiét ngudn song, cong trinh tac dong ...) Ta stt dung so do
hién Cach giai la ding ham spline bac 2 dé khur khuéch tan s6 do phép ndi suy tuyén tinh [2,4 ]
va cai tién dé giai bai toan khuéch tan trong ciing mét thuat toan véi giai phuong trinh tai [2 ]

_ Giai bai toan thanh phin ngudn nuéc 1 chidu [6 |
Vi du cén giai thanh phén py,,, tai mat chit dui theo chidu chy thuc thu khi biét p;
VA py;a O 10p thoi gian trude va p,,,; tai 16p thoi gian dang tinh (t+At) tir diéu kién bién

hoidc tinh truyén tr trén xuéng.

t+At o J _ll_? 1

P

Hinh 3. So d6 WP-1D
Trén co sO do ta co:

' 1 r ! 1 ’ ’ r (]
oy =iy ) JAL; 8,y ==V + Vi JAL; A = Ax; +8xj,, — X,

J
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’

- j+1

bit a~——
J

Ta c6 cac ham Splines nhu sau:

Ax,,
S,=a+k a(l—a)—Zz;- ; Sy =1-8, (13)
J
Vata c6 101 giai: Piyist =8Py +SiuPisin (14)
Trong cong thirc tinh Splines hé sb tinh dén dao ham bac 2 13 k dugc xdc dinh nhu sau:
S X = Py = P
Vi (Pyj1 = Py 0% = (Priy; = Pl 0%, 8%

r r 4
Ax; +8x; Ax;
Néu |X[2[Y] thi k=" ; vanéu [X|<|Y] thi k = sign(X *Y)
Trong ham Splines (13) Axy; 1a d6 dai khuéch tan trong doan j, j+1.
At
Mo =Dy (15)
Thu tuc tinh toan bat ddu tr mit cit bién cé dong chay vao va tinh dan xuéng ha lru.
- Tinh thanh phin ngudn nwéc bai todn 2D
Nut tinh thanh phén nguén nuéc triing v6i nat tinh luu tée. Trong céch tinh ta vin tudn tha
nguyén tac Upwind tirc la dac trung thanh phan ngudn nuéc tai nut tinh phu thugc vao dic
trung ngudn nude di dén nd
Nut tinh toan thanh phan luu téc ¢6 2 loai: nit tinh tryc tiép v’,, con thanh phan vudng goc
véi né v duge xé4c dinh tir phép néi suy cac v_ duogc tinh tir cac nit l4n cén So dd tinh P’
tai diém M (gi4 sir d6 1a diém tinh truc tiép v cho trén hinh vé 4:
K M

—N
—

3
—)

i

A\ 4

Hinh 4. Luéi tinh p*;,

TI’U(\:’VC khi tinh p‘(i)M ta dd co PN p,(j)N, P(i)Ks p’(i)Ks Piy, p,(i)L va Pim tir tinh toéan trudce
hodc dicu kién bién.Ta sé tim cdc ham Spline bac 2 cho cac doan NL, KM va LM theo cong
(12) va céc cong thirc phu (14), (15). Cu thé:

- Doan NL véi ham splines S;n; St

Trang 48



TAP CHi PHAT TRIEN KH&CN, TAP 12, 80 12 - 2009

- Doan KM véi ham splines Syk; Smm-

- DPoan LM véi ham splines S, ;S,,,.

Cubi cung tri s6 P imM bing cong thic sau:

Piom = (SmNp[i)N +8,. Py )Sm + (Sm.'{p(i)l( + S, Piym )S.rﬁM (16)

Thu tyc tinh toan nay twong tu nhu tinh toan cho bai toan 1 chiéu va 1ap trinh d& dang cho
ca 2 bai toan. Piéu quan trong la viéc ndi bai toan 1D va 2D hoan toan tu nhién.

- PDiéu kién bién va xirly & cac 6 bién

- Bién gén véi bai toan 1D:

Bai toén 1 chiu dugc kéo dai thém cho t6i canh ludi chit nhét gin nhit va tri s6 pg) guee 240
cho diém gilta canh (tinh v,,, v ) cta 6 chit nhét va xem la diéu kién bién.

- Tai bién long la canh cta 6 chit nhét trj s6 Py bién nhu trinh bay trong hinh 5.

@
%

S S
N N N

Bién long

Hinh 5. Vi tri cc diém véi gié tri bién
- Tai cac 6 gin vdi bién clng gia thiét cac chét long nguon gbc khac nhau dugc x40 rén
hoan toan va giéng nhu phuong trinh lién tuc véi so db tinh (7) — vi du cho 6 j:

Pl(f)j = Boyy + FZ@@ (Puye — P(;);‘) , (17)
j k

Trong d6: Q, = (QK +Qj ) luu lrong (chiéu dwong huéng vao 6 j)

W’ — thé thh nudc trong 6 chira & thoi diém t+At
Do bai toan dong luc da duge giai trude nén Q’k va Z; (tu do S’ va W) da duoc tinh.
Gia trj p’; dugc gan cho diém giita cia canh bién di lién véi 6 tinh chir nhat.

4. THAO LUAN
- Bai toan 2 chiéu vé thanh phan ngudn nuéc dugc gii theo kiéu phén ra.
=  Phén ra chinh 12 bai toan thuy luc 2D va bai toan thanh phan ngudn nudc. Bai toan
2D-HD giai truéc lam nén thiy dong luc cho bai toan 2D-WP (WP — water source
portion)
*  Phén ra thir cap hay tinh luan huéng dé giai bai toan HD
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- So d6 giai l1a so_ dd hién ¢ wu thé 1a ndi mét cach ty nhién bai toan 1D va 2D & céc cua
song d6 vao mién 2D cua vinh bién. Tuy nhién budc thoi gian tinh dé thuat toan 13 bén
vimng (6n dinh) budc tinh At bi han ché boi diéu kién Levy-Courant — Friedrich

Cho bai toan dong luc HD [7]

= Baitoan 1D

x Dt

r+v

h: chiéu sau trung binh mat cat
* Baitoan 2D
JS
g =

S: dién tich 6 ludi tinh

At,, <inf

Cho bai téan thanh phin ngudn nudéc [3 ]
* Baitoan ID

Ax —Ax,
Y

At., <inf.

gh —

= Bai toan 2D
J8 - A%,

Vv

trong d6: Ax, = JAX], +Ax ;v = (v + vm)

Tuy budc thoi gian han ché nhung thut téan don gidn nén mirc do tinh nhanh do khong
phai glal hé dai tuyén l6n cua phep sai phan 4n va tinh lap — hon nira & ddy Atwp >> Atyp
- Pidu kién bién long cia mién 2 chiéu & ngoai bién khoi la rat kho dinh va can cé kinh
nghiém xur ly tir tai liéu do dac hiém hoi, nhét 1a cho bai thanh phén ngudn nudc.

At,, <inf.

5. KET LUAN

Muc tiéu cua bai bdo la giai bai téan thanh phan nguon nude 2 chiéu (2D-WP) lam nén cho
viéc tinh dién bién méi truong, nhung dé 1am dugc diéu do phai giai bai tdan dong luc 2 chiéu
(2D-HD) cho vinh bién 1én c6 thé &p ludi tinh sai phan chit nhét va phai giai quyét céc 6 ludi
tinh toan khéc v6i hinh chir nhat gan bién climg dé giit mién tinh voi bo tu nhién. So a6 tinh
ciing cho phép ndi cac bai toéan 1 chiéu va 2 chiéu & cac cira song. C6 quy ludt phén b6 ngudn
nuée ¢6 loi cho viée quan 1y mdi trudng vinh bién va do ciing 1a muc tidu cua chung toi.
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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
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.

[1].
2]

[3].

[4].
[5].

[6].

[7].

TAI LIEU THAM KHAO

Nguyén An Nién, Bui Viét Hung (2002) So d6 giai bai toan truyén chét 1 chiéu bing
ham Spline bac 2 — tap chi KHKT Thuy Loi va Méi truong — PH Thuy Loi - sb 2.
Nguyén An Nién, Bui Viét Hung (2004) Giai tron ven bai téan truyén chat mot chiéu
thong qua cai tién giai bai toan tai — tuyén tip bao cdo KH nhin 25 nim ngay thanh
lap Vién Co Hoc.

Nguyen An Nién, Bui Viét Hung (2004) Vé diéu kién bén vung cta so db tinh truyén
chat mot chiéu véi ap dung ham Spline bac 2 — tuyén tép bao cio KH Hoi nghi co hoc
Co thuy khi.

Bui Viét Hung (2005) Nang cao d¢ chinh xac cua 10i giai bai téan truyén chit mot
chiéu (cu thé cho trudong hqp truyén min) Ludn én Tién siky thuat.

Tang Puc Thang, Nguyen An Nién (2006) Xay dung so dd tinh thanh phan ngudn
nudce hai eh1eu ngang. Tuyén tip két qua khoa hoc va cong nghé 2005 — Vién KHTL
MN- Nha xuét ban NN.

Nguyen An Nién, H6 Trong Tién (2007) Phuong huéng tinh dénh gid anh huong
nguon lii bang séng dong hoc — Tuyén tap két qua khoa hoc va cong nghé 2006-2007-
Vién KHTL MN- Nha xuét ban NN.

Nguyén Viét Dung, Nguyen An Nién (2007) Giai bai toan thuy lyc 2 chidu ngang véi
6 ludi bat ky va viéc két nbi véi bai téan 1 chleu — Tuyén tap két qua khoa hoc va
cong nghé 2006-2007— Vién KHTL MN- Nha xuét ban NN.

Trang 51



