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MOT VAI KET QUA TINH TOAN DONG TRIEU THEO
MO HINH BA CHIEU TAI PAM THI NAI (QUY NHON)

BUI HONG LONG, TRAN VAN CHUNG

Téom tat: Tinh todn cdc yéu t6 thiy dong luc, trong dé cé dong triéu,
[a mét trong nhimg nhiégm vu quan trong phuc vu cho cdng tde quy hoach,
qudn {y va phdt trién bén vang khu vie dém Thi Nai. Trong bai bdo nay,
viée tinh dong triéu theo mdé hinh ba chiéu tuyén tinh duoc thuc hién cho
mot thiy vue tuong déi kin. Cde ddc diém phan bé dong triéu theo khiong
gian va cde két quad tinh todn dong triéu theo dé sdu tai khu vie nay cho
théy:

- Khi thiy triéu xuéng gan mue nude trung binh, téc dé6 dong triéu la
rdt nhé.

Toc doé dong triéu trong giai dogn tridu lén thuong lon hon giai doan
tricu xubng.

- Dong triéu cuc dai tai thoi diém chdn tridu cd gid tri nhé hom so vdi
thai diém dinh triéu, con dong triéu trung binh trong toan vang dam lai ¢6
xu thé nguoe lat. Cu theé trén bé mdat, tai thoi diém chan triéu, dong tricu dat
cue dai 23,7cm /s so vdi 26,7 em /s tai dinh trieu, nhung déi voi dong triéu
trung binh (cho cd cét nude), thi tai chan tricu lai lon hon vdi 8,0cm /s so voi
7. 1cm/s lic dinh triéu.

I. MG PAU

Tinh todn cdc yéu td thiy dong luc trong dé c¢é dong tridu lA mét trong nhitng
nhiém vu quan trong trong cdng tdc quy hoach, quan ly va phat trién bén ving
ving ddm Thi Nai. Trude day, cdc md hinh tinh dong trieu thudng chi tdp trung
vao viéc xdce dinh dong chay trung binh vdi viée 1ay tich phén thing dirng theo dé
sau, diéu nay chi that su c¢6 ¥ nghia viéce tinh dong triéu d nhiing ving nghién cdu
c6 do sdu tuong doi 1dn, néu dp dung moé hinh nay cho dam Thi Nai, s& khong phu
hop véi tinh chat thiy vuc tuong @81 kin khong sdu, hiéu ing ma sit ddy cé vai trd
quan trong. Trong mo hinh tinh dong trieu cho dam Thi Nali, dong triéu duge tinh
phan tang theo dd siu, cdc dng sudt trugt ddy duge xdc dinh tir cdc dong ddy dua
trén co sd tinh todn cdc phuong trinh thiy déng luc hoc ba chiéu tuyén tinh theo
phuang thing ding bing phuong phdp Galerkin.

Tu viéc gidi hé phuong trinh hai chiéu phi tuyén, tich phin theo phuong
thing dung, thi (tng suit ddy khéng lién quan dén dong chdy trung binh theo dd
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sau. Day la phép bién déi c6 thé thue hién duge, néu ta quan niém rang van téc
dong chdy bao gom dong trung binh theo dé sau va dd léch cua né véi gia tri trung
binh. Khi dé, cdc phuong trinh thiy déng luc ba chiéu tuyén tinh duge tich lam hai
hé. Hé thit nhat theo phuong nam ngang trong phuong trinh hai chiéu phi tuyén. Hé
thit hai theo phuong thing ding véi viée sit dung phuong phap Galerkin, cho phép
xem xét theo phuong thing ding, do léch cua d6 16n dong chay lién tuc thay ddi ti
gia tri trung binh theo d9 sdu cua né tai cic diém tinh cia md hinh hai chiéu.

II. TAI LIEU VA PHUONG PHAP MO HINH HOA CAC PHUONG TRINH
THUY PONG LUC HQC

1. Cac phuong trinh tich phin theo phuong thing dung:

Trén co s¢ thita nhan r¥ng gia toc thing ding 12 bd qua, dp sudt la thiy
tinh trén d6 siu, vA mat 46 chat léng 1la dong nhat. Cdc phuong trinh phi tuyén
hai chiéu trung binh theo d6 sdu c¢é thé duge viét dudi dang nhu sau {7}, [8], 110},

(111, [121:
iquJ-|—(h-f-u)l' ¥ WV =0 (1)
a
;3 -
i {i{—j P /V—-;;Q’h( ) A, VU (2)
a & & & Ah+n)
ov W & on -z ,
__+{" b Uz e + A VV (3)
a ar 5.‘; ;' gé};' fih+i?) ""H

Trong dé: t - thai gian (s), U, V - van tdc trung binh thing ding theo
phuong x va y tuong dng (cm/s), g — gia tdc trong trudng (em/s?), n - d6 nang bé
mit tu do trén mue nude trung binh (em), h - &9 sdu dudi muec nude trung binh
(em), f — tham s8 Coriolis (1/s), p mat dd nude {gfcm3}, Ty VA Ty — cAc thanh phan
(ing suit trugt ddy, Ay — hé sé xody nhdt ndm ngang va V? - todn tit n¥m ngang
Laplacian.

Ung sudt ddy duge x4c dinh:

1—"1'- * _'l- 3
Thy = 11k1|l,Ju; + vy, Ty, T pkvh\[u[, + v, (4)

Trong 46 u, va vy — cdc van toc dong ddy theo phuong x va y tuong (ng, va
k — hé s6 khong thd nguyén cia ma sat ddy.

2. Profile thing ditng cia dong chay:

Trong nhiéu bai todn hoan luu do gié va thay triéu thi thanh phan van tée
theo phuong thing ding va gradient cda né duge xem la nhd ddng ké so vdi vdn
tdc va gradient theo phuong ngang va c¢é thé bé qua. Nhu vay, cde dong chdy do
gié va thuy triéu c6 thé xem nhu xap xi cdc dong ndm ngang. BS qua cédc s6 hang
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phi tuy€n va bién dang nd&m ngang, phuong trinh thiy déng luc déi véi chuyén
dong tai mot diém cé thé viét theo dang phuc nhu sau [8], [10):

@-jﬂ'fw:—g(ﬂﬂgi]— : (aR'+f£]+Li(AI_EJ (3)
P\ Ox oy

Trong d6: w=u+iv, u va v — cdc thanh phan van tdc tuong Ung theo phuong
x va y, d=h4n, A, — hé s6 cia xody nhdt thing ding, ﬁ'=(r|—z)f(_h+r|)—tga dé
thing dimg khéng thd nguyén, z — toa d6é thing ding duge tinh t muc nuéde
trung binh va cé gid tri duong hudng lén trén.

Van téc dong duge viét: w=W+w’, trong dé6 W=U+iV - ddong chay trung binh
theo 46 sdu va w=u'+iv’- dj léch dbng chay tit gid tri trung binh theo d¢ séu cua
né. Sau d6 tir phuong trinh (5) ta ¢é:

%?H' ’{a’? a’?J p( ] ?: T;) (6)

! -
@-ﬂfw*—“——[ 61#] (7)
ot d*> oo\ oo pd

Trong dé: Ts = 15 + 1Ty va T = 15 + 1Ty,

Phuong trinh (6) xdc dinh dong chay trung binh theo d6 siu, phuong trinh
(7) x4c dinh do léch dong chay ti gid tri trung binh theo dé sau cua né.

Pé c6 duge profile dong chdy va dng sudt ddy lién két cia né, phuong trinh
(7) duge giai biang phuong phdap Galerkin theo phuong thing dimg bing mét dai
dién phan td hitu han. Van téc dong chdy w’ trong phan nay xem nhu la duge
khai trién dudi dang cia At) véi cdc hé s6 phitc m va phu thude do siu thuc,
ham lién tuc g.(c) (ham c¢g sd) nhu sau:’

i

w'= ZA,(t)gr(G} (8}

=l

Hé sd A(t) thu dugc bing cdach thay thé phuong trinh (8) vao phuong trinh
(7). Phuong phdp Galerkin chéa phép nhén véi phan du R véi cdc ham co sé va
tich phan trén mién n2 z >-h hodc 0< o <1. Tich phan phuong trinh (7) cho ta:

J'ngfa)cln’ Z-a-gt-— g, ghdnﬂfz,ﬂ&. _[g g, do

a r.l (g}
1 ' 8 oy, (T, -T,)
+TZ A j-——[h = Jgkdcr+ o jgidﬁ 0
Véi k = 1, 2, 3, ., m. Tich phdn s6 hang kéo theo A, bdi cdc phan duge cho
béi diéu kién :
- BA

og, Og
M rbldﬁ+leA Ig gld-.:r+ ):A Jlan 8::: 103

"%(EL {0)_ Jgtdﬂ]*'%(gk{l) = Jg:.dﬁ] =0
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Trong dé A, duge xem la déc ldp dd1 vdi toa A6 dé sdu, mic du bién déi
ding v6i thoi gian, va diéu kién bién duge cho bdi:

-_p[Ar%] =T ;_p[,q_xj_:.] =7 (11)
=) a-|

dugc stf dung

Nhiéu tdc gida da s dung phuong phdp Galerkin véi mét bd co sd clia cdc
ham cosin nhu sau:

g =cos(u,0) (12)

Sau dd6, médt lua chon thoa man cua o, la:

o, = (r - l)w (13)

Do sy lya chon nay déi v6i o, k&t qua cdc ham co s& (12) tao ra mét don
trinh (r=1) ma khéng d6i trén phudng thiang ding. Tuy nhién, béi dinh nghia w’
khéng xét dén mot thanh phan déng trung binh ma &n ¥ ridng A, phai la zérs.

Qua tinh todn phuong trinh (12) va (13), phuong trinh (10) sé trg thanh:

dA.

. Aol 2
St e i et A+ (T =T, cosct. (14)
dt |:] dz ] r pd( 3 h {11)

véfir=2, 3, .. m.
Khi dé biéu thie A, ¢é dang:

A, =TU+ V) (h+n (15)

Trong d6: T - hé s6 thi nguyén cé c¢d khodng 0.005- 0.0005.
Phuong trinh (14) duoe giai theo cach md ta van toe dong w', tai ddy bién tir:

n

w,'= W+ ) A cosa, (16)
r=2

va tinh todn @ng suat ddy tif phuong trinh (4).
3. Piéu kién ban d4du va diéu kién bién:

+ Cédc diéu kién ban dau: U =V=n =0 khi t = 0 ta] muec nudc tinh. Tuy
nhién mé hinh ciing chdp nhin nhu cdc diéu kién ban dau d6i véi dao dong bé
mit va vin téc dong 1a cédc gid tri khiac khéng song phai phi hop vé m#t dong
lue hoe.

+ Cdc thanh phan phédp tuyén cda dong chay doc theo bién cing duge 14y
bing khéng.

+ Péi véi hoan luu duge gy bdi triéu (dong triéu) trong ving tinh todn can
thiét phai duge xdc dinh sy bién d6i cla triéu va cdc van tdc dong chay doc theo
cac bién ma. Thong thudng cdc van tdec dong chdy dudce biét khéng da chinh xdc
dé c6 thé dua ching vao mé hinh, cdc gid tri cia U va V trén bién duge 18y bing
vGi cde gid tri cia ching tai diém bén trong dau tién lién ke.
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+ Déi véi nhing dong chay dugc gy bdi su bién d6i luc ti khi quyén (dong
gi6) tai cdc bién mdé duge tinh bang cdch si dung mot phan diéu kién bie xa, so
d6 hién, tdt dan dugce cho bai:

0, 0 ¢ -

R T

Trong dé: ¢= 1, U hay V, A= x hay y vA Ty — quy mé thdi gian ma sdt: Diéu
kién buc xa (17) chi duge dp dung tdi cac ndt luéi véi do sdu nho hon 200m. Cdce
nit khdc thi duge xdp xi bdi cdc dieu kién bién tdt dan, ma trong 46 cdc gid tri
bién md duge ¢6 dinh tai z8rd sudt qud trinh tinh toan.

4. C4c hiéu ng trung tén phi tuyén (Nonlinear aliasing effects):

Mé hinh xét dén d6 nhdt xody ndm ngang Ay ma dude loc ra su phdt trién
khéng thuc cia séng ngdn. Tuy nhién, cdc gid tri khéng thuc cda Ay déi khi duge
st dung dé trdnh sai s do trung tén (aliasing) 16n duge chi ra béi sy xuat hién
cua tinh bat 6n dinh phi tuyén. Déi véi cde trudng hop nay phép loc 9 diém cda
Shapiro (1970) duge dua vao. N6 bao gom viéc dp dung tinh tuan hoan d6i véi
mét todn td ma lay trung binh theo khéng gian d61 vdi van t8c tinh toan va dich
chuyén bé mé&t nude sau cung cuia mdt s6 budc thoi gian ¢d dinh sif dung mot
thita s6 trong sé dinh trude, nhu sau [81:

S

b
R A A e ¥

I I

Y

je2 -2

-4 i (18)

i, et L

Trong dé: y - gid tri trung binh cta bién w ma vi tri cia U, V, hay n, va s
la thira s6 trong sé ma cé thé ldy bat ky gia 0 va 0,5.

Vé mat thu tuc k& thua 1a ¢6 hidu ung clia su mé phéng chuyén giao ning
lugng r&i t6i quy md nhd hon gdp d6i do phan gidi ludi.

5. Diéu kién on dinh:

Thuit todn an luan hudng (ADI alternating-direction implicit) [8], [9], {10] duge
si dung dé gidi cdc phuong trinh sai phan daoc ham riéng. Phuong phdp ADI duge biét
rong rii vi né tranh duge bai todn nghich ddo ma trin lién quan dén céc so do an.
Tuy nhién phuong phdp nay khong phai la 6n dinh khong diéu kién khi 4ap dung né
dé tinh toan cho tap hgp bd cdc phudng trinh (1)-(3) theo mét ving nghién ctu véi
trutng dd sau thue va céc bién phdce tap. Nhu vay, mét giéi han trén mot bude thai
gian can phai duge ddm bédo cho &n dinh s6. Qua trinh tinh todn thudng trd nén
khong én dinh khi s6 Courant, C, xap xi 16n han 3-6:

11
C =Atfgh,  |—s+— (19)
s [

Trong do: At 1a budc théi gian cda phép sai phan hitu han, Ax va Ay 1a kich
thude 6 ludi theo phuong ndm ngang (Phuong x va y) tuong Ung, hu. 1a 49 sdu
nude cue dail cua khu vue tinh todn.
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‘ac thuat todn tinh todn phu thém, ¢6 thé tim thay trong tai liéu tham
khao bén dugi.

6. Cac thong s6 dau vao cho mo hinh:

- P sau va luéi tinh dong triéu cho khu vue dam Thi Nai — Quy Nhon (Ilinh 1, 2).
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Hinh 1: Ban dé d6 sau (m) tai khu vue Pam Thi Nai = Quy Nhon
(P6 sau so véi mie trieu thap nhat)
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Hinh 2: Mang luéi do sau (m) cho tinh toan dong triéu
tai khu vue Pam Thi Nai — Quy Nhon



- Cac hang so diéu hoa thiy trieu tai bién mé (bang 1) va duge thé hién trén

biéu dé dao dong muc nude (hinh 3).

Bién md duoe dua vao theo gia tri dao dong mue nude, cin e vao cae hiang so

diéu hoa thée hién trong bang sau day:

Bang 1: Thong tin cdc hang sd diéu hoa thuy triéu tai bién mo

Séng triécu | H(em) G
| M. 17.6 | 303.9
8, | 6.9 325,0
K, K 296.2
0, 28 4 273,7
80 ! ! ! ! ! ! ! ! T
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Hinh 3: Dao dong thuy triéu duge dua vao cho tinh toan dong triéu tai dam Thi Nai
I11. KET QUA TINH

Tir cde két qua tinh toan, chidng téi da thiét lap cde ban do truong phan bo
van toc dong chay theo dao dong mue nude cua thuy triéu. Cu thé theo cae dao
dong mue nude vao lie 12h, 19h, 24h, 28h va 37h. Tai truomg phan bo véc to dong
chay do anh hudng cda triéu (dong triéu), chung téi chi thé hién gia tri trudng van
toc dong chay trung binh theo do sau, mot phan la do cac két qua thu duge khong
khac nhau nhiéu theo do sau. Con khi xuat hién anh hudng cua gio - trieu, cac ban
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dd phén bd duge x4y dung theo 3 tang do sdu: tAng mat — gidta — ddy (dng véi gia
tri o =0, 0,5, 1).

Tai thoi diém triéu xudng gan tdi muc nudc trung binh, dong triéu cé xu
huéng chdy ra riat cham (hinh 4), khi duge 12h (trén dao dong muc nudc), dong
tridu tai bé mit theo tinh todn dat cue dai chi 14 1,5¢m/s, trung binh 0,3cm/s,
huéng dé dong triéu dat cue dai 13 261° (huéng dude 14y so véi huéng Bie quay
cung chiéu kim déng ho) (bdng 2). Nhu vay, tai thoi diém nay dong triéu rat nhd,
c6 thé xem la khéng ¢6 dong triéu. Sau dé dong triéu ting dan khi xudng chan
triéu, toc do cuc dai c6 thé dat duge 23,6cm/s, trung binh 1a 8,0cm/s, hudng dong
dat cuc dai la 231° (hinh 5). Dong triéu bit dau ting nhanh khi triéu 1én, tai thoi
diém qua muec nude trung binh (24h), dong triéu chay vao véi téc dd cue dai tai bé
mit ¢c6 thé dat tdi 30,5¢m/s, trung binh 1a 7,7¢cm/s. Huéng dong chay dat cuc dai 1a
79° (hinh 6). Khi 1én t&i dinh triéu, vao lic 28h, dong triéu da suy giam, nhung con
cé thé dat t6i toc dd 26,7cm/s, trung binh 1a 7,1em/s, hudng dong triéu dat cuc dai
la 57° (hinh 8). Khi triéu xuéng gan tdi muc nudc trung binh, ta rat dé nhan thay
trén dao déng muc nuéc thuy triéu, cé6 mdt diém cham lai, khi dé dong triéu gan
nhu ¢ trang théi dimg va ddo hudng. Két qua nay phdn d4nh rit rd trong thoi diém
trieu 37h, dong triéu dat cue dai chi 1a 5,4cm/s, trung binh chi con 1,lem/s, huéng
dong triéu cuc dai ¢ thoi diém nay 1a 259°.

Cdce két qua tinh dong triéu theo su phan tang dé sau duge thé hién theo
bang bén dudi, con phan bé vec to dong chay duge thé hién trong cac hinh 7-9.

Bang 2: Van tdc dong tridu tai cde thdi diém triéu theo su phan tang do sau

*) Lie 12h:
STT | Tang 46 sdu | Van téc cue dai Vin téc trung Hudng dong chay
(cm/s) binh (cm/s) dat cuc dai (%)
L1 Bé mat 1,5 0,3 261
| 2 Giira 1,5 0,3 260
3 | pay 1.4 0,3 259
4 Trung binh 1,6 0,3 260
Ghi_chu: Hudng dong chdy dugc ldy theo hudng truc Bidc quay cung chiéu kim
dong hé.
*) Lue 19h:
| STT | Tang dé sdu | Van téc cuwe dai | Van tée trung binh | Hudéng dong chay
i (em/s) (cm/s) dat cue dai (%)
1 B& mit 23,6 8,0 231
2 Gitta A | 7,4 231
3 Déy 17,9 5,9 231
4 Trung binh 21,4 1.2 231
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#) Luic 24h:

STT | Tang do sau

Van téce cue dai
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Van toc trung binh
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- dat cuce dai ( 23
79

B | =

(rida

29,1

7,1

Day
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— T

Trung binh
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6,9

#) Lue 28h:

STT

Tang dd sau
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Bé mit
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O
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IV. MOT SO NHAN XET VA THAO LUAN

Viéc tinh todn dong triéu bién d6i theo dd sau tai cdc thuy vuc ndng, tuong dai
kin nhu khu vue ddm Thi Nai 14 mét trong nhitng nghiéu ciu tuong déi méi ¢ nude
ta, chua ¢é nhiéu céng trinh tuong tu.

Tl két qud tinh trong bai nay, ching ta ¢é thé dua ra vai nhan xét nhu sau:

- Khi thiy tridu xuéng gan muc nude trung binh, téc 4o dong triéu la rat nho.

. Toc d6 dong triéu trong giai doan triéu 1én thudng 16n hon giai doan tridu
xudng.

- Toc dd dong trieu khi xudng chédn triéu cé gia tri cuc dai nho hon khi dat tdi
dinh triéu, nhung trung binh trong toan vang tinh lai ¢6 xu thé ngugc lai.

Céc két qua tinh toan trong md hinh ba chiéu tuyén tinh cho thiy triéu ving
dam c6 4o sdu khong 16n cho thiy ¢é sy bién déng tuong déi rd cha dong triéu theo
dd sdu va theo khong gian. Cdc két qui tinh todn nay c¢6 thé dp dung cho viéc tinh
todn cdn bang nudc, trao doi vat lidu tai cde thuy vue nda kin.
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CALCULATED RESULTS OF TIDAL CURRENT
SIMULATED BY A LINEAR 3D (THREE - DIMENSION) MODEL
IN THINAI LAGOON (QUY NHON)

BUI HONG LONG, TRAN VAN CHUNG

Summary: Calculation of hydro-dynamical elements including tidal current is
playing wvery important role for planning, management and sustainable
development in Thi Nai lagoon. This paper presents the tidal current system
simulated by a linear 3D (three-dimension) model.

Calculated results indicate not only spatial distribution characters but also
the vertical variation of tidal current in the lagoon as follow:

- During the ebb tide nearby the average sea level, the tidal current intensity
is very low. '

- Intensity of tidal current during the flood time is usually stronger than that
during the neap time.

- The maximum tidal current at the moment of tidal trough is weaker than
that at the moment of tidal crest, but the average tidal current has opposite trend
in all water bodies of this lagoon, for example: on the surface, at the moment of
tidal trough maximal tidal current reaches to 23.7cm /s and at the moment of tidal
crest maximal tidal current reaches to 26.7cm /s, but average tidal current at the

moment of tidal trough is stronger than that at the moment of tidal crest and
correlative current velocities are 8.0cm{s and 7. 1cm/s.
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