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Tém tit: Bai bio nay trinh bay vé viéc xdy dung mo hinh toan thiy dong luc va van
chuyén bun cat lo ling dyua vao 10i giai trén hé toa d6 cong ctia hé phuong trinh Reynolds,
két hop voi hé phuong trinh chuyén tai bun cat, liy trung binh theo chiéu sau, c6 tinh dén
ham s6 ngudn, mo ta tbc do bdc 1én hay ling xudng cua hat. Do tin cdy cta hai mé hinh
nay duoc kiém dinh bang két qua cua nghiém giai tich. Két qua cho thdy vao cac chu ky
dau, dao dong muc nudc khong on dinh, tir chu ky thir ndm tr¢ di, dao dong myc nude va
van tdc gitra nghiém giai tich va tr mé hinh cho két qua kha trung khép. Khi tinh toan
thity lyc trén kénh chit U, két qua tinh toan truong van toc khi st dung mé hinh thuy dong
luc trén toa do cong cho théy wu diém hon so véi khi su dung mo hinh thuy dong luc trén
hé toa do dé cac. M6 hinh véan chuyén bun cat lo ling duoc kiém tra véi két qua tir nghiém
giai tich img véi nhiéu trudng hop khac nhau. Két qua cho thiy khong co su sai biét 16n
giita cic gi4 tri nong do lan truyén trong khong gian theo thoi gian tinh toan tir mé hinh va
nghiém giai tich, cho thiy budc dau do6 tin cdy ctia mé hinh vira duoc thiét lap 1a chap
nhan duoc.

Tw khéa: Thuy dong luc; Van chuyén bun cat lo Iing; HE toa do cong.

1. M& dau

Bun cat trong song gém cac hat khoang chét, cat, soi, cudi, da dam, da tang... chuyén
dong trong dong nudc hay ling dong trong long song. Chung dugc hinh thanh mot phan do
qua trinh phong hoa, bao mon va xam thuc trén bé mat luu vyc va sau d6 bi gio6 va nude
cubn troi vao 1ong song; mot phan do qua trinh x6i 16 chinh ban than trong long séng nhu
sut 16 bo, x61 mon day [1].

Véi su phat trién nhanh chéng cta cac phuong phap, mo hinh tinh toan di tré thanh
mdt cong cu hitu ich dé nghién ctru ché do thuy dong luc hoc ciia dong chay va qua trinh
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véan chuyén bun cat trong song, hd va cac ving ven bién [2]. Rat nhiéu mé hinh thuong mai
vo1 gia thanh cao da ra doi voi nhimg ng dung linh hoat da dugc nhiéu nha khoa hoc sir
dung dé mo phong vén chuyén bun cat, dién hinh nhu b mé hinh MIKE21 va MIKE3 cla
DHI, duoc phat trién boi Vién Thuy Lyc Ban Mach. M6 hinh duoc xay dung tich hop rat
nhiéu cong cu manh, c6 thé giai quyét cac bai toan co ban trong linh vuc tai nguyén nude
[3]. Ngoai ra, co rat nhiéu mo hinh duoc thiét 1ap bdi cac nha khoa hoc nhu: Md hinh
TELEMAC duoc bét dau phat trién tir naim 1987 do Tap doan Dién luc Phap (EDF) chu tri
[4]; M6 hinh SHORECIRC duoc phat trién nam 1999 [5]; M6 hinh thuy lyc CCHE2D do
Jin va Wang phat trién nam 1999 [6]; M6 hinh SUTRENCH-2D: M6 hinh thaty dong luc va
van chuyén bun cat do Van Rijn va Tan phat trién nam 1985 va duoc hoan thién tinh toan
bun cat két dinh ving cira song dén nam 2007 [7]; M6 hinh TABS—2: duoc phat trién nim
1985 [8].

O nudc ta, ciing cé rat nhiéu ‘md hinh tinh toan dong chay va vén chuyén bun cat trong
song, cac mo hinh nay la ma nguon mo, thuan loi cho vi¢c chinh stra code cling nhu két nbi
v6i cac hé théng khac. Pién hinh c6 cac mo hinh nhu: M6 hinh Delta; M6 hinh SAL va
VRSAP-SAL: Do Nguyén Tat Dic phat trién tir nim 1980 va sau d6 dugc nang cap va két
hop véi mo hinh VRSAP dé tao thanh mo hinh mang tén VRSAP-SAL hoan thién hon vé
thudt toan va chuong trinh [9]; M6 hinh KOD-01 va KOD—02 [10-11]; M6 hinh MK4 [12].
Mo hinh TREM 1a mb hinh bién dang 1ong dan 2 chiéu trong hé toa do phi tuyén khong
truc giao cho phép xac dinh su phan bd tc do cling nhu bién ddi ddy soéng theo ca hudng
doc va hudng ngang. M6 hinh nay di ap dung va cho két qua tét cho nhiéu doan sdng cong
trén song Hong [13-15].

Céc két qua nghién ctru tmg dung md hinh nay trén thé gidi ciing nhu & trong nudc,
cho thay mé hinh vin du bao tt dién bién long dan, ma chu yéu la dién bién day qua viéc
giai cic phuong trinh lién quan dén thuy luc va van chuyén bun cat. Tuy nhién, tai duong
bo cua cac khu vuc nghién ctru, két qua tr cdc mo hinh toan trén hé toa do Dé c4c van con
bi sai s6, ddc biét 14 tai cac ving nghién ctru ¢ dia hinh phirc tap.

Trong hé toa d6 cong, vi truong van tdc dugc tinh toan trén ludi cong (1a ludi thuong
duge xay dung phong theo cac dudng bo) nén két qua md phong ¢ nhiing khu vyc co dia
hinh phtc tap t6t hon, do do, sai s6 s& it hon. Vi su can thiét nhu trén, bai bao nay trinh bay
viéc xdy dung mo hinh toan thity dong luc va van chuyén bun cat lo ling dwa vao 10i giai
trong hé toa d6 cong cua hé phuong trinh Reynolds, két hop v6i hé phuong trinh chuyén tai
bun cat, lay trung binh theo chiéu sau, c6 tinh dén ham s6 ngudn, mo ta toc do boc 1én hay
ling xudng cua hat.

2. Phuwong phap nghién ciru
2.1. Co 56 Iy thuyét mé hinh thity déng luc

2.1.1. H¢ phuong trinh thuy dong luc

H¢ phuong trinh thiy dong luc co ban dwa vao hé phuong trinh Reynolds trén hé toa
do bé Cac nhu sau (1) [16].

1

k 2 2 E
a_u_|_ 8u+V6_u_fV__g8(C)_ u(u +V)
ot ox 0y ox h+C
1
ku(u?+v?)? (1)
8_u+u8_u+V8_u_fV:_g8(C)_ u(u +V)
ot ox y ox h+¢
o¢ 0 0
E'Fa—x[ (h+§)u} +—y[ (h+C)V} =0
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Trong d6 H =h +¢ (m); t 14 thoi gian (s); u, v 1a thanh phan vén tdc trung binh theo do
sdu cua hai phuong Ox va Oy (m/s); h 1a d6 sau (m); € la myc thuy triéu (m); f1a tham 5O
Coriolis (1/s); f=2wsing; ¢ 1a vi do dia Iy; o 1a van téc quay cua trai dat; k 13 hé s6 ma sat
day.

Sau mot sé bién ddi, hé phuong trinh trén (x, y) trong toa do cong (€ ,n) c6 dang nhu
phuong trinh (2) sau:

op . Jg Jg
—+gHJ =¥
ot g [gzz oe —8n an 1

aq o 0g ¢
o g [gn on —8in L o€ 2
8_H+8_p+8_q:0
ot 9E  om

Trong d6 t =t; p = JUH; q = JVH; p va q la thong lugng duogc tinh theo &, 1, véi gia
dinh vé sy vudng goc cua cac dudong toa do voi bién mién tinh (m?/s); U,V la thanh phan
“Contravariant” cta vecto van toc trong toa d cong (1/s).

U=r| e ;o v=J" Wy % (3)
on  on o 0§
Y =¥, +¥Y, +¥.; Y,=¥Y,+¥,+¥, (4)
Trong d6 J 1a ma tran chuyen d6i “Jacobian” (m?);
= 9x 0y _ O_XG_y’ 0%J<oo
0&dn 0dnadg
Trong d6 War ,Wa2 13 thanh phan phi tuyén trong toa d6 cong theo &, 1.
o LNl JH(UT}, +2UVT, + VTS, )J ; (5)
o¢ on
Y= _{ oqu) , 0@@V) JH(UT?, +2UVIE, + VTS, )J : (6)
o¢ on
Trong do Fﬁj ky hiéu Cristoffel loai I1, dugc xac dinh dudi dang sau:
L (7)
s aaj
Trong d6 Wi, W 1a thanh phan ma sat day.
K
Y, = 2= _E|V q9; )
Trong do K 1a hé s6 ma sat day; Wi1, Wko 1a thanh phén luc Coriolic.
lPklzf‘rl [g12p+g22q] lPk2__f‘r1 [gl 1p+g12q] (9)

2.1.2. Lud6i tinh toan

_ Lu6i tinh toan duoc xay dung nho giai phuong trinh Ellip du6i dang dao ham riéng
phan, 1a phuong trinh Poisson [17-19].
NE=P(Emn);  Am=Q(&n) (10)
Trong d6 P, Q 1a cic ham s6 diéu khién ludi [19].
Loi giai cuia hé phuong trinh nay trong khu vuc tinh toan (§ ,n) co dang sau:
o’r o’r o’r or

L(r)=¢g,,——-2g,——g,,—=-1] — 11
(r) gzzagz glzaan guanz [ & Qan (1T)
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r=xi+yj;
_oxox dyoy |orf
2" 5nan anon |on

(12)
Ox 0x +6y dy _Oror

*Toton ogon ot on

0x 0x 0y Oy or|’

30 Bl sl

0808 0808 0%

Céc phuong trinh chuyén dong, sau khi chuyén sang toa do cong, s& duoc gii trén ludi
nay.

2.1.3. Diéu kién bién cta bai toan
Diéu kién tai bién long cho dudi dang dao dong muc nudce . Trén bién cimg (bo) co
diéu kién [19]: p=0 trén § = const; q=0 trén 1 = const (13)

2.2. Co s¢' Iy thuyét ciia mé hinh vin chuyén bin cat

2.2.1. Hé phuong trinh van chuyén bun cat

Phuong trinh van chuyén bun cat trong toa do cong duya trén phuong trinh van chuyén
bun cat 2D trén hé toa do Dé cac [16]:
a—c+y 8C+ oc)_ 19 HK 8_C+1 0 HK 6_C+§ (14)
vl ox oy y "H ox X0x) Hoy Yoy) H

Trong do: C la nong d6 bun cat lo lung tai tig thoi diém trong khong gian (kg/m3) u,
v 1a thanh phan véan téc dong chay theo phuong x, y (m/s); Kx, Ky la hé so khuyéch tan r6i
theo phuong X,y (rnz/s) S 14 ham sd ngudn, mo ta sy bdc 1én hay lang xudng ciia hat (m/s);

vy 14 hé s6 phan b van tdc theo chidu sau.
Ta co:

0C _j| 0C0y 0C0Oy|. 0C_ 4} 0C0ox 0Cox (15)
ox 0t om omaot)’  dy o0& om om 0%

~ Phuong trinh trén toa d6 cong duoc viét lai nhu phuong trinh (16) sau khi bién doi,
chap nhan h¢ s6 khuéch tan roi theo moi phuong 1a nhu nhau, phuong trinh (14) tré thanh:

ac ., oC oC| .
E+J H yv[pa—&vtqaj—SvLKrJ “ ' E Boanl L "on Boagj‘ (16)

Trong d6 v, =J"'g,; By =J"g;  a,=J"g,.
C la né)ng d6 bun cat lo ling tai ting thoi diém trong khong gian (kg/m?); K, 1ahé s6

khuéch tan roi theo phuong ngang (mz/s)
S 14 ham s6 ngudn, mo ta sy bdc 1én hay lang xudng ctia hat (m/s), co ché boi va x6i

duoc tinh toan nhu sau:
S=E[20-21] d6i v6i b > Te
S=-D[20-21] ddi véi v < 14

S=0 do1 voitg < < Te
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Trong d6 E 1a tbc do x6i (m/s); D 1a tbc do bdi ling (m/s); t 1a ing suét tiép day
(N/m?); 14 1a g suat tiép day toi han doi véi boi (N/m?); 1e la ing suat ticp day toi han doi
vGi x01 (N/m?).

2.2.2. Piéu kién bién

biéu kién bién ran dugc viét lai dudi dang:

C, = S o Diéu kién & = const; (17)
E»n
_&n Ay kien n =
C,===C; Dbiéu kién n = const. (18)
8
Piéu kién trén bién long 1 khong ddi: C = Co (19)

bai véi ludi cong true giao, vigrz=0nén C, =0, C, =0

2.3. Sor dé gidi

Hé phuong trinh (2) dugc tich phan bang phuong phép sai phan luin huéng trén ludi —
C—Arakov (Hinh 1) [22]. Nghi€m cua bai toan dugc tinh theo tirng nira budce thoi gian:

Tai nira bude thoi gian ddu t+1/2: thyc hién giai an p (thanh phan theo phuong &) va
muyc nuée ¢, thanh phan q (thanh phan vén téc theo phuong 1) dugc giai hién. Sau do két
hop gidi xen ké ndng do C (véi cac thanh phan theo phwong & giai an, theo phuwong n giai
hién).

Tai nira budc thoi gian sau t+1: myc nudc £ va bién s6 q dugc giai an, thanh phan p
duogc giai hién. Sau d6 két hop giai xen ké ndong d6 C (v6i cac thanh phan theo phuong &
giai an, theo phuong n giai hién).

A (N |

Qi-1j+3/2 dij+32 Qi+1,+32
Ciijn Cisn Cinjn
:> L Ci—lj+l > o CiJﬂ :: > e Ci+lj+l :: >
Pisnja A Pz N Pianjn A Dissnj+
di-1j+1/2 dij+1/2 Qi+1j+12
Ci-l,j Cl._] Ci-v-lJ
> el o> e > el [ >
Pisnj Pi-12 Piinj Pis32j
Gi-1j-172 qij-1/2 Qi+1-12
Cirja Cija Cirj
:> ® (iyja :> ® G :: > (., :>
DPi32j-1 Pi-12j1 Piinja P31
qi-14-32 dij-312 i+1,j-3/2

Hinh 1. Luéi C-Arakov.
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2.3.1. Pbi voi mé hinh thay luc

Loi giai p, C, q trén nura budc dau: Tai nua budc thoi gian dau, ap dung giai an cho
phuong trinh chuyén dong theo phuong &, két hop voi phuong trinh lién tuc trong hé
phuong trinh (1). Ta c6 phu:ong trinh (21) va (21) sau:

1
nty
p 1 —P.1 . n n n n
i+3, ] 1*7,J+Yn 1+1 j C s C’iﬂ,j+Ci,j+1_Ci+1,j71_§i,j—l —(P)" (20)
At/2 i+, AE i 4An Vit
1 1
1 n+§ n+7
(n+§ _ (lﬂ.. bp { —D qn 1~ qn 1
i,j L,j i+5,] l——J Ljts Lj—3 0 (21)
Jij AL + A + A =
/2 3 n
Sau mot sb bién doi, ta quy vé hé phuong trinh ba dudong chéo (22) nhu sau:
L L
1p 1 +b1p P eip, 3.7 (22)
2a.] 1+§5J
_ J1+1,J 1+1_| 4 J1+l_] _ 2 J1+1J 1 J1+1_] n 1 n
a="—h b=+ 5T = "o lgr —gn
ij i,j Y At Y 1+2 At JlJ At
2 2

7. _ . n _ n
Trong do: Sj;=2J;,¢] At (qzﬁé—qzj ’é)’ RH%—At(‘Pl) i +%7j+ 2p?+% +AL, %Zg

n n n n
o (B G Gy )
n 4_n
Sau do, két hop vai diéu kién bién vao va giai truy dudi cho phuong trinh (22). O day,
véi bién tréi va phai l1a bién 16ng, thi tmg véi:

i=1thi p’1’/+21j/2

i=L thi p:ii/?
Pé tinh p‘l‘legz va pn 12 can phai thé i = ' va i =k — 1 vao phuong trinh lién tuc. Tién

hanh bién d6i va tinh toan lai hé s trong phuong trinh truy dudi cho thanh phan p s& thu
duoc cong thuc bién doi cua h¢ s6 b vadilan luotchoi=1vai=K la:

Véii=1:
b(i)=b(i)+ a(i)
240G ~Si
d()=d(i)-a()* T’J
Véii=K:

b(i-1)=b(i-1)+ c(i-1)
24k *G ~Siy
d(i-1)=d(i-1)+c(i-1)* T’J
Thé hé s6 bi, ¢i, di moi tinh dugc vao phuong trinh truy dubi (22), tinh dugc gia tri p(i,
j) cho toan mién. Sau khi giai dugc gia tri van toc theo phuong & cho toan mién 1a p. The
gia tri p vura tinh vao hé phuong trinh (20—22) tinh dugc gia tri cia myc nudce C.
n+ 1 n 1
Ci,j 1/2:2*Ji’j <Sl’JAtp ;J‘I’Atp 1 ) (23)
_Sau khi da co gia tri cua p va ¢, tién hanh sai phan hién cho thanh phan q theo phuong
n bang phuong trinh (23) thu dugc phuong trinh (24) sau:
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n+§ At n n+% n+% n g?ﬁ 1 _C?J n (2 4)
q == ()7 B 1 Le O 1 — |+
Lty 2 Lty ijts Ljt5 An L5
CnJr% c 1 C +% (;n+1
, nts it S TS T
Trong d6 Z. *=—2 L .
g g 4AE

Tir phuong trinh (24), tinh duge gia tri thanh phan q theo phuwong 1 cho toan mién tai
nua budc thoi gian dau.
Lam tuong ty v&i nira budc thoi gian sau, ta c6 phuong trinh ba dudng chéo (25) sau:
n+1 n+1 n+1
=d

8, 1 bq PRSI (25)

Jij+1 4 +1 +1
a= (—L> b= = =+ it s o=l
At an+§ Jij

2 Jl j+1 n-i—l 1 J 1+1 n+l 1
— > 2 L) 2
dj__Z' I RR _ 1+—.fSSi’j SSIJ_'_1
At nts ijty At ] ij
(04
i,j%

Sau do6, két hop vé6i didu kién bién vao va giai truy dudi cho phwong trinh ba duong
chéo (25). O day, véi bién trén va dudi la bién ran, thi ing voi:
n+1/2
{ 9y, =0
n+1/2 _—
9 kr1n™

Thé vao phuong trinh (25) gii truy dudi, s& thu duoc gia tri thanh phan q theo phwong
n. Sau do, tinh dugc gia tri cua muc nuéc C:
1
Cn+l SS Z_Atqn+11 +Atqn+l (26)
W 2J ) )

Sau khi d4 co gia tri ctia q va &, tién hanh sai phan hién cho thanh phan p theo phuong
&, ta thu dugc phuong trinh (27) sau:

”;n% Cn%
At s D541 D5
n+l _ n n+l —n+l 7 Citlj Pij n+1
P.1=> (Fy)! LBy G [ tP (27)
i3] itz = it5) ijs AN it5]

n+1 n+1 n+1 n+1

CH—lJ+l Cl jtl C’H—l_] 1 gl] 1

. n+l
Trong d6 Z, o

Tu phuong trinh (27), tinh dugc gia tri thanh phan p theo phuong & cho toan mién tai
ntra budc thoi gian sau. M6 hinh thuy dong luc duogc Vlet bang ngdn ngit QB64, két qua dau
ra ciia md hinh 1a myc nude ¢ va van tdc trén toan mién tinh.

2.3.2. D6i v6i mo hinh van chuyén bun cat lo limg
Tai ntra bude thoi gian dau, phuong trinh (16) ¢6 thé duoc viét lai v6i dang phuong ba

duong chéo (28) nhu sau:

1 1
a- C p+b- C 2 +e- G —d" (28)

i+, ]

Trong do:
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KJ_I(g ) 1.
At 1 -1 -1 +l n+l i,j 22 i——,j .
a,- :—E EJi’./ '(Hi,jy 2 .}/v .pi,jz +J—Ae; :
.y
>

bi = 1 + — Y + )/c w
2| AE? J | J | el
7+E J i——,j Hi,_j
At 1 = I‘l+% n+% KJlj (g22 )i+%,j
&= A5t 0t v Py}
288127 ’ J A
H—E,j
.Y .
di = Ci,j 7((F‘] )[.j + Si,j ) (29)
S6 hang “K” ctia phuong trinh dugc giai bang phuong phép truy doi véi diéu kién nhu
sau.
Clj = C2j
. (30)
{Cklyj = Ck,j

Tai ntra bude thoi gian sau, phuong trinh (16) c6 thé duoc viét duéi dang phuong trinh
ba duong chéo nhu phuong trinh (31) sau:

nt—

n+l n+l n+l 1
a; 'Ci,j—l +bj 'Ci,j te,; 'Ci,j+1 _dj 2, (1)
Trong d6
-1
LY lJ_l.(H_I)nH. ' n+l+KFJi,j(gll)i,j; '
7oA E ij TR 7 A ;
d 1 "An
iv./*E
b =1 At KFJITJI' (g“)"’j% (gll)i,jfl 7.0, |
T A + o | (32)
2 Ang J J H
1,]+E I'J_E
-l
At |1 = ( _1)n+1 ntl KFJI/(gII)zﬁ
=—] — i » V'qi,‘ —
"o2an 2" . A
2

di = Cir,lj %((Fz )n + Si,j)

i,j

Mo hinh véan chuyén bun cat lo ling duoc viét bang ngdn ngit QB64, két qua dau ra
cua mo hinh 1a nong @ C trén toan mién tinh.

3. Két qua va thao luin
3.1. Kiém tra mé hinh thiyy dong e trong toa dg cong bang bai todn trong kénh hep

3.1.1. Kiém tra mé hinh thity dong luc trong toa dd cong bang bai toan trong kénh hep bang
bai toan trong kénh hep
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Mo hinI} trén toa do cong duoc ap dung cho doan kénh hinh c‘hfr nhat mot dau h(;’ cudi
kénh; day nam ngang; chi€u dai L = 100 m (la mdt budc song); bé rong kénh 4 m (rat nho
so voi chiéu dai); do sau h =1 m.

. . u=v=_0

Piéu kién ban dau t=0:

=0

Diéu kién bién: Tai cudi kénh (x = L), cho dao dong muc nudc dang z =z cos(mt),
v6i zo= 0,01 m; chu ky T = 31.927s; Tai dau kénh (x = 0) diéu kién phan xa toan phan u =
0

Chon: At=0,1s; Ax=Ay= Im
Hé phuong trinh (1) ¢6 nghiém giai tich nhu sau: z(X,t) = zocos(mt)cos(kx); u(x,t) =
- % Zosin(kX)sin(wt)

M6 hinh trén toa d6 cong duoc mo6 phong voi ludi cong duoc thiét 1ap 1a: s6 6 theo
chiéu doc kénh la 100 6, s6 6 theo chiéu ngang kénh la 4. K€t qua tinh toan tir m6 hinh va
nghiém ly thuyét dugc trinh bay trong cac Hinh 2 va Hinh 3.
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0 LALLM A A A AL e
REEpprreey
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-0.15
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Murc mréc (m)

Chu ky
M5 hinh (a) x=0.25L

Giai tich
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Chu k¥

Gidi tich ——M&b hinh (b) x =0.5L
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-0.05

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Chu ky

Murc mrére (m)
=

(c)x=0.75L

Giai tich

Mo hinh

Hinh 2. Két qua muc nudc theo thdi gian tai x = 0.25L (a), x = 0.5L (b) va x = 0.75L (c).

Nhan xét: tai x = 0,25L (Hinh 2a) va x = 0,75L (Hinh 2¢) myc nudc ly thuyét khong
dao dong, trong 4 chu ky ddu mo hinh bi anh huéng cua diéu kién ban dau nén chwa dao
dong quanh 0; tir chu ky thtr 5 tré di thi dao dong muc nude cua 10i gidi mo hinh bat dau
dao dong quanh 0 va tién toi gan tring véi nghiém giai tich. Tai x = 0,5L (Hinh 2b) muc
nuée dao dong cuc dai trong khoang 3 chu ky dau hai duong mé hinh va giai tich chwa
trang nhau, nhung tir chu ky thr 4 tré di thi bai toan di di vao on dinh, nghiém ctia mé hinh
da trung v6i nghiém gidi tich. Sai s6 giita két qua mo hinh 1 nghiém giai tinh tai x = 0,25L
14 6,5% va tai x = 0,5L va 0,75L 1an lugc 12 7,8% va 6,6%.
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Tai x = 0,25L (Hinh 3a) va x = 0,75L (Hinh 3c), van tc cua 10i giai giai tich dat cuc
dai, trong 3 chu ky dau, 10i giai ciia mé hinh bi anh huong ciia diéu kién ban dau chua khép
v6i nghiém giai tich; tir chu ky tha 4 tro di thi van toc cua 10i giai mo hinh da tring véi
nghiém giai tich. Tai x = 0,5L (Hinh 3b) van toc dao dong véi bién do cuc tiéu, trong
khoang 2 chu ky dau hai duong mé hinh va giai tich chua tring nhau, tir chu ky th 3 tré di
nghiém cta mo hinh da tién gan dén nghiém giai tich. Sai s giita két qua mo hinh 1a
nghiém giai tinh tai x = 0,25L 14 5,5% va tai x = 0,5L va 0,75L 1an luogc 13 3% va 5,4%.
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Hinh 3. Két qua van toc theo thoi gian tai x = 0.25L (a), x = 0.5L (b) va x = 0.75L (c).

3.1.1. Kiém tra m hinh thay dong luc trong toa d6 cong bang bai toan trong kénh hep bang
bai toan trong kénh chir U

Mo hinh dong chay duoc dp dung tinh cho doan kénh cong day phang rong 10 m, dai
90 m, c6 goc quay 180° v&i ban kinh r = 15 m. Budc khong gian tir 0,5 m dén 1,5 m. Két
qua duge vé trén Hinh 4 cho 13 mat cit cta kénh, sau d6 so sanh voi két qua thi nghiém
ctia Shukry va két qua tinh toan trén kénh chir U khi st dung mé hinh thity dong luc trén hé
toa do DE c4c.

Diéu kién ban dau: Tai thoi diém ban diu mat nudce hoan toan yén tinh, nghia la u, v, C
tai moi diém déu béng 0.

Diéu kién bién: Tai dau vao dudi cua kénh, muc nude cho 13 hing sb theo thoi gian va
bang 0,25 m, tai dau ra & trén ciing 1 hang s6 theo thoi gian va bang 0 m.
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Hinh 4. Két qua tinh toan cho kénh chit U bé’mg md hinh thuy dong luc trén toa d6 cong (a), thi
nghiém cuia Shukry [23] (b) va két qua tinh toan trén kénh chit U khi st dung mé hinh thity dong
luc trén hé toa do Dé cac (©).

Két qua cho thiy trudong van tdc khi tinh bang mé hinh thuy dong luc trén toa do cong
(Hinh 4a) kha phu hop v6i két qua tir thi nghiém cta Shukry (Hinh 4b). Sau khu vuc udn
cong, trudng van tdc bi ép vé phia bén bo 1dm (Hinh 4a) va day ciing 1a nguyén nhan chinh
gay nén hi¢n tugng x6i 16 khu vuc nady trong cac doan cong cua song thién nhién. Khi tinh
toan b?mg mo hinh thuy dong luc trén h¢ toa do Pé cac (Hinh 4c¢), két qua van tdc sat bo
khong tdi wu béng tinh trén h¢ toa do cong, khi sau khu vuc uéng cong, van tdc bén b 16m
lai nho, gr:in nhu tién vé 0.

3.2. Kiém tra mé hinh vin chuyén bin cdt lo limg

Mo hinh van chuyén bun cét lo limg duoc kiém dinh véi truong hop mién tinh déng
nhat, cé chiéu sau khong doi, van toc u, v 1a hang so, hé s6 khuyéch tan roi theo phuong
ngang K. la hang sb, c6 mot ngudn tirc thoi d6 vao mién tinh véi khdi lwong M, hé
phuong trinh (14) c6 nghiém giai tich nhu sau [24-25]:

2 2
C(X, Y,t) — M/H ex _(X XO Ut) _ (y YO Vt) _2 (33)
4n JK K, t 4Kt 4Kt H

Trong d6 M 1a khdi lugng pham mau dugc do vao diém toa do (xo, yo) trong mién tinh
bét dau tai thoi diém t > 0, mién tinh c6 ma sat béng 0.

Tinh toan dugc thuc hién cho mién tinh vudng c6 do sau khong doi bang 5m, kich
thude 5000m x 5000m, véi Ax = Ay = 50 m, van toc lang dong D = 0,00002 m/s, AT = 10s,
ngudn d6 vao mién tinh tai vi tri (xo = 30AX; yo = 30Ay) c6 khi lugng M.

3.2.1. Trudong hop 1: Khéi lugng phdm mau duge d6 vao diém toa do (xo, yo) 1a M = 2500
kg

Mo hinh duoc ap dung tinh trong 5,5 gid voi hé s6 khuéch tan nhu sau:
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(i) TH1A: K, =4m?/s;u=v=0,1m/s.

(ii) THIB: K =4m?s;u=0,1m/s; v = 0m/s.

(iii) THI1C: K =4m?/s; u=0m/s; v =0,1m/s.

~ Cac két qua tinh duoc trinh bay dudi dang cac dudng dong muc ndng d6 1an luot tai 6
diém thoi gian (t = 0,5 gio; 1,5 gio; 2,5 gio; 3,5 gio; 4,5 gic‘r; 5,5 gio) tur nghiém giai tich
(Hinh 5a, 6a va 7a) va tr m6 hinh (Hinh 5b, 6b va 7b). Nong dd tai vi tri (xo = 30Ax; yo =
30Ay) 1a C = 0,2 kg/m? (C = % v6i M 1a khéi luong va V 1a thé tich cua ).
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Hinh 5. Két qua tinh toan cho TH1A bang nghiém giai tich (a) va bang mé hinh (b).
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Hinh 6. Két qua tinh todn cho TH1B bang nghiém giai tich (a) va bang mé hinh (b).
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4500 L ! ! 4500 L ! L
4000 | 4000 i
3500 | 3500 i
3000 | 3000 i
2500 | 2500 L
2000 | 2000 _
1500 | 1500 i
1000 C = 0,.2kg/m? d E— _ C=02kg/m® (b

500 10I00 1500 zo]oo 2500 500 1000 1500 2000 2500
Hinh 7. Két qua tinh toan cho TH1C bang nghiém giai tich (a) va bang mé hinh (b).

Két qua cho thiy khong c6 su sai biét 16n giira két qua tinh toan trong 3 truong hop khi
str dung bang mo hinh va nghiém giai tich.

Trong trudong hop 1A: Khi van téc theo phuwong u va v bang nhau (bang 0,1), nguon
thai lan truyén v6i hé s6 khuéch tan K= 4 m¥s theo huéng 45 do cho ca két qua tir mo
hinh 5a va nghiém giai tich hinh 5b.

Trong trudng hop 1B: Khi van tdc theo phuong thing dimg v = 0 m/s, ngudn d6 vao
mién tinh tai vi tri (xo = 30AX; yo = 30Ay) lan truyén thang theo phuong ngang cho ca két
qua tr mo hinh 6a va nghi¢m giai tich hinh 6b.

Trong truong hop 1C: Khi van téc theo phuong ngang u = 0 m/s, ngudén d6 vao mién
tinh lan truyén thiang theo phuong thang dtng cho ca két qua tir mo hinh 7a va nghiém giai
tich hinh 7b.

Khi tinh tiép tuc dén 8,5 gid ung voi THIA (Hinh 8), két qua tinh toan khi st dung
bang md hinh va nghiém giai tich cho thay: khi nong d6 lan truyén dén vi tri bién, do anh
huong boi diéu kién bién, ndng do sé dong lai tai ving bién (Hinh 8b).
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Hinh 8. Két qua tinh toan tiép tuc dén 8,5 gid cho THIA bing nghiém giai tich (a) va bang mo
hinh (b).
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3.2.2. Truong hop 2: Khéi lugng pham mau dugce d6 vao diém toa do (o, yo) 1a M = 1000
kg, tinh trong 10 gi¢ va m¢& rong vung tinh 1én kich thude 6000m x 6000m

Pé thay rd su ling dong hoan toan ctia khéi lugng pham mau d6 vao diém toa do (xo,
¥0), tinh toan s& thuc hién véi khdi lugng phadm mau giam xudng con M = 1000 kg, tinh
trong 10 gio va mo rong ving tinh 1én kich thuéc 6000m x 6000m. Vay ndéng do tai diém
toa do (xo, yo) 1a 0,08 kg/m?. Két qua tinh toédn sau 9,5 gid cho théy, néng do C = 0,0001
kg/m? s& lang dong hoan toan. Két qua tinh todn bang mo hinh (Hinh 9b) phu hop véi két
qua tinh tir nghiém giai tich (Hinh 9a).

6000 L 1 1 1 i | 1 1 1 6000 1 1 1 1 1 1 1 1 1
5500 f~ 5500 L
5000-] 9he———>95h [ 9h<—— —>9,5h |
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Hinh 9. Két qua tinh toan khi giam khéi lugng bun va mé rong ving tinh bang nghiém giai tich (a)
va bang mé hinh (b).

Nhin chung, két qua tir mo hinh kha phu hop voi két qua tir nghiém gidi tich. Nghién
ctru ndy budce dau cho thay sy tin cdy ciia mo hinh chuyén tai trong hé toa do vira dugc thiét
1ap.

4. Két luan

Xay dung mo hinh thily dong luc va van chuyén bun cat lo limg trén hé toa do cong
voi: (1) Mo hinh thiy dong luc trong toa do cong dugc xay dung dua trén hé phuong trinh
Reynolds trung binh theo chiéu sau. Ludi tinh toan dugc x@y dung nho giai phuong trinh
Ellip dudi dang dao ham riéng phan. Cac phuong trinh chuyen dong, sau khi chuyén sang
toa do cong, s€ dugc gidi trén ludi nay; (2) Mo hinh véan Chuyen bun cét lo lung trong toa
d6 cong, duoc tinh xen k& voi mo hinh thity dong luc thi dya trén hé phuong trinh chuyén
tai bun cat 2D trén hé toa do Pé cac. Hai mo hinh nay duoc kiém dinh b?mg nghiém cua 161
giai ly thuyet

Ket quéa cho thay, khi tinh toan myuc nudc va van toc, thi cac chu ky dau dao dong
khong 6n dinh, tir chu ky tht nam tro di, dién bién myc nudc va van tbc gitta nghiém giai
tich va tir m6 hinh cho két qua khé tring khép nhau. Khi tinh toan thuy luc trén kénh chir
U, két qua tinh toan trudong véan toc khi str dung mo hinh thity dong luc trén toa do cong cho
thdy wu diém hon so véi khi str dung mo6 hinh thuy dong luc trén hé toa do dé cac. Mo hinh
van chuyén bun cat lo lung duge kiém tra voi nhiéu trudng hop (co ca van toc theo phuong
thang dung va phuong ngang, c6 vén téc theo phuong dung va trudng hop cudi 1a chi co
van toc theo phuong ngang). Cac két qua thu dugc tir mé hinh phu hop véi két qua tinh tir
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nghiém giéi tich, diéu ndy khang dinh d¢ tin cdy cia md hinh vira dugc thiét 1dp, ¢6 thé ap
dung tinh todn cho mogt viung nghién ctru vu thé. Tuy nhién, m6é hinh nay van chua xay
dung giao dién cho nguoi st dung.

Dong gop cua tac gia: Xay dung y tudng nghién ctru: K.T.T.; PN.K.; PN.V.; LN.K.T,;
Luya chon phuong phap nghién coru: K.T.T.; P.N.K; PN.V.; Xu 1y s0 liéu: LN.K.T.; Mo
hinh hoa: K.T.T.; Lap trinh: K.T.T.; L.N.K.T.; Phan tich két qua: K.T.T.; BAN.T.; LN.K.T.;
Chinh stra bai bao: K.T.T.; B.N.T.

Léi cam on: NCS Tran Thi Kim, M3 sd: 2020.TS.102 duoc tai tro boi Tap doan Vingroup
— Cong ty CP va ho tro boi Chuong trinh hoc bong dao tao thac si, tién si trong nude cua
Quy D61 mdéi sang tao Vingroup (VINIF), Vién Nghién ctru Dit liéu 16n (VINBIGDATA).
Loi cam doan: Tap thé tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tép thé
tac gid, chua dugc cong bo ¢ dau, khong dugce sao chép tur nhiing nghién clru trude day;
khong c6 sy tranh chap 191 ich trong nhém tac gia.

Tai liéu tham khao

1. Van, R. L.C. Sediment transport, part I: bed load transport. J. Hydraul. Eng. 1984,
110, 1431-1456.

2. Rinaldi, M.; Wyzga, B.; Dufour, S.; Bertoldi, W.; Gurnell, A. River Processes and
Implications for Fluvial Ecogeomorphology: A European Perspective. In: John F.
Shroder (ed.) Treatise on Geomorphology, San Diego: Academic Press, 2013, /2,
37-52.

3. DHI, MIKE 21 & MIKE 3 Flow Model FM. Hydrodynamic and Transport Module,
2012.

4. QGalland, J.C.; Goutal, N.; Hervouet, .M. TELEMAC: A new numerical model for
solving shallow water equations. J. Adv. Water Resour. 1991, 14, 138—148.

5. Putrevu, U.; Svendsen, [.A. Three—dimensional dispersion of momentum in wave—
induced nearshore currents. Eur. J. Mech. B Fluids. 1999, 18, 409-427.

6. Jia, Y.; Wang S.S. Numerical model for channel flow and morphological change
studies. J. Hydraul. Eng. 1999, 125, 924-933.

7. Van, R. L.C. Unified view of sediment transport by currents and waves. I: Initiation
of motion, bed roughness, and bed—load transport. J. Hydraul. Eng. 2007, 133,
649-667.

8. Thomas, W.A.; McAnally, W.H. User's Manual for the Generalized Computer
Program System Open—Channel Flow and Sedimentation TABS-2. Main Text and
Appendices A through O, 1985.

9. DPic, N.T. M6 hinh toan cho dong chay va chat luong nudc trén hé thong kénh
song. NXB Nong nghiép, 2005, 234.

10. Nien, N.A. Possible use of flood water for reclamation of acid sulphate soils in the
Plain of Reeds (Mekong Delta). Workshop on Management of Acid Sulphate Soils,
Ho Chi Minh City, 1995.

11. Nien, N.A.; Duong N.B. The Third Invariant Form of Hydrodynamic Equations and
Application for Definition of Water Hammer Characteristics in Pipe. Automation
2014, pp. 85.



Tap chi Khi twong Thuy van 2021, 728, 14-30; doi:10.36335/VNJHM.2021(728).14-30 29

12

13.

14

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Giang, L.S. MK4-A software for hydraulic and substances transport computation

in river. In symposium fluid mechanic and natural disaster prevent. 1999, 124-134.

Khai, N.H.; Giang, N.T.; Anh N.T. Research using 2-D model to evaluate

the changes of riverbed. VNU J. Sci. 2003, 19, 47.

. Khai, N.H.; Giang, N.T. Nghién ctru g dung mo hinh 2 chiéu tinh toan bién dang
long dan. Tap chi Khi twong Thuy van 2003, 512, 8—15.

. Giang, N.T.; Dai, H.V. DPanh gia anh hudng cua cac phuong an chinh tri dén kha boi

x6i ctia doan song Hong tir Cau Long Bién dén Khuyén Luong bang mo hinh mé

phong bién ddi 1ong din hai chiéu. Tap chi Khoa hoc PHOGHN 2011, 27, 44-53.

Bay, N.T.; Toan, T.T.; Phung, N.K.; Nguyen—Quang, T. Numerical investigation

on the sediment transport trend of Can Gio Coastal Area (Southern Vietnam). J.

Mar. Environ. Eng. 2012, 9, 191.

Massel, S.R., Hydrodynamics of coastal zones. Elsevier,1989.

Thompson, J.F.; Warsi Z.U.; Mastin C.W. Numerical grid generation: foundations

and applications. 1985.

Fletcher, C. Computational Techniques for Fluid Dynamics [Russian translation],

Mir. Moscow. 1991.

Fletcher, C.A. Computational techniques for fluid dynamics 2: Specific techniques

for different flow categories, Springer—Verlag 2012.

Van Rijn, L.C. Mathematical modeling of suspended sediment in nonuniform

flows. J. Hydraul. Eng. 1986, 112, 433-455.

Van Rijn, L.C. Sedimentation of dredged channels by currents and waves. J.

Waterw. Port Coast. Ocean Eng. 1986, 112, 541-559.

Shukry, A. Flow around bends in an open flume. Transactions ASCE. 1950, 115,

751-78.

Ippen, A.T. Estuary and coastline hydrodynamics. McGraw—Hill Book Company,

1966.

Bay, N.T.; Trang, M.Q. Mo hinh tinh téan chuyén tai bun cat két dinh ving ven

bién— Phan I: M6 hinh tinh téan. Tap chi Phdt trién Khoa hoc va Céng nghé

DHQG Tp HCM 2006, 9, 53—60.

A coupled hydraulic and sediment transport model in the
curvilinear coordinate

Tran

Thi Kim!?*# Nguyen Khac Thanh Long**, Nguyen Van Phuoc’, Nguyen Ky

Phung®, Nguyen Thi Bay>**

'Ho Chi Minh City University of Natural Resources and Environment;
ttkim@hcmunre.edu.vn

2 Inst

itute of Environment and Natural Resources, Vietnam National University Ho Chi

Minh City; ttkim@hcmunre.edu.vn

3 University of Technology; ntbay@hcmut.edu.vn

4Vietnam National University Ho Chi Minh City; ntbay@hcmut.edu.vn
>Ho Chi Minh City Union of Science and Technology associations;
nvphuoc196@gmail.com

Inst

itute of Computational Science and Technology; kyphungng@gmail.com



Tap chi Khi twong Thuy van 2021, 728, 14-30; doi:10.36335/VNJHM.2021(728).14-30 30

Abstract: This paper focuses on constructing a couple hydraulic and suspended sediment
transport model on the curvilinear coordinate system. The original equations are the
Reynolds equation system couple with the equations for suspended sediment transport,
which averaged over the depth and combined a source function, describes the velocity of
particles rising or settling. The reliability of these two models is verified by analytic
solutions. The results show that, in the first periods, the water level fluctuation is unstable.
From the fifth period onwards, the fluctuation of water level and velocity between
analytical solution and model results show a good agreement. The suspended sediment
transport model was verified in some cases (with both vertical and horizontal velocities,
vertical velocities only, and horizontal velocities only). The verification results of the
suspended sediment transport model do not have great differences between the simulation
results in some cases when using the model and analytical solution. The results obtained
that the model results are consistent with the analytical solution results, which mean that it
initially confirms the reliability of the model. This study aims to build open source models
for convenience of the connection with other models as well as prediction systems.

Keywords: Hydraulic; Suspended sediment transport; The curvilinear coordinate systems.



