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Abstract: This article is about applying of CFD for calculation and simulation the tidal stream on
the navigable fairway in general. Its feasibility study result will be used for the pilot implementation
on the Hai Phong fairway in Vietnam. By using the input from the geometry data of the fairway and
the data from the annual tide table of Vietnam, therefore, the calculation is taking place to show the
velocity field of tidal stream (including direction and speed) according to the time on fairway. In order
to answer the research question, the authors combine field study, survey data and measurement data
to assess factors that influence the input. The objective is to ensure the appropriateness of the
simulation within the Haiphong fairway. For instance, taking into account the weather conditions,
excluding the abnormal factors that might affect the characteristics of the current (floods, storms,...).
This study will lay a foundation for deploying the mapping service of the tidal stream for safe

navigation on the navigation fairway.
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1. Gigi thiéu

Hién nay, dé dan tau an toan vao céac
cang bién cua Viét Nam thi Thuyén truéng
va hoa tiéu phai tinh toan thoi gian dan tau
trén cac tuyén ludng hang hai dé cac tau
tranh gap nhau tai cac khuc cua nguy hlem
thoi gian tau dén cap cau hoic khi roi cau
cang, 1a phai du doan dugc thuy triéu, bai vi
thuy triéu lén hay rdt s& tao ra dong chay
(dong chay do thuy triéu gay ra) anh huong
truc tiép dén cong tac din tau trén tuyen
ludng hang hai, dic biét thoi diém tau dén
khu vue diéu dong cap cau.

Tuy nhién, viéc du doan thay triéu hién
nay cho tat ca cac tuyén ludng hang hai cua
Viét Nam déu dung Bang thuy triéu (gom 3
tap) do Trung tdm Hai vin thudc Tong cuc
Bién va Hai dao (B6 Tai nguyén va Moi
truong) 4n hanh, hodc sir dung cac Bang thuy
triéu do Anh xuit ban mdi nim mot bd va
hang nam déu thay doi. Viéc dung bang thuy
triéu xuat hién nhimg nhuoc diém 1a: Bang
thuy tridu chi cho biét thoi gian va do cao
nudc lon va nudc rong trong mot ngay tai
mot khu vuc dia ly, mang tinh tic thoi. Vi
vay viéc du doan thuy triéu tai cac thoi diém

khéc (khong ghi trong bang thuy triéu) can
phai tinh todn noi suy. Viéc nay do chinh xac
khong cao, khéng cé tinh lién tuc va khéng
truc quan, gdy kho khan cho hoa ti€u va
thuyén truong khi dan tau, day chinh 1a diém
han ché rat l6n.

Dé khic phuc nhugce diém ndy, nhém tac
gia mot mat ké thura sé liéu cua bang thuy
triéu, mat khac s& khao sat sd liéu thuc dia tai
khu vuc nghién cau, két hop véi tng dung
chwong trinh CFD (Computational Fluid
Dynamics) dé xay dung ban d6 khu vuc,
nham dua ra ban d6 dong chay (dong triéu).
Trén d6 hién thi cy thé va tuong minh huéng
dong chay, téc do6 dong chay tai tung thoi
diém ctua mdi ngay va cic ngiy trong nim tai
khu vuc khao sat nghién cau, cu thé 1a khu
vuc tuyén ludng hang hai Hai Phong.

2. Xay dwng mé hinh bai toan

Tuyén ludng hang hai Hai Phong khé
hep, nhiéu khu vuc ndng can cuc b, giéi han
téc do tau (khong vuot qua 8 knots) va co ga
tranh. Pay 1a tuyén ludng c6 nhiéu khu vuc
gap nhau cuaa cac nhanh séng kha phuc tap,
véi dac diém thay tridu va dong chay siét tai
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cac cac khu vuc do, nhiéu vy tai nan hang hai
cha yéu do mic can va dam va thuong xuyén
xay ra. Dudi day 1a mot sb phuong trinh mé
ta chuyén dong va niang luong cia dong chay
trong tuyén ludng hang hai nhu sau:

- Phuong trinh lién tuc

8_p+8pu+8pv+8pwzo (1)
o4 ox oy oz

op il =
—+div =0
o+ div(ev)
O day, chat long 1a khdng nén duoc cho
nén khdi luong riéng p = const , Vi vay:

P _ova lic nay phuong trinh lién tyc co

Hay:

dang:
div( o ) =0 )
Phuong trinh Navier-Stokes

d—vzlf—lgraderuAV (3)
dt o

Phuong trinh Becnoulli d6i vai chat
long thuc

2 2
he IS WY Z, :V—2+&+ z,+h, (4)
29 7 29 7

Trong do: V (u,v,) - véc to van toc
cua phan tir long khao sat, voi u,v,o 1a ba
thanh phan hinh chiéu twong tng I1én ox, oy,
0z;

V1- van téc trung binh tai mat cat 1-1;
V2- van téc trung binh tai mat cit 2-2;
g - gia tc trong truong;

y - trong luong riéng cua chét long;

F(X,Y,Z)- luc khéi don vi va ba thanh

phan hinh chiéu twong tng Ién hé toa do
oXyZ;

hi - ton that ning lwong cua dong
chay tir mat cat 1-1 dén 2-2;

p - 4p suit caa chat long;

div - toan tr
(div(\7)=a—“+@+a—“’);
ox oy oz
A - toan tir Laplace
ou o%u ol
2 2 5 =4Au) (5)
oxc oy® oz

Phuong trinh mé ta dong xody (cuong
do xoay):

rot(\7)¢0 (6)
T j k

rot (\7) =u v e
9 0 9
oX oy oz

Trong do: T,],R - thtr tu 1a véc to don vi
trén hé toa do oxyz.

Xét tai mot vi tri trén tuyén ludng Hai
Phong, dé thiét 1ap md hinh bai toan, thuc
hién trién khai qua cic budc nhu hinh 1, cu
thé nhu sau:

Bugc 1: Xuat phat tir thuc tién tuyén
ludng hang hai Hai Phong, nhom tac gia chon
vi tri khao sat (diém bét dau, diém két thac),
sau d6 luoc bdt nhitng khu vue ¢6 @6 sau nho
dé v& lai duong bién cua mién khao sét.

Budc 2: Dat diéu kién bién cho mé hinh
bai toan (dau vao, dau ra, tudng, mat thoang),
trén hinh 1 duoc thé hién qua hinh anh mat
thoang.

Buéc 3; V& cac mat cat udt khac nhau
doc theo doan tuyén ludng khao sat dé hinh
thanh bai toan 3D gan véi thuc té, trén hinh 1
gia dinh c6 mat cét w6t 1-1, 2-2, 3-3. Két ndi
cac mat cit u6t nay lai va két hop véi hinh
anh mat thoang s¢ cho ta md hinh bai toan
3D can thiét 1ap trén mot doan tuyén ludng.



228

Journal of Transportation Science and Technology, Vol 27+28, May 2018

Burdrc 1

) —— Buéic 2
3
1
a— ] -
Bau vao
Bium - ’ > Ps1
HFP1 Qe m
1 3
Bastu taimitest 1-1
Buédre 3 j o Nt i
11 22 33

Hinh 1. Quy trinh xay dwng mé hinh bai toan cho mgt
vi tri khdo sat
Nhu viy, sau ba budc trién khai ta c6
duoc mb hinh bai toan 3D cho mot doan
tuyen luong, bai toan da xay dung s co kich
thudc hinh hoc ¢o dinh, con dau vao, dau ra
hay toc do dong chay tuong ung s& duoc dat
theo thoi gian va muc thay triéu tuong ung.
3. Quy trinh wng dung CFD xay dung
ban do dong chay
_ Quy trinh ung dung CFD xay dung ban
do6 dong chay duoc thé hién qua hinh 2:

Bai toan thyre

Buac 1

vi

My dung mo hinh tinh toan

Budc 2

%

Chia Tudi va dat diéu kién bién

Phin tich st ligu bing thuy tricu
Phén tich s6 liéu do thye dja

Buac 3

y
Tinh toan cung Fluent - Ansys

J Budc 4

Phin tich k&t qui
(Higu chinh lai m6 hinh néu cin)

Hinh 2. Quy trinh chung ing dung CFD dé tinh toan
mo phang

Trong cac budc tinh toan trén hinh 2 ta
thiy budc s6 2, doi hoi phai xur ly s liéu rat
cong phu trudc khi nap vao mé hinh bai toan
dé trién khai tinh toan md phong. ic biét sb
lieu Bang thay triéu hién nay chua thé hién
duoc lugng nuéc bd sung trén thuc dia theo
thang, theo mua tai khu vuc Hai Phong trong
nam, do dé can phai do dac thuc té trong thoi
gian dai nham dwa ra duwoc quy luat hiéu
chinh s6 liéu myc thay tridu ciing nhu do tré
vé thoi gian dé c6 thé 4p dung tinh toan mo
phong cho nam tiép theo c6 do chinh xéc
cao. Vi du trong bang 1 trich dan mot phan
s6 liéu do thuc té theo thoi gian thuc tai tram
dén Arroyo trén doan Bach Pang tuyén ludng
hang hai Hai Phong, do Téng cong ty Bao
dam an toan hang hai Mién Bic quan tric, do
dac va coéng bd 14/01/2017, hién nay ct 10
phut s6 lidu vé myc thay triéu duoc cap nhat
va luu lai, ddy 1a ngudn di liéu quan trong dé
xir 1y cac budc tiép theo.

Bang 1. Trl'ch s6 liéu do ’tai t,a‘i tram Arroyo trén doan

Bach Dang cua tuyen luong Hai Phong ngay

14/01/2017, tir Oh d@én 1h20

Ngay/thang/nam | Thot gian thiee | So liéu do thue dia S0 ligu trong Bang thuy triéu
14/01/2017 0:00 255 22
14/01/2017 0:10 26 227
14/01/2017 0:20 267 233
14/01/2017 0:30 273 24
14/01/2017 0:40 278 247
14/01/2017 0:50 286 253
14/01/2017 1:00 201 26
14/01/2017 1:10 2909 267
14/01/2017 1:20 305 273

Trong bang 1 cho gia tri sai léch trung
binh trong ngay 14/01/2017 la + 0,3 m.
Ngoai ra dya vao thoi gian trong Bang thuy
triéu ciing c6 thé hiéu chinh dugc do tré vé
thoi gian so véi thuc té do dac,... Tat ca
nhitng phan tich nay s& han ché duoc sai s6
gia tri van téc dau vao, dau ra dé khai bao
trong qué trinh tinh todn mo phong.

4. Phan tich két qua

Két qua thé hién trén mit thoang cho
doan tuyén ludng nga ba séng Rudt lon theo
m©6 hinh lya chon hinh 1.

- Hinh anh ludi chia cho md hinh tinh
toan duoc mo ta theo hinh 3:
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Hinh 3. Hinh dnh lusi chia cho mé hinh tinh
toan
_ Phan tich két qua theo hinh 3 nhan thay
rang: Ludi chia dang tam giac, co6 do mau,
thua khdc nhau va dugc chia bang cach ung
dung phan mém Meshing trong géi phan
meém Fluent - Ansys.
- Thé hién trudng phan bd van tbc trén
mat thoang

Hinh 4. Truong van téc trén mat thoang, khi
giag dinh V1= 1,5; V, = 0,5 knots

Truong phan bd van téc cho biét
phuong, chiéu va do Ién cua van téc dong
chay tai cac diém tinh toan. Trén hinh 4 thé
hién rd phuong va chiéu caa van toc qua hinh
anh véc to, con do lon duge dugc hién thi

qua mau Sac va cot gid tri s6 twong Gng.

Nhu vay, bang cach twong tu cho céc
moc thoi gian khac nhau s& c6 bo dir lidu vé
truong van téc cua dong chay. Nhung thé
hién chiing nhu thé nao trén ban do6 dé tuong
minh va thuan tién cho nguoi sir dung, day la
van dé ma nhom tac gia s& tiép tuc nghién
ctru va cdng bé trong cac bao céo sau.

- Trudng van toc tai mot sé ving nguy
hiem

Bang cach ung dung CFD dé giai quyét
bai toan nay, cho phép ta phan tich, danh gia
nhitng ving nguy hiém (ving xody, ving
chay siét,...) 1am anh huong dén tinh bam lai
trong qua trinh diéu khién tau trong tuyén
ludng hang hai. Duéi day 1a truong van toc
cua dong chay tai ngad ba séng Ruot Lon, véi
gia dinh co tau thuy kich thuéc nhu hinh 5
dang chuyén dong nguoc dong.

Hinh 5. Truong vdn toc trén mat thoang, khi
gia dinh V1= 1,5; V, = 0,5 knots
Tuong tu ta thé hién két qua tinh toén
md phong cho doan tuyén ludng kénh Ha
Nam-Cai Tréap vai van toc dau vao Vi= 2,5;
V2= 2,5 knots nhu sau:

oty Mortiis Coloiad By Vo ki Magnibos (s (Trnes1 S0005+00)
ANEYE FLUENT 140620, pons, amamesn,

Hinh 6. Trurong phan bé vén toc dogn tuyén luong
kénh Ha Nam-Cai Trap vdi vdn toc dau vao V1= 2,5;
V= 2,5 knots

Qua day ta thay rang, véi quy trinh @ng
dung CFD xay dung ban d dong chay trén
tuyén ludng 1a hoan toan kha thi. Cac sé liéu
dau vao ngoai kich thuéc hinh hoc tuyén
ludng, Bang thay triéu va dac biét 1 sb liéu
do thay triéu thuc té cho phép ta hiéu chinh
duoc s lidu van toc dong chay cho gan nhét
véi thuc té theo thang trong nim hodc theo
moa. Két qua dau ra la truong phan bd van
téc dong chay theo thoi gian tai nhitng ving
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khao sét, bang cach chia nho tuyén ludng
thanh nhiéu doan tuyén ludng cho phu hop
v6i khéi luong tinh toan cua may tinh, két
ndi cac doan lai v&i nhau s& cho ta théng tin
vé dong chay trén toan tuyén luong.
5. Két luan
Bai bao da dua ra quy trinh xay dung mo
hinh tinh todn cho m&i doan tuyén ludng; dua
ra quy trinh chung tng dung CFD xay dung
ban d6 dong chay trén tuyén ludng hang hai;
tinh toan mé phong nham minh hoa cho mot
doan trén tuyén ludng Hai Phong. Tir do, xay
dung md hinh nghién cau va cu thé cho
tuyén luong hang hai Hai Phong véi s6 ligu
dau vao 1a kich thuéc hinh hoc thuc té cua
tuyén ludng, bang thuy triéu trong nam, s6
liéu do thyc nghiém va dau ra mong mudn la
thong tin vé dong chay (phuong, chiéu, do
I6n) theo gio trong ngay ctia nam khao satll
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