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TOM TAT

Viét Nam [a quéc gia co dac thu bd bién dai va mang lusi séng ngoi day dac gém cac tuyén luéng
duodng thily cé dé sau da dang va phtc tap. Hién nay, theo sé liéu cuc dudng thiy ndi dia nam
2019, nganh van tai thty Viét Nam dat 250 triéu tdn/nam, trong doé riéng van tai ven bién da chiém
hon 60 triéu tan/ndm, gop phan thic ddy nganh van tai hdi nhap kinh té gitia céc viing mién, phat
huy t6i da diéu kién ven bién tu nhién cda Viét Nam. Trong hau hét trudng hop, phuong tién thay
hoat dong trong cac vung nudc cé dé sau khac nhau sé chju dnh hudng clia nhiing dac trung khac
nhau vé stic can va trudng song bao quanh tau. Doi véi nhém tau van tai hoat dong & day van toc
thap, nghién ctiu vé anh hudng clia stc can va clia trudng séng co vai trd quan trong trong viéc
dam bao muc tiéu chinh vé strdung nang lugng tiét kiém va hiéu qua trong nganh hang hai. Hién
nay, viéc tinh toan moé phong sé la cach tiép can thuc té nham dy dodn céc dac trung thiy dong
cla phuong tién thay. Tuy nhién, cac tinh todn moé phdng sé lién quan dén thdy dong tap trung
nhiéu vao stc can tau hoat dong & khu vuc ving nudc sau ma khong xét dén anh hudng cltia su
khac biét vé do sau viing nudc. Trong viing nudc ndng, trudng gradient p suét tdng dan dan dén
sUc can toan tau tang. Vi vay, trong nghién clu nay dnh hudng clia mat thodng va cao do séng
trong vung nudc ndng clia tuyén luéng dugc xem xét tich hgp trong moé hinh dong 2 pha. Két qua
nghién clu da thanh céng trong viéc moé phong trudng dong chay 2 pha bao quanh tau (nudc
va khong khi). Két quéa déng thai thé hién dugc su phu hop clia trusng séng khi so véi cac thuc
nghiém da dugc cong bé trong cac cong trinh lién quan. Ngoai ra, su thay déi stic can va cao do
séng xung quanh than tau cé khac biét dang ké dua trén han ché clia @6 sau tuyén ludng. Nghién
cliu nay c6 thé &p dung trong giai doan thiét ké tau sa boé nham dé xudt hinh dang tau van tai phu
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hop vdi tuyén ludng ducng thay Viét Nam.

Tu khoa: thily dong hoc, mat thodng, cao do séng, nudc néng, suic can tau

GIGI THIEU CHUNG

Su dnh hudng & viing nudc ¢ do sdu han ché dén hiéu
sudt thity ddng hoc ctia tau 13 bai todn ky thuét phuc
tap. D6iv6i tuyén ludng, sy dnh hudng clia nudc nong
dugc chia lam 2 loai: mot 1a kénh chi xét dén d6 sau
gi6i han ctia nudc va anh hudng ctia n6 dén hiéu suit
thiy dong luc hoc cta tau, dugc goi la viing nude ¢
d0 sau han ché; hai la muc nudc va chiéu rong déu bi
han ché, gay anh hudng dén hiéu suit thay dong luc
hoc ctia tau, dugc goi la khu vic han ché. V€ co ban,
dnh hudng ctia viing nuédc c6 do sdu han ché thé hién
qua cac yéu té gém: su gia tang stic can, kha nang xoay
tré / diéu dong, va su thay ddi ap sudt dudi day tau do
anh huéng d6 sau . Thai gian gin déy, cac nghién ctiu
lién quan dén anh hudng viing nudc c¢é do sau han
ché ngay cang rd rét voi su gia ting trong tai clia tau
do nhiéu tai nan lién quan dén méc can va ting xu khi
di chuyén ctia tau trong viing nudc c6 d6 sau han ché.
Ngoai ra, stic can ctia tau tang r6 rét & ving nudc c6 do
sau han ché do sy bién d6i cuc bo thanh phin 4p sudt

trong stic can séng la mot trong nhiing nguyén nhén
chinh din dén ting lugng tiéu hao nhién liéu va phét
thai carbon dioxide?, anh hudng tryc tiép dén hiéu
qua hoat dong ctia tau. Mdc du, da c6 nhiéu nghién
ctiu da chiing minh d¢ tin cdy ctia phuong phép tinh
toan stic can & vung nudc c6 d6 sau han ché ti thuc
nghiém nhung déu c¢é nhiing han ché nhét dinh. Theo
cdng bd ctia ITTC mdi quan hé giiia stic can tau md
hinh va tau thit khong thé chinh xac & viing nudc cé
d6 sau han ché34,

Nh¢ sy phat trién nhanh chéng cua khoa hoc may
tinh dan dén su thuc ddy viéc ting dung phuong phéap
6 vao tinh toan dong luc hoc chit long (CFD) ngay
cang manh mé va trg thanh mot cong cu d€ du doan
hiéu qua cac dic tinh thiy dong hoc ctia tau. Thong
qua phuong phap CFD, cac hién tugng vét ly tuong
tac gifia than tau va luu chét dugc thé hién cu thé va
6 thé thu dugc két qua cta tiing thanh phén stic can
6 cac do sau khac nhau. Céc nghién ctu ting dung
phuong phép CED cong bd trudc day duge thé hién &
Bang 1 la co s§ tiép can hiéu qua.

Trich dan bai bao nay: Hién L T, Phuang N C, Anh N D. Nghién cifu anh huéng thily déng cia phuong
tién thay hoat dong khu vuc d6 sau han ché. Sci. Tech. Dev. J. - Eng. Tech.; 5(1):1380-1391.
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Bang 1: Tém lugt cac tiép can nghién ctu lién quan dén mé phéng stic can tau

Nhém nghién ctiu Qudc gia Nam
Takanori Hino” Nhat 2016
Sang.Min Lee® Han Quéc 2013
Barbara d’Aure” Bi 2015
Ivana Martic® Croatia 2016
Q. Zeng® Ha Lan 2018
Bin Ye! Trung Qudc 2020
Nastia Degiuli 10 Croatia 2019

Hudng nghién ctu Phuong phap
Khao sat trudng dong saududi ~ CFD (VOF)
Khao sat dong chay quanh tau  Thuc Nghiém
theo van t6c

DPénh gid sai s6 theo mtic 4  CFD

lugi

Su dnh hudng dong chay xung  CFD (VOF)
quanh tau

Stic can tau vung nudc rdt  Thuc nghiém
nong

Stic can tau d6 sau khac nhau CFD (VOF)
Khao sat dong chay xung CFD (VOF)

quanh tau

MO HINH TOAN VA PHUGONG PHAP
NGHIEN CUU

Phuong trinh co ban va mé hinh dong réi.
Dong chay bao quanh vo tau dugc thiét 14p bai cac
dinh luat bdo toan vé khéi lugng, dong lugng va nang
lugng. Phuong trinh Navier-Stokes, dua trén bao
toan dong lugng ctia phén ti chit long nhét, khong
nén, thé hién dudi dang vi phén 11,

d (pu; d i
M + == (pﬁ,ﬂj + pu,-uj)
ot 8xj N (2 1)
_ 9, 9% '
T Ox; dx;

Trong d6 i; la thanh phén véan tdc, p la ti trong chit
long, pu;u; la thanh phén tensor ting suit Reynolds,
p thanh phén ap suét, 7;; thanh phan tensor ting suét
nhét trung binh.

Vé mo hinh todn dong r6i, d€ danh gia gn dung thuc
té stic can vo tau, mo hinh dong chay k - w véi cac gia
thuyét tuyén tinh vé xody nhét ctia Boussinesq (lin-
ear eddy viscosity) dugc ap dung phd bién cho dong
chay!2. Theo d6, thanh phan ciia tensor ting sudt
Reynolds ty 1¢ véi cac gradient van tdc trung binh, véi
k la dong ning dong réi va u; 1a hé s réi do xody
nhé6t thé hién qua hé s6 phan tan rdi e hay hé s6 phan
tan riéng w. Trong nghién cttu nay, m6 hinh dong réi
dugc st dung d€ danh gia stic cdn 1a mo hinh todn SST
k-

Phuong phap dong 2 pha (VOF) cho bai
toan thay dong
Phuong trinh chuyén dong VOF

afa+V~[(U7Ug)oc}

ot (2.2)
+V- U (1-a)a] =0
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Trong d6: « tuong duong véi ty 1é gitia chét long 2
pha (khi, nudc). a c6 gia tri:
a=0, kk
a=1,n
O<a<l,kk><n

V6i kk: khong khi va n: nude.

Mé hinh gan tudng (near-wall modeling)
Mo hinh géin tudng véi cac dét tinh dong chay tu do
phu thudc vao khoang cach bé day 16p bién y. Cac ting
xU ctia dong r6i 6 thé dugc thé hién thong qua dinh
luit ctia tudng 13:

1% _ <P”r)’)
ug u

Trong d6: van t6c dong chdy phu thudc vao khodng

(2.3)

cach bé day 16p bién y, d6 nhét dong hoc v, van toc
ma sat u; thé hién duédi dang u; = \/%, vOi T, 12 Ging
sudt cit bé mat.

Gia tri van téc va quang dudng vo thi nguyén dugc
xac dinh tuong ting nhu sau:

U

ut = — (2.4)
PMMTT
+ _
y =—-— 2.5
m (2.5)
Do d6, dinh luat tuong trg thanh:
ut = f(y+) (2.6)

Trong d6: y© thudng dugc st dung d€ khai bao tham
6 16p bién khi thuyc hién phén tich tinh toan.

Trong nghién ctiu nay, moé hinh r6i dugc chon lya cho
bai todn mo6 phong s6 phuong tién thay hoat dong &
viung nuéc han ché d6 sau. Trong nghién ctiu nay, xac
dinh bé day 16p bién bao quanh tau dugc tinh toan
theo t8ng d6 day 16p bién véi s6 16p y+ =50 14.
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THIET LAP BAI TOAN

Muc dich chinh trong nghién ctiu nay la dua ra sy
thay déi d6 sau nudc anh huéng dén stic can va cao
d6 song. Dua trén két qua thuc nghiém va cdc cong
trinh khoa hoc lién quan dugc cong bs !, mo hinh tau
chay & viing nuéc c6 do sau han ché vé6i cac do sau
khéc nhau dugc nghién ctu tinh todn theo mé hinh
toan mo phong s6 CFD.

Xay dung so do thuc hién
Céc phuong trinh bao toan khoi lugng, nang lugng va
dong lugng 4p dung mo hinh r6i k — @. Hinh 1 trinh
bay so d6 tinh todn nghién ctiu.

M& hinh tau

Trong nghién ctiu nay, mé hinh tau KRISO (KCS) c6
ty 1¢ dong dang hinh hoc la 1/31.6 dugc lya chon tinh
toan mo phong va so sanh vdéi s6 liéu thuc nghiém ti
cong trinh di cong bs 1. Hinh 2 trinh bay mé hinh tau
KCS va Bang 2 chi tiét cac thong s6 gitia tau mo hinh
va tau thuc.

Mién tinh toan va diéu kién bién

Trong nghién ctiu nay, van t6c khong khi dugc xem
nhu bang vén tdc nudc. Diéu kién bién va mién tinh
toan ctia bai toan moé phong s6 CFD dugc xdy dung
theo khuyén nghi ITTC nham dam béo diéu kién
Dirichlet va Neuman cta truong dong va truong ap
suét!®. Nghién ctiu thuc hién mé phong & cic do sau
khac nhau ctia tau KCS, do d6 mién tinh todn c6 kinh
thudc khac nhau dugc thiét1ap. Hinh 3 x4y dung kich
thudc mién tinh toan va Bang 3 dua ra nhiing diéu
kién mién tinh toan dya trén tiéu chuin ITTC.

Ludi tinh toan CFD

Hién nay h4u hét cac chuong trinh m6 phdng c6 tich
hgp qua trinh chia luéi ty dong hodc ban tu dong 17,
Tai céc khu vuc c6 bé mét cong phtic tap ctia vo tau,
viéc chia ludi cin nhiéu kinh nghiém dé€ danh gia su
dam bao hinh hoc cua ludi Hexahedral va luéi Tetra-
hedral, hodc phdn td Tri va phén ti Quad. Trong
nghién ctiu nay, € mo td phan td hinh hoc phic tap
ctia vo tau, ludi khong cdu truc dugce st dung tai khu
vic 16p bién. Ngoai ra, bién dang séng ra khdi than
tau va dong chay tai bé mat tu do st dung phén ti
Hexahedral thong qua phuong phép thé tich hitu han.
Nghién cttu cho thdy ring phén t&t Hexahedral cho két
qua tot trong viéc udc tinh stic can va trudng song
xung quanh tau. Hinh 4 thé hién tdng quat vé luéi
mién tinh todn va xung quanh tau KCS.

KET QUA TiNH TOAN VA THAO LUAN

Vén t6c v = 2.196 m/s tuong ung véi s6 Froude Fn
=0.26 va Re = 1.4x107 dya trén chiéu dai tau. Budc
thoi gian cho méi vong lap At = 0.01s, dya vao tiéu
chudn ITTC CFD dua ra pham vi At = (0.005-+-0.01)
L/U, ngoai ra, viéc lya chon budc thoi gian ciing sé
phu thudc vao d¢ phiic tap ctia mo hinh réi. Vi vy
mo hinh r6i Ging suét Reynolds thuc hgp hon dugc st
dung At = (0.001--0.0025) L/U >18, Khi d¢, lya chon
At pht hop la mét trong s6 phuong phap dat dugc su
hai tu.

Suic can tdng

Két qua mo phong tai nhiing do sau h/T=4,6,8, va
nudc sau, hé s6 stic can téng dugc thé hién duédi dang
cong thiic sau va két qua hé sd stic can téng CFD so v6i
két qua tu thyc nghiém thé hién tai Hinh 5 va Bang 4.

R
Cr= T

%psz (4.1)
Trong dé: Ry Stc can téng (N), Cr Hé s6 stic can
téng, p khéi lugng riéng ctia nudc (kg/m3), v 1a van
téc clia tau (m/s), S 1a dién tich mat u6t (m?).

Duya vao cdu hinh mdy tinh Ram 12G, CPU i5 8600U
s6 phén tl x4y dung phtt hgp vao khoang 2 triéu phin
tt véi thoi gian chay déi tiing truong hop khoang
80 gid. Sai s6 tuong doi clia stic can téng Cr khi so
sanh CFD va thyc nghiém ! tli 3% - 7.5% d6i véi lusi
trung binh. Cu thé, hé s stic can tau tang khi d6 sau
tuyén ludng giam la do trudng gradient ap sudt ting
dan dan dén stic can toan tau ting. Két qua tinh toan
mo6 phong thé hién rang tau mau container KCS trong
nghién ctiu nay c6 d¢ gia tdng stic can l6n tuong ting
ti 16 do sau ludng lach h/T < 6. Viéc nay sé tac dong
dang ké dén hiéu qua tiét kiém nhién liéu trong qud
trinh khai thac thong qua viéc gidm stic can va ciing
cén thém cac khdo sat chi tiét vé do sau tuyén ludng,
van t6c t6i han phit hgp véi kich thude tiing nhom tau
container theo tiing ddc thu khu vuc ctia tuyén ludng
pha song bién Viét Nam

Stc can nhét

Do bi han ché boi d6 sdu ludng lach, dya theo nguyén
ly Bernoulli, su gia ting t6c d6 dong chay bao & khu
vuc ddy tau gay ra hién tugng gidm ap sudt, hién tugng
“squat”.

RO rang tii Hinh 6 ta thy rang céc gid tri vé t6c do va
gradient ctia van t6c dong chdy déu ting khi d sau
ctia nudc giam, déu nay phu hgp véi viéc phan tich
trén. Trong nghién ctiu nay, gia thuyét mo phong la
¢6 dinh phan chim va géc nghiéng doc tau.
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rF

Doc ludi va thiet lap dieu kién ban dau

:

Tinh todn md hinh hon loan

.

Thiét lip céc phwong phap tinh toan

.

Swr dung thuéat toan Simple

|

Tinh todn sirec can

Khong
Vong lap tiép theo
Hinh 1: So d6 tinh toan cho b giai.
Bang 2: Cac théng sé chinh ctia tau KCS
Ky hiéu M0 hinh Tau Tau that Don vi
Lpp 7.2786 230 m
BWL 1.019 322 m
T 0.3418 10.8 m
A 1.649 52030 m?
S 9.4379 19556.1 m?
Cg 0.6505 0.6505
Fn 0.26 0.26
v 2.196 12.345 m/s
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Hinh 2: M6 hinh tau KCS

Mit trén: Poi ximg
—— 25XL —>s =R ].5XL—»
B
g | F
Ll g A
= Vo tau: Khong tregt <
P 6 tau: Khéng trrg §‘ S%L
Ea 3
] = e |
g « Mat bén: Déi ximg
2 2 Mt cit dong tau:
Déi ximg
Mit ddy: Di chuyén Khéng trrot
SxL “ 2.5%xL —lp

Hinh 3: Diéu kién bién va kich thudc mién tinh toan

Bang 3: Piéu kién mién tinh toan

Dong vao Ap sudt

Dong ra Ap sudt

Mait dudi Di dong-Khong trugt
Mit trén Déi xting

Mit bén boi xting

Mit phéng gitia tau Déi xting

Thén vo tau Khong trugt

Hé s6 stic cing bé mit ¢ 0.072
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Hinh 4: C4u truc luéi tinh toan tai I6p bién va khu vuc xa tau

Bang 4: Gia tri hé sé stic can tong giita CFD va EXP

h/T Cr/10~3 (CFD) Cr/10~3 (EXP) Sai s6 %
4 4.077 4192 2.82%

6 3.667 3.867 5.17%

8 3.69 3.847 4.08
Nudc sau 3.435 3.711 7.44 %
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4.2 .
* = CFD
. - @ — EXP
41 \—
I".I
l'. \
- \ \
? \ P -~
< 381 =
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34 t
L ] L L I L Il I L Il I I 1 I L 1 l l L I L L I
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h/T
Hinh 5: D6 thi hé s6 stic can téng CFD va EXP theo d6 sau luéng lach
Bé mit tu do

Lién quan dén cic qua trinh tinh todn, Hinh 7 va
Hinh 8 cho thdy moé hinh song xung quanh tau bang
phuong phap CFD va mo hinh song kiéu Kelvin. Véi
két qua mo hinh séng dién hinh quan sat thdy toan
bo trudng séng xung quanh tau va sy giam song &
gin bién clia mién tinh todn tit d6 cho thdy ring kich
thudc bién du t6t d€ mod phong bé mit ty do xung
quanh vo tau.
Phuong phép tiép cdn RANS hoat dong t6t v6i dong
chay gin tuong. Dong chay xung quanh tau, c6 mot
vung tach biét xay ra phia sau con tau tao ra m¢ dong
chay réi phtic tap bao gdom cac xody l6n. Mo hinh
hoéa viing nay khong chinh xac gy ra 16i tang 1én theo
huéng dong chdy, dan dén viéc tinh todn trudng song
c6 thé xay ra nhiing sai s6. Do vay, viéc du doan cho
théy su phu hgp tot véi cac gid tri thuc nghiém lién
quan dén ca cudng do va hinh dang séng Kelvin phu
hgp véi bai toan moé phong tinh, khong xét cac bac ty
do chuyén dong cua tau.

Phan thé tich nuéc

Mot trong nhiing han ché ctia viéc mo phong 1 pha so

v6i 2 pha (VOF) la 2 pha (VOF) du doan dugc muc

nudc khi tau hoat dong so véi dudng nudc thiét ké ti
d6 danh gid ting hay gidm cta stic can tau.

Hinh 9 cho théy ring bé mat ty do dugc biéu dién
trong CFD béng cach hién thi phan thé tich nudce trén
thén tau, gid tri 0.5 cho phan thé tich ctia nudc ngdm
hiéu 1 chita 50% nudc va 50% khong khi. Tl viéc mo
phong dong 2 pha VOF cho biét vi tri clia mét phin
cach nudc va khong khi tuong ting véi bé mat ty do.

D6 thiséng

Méi quan hé gitia sy phan tdn d6i vé6i gisi han cta

nudéc.
anh ( )

gA

27h
21

A

c= (4.2)

Doi v6i A /h 16n, hé s6 ¢ phu thudc vao ty 1é bude
song va do sau ctia nude. Téc do lan truyén khac nhau

ctia song & cac d6 sau khac nhau dan dén sy khac biét
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Hinh 6: Van t6c & day tai tai cac d6 sau khac nhau

EFD /Kim et al. (2001)

Hinh 7: Truong séng gilta thuc nghiém (trén), CFD (dudi)
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Hinh 8: TruGng séng tai cac d6 sau

Wokerme rpction fuaie]

Hinh 9: Phan thé tich nudc chiém tai cac trudng hgp h/T
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vé tinh chét clia séng gitia cac trudng hgp tinh todn.
Hinh 10 thé hién céc déc tinh ctia d6 thi song, két qua
chiéu cao séng dugc tinh todn moé phong tai mét cit
Y/Lpp=0.1099.

Két qua tinh toan cho thdy khi d¢ sau ludng lach giam,
trudng gradient ap sudt16n hon, dan dén bién 4o song
tang va stic can séng c6 ddu hiéu gia tang ro rét.

KET LUAN

Mo hinh todn va két qua mo6 phong s6 CFD trong
nghién ctu gitp danh gia anh hudng thuy dong ctia
mau tau container KCS tai cac khu vuc c¢6 d6 sau khac
nhau. Két qua tinh todn cing khing dinh sy pht hop
cia mo phong s6 cho bai todn stic can tau c6 anh
hudng ctia d6 sau ludng lach véi sai léch tit 3% -7.5%
so v6i thuc nghiém tili cac cong trinh da cong bé.
Ngoai ra, su gia tdng stc can khi d6 sdu giam dugc
th€hién qua chiéu cao séng khi quan sat tii cdc mit cit
song. Tl cac két qua mo phong tau KCS, viéc xdc dinh
do cao song t6i han ti két qua tinh toan mo phong s6
gitp dé xudt chiéu cao man phit hop theo d¢ siu tuyén
luéng thuc té€ trong giai doan thiét ké hinh dang tau.
Hudng phat trién nghién ctiu tiép theo sé 1a tich hgp
mo6 phong cho lic dling (heave) va chui (pitching) anh
hudéng dén tinh néng diéu dong phuc vu an toan hang
hai.

LOI CAM ON

Nghién ctiu nay dugc tai trg bdi Pai hoc Qudc gia
thanh phé H6 Chi Minh (PHQG - HCM) trong
khuon khd dé tai ma s6 B2021-20-05.

VIET TAT, KY HIEU

SST M hinh van chuyén ting sudt cit

IITC Hiép hoi bé thit quoc té

VOEF Thé tich luu chét

RANS Phuong phép trung binh Reynolds
CFD Tinh toan m6 phong s6

EXP Thuc nghiém

KCS M6 hinh tau container trong nghién ctiu
1 Do nhét dong hoc

7,» Ung sudt cit bé mit

o Tiéu tan riéng

€ Toc 40 tiéu tan ning lugng

1y Hé s6 r6i

k Pong nang rdi

u;ulj Ung sudt Reynolds

p Thanh phan 4p suit

7 Thanh phén Gng sudt nhét trung binh

y Khoang cach bé day 16p bién [ m ]

yt Tham s6 16p bién

Lpp Chiéu dai gitia 2 dudng vudng goc [ m ]
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By, Chiéu rong dudng nudc thiét ké [ m ]
h b9 sdu vung nuéce [ m ]

T Puodng nudc thiét ké [ m ]

A Lugng chiém nuéc [ m> ]

S Dién tich mit uét [ m? ]

Cp Hé s6 béo

Fn S6 Froude

v VAn t6c¢ tau [ m/s |

Rn S6 Reynolds

At Kich thudc buéde thoi gian [ s ]

¢ T6c d96 lan truyén ctia song [ m/s |
p Khi lugng riéng [ kg/m? ]

g Gia tdc trong truong [ m/s” |

A Chiéu dai séng [ m ]

Cr Hé s0 stic can tdng

XUNG DOT LOI iCH
Nhoém tac gia xin cam doan rang khong c6 bat ky xung
dot lgi ich nao trong cong bé bai bao.

PONG GOP CUA TAC GIA

Lé T4t Hién da x4y dung ¥ tudng, phan tich dii liéu bai
toan va xay dung quy trinh tinh todn mé phong s6.
Nguyén Cong Phuong da thu thép di liéu, thyc hién
tinh todn mo phong, trinh bay két qua tinh toan.
Nguyén Duy Anh kiém chiing két qua mé phong va
kiém tra ban thao bai béo.

TAI LIEU THAM KHAO

1. Feng D, et al. Numerical simulation of the ship resistance of
ks in different water depths for model-scale and full-scale.
J. Mar. Sci. Eng. 2020;8(10):1-25. Available from: 10.3390/
jmse8100745.

2. Degiuli N, et al. Environmental aspects of total resistance
of container ship in the north atlantic. J. Sustain. Dev. En-
ergy, Water Environ. Syst. 2019;7(4):641-655. Available from:
10.13044/j.sdewes.d7.0267.

3. Sezen S, Cakici F. Numerical Prediction of Total Resistance
Using Full Similarity Technique. 2019;Available from: https:
//doi.org/10.1007/s13344-019-0047-z.

4. Raven H. A computational study of shallow-water effects on
ship viscous resistance. In Proceedings of the 29th Sympo-
sium on Naval Hydrodynamics. 2012;.

5. Duy THKSTN. Numerical study on stern flow fields of ship hulls
with different transom configurations. 2016;.

6. LeeSM, etal. A Study on the Propulsion Performance of KCS in
Still Water and Regular Wave. J. Navig. Port Res. 2013;37(1):63-
69. Available from: 10.5394/kinpr.2013.37.1.63.

7. D'aure B, et al. RESISTANCE AND SEAKEEPING CFD SIMULA-
TIONS FOR THE KOREAN CONTAINER SHIP;.

8. Martic¢|, et al. Mesh Sensitivity Analysis for the Numerical Sim-
ulation of a Damaged Ship Model;.

9. ZengQ etal. Abenchmark test of ship resistance in extremely
shallow water. 2018;Available from: https://doi.org/10.1201/
9780429505294-26.

10. Farkas A, et al. An investigation into the effect of hard fouling
on the ship resistance using CFD. Appl. Ocean Res. 2020;100.
Available from: 10.1016/j.apor.2020.102205.

11. Ferziger JH, Peri¢ M, Street RL. Computational Methods for
Fluid Dynamics. 2020;PMID: 32836551. Available from: https:
//doi.org/10.1007/978-3-319-99693-6.


10.3390/jmse8100745
10.3390/jmse8100745
10.13044/j.sdewes.d7.0267
https://doi.org/10.1007/s13344-019-0047-z
https://doi.org/10.1007/s13344-019-0047-z
10.5394/kinpr.2013.37.1.63
https://doi.org/10.1201/9780429505294-26
https://doi.org/10.1201/9780429505294-26
10.1016/j.apor.2020.102205
https://www.ncbi.nlm.nih.gov/pubmed/32836551
https://doi.org/10.1007/978-3-319-99693-6
https://doi.org/10.1007/978-3-319-99693-6

Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 5(1):1380-1391

12.

13.

14.
15.

0.05

X/Lpp

-0.03
0.04

0.05
X/Lpp
0

Nudce sdu 1 N

Hinh 10: Chiéu cao sng X-Z tai mat cat Y/Lpp = 0.1099

Schmitt FG. About Boussinesq’s turbulent viscosity hypoth-
esis: historical remarks and a direct evaluation of its valid-
ity. 2007;Available from: https://doi.org/10.1016/j.crme.2007.
08.004.

Versteeg HK, Malalasekera W. An Introduction to Computa-
tional Fluid Dynamics Second Edition;.

OpenFOAM - Turbulence Advanced Training, Wolf Dynamics;.
ITTC-Recommended Procedures and Guidelines Resistance
Test ITTC Quality System Manual Recommended Procedures

16.

17.

18.

and Guidelines Procedure Resistance Test. 2017;.

Soloviev AV, et al. Is the State of the Air-Sea Interface a Fac-
tor in Rapid Intensification and Rapid Decline of Tropical Cy-
clones? J. Geophys. Res. Ocean. 2017;122(12). Available from:
10.1002/2017JC013435.

Structure Meshing for CFD;Available from: 10.13140/RG.2.2.
34018.48323/1.

ANSYS Fluent User’s Guide. 2020;.

1390


https://doi.org/10.1016/j.crme.2007.08.004
https://doi.org/10.1016/j.crme.2007.08.004
10.1002/2017JC013435
10.13140/RG.2.2.34018.48323/1
10.13140/RG.2.2.34018.48323/1

Science & Technology Development Journal - Engineering and Technology, 5(1):1380-1391
a Open Access Full Text Article Research article

Research into changes in ship resistance in the shallow water by
numerical method

Le Tat-Hien'?, Nguyen Cong Phuong'?, Nguyen Duy Anh'2"*

ABSTRACT
Vietnam has a long coastline and dense network of rivers and canal systems with various and com-

e _ plicated water depths of a waterway. According to data from the Department of Inland Waterways
Use your smartphone to scan this in 2019, Vietnam's waterways transport industry reached 250 million tons/year. In which coastal
QR code and download this article transport accounted for over 60 million tons/year, promoting the shipping industry and economic

integration between regions, making the most of Vietnam's natural coastal conditions. In most
general cases, the vessels working in the different water depths of the operational area will sig-
nificantly affect the ship and wave field resistance. For the transport vessels with low speed, the
research of the effect of resistance and wave field has an essential role in ensuring the primary
maritime aim of energy saving and energy efficiency. Nowadays, computation fluid dynamics is a
practical approach for predicting the ship's hydrodynamic features. However, many computation
fluid dynamics types of research have investigated the ship resistance in deep water, which can
not consider the effect of changing ship resistance with different water depths. In shallow water,
the increasing pressure gradient field leads to an increase in the overall resistance. Therefore, in
this study, the volume of fluid (VOF) multiphase model can show the free surface effect and wave
elevation in shallow waters. The results clearly showed the success of the computational model-
ing of multiphase flows around the vessel (air and water). The wavefield in the computation fluid

'Ho Chi Minh City University of dynamics results is also suitable for related published research experiments. Besides, the resistance
Technology (HCMUT), 268 Ly Thuong and wave elevation around the hull is significantly changing at different depths. In the preliminary
Kiet Street, Ward 14, District 10, Ho Chi design stage, it can apply this work to propose a suitable hull form of transport vessels for Vietnam's
Minh City, Vietnam; waterways.
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