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TOM TAT

Két cau tau hai than (catamaran) giit vai tro quan trong trong thiét ké USV nho kha néing
cung cdp do on dinh cao, dién tich boong I6n va liec can thdp hon so véi tau mét thin cé cing heong
chiém mede. Cau hinh hai than givip giam dao dong ldc ngang, duy tri khd ndang diéu khién chinh
xdc khi USV hoat déng trong diéu kién séng gié phirc tap. Ngodi ra, khodng cach gitka hai than tao
diéu kién thudn loi dé tich hop cam bién, thiét bi khao sdt va hé thong diéu khién tw dong. Nhing
ddc diém nay lam cho catamaran tré thanh nén tang Iy twéng cho cdc nhiém vu dai han nhw quan
trdc bién, giam sdt va khao sat dia hinh déay. Tuy nhién, twong tdc song-than va si phin bé dp sudt
phitc tap giita hai than ddt ra yéu cau cdp thiét phai nghién civu sdu vé thity déng liwc hoc ciia cdu
hinh nay. Trong cdc mau tau hai than phé bién, mau tau hai than ciia Chao Wang 2016 sé dwoc chon
dé xdy dung va tinh todn, kiém chirng mé hinh CFD hién ding tién dén dp dung cho mau thiee ché
tao trong pha tiép theo.

Tw khéa: USV; Thuy dong luc hoc, Tau hai than.
ABSTRACT

The catamaran configuration plays a crucial role in USV design due to its high stability,
large deck area, and lower hydrodynamic resistance compared to monohull vessels of equivalent
displacement. The twin-hull arrangement effectively reduces roll motion and maintains precise
maneuverability when the USV operates under complex wind and wave conditions. Additionally,
the spacing between the two hulls provides favorable conditions for integrating sensors, survey
equipment, and autonomous control systems. These characteristics make the catamaran an ideal
platform for long-duration missions such as ocean observation, surveillance, and seabed mapping.
However, the wave-hull interactions and the complex pressure distribution between the two hulls
highlight the need for in-depth hydrodynamic investigations of this configuration. Among the
commonly used catamaran models, the 2016 design by Chao Wang is selected for reconstruction
and analysis in this study, serving as the basis for CFD model validation before being applied to a
prototype in the subsequent development phase.
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1. TONG QUAN

Theo nhu théng ké cic nghién ciru trén
cac loai tau USV hién hanh, 3 loai hinh dang than
duogc xép loai 1a 1 than, 2 than va 3 than thudng
duoc str dung cho céac loai tau USV. Nhom cac
tau 1 than gém Xiao 2021 [1], Kang 2020[2],
c6 cac nghién cuu vé md hinh dong luc hoc cua
dang tau nho va nhd 1 than, tr d6 tim ra dugc
thong sb luc can 16n nhat. Nghién ctru ciia Xiao
2021 [1] khao sat vé sy an toan cia viéc neo
dau tau 1 than khong nguoi 14i. Pé kham pha
anh hudng cua su két hop gié va séng, mo hinh
dong luc hoc chét 1ong tinh toan (CFD) neo dau
da dugce thiét 1ap va cac dac tinh cua truong tbe
do, trudng ap suit va xody da thu dugc dudi cac
toc do, hudng gié va tudng bén c6 khoang cach
khac nhau. Két qua thu duoc c6 thé dua ra chién
luge kiém soat an toan khi neo dau tau khong
ngudi 1ai, ddng thoi cung cap co so 1y thuyét
cho viéc 1ap ké hoach tuyén duong tau khong
ngudi 1ai va tranh chudng ngai vat, thiét ké an
toan. Tau 2 than dugc cac tac gia Wang 2016
[3], Brodin 2020 [4] nghién ctru vé ca phuong
phap CFD va VPP. Nghién ctru dua ra mét mo
hinh USV sau d6 st dung mo phong CFD va
ph?ln mém du doan vén téc VPP dé tinh toan cac
luc khi dong tdc dung vao than tau. Tau 3 than
duoc tac gia Gupta 2017 [5] nghién ctru vé thuy
dong luc hoc ctia tau 3 than don gian, qua do i
vu hinh dang dé tang kha ning hoat dong cua
USV Trimaran. Trong cac mau tau clia cc tac
gid nay, mau tau 2 than ctia Wang 2016 s& duoc
chon dé xay dung va tinh toan, kiém chiing mo
hinh CFD hién dung tién dén 4p dung cho miu
thuc ché tao trong pha tiép theo.

2. MO HINH HOA TAU USV HAI THAN

Gidng nhu cic SWATH USV (Small
Waterplane Area Twin Hull Unmanned Surface
Vehicle) khac, SWATH USV duogc thiét ké
trong bai viét nay ciing c6 hai phan than chim,
thanh chéng va cau tric thuong tang. Tuy

nhién, khong giéng nhu cac tau SWATH thong
thuong, phan than chim cua USV dugc thiét
ké trong bai viét nay c6 hinh dang quy hoach
(shaped), cung cip luc nang cho phuong tién.
Than va thanh chdng chim trong nudc 13 bd
phan chinh dnh hudéng dén dic tinh thuy dong
lue. Kién tric thuong téng chua duoc thiét lap.
M0 hinh va kich thuédc duoc dua ra duoi day:
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Hinh 1. So do mé hinh tau hai than

Bdng 1. Thong ké cdc thong so tau hai thin

Kich thudc Gia tri
L 12m
K 94 m
H 4m
B 70°
D [.5m

2.1. M6 hinh héa tau va diéu kién bién

Trong md hinh CFD, st dung ludi to
ong cho ra két qua mo phong twong ddi chinh
xac va chit lugng kha t6t so voi ludi Grid
dugc sir dung trong bai bao. Cac thong sb
cu thé cua ludi dugce cu thé héa nhu sau: SO
phﬁn tor la 1.7 triéu phﬁn ttr; Chat luong ludi
chi tiéu “Orthogonal” 1a 0.22, dat tiéu chuan.
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Hinh 2. Hinh dang luoi Wang 2016 (a) va nghién

cuu nay (b)
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2.2. Tai va diéu Kién bién

Piéu kién bién cua bai mo phong dugc
thiét 1ap ¢ hai phia. Diéu kién bién dau vao gdm
m6 hinh nhiéu pha véi dau vao ap luc (pressure
— inlet), cu thé: Toa d6 mat tw do hay vi tri cua
mat phan cach gitra khong khi véi nudce theo
h¢ truc toa do, ¢ day chon 0 m; D6 16n van toe
2,57 m/s (5 knots); Vi tri mit dudi cia mién
bao 1a 30 m. Diéu kién bién dau ra Toa do mat
tu do va Vi tri mat dudi cia mién bao tuong tu
dau vao.

Lya chon mo hinh nhét k — omega véi
2 phuong trinh dé giai quyét bai toan cua tau
thity. M6 hinh 2 pha Volume of Fluid dugc thiét
1ap v&i 2 pha nudc va khong khi voi cac cong
thirc tinh lyc va hinh dang dugc thiét 1ap.

Hinh 3. Diéu kién bién
3. KET QUA VA THAO LUAN

3.1. Phén tich ty 1¢ khéi lwong nwéc va khong
Kkhi

Tién hanh mé phong tim ra khdi lugng
cac phan nudc va khong khi (Volume fractlon)
va do nang cua tau thuy thay ddi theo van toc
tang dan tir 5 knots dén 50 knots.
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Hinh 4. Ty 1é khoi heong cdc phan mede va khong
khiv =10 knots (a), v =15 knots (b)

Két qua mo phong voi van toc v = 10
knots cho khéi lwong cac phan tuong ty nhu két
qué ctia bai bao theo dinh tinh, phan mat phan
cach giira nude va khong khi bét dau co sy thay
d6i va do nang 1én cia tau bang -0.1 m, luc nay
tau van chua duoc nang 1én khoi mit nude.

Két qua md phong voi van téc v = 15
knots cho khdi lwong cac phan tuong tu nhu két
qué ctia bai bao theo dinh tinh, phian mat phan
cach giita nude va khong khi bat dau co sy thay
ddi va do nang lén cua tau béng 0.2 m, tau duoc
nang 1én so v&i mat nude mot goc khoang 5°.
3.2. Panh gia d§ nang va luc can

Tu cac dir liéu thu duogc sau khi chay
cac truong hop véan tdc khac nhau, thu duoc dd
thi d0 nang cua tau so vdi van tbc nhu hinh v&
(duong mau cam). So sanh voi duong dd thi
cia Wang 2016 (dudng mau xanh), cac diém
tinh toan dugc theo md phong so véi ly thuyét
bai bao c6 sai 1éch nho. Tuong quan cia hai d6
thi dugc thé hién trong hinh 5.

Hinh 5. Do thi do ndng so voi vdn toc
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Hinh 6. Do thi lyc can so voi van toc

Vi lyc can tac dung 1én tau, thuc hi¢n
mo phong luc can véi dai van toc thay doi tir
0 dén 60 knots, tim luc can 16n nhét tac dung
1én tau sau do thu duoc d6 thi su thay ddi cua
luc can so v&i van toc. Thuc hién chay truong
hop luc can voi van tbc v = 10 knots, luc can
16n nhét thu duoc tai thoi gian 5s v6i gid tri
D = 7800N. Tir d6, v& do thi cac truong hop
luc can véi van tde khac nhau va so sanh véi
két qua mo phong cua nghién ctru cua Wang
2016. Cac gié tri tai dai van toc tir 5 knots dén
60 knots vo1 budc nhdy 5 khi chay mé phong
cho sai s6 nhé so vai gia tri twong dwong & két
qua mo phong cua Wang 2016 [3]. Tuong quan
gita hai do thi lyc can trong hinh c6 thé thay
mé hinh CFD duogc chon ciing nhu chat luong
ludi cho cung mot dai do 16n phu hop. M6 hinh
nay hoan toan cé thé ap dung dé tinh toan trén
cac thiét bi co cai tién vé mat hinh hoc trong
pha tiép theo.

4. KET LUAN

Trong ndi dung nay, nhoém nghién ctru
da khao sat cac mo hinh thuy dong luc hoc cua
cac loai tau USV c6 trong cac nghién ctru hién
hanh. Ttr d6 phan loai ra dugc nhom moé hinh
tau 1 than va 2 than c6 nhiing wu nhuoc diém
vé mat thiét ké va vé stc can khi tau chay. Sir

dung phuong phap mé phong CFD, nghién ctu
nay da dua ra dugc mo hinh thuy dong luc hoc
cho loai hinh dang tau hai than tiéu biéu, dong
thoi kiém ching cac mé hinh véi cac nghién
clru uy tin trén tap chi qudc té.

M6 hinh thuy dong luc hoc cung cac
thong sb cua cac pha nude va khi ciing duoc
thiét lap dé tinh toan ra do nang va lyc can cho
tau hai than dang dai 12m. Két qua so sanh véi
Wang 2016 [3] cling dua ra d¢ tin cdy cao cua
nghién ctru. Lyc can 16n nhat cua chiéc tau c&
trung ndy voi van toc 20 knots roi vao khoang
40000N. Nghién ctru c6 thé phat trién trén sy
lya chon mAu tau nay dé ché tao thir nghiém.
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