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TOM TAT

Tau tu hanh dudi nudc dang dia (AUH) la mét phuong tién tu hanh rat htu ich trong viéc thuc hién
cac nhiém vu dudi nudc. Né dugc dé xudt tai dai hoc Ocean College of Zhejiang. Bién dang thuc
t€ cho AUH céan dugc diéu chinh @é thuc hién viéc di chuyén da hudng, xoay tu do, va treo o Iiing
chinh xac trong moi trudng bién. Hinh dang hinh hoc thuc té clia AUH cling can don gidn dé thuan
lgi trong ché tao, chdng han nhu hinh cau, hinh elip, hinh dfa, cé thé dugc coi la nhing thiét ké
kha thi cho AUH. AUH dang dia co luc cdn nhé hon trong mét phdng ngang so véi cac hinh dang
khac nhung luc can I6n hon trong mat phang ding so véi cac bién dang khac. Tuy nhién vdi bién
dang dia AUH c6 kha nang gilr vi tri t6t va 6n dinh trong chuyén déng trong mat phdng ding. M6
hinh vat ly va cac diéu kién bién dugc xay dung dua trén mé hinh thuc nghiém ctia nghién ciu
trudc do. Cac phuaong trinh lién tuc, Navier-Stokes va phuong trinh nang lugng dugc giai quyét
dua trén phuong phap phan tir hitu han. Trong nghién ctiu nay, dac tinh thily déng hoc ctia AUH
dugc phan tich va mé phang bang phan mém ANSYS Fluent. Két qua mé phong s6 thé hién ro
trudng van téc, ap suét xung quanh tau 1an khiné di chuyén trong nudc. Van téce va géc tén cang
I&n thi luc can sé cang lén. K&t qua nghién ctu vé dac diém thay dong luc hoc ctia AUH gép phan
nang cao hiéu qua, kha nang co déng va tiét kiem nang lugng ctia AUH khi hoat dong trong nudéc.
Day la co s& dé dat dugc thiét ké t6i uu clia tau tu hanh dang dia trong tuong ai.

Tu khoa: M6 phong s6, Tau tu hanh dudi nudc, Thiy déng hoc, Tinh todn déng luc hoc chat luu
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GIGI THIEU

Trong nhiing nim gin diy viéc nghién ctiu tinh &n
dinh cho phuong tién ty hanh dudéi nudc (AUV) dang
ngay cang nhiéu. AUV la mot thiét bi dugc ing dung
dé thuc hién cdc nhiém vy dudi nuée nhu khdm pha
sinh vt bién, quan sat ddy dai duong, két néi thong
tin lién lac dudi nude, 13 .... Gan day cac nha khoa
hoc trén thé gi6i da dua ra nhiéu hinh dang cho cac
tau tu hanh, néi bt trong véi tén goi 1a tau ty hanh
dudi nudc dang dia (AUH).

AUH thudng dugc stt dung cho cac nhiém vu dudi
nudc vi vay ching thuong dugc phong tii tau me, viéc
nghién ctiu xem sy dnh hudng ctia gbc phdng tac dung
v6i bién dang tau giup tranh dugc nhiing anh huéng
khong mong muén déi véi tau. Dsi véi AUH thi
viéc gilt can bang trong qua trinh di chuyén, sy déng
g0p cuia hé théng ddy ¢ vai tro rit quan trong. Trong
qua trinh van hanh viéc kéo dai dugc thoi gian hoat
dong rit c6 y nghia, chinh vi vy viéc thay thé dung ba
bo ddy thay vi bon bo ddy ma khong lam anh hudng
dén su linh hoat ctia AUH di dugc thuc hién®. Hién
nay, mac di AUH c6 tiém nang co dong cao nhung
chi méi c6 nhiing thit nghiém dudng di chuyén don
gian, bdi vi thiéu do chinh xdc cao ctia h¢ thong tham

do. Tiép dén chung ta can thuc hién nhiing duong di
phtic tap hon d€ AUH thé hién rd kha ndng co dong
tuyét voi clia n6. Bén canh d6 véi su chinh xdc cao
ctia hé thong dinh vi chiing ta c6 thé tién hanh dugc
nhiing hoat dong phtic tap hon trong linh vuc quin
Su.

Tinh todn dong luc hoc chit luu (CFD) doéng vai
tro then chét trong viéc tim hiu céc dic tinh thay
dong luc hoc von c6 trong chuyén dong ctia chit1ong.
Béng céch sti dung phuong trinh Navier-Stokes va cdc
phuong trinh phén td hitu han, CFD cho phép phin
tich sy tuong tac gitia Iuu chat véi tau tu hanh duéi
nudc, ngu 16i,.... T d6 c6 thé dé xudt cai thién thiét
ké cho chung, Pan va cc cong su® da phan tich dic
tinh thy dong hoc ctia thiét bi dudi nuéec (UUVs) va
dua ra két qua bién dang thuan t6t d6i véi bién dang
méi. CFD cling dugc ting dung trong viéc nghién ctiu
dac tinh khi dong hoc ciabom ly tim. Bai nghién cho
théy dp sudt va s6 vong quay cltia bom ly tAm c¢é méi
lién hé chit ché v6i nhau?. Tinh linh hoat ctia CFD
thé hién rd & pham vi tién ich rong rai cia né trong
nhiéu nganh khac nhau giup tiét kiém dugc chi phi
phat trién san phdm 8,

Nghién cttu nay nhdm muc dich khao sat thuy dong
luc cia AUH thong qua mét phuong phép s6. Bai bao
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tién hanh xay dung m¢t mo hinh don gian ctia AUH,
két hgp véi cac dic tinh cia moi trudng ddy bién, sau
d6 dugc t6i uu hoéa d€ danh gid hiéu suét thuy dong
luc hoc ctia tau. Hiéu suit ctia bién dang tai cic diém
cu thé trong khong gian thiét ké dugc danh gia thong
qua phén tich CFD.

MO HINH TiNH TOAN VA PHUONG
PHAP SO

Mé hinh tinh todn

Vi phin mém mo phong CFD c6 tinh chit mo-dun
nén cin phai chon diing mo6-dun trude khi moé phong:
- Bai todn xét sy tuong téc gitia tau lugn va moi truong
nudc: déy la sy tuong tac gitta mot vat rdn véi ciu tric
va chit long.

- Ngoai chuyén dong cua nudc, tau lugn con cé
chuyén dong riéng.

AUH dugc dit trong moi trudng nude cé dién tich
H x W x L trong d6 H 1a chiéu cao, W la chiéu dai
va L 14 chiéu rong clia moi trudng nudc. Than tau
hinh dia ban dau dugc cho la c6 hinh dang dia véi cac
kich thudc sau: Than tau hinh dia la mét trong nhiing
thiét ké chu ch6t cia May bay truc thang tu hanh c&
nhoé dudi nude (S-AUH). D€ dat dugc muc tiéu vé kha
ning co dong cao trong mit phdng nim ngang va do
6n dinh t6t theo phuong thdng diing, than tau dang
dia phai dugc thiét ké nhu mot than quay, dé laly do
thén tau dugc xéc dinh bing moét dudng cong. Sau khi
xem xét cac dudng cong khac nhau, cac dudng cong
B-Splines hgp ly khéng dong nhat (NURBS) da dugc
chon vi tinh lién tuc ctia d¢ cong va dinh nghia don
gian ctia chung, gitp cho viéc thiét ké va diéu chinh
tré nén dé dang hon. Hinh 1 trinh bay cic thong s6
trong viéc xay dung mo hinh ctia AUH.

Hinh 1: Bién dang AUH

D& md ta sy anh hudng cua dong luu chit déi véi
chuyén dong ctia AUH trong qud trinh chuyén dong,
phuong trinh Navier-Stokes va cac phuong trinh lién

quan khac dugc st dung. Diéu nay da dugc ting
dung rong rai va dugc 4p dung thanh cong trong phin
tich thtly dong hoc ctia UUVs?, chuyén dong séng.
Phuong trinh Navier-Stokes cho phuong trinh mé ta
bdo toan moment va bao toan khoéi lugng cua chit
long Newton, & dang khong 6n dinh. Theo nghién

0

cliu ctia Masterov 10, viéc ting dung mé hinh k- 1a phit

hgp cho nghién ctiu nay.

p

L pvv)=0 1

5, T P(VY) @
p(A+VVY) ==V.p+uV2V+ Luv.(V.Y)+
pg (2)
J d _ 4d , \ Jdk
50K+ 2 (phvy) = 2 (n+ ) 2]+ G+
G,—pe—Yu (3)

0 J N 0 W\ ode
g(Pe)"‘ij (pevj) = ox; ((Iv“*‘a) ij]
2

€ €
+Cie (Gk+C3¢Gy,) — PCoe—

Vé6i V 1a vén toc cua tau, p la khéi lugng riéng cua
nudc, g la gia téc trong trudng; p 1a ap sudt, u lahé s6
dong luc hoc ctia luu chét, € la hé s6 sy phan tan dong
nang hén loan, kla ddng ning hén loan, p; 13 d6 nhét
hén loan, Gy, 1a sy nhiém loan déng ning do gradient
van téc trung binh, G, 14 1a sy nhiém loan dong ning
do d¢ ndi va Yy la su gian né dao dong trong nhiéu
loan nén vao t&c do tiéu tan cta luu chat; Ci = 1,425
Cpe =1,68; C3¢ =0,09. Cong thiic cac dai lugng con
lai y;, Gg va Gy:

W= p.Cu% (5)

Gy = .5 (6)

Gy = Beipe 55 ()

Trong d6 C;; 1a hing s6, S 1a tdc do bién dang.

Phuong phdp sé

Dé tim hiéu vé thuy dong luc hoc cia AUH thi
phuong phép thé tich hitu han dugc ép dung. Hinh 2
thé hién khu vuc sit bién dang tau ching ta tao luéi
chii nhat va & xa hon la ludi td dién. Theo nhiing gid
tri thich hgp cho viéc chia luéi trong mé phong nay
13, d6 day cta 16p bién AUH 20 < y©< 200 va Ay =
8 mm. Trong moé phong nay téng s6 phan tu ludi 1a
537965, s6 lugng phén ti nay ciing dugc so sanh véi
s0 lugng phén ti trong tai liéu ctia nhém téc gia An.
etal!l dayla s6 lugng phin ti phi hgp.

Hinh 3 va Bang 1 dua ra cac diéu kién dau vao cia mo
phong va cac thong s6 can thiét.

DAu vao: Van t6c luu chat W =u

Daura: Ap suit ddura P =0 pa

Tudng khong trudt: vey,ig = Viya =0

Tuong trigt: 92 = 0
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Bang 1: CAC RANG BUOC CUA DIEU KIEN BIEN

Lép bién biéu kién

Pau vao 1,0 m/s

Daura Ap suét duéi 10 m ddy bién
Mit phing caa vat thé  Khong trugt

Tuong bao Tuong trugt

b)

Hinh 2: M6 hinh luéi ciia AUH

Hinh 3: Mién chat 16ng tinh toan

KET QUA VA THAO LUAN

Hinh 4 mo6 ta dong chdy cua luu chit qua bién dang
AUH, 6 vi tri du6i tau c6 xudt hién khu vic tao xody
diéu nay lam cho con tau mat 6n dinh trong qud trinh
di chuyén. Van t6c con tau 1 m/s, & vi tri mai tau sé
hinh thanh diém diing khi dong luu chit t6i diém nay
sé1am cho vén tdc clia chung dat gid tri nho nhat. Sau
d6 cac duong dong sé bam theo bién dang ctia vat thé,
khi & vi tri dinh tau va vi tri cudi ctia ddu do thdm thi
van t6c ctia luu chét 6 day dat gia tri cao nhat. Chinh
vi hién tugng nay lam dnh hudng tryc tiép dén luc can
gilia bé mat ctia vo tau va luu chit.

Hinh 5 cho théy sy thay d6i ctia gia tri van toc tai cac
thoi diém khéc nhau trong qua trinh AUH hoat dong.
Tai thoi diém ban d4u, cic dudng dong bao quanh
AUH la cac dudng laminar béi vi khi nay van téc ctia

Hinh 4: Trudng van téc clia dong chady xung quanh
tau lan

tau dang con khd nhoé chua gay ra sy thay ddi nhiéu
d6i v6i moi trudng xung quanh. Sau moét khoang thoi
gian, tau dat dugc tdc dd cao hon khi nay ciing bt dau
hinh thanh viing tao xody & phia sau dudi tau. Tai thoi
diém 8s, tau dat dugc van téc ddu ra mong mudn thi
vung tao xody dugc hinh thanh mot cach ré rang hon.
Hinh 6 cho thdy méi quan hé gitia van t6c va luc can
v6i céc véan t6c khdc nhau. Khivan toc tang thiluc can
tac dong 1én AUH ciing sé ting theo. Diéu nay phu
hgp vé6i phuong trinh tinh Iyc can, trong d6 luc can
¢6 ti 1é thudn véi t6c do ctia vat thé. Day la mot anh
hudng quan trong gép phan hi€u hon vé sy tuong tac
gitia AUH d6i véi luu chat. Tai van toc thap, lyc can
nho thi sé giup cho AUH tiét kiém dugc ning luong.
Khi luc can 16n thi ngugc lai sé gay anh hudng dén
qua trinh gitt cAn bang ciia AUH trong qud trinh di
chuyén. Luc nang cting bi anh hudng bdi van tdc khi
van toc tang cao thi luc nang ting, méc du vay nhung
do bién dang tau tao hai xody doi xting trén dudi nén
tau khi chuyén dong ngang luc ning c6 gia tri tuong
d6i nho so vdi luc can.

Trong Hinh 7 thé hién dudng dong chdy qua hinh
dang ctia AUH véi céc gbc tdn (AOA) khéc nhau. Géc
tdn (AOA) 1a géc dugc hgp béi phuong di chuyén caa
AUH véi phuong t6i ctia dong chay Iuu chit trong mit
phing ndm ngang (Oxy). Vi viéc AOA ting thi viing
tao xody cting 16n hon. Tai AOA thép (0 - 5 ), khu vuc
tao xody kha nhd. Nhung khi AOA = 10 thi ving tao
xody 16n hon.

Hinh 8 cho thdy xu huéng ctia Iyc can theo cac goc
tdn khéc nhau. Theo hinh tai AOA = 0, lyc can va
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Hinh 6: Luc can va luc nang theo thai gian véi cac
Hinh 5: Trudng van téc ctia dong chay xung quanh van toc khac nhau

AUH tai cac thai diém khac nhau

Iuc ning c6 gid tri nho nhat. Lyc can sé tang 1én khi
AOA tang. Luc nang khi AOA = béing 0,115 (N) cho
théy su dn dinh ctia AOA khi di chuyén ngang, tuy
nhién khi AOA cang tang thi su dao dong trong qua
trinh chuyén dong cta tau sé cang nhiéu do luc ning
luc nay ting 1én ding ké. Diéu nay lam cho con tau
rdt dé mét cin bing trong qu4 trinh di chuyén vi vay
thuét todn diéu khién b ndi cho con tau phai dugc
tinh todn ki ludng dé gitp tau 6n dinh tranh di khong
dang hanh trinh.

KET LUAN

Céc dac tinh thay dong luc ctia tau ty hanh dudi nuée
dang dia (AUH) da dugc nghién ctiu bang phuong
phép s6 va mo6 hinh héa trong nghién ctu nay. Két

qué mo phong cho thdy mai chju 4p sudt 16n trong
qud trinh tau hoat dong. Céc két qua cta lyc can va
luc néng theo thoi gian khi AUH di chuyén véi géc
tdn 14 0 cho théy bién dang hién tai ctia tau c6 do 6n

dinh cao. Khi ta ting vin t6c ctia tau sé lam cho ca

Iyc can va lyc ning tang 1én. Bén canh d6 khi AUH di Hinh 7: Trudng van t8c xung quanh AUH khi tau
chuyén véi cac géc tan khac nhau di tao ra cdc viing chuyén dong vsi van téc 1 m/s trong cac trudng hop
x04y rd rang hon xung quanh than AUH. Diéu nay c6 géc tan khac nhau

tac dong 16n dén su 6n dinh ctia AUH khi di chuyén
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Hinh 8: Luc can va lyc nang cla tau tai van téc 1 m/s
VGi cac goc tan khac nhau

v6i AOA = 5 thilyc can khoang 62 N nhung khi AOA
= 20 luc can gin 200 N. Su phan tich dic tinh thay
dong hoc cia AUH c6 thé cung cdp tham khao y nghia
cho su phat trién cac mau AUH méi hon trong tuong
lai. Dya vao két qua c6 dugc vé su 6n dinh ciia mau
AUH hién tai tién hanh thém céc nghién ctiu cho bo
ddy va hé thong néi cia AUH.

DANH MUC TU VIET TAT

CFD Computational Fluid Dynamic

AUV Autonomous Underwater Vehicle
AUH Autonomous Underwater Helicopter
AOA Angle of Attack

XUNG POT LO1iCH

Nhoém tac gia xac nhén khong c6 xung dot loi ich lién
quan dén cong trinh nghién ctu.

DONG GOP CUA TACGIA

Nhoém tdc gid m6 phong bang phan mém ANSYS
Fluent, stt dung INVENTOR d¢€ xay dung moé hinh
3D. Céc thanh vién déu c6 dong gép nhu nhau trong
nghién ctu nay.

CAMON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuon khé
Dé tai mi s6 B2024-20-06. Chung tdi xin cdm on
Trudng DPai hoc Bach khoa, PHQG-HCM di hé trg
thai gian, phuong tién va co s¢ vét chit cho nghién
cliu nay.
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ABSTRACT

An autonomous underwater helicopter (AUH) is an autonomous underwater vehicle that is highly
useful for performing subsea missions. It was proposed at the Ocean College of Zhejiang University.
An appropriate hull structure for an AUH needs to be adjusted to perform multidirectional move-
ment, rotation, and precise hovering in the marine environment. The viable geometric form of the
AUH also needs to be simple for easy manufacturing, such as spherical, ellipsoidal, or disk shapes,
which could be considered feasible designs for the AUH. The disk-shaped AUH has lower drag in
the horizontal plane than other shapes but higher drag in the vertical plane compared to other
profiles. However, the disk shape allows the AUH to maintain good position holding and stability
in vertical plane movements. The physical model and boundary conditions are built according to
the experimental model of the previous research. The continuity, Navier-Stokes, and energy equa-
tions are solved by the finite volume method. In this study, the hydrodynamic characteristics of
an AUH are analyzed and simulated by ANSYS Fluent software. The numerical results clearly show
the velocity field and pressure distribution around the AUH when it moves through the water. The
larger the velocity and angle of attack, the larger the drag force. The numerical results of the hydro-
dynamic characteristics of the AUH contribute to increasing the efficiency, maneuverability, and
energy savings when an AUH moves through the ocean. This is the basis for achieving the optimal
design of disk-shaped autonomous underwater vehicles in the future.

Key words: Numerical simulation, Autonomous underwater vehicles, Hydrodynamic, Computa-
tional fluid dynamics.
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