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Tém tit: Ngay nay, phiong tién tw hanh duéi nuée dwoc vimg dung rong rdi trén toan thé gidi.
Phuwong tién tw hanh duwdi nwée dwoc g dung trong linh viee vién tham, nghién ciru hdi dwong hoc,
kiém sodt méi triong, bao vé lanh hdi,... Kha ndng tw dong diéu khién va phan ing linh hoat ciia
phuwong tién tw hanh da dwoe khang dinh trong vai tro miii nhon phdt trién cia nganh tau ngam.
Trong xu thé d6, bai bdo nay nghién citu chuyén sdu vao viéc mé phong anh hwéng cia dong luu chat
tac dung lén bién dang cua tau ty hanh bang phirong phdp tinh toan dong liec hoc dong chay. Két qua
mo phong cho thay bién dang cua tau ty hanh anh hwong dang ké béi lwc can tau va dong thoi cdc
diém ting sudt nguy hiém sé xudt hién & phdan miii tau khi né chuyen dong. Ngoai ra, anh huong cua
bién dang canh ldi dén lye can va goc xoay cua tau cing duoc tim hiéu trong nghién cuu nay.

T khoa: Canh tau lan, lyc can, phwong tién ty hanh, tinh todan dong luc hoc dong chay.

Chi s6 phan logi: 2.1

Abstract: Nowadays, the autonomous underwater vehicle is applied worldwide. It can be applied
in the field of remote sensing, oceanographic research, environmental control, territorial protection.
The ability to automatically control and flexibly react to the autonomous underwater vehicle has been
affirmed in the role of submarine industrial base development. In this trend, the study investigates on
simulating the effect of fluid flow on the profile of an autonomous underwater vehicle by
computational fluid dynamics method. The numerical results indicate that an autonomous underwater
vehicle profile determines the drag and the largest stress occurs at the head of autonomous
underwater vehicle when it moves. In addition, the effect of the wing profile on the drag and rotation
angle of the autonomous underwater vehicle is also explored in this study.
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1. Giéi thidu k§ thuat ban dau con kém, cac cam bién chua
) duoc tinh gon, hé thong nang luong chua thé
nuéc (Autonomos Underwater Vehicle - hru trit dwgC nhicu nén hau nhur thiet b l3n t

AUV) duoc tién hanh tir rét som. Nam 1930 1anh chua duoc phattrien. )

nhitng nd luc caa Otis Barton va William ~_ Trén thé gioi, AUV rat dugc quan tam.
Beebe di gitip con ngudi 1in xudng va quan  Yao cudi thé ky trude, AUVs da dan dan
sat dai dwong ¢ d§ sdu hon 500m [1]. Thoi chuyén tir moi truong hoc thuat diéu khién
gian gan day, rat nhiéu nghién cau vé d?n nh&ng vien canh day thach thtc, _ba(?
phuong tién tu hanh dusi nuéc dwoc cha y. 90 cac ung dung kh?a hoc, thuong mai va
Mot trong nhing déng lyc I6n nhét cho viec  quan sw. Cu the, tir nam 2000 dén 2010, la
phat trién thiét bi lin khong nguoi lai  giai doan phat trién thi truong thuong mal
(Unmanned underwater vehicle - UUV) la  cua AUV. Viéc sir dung cong nghé AUV vao
khi do sau nganh cong nghiép dau mé da Cac ung dung thuong mai tré nén kha ro
vuot qua gisi han ciia the Ian va cac lya chon  1ang. Cac chuong trinh st dung AUV duoc
thay thé 1a khong con. Ddi vai thiét bi lan X&Y dung va dua vao hoat dong. Cac thi
khong nguoi 1ai ngudi ta thuong chia thanh trtfc‘rng.AU\‘/ duo’c:‘ Xéf dmlz Vé‘dén}l gléA nh‘f
hai dang d6 la thiét bi lan diéu khién tir xa MOt thi truong doc lap. Day 1a mot thap ki
(Remotely Operated Underwater Vehicle - Ma cong ngh¢ AUV chuyén tir nghién ctu
ROV) hoic 12 thiét bi l3n tu hanh (AUV). Do moi truong, hoc thuat sang cac nganh cong
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nghiép, thuong mai dai duong [2]. Tai Viét
Nam, AUV hién chi méi dat nhiing budc
dau, va chua c6 nhiéu két qua. Nhiing théng
tin ¢ thé tim dwoc, hau hét tap trung dang
thiét bi tién AUV, do nhitng nhém nghién
ctru robot phét trién, véi ciu tric ciing kha
don gian [3].

Tuy nhién, hau hét cac loai AUV hién c6
déu 1a ban ty dong, cdu tao thuong thiy la
dang khoi véi phan day ndi tryc tiép toi tau
me, bén trong chra cac soi day cap dién, cap
quang truyén dir liéu,...CAu tao nay tuy dé
gia cong nhung sé€ kho dat hiéu suit cao
trong viéc di chuyén. Do hoat dong nhiéu
dudi nudce, nén dong chay quanh AUV sé
anh huong rat nhiéu téi hoat dong va téc do
cua nd. Pé khic phuc van d& do, ching ta c6
thé Gng dung phuong phap tinh toan dong
luc hoc luu chat dé nghién cu tinh chat
dong chay cua luu chat quanh AUV, tinh
toan dong luc hoc dong chay tac dung Ién
AUV. Tur @6 s€ co co so khoa hoc trong viéc
hoan thién thiét ké thuc té cho AUV.

Co hoc chat luu va thiy - khi dong luc
hoc tinh todn (CFD - Computational Fluid
Dynamics), hay thudng goi ngan gon la khi
dong luc hoc tinh toan hoac don gian hon
la tinh toan khi @ong. Linh vuc thudc nganh
phét trién sém, nhanh, rong réi, ngay cang
nhanh va dat nhiéu thanh tyu vé cing to 16n
trén ly thuyét ciing nhu thuc té. Viéc nghién
cau AUV dua trén CFD da dat dugc nhiéu
thanh teu nhat dinh. Trong thoi gian gan day,
CFD da dugc ung dung nghién ciru cac thiét
bi thiy dong gan giii véi AUV. CFD duoc
tng dung dé nghién cau lyc can Ién than
thuyén [4], kiém tra do bén cua vo tau dudi
cac van téc khac nhau [5]. Cac nghién ctu
CFD tap trung vao AUV ciing da duoc thuc
hién, nhung chua phd bién. Cac két qua tiéu
biéu c6 thé ké dén nhu viéc xac dinh mdi
tuong quan gitra bién dang AUV va lyc can,
hodc nghién ciu cac ving chay rdi quanh
AUV [6, 7]. Bang cach &p dung phuong phép
tinh toan dong luc hoc dong chay, bai béao
nghién ciu tAc dung cua ap sut lén céc tau
AUV ¢ céc qua trinh hoat dong khac nhau.
Bén canh d6, bai bao ciing phén tich luc dy
ctia dong co cho truong hop ¢d nhidu. Ngoai

ra, kha nang bu goc xoay doc truc cua hé
thdng canh bén ciing dugc khao sét.

2. M hinh vt Iy va phwong phap s6

M hinh nghién cuiru la tau lan AUV ¢6
bién dang Myring nhu hinh 1 [8]. M6 hinh
bién dang nay dugc x@y dung phu hop vai
san pham thuc té. Tinh chét vat Iy cua nuéc
bién va vat liéu vo tau lin (nhom) duoc trinh
bay trong bang 1.

Hinh 1. M6 hinh tau tu hanh diréi nuéc.
Bdng 1. Tinh chdt vt Iy ciia nweéc va nhom.

Tinh chat Giatri Pon vi
T 20 °C
P juesc bién 1030 Kg/m3
n 0,00099
P nhom 2700 Kg/m3
& 68.9 GPa

Trong do6, T la nhiét d6 cta nudc, Pasc
vién 12 khdi lwong riéng cua nudc bién, Pnnem
la khéi luong riéng ciia nhém, 7 1a do nhat
cta nudc bién, & 1a modul dan hdi caa nhom
6061. Phuong trinh toan hoc mo ta qua trinh
chuyén dong cua tau lin AUV dudi nudc bao
gom [9]:

Phuong trinh lién tuc:

6_p+ pV.\7 =0 1)
ot

Phuong trinh dong lugng (Phuong trinh
Navier - Stock):

[ o) ow) | 6(uw)} I )
Lot OXx oy oz OX

S ow) v a(vw)} _® s, ()
ot Ox oy oz oy

p'@+ a(uw) , o(w) a(wz)} _ 787p+luvzw+ F 4)
ot Ox oy oz oz

Ngoai phan Inlet, Outlet va bién dang
tau dugc dinh nghia theo cach thong thuong,
bon bén con lai cua hinh lap phuong duoc
dit & dang Symmetry. Diéu kién bién cua céc
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bé mat md hinh vat 1y duoc thé hién trong
bang 2.
Bdng 2. Diéu kién bién ¢ céc tiét dién.

Dang bé mit Phwong trinh toan
Inlet u=-Ugn
Oulet [- p|+ﬂ(VU+(VU)T)n:_ﬁon
Moving wall u=u,
Symmetry K—(K.n)n=0,K=|:,U(VU +(Vu)' )}n

Trong nghién cau nay, phan mém
Comsol Mutiphysics dugc dung dé mé phong
chuyén dong cia AUV dudi nuéce. Phan mém
nay chia mé hinh md phong thanh cac phan
tu (element) vai kich thudce ludi nho va cac
phuong trinh toan da dé cap & trén dugc bién
dbi thanh dang ma tran tuyén tinh c6 thé giai
dugc bing phuong phap sé (hinh 2). Do bai
toan dat ra can phai mo phong duoc sy di
chuyén cia AUV, vi thé can phai sir dung
phuong phap Moving Mesh, cho phép ta bién
lu6i tinh duge chia luc dau thanh ludi dong.
Nén tang caa Moving Mesh dua trén phuong
phap ALE - Arbitrary Lagrangian Eulerian.
Pé diéu khién bién dang cua tirng mat ludi,
ta s¢ dung phuong phap Windslow, voi
cong thuc:

2 2
I (5)
oX 5y

Hinh 2. M6 hinh luéi cua tau lan.

Khi AUV di chuyén véi van téc lon,
lugi s& bi bién dang nhiéu, gay ra Idi
Inverted Mesh, qua trinh mdé phong sé
khdng thé hoi tu. Bé khiac phuc hién tuong
nay, ta s€ s€ chia lai lugi theo phuong trinh:

oM >2 (6)

Trong d6,0M Ia ti s6 thé tich cua mat
lu6i sau va truée bién dang. Sau khi giai ra
duoc truong &p suat va van téc cia mé hinh,
ta tién hanh phan tich lec. Bé tinh luc trong
bai toAn m6 phong ta sir dung cong thic sau
[10]:

F = [[[0T],0S (7)

Trong do6 dS la vi phan dién tich tau, n la
vector don vi, vubng goc vai dS, IT la tensor
tng suat. Trong phan mém Comsol
Multiphysics, tich cua tensor &ng suit va n
dugc thé hién boi cong thic sau:
spf.T _ stressx (8)
spf.T _ stressy
spf.T _stressz e

T= [ﬁ'ﬁ]suﬁace -

Tur 4y, cong thuc tinh lec doc truc tau
(truc x), s& duogc rut gon thanh:

F, =[], (spf T _stressx)ds (9)

Tuong tu ta cd cong thuc tinh lyc cho

thanh phan vudng goc (truc y):
F, = ”S (spf T _stressy)dS (10)

Tuong tu ta c6 cong thuc tinh luc cho

thanh phan tiép tuyén (truc z):
F = ”S(spf T _stressz)dS (11)

3. Panh gia két qua mé phong

Tau duoc thiét dé chay 6n dinh ¢ téc do
t6i da 2 m/s, 46 sau trung binh 4 m, d6 sau
t6i da 50 m. Céac diéu kién dau vao cho qué
trinh mé phong tuan theo cac yéu cau thiét ké
nay. Hinh 2 biéu thi phan bé ap suat trén than
tau & d6 sdu 4 m, & toc do lan luot 1 m/s, 1.5
m/s, 2 m/s. Dya vao két qua mé phong, ta co
thé thdy 4p sudt mdi tau 1a 16n nhat trong
truong hop tau chay ngang. Vi thé ta can tim
hleu thém vé &p suat tai diém nay. Két qua ap
suat mii tau dugc mo ta & hinh 3.

Ap suat mili tau khi hoat dong 6n dinh s&
c6 mot gié tri on dinh. Gia tri nay dat cuc dai
(421800Pa) khi tau di chuyén voi téc do
2m/s. Tir viéc xac dinh truong &p suat ta c6
thé tinh duoc luc can cua nuéc theo thoi
gian, dwa trén cdng thic di dugc dé cap
trong phan 2. Két qua luc can dugc thé hién
trong hinh 4.
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(@) 1m/s

(b) 1,5m/s

(c) 2m/s

Hinh 3. Phan bd ap sudt trén than tau
¢ Cac toc do lan luot.

Ap sudt mii tau & téc d6 1m/s, d6 sdu 4m
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Hinh 4. Ap sudt miii tau theo thoi gian.

Luc ¢an cla nuée & toe do 1 m/fs, d6 sdu 4m
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Lire can cua nudre & tdoe d6 2 m/fs, do sdu dm

o . 4 B &

Life can (M)

(c)
Hinh 5. lyc cdn cua nudc theo thoi gian.

Luc can téi da cua nudc khi tau hoat
dong & tbe do 2 m/s 12 113.2 N. Théng sé luc
can nay s& duoc sir dung dé thiét ké dong co
day cho AUV. Khi AUV hoat dong, c6 thé c6
nhiéu loai nhiéu xay ra. Trong d6, do nhiéu
¢6 anh huong 16n nhat 1a dong bién. Téc do
va huéng cua dong bién rat da dang. O day,
bai bao trinh bay két qua mé phong cho hai
truong hop: Tau di xién xudng vai van tdc
dung 1 m/s, van téc ngang 1 m/s. Dong bién
di chuyén theo _phuong ngang voi toc do 1
m/s, nguoc chiéu di chuyén cua AUV. Két
qua luc can cua nuéc 1én tau dugc thé hién &
hinh 5. Dya vao két qua mé phong, ta c6 thé
thiy trong truong hop nay luc can rat lon.
Dic biét, luc can theo phuong ding cé thé
1én téi 222N. Bé AUV c6 thé di chuyén trong
truong hop nay, can co cac thiét ké dac biét
dé thang luc can. Ngoai tim hiéu vé luc can,
bai bao con tién hanh mé phong gdc canh
AUV. Trong céac loai AUV sir dung mot
dong co day can ¢ goc canh phi hop dé khir
moment khién tau quay doc truc. Mbi lién hé
gitta goc canh va moment sinh ra duoc thé
hién & hinh 6. Theo thiét ké ¢ tai liéu [11],
moment can thiét trong trudng hop nay la
1.09N. Vi thé, ta noi suy goc canh can thiét
theo biéu dd trén la 2.01°. Moment do g6c
canh nay tao ra theo thoi gian duoc thé hién
& hinh 7. Két qua md phong cho thiy géc
canh tinh toan pht hop dén 93,57% yéu cau
thue té. Vi vay day 1a mot két qua kha quan
c6 thé tham khao khi thiét ké.

Phan bé lyc trong treang hop cé dong bién

—— Lurc theo phiromg ngang

—— Luwe theo phurong dirng

Lyre [N)
|

Hinh 6. Luc can cua nuéc Ighi
¢6 dnh huong cua dong bién.

Moment uén cla 1 cénh theo géc nang

25
20
15

10

Moment (Nm)

0 5 10 15 20
Goc nang ()

Hinh 7. Mdi lién hé giiza moment
va goc nghiéng canh.

Moment quay do mgt canh gay ra theo thoi gian

Hinh 8. Moment quay do
mét canh gay ra theo thoi gian.

4. Két luan
Bai bao di trinh bay két qua md phong
chuyén dong cua tau lan dudi nuéc. Cac két
qua mo phong vé truong ap sut, lyc can cho
thiy miii tau 12 phan chiu Gng suat 16n nhaj[
trong qua trinh tau lan AUV hoat dong. Ve
cén ban, cac ket qua chi ra phu hop véi thuc
té, dua ra nhicu so liéu tham khao c6 ich cho
hoat dong thiet ke.
Loi cam on
'Nghién ctru dugc tai trog boi Dai hoc
Quoc gia H6 Chi Minh (VNU-HCM) trong
khuén kho Bé tai md so6 B2018-20b-01.
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Nhom nghién cau xin cam on Truong Dai
hoc Bach Khoa, PHQG-HCM; Phong thi
nghiém Trong diém Qudc gia Piéu khién sd
va Ky thuat hé théng (DCSELAB) - Trudng
bai hoc Bach Khoa, PHQG-HCM; Phong thi
nghiém Cong nghé thiét ké va Gia cong tién
tién - Truong Pai hoc Bach Khoa, PHQG-
HCM da hd trg thoi gian, phuong tién va co
s& vat chat cho nghién ciu nayQ
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