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TOM TAT

Nghién cliu nay tap trung vao phan tich céc ddc tinh thdy dong lyc hoc clia mét phuong tién dudi
nudc khong ngudi lai dac biét, dugc goi la phuong tién tu hanh dudi nudc hai khoang (TPAUV).
TPAUV bao gém hai than néi hinh ngu 16i dugc két néi bdi moét canh ¢6 dinh, cing hé théng ddy
bao goém hai dong co néi va hai déng co ddy. Cau hinh nay cho phép phuang tién di chuyén linh
hoat theo c& chiéu doc va chiéu ngang, rat pht hgp cho cac nhiém vy khao sat day bién & van téc
thap. S dung moé phdéng déng luc hoc chét 1dng tinh todn ba chiéu (CFD), nghién ctu da phan
tich sau cac dac tinh thily dong luc hoc clia ting thanh phan TPAUV, véi trong tam la dong chay r6i
dugc tao ra chl yéu bdi canh quat. Qua do, anh hudng clia dong chdy 1én cau tric ting bd phan
da dugc danh gia nham téi uu hda hiéu qua hoat déng thay dong luc. Diém ndi bat cua thiét ké
TPAUV la kha nang dat dugc su tach biét I16n gitta trong tam (CG) va trong tam ndi (CB), mang lai su
6n dinh cao cho phuong tién khi hoat dong dudi nudc. Ngoai ra, nghién ctiu cling phan tich cac
tuong tac thly dong gitia hai than tau, xac dinh ca tac dong tich cuc lan tiéu cuc dén hiéu suat.
Cac yéu t6 nhu kich thudc than tau, hiéu Ung hinh dang, va dé sau ti mat nudc dugc chon lam
bién s6 mo6 phong. Bén canh d6, méi quan hé gita luc can, luc nang vdi van téc va sy thay déi clia
luc can thily déng theo thoi gian cling dugc dé cap trong nghién ctiu. Nhiing khu vic ma tuong
tac thlly dong cé tac dong Ién nhat va it nhat cing dugc thao luan, cung cép ca sé khoa hoc cho
viéc thiét ké cau hinh AUV va cac chién lugc diéu khién phu hop. Két quéa nghién ciu khong chi
xac nhan tinh kha thi clia thiét ké TPAUV ma con dua ra cac gai y thiét thuc dé cai thién hiéu sudt

va do tin cay clia cac phuong tién ty hanh dudi nudce trong tuong lai.
Tu khoa: Tau tu hanh hai khoang, Thily déng Iuc hoc, Tinh toan dong luc hoc chat long, M6

phong s

TONG QUAN

Tau ty hanh duéi nuéc (AUV) dang thu hut sy cha
y toan ciu boi tiém nang to 16n trong linh vuc khai
thac va nghién cdtu. Mic du tai Viét Nam, AUV van
dang trong giai doan phét trién ban dau, nhung day
la budc dém quan trong cho tuong lai. V&i kha nang
hoat dong ddc 1ap, hiéu qua va an toan, AUV hia hen
mang dén nhiéu lgi ich cho cac hoat dong dudi nudc,
m& rong pham vi nghién ctiu va thic ddy sy phit trién
ctia nganh khai théc va nghién ctiu bién tai Viét Nam.
Phuong tién tu hanh duéi nuéc (AUV) la nén ting
robot khéng ngudi lai c6 thé dugc diéu khién d€ thuc
hién nhiéu nhiém vu khédc nhau dudi day bién. AUV
c6 nhiéu tng dung trong nhiéu nganh cong nghiép,
bao g6m déu khi, ngoai khoi va van chuyén, khoa hoc
va nghién ctu, ki thuit dué6i nuée, kiém tra co s& ha
tang, ctiu ho hang hai, gidm sit mdi trudng va quan
sul2

Tau lugn dudi nude (UG) thudng co than hinh try,
canh dang lu&i, mii va dudi tau hinh elip. Nhiing
thiét ké nay da dugc nghién ctiu rong rai vé mit t6i uu

héa bién dang va thiét k& b diéu khién PID, nhu da
dugc chiing minh trong nghién ctiu vé cac mo6 hinh
nhu tau lugn dudi nudc Sea-Wing, Petrel-L va tau
lugn dudi nudc lai3. C4u hinh Than canh hén hop
(BWB) ctia UG*, mang lai nhiing loi thé khac biét,
dac biét trong bdi canh phuc vu nhu cac phuong tién
tu dong dudi nude (AUV) duge hd trg boi stic néi va
hoat dong & t6c d6 thap. St dung md hinh dong hoc
bat ngudn tit phuong trinh Newton-Euler d€ cai thién
do chinh xdc cta viéc diéu hudng, gidi thiéu mot mod
hinh dong mo6 ta chuyén dong quay ciia AUV & dinh
dang 3DOF>.

Dong luc hoc chit long tinh toan (CFD) dong vai tro
then chét trong viéc kham phé cac dic tinh thuy dong
luc hoc von ¢6 trong chuyén dong ctia chit1ong. Bing
cach st dung céc phuong phép va thuét toan s6, CFD
cho phép phan tich dong chét long trong nhiéu ting
dung khac nhau, ti vi kénh dén budng kht trung va
tau lugn dudi nudc hinh ngu 16i dén méy théi ly tam.
Tinh linh hoat ctia CFD thé hién rd & pham vi tién
ich rong rai clia n6 trong cac nganh ky thuat co khiva
khoa hoc ting dung®’

Trich dan bai bao nay: Hoang Phuong V, Thanh Long L, Nhat Anh N, Gia Huy TV, Thanh Truang N. Ung
dung CFD téi uu thiét ké phuong tién tu hanh duéi nuéc hai khoang. Sci. Tech. Dev. J. - Eng. Tech.
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Nghién ctiu nay nham muc dich x4y dung mét mo
hinh tham s6 ctia Phuong tién tu hanh duéi nudc hai
khoang d€ ning cao hiéu sudt thuy dong luc ctia n6
thong qua mot phuong phap kha thi. Bai bdo tién
hanh xay dung mot mé hinh don gian cia TPAUV,
két hgp véi cac dic tinh clia moi truong ddy bién, sau
d6 dugc t6i uu hoa d€ danh gid hiéu suét thuy dong
luc hoc ctia tau. Hiéu sudt ctia bién dang tai cic di€ém
cu thé trong khong gian thiét ké dugc dénh gia thong
qua phan tich CFD.

MO HINH TOAN VA PHUONG PHAP
SO

M6 hinh tinh todn

Mot tdm nhom, cing cé chiic ning nhu canh c6
dinh ctia TPAUV, ndi hai than néi. Than chinh cta
TPAUV la than xoay hinh ngu 16i, gitp giam luc cin
chuyén dong duéi nude. Thin quay dugc mo hinh
hoéa bang cac phuong trinh bién dang than tau Myring
va Hinh 1 cho thdy cdu tric téng thé ctia TPAUV. Céc
thong s6 vé kich thudc duge miéu ta trong Bang 1.

Dong co day

Cénh nan, CTD

Cénh ndi

Than

Hinh 1: M6 hinh don giadn clia tau lén dang doi

Bang 1: KiCH THUGC CUA TPAUV

B phan Kich thuéc
Chiéu dai than tau 2005 mm
Khoang cach hai than tau 630 mm
Dbuong kinh than tau 170 mm
Chiéu dai canh 530 mm
Chiéu rong canh 460 mm

Céc phuong trinh ba chiéu (3-D) chi phéi su bao toan
khéi lugng, phuong trinh Navier-Stokes, dong ning
hén loan va t6c d¢ tiéu tan cta dong chay dugc st
dung d€ nghién ctiu dong nudc bién mot pha xung
quanh TPAUV dugc thé hién nhu sau®:
PLpvU)=0 (1)

p(%U LU VU)=-Vp+uViU+pg (2)

ok 9(kU; d , ok
poi+pfGl = Fo e 8 S mr -
pe—m (3)

p + o - 2w+l §E] 4
Cle S (P +Cse.Py) —Cacp S (4)

Trong d6, p 1a mat do cta nude bién, U la vector van
toc, p 1a ap sudt, ¢ 1a gia toc trong trudng, € 1a sy tiéu
hao ctia nang lugng dong lyc hoc hon loan, u 1a do
nhét dong luc hoc ctia chétlong, k1a nang lugng dong
Iuc hoc hdn loan, s 1a d nhét hén loan, Py 1a sy san
xuit hon loan, Py, 1 dnh hudng ctia ndi lyc ndi, va vy
la sy d6ng gop cuia sy md& rong nhip diéu khong nén.
Céc gid tri ctia cic hing s6 tuong quan 1a Cj¢ = 1.44,
Cre =1.92,C3: =0.09, 6=1,0¢ = 1.3.

Nguoi ta quan sét thdy ring khong cé sy khac biét
dang ké gitta cic mo hinh nhiéu loan khéc nhau trong
viéc du dodn sy khdi ddu ctia xAm thuc d€ mo6 phong
s6 lugng cac dong chay r6i, va mo hinh nhiéu loan k-
omega (k-w) dugc cho1a phithgp cho cd mé hinh gisi
han tuong va mo hinh nhiéu loan dong chay cit tu do.
Do d6, mé hinh nhiéu loan k- dugc st dung trong
nghién ciu nay. M6 hinh k - @ la mot trong nhiing
mo hinh nhiéu loan dugc stt dung rong rai nhét cho
khi dong hoc va thay dong luc hoc bén ngoai va da
cho thdy tiém néng t6t hon d€ du dodn cdc dic diém
chinh ctia dong chay thdng diing/tach biét so vdi cac
mod hinh khéc. Céc tac gid sti dung mo6 hinh ting suat
cat (SST) k - w thudng dugce st dung vi né hoat dong
tOt trong cac gradient dp sudt bét 1gi va dong chay tach
biét. M6 hinh SST k - @ tao ra miic nhiéu loan hoilén
& nhiing vung c6 bién dang chudn I6n, nhu ving tri
tré va viing c6 gia toc manh.

Kich thudc cia mién chit 1ong dugc mo ta trong
Hinh 2 va céc diéu kién bién dugc minh hoa trong
Bang 2. Mién chit 1ong dugc tao véi ranh gidi phia
trén phai bing 1-2 lan chiéu dai ctia tau lugn, Ly,picre
va ranh gi6i phia dudi phai gdp 3-5 14n Lyepicie, d€
tranh bat ky su tic nghén nao béi céc biic tudng. Bén
canh do6, vi tri diu vao phai cich vat thé 1.514n L, p;c/,
vavi tri dau ra phai cich vat thé 3.514n L,.p;c7.. Thanh
trén, thanh dudi va cac thanh bén phai dugc git bang
9 lan dudng kinh ctia tau lugn, D,picj. d€ tranh lam
gian doan dong chat 1ong. Ngoai ra, cac thong s6 dau
vao ctia moi trudng ciing dugc thé hién & Bang 3. S6
lugng ludi dugce thiét 1ap & mic khoang 4x10° phan
tt (Hinh 3) d€ dam bao d6 chinh xdc ctia mo phong,
cho phép ndm bat cdc chi tiét phic tap ciia dong chay;
v6i s0 lugng phén tt ludi cao hon, phén bo nay dugc
md phong chinh xdc hon ma van téi uu dugc thoi gian
mo phong.

2528



Tap chi Phdt trién Khoa hoc va Céng nghé - Ky thudt va Céng nghé 2025, 8(2):2527-2532

Mt déi xirng

Hinh 2: Miénchat I6ng dung cho qua trinh mé
phong

Bang 2: Cac rang budc chia diéu kién bién®

Lép bién biéu kién

Pau vao 1.0 m/s

Diura Ap sudt duéi 100 m déy bién
Mit phéng ctia vat thé  Khong truot

Tuong bao Ap sudt dusi 100 m ddy bién
Van tc dong co ddy 0.5 m/s

Bang 3: Tinh chat vat ly ctia nudc

va nhém?®

Tinh chat Gidtri Ponvi

T 15 oC

Ptuyét doi 105 Pa

Snudcbién 35 g/kg

p nudcbién 1027 kg/m3

1 nuGe bién  1.25 mPa.s

p nhoém 2700 kg/m3

enhom 68.9 GPa
Phuong phdp sé

Chién lugc chia luéi bao gobm mot 1u6i gom céc phan
tl dang td dién vdi chi ti€t nang cao gan bé mdt ctia
tau d€ ndm bit cdc mo hinh dong nudc xung quanh né
mot cach hiéu qua. Vung xung quanh TPAUV dugc
thiét 14p bang ludi ti dién, véi kich thudc phén ti tu
1.5 mm dén 4 mm. Ham lam phét dugc st dung dé
ndm bt cdc dic tinh dong chay trong cac 16p ranh gidi
xung quanh mé hinh phuong tién duéi nudc. V€ vin
dé nay, cac mat luéi 16p lang kinh dugc tao ra trén bé
mit ciia md hinh phuong tién duéi nudc bang cich

stt dung ham lam phat, nhu minh hoa trong Hinh 3,
dam béo rang khoang cach tudng khong thit nguyén
yT dugc duy tri dudi 1.

Hinh 3: C4u tric lugi tdng quan

KET QUA VA THAO LUAN

Hinh 4 minh hoa céc bién d6i trong phan bg ap sudt va
md ta tryc quan trudng ap sudt xung quanh than than
tau va canh 6 dinh. Céic két qua néu bat tic dong
dang ké ctia dong chét long l1én cic by phéan chinh
nhu d4u mii, cdm bién Do dan dién, Nhiét d6 va Do
sdu (CTD) cling nhu dng-ten. Cu thé, hinh vé mo ta
nhiing dao dong dang chii y vé gia tri dp sudt & mii tau
lugn, noi 4p suit dao déng quanh miic 100.498x103
Pa. Su dao dong nay dugc chola do vai tro cia mii tau
la diém tiép xuc chinh v6i dong nudce, dan dén luc can
tang 1én. Nhiing hién tugng nhu vy bi chi phoi boi
cacnguyén ly co ban ctia dong luc hoc chétlong, trong
d6 su tuong tac gitta cdc bé mit rin (chdng han nhu
canh cung) va chit 16ng tao ra luc can déi véi chuyén
dong. Hiéu dugc nhiing ddng luc hoc nay la rit quan
trong d6i véi viéc thiét k€ va van hanh tau, dac biétla
dé t6i vu hoa hiéu sudt va tiét kiém nhién liéu. Hon
niia, cdc khu vyc c6 dp sudt t6i thiéu (99.276x10° Pa)
trén than tau dugc quan sat gitia mai va than, ciing
nhu phia sau CTD va dng-ten. Nhiing vliing nay c6
hinh dang mugt ma hon, cho thdy it can trd dong chét
long hon. Quan sat nay nhdn manh tdm quan trong
ctia viéc lua chon vt liéu va thiét ké trong tuong lai.

Hinh 5 hién thi s¢ phan b8 véin téc ctia dong chay
xung quanh xe. N6 lam ndi bat cac khu vic dong chay
riéng biét, bao gdm ving vén t6¢ cao nhat tai diém néi
gilia mii va thin, va trudng van t6c thdp nhét dugc
quan sat phia sau thin va & d4u than thin tau. Phéin
b nay thé hién d6 16n va huéng cta van téc dong tu
do tuong ting véi téc do chuyén dong ctia TPAUV.
Hinh 6 minh hoa thém su phan b6 vén toc chét 1ong
va su sdp xép hop ly xung quanh TPAUV. Déng cha
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Hinh 4: Trudng ap suat xung quanh than tau (don
vi: Pa)

¥, su gidm vén t6c chét long dugc quan st thdy & gan
mi, phia sau bo déy va tai cdc cdm bién CTD va vi tri
dng-ten. Ngugc lai, vin téc chit 1ong cao nhét & diém
ndi gitia mai va co thé, ciing nhu & mép trude cta
canh noi nd néi véi co thé. Van téc chit long t6i da
ghi dugcla 1.27 m/s khi t6c d) ctia tau lugn la 0.5 m/s
va vén téc chit long 1a 1.0 m/s. Ngoai ra, mot ving
c6 téc do giam, dugc goi la ludng soéng, hinh thanh
phia sau vat thé, trong khi dong chay & phén trung
tam ctia canh bam chét vao bé mat. Phan tich nay cho
théy van tdc thip & ving dudi séng va van t6c khong
tai cac diém dinh tré.

Hurgmg dong chay
e

Hinh 5: Trudng van téc cGa dong chay

Cac két qua bing s6 vé mdi quan hé gitia luc kéo,
lyc can va van tdc dong tu do dugc thé hién trong
Hinh 7. V& mat ly thuyét, xu huéng phai 1a tuyén tinh,
su chénh léch phit sinh do cic phép tinh s6 st dung
mod hinh ly tudng héa khong tinh dén céc yéu t6 nhu
bé mat, d6 nham, bién dang canh, phin nho ra nho va
cdc khia canh tuong tu. Hon nita, nhiing thay d6i vé
toc d¢ bay hodc dong xody trong qua trinh thii nghiém
ciing c6 thé gop phén tao ra su khac biét. Ngoai ra,
viéc tang van t6c dong chay tu do con din dén luc can
va luc nang ting 1én. C6 thé nhén biét r6 rang rang su

[m s*-1]

D D D AB D A
o oV gF 67 02 ¥ gN g aS AN WY

Hinh 6: Dudng dong tai mat cit & hai than (a, b) va
canh c6 dinh (c)

thay d6i van t6c dan dén viéc than tau phai chiu luc
can rdt 16n trong khi lyc nang lai dugc kiém sodt tdt.
Diéu nay chiing to viéc diéu khién TPAUV néi lén sé
dé dang khi gdp dong chay c6 van tdc 16n tuy nhién,
viéc di chuyén sé gip nhiéu kh6 khan. Két qua nghién
ctiu cho théy su pht hgp véi s6 liéu thuc nghiém ctia
He va cong su? vé su thay déi ctia van toc dong chay
d6i v6i anh hudng ctia than tau.

—s— Lurc can |
—e+— Luc néngl

B 8 & 8

@

3

o

Luc nang, Luc can (N)
8

nw/

T T T T T T
06 08 10 12 14 18

T T
18 20 22

Van téc (m/s)

Hinh 7: Méilién hé gilra van téc dong chay va luc
can, luc nang tac dung Ién than tau

Hinh 8 minh hoa sy bién d6i theo thoi gian cua luc
can & cic van téc khic nhau. Ban dau, luc can ting
lén déng ké, sau d6 1a su 6n dinh d4n dén theo thoi
gian. MGi quan hé gitia Iyc can va van t6c 13 hién
nhién, khi luc kéo ting dan khi vin tdc ting din va
ngugc lai. Su mét 6n dinh quan sit dugc & cac gid
tri dién tr& vugt qua gidy ddu tién cé thé la do mot
s6 yéu t6. Mo phong nhit thoi, khong giong nhu mo
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phong trang thédi 6n dinh, c6 kha nang nim bét cac
chi tiét va tuong tdc dong bé sung do bién dang ludi
va bién d6i d¢ phén gidi. Chung cling bao gém céc
trang thai dong chay dong nhu su tach dong xody va
su phan tach dong chay, c6 téc dong dédng ké dén luc
can. Nhiing hiéu ting dong nay gay ra su phtic tap ma
céc gia dinh & trang thai 6n dinh c6 thé bo qua, nhin
manh tdm quan trong ctia m6 phong nhét thoi trong
mo hinh ddng luc hoc dong chdy mot cach chinh xac.

120
——08ms
108 ——09ms
%0 ——1.0m's
+—1.1m/s
7 +—1.2m/s

e e
T T - ¥

Luc can (N)
8

T T
0.0 05 25 30

10 . 1s 20
Thaoi gian (s)

Hinh 8: Luccan & cac van t6c dau vao khac nhau

KET LUAN

Céc ddc tinh thiy dong luc ctia Phuong tién tu hanh
dudi nuéde hai khoang (TPAUV) da dugc nghién ctiu
béng phuong phdp s6 va mod hinh héa trong nghién
ctu nay. Thiét ké ctia hai than néi dya trén phuong
trinh Myring dé€ gidm lyc cin dudi nudc tdc dong
1én con tau. Két qua tinh todn cho thdy mai ctia vét
n6i chiu ap lyc rdt 16n khi nude chay qua tau. Ngoai
nhiing phat hién néu trén, viéc thuc hién mo phong
ludi dong chit lugng cao da mang lai két qua kha
quan. Nhiing m6 phong nay da dugc chiing minh la
cong cu giup hiéu dugc dic tinh thuy dong luchoc cua
TPAUV. Nhiing hiéu biét sau sic thu dugc ti nhiing
mo phong nay cé thé dugc tan dung d€ phat trién cac
co ché van dong thay thé cho phuong tién trong cic
nd lyc nghién ctu trong tuong lai.

DANH MUC TU VIET TAT

TPAUV Twin-Pod Autonomous Underwater Vehicle
CFD Computational Fluid Dynamics

AUV Autonomous Underwater Vehicle

UG Underwater Glider

BWB Blened-Wing-Body

PID Proportional - Integral — Derivative
DOF Degree of Freedom

SST Shear Stress Transport

CTD Conductivity Temperature Depth sensor

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Pai hoc Quéc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khuén khé
Dé tai ma s6 B2024-20-06. Chung tdi xin cam on
Phong thi nghiém Trong diém Diéu khién s6 va Ky
thuét Hé thong, Trudng Dai hoc Bach khoa, PHQG-
HCM da hé trg thoi gian, phuong tién va co s& vét
chét cho nghién ctiu nay.

XUNG POT LOI iCH

Nhoém téc gia xdc nhan khong c6 xung dot lgi ich lién
quan dén cong trinh nghién ctiu.

PONG GOP CUA TAC GIA

Nhém tac gid m6 phong bang phadn mém ANSYS Flu-
ent dé thyc hién mo6 phong s6 va s dung phin mém
SolidWorks d€ thuc hién thiét ké. Cac thanh vién déu
c6 dong gép nhu nhau trong nghién ctiu nay.
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ABSTRACT

This study explores the hydrodynamic characteristics of a distinctive unmanned underwater ve-
hicle, the Twin-Pod Autonomous Underwater Vehicle (TPAUV). The TPAUV is composed of two
torpedo-shaped buoyant bodies connected by a fixed wing and equipped with a propulsion sys-
tem that includes two buoyancy engines and two thrusters. This innovative configuration allows
the vehicle to move with exceptional versatility, maneuvering effectively in both vertical and hor-
izontal directions. As such, the TPAUV is particularly suited for low-speed seabed survey missions,
which require stability, precision, and efficient energy use in challenging underwater environments.
To evaluate the TPAUV's performance, the study employed advanced three-dimensional Compu-
tational Fluid Dynamics (CFD) simulations to perform a detailed analysis of its hydrodynamic prop-
erties. The analysis focused particularly on the turbulent flow generated by the propellers, which
significantly influences vehicle behavior and energy efficiency. By assessing how fluid flow interacts
with the vehicle's structural components, the study aimed to optimize the TPAUV's hydrodynamic
performance while minimizing potential drag and turbulence-related inefficiencies. A standout
feature of the TPAUV design is its ability to achieve a substantial separation between the center
of gravity (CG) and the center of buoyancy (CB), ensuring exceptional stability during submerged
operations. This feature is crucial for maintaining precise control and orientation, especially during
complex seabed exploration tasks. Additionally, the study examined the hydrodynamic interac-
tions between the two hulls, identifying both beneficial and adverse effects on the vehicle's overall
performance. Variables such as hull dimensions, shape effects, and the vehicle's operating depth
were investigated to better understand their influence on hydrodynamic interactions. Additionally,
the relationship between drag force, lift force, and velocity, as well as the variation of hydrodynamic
drag force over time, is also discussed in the study. The study highlighted specific areas where these
interactions had the greatest and leastimpact, offering valuable insights into improving the TPAUV's
design. These findings not only validate the feasibility of the TPAUV's unique configuration but also
provide practical recommendations for enhancing the stability, efficiency, and reliability of under-
water survey vehicles. This research serves as a foundational step toward advancing the design and
control strategies of next-generation autonomous underwater vehicles.

Key words: Twin-pod autonomous underwater vehicle, Hydrodynamics, Computational fluid
dynamics, Numerical simulation.
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