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TOM TAT

Nghién ciru nay khao sat dac diém truong dong heu chdt ¢6 do nhot di qua vo tau cd Viét Nam ¢6 xét
dén anh hwéng ciia chan vit va banh lai bang phirong phdp mé phong CED (Computaional Fluid Dynamics).
Phirong phirong mé phong CFD sit dung két hop hai céng cu chinh la OrCA3D Marine CFD va Simerics cho
tac vu xdy dung mé hinh hinh hoc, tao ludi, thiét ldp diéu kién bién, méi truong mé phong va giai hé phiong
trinh RANS ( Reynolds Averages Naviers Stokes) ciia dong heu chat di qua vo tau cd. Cé hai két qua chinh ciia
nghién cieu nay. Két qua thir nhat vé phirong phap mé phong CFD, sir dung két hop b cong cu phan mém mai,
OrCA3D va Simerics givp kiém sodt chii déng dwge théng tin dau vao cho tau mé phong nhie long chiém
nude, nghiéng doc, vin toc tau, trang thdi dong chay quanh v tau; tiét kiém khoang 70% thoi gian thao tdc
tao lwi quanh chan vit va cai dat théng sé so voi sir dung phan CFD tong qudat khéc nhuw StarCMM++, Ansys
CFD, Open FOAM. Két qud thir hai vé truong luu chdt, tai toc dé khai thdc tau 10 knots, lwc can qua vo tau
khi co chdn vit va banh lai twong g voi ba ché d¢ tdi tai mém nude d =1,848, 1,53 va 1,323m lan luot tang
lén 13,95%, 9,5% va 7,53% so véi truong hop dong heu chdt qua vo tau khéng. Biéu do phin bé vin toc va dp
sudt tai viung dudi tau co sai khac ro rét khi co sw co chan vit va banh lai. Cy thé, trong biéu dé phan bé van

toc dang vector, kich vimg xody tai ving dudi tau c6 xu hwéng nhé hon do cé tic déng ciia chan vit.

Tir khéa: Phdn bé vin téc, Phdn bé dp sudt, CFD, dong luu chdt, chén vit.

ABSTRACT

This study investigates the characteristics of the viscous fluid flow field passing through the hull of a
Vietnamese fishing vessel, considering the influence of the propeller and rudder using the Computational Fluid
Dynamics (CFD) simulation method. The simulation employs a combination of two main tools, Orca3D Marine
CFD and Simerics, for creating geometric models, meshing, setting boundary conditions, and solving the
Reynolds-Averaged Navier-Stokes (RANS) equations. There are two main results of this study. First, using the
new sofiware toolkit, Orca3D and Simerics, allows for proactive control of input information for the simulated
ship, such as water displacement, trim, speed, and flow characteristics around the ship ‘s hull. This approach
saves about 70% of the time spent creating mesh around the propeller and setting parameters compared to
using other general CFD software such as Star-CCM+, Ansys CFD, and OpenFOAM. Second, at the ship ‘s
operating speed of 10 knots, the resistance force through the ship ‘s hull increases when introducing propellers
and rudder. For the three load cases at drafis of 1.848 m, 1.53 m, and 1.323 m, the resistance force increases
by 13.95%, 9.5%, and 7.53%, respectively, compared to the case of fluid flow through a bare hull. The velocity
and pressure distribution in the stern significantly change when flow passes the hull with a propeller and a
rudder. Specifically, in the vector velocity distribution, the vortex size at the ship ‘s stern tends to be smaller due
to the impact of the propeller.

Keywords: Veloicty distribution, pressure distribution, viscous fuid flow, Computation Fluid Dynamics

I. PAT VAN PE dbi ctia truong dong bao quanh vo tau dong vai
Trong thict ke tau thuy, viéc ching ta c6 thé trd vo cung quan trong. Hién nay da phan ket
du doan dugc stic can va nhiing dac diém thay qua du doan strc can va dac diém thuy dong
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ctia dong luu chit qua vo tau duoc thuc hién
cho tau khong (barehull) ma chwa xét dén anh
hudng cia cic thanh phan thiét bi gin 1én vo
tau nhu banh lai, chan vit.

Trong nhitng nam gan day, tai Viét Nam,
viéc ung dung phuong phap md phong CFD
dé dy doan stc can ciing nhu dic diém thiy
dong dong luu chit qua vo tau khong da bt
dau tir muoi ndm trude. Cu thé trong nghién
cuu [1], Toan LV (2015) da thuc hién viéc du
doan strc can cua dong luu chat qua vo tau ca
¢6 ky hiéu M1375 bang cong cu OpenFOAM.
Trong nghién cuu nay tac gia da trinh bay anh
huéng cia mo hinh réi K-omega dén sic can
tong va dé xuat cac hé s cho mé hinh rdi khi
sir dung phuong phap CFD. Trong thoi gian
gan day, tai cac cong trinh [2,3,4 ;8] cac tac gia
da str dung céng cu md phong s6 dé du doan
suc can qua vo tau cao tbc va tau ca bang cong
cu Ansys CFD. Tuy nhién cac nghién ctru nay
déu thyuc hién cho ddi twong tau ma than vo
khong co cac thiét bi gan 1én. Pang cht y nhom
nghién cuu TuTD, Chen J.H (2021) [8, 5] da
cong bd so sanh dac diém truong luu chat va
luc can qua hai miu tau c4 theo miu truyén
théng Ninh Thuan.

Trong linh vuc nay, trén thé gidi, tai cong
trinh [9], Nasirudin, A va céng su (2023) du
doan suc can tau mdt than co6 mot gy goc voi
hinh dang miii ngugc bang phan tich CFD.
Nghién ctru nay sit dung md hinh rdi SST
(Shear Stress Transport) trong phuong phap
CFD véi hé s6 Reynolds tir 0,2 dén 0,7. Sergio
Murilo va cong su (2022) tai cong bd [10] sir
dung cong cu CFD phan tich lic doc (Trim) va
chuyén nhap nhé (Heave) ciia mau tau Wigley
khi tau chay trén song diéu hoa. M6 hinh rdi
SST k-omega két hop phuwong phiap VOF
(Volume of Fluids) dugc sir dung d¢é mo phong
dong rdi c6 mit thoang qua vé tau. Dy doan sirc
can qua vo tau co gin thiét bi phu nhu chan vit
va bsnhs 14i, S. Neykov (2013) trong cong bd
[6] va Frisk, D.P., & Tegehall, L. (2015) trong
¢d b6 [7] trinh bay két qua mo phong CFD cua
dong chay thé va dong chay nhdt qua vo tau
DTMB 5415 bang cong cu Shipflow. Két qua
ctia mo phong duoc so sanh vai sb liéu tir bé

thir voi sai léch twong di dudi 10% ddi véi mo
hinh r6i SST k-omega.

Hién nay, st dung phan mém CFD nhu
Ansys CFD, Star C++, OpenFOAM, Ship
Flow két hop véi mo hinh rdi mang tinh tiéu
chuin céng nghiép nhu SST k-omega dé mo
phong dong chay thuc qua vat thé nhu 6 t6, tau
thity, may bay, nha cao ting dugc sir dung kha
rong rai. Nhugc diém chinh cta cac phan mém
nay thoi gian dé tao mo hinh 3D va ludi md
phong chiém gan 80% nguyén cong ciia qua
trinh mo phong. Cac thao tac cai dat, lya chon
thong s6 doi hoi ngudi dung khong nhiing cé
chuyén mén chuyén nganh ma can thém kién
thirc nén tang vé co hoc chat long. Cu thé mo
phong dong chay qua vo tau thuy [1, 8] thoi
gian dé tao ludi va cai dat chiém gﬁn 75% cho
tién xir Iy va cai dat, va dong chay qua vo tau
khong c6 thiét bi gan 1én vo tau nhu chan vit va
banh lai. Vi v@y, nhom tac gia dat hai muc tiéu
trong nghién ctru nay la lua chon coéng cu mo
phong c6 thé thiét kiém dugc thoi gian tién xir
Iy va mé phong dong luu chét qua vo tau ci co
gan thiét bi chan vit va banh 14i.

IL. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

1. Lua chgn m6 hinh tau mé phéng

Mau tau dugc Iya chon dung dé tinh toan
1a mau tau cau muc xa c6 ky hiéu MHO076 da
duoc Trung tdm nghién cuu thir nghi¢m va
Kiém dinh, Vién khoa hoc cong nghé tau thuy
Viét Nam thir strc can, lic ngang va trén song
d6i diéu hoa [11]. Trong thuc nghiém, mau tau
duogc ché tao bang gb theo ty 18 1:10. Céc thong
s6 chi yéu cua tau va chan vit duoc thé hién
trong Bang 1.

Dic diém hinh dang dudng suon, vom dudi
va vom mili ctia v6 tau theo mau truyén thong
Viét nam dugc mo6 ta tai Hinh 1, chan vit tau
thiy nhu Hinh 2.

2. Phwong phap nghién ciru

2.1 Phuong phap CFD mo phong dong luu
chdt qua vé tau cd

Phuong phap nghién clru duoc st dung Ia
phuong phap mé phong sb bang cong cu CFD.
Cong cu md phong dung Simerics dé giai hé
phuong trinh chu dao bac hai va OrCA3D
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Bang 1. Cac thong s co ban cua tau ciu muc xa MH076

Cic thong sb co ban | Ky hiéu | Pon vi | Gia trj tau thye

Chiéu dai 16n nhat LOA m 20,00
Chiéu dai hai tru Lpp m 17,27

X Chiéu rong 16n nhat Bmax m 6,20

Vo tau X s

Chiéu rong thiét ké Btk m 6,03

Chiéu cao man D m 2,45

Chiéu chim trung binh d m 1,56

buong kinh D mm 814

.. Ty s6 budc xoan H/D 0,75
Chan vit Ty s6 mat dia 0 0,55
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Hinh 1. Pic diém hinh d4ang dwong swon.
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Hinh 2. Hinh chiéu chan vit.

Marine 14 plugin trong phan mém Rhinoceros
dé tao mo hinh hinh hoc, tao ludi, thiét 1ap
diéu kién bién va méi truong sé. Hinh 3 mo ta
cac budc mo phong dong luu chit qua vo tau
bang phuong phap CFD. Budc dau tién 1a xay
dung md hinh hoc vé tau 3D bing phan mém
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Rhinoceros. Diéu kién sir dung md hinh hinh
hoc nay c6 thé sir dung cho budc tiép 1a mién
tinh toan phai dudi dang closed polysurface
mesh. Sau d6 trong OrCA3D Marine s tao
mién tinh toan, tu dong chia ludi trén bé mit
vo tau va mién tinh toan tir md hinh 3D nay.
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Budc tiép theo sau khi co kich thudc va ludi
mién tinh toan, phan mém Simerics MP duoc
sir dung dé cai dat diéu kién bién, didu kién
ban dau, md hinh réi, mé hinh mat thoang, thoi
gian md phong, moi truong chét long. Tién

hanh chay chuong trinh, trong qua trmh chay
chuong trinh néu diéu kién hoi ty Ve van tc,
ap suét, cac dai lugng ciia mo hinh r6i dat yéu
cau 0.001 thi tién hanh xur 1y va trinh bay két
qua mod phong.

Xay dung mo hinhvo Tao midn tinh todn Chia lu6i mién tinh toan
tau 3D : va trén bé mat
OrCA3D Marine
| Caidat Cai dgt m6 hinh rdi, mit thodng, Cai diit
dicukienbién  jmmp phuong phip s diéu kign ban dau
Simerics MP

Pidu kién

Khong dat

Kiém tra lai diéu
kién bién, kich
thuéce ludi, md hinh

SO

Xudt va xtr ly
két qua

Hinh 3. Céc bwéc md phong dong lwu chit bing phwong phap CFD.

2.2 Mé hinh hinh hoc, kich thuwéce va lwoi
chia mién tinh todn

Hinh 4 va Hinh 5 trinh bay md hinh 3D,
kich thudc va céu trac luéi chia duoc st dung
trong nghién ctru nay. Trong do L 1a kich thudc
chiéu dai hai try L = 12.7 m, ludi chia Ia luéi

¢6 chu tric dugc phan bd day tai mat vo tau va
thua dan ra ngoai mién tinh toan véi ty 1& dan
dai, i=1,2.

2.3 M6 hinh roi, phirong phap gidi

Nhu cac cong bé tai[1,8,9], cac tac gid khao
sat tinh hidu qua ciia mo hinh rdi tiéu chuan

Hinh 4. M6 hinh 3D v6 tau, chan vit, banh ldi tau mé phéng.
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iponent water: Yolurme Fractior

Hinh 5. Kich thwdce va ciu truc lwéi mién tinh toan.

nhu K-epsilon, SST k-omega ctia phuong phap
RANS, phuong phap VOF (Volume of Fluids)
trong du doan strc can cuia dong chay thuc co
mit thoang qua vo tau chay cham vé&i hé sé
Froude nh6 hon 0,5. Vi vay, tac gia chon mo
hinh réi K-epsilon va phuong phap VOF, cic
phuong phap nay dugc tich hop trong phan
mém Simerics dé thuc hién mo phong.

I1I. KET QUA NGHIEN CUU

Két qua mo6 phong dong chay nhét qua
vo tau cau myuc xa MHO76 c6 xét anh hudng
cua chan vit va banh lai bs‘ing dung cu CFD tai
chiéu chim va van tdc nhu sau:

TH1: M6 phong dong chay nhét qua vo tau
khéng (barehull) chay trén nudc tinh tai bén
gia tri tdc do tau la v =6, 8, 10 va 12 knots. Vi
céc gia tri tc ndy, c6 ba gia tri mon nude khac
nhau dugc khao sat 1an luot 1a d = 1,848 m;
1,530 m va 1,323 m. Cac gia tri mén nudc nay
ung voi cac trang thai tai trong tau khai thac:

khi tau vé bén véi 100% hai san, 10% du trit;
khi tau xuét bén véi 100% du trir;; va khi tau
dang khai thac véi 20% hai san, 70% da.

TH2: M6 phong dong chay nhét qua vo tau
co gén chan vit va banh lai trén nudc tinh tai
bdn gia tri tbe d6 v =6, 8, 10 va 12 knots. Cac
gi4 tri mén nudc twong Gng vai cac toe do nay
duogc khao sat nhu TH1.

1. Lwec thily dong

Gid tri luc thuy dong tac dung Ién bé mit
vo tau 1a gia tri duoc 1ay theo phwong chuyén
dong cua tau. Trong chuyén nganh ky thuat
tau thuy, lyc nay goi la lyc can. Bang 2 trinh
bay luc can va h¢ s6 luc can cua tau mod phong
cho cac gia tri van toc tir 6 dén 12 knots. Tur
gia tri va dd thi ta ¢6 nhan xét nhu sau: Khi so
sanh gia tri suc can tr mo phong va gia tri thuc
nhiém, sai s6 16n nhat khi tau chay 10 knots, va
sai s nho nhét tai 12 knots. Cu thé, tai 10 knots
sai s& gan 12% va tai 12 knots sai s6 gan 2%.

Bang 2. Luec can va hé s6 lwc cin mé phéng va thwe nghiém tai chiéu chim d=1.848m

V [knots] | Fn Rn[10%] | R, . ™) | P.[KW] | C.[10°] | R, | Saisb (%)
6 0461 | 4.12E-07 5.49 16.933 | 0.00793 | 5.3 3.51
8 0.615 | 5.50E-07 13.74 56.559 | 0.01117 | 12.3 11.73
10 0.768 | 6.87E-07 33.21 170.866 | 0.01728 | 29.44 12.82
12 0.922 | 8.25E-07 78.52 | 484.718 | 0.02837 | 77.09 1.85
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Bang 3 trinh bay Iyc can va hé s6 lyc can
clia tau mo phong cho cac gia tri van tdc tir 6
dén 12 knots. Khi so sanh gi4 tri sirc can tir md
phong va gia tri thuc nghiém, sai sb 16n nhat

khi tau chay 10 knots, va sai $6 nho nhét tai 6
knots. Cu th¢, tai 10 knots sai s6 gan 16% va tai
6 knots sai s0 gan -12%.

Bang 3. Luc cin va hé s6 Irc cin md phéng va thyue nghiém tai chiéu chim d=1.53m

Viknots] | Fn | Rn[10*] |R_ .(N) | P [kW] [C [10°]| R, | Saisd (%)
6 0.466 | 4.22E-07 | 42864 | 13231 | 0.0069 | 4.9 -12.52
8 0.622 | 5.63E-07 | 109271 | 44971 | 0.0099 | 11.5 -4.98
10 0.777 | 7.03E-07 | 29.8491 | 153.559 | 0.0173 | 25.55 16.83
12 0.933 | 8.44E-07 | 724521 | 447271 | 0.0291 | 71.56 1.25

Béang 4 trinh bay luc can va hé sb luc can
clia tau mo phong cho cac gia tri van toc tir 6
dén 12 knots. Khi so sanh gia tri strc can tir
md phong va gia tri thuc nhiém, sai s 16n nhat

khi tau chay 10 knots, va sai s6 nho nhét tai 6
knots. Cu th¢, tai 10 knots sai s0 gan 9% va tai
6 knots sai s0 gan -19%.

Bang 4. Luc can va hé s6 lwc can md phéng va thye nghiém tai chiéu chim d=1.323m

Vknots] | Fn | Rn[10%] | R, (N) | P, [kW] | C_[10°] | R, | Saisb (%)
6 0.470 | 4.28E-07 | 3652.478 11.274 0.0063 | 4.56 -19.90
8 0.626 | 5.71E-07 | 9258.285 38.103 0.0090 | 10.85 -14.67
10 0.783 | 7.14E-07 | 27390.84 | 140911 | 00171 | 24.93 9.87
12 0.940 | 8.57E-07 | 68522.71 | 423.013 | 0.0296 | 68.8 -0.40

Bang 5 so sanh két qua sai khac giira stc
can khi tau khong c6 chan vit va tau c¢6 chan
vit tai van tc 10 knots v6i ba chiéu chim d =
1,848, 1,53 va 1,323 m. Tai chiéu chim d =

1,848m tirc chiéu chim 100% tai va duy tri,
strc can tau khi ¢6 chan vit 16n hon 13,95%, tai
chiéu chim d =1,52m a d= 1,323m sic can 1én
hon 14an luot 14 9,5% va 7,35%.

Bang 5. So sanh két qua v = 10 knots tai cic chiéu chim

Khong cé chan vit C6 chan vit L
V (knot) d (m) Sai so (%)
RCFD-TK (N) RCFD-TK (N)
1.848 37.84 33.21 13.95
10 1.53 32.68 29.85 9.50
1.323 29.40 27.39 7.35

2. Phan bo 4p suit 1én bé mit vé tau

Khi tau di chuyén, bé mat day tau 1a noi
tiép xuc truc tiép v6i mat nude do d6 chiu ap
Iic 16n nhit, vi vay bé mit day tau 1a khu vuc
dugc su dung dé khao sat ap suét tai cac van
tbc. Hinh 6 trinh bay biéu d6 phan bd ap sut
voi cac gia tri mon nude d = 1,848m, 1,53m
va 1,323 m cho cac gia tri vin téc 1an luot 1a
6,8,10,12 knots

Quan sat c6 thé thdy phd mau cua duong
bao ap suat tir két qua Simerics, phan bd ap
sudt 16n nhat & khu vuc day va dudi tau. D6i

v6i ap sudt trén bé mat ddy o phia dudi tau, ap
sudt phan bd c¢6 xu huéng giam khi giam khi
toc do tau ting.

3. Phin bd van téc ciia dong luu chit
quanh bé mit vo6 tau, vi tri doc tAm

Hinh 7. M6 ta biéu d phan b van toc theo
phuong Ux tai mat cat y/Lpp =0 khi tau chay
tai van tdc 10 knots va chidu chim 1,848m.
Tir biéu d0 nay cho thy, ving xody xuét hién
sai khac ro rang khi tau c6 chan vit so voi tau
khong c6 chan vit.

4. Mat thoang
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Hinh 7. Phin bb véan tdc trén mit cit doc tim tai d =1,848m va v = 10knots.

Hinh 8 mé ta bién dang séng trén bé mit vo
tau khi tau chay tai van toc 10 knots voi chiéu
chim 1,848m. Vi dai luong nay, khong co sy

Py Simerics TRONent water ; Volime Frac

sai khac gitta tau c6 chan vit va tau khong co
chan vit

a5 Simerics
o 1ponent water: Vaolume Frac

a) Vo tau khong c6 chan vit
Hinh 8. Bién dang séng ciia mit thoang 1én bé mit v6 tau tai d =1,848m va v = 10knots

Hinh 9. 13 biéu dd phan bd d6 cao mit
thoang (free surface) tai chiéu chim 1,848m
khi tau chay 1an lugt van tdc tir 6 knots dén
12 knots. Hinh dang song ngang va song doc
cua hé théng song Kevin dugc thu dugc kha rd
rang bang cong cu Simerics.

IV. KET LUAN VA KIEN NGHI

Két qua nghién ctru d Gmg dung cong cu
CFD, Simerics két hop OrCA3D Marine dé
mod phong dong chay thyc qua vo tau ca co va
khong ¢ gin banh l4i va chan vit. T két qua
nghién ctru, cac két luan duoc rat ra nhu sau:

Phuong phap mé phong bang cong cu CFD
moi ¢6 wu diém:
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b) V6 tau c6 chan vit va banh lai

+ Kiém soat dugc cac thong s6 hinh hoc va
thong tin trang thai cho moé hinh tau khi dua
vao mo phong.

+ Tiét kiém thoi gian dé thao tac khi xay
dung mb hinh va cai dat thong s6 cho qua trinh
mé phong. Cu thé, khi so sanh vdi cac cong
cu CFD phd quat khac nhu StarCMM-+, Ansys
CFD, Open FOAM, thi cong cu nay tiét kiém
dén 70% thoi gian cho viée nay.

Pic diém thuy dong cta dong lwu chat khi
qua vo tau dugc trinh bay chi tiét nhur:

+ Luc can khi c6 chan vit va banh lai tang
1én & cac dii tbc do so voi truong hop tau
khong c6 chan vit va banh 1ai, cu thé xét tai van
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v = 10 knots

toc 10 kn, tai chiéu chim d = 1,848m, 1,53m va
1,323m thi sai s6 luc can giira mo phong tau
¢6 va khong co chan vit va banh 14i 1an luot 1a
13,95%, 9,5% va 7,35%.

+Ap suét phan bd tai vung day tau, khu vuc
dudi, khi ¢6 chéan vit va banh 14i c¢6 phin ting
1én rat rd rét so v6i truong hop tau khong co
chan vit va banh lai.

+ Quan sat truong dong tai biéu dd phan bd
vat tde tai dudi tau, vung xo0dy mat cit doc tdm
tai khu vuc phia sau dudi tau cia vo tau khi
¢6 chan vit c6 xu huong 16n hon. V& mit dinh
lugng nhiing thong tin nay s€ dugc thuc hién
trong bai bao tiép theo.

TAI LIEU THAM KHAO

v = 12 knots
Hinh 9. Biéu d6 phan b dj cao mit thoang khi tau chay véi van téc khac nhau tai d = 1.848m.

+ Bién dang séng trén bé mit vo tau co va
khong c6 chan vit thi xu hudng phat trién giéng
nhau.

Loi cadm on

Nghién ctru nay 1a mot phan két qua cua
dé tai nghién ctru khoa hoc cép Bo (Ma sé:
B2022-TSN-06) ,,Nghién ciru thiét ké, ché tao
va thyc nghiém thiét bi do tu dong cac thong )
hinh hoc chan vit tau thiuy theo cong nghé¢ do
hién dai ,,. Nhom tac gia xin chan thanh cam on
B¢ Giao duc va bao tao, Truong Pai hoc Nha
Trang d4 hd tro kinh phi, tao diéu kién vé thoi
gian va co s& vat chat dé hoan thanh nghién
cuu nay.
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