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Tém tit

Bai bdo trinh bay két qua nghién citu dnh hwéng
cia hoanh d¢ tam néi (LCB) dén lyc can tau hang
roi 22000 DWT tai cdc téc dd khac nhau bc?ng
phuwong phap CFD. Phwrong phap Lackenby trong
mé-dun mé hinh héa ciia phan mém MAXSURF
dwoc s dung dé tao ra cac hinh dang than tau
khdc nhau véi sw thay déi LCB. Két qua tinh todn
mé phong chi ra rang, xu hwéng va mirc d¢ thay
déi luc can tau phu thuéc vao LCB va téc dé tau.
Trén co s¢ do, bai bdo dwa ra khuyén nghi trong
viéc lwa chon LCB 16i wu cho tdu. Bén canh do,
bai bdo con tién hanh phan tich sw khdc nhau vé
hinh dang dwong dong bao quanh than tau o cac
phitong dn LCB khéc nhau dé gidi thich chi tiét
ban chat vat ly dén a@én sw khac nhau vé lyc can
tau khi thay d6i LCB.

Tir khéa: Luc can tau, hoanh do tam néi, CFD.
Abstract

The paper presents the results of investigation on
the influence of longitudinal centre of buoyancy
(LCB) on resistance of bulk carrier 22000 DWT at
different ship speeds using CFD method. The ship
hull form with different LCB were produced from
the initial one by using Lackenby method in
MAXSURF modeler’s parametric transformation
tool. Numerical obtained results indicates that
changing trends and levels in ship resistance
depend on LCB position and ship speeds. Finally,
the paper conduct analyzing the differences in
flow field around the ship hull form with variation
of LCB position to fully explain the physical
phenomenon in change flow around the ship with
variations of LCB position.

Keywords: Resistance, longitudinal centre of
buoyancy, CFD.

1. Mé dau

Ngay nay, viéc nghién ctru cac giai phap thiét ké
nhim st dung hiéu qua, tiét kiém nang luong cho tau
12 mot trong nhitng mdi quan tim hang dau cua cac
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nha thiét ké ciing nhu chu tau boi diéu nay lién quan
dén hiéu qua kinh té trong khai thac tau va viéc thoa
mén cac yéu cau ctia Cong wdc quc té trong viée sir
dung ning luong hiéu qua va tiét kiém trén tau.

Mot trong cac giai phap thiét ké da va dang duoc
céc nha thiét ké ap dung rong rai 1a nghién ctru toi
rru hoa hinh dang than tau nham giam lyc can tir d6
giam dwgc muc tiéu hao nhién lidu cho tau. Dé c6
duoc mot tuyén hinh tau tbt khi cho trude cac kich
thude chu yéu cua tau va luong chiém nude, nguoi
thiét ké can phan tich cc thong sd hinh dang than
tau anh huong dén luc can tau gdm [1, 2]: Hoanh d6
tam ndi theo chiéu dai tau, hinh dang miii va dudi tau,
chiéu dai doan than dng, hinh dang duong nudc va
duong suon,... Trén co so két qua thu duoc, nguoi
thiét ké s& lua chon ra dugc cac thong sb hinh dang
t1 uu cho tau.

Viée nghién ctru anh huéng cia hoanh dé tam ndi
(LCB) dén lyc can tau di dwoc nhiéu cac tac gia khac
nhau thyc hién. Cac nghién ctru dinh tinh chi ra réng
vi tri LCB t6i wu cua tau dudi g6c do tdi thiéu hoa luc
can phuy thudc vao hé s6 béo thé tich, s6 Froude, hé s6
béo doc chung than tau va hinh dang duong suon [1,
4]. Tuy nhién, cac nghién ctru nay chwa dé cip dén
muc d¢ anh hudng cua LCB dén luc can tau. Db véi
céc nghién ciru dinh lugng vé anh huong ciia LCB dén
lyc can tau c6 thé ké dén cac cong trinh nghién ciru
dugc thyc hién bdi nhém cac tac gia: Banawan va
Ahmed [5]; tac gia Luu va cac cOng sy [6]; tac gia
Szelangiewicz va Abramowski [7]. Trong cac nghién
clru nay, cac tac gia da chi ra mirc d§ anh hudng cua
LCB d6i voi tung mo hinh tau cy thé, giai thich duoc
mot phﬁn ban chat vat 1y su thay dbi luc can tau khi
thay ddi vi tri LCB bang viéc phan tich sy khac nhau
vé duong dong bao quanh than tau. Phuong phép
nghién clru ma cac tac gia su dung trong nghién cuu
1a CFD. Ddi tugng nghién ctru ma cac tac gia sir dung
la tau ¢ dang ty 1€ mo hinh.

Nghién ctru ndy, trén co so ké thira két qua cia
céc nghién ctru di trudce s& tién hanh mo phong tinh
toan anh huong hudng ctia LCB dén lyc can tau hang
10 trong tai 22000DWT & dang ty 1¢ thuc bang
phuong phap CFD véi sy hd trg ciia phdn mém
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thuong mai Star-CCM+ do hing Siemens phit trién.
Sy khac nhau vé duong dong bao quanh than tau &
cac phuong an LCB khéc nhau s€ dugc phan tich chi
tiét dé ngudi doc cod thé hiéu dugc mot cach tudng
tan ban chat vat ly dan dén su thay doi luc can tau
khi thay ddi vi tri LCB.

2. M6 phéng sb

2.1. Dac diém ciia mé hinh tau nghién cuu

Bing 1. Cic théng so kich thuéc chii yéu ciia tiu

Cic thong sé Ky hiéu [Pon vi | Gia tri

Chidu dai hai duong
o Lep [m] | 139,98

vuong goc

Chiéu réne tau B Im] 22.00
Chiéu cao man D [m] 10,50
Chiéu chim T Iml 9.00
Luong chiém nudc thé

] 1% m? | 25.530
tich
Dién tich mat uét s [m?] | 5.483
Vi tri hoanh do tdm ndi
theo chidu dai tau (tinh tir | Les/Ler | [%] | 40,365
Vi tri suon giira)
Hé sb béo thé tich Cs [-] 0,921
Hé sb béo dudng nude Cwp [-] 0,974

Hinh 1. Hinh dang tau hang roi trong tdi
22000DWT

Mo hinh tau dugc 1dy lam ddi tugng nghién ctu
trong bai bao nay la tau hang roi trong tai 22000DWT,
day 1a mau tau da va dang dugc dong rat nhiéu & Viét
Nam. Céc thong s6 hinh hoc va hinh dang tau nay
duoc trinh bay trén Bang 1 va Hinh 1. M6 hinh tau
nay c6 diém dic trung 1a hé sb béo thé tich (Cg) rat
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16n, dat &én 0,921 va st dung hai chong chéng. Diéu
dic biét nay lam cho nd vuot ra ngoai dai co thé ap
dung cac khuyén nghi cua cac tac gia [1-4] vé viéc lya
chon hoanh d6 tam ndi tdi wu cho tau.

2.2. Cac truwong hgp nghién ciru

pé nghién ctru anh hudng cua vi tri LCB dén luc
can tau, phuong an dua ra la gilt nguyén cac kich
thudc chu yéu cua tau, luong chiém nude, hé sé béo
thé tich, hé s6 béo lang try, chi thay ddi vi tri LCB.
Vi¢e thay ddi vi tri LCB duoc thuc hién dua trén
phuong phap Lackenby [8, 9] trong m6-dun md hinh
hoa ciia phin mém MAXSURF. Trong nghién ciru nay
s& tién hanh nghién ctru v6i 05 phuong an thay doi
LCB khac nhau so voi phuong 4n LCB ban dau cua
tau trong tai 22000DWT. Cac thong sé hinh dang cua
06 md hinh tau nay dugc trinh bay trén Bang 2 va
Hinh 2.

Bing 2. Cic thong sé ky thudt vé hinh ding
ciia cdc phwong dn khi thay déi LCB

Ky hiéu
STT i LCB (%Lpp), fwd+
phuong an
Ban dau RO 0,365
1 R1 0,556
2 R2 0,816
3 R3 -0,082
4 R4 -0,196
5 R5 0,141
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Hinh 2. Cac phwong dan hinh dang thén tau khdc
nhau khi thay d6i LCB

Vi¢e tinh toan lyc can tau ¢ cadc phuong an hinh
dang khac nhau duoc thyc hién trong cac diéu kién
sau: Tinh toan trén nudc tinh; khdi lwong riéng cua
nude dwoc lay la: 1.025 tdn/m®; d6 nhdt dong hoc
dugc iy ing v6i nhiét d6 moi truong nude 1a 25°C;
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D6 nham than tau 1ay gid tri 150.10°m (theo dé xuat
cua ITTC rng véi than tau dong moi).
2.3. Thiét Ip mé phéng
2.3.1. Luea chon kich thuéc bé thir do va diéu kién bién

Trong bai toan tinh toan luc can tau bang phuong
phap CFD, do tau c6 tinh chat di xtg qua mat phing
doc tam nén dé giam s lwong phan tir ludi tir d6 giam
thoi gian tinh toan, ta chi can thuc hién viéc mo phong
cho mét nira than tau. Kich thudc ciia mién khong gian
tinh toan bao quanh thén tau (bé thir a0) duoc lya chon
theo hudng dan cua [8, 9]. Cu thé, mién khong gian
phia trude tau nam cach duong vudéng goc miii tau mot
doan 1,5L, mién khong gian phia sau tau nam céch
duong vudng goc duoi tau mot doan 2,5L, phia day va
phia trén bé thir 40 cach mat thoang chét 16ng mot
doan twong tmg 1a 2,5L va 1,5L. Canh bén ctia bé thir
4o cach mat phéng doc tam tau mot doan béng 2,5L.

Loai diéu kién bién dugc sir dung trong bai toan
nay dugc lya chon nhu sau [8, 9]: Mién chat long phia
trude, phia ddy va phia trén la velocity inlet, dong
chay phia sau than tau pressure outlet, hai mat canh
ctia mién chét long tinh toan 1a symmetry plane, diéu
kién bién &p dung tau la No-slip wall.

2.3.2. Chia luéi va lva chon mé hinh vt Iy

Hinh 3. Két qud chia luéi

KHOA HQC - CONG NGHE

Trong tinh toan lyc can tau bang CFD, loai ludi
khdi dugc sir dung dé chia mién chit 1ong bao quanh
than tau ra thanh cac thé tich hiru han 1a luéi hinh luc
dién va luéi lang tru dugc sir dung dé giai 16p bién bao
quanh than tau. Dé s6 luong phan tir ludi sir dung 1a it
nhét trong khi van dam bao duogc d6 chinh xéc trong
mo phong, ludi s€ duge lam min tai khu vyc gﬁn tau,
dic biét 1a khu vuc mili va dudi tau, tai bé mat thoang
ctia chét long (dé co thé mod phong duge chinh xéac
song kelvin). Tong s6 phan tir ludi dugce sir dung trong
nghién ctru 1a 4,20 triéu phan tir ludi. Két qua chia
luéi duogce trinh bay trén Hinh 3.

Mo hinh vat 1y dugce st dung trong tinh toan lyc
can tau 12 mé hinh chét long thuc véi viée st dung
phuong trinh Unsteady Reynolds Averaged Navier-
Stokes equations (RANSE). M6 hinh dong réi SST
K-Omega dugc sir dung dé dong kin phwong trinh
RANSE bai theo [10] viéc sir dung mé hinh dong réi
SST K-Omega mang lai két qua twong dbi chinh xac
trong viéc tinh toan lyc can tau nodi riéng. Phuong
phép thé tich chéat long VOF dugc sir dung dé mo
phong mit thoang chét 1ong.

3. Két qua tinh toan

Trén Hinh 4 trinh bay két qua tinh toan lyc can tau
g v6i 6 phuong 4n LCB khac nhau tai 3 toc d6 7, 8
va 10 knots. Két qua tinh toan so sanh lyc can tau giira
c4c phuong an LCB khac nhau dugc thé hién Hinh 5.
Céc Hinh 6, 7, 8 biéu dién phan trim thay dbi cac
thanh phéan lyc can cua tau khi thay déi LCB (¢ day
céc ky hiéu Rr, Rp va R tuong tmg 1a cac thanh phan
Iuc can téng, lyc can ap suit va luc can ma sat). O day,
s& lay phuong an RO (phuong an ban dau) lam phuong
4n chuén dé so sanh véi cac phuong 4n luc can khac,
nghia 1a sy thay d6i vé lyc can tau gitra cac phwong 4n
duoc xéc dinh theo biéu thuc:

Ry —Roi
AR, % = —2__219m 1000 @

'original

Trong d6: Rorigina - La luc can tau tuong ting voi
phuong 4n ban dau; Ry - La luc can tau tuong ting
v6i cac phurong 4n thay doi LCB.

Tir két qua md phong tinh toan thu duoc trén cac
Hinh tr 4 dén 8, tacod thé dua ra mot s6 két luan va
nhan xét sau:

- Khi tau chay véi téc d6 dudi 9,0knots, LCB tbi
uu cua tau dudi goéc do lyc can tau 1a phuong an RS
(xem Hinh 5). Lyc can tau trong truong hop nay co
thé giam dugc 3,08% khi tau chay & toc do 7,0knots;
5,36% khi tau chay & tbc do 8,0knots, va tang 1én
11,22% khi tau chay & tbc d6 10,0knots (xem Hinh 6,
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7 va 8). Nghia 1a mirc giam s& ting 1én khi ta ting toc
do tau.

- Su thay ddi vé lyc can tau giita cac phuong 4n
cha yéu 1a do sy thay doi vé thanh phan lyc can ap
suét cua tau (Péy 1a thanh phan lyc can phu thudc rat
16n vao hinh dang than tau).

- Khi tang toc d6 tau LCB tdi uu dich vé phia dudi

Rr [kN]

380

360 —=—R0

g g9 10 11
Tée dd tau [knots]
Hinh 4. Quan hé giita lwc cdn véi toc dp tiu &
cdc phwong an LCB khdc nhau
AR [%]

L
6 LCB tinh tir giiea tau [%6Lys]

Hinh 6. Phin triim thay doi cdc thanh phan luc cin tiu
tai téc dp V=7knots ¢ cdc phiwong in LCB khdc nhau

AR [%]

5200

42.00

-0.200, o D00 0.200 0.40( 0.600 0.800 1.000

% LCB tinh tir gifa tau [%oLre]

Hinh 8. Phin triim thay doi céc thanh phan luc cén tiu
tai téc dp V=10knots & cdc phuong dn LCB khdc nhau
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tau (xem Hinh 6, 7 va 8). Phuong an R3 c6 muic giam
lyc can 16n hon so véi phuong an R5 khi tau chay &
tbc do trén 9,0knots (tai toc do 10knots, R3 giam duoc
13,5% luc can so voi phuong an RO, trong khi phuong
an R5 chi giam duoc 11,22%). Cac két qua thu dugc
nay hoan toan phu hgp véi cac nghién ctru dinh tinh
lién quan dén viéc xac dinh LCB ti uu cho tau [1-4].

ART [%]

20

Téc do tau [knots]
Hinh 5, Phan trdm thay déi lyc cin tiu ¢ cic phuong in
LCB khic nhau so véi phuong 4n ban diu

AR [%]

2200

1.000

4 LCB tinh tir gifea tiu [%6Lee]

Hinh 7. Phin trim thay doi cdc thanh phan lirc cin tiu tai
téc d¢ V=8knots ¢ cdc phwrong 4n LCB khic nhau
Z [m]
100
0.80
0.60
0.40
020
0.00
020
040
060
0.80
-1.00

Hinh 9. Profile song doc than tau tai cac phwong an LCB
khdc nhau khi tau chay tai téc dp 8,0knots
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Viéc thay d6i luc can tau khi thay d6i LCB c6 thé
duogc giai thich thong qua viéc phan tich duong dong
bao quanh than tau & cac phuong an than tau khac
nhau.

e) R4

Dynamic pressure
-10100. -6316.0 -2532.0 1252.0 5036.0 8820.0
T - I'm

Hinh 10. Sw khdc nhau vé phén bé dp suit dong doc

thén tau tai téc dp 8,0knots & cdc phwong dn LCB

khac nhau

Ap suit dong [Pa]
6500

4000

1500 }
[\
1000 ¢
3500
6000

-8500

X/L[-]

Hinh 11. So sdnh phin bé dp sudt dpng doc thin tiu
giita phwong dan R0 va R5 tai vi tri Z=7m khi tau
chay tai téc dp 8,0 knots

Nhu két qua thu dugc ¢ trén, sy thay ddi luc can
tau & cac phuong an LCB khac nhau chu yéu 1a do sy
thay d6i vé thanh phan lyc can ap suat cua tau giy ra.
Sy thay d6i thanh phan luc can nay c6 thé giai thich
mot phan 1a do su khac nhau vé profile séng do tau
tao ra khi chuyén dong (xem Hinh 9) v sy phan b ap
suat dong trén bé mit than tau ¢ cac phuong an LCB
khéac nhau (xem Hinh 10 va 11).

Tir két qua so sanh profile song trén Hinh 9 ta thay
rang, chiéu cao day song tai khu vuc mili tau & phuong
an RS nho hon so véi phuong an RO, R1, R2 va R3.
Phuong 4n R4 c6 chiéu cao day song nhé hon R5
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nhung n6 lai c6 dén hai day song. Tir két qua phan bd
ap suat dong trén Hinh 10, ta thdy rang, phan ap suét
dong am (mau xanh dam) 6 phuong an RS da giam di
rat nhiéu so véi cac phuong an con lai. Vi dy, tai vi tri
Z=7,0m tinh tir mit phing co ban, phin ap suit dong
am tai vi tri X/L=0,90 & phuong an R5 nhé hon
khoang 2000Pa so véi phuong an RO (xem Hinh 11).

4. Két luan

Bai bao da ap dung thanh cong phuong phap CFD
vao trong nghién ctru anh huéng cua vi tri LCB dén
luc can tau. Cu thé nhu sau:

- Két qua nghién ctru phan anh dung quy luat d6 1a
khi ting toc do tau thi vi tri LCB tdi wu dich chuyén
vé phia dudi tau va nguoc lai [1, 3];

- Két qua nghién ctru da dua ra dugc cac con sd
dinh lugng anh hudng cia LCB dén luc can tau. Tur
d6 ta thay rang, day la mot trong nhimg thong s hinh
dang c6 anh huong kha 16n dén luc can tau;

- Thay d6i vi tri LCB tir 0,365% Lpp (phuong an
ban dau) vé 0.141 Lep (phuwong 4n 5) s& cho phép ta
giam duogc 3,08%, 5,36% va 11,22% luc can tau khi
tau chay o cac toc do 1an luot 1a 7, 8 va 10knots;

- Pi chi ra nguyén nhan dan dén sy khac nhau vé
luc can tau khi thay d6i LCB thong qua viéc phan tich
su khéc nhau vé profile song doc than tau va phan bd
ap suat dong trén bé mit than tau.

L1 cam on

Nghién ctru nay dugc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT21-22.22.
TAI LIEU THAM KHAQ

[1] Molland, A.F., S.R. Turnock, and D.A. Hudson,
Ship resistance and propulsion. 2017: Cambridge

university press.

[2] Schneekluth, H. and V. Bertram, Ship design for
Vol.218.  1998:
Butterworth-Heinemann Oxford.

efficiency and economy.

[3] Papanikolaou, A., Ship design: methodologies of
preliminary design. 2014: Springer.

[4] Larsson, L. and H.C. Raven, Ship resistance and
flow : The Society of Naval Architects and Marine
Engineers, SNAME, The Principles of Naval
Architecture Series, ISBN: 978-0-939773-76-3,
2010.

[6] Banawan, A.A. and Y.M. Ahmed, Use of
computational fluid dynamics for the calculation
of ship resistance, and its variation with the ship
hull form parameters. Alexandria Engineering
Journal, Vol.45(1), pp.47-56, 2006.

SO 69 (01-2022)



KHOA HOC - CONG NGHE

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

[6] Luu, D.D., et al., Numerical Study on the Influence
of Longitudinal Position of Centre of Buoyancy on
Ship Resistance Using RANSE Method. Naval
Engineers Journal, Vol.132(4): pp.151-160, 2020.

[7] Szelangiewicz, T. and T. Abramowski, Numerical
analysis of influence of ship hull form modification
on ship resistance and propulsion characteristics.

Polish Maritime Research, Vol.16(4), pp.3-8, 2009.

[8] Siemens, STAR-CCM+ User Guide, 2020.

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[9] Demirel, Y.K., O. Turan, and A.J.A.O.R. Incecik,
Predicting the effect of biofouling on ship
resistance using CFD. Applied Ocean Research,
Vol.62, pp.100-118, 2017.

[10] Yong, Z., et al., Turbulence model investigations

on the boundary layer flow with adverse pressure
gradients, Vol.14(2), pp. 170-174, 2015.

Ngay nhan bai: 30/11/2021
Ngay nhan ban sua: 17/12/2021
Ngay duyét dang: 23/12/2021

S0 69 (01-2022)



