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Tém tit

Bai bao thuc hién viéc nghién cvu tinh todan luc
can tau va cde ddc trung vé dong chay bao quanh
than tau tai cac téc dp khéc nhau khi chay trén
niede tinh bang phirong phdp sé6 CED. Anh hirong
ctia téc dd tau dén lic can, hinh dang song bé mat
va profile doc than tau, phdn bé iing sudt tiép va
dp sudt dong trén bé mat than tau, dong theo phia
sau than tau, dién tich ngdm nuwodc cua duoi
transom dwoc dwa ra va phan tich trong nghién
cieu nay. Két qua mé phong tinh todn dwge doi
sanh véi két qua thuc nghiém nham kiém tra do
tin cdy ciia két qua tinh todn.

Twr khéa: Dong chay, CFD, lyc can tau, mé phong.
Abstract

This paper presents the simulation results of ship
resistance and flow around the hull of the ship at
different ship speeds in calm water condition by
CFD method. The effect of ship speed on ship
resistance, wave pattern and wave profile along the
ship, distribution of wall shear stress and dynamic
pressure on the hull surface, nominal wake field,
transom wetted surface area are presented and
analyzed in the paper. The obtained numerical
results are compared with the measured data to
verify the reliability of the simulation results.

Keywords: Flow, CFD, resistance, simulation.

1. Pit van dé nghién ciru

Trong bai toan thiét ké tuyén hinh tau, viéc co
dugc cac thong tin chinh xac vé dong chay bao quanh
than tau khi chuyén dong c6 y nghia rat quan trong boi
n6 1 thong sé déu vao phuc vu cho nhiéu bai toan thiét
ké khac nhau nhu: Bai toan tdi wu hoa tuyén hinh tau;
bai toan thiét ké hé thiét bi day cho tau,...

Nhu ching ta da biét, dé c6 dugc cac thong tin vé
duong dong bao quanh than tau, nguoi ta dang su
dung hai phuong phap gdm: Phuong phap CFD va
phuong phép thir mé hinh trong bé thir. Trong do,

phuong phép thir 1a phuong phép cung cip cho ching
ta s§ liéu tin cdy nhat vé dic diém dong chay bao
quanh than tau. Tuy nhién, phuong phap nay doi hoéi
vé mit thoi gian va chi phi rat 16n. Vi Iy do nay ma
phuong phap thuc nghiém la khong kha thi khi ap
dung vao trong giai doan thiét ké phuong an. D6i véi
phuong phap CFD, n6 ¢6 wu diém la cho két qua kha
tin cdy, giam thoi gian va chi phi trong viéc tinh toan
$0 v6i thu mo hinh. Ngoai ra, phuong phap CFD con
cung cap cho chung ta chi tiét vé dac diém dong chay
bao quanh than tau hon nhiéu so vé6i thir mé hinh [1].
Chinh vi vay, CFD da va dang duoc 4p dung rat phd
bién trén thé gidi vao trong nghién ciru dong chay bao
quanh than tau noi riéng va trong viéc giai quyét cac
bai toan thuy ddng luc hoc cta tau néi chung. Vi dy,
nghién ctru ciia nhoém tac gia Satu Hanninen & Juha
Sehweighofer [2] vé duong dong bao quanh than tau
container Hamburg Test Case ¢ cac ty 16 mo hinh khac
nhau bang phuong phap s6 CFD. Nghién ctru cua
nhom tac gia da dwa ra duoc cac hinh anh vé dong
chay bao quanh than tau khi chuyén dong & céac ty 1&
mo hinh khac nhau. Téc gia Tu va cac cong su [3] da
thyc hién viéc nghién clru anh hudng cua viéc lya
chon mé hinh dong réi dén sy thay ddi dic tinh dong
chay bao quanh than tau DTMB. Nghién ctu cua
nhom tac gia da chi ra, viéc lya chon mo6 hinh dong
1di ¢6 anh hudng kha 16n dén két qua mé phong tinh
toan lyc can va dong chay bao quanh than tau. Nhom
tac gia Ke-wei Song va cac cong sy [4] da st dung
phuong phap CFD két hop v6i phuong phap thyc
nghiém trong viéc nghién ctru anh hudng cua tdm
canh gin vao dudi tau dén luc can va dong chay quanh
than tau. Thong qua viéc phan tich dong chay bao
quanh than tau, bai bao da giai thich dugc anh huong
clia tAm canh gin vao dudi tau dén luc can va tu thé
ctia tau khi chuyén dong.

Céc nghién ciru di trude ké trén clia cAc tac gia trén
thé gidi 1a ngudn tai liéu tham khao bd ich trong viéc
ap dung phuong phép CFD vao trong nghién ctru tinh
todn lyc can va mé phdéng dong chdy bao quanh than
tau. Bai bao nay, sé& tién hanh mé phong chuyén dong
cua tau trén nudc tinh khi chay & cac van tdc khac
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nhau bang phuong phiap CFD. Ddi tugng nghién ctru
dugc su dung trong bai bao nay la md hinh tau
container KCS [5].

2. Gi6i thi¢u vé mé hinh tau container KCS

Déi tuong nghién ciru duge nhom tac gia sir dung
trong bai bao nay la tau container KCS ¢ dang ty 1¢ mo
hinh. Pay 1a m hinh tau dugc thiét ké bai Vién Nghién
clru tu va Cong trinh ngoai khoi Han Quédc. Ly do
nhoém nghién ctru sir dung mo hinh tau nay lam ddi
tuong nghién ciru boi day 1a mo hinh tau ma tt ca moi
nguoi c6 thé tiép can duge ¢ trén mang ca vé hinh dang
va két qua thir nghiém mé hinh nay trong bé thir [5-7].
Céc déc trung hinh hoc co ban va hinh dang than tau
container KCS duoc biéu dién trén Bang 1 va Hinh 1.

Bing 1. Cic théng sé hinh hoc ciia mé hinh tiu

container KCS
Cic thong sb Iiy Dgfl Gi4 tri
hi¢u vi

Chiéu dai hai duong vuéng goc | Lep | [m] | 7,2786
Chiéu rong tau B | [m] | 1,0190
Puong nude thiét ké clia tau T | [m] | 03418
Luong chiém nude thé tich vV | [m3]]| 1,648
Dién tich mit udt cia tau S [m?]] 9,5121
Heé s6 béo thé tich cua tau Cs [-] ]0,6505

3

| /////j /
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N/

/|
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Hinh 1. Hinh dang tau container KCS

3. Thiét 1ap md phong
3.1. Xdy dung diéu kién va cdc trwong hop tinh
Dé co thé dbi sanh két qua mo phong voi két qua
thuc nghiém, diéu kién tinh toan mo phong va cac
trueong hop tinh s& duogc thiét 1ap giéng nhu trong thuce
nghiém khi thir tau container KCS trong bé thir [6, 7].
Cu thé ¢ day s& tién hanh mo phong dong chay bao
quanh than tau khi chay trén nudc tinh tai cac s6 Froude
0,108, 0,152, 0,195, 0,227 va 0,260, tau chuyén dong
tu do tinh tién theo phuong 0z va chuyén dong quay
quanh truc Oy. P nhét, khdi lwong riéng cua nude
duoc lay gibng nhu trong didu kién thuc nghiém.
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3.2. Xdc dinh mién tinh todn va lwa chon logi
diéu kién bién

Do tau c6 dic diém 1a dbi xting qua mat phiang doc
tam, do véy, dé giam thoi gian mo phong, trong bai
toan nay, ta chi can tién hanh tinh toan cho mot nira
than tau. Theo do, kich thudc ctia mién tinh toan (bé
thir a0) duoc xac dinh dua trén khuyén nghi ctia ITTC
(Hoi nghi bé thir qudc &) [8]. Bién ctia bé thir 40 nam
phia trude tau cach miii tau mot khoang 1a 1,5Lpp, bién
ctia bé thir 40 ndm phia sau tiu cach dudi tau mot
khoang 1 2,5Lpp. Mién khong gian phia trén, phia
dudi tau va phia man tau ndm cach tau mot khoang
lan lugt 1a 1,5Lep, 2,5Lpp va 2,5Lep.

Loai diéu kién bién dugc lya chon trong bai toan
nay nhu sau: Dbi v6i mién tinh toan, bién ctia mién
tinh toan phia trudc, phia trén va phia dudi tau la
velocity inlet, bién ctia mién tinh toan phia sau tau la
pressure outlet, bién cia mién tinh toan phia man va
mat dbi xtng cua tau 1a symmetry plane. Dbi v6i than
tau, loai diéu kién bién dugc lya chon 13 No-slip wall.

N Mat éanh
42
Phia trén

Phia sau tau

Phia tredc tau

o 1.5L |

250 | L ], 15 |

Mat déi ximg e

25L

bay

Hinh 2. Kich thudc bé thir o

3.3. Lwoi va mé hinh vt ly

Trong md phong tinh toan bang CFD, ludi 1a mot
trong cac tham s thiét 1ap anh huong rat 16n dén két
qua tinh toan. Loai ludi dugc sir dung trong nghién
clru ndy gdm: Ludi trimmed va ludi prism layer. Ludi
trimmed dwoc ding dé chia mién khong gian tinh ra
thanh cac thé tich hitu han. Lu6i prism layer ding dé
giai 16p bién bao quanh than tau [9]. Nhdm giam sb
luong phan tir lugi trong khi van giit dugc do chinh
xéc vé két qua tinh toan, ludi s& dugc refine tai cac vi
tri va khu vyc quan trong nhu: Tai vi tri gén mat
thoang chét 1ong, tai khu vuc gan tau, dic biét 1a tai
phia mili va dudi tau noi c6 dudng cong phrc tap. Két
qua tao ludi duoc thé hién trén Hinh 3.

Mo hinh dong chay nhét khong bi nén RANSE
dugc sir dung trong bai toan nay. M6 hinh dong rbi
SST K- duge sir dung dé dong phuong trinh RANSE.
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SST K- @ 12 mé hinh dong rdi dugc cac tac gia [3]  tau khi st dung céc kich thudc ludi 1an luot 13 ludi
khuyén nghi ap dung boi ddy viée sir dung mé hinh  min, ludi ¢& trung va ludi tho.
dong rdi nay cho két qua mo phong tin cy so voi két
qua thie nghiém, thoi gian cho két qua hoi tu nhanh. Bing 3. Két qua tinh todn luc can tiu cdc sé Froude
khdc nhau cé sw doi sanh véi két qua thir
Thue
nghiém | E%D
Cr.l0? | Cr10? | Cpl0® | Cr.10° | [%l]
[ [ [ [
0,108 | 3,882 3,502 0,380 3,796 | 2,27
0,152 | 3,675 3,312 0,363 3,641 | 0,93
0,195 | 3,575 3,155 0,420 3,475 | 2,88
0,227 | 3,498 3,028 0,470 3,467 | 0,89
0,260 | 3,75 2,907 0,843 3,711 1,05

M6 phéng bing CFD

Fr[-]

EEEEEEEEEEE]
S

Cdc hé 56 hee can ciia tau [-]
4.500

Lurdi gan mat \
thodng chiit long Q 4.000

3.500 r\‘\x\-./'
3.000 \\

—— Cr.10° (tinh toén)
—=— Cr.10° (tinh todn)

2.500

S . 2000 —e— Cp.107 (tinh todn)
Hinh 3. Keét qud chia luwoi 1500 o C110° (fhue nghicm)
1.000
4. Ket qua mé phéng 0.500 L —
£ 0.000
4.1. Ket quad tinh todn lyc cdn tau 0.100 0.120 0.140 0.160 0.180 0200 0220 0240 0260 0.250
: S6 Froude [-]

Budc dau tién trong tinh toan bang CFD 14 ta can
phéi nghién ctru su hoi tu cta ludi dé tranh cac sai sO
do ludi gy ra. O day, theo khuyén nghi ciia Hiép hoi
bé thir qudc t& (ITTC) [10], viéc nghién ctru su hoi tu
cua ludi s& duoc tién hanh véi ba kich thude ludi khac
nhau véi sy thay déi ty 1¢ do min cua ludi lar, =+/2.
Trong bai toan nay, 3 mat d§ ludi duge su dung trong
nghién ciru sy hoi tu cua ludi gom ludi tho, ludi c&
trung va ludi min tmg v6i s6 phan tir luéi lan luot 1a
0,75, 1,25 va 2,48 tridu. Két qua nghién ctru sy hoi tu
ctia luéi tai tdc 4o Fr=0,26 duoc trinh bay trén Bang 2.

Hinh 4. Dé thi quan hé giita cdc hé sé e cin

thanh phan ciia tau voi sé Froude ciia tau

Bing 2. Két qua nghién cieu sw hdi tu ciia ludi tai
Fr=0,26
Hé s6 Mat dd lwéi

lue . e .

c;m Lwéi |[Lwoico| Lwoi | €3 | €2 | R
. thé | trung | min

tau

103Cr| 3,86 | 3,78 3,75 1-0,08 {-0,0310,375

Cac dai lugng €23, €23 va Ry trong Bang 2 dugc xac
dinh nhu sau:

Position|Z] (m)
-0.0412 -0.0104 0.0204 0.0512 0.0820

&, =(8,-5,)/S;;6,,=(5,-S,) /S, (1)
Re=é, /&y 2 Hinh 5. Hinh déng séng tai mdt thodng chit léong
Trong do: S;, S, S5 - 1a két qua tinh toan luc can 6 cdc sé Froude khéc nhau
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Theo két qua nghién ctru su hoi tu cua ludi trén
Bang 2, ta thay rang két qua mo phong thu dugc 13 hoi
tu don di¢u va sy thay ddi hé b luc can tau & day la
rat nho khi sir dung ludi min (sai s6 1,05% so véi két
qua thir mé hinh, v6i két qua thor mé hinh cho
Cr=3,711.107 [6, 7]). Chinh vi vay, & day s& sir dung
lu6i min d& mé phong dong chay bao quanh than tau
& cac s6 Froude khac nhau.

Két qua tinh toan lyc can tau va cac thanh phan luc
can cua no 6 cac sO Froude khac nhau cé su so sanh

Z/Lpp [-]

0,012

0.010 ® Fr=0.260 (Thuwc nghiém)
—=—Fr=0,108 (tinh toan)

0.008

—+= Fr=0,152 (tinh toan)
—=—Fr=0,195 (tinh toan)
——TFr=0,227 (tinh toan)
——Fr=0,260 (tinh toan)

0,006
0,004
0,002
0,000
-0,002
-0,004
-0,006

X/Lpp [-]

Hinh 6. Profile séng doc thin tau khi chuyén dpng é cdc
6 Froude khdc nhau

Dynamic Pressure Coefficient
-0.65000 0. 1333 0.91667 1.7000

Hinh 7. Ap suit dong trén bé mgt thin tau khi chuyén
dpng 6 cdc s6 Froude khdc nhau

HE sb ap suat dong [-]

0,300
——Fr=0,108
0,200 — = Fr=0,152
——Fr=0,195
0.100 ——Fr=0,227
0,000 " -
00 0% R, LR ) 1,0
-0,100
-0,200
-0,300

X/Lpr [-]

Hinh 8. Phéin bé dp sudt dpng tai Z/T=0,5 ¢ cic s6
Froude khac nhau
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v6i két qua thuc nghiém do trong bé thir duoc biéu
dién trén Bang 3 va Hinh 4. Trong d6 cac ky hiéu Cp,
Cp, E%D trong Bang 3 14n luot duge hiéu 12 hé sd luc
can thanh phan ma sat, hé sé luyc can thanh phan ap
suét cuia tau va sai sb giita tinh toan va thuc nghiém.
Nhu trén Bang 3 ta ¢6 thé quan sat thiy sai s gitra
tinh toan va thuc nghiém rat nho chi nam trong dai tir
0,89% dén 2,88%. Khi ting toc do tau thi hé sé luc
lyc ma sat giam déan va hé sb luc can ap suét tang 1én.

Wall Shear Stress Coefficient
0.000 0.004733 0.009467 0.01420

Hinh 9. Ung sudt tiép trén bé mdt than tau khi chuyén

dong ¢ cdc so Froude khdc nhau

Hé s6 tmg suit tiép [-]

0.007
——Fr0,108
0.006 ||~ Fr=0.152
——Fr=0,195
0,005 ||——Fr=0.227
——Fr=0.260
0.004
0003
0.002
0.001
0.000

0.0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1,0
X/Lee [-]

Hinh 10. Phén bé ting suit tiép tai Z/T=0,5 § cdc s6
Froude khdc nhau

[Fr=0,227]

Volume Fraction of air
0.0000 0.33333 0.66667 1.0000

Hinh 11. Anh hwing ciia sé Froude dén phén dign
tich ngdm nwoc dudi transom
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Thiec nghiém
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S
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OO0 -
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“NwhAONES

-0.05

/\ :

S PO Y ST S Ve Fe—|
00857 5,06 005 04 003 DD 001

Y/Ls [-]
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006 005 004 -003 -002 -001
Y/Lee [-]

Hinh 12. Truwong dong theo danh nghia tai dia chong chéng & cdc sé Froude khdc nhau

4.2. Két qui mé phéng dwong dong bao quanh
than tau

Céc thong tin vé dong chay bao quanh than tau khi
chay & cac tc do khac nhau dugce biéu dién trén cac hinh
tir Hinh 5 dén Hinh 12. Trén Hinh 5 chiing ta ¢6 thé nhan
thay thay sy khac nhau vé bién d¢ va hinh dang séng tai
mit thoang chét long khi tau chuyén dong & cac so
Froude khac nhau. Profile song doc than tau c6 bién do
tang dan khi ting sb Froude cuia tau (xem Hinh 6). Tir
Hinh 6 ching ta ciing c6 thé nhan thiy két qua mo
phong profile song doc than tau tai toc do Fr=0,260
rat gan voi két qua thuc nghiém trong bé thur.

Phan bd ap suat trén bé mit than tau 1a mot trong

c4c yéu t6 anh huéng dén thanh phan lyc can 4p sudt
clia tau. Hinh 7 va Hinh 8 biéu dién hé s6 ap sudt dong
phan bé trén bé mat than tau khi chay & cac s6 Froude
khac nhau. Tir cac hinh trén ta c6 thé thay, phan b ap
sudt dong phu thudc kha 16n vao tde do chuyén dong
ctia tau. Cuy thé, & day ta thay hé s6 ap suat dong trén
bé mit than tau tai s6 Froude 0,227 16n hon so véi khi
tau chuyén dong & cac s Froude khac.

Phan bé tmg suét tiép trén bé mat than tau 1a mot
trong cac yéu t6 anh hudng dén thanh phan lyc can ma
sat ctia tau. Cac hinh anh vé phan b6 mg suét tiép trén
bé mat than tau khi chay ¢ cac toc do khac nhau duoc
trinh bay trén Hinh 9 va 10. Quan sat trén Hinh 9 va
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10, ta c6 thé nhan théy, hé sb nay phuy thudc kha 16n
vao toc do chuyén dong clia tau va sy phu nay khong
c6 tinh chit don diéu tuyén tinh. Cu thé, hé sb ung
suét tiép 16n nhat & s6 Froude 0,227 va c6 gia tri nho
nhat ¢ s6 Froude 0,152.

Trén Hinh 11 thé hién cac hinh anh vé phén dién
tich dudi transom ngdm nudc khi tau chay & cac sd
Froude khic nhau. Tir Hinh 11 ta c6 thé nhan théy,
phan dién tich ngdm nudc ciia dudi transom s& ting
dan khi tang toc do chuyén dong cia tau (ting sb
Froude).

Truong dong theo danh nghia tai dia chong chong
la mot trong nhirng dac trung thuy dong quan trong
anh huong dén hiéu qua 1am viéc ciia chong chong sau
than tau. Trén Hinh 12 thé hién truong dong theo danh
nghia tai dia chong chong khi chuyén dong & cac sb
Froude khac nhau. Tir Hinh 12 ta c6 thé nhan théy,
truong dong theo danh nghia giam dan déu khi sb
Froude cua tau tang. So sanh giira truong dong theo
thu dugc qua mo phong bang CFD véi két qua do dac
thuc nghiém tai s6 Froude 0,260, ta c6 nhan thay két
qua thu dwoc khé giéng nhau.

5. Két luan

Bai bao da dat dugc muc tiéu nghién ctru dat ra
trong viéc mo phong dong chay bao quanh than tau ¢
céc van toc khac nhau bang viée sir dung phuong phap
CFD. Cac két qua thu dugc, cu thé nhu sau:

- D3 tinh todn duoc luc can tau trén nude tinh tai
céc s6 Froude khac nhau. Két qua tinh toan rit gan so
v6i két qua thuc nghiém.

- P dua ra va phan tich dugc cac dic trung vé
hinh dang séng bé mit va profile; phan bb hé sb ap
sudt dong, h¢ ) ung suét tiép trén bé mit than tau;
anh huong cua toc do tau t6i dién tich ngdm nudc cua
dudi transom; anh hudng cua toc do tau téi dong theo
danh nghia tai dia chong chong. Pay 1a cac thong tin
quan trong, gitip ich cho ngudi thiét ké rt nhiéu trong
viéc cai tién hinh dang than tiu nhim giam lyc can.
Loi cdm on

Nghién ctru nay duoc tai trg bdi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT22-23.29.
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