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Tém tit

Bai bdo itng dung CFD (déng liwc hoc chat heu)
dé tinh todn mé phong luc tac dong lén tau thity ¢
ché a¢ day tai va khéng tdi, khi tau neo ddu tai
khu viee Viing Tau trong trong hop toc do dong
chay bao thay déi. Péi véi moi tau cu thé, ddc tinh
khu neo déu, cdc yéu t6 khi twong thity van da biét.
Trén co so nay, ap dung CFD tinh toan va mo
phong lic tac dong 1én vo tau thity cho doi twong
cu thé la M/T AU LAC JUPITER, trong tai 13.654
DWT, theo tiéu chudn ddng dang Froude, hé 50
dong dang hinh hoc k =100, xét trong trieong hop
dady tai va khong tai.

T khéa: Liee tdc dong tau thity, ché dé day tdi,
ché d¢ khéng tai, dong chay bao, CFD.
Abstract

The article focuses on CFD (Computational fluid
dynamics) application with Fluent-Ansys to
calculate and simulate the impact force on the
ship at full load and ballast conditions when
anchoring in the Vung Tau in the case of changing
arround flow speed. For each ship, the anchorage
area characteristics, and hydrometeorological
factors are known. On this basis, the article
applicated CFD to calculate and simulate the
impact force on a hull of a ship for the known
objectis M/T AU LAC JUPITER which has 13.654
DWT, according to Froude standard, coefficient
k=100, in the case of full load and ballast

conditions.

Keywords: Impact force on the ship, full load
condition, ballast condition, arround flow, CFD.
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1. Pit van dé

Trong nhitng nim gan day, di xay ra mot sb vu tai
nan hang hai nghiém trong tai khu neo dau Viing Tau,
ma nguyén nhan chinh 1a do tic dong dong chay bao
dan dén troi neo va va cham tau khéac. Tir thuc té tai
khu vuc neo ddu Viing Tau, véi s6 liéu khao sat van
tbe dong chay bao V = {0,20; 0,25; 0,30; 0,35; 0,40},
(knot), dac diém dong chay rbi da pha - “Transition
SST”, xét trong trudng hop tau chd ddy tai, khong tai
(ché do ballast), do tac dong tbc do dong chay bao
quanh tau (V), d4 tao ra sy phan b vé ap suit hai bén
v6 tau thuy. Tir d6 din dén luc tac dong 1én tau thiy
(F), luc tac dong nay phu thudc vao su thay ddi cua
tbc do dong chay bao.

DPé minh hoa 16 van d& nghién ctru, bai bao tmg
dung CFD vdi Flyent-Ansys dbi voi bai toan hai pha
(nudce va khi), k¥ thuat giai VOF (Volume of fluid), dé
tinh toan m6 phong luc tac dong 1én vo tau thiy cho
dbi tugng cu thé 1a M/T AU LAC JUPITER, trong tai
13.654DWT, s6 liéu dong dang theo tiéu chuan
Froude, trong trudng hop déy tai va khong tai.

Gi6i han diéu kién tinh toan:

- Mén nuéc khi tau day tai T = 8,1cm; khi khong
tai T = 2,1cm, theo tiéu chuin déng dang Froude véi
hé s k = 100.

- Van tc dong chay bao thay doi tai khu vuc Viing
Tau: V = {0,20; 0,25; 0,30; 0,35; 0,40}, (knot); khong
xét dén anh huong ciia gio, yéu to nghiéng va chui.

Mb hinh tau duoc quy ddi theo tiéu chuin dong
dang Froude nhu sau:
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Trong dé: L(m) - Chiéu dai dic trung, véi bai
toan nay L la chiéu dai tau; g - Gia tc trong truong,
g=9,8m/s?,

F, F,, - Luc tac dong theo bai toan thuc va mo hinh;

M, M,, - M6 men theo bai toan thuc va mo hinh.

Gié tri dau ra: Sy phan bd ap sudt, lyc tic dong 1én
tau thuy.

F,=k*xF, M, =k'M

a) Tau that

b) Tau mé hinh
Hinh 1. M/T AU LAC JUPITER

Hinh 1 mé tda M/T AU LAC JUPITER theo dang
tau that va tau mo hinh dong dang theo tiéu chuin
Froude, v6i h¢ sb hinh hoc k = 100.

2. Quy trinh tinh ton va mé phéng bang CFD

Quy trinh nay thyc hién thong qua cac budc trong
Hinh 2. Pdng thoi dién giai quy trinh cac budc cu thé:

Buac 1: Xay dung bai todn nghién cau.

DPam bao bam sét bai toan thuc té nhit (Hinh 1).
Thuc té, mot s yéu té phai gia dinh (nhu d6 nhin vo
tau, d6 véng lin neo,...), ddn dén sai sb nhat dinh cho
ctia md hinh dong dang.

Budc 2: Chia ludi cho khong gian tinh toan va dat
diéu kién bién.

- Thyc hién vé md hinh bai toan 3D bang phan
mém Solidwork. Str dung phan mém Workbench-
Ansys dé chia ludi, dam bao lugi min va sb lugng ludi
phu hop theo yéu cau ky thuat.
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Phén tich hi¢u qua (hiéu chinh néu cin)

Hinh 2. Quy trinh tinh todn mé phong luc
tic dpng tau thity bing CFD

- Gi6i han diéu kién bién: Dau vao la van téc cua
dong chay bao; dau ra: Phan b ap suit, luc tac dong.

Budc 3: Tinh toan md phong bang CFD.

Thuc hién k¥ nang st dung chuong trinh CFD véi
Fluent - Ansys cho yéu cau caa bai toan, dam bao cac
yéu cau chinh nhu: Lya chon diéu kién tinh toén, gia
tri van toc dong chay cho mot diém tinh toén; diéu
kién hoi tu,...

Budc 4: Phan tich két qua (hiéu chinh néu can).

- Két qua tinh toan thoa mén theo tiéu chuan hoi
tu, chwong trinh CFD s& dung va s& phan tich két qua
thu dugc theo muc dich cta bai todn nghién ciu dat
ra, néu chua thoa méan thi tiép tuc hiéu chinh.

- Khi thay dbi van téc dong chay V theo gigi han
diéu kién tinh todn (mén nuéc T = 8,1cm - Diéu kién
day tai; T = 2,1cm - Khong tai), thi dat lai gia tri van
téc dau vao va trién khai tinh toén tir budc 3.
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Hinh 3. Dt diéu kién hi tu cho cdc bién tinh todn
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Hinh 3 dua ra ctra s6 thé hién diéu kign hoi tu,
duogc dat 1a 10°° va ghi lai dién bién sai sb trong subt
qué trinh tinh toan, CFD véi Fluent - Ansys giai trén
timg vong lap va bai toan s& hoi ty, khi sai s6 cua tat
¢4 bién dat duéi 10°°, phu hop diéu kién tinh toan.

3. Phin tich két qua tinh toan mé phéng luc
tac dong Ién tau thiy bang CFD

Hinh 4 dua ra két qua hinh anh ludi chia, duoc
thyc hién bang phan mém Workbench-Ansys, tuyén
hinh tau va s6 lidu lién quan duoc tham khao tir hd so
M/T AU LAC JUPITER. Két qua thu dugc loai ludi
chia 1a Polyhedra, dam bao d6 min nhét, véi mién chia
ludi, s6 nut ludi va phan tir ludi khi tau ddy tai va
khong tai theo Bang 1.

Bing 1. Mién chia lwdi, sé lwong niit luéi chia

va phin tir lw6i khi tau ddy tai va khong tdi

Mién S6 nit lwéi Phan tir lu6i
chia x ... | Khéng s ... | Khdng
- Pay tai " Day tai Y-
lwéi tai tai

Poi
Voi
oha 744.309 | 186.097 | 131.693 | 32.923
khi
Déi
VGi
oha 765.412 | 153.082 | 131.558 | 32.889
nudc
O 11 509,721 | 339.179 | 263.251 | 65.812
cong

Biing 2. Téng hop gid tri tinh todn lic tic dgng lén
tau thiiy khi ddy ti va khong tai

Gi4 trij lwe tac dong F
Stt |V (knot) (N), hé sb k = 100
Pay tai | Khong tai
1 2,0 180.300 51.300
2 2,5 219.300 62.600
3 3,0 257.700 73.700
4 3,5 308.500 84.700
5 4,0 332.100 95.400

Hinh 5 dua ra két qua tinh todn va mo phong phan
bd ap sudt trén tau thuy & diéu kién ddy tai va khong
tai, khi van toc dong chay V = 0,20 knot. Cac truong
hop thay ddi van tde con lai thuc hién tuong tu.

Tu Hinh 5 nhan xét r.'«:'mg: Bén trai 1a cot ciia mdi
hinh, thé hién két qua chi tiét phan b6 ap sudt xung
quanh man tau. Trén co sd nay s€ xac dinh dugc luc

tac dong 1én tau thuy, bang cach chiéu 1én phuong Ox
doc truc cua tau, s€ tim dugc thanh phén luc (F).

Két qua tinh toan md phong lyc tac dong 1én tau
thity phan dudi nude bang CFD, khi tau day tai & mon
nude c¢b dinh T=8,1cm (Hinh 6), khong tai  T=2,1cm
(Hinh 7), v6i sy thay d6i 5 1an gia tri van toc dong chay
néu trén, s& cho 5 6 cira s6 két qua twong Gmg.

Tir Hinh 6 va Hinh 7 1a két qua téng hop tinh toan
luc tac dong F khi thay d6i van téc dong chay bao va
chuyén sang gia tri tau thyc, theo hé s6 k =100, duoc
mo ta theo Bang 2.

Tir két qua dat dwoc theo Bang 2, xay dung do thi
mo ta mi quan hé giira luc tac dong 1én tau thiy va van
téc dong chay minh hoa trueong hop thay déi khi tau day
tai, theo Hinh 8.

Hinh 4. Két qua hinh dnh lwdi chia

[} 0200 0400 (m)
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a) Khong tdi
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b) Py tii
Hinh 5. Két qud phéin bé ap suét khi V = 0,20 knot
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Contours of Static Pressure (midure) (pascal) (Time=5.0000e-02)

Forces

2one
hull-air
hull-water

Forces (n)

Pressure

(-0.023449369 0.0611923694 5.7337141)
(-1.2800962 0.013849229 -3.2549951)

Net

(-1.3035455 0.825772923 2.478719)

Forces - Direction Vector (1 8 8)

Forces (n)
Zone Pressure Uiscous Total
hull-air bl -0. 7 -0. 37
hull-water -1.2800962 -0.49713701 -1.7772332
Net -1.3035455 -0.49938738 -1.8029329

a) V=0,20 knot

A

Mesh (Time=0.0000e+00)

Forces

Zone
hull-air
hull-water

Forces (n)

Pressure

(-0.04067833 0.0056084874 5.7111001)
(~2.1159747 -0.0076612621 -4.2980313)

Net

(~2.1556531 -0.0020527747 1.4130688)

Forces - Direction Uector (1 0 0)
Forces (n)

Zone Pressure Total
hull-air ~0.046259919
hull-water ~3.0389805
Net ~2.1556531 ~0.9295874 ~3.0852405

b) V=10,25 knot

Mesh (Time=2.0000e-02)
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Forces

Forces (n)
2Zone Pressure
hull-air (-0. 0. 5 )
hull-water (-1.7886693 0.8094259367 -4.8321989)
Net (-1.821198 0.019050362 1.8240376)
Forces - Direction Vector (1 0 8)

Forces (n)
Zone Pressure Uiscous Total
hull-air -0 -0.004 ~08.0836661617
hull-water -1.7886693 .75181168 -2.540481
Net -1.821198 -0.75594461 -2.5771426

Mesh (Time=0.0000e+00)

¢) V=20,30 knot

Forces

Forces (n)
2one Pressure
hull-air (-0.84377627 0048395912 5.6264157)
hull-water (-2.2646556 -0.011644357 -4.4013948)
Net (-2.3084319 -0.0868047657 1.2250209)
Forces - Direction Vector (1 8 8)

Forces (n)
2one Pressure Viscous Total
hull-air -0.84377627 —0.0063802884 -0.050156558
hull-water —2.2646556 -1.00863356 -3.2709912
Net -2.3084319 -1.8127159 -3.3211478

d) V=10,35 knot

Mesh (Time=0.0000e+00)

Forces

Forces (n)
2Zone Pressure
hull-air (~0.028336607 0.0091772964 5.8965468)
hull-water (~1.5374901 -0.00039974868 -3.7262988)
Net (~1.5658267 0.0087775477 2.170248)
Forces - Direction Uector (1 8 8)

Forces (n)
Zone Pressure Uiscous otal
hull-air ~0.028336607 003138761 ~0.031475368
hull-water ~1.5374901 ~0.62440133 ~2.1618915
Het ~1.5658267 ~0.627545009 ~2.1933668

e) V=20,40 knot
Hinh 6. Két qud tinh todn mé phéng lc tic dpng lén tau thiiy khi ddy tii T = 8,1cm
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Contours of Static Pressure (mixure) (pascal) (Time=5.0000e-02)

Forces Forces

Forces (n) Forces (n)
Zone Pressure Zone Pressure
hull-air B22H63718 -0.031211916 -53.930004) hull-air (—B.827536234 -0.035624046 -54.386539)
hull-water -0 1834 -26 ) hull-water (—D.2709797 -0.0891222487 -26.656069)
Het (-0.22331242 -0.0397371 -80.925352) Het (-0.20851504 -B.BuLTH6295 —-81.042608)
Forces - Direction Vector {1 @ @) Forces - Direction Uector (1 0 8)

Forces {(n} Forces (n)
Zone Pressure Uiscous Zone Pressure Viscous Total
hull-air -0 18 hull-air -8.827536234 -B.0BLB727057  —0.03168894
hull-water -0.2008487 hull-water -0.2709797 -0.43412548 -0.70510519
Het =0.22331242 -0.2898783 Het -8.29851594 -0.43819819 -0.73671413

a) V=10,20 knot

A

Contours of Static Pressure (midure) (pascal) (Time=5.0000e-02)

c¢) V=0,30 knot

L

Contours of Static Pressure (midure) (pascal) (Time=5.0000e-02)

Forces Forces
Forces (n) Forces (n)
2Zone Pressure 2Zone Pressure
hull-air (-0.025022618 -0.830790789 -54.152363) hull-air (-0.025022618 -0.0830790789 -54.152363)
hull-water (-98.23742598 -0.01084291 -26.828619) hull-water (-98.23742598 -0.01004291 -26.828619)
Het (-90.2624486 -0.0408337 -808.980982) Het (-0.2624486 -0.04088337 -80.980982)
Forces - Direction Uector (1 0 0) Forces - Direction Vector (1 0 0)
Forces (n) Forces (n)
Zone Pressure Uiscous Total Zone Pressure Uiscous Total
hull-air -0.025022618 -8.08032175821 —-0.0282402081 hull-air -0.025022618 -8.0032175821 -0.028240201
hull-water 23742598 -8.36077687 59820285 hull-water ~8.23742598 ~8.36077687 ~08.59820285
Net -0.2624486 -8.36399445 -0.62644305 Net -0 -8. -8
b) V=0,25 knot d) V=0,35 knot
Wl d
o= N
Mol
Contours of Static Pressure (mbdure) (pascal) (Time=5.0000e-02)
Forces
Forces (n)
Zone Pressure
hull-air (-0.835235219 -0.050187021 -55.411919)
hull-water 753 -25.766008)
Het (-0.36777919 -0.061074551 -81.177927)
Forces - Direction Uector (1 0 0)
Forces (n)
Zone P Viscous
hull-air -0.005907 0834
hull-water -0. 827
Het =0.36777919 =0.58648535 =0.95h82645h
e) V=20,40 knot
Hinh 7. Két qud tinh toan mé phong luc tac dong lén tau thiiy khi khong tai T = 2,1 cm
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Hinh 8. Pé thi minh hoa méi quan hé giiva luc tic dong va vin toc dong chdy khi ddy tii

4. Két luan

Bai bao dua ra quy trinh chung ing dung CFD tinh
toan dong luc hoc dong chay, tir d6 da thyc hién tinh
toan mo phong luc tac dong 1én tau thay, khi thay doi
tbc do dong chay cho bai toan 3D. Trén co s& ndy ap
dung cu thé theo sd liéu déng dang véi tau M/T AU
LAC JUPITER, xét trong truong hop tau ddy tai va
khong tai, khi neo dau tai khu vuc Viing Tau. Mat
khac, hoan toan md rgng tinh todn mé phong cho
chung loai tau khac.

Két qua tinh toan nay, giup sy quan hang hai thyuc
hién nghiép vu dan tau an toan khi thyuc hién neo dau,
g6p phan gidi thich rd hon rui ro hang hai hay gip
trong thuc tién, dic biét 1a khi tau neo dau do tac dong
ctia dong chay dan dén nguy co trdi neo, va cham vao
tau khac. Két qua dat dugc nay co thé sir dung cho
nghién ciru tiép theo vé tinh toan luc cang lin neo.
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