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Tom tat

Tinh todn dao déng \dc ngang cua tau cé y nghia
quan trong trong viéc dam bao an toan, tinh chong
I4t cua tau trong khai thac va can duwoc dac biét
quan tam trong giai doan thiét ké. Ly thuyét thé
duwoc ap dung réng rdi trong xdc dinh hé s6 can
ldc ngang cé d@é chinh xac khdng cao va can duroc
chinh xac héa bang thuc nghiém. Trong nghién
clu nay, dao déng lic ngang tw do cua tau
DTMBS5512 trén nude tinh diroc md phong bang
phirong phdp sé (CFD) si dung phan mém thwong
mai Star-CCM+ két hop phwong phdp mé hinh
hép xdm dé xdc dinh hé sé can ldc ngang cua tau.
Anh hirong ciia kich thuée ludi, @6 1on goc ldc ban
dau, van toc tau va vay giam ldc duwoc nghién ciu
va phan tich. Két qua tinh todn hé sé can ldic
ngang duoC S0 sanh voi phuong phdp nang lirong
Froude,... Két qua cho thdy phurong phap dwoc dé
xudat la mét giai phap tot, tiét kiém thoi gian va chi
phi ma van dam bao dé tin cdy.

Tir khéa: Md phang ;é’ CFD, luéi chong, chuyén
déng lac ngang, hé so can lac ngang, mé hinh hgp
Xam, phuong phdp nang lwong Froude.
Abstract

Ship roll motion prediction plays an important
role in ensuring the safety, anti-capsize of the ship
in operation and needs special attention during
the design phase. The potential theory, which is
widely applied in determining the roll damping
coefficient, has low accuracy and needs to be
determined by model test. In this paper, free-roll
motion in calm water is simulated numerically
using commercial software Star-CCM+ together
with the application of the grey-box modeling
method for the direct calculation of roll damping
coefficient. The effect of mesh size, initial roll
angle, forward speed, and bilge keels are studied
and analyzed; roll damping coefficient are
compared with Froude energy,... The obtained

results indicate that the proposed hybrid method
is a good solution, cost and time saving with a
high level of accuracy.

Keywords: CFD simulation, overset mesh, roll

motion, roll damping coefficient, grey-box
modeling, Froude energy method.

1. Téng quan

Dao dong lic ngang gin lién véi mac an toan
chéng lat cua tau. TAm quan trong cua n6 dwoc khang
dinh thong qua quy dinh cua cac té chirc ding kiém
trong kiém tra 6n dinh ngang cua tau [1], [2], [3], ciing
nhu nhiéu nghién ciu tir gitra thé ky 19 cho dén nay
[4], [5], [6] va van dang dugc tiép tuc nghién ciu.
Ngoai ra, lic ngang con anh huang xau dén diéu kién
lam viéc cua cac trang thiét bi, an toan hang héa trén
tau va muac do tién nghi ddi voi thuyén vién, hanh
khach trén tau.

Cho dn nay, cac nghién ctru da dé cap dén gan
nhu ddy du céc yéu té anh huong nhiam myc dich ning
cao do chinh xac cua viéc xac dinh hé sb luc can lic
ngang. Tién dé 1a Froude [7] v6i dé& xudt mé hinh
tuyén tinh, phi tuyén bac hai va dén nay la mé hinh
phi tuyén bac ba da duogc &p dung rong réi [8]. Tong
quat, luc can lic ngang dwoc biéu didn nhu sau:

By = Bip$ + Bogd|d| + B3 p® )

Trong d6: By (), Big - Lacac hé sé luc can lic
ngang, ¢ - Van tbc lic ngang cua tau.

Mb hinh phi tuyén bac hai c6 nhugc diém la gy
khé cho viéc bién doi biéu thuc khi giai bai toan lién
quan, do chinh xéac trong bai toan xap xi kém [9]
nhung dat duoc su phti hop tét hon vai két qua thir mo
hinh d6i véi truong hop tau c6 vay giam lic [10].

Anh huong caa van tde dén luc can lac ngang dugc
Ikeda va cac dong nghiép nghién ctru va dé xuét
phuong phép tinh toan [11]. Anh huéng cua van téc
dén lyc can lic ngang xuit hién manh & mot dai van
téc twong d6i nho va giam dan khi van toc cua tau dat
dén mot gia tri nao d6 va khong doi [12].

Céc phuong phép xac dinh hé sé luc can lic ngang
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cua tau nhu: ly thuyét, thuc nghiém va thir moé hinh.
Céc phuong phap nhu: Ly thuyét thé 2D, ly thuyét
Ursell, bién hinh bao giac,... cho phép xac dinh nhanh
va két qua tinh toan tron déu nhung khong thé hién tot
truong hop than tau ¢ goc nhon, cac mat cit ngang
tau c6 hé s6 béo dién tich nho. Ly thuyét thé va
phuong phap tam 3D [13], [14] c6 thé &p dung vai hau
hét cac hinh dang tau va dugc Huijsmans phat trién ap
dung thém ddi véi truong hop tau cé van tbe [15].

Phuong phép thuc nghiém dé xuat boi Himeno
[16] dwoc &p dung rong rai d6i voi cac tau hang co
hinh déng truyén thong dudi tén goi “phwong phap
Tkeda”. Céac cai tién sau d6 cho phép tinh dén anh
huong cua van toc tinh tién cua tau [17] va mo rong
dbi vai céac tau 6 hinh dang bat ky boi Kawahara [18].

Thir mo hinh 1a phuong phap chinh xac dé xéac
dinh lyc can lic ngang cua tau cé chi phi cao va tén
nhiéu thoi gian. Hé s6 luc can lic ngang duoc xac dinh
dua trén dix liéu ghi géc nghiéng ngang cua tau theo
thoi gian str dung phwong phéap béan tuyén tinh (luong
giam logarit), nang luong Froude,... Cac phuong
phép nay cé nhugc diém khi chi 4p dung cho dao dong
¢6 lyc can nho, ec can phi tuyén nho hon nhiéu so véi
thanh phan tuyén tinh, bién d6 ban dau nho (<10 do).

V6i sy phat trién manh cua ly thuyét CFD trong
nhimg nim gan day, g dung CFD trong md phong
cac bai toan dong hoc tau néi chung va mé phong dao
dong lc ngang cua tau noi riéng da dat duoc cac két
qua t6t [19], [20]. CFD c6 thé duoc &p dung dé thay
thé cho viéc ché tao va thir md hinh gitp giam chi phi
va thoi gian. Ngoai ra, CFD con cho phép trich xuét
nhiéu két qua trung gian ma khdng thé thyc hién dwoc
trong khi thir md hinh tau.

Trong nghién ctu, dao dong lic ngang cua tau
dugc md phong bang phan mém thwong mai Star-
CCM+. Tinh toan dugc thuc hién cho md hinh ty 1é
ctia tau chién DTMB 5512. M6 hinh tau dwoc thiét lap
lic ngang tu do véi goc lic ban dau sir dung ky thuat
ludi chong (overset mesh) va sir dung két qua vao viée
xéc dinh hé s6 luc can lic ngang cua tau bang phuong
phap md hinh hop xdm cho phép &p dung khéng giai
han do 16n cua bién d6 lic ngang ban dau.

2. Co s6 ly thuyét
2.1. Phwong trinh dao déng lidc ngang cia tau
trén nwdc tinh
Phuong trinh dao dong lic ngang 1 bac ty do cia
tau co dang:
(I +Ag) + By (9)¢ + C(p)9p = 0 @

Trong d6: I, - Mo-men quéan tinh khéi lugng
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clia tau ddi vai truc Ox (kg.m?); Ay - MO-men quan
tinh khdi luong nuéc kém lic ngang (kg.m?); By ()
- Hé sb luc can lic ngang cua tau, ham phu thudc vao
toc do lac ngang (N.m.s); G(¢) - Md-men hdi phuc
cua tau, ham phu thuoc géc nghiéng ngang (N.m).

Str dung cdng thic (1), hé sé luc can dugc biéu
din ¢ dang tong cua cac thanh phan:

By($) = Bigh+  Bph|d|+  Bspd® (3)
by () = bipp+  bapdld|+  bspd’ (4)
Thanh
Thanh Thanh .
. . . phan
Hé so luc can phan phan phi hi
g . . . [
lac ngang tong tuyen tuyen bdc P .
. tuyen
tinh hai
bdc ba
B¢(¢) c(®)
Véi b(¢) = c(p) = g

Phuong trinh (2), duqc viét lai & dang chuan héa
nhu sau:
¢ +bip + bypp|d| + bspd® +c(¢)p =0 (5)
Trong tinh toan lic ngang, cé thé st dung mé hinh
hé s6 luc can tuyén tinh trong duong b, (¢).

¢ + b (#)b + c(Pp)p = 0 (6)
Trong do:
8 3
be(¢) = by + 5= 3 WqPabrg +-— yy wa¢ab3¢ (7)
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Thai gian, s
Hinh 1. Pé thi ldc ngang cia tau
2.2. Phwong phap nang lwong Froude xdc dinh
hé so luc can lac ngang
Phuong phap nay dua trén gia thiét ring ning

lwong tén hao do luc can trong mét nira chu ky bang
V6i nang lugng cua mo-men hoi phuc (Hinh 2).

Luong giam bién d¢ lic ngang cua tau sau mdi nira
chu ky d¢,/dr dugc xap xi bang duong cong da
thirc bac ba nhu biéu thuc (8), (9):
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d¢a 7Tb1¢ 4 3 (8)
P 20, P + §bz¢¢§ +§wdﬂb3¢¢3
d¢ ©)
T = ada + b + e

Cac hé sd a, b, ¢ trong biéu thuc (9) duoc xac dinh
bang phuwong phap xap xi. Hé s6 luc can lic ngang
tuong tNg by ¢, bog, b3 cling nhu hé sb lyc can lic
ngang tuyén tinh twong duong b, xac dinh theo (7).

| o

o \ /
L~
ubd
j
©
&
o) \f/
=0
[S)
e
@ 1/4 Chu ky
1/2 Chu k¥
Thoi gian, s
a)
d¢ﬂ o 2 3
- = ap, +beg + cpd
5 .-
=) o
o] P s

b)
Hinh 2. Xdc dinh céc thong sé tinh toan luc cdn ldc
ngang theo phwong phdp nang lwong Froude

2.3. Ly thuyét CFD

Trong béo cao nay, nhom tac gia sur dung phuong
trinh RANS hay duoc goi 1a phuong trinh Navier-
Stokes véi s6 Reynolds trung binh. Viéc tach cac
phuong trinh Navier-Stokes thanh cac phuong trinh
RANS cho phép md phong cac dong chay giéng véi
trong thuc té [21]. Chét long duoc gia thiét 1a khdng
nén va cac phuong trinh duoc biéu dign dudi dang ing
Suét trong hé toa do Descartes nhu sau:

d(pts) _ 0

6xi (10)
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alpuy)) 9 , —
T + a—x] (puluj + pulu]) (11)
“ox T ox, TP

Trong d6: 7;; - La thanh phan tng suat nhot, p -
La &p suat, d(i;) - La thanh phan toa do cua véc to
vantéc, puju; laang suat Reynolds, p - Khéi luong
riéng cua chat long, p - Po nhét dong hoc, fi- Ngoai
lyc.

Céc phuong trinh trén dugc giai su dung phuong
phap phan tir hiru han, bang cach phan chia mién chat
long thanh cac phan tir, sau d6 giai phuong trinh
chuyén dong va cac dinh luat bao toan trong mi phan
tir lugi. Két qua 1a cac phuong trinh vi phan dao ham
riéng nay duoc roi rac héa thanh mot hé phuong trinh
dai s6 tuyén tinh don gian hon.

2.4. M6 hinh hgp xadm

M& hinh hop xam la phuong phap trong linh vuc
nhan dang hé théng. N6 1a su két hop cia phuong
phép hop tring va phuong phap hop den cho phép sir
dung théng tin biét truéc 1a md hinh toan hoc cua hé
(phwong phap hop trang) va thong tin dau ra tir két qua
do (phuong phéap hop den).

Gian d6 minh hoa ciia phuwong phap hop xam dugc
thé hién trong Hinh 3.

Dir liéu

do duoc Nhiéu trang

Phwong trinh l Mé hinh
vi phén

Mé hinh hép xam ——

Hinh 3. Gidn dé phwong phdp hép xam

Biéu dién tong quét cua bai toan xac dinh tham sé
bing md hinh hop xam c6 dang sau:

v, =flup) te

y=h@W,p)+w (12)

Trong d6: v - Vector trang thai, u - Dau vao biét
truéc, p - Tap hop cacthamsd, y - Thongsé dura,
e v w - Tuong tng la nhidu tring lién tuc va gian
doan, f va h lahai ham phi tuyén bét ky.

Trong nghién ctru nay, phuong phap hop xam cua
MATLAB (System Identification Toolbox) duocC su
dung dé xac dinh gié tri cua céc bién 1a cac hé sé luc
can, hé s md-men khéi luong nuée kém cua tau khi
lic ngang véi phuong trinh chuyén dong dugc mo ta
biang phuong trinh vi phan thudng bac hai theo (5).
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Phuong trinh dao dong lic ngang ty do cua tau
dugc viét & dang khong gian trang thai nhu sau:
351 = XZ

. 13
Xy = —bypXy — bty a| — bapxd — c(@)x LD

le x1 = (p, XZ = (ﬁ

Céc tham sé caa mé hinh (13) dwoc xac dinh bang
cac phuong phap tim kiém nhu: uée luong hop ly cuc
dai MLE, i thiéu hoa sai s6 dw dodn PEM.
3. M6 phéng dao déng lic ngang tw do cia tau
bang CFD
3.1. Théng sé mé hinh tau

M6 phong chuyén dong lic ngang dwoc thyc hién
véi md hinh thu DTMB 5512 ty 1¢ 1:46,6 (Hinh 4)
[22]. Cac thdng s6 kich thudc cua thu DTMB 5512
duogc dua ra trong Bang 1.

Bdng 1. Thong sé md hinh tau

Thong sé M®& hinh 5512
(1:46,6)

ChAléu df':u gitra hai duong 3,048
vuong goc (Lpp, m)

Chiéu rong (B, m) 0,405
Mén nude *T, m) 0,132
bién tich mat w6t (Sw) (M?) 1,459
Hé sb béo (Cs) 0,506
S6 Froude (Fy) 0,41

3.2. Thiét Igp md phéng

Nghién ctu thuc hién cho truong hop tau duoc
thiét lap ding yén va truong hop tau chay véi van toc

\ Body1EKL
—
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ing véi Fn = 0,41. Géc nghiéng ban dau duoc thiét
lap 1an luot 1a 5 7,5° va 10°. Truong hop riéng, tau
dugc gin thém vay giam lic, ding yén va véi goc lic
ban dau la 10°.

3.2.1. Thiét Igp bé thir do

Bé thir a0 duogc thiét lap véi kich thude da rong
v6i muc dich tranh dugc phan xa ctia nudc tir thanh
bé tac dong dén mo hinh tau lam anh huong dén két
qua tinh toan. Kich thudc cua bé thir 4o nhu mé ta
trong Hinh 5Hinh .

3.2.2. Thiét ldp luéi

Ba md hinh luéi duoc lya chon 1a: ludi bé mat
(surface remesher), lugi giao (trimmer mesh) va ludi
lang tru (prism layer).

Nghién ctu nay st dung phuong phap ludi chong
(overset) dé roi rac hda mién tinh toan vai cac lugi chong
I&n nhau cho phép md phong chuyén 16ng lic ngang &
goc lic ban dau 16n véi do chinh xac kha cao. Mién tinh
toan duoc chia thanh hai mién chinh 1a background bao
quanh mién tinh toan va overset. Mién overset duoc thiét
lap chuyén dong lic ngang ciing véi mo hinh. Cac mién
tinh ton va cac bién duoc chi ra trong Hinh 6. Hinh anh
lu6i dugc thé hién trong Hinh 7.

3.2.3. biéu kién bién

Diéu kién bién dugc thiét lap cho cac thanh cua bé
thir a0 va than tau dugc mo ta trong [20].

3.2.4. M hinh vt Iy va md hinh dong roi

M0 hinh vat Iy dugc sir dung ¢ day 1a chat long thuc
va phuong phap thé tich chat long (VOF) cho bai toén
hai hogc nhiéu pha. Md hinh dong réi k- dugc sir dung
do ¢ tinh hoi ty tét va thoi gian tinh toan nhanh.

Eody 1:EE4

Hinh 4. Mé hinh tau DTMB 5512

=Pl

Hinh 5. Kich thuwréc bé thiz do

Top|(Phia trén bé)

Mign background\ /

Back (mat sau)

Qutlet —=——
(dau ra)

. Inlet(d&u vao)
Mién overset

Side (mat trurac)

/

Bn(tnm(dév bé)
Hinh 6. Mién tinh todn va cdc diéu kién bién
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3.2.5. Buoc thoi gian

Budc thoi gian dugc lra chon theo khuyén céo cua

ITTC [23], duoc thiét Iap Ia At = 0,01s Gng véi 1/150

chu ky lic ngang.

4. Két qua va thao luan

Céc trudng hop tinh moé phong dugc dat tén va cho

trong Bang 4.

4.1. Kiém tra hgi tu luéi

Bdng 3. Chu ky lic ngang véi cdc kich thwée luéi

Kich thudc ludi Chu ky lic ngang, s
Ludi tho 1,45
Luéi trung binh 1,43
Ludi min 1,43

10

\
\
\

Goéc lac, ¢

L,
l
v
\ )

o & A N o N & 0 ©

— —Luéithd

4 -
! o\ AN S
P\ ! FZANS
I N
i WLt
(VY

ST

o,
Y

o

5]

6 %

Thei gian, s

----LudiTB

Lu6i min

Hinh 8. Két qud hi tu lwéi véi ¢go = 10°va Fn = 0,41
Ba kich thudc ludi cho tinh toan: ludi thd (410.164

phan tir), ludi trung binh (988.498 phan tir) va ludi
min (1.394.932 phan tir). Md phong duoc thuc hign
cho trudng hop tau cé van téc eng véi Fn = 0,41.
Fn=Vv/\/gL,

Trong d6: V - Van téc tau, (m/s); g - Gia téc trong
truong, (m/s?); L - Chiéu dai tau, (m).

Tir Bang 3 va cong bd [24], lu6i trung binh dugc
lyra chon dé chay mé phong cho tat ca cac truong hop.

Bién Piéu kién bién
Inlet Velocity Inlet
. Outlet Pressure Outlet |
Mién Top Velocity Inlet =
Background Bottom | Velocity Inlet S —
Back Wall
Side Wall
. Deck Wall
Mién Overset Hull Wall
Overset Overset mesh

Hinh 7. Mé hinh chia lwéi dung trong mé phéng
Bdng 4. Cdc trwong hep tinh toan

\ A GAc nghién
Truong g VY déﬂ ¢0?
hgp tinh giam lac .
do
TTO1 0 Khéng 50
TT02 0 Khéng 7,5
TTO3 0 Khéng 10,0
TTO04 0 Co 10,0
TTO05 0,41 Khdng 5,0
TTO06 0,41 Khéng 7,5
TTO7 0,41 Khéng 10,0
Bdng 5. Chu ky ldc ngang ciia tau
Truong Chuky | Chukylic | Sai
hop tinh | lac CFD, EFD, s s6, %
TTO1 1,45 - -
TTO02 1,45 - -
TTO3 1,45 - -
TTO04 1,40 ] ;
TTO5 1,40 - -
TTO6 1,40 - -
TTO7 1,40 1,46 -

Géc lic ngang, 4

Thisi gian, s

— 108 7580 5,086

Hinh 9. Ldc ngang véi cac géc nghiéng ban dau
khéc nhau (Fn=0,41)
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\ =10 45

a

Hinh 10. Léc ngang tgi Fn=0 va Fn=0,41
4.2. Anh hwéng ciia goc lic ban dau va van téc

Két qua md phong véi cac goc nghiéng ban dau
khac nhau dugc dua ra trong Hinh 9.

Hinh 10 so sanh dao dong lic ngang trong trudng
hop tau ding yén va khi tau chay voi Fn=0,41. Két qua
tinh chu ky lic ngang & cac goc lic ban dau va van tc
t61 khac nhau dugc dua ra trong Bang 5.

Hinh 9 va Bang 5 cho thay chu ky lic ngang tu
nhién cua tau c6 thé coi la khdng phu thudc vao gia tri
g6c lic ban dau nho va phu hop voi két qua cua céac
nghién ciru khac. Bong thoi cho thay, tau ¢ van toc

thi chu ky liac ngang cua tau nho hon so véi truong
hop tau dimg yén va dao dong lic ngang bi dap tit
nhanh hon.
4.3. Anh hwéng cia vay giam ldc

Két qua md phong dugc so sanh cho trudng hop
tau khong gan phan nhé duoc thé hién trén Hinh 11.
Hinh 12 thé hién hinh anh xo4ay nuéc quanh than tau
khi dimg yén tai thoi diém gitra chu ky (chu ky lac thir
5) ciia mo hinh tau khdng c6 va cé gan vay giam lac.

\ ©,=10d5
80

|

Gécl§c ngang, 46

Hinh 11. Ldc ngang cia tau c6 gin va khong gdn vay
gigm ldc (Fn=0)

Cuong do xoay nudc tai vi tri vay giam lic 16n hon
nhiéu so véi truedng hop tau khong lip vay giam lic.
Diéu nay giai thich cho viéc luc can lac ngang trong
truong hop ¢6 vay giam lac 16n hon gép phan 1am dao
dong lac ngang cua tau giam nhanh va chu ky lic ciing
nhé hon so véi truong hop tau khdng cé vay giam lic.

Két qua ap dung mo hinh hop xam cho cac dir liu
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mb phong lic ngang ty do cua tau trong 10 gidy duoc
thé hién trong Bang 6.

b)
Hinh 12. Xody nuwdc quanh thin tiu khi khéng gin (a)
va cd gin (b) vay gidm Iic tai thoi diém giiia chu ky

Phuong phép xap xi bang mo hinh hop xam cho két
qua do chinh xéac cao. Truong hop TT04 két qua do
chinh xac x4p xi dat dwoc gan 80% va két qua xac dinh
hé s6 lyc can lic ngang c6 su khac biét I6n so voi
phuong phép nang lwong Froude. Sai s6 nay cho thiy
mé hinh biéu dién luc can lic ngang cia tau ¢ dang da
thic ¢6 thé khdng hoat dong tét trong truong hop tau
¢6 vay giam lic nhu nhan dinh cia nghién ctiu [9], [10].
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| / /
0.05 [ I A A
\
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-0.1 - 1 L
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Hinh 13. So sinh mé phéng lic ngang ciia tiu theo
phuong phip ning luong Froude va mé hinh hgp xam
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Hinh 14. Két qua xép xi bang phwong phdp hjp
xam voi div ligu mo phong CFD
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Bdng 6. H¢ so lwe cin lic ngang va mé-men qudn tinh khéi lwong nuwéc kém bang phuwong phdp mé hinh hép xim

Truong hop tinh Ixx + Ao Bio B2o Bzo Do chinh x4c x4p xi, %

TTO1 1,8561 0,8365 -6,1764 14,8513 96,12

TTO2 1,8492 -0,6042 4,7514 -5,2392 94,88

TTO3 1,8467 -0,2435 2,7721 -2,5464 94,83

TTO04 1,8421 3,3273 -11,8705 12,2091 79,24

TTO5 1,7453 1,4627 -2,9042 8,0549 95,62

TTO6 1,7509 1,1727 0,8634 -1,1640 95,76

TTO7 1,7539 1,1069 1,3345 -1,7102 95,77

Bdng 7. H¢ s6 luc cdn lic ngang theo phwong phdp néing liwong Froude va mé hinh h@p xdim
. i Phuong phap nang lugng Froude MO hinh hgp xdm
Truong hop tinh
Do 2o D30 be bio D20 3o be

TTO1 0,0428 0,0000 1,7193 | 0,2269 | 0,4507 | -3,3276 | 8,0014 | 0,2402

TTO2 -0,1600 | 1,5617 | -1,4213 | 0,2488 | -0,3267 | 2,5695 | -2,8333 | 0,2268

TTO3 -0,1451 | 1,5452 | -1,4085 | 0,2428 | -0,1319 | 1,5011 | -1,3789 | 0,2405

TTO04 0,7249 | -1,6882 | 1,5349 | 0,3082 | 1,8063 | -6,4440 | 6,6279 | 0,5684

TTO5 0,6273 1,2460 | -3,0293 | 0,7025 | 0,8381 | -1,6640 | 4,6151 | 0,7986

TTO6 0,5361 1,7150 | -2,8067 | 0,6619 | 0,6698 | 0,4931 | -0,6648 | 0,7431

TTO7 0,5598 1,2262 | -15799 | 0,6493 | 0,6311 | 0,7609 | -0,9751 | 0,6890

Nhan thy, khong c6 su 6n dinh trong xu huéng
thay ddi vé gia tri cling nhu déu cua cac hé sd luc can
thanh phan trong mo hinh phi tuyén duoc 4p dung.
Pay la nhuoc diém ciia mé hinh lyc can lic ngang ciia
tau ¢ dang da thirc do khong cho phép xay dung dugc
mot phuong phap tin cdy dé xac dinh gi tri ciia cac
hé s6 trong biéu thirc (4).

Su 6n dinh trong két qua co thé duoc nhan théy
trong viéc xac dinh hé s6 mo-men quan tinh khéi
luong nudc kém Ae va phi hop theo 1y thuyét (Ix
khong di ddi voi trang thai tai trong tinh toan). Theo
d6, hé s6 Ag lién quan tryc tiép voi chu ky lic ngang
clia tau, ¢ thé coi 1a khong phy thude vao bién do lac.

Trong cac phuong phéap xac dinh hé sé lyc can lic
ngang, phuong phédp nang luong Froude khong c6 han
ché vé d6 16n cua luc can ciing nhu cac thanh phan phi
tuyén cta nd ciing nhu khong doi héi nhidu dir lidu
clia cac diém dinh hodc ddy cua goc lic ngang. Do vay,
céc két qua tinh toan bang phuong phap mé hinh hop
xam dugc so sanh voi phuong phap nang lugng
Froude (Bang 7).

5. Két luan

Nghién ctru da ap dung thanh cong phuong phap
CFD va k¥ thuat ludi chong (overset mesh) trong mo
phong dao dong lic ngang tu do cua tau cho ca hai
truong hop tau ding yén va tau c6 vén tdc. Tinh chinh

xac cia phuong phap md phong dugc xac nhan thong
qua viéc so sanh véi dit liéu thir dbi véi tau
DTMB5512.

Két hop gitta mo phong CFD va mé hinh hop xam
cho phép tmg dung trong viéc xac dinh hé s6 lIuc can
phi tuyén lic ngang, thay thé phuong phap thar mo
hinh véi d6 chinh xac cao. Ngoai ra, phwong phap con
truc tiép cho phép xac dinh hé s mé-men quéan tinh
khéi luong nudc kém Ad.

Két qua xac dinh hé sb Iyc can lic ngang twong
duong be bang mo hinh hop xam phu hop véi cac két
qua xéac dinh bang phuong phap ning lwong Froude.
Tinh ung dung ctia phuong phdp hép xam trong
truong hop tau cé vay giam lic 1a huéng can nghién
ctu tiép tuc cua nhom téac gia.
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