Tap chi Khoa hoc cong nghé Giao théng van tai Tap 11-S61

Nghién céu Iap trinh mé phéng kiém tra @ dat ngang
ciia tau phuc vu thiét ké luong hang hai tiép can bé cang
c6 dé chan song

Study on simulation programming to analyse ship’s

lateral drift provision supporting to the design of marine
channels approaching the port basin with breakwaters

Trin Khanh Toan

Truong Pai hoc Hang hai Viét Nam
Email lién hé: toantk.ctt@vimaru.edu.vn

Tom tit:

Bai béo gidi thiéu tong quan v& noi dung thiét ké bé rong ludng hang hai, trong d6 co tinh toan du phong do
dat ngang cta tau dudi tac dung cua gié va dong chay. Hién nay, céc tinh toan du phong thudng st dung céc
cong thirc tién dinh ma chwa ap dung ki thuat mé phong sé dé kiém tra lai két qua tinh toan theo chuyén dong
thyc cua tau. Nghién ciru nay dugc thyc hién trén co sé xay dung md hinh toan chuyén dong tau trong diéu
kién co tac dung cua gié va dong chay, nghién ctu lap trinh moé phong qui dao khi bi dat ngang ctia tau dudi
tac dung cua gi6 va dong chay, tir do hd trg cho viéc phan tich, kiém tra két qua thiét ké tinh toan du phong do
dat ngang cua tau, ang dung cho cac tinh hudng han ché khong gian diéu dong tau va tiém an nguy co dam va
trén ludng hang hai tiép can cira cac bé cang c6 dé chéin séng.

Tu khéa: Thuay dong luc hoc tau; md phong qui dao tau; do dat tau; anh hudng cta gid; anh huang cua dong
chay; ludng vao bé cang.

Abstract:

This article introduces an overview of the content of the design of the marine channel width, including the
calculation of the ship's lateral drift provision under the effect of wind and current. At present, contingency
calculations often use pre-determined formulas without applying numerical simulation techniques to analyse
the calculation results according to the actual ship’s motion. This study is carried out on the basis of building
a mathematical model of ship motion under the influence of wind and current, studying and programming the
simulation of ship’s lateral drift under the influence of wind and current, thereby supporting the analysis of the
design calculation results, applied to the situations where the ship's maneuvering space is limited with the
potential ship collision for marine channels approaching port basin entrance with breakwaters.

Keywords: Ship hydrodynamic; ship’s trajectory simulation; ship’s drift; wind effect; current effect; port basin
entrance.

1. Giéi thiéu hoic 10i. Néu co gio, tiy theo hudng gio téi va
dién tich hang gio trén than tau, gié sé c6 anh
huong c6 loi hoic bét loi dbi vai viéc didu khién
chuyén dong cua con tau. Véi tac dong cua dong
chay, néu tau chay xudi dong s& lam tang van toc
tau va nguoc lai. Dong chay manh thuong cé anh
huéng 16n hon gié néu tau ché day hang véi mon

Tau chuyén dong trong diéu kién khéng co gid
hozc dong chay, hec gay nhiéu ctia méi truong tac
dung 1én than tau 1a khong dang ké, chi la stic can
cua nudc (tinh) va stc can cua khong khi. Khi do,
luc diy cua chan vit c6 tac dung 1am cho tau tién

90


mailto:toantk.ctt@

Tran Khanh Toan

nuéc sau. Do d6, khi tau chuyén dong, can xét toi
tac dung cua tirng yéu té gié hoic dong chay,
hoic téng hop cua ca hai yéu t6, nguoi diéu khién
tau dua ra phuong an diéu dong cin ctr vao van
tdc tau, hudng tau chay, két ciu phan ndi, van téc
va huéng gio6, van téc va huong dong chay. Khi
thiét ké bé rong ludng hang hai, trudc tién phai
tinh toan bé rong dai hoat dong cua tau, trong d6
6 xét téi du phong bé rong do6 dat do gid va dong
chay dugi mot goc dat ¢ dinh (a1, a2) [1]:

B, = L.sin[al +a, ]+ B,cos{al +a, ]+[!.5in ﬁ,l-'m“] @)

So db tinh toan cac du phong va bé rong (hinh 1).
Trong cong thic (1), cac dai lugng tinh toan la
tién dinh, duoc xac dinh theo phuong phap d6
giai vector giira chuyén dong tau, luc tac dung
cua gio va dong chay thinh hanh tai khu vuc tinh
(theo s liéu thdng ké nhiéu nim), chua xét ti
tinh hudng dic biét han ché khong gian diéu dong
tau khi ludng tau tiép can cira bé cang c6 dé chan
song (hinh 2).

m, h, | ‘ |
mgh, H:T
T N Hy
A 0 srEmgtzrz B C hg
o ez s L
3 24
<—B'c
™1 Bh®
//
/ |
%Lg\/max
2 2
|
Lﬁ:j
|
\
\
| 3Vimax k-,
\
f——Bm—— f——Bm——
4 +— P a
Vingn-icctn U W
PBtﬁL

Hinh 1. So d6 tinh toan cac du phong va bé rong dai hoat dong cua tau [1].
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Hinh 2. Vi du v& anh hudng ctia dong chay ngang tai ctra bé cang c6 dé chin song [2].
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Nghién ctru lap trinh mé phdng kiém tra dé dat ngang cla tau...

Vi vay, viéc nghién ctu, 4p dung ky thuat mo
phong sé 13 huéng nghién cau méi va can thiét
dé kiém tra két qua tinh toan theo chuyén dong
thuc cua tau. Trén co s¢ xay dung mo hinh toan
chuyén dong tau trong diéu kién cé tac dung cua
gio va dong chay, nghién ctru lap trinh mé phong
qui dao khi bi dat ngang cua tau duéi tdc dung
cua gié va dong chay, két qua nghién ciru c6 thé
hd trg cho viéc phan tich, kiém tra két qua thiét
ké tinh toan du phong do dat ngang cua tau, tng
dung cho céc tinh huéng han ché khong gian diéu
dong tau va tiém an nguy co dam va trén ludng
hang hai tiép can ctra cac bé cang c6 dé chan
song.

2. Xay dwng mo hinh toén
2.1. H¢ phuong trinh chuyén déng tau

Trong trudng hop tong quat, xét tau chuyén dong
trén mat nudc voi ba thanh phan chuyén dong
(surge — doc, sway — ngang, yaw — dao mii), hé
phuong trinh chuyén dong tau khi chua cé tac
dung cua gié va dong chay duoc biéu dién [3]:
m@—vr) =X
mW+ur)=Y
L+=N

)

Trong do:
m: Khéi luong tau;

1, v, 7 Cac thanh phan gia téc chuyén dong
thang, ngang than va dao mii cua tau;

I1z: M6 men quan tinh dao mai cua tau;

X, Y, N lan luot 1a cac thanh phan lec va md
men thay dong (do tac dung cua té hop chan vit
va banh lai) theo phuong doc, phuong ngang va
phuong dung cua tau.

Khi xét t6i tac dong cua cac thanh phan luc
ma md men do gio va dong chay Ién than tau, hé
phuong trinh chuyén dong tau (2) c6 dang nhu
sau [4][5]:

mu—-vr)=X+X, +X,

m@+ur)=Y+Y, +Y,
L#=N+N, + N,

3)
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Trong do:

X, Y, N, lan luot céc thanh phan luc doc
than tau, luc ngang than tau va mé men dao mii
do gio tac dung Ién than tau;

X., Y., N, lan luot c4c thanh phan luc doc than
tau, lyc ngang than tau va m6 men dao mdi do
dong chay tac dung Ién than tau.

H¢ phuong trinh (3) c6 dang vi phan thuong
(ODE), duoc giai bang phuong phap sb (phuong
phap Euler), thu duoc céc nghiém la cac théng sé
chuyén dong va qui dao tau theo thoi gian, trong
diéu kién than tau chiu tc dung dong thoi caa luc
va md men cua td hop chan vit véi banh l4i (X, Y,
N), luc va m6 men do gié (Xw, Yw, Nw), luc va
mo men do dong chay (Xc, Yc, Nc).

2.2. Lwc va m6 men cua gio va dong chay tac
dung Ién than tau

2.2.1. Luc va m6 men do gio tac dung Ién than
tau

Cac thanh phan luc va md men cua gid tac dung
1én than tau duoc tinh toan nhu sau [6]:

1
Xy = 2 CX(YR)PWVRZAT

1
Y, = 2 Cy (YR)PWVRZAL (4)

1
N, = 2 Cy (YR)PWVRZALL

Trong trueong hop tinh toan luc va mé men do
gi6 tAc dung 1én than tau ddi véi céc loai tau cha
dau thé c6 trong tai rat I6n (VCCLs), cong thuc
tinh toan nhu sau [6]:

1 p
Xy = Crw(Ve) 7 ¢ Vi Ar
1 p
Y, = ECYW(VR) 7_'a6VR2AL (5)
1 p
Ny, = ECNW(VR) %VRZALL
Trong do:

Cy, Cy lan luot 12 cac hé sb luc doc va luc
ngang than tau caa gid, Cy 1a hé s6 md men theo
truc dung than tau cua gio;

Cyxw Cyw 130 luot 14 cac hé sb lyc doc va luc
ngang than tau cua gio, Cy,, 12 hé s6 md men theo
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truc dung than tau caa gio, trong do6 Cy,, phu
thudc vao hinh déang cau tao ciia mili tau con Cy,,
va Cy,, phu thudc vao trang thai chd hang (day
tai hay ba lat) cua tau;

Pwr Pa . Khéi lugng riéng cua khong khi
(kg/m?);

Ar, A, (M) lan luot 1A dién tich can gi6 cua
than tau theo phuong doc va phuong ngang;

L: Chiéu dai tau (m).

2.2.2. Luc va m6 men do dong chay tac dung Ién
than tau

Trong trudng hop tong quat, dong chay tac dung
Ién than tau 1a tdng hop cua cac loai dong chay
thanh phan nhu sau [6]:

Ve=Vi+ Vi +Vs+ 1V, + Vset—up +Vy (6)

Trong do:
V,: Thanh phan dong triéu;

Vi: Thanh phan dong chay hinh thanh do tac
déng cua gio cuc bo;

Vs: Thanh phan dong chay hinh thanh do tac
dung caa séng phi tuyén tinh (Stocks);

V,,: Thanh phan dong chay do su tuan hoan
cua cac dai duong chinh (Gulf);

Vset—up: Thanh phan dong chay tir viéc hinh
thanh hién tuong nudc dang do bao;

V;: Thanh phan dong chay hinh thanh do su
chénh Iéch 16n vé mat d6 dong chay cua khu vuc
tinh toan véi cac viing dai duong c6 mat dé dong
chay l6n hon.

Khi tinh toan tac dong cua dong chay ddi véi
tau, cac thanh phan luc va mé men caa dong chay
tuong d6i (X, Y., N.) trong hé phuong trinh
chuyén dong tau (3) duoc xac dinh théng qua
viéc thay thé cac thanh phan van téc tau khi chi
Xét t4i tac dung cua chan vit va banh lai (u, v, r)
bang cac thanh phan van téc trong dbi cua tau va
tac dung to hop cua ca chan vit, banh lai, dong
chay (ur, vr, rv). Céac thanh phan luc va mé men
ctia dong chay twong dbi tac dung Ién than tau:
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X, =mQ@, —vn)—X
Y, = m(v'r + urrr) -Y (7)
N. =175 —N

Véc to van toc tuong dbi cua tau do tac dong
t6 hop chan vit, banh 14i va dong chay dugc xac
dinh nhu sau:

(8)

Trong do: v, = [u,, v, 7517 v = [u,v,7]7 14
véc to van tdc riéng cua tau do tac dung cua chan
vit va béanh 1ai; v, = [u., v, 7:]7 1a véc to van toc
dong chay vai cac thanh phan duogc xac dinh:

uc = Ve.cos(Bf —¢)
Ve = Vc Sin(ﬂ - ll))

7.=0

V=V —V,

(9)

3. Lap trinh md phéng s6
3.1. Phwong phap mé phéng sé

Trong nghién cuu nay, tac gia 4p dung phuong
phap mo phong sé Euler dé 1ap trinh va giai hé
phuong trinh chuyén dong tau (3) c6 dang hé
phuong trinh vi phan thuong. Str dung ngbn ngir
lap trinh Matlab [7].

3.2. S liéu dau vao mo phéng sé

Luva chon mé hinh tau thuc cd trong tai
193.000DWT [8], gia dinh cac thong sé chuan
tic ludng vao tai vi tri cira bé cang c6 bd tri dé
chén séng. Cac théng sé chinh cua tau duoc tong
hop trong bang 1.

Bang 1. Thong sé chinh cua tau va ludng.

Théng sb Ky hiéu Giatri
Chiéu dai tau L(m) 304.8
Chiéu rong tau B(m) 47.17
Mén nude tau T(m) 18
Hé sb béo cua tau Ce 0.83

3.3. Lya chon tinh hudng mé phéng s6

Tinh hudng gia dinh: Tau hanh trinh trén ludng
vao ctra bé cang c6 2 dé chan séng. Bé rong ludng
gia dinh dugc tinh so bo:



Nghién ctru lap trinh mé phdng kiém tra dé dat ngang cla tau...

e Ché do luu thong: 1 chiéu:
e Cong thirc tinh bé rong ludng 1 chiéu (theo
Qui trinh thiét ké kénh bién):

Bc =Bng + 2CI1 + AB (10)
Bha = L.sin(o1+ o2) + B.cos(o1+ az)
(11)
+ tSlnﬁ Vmax
Trong do:

a1+ az: Tong goc dat do gi6 va dong chay, lay
gia tri toi da 1a 25°%

Vimax: Van tdc tau toi da, 1ay gia tri toi da 1a
5m/s;

t.sinf: C6 gié tri kinh nghiém bang 3 giay.

e Gia tri bé rong dai hoat dong cua tau tinh
duoc la: Bng = 187 (m);

e Cac gia tri dy phong: C1 = 0.5B; AB =0
(vang nudc sau khong xét mai déc).

Tir @6, tinh duoc bé rong ludng gia dinh (gia
tri lam tron):

Bc = 250 (m)

Trong thuc té diéu dong dudi tc dung cua gid
va dong chay, néu ludng trén song thi chiu tac
dung cha yéu cua gi6 do dong chay thuong c6
phuong tring véi truc doc tim ludng. Con trong
tinh huéng gia dinh nay, ludng bé tri & viing bién
ho, nguoi diéu khién tau cé thé gitr hudng tau
léch véi truc doc tim ludng mot gc ¢ dinh dé
bu lai d6 dat do gié dé duy tri qui dao thang cua
tau, trong khi can lvu tim hon dén dong chay
ngang bat loi cho tu & gan vi tri cira bé cang c6
dé chan song. Trong pham vi ndi dung nghién
cau, tac gia mé phong d6 dat ngang do dong chay
theo phuong bat lgi nhat (vudng goc than tau), do
dat ngang duoc qui d6i vé goc dat so véi truc tim
ludng khi tau chay & cac dai van téc khac nhau.
Van téc dong chay ciing duoc lua chon 03 gié tri
thudng xuat hién & ving bién hd gan bd. Théng
s6 dau vao mo phong cho 09 tinh hubng gia dinh
duoc lya trong bang 2.

Béng 2. Lwa chon théng sb 09 tinh huéng gia dinh d& mé phong do dat
& cac dai van tdc dong chay va van téc tu khéac nhau.

Nhém , Thoi gian mo Vin téc Vin téc
tinh huéng Tinh huong phéng vong quay chan vit dong chay ngang
t(s) n (rpm) Ve (m/s)
nvc_1.1 120 40 0.51
1 nvc_1.2 120 40 1.03
nvc_1.3 120 40 1.54
nvc_2.1 120 50 0.51
2 nvc_2.2 120 50 1.03
nvc_2.3 120 50 1.54
nvc_3.1 120 60 0.51
3 nvc_3.2 120 60 1.03
nvc_3.4 120 60 1.54

Van téc tau dugc dic trung bai van tée vong quay
chan vit, lva chon trong dai van téc: 40 rpm, 50
rpm va 60 rpm.

Van téc dong chay ngang (trong tinh hudng
nay c6 huéng Bac, vubng goc véi than tau) hra
chon trong dai van téc: 1 knots (0.51m/s), 2 knots
(1.03m/s) va 3 knots (1.54m/s).
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4. Két qua mo phéng va phan tich

Két qua md phong sé duoc tong hop trong bang 3.

Bing 3. Téng hop céc thong sé va két qua cua cac tinh huéng mé phong do dat & cac dai van tbc dong chay
va van toc tau khéac nhau (S: Khoang cach doc; B: D¢ dat ngang; v: Van toc dat ngang; : G6c dat ngang, véi
tgs = B/S nén B = arctg(B/S) ).

Tinh huéng S B B/S B (n;’/s)
nve_1.1 542.5 19.4 0.04 23 0.16
nVe_1.2 543.0 36.8 0.07 4.0 0.31
Ve 1.3 544.0 52.8 0.10 5.7 0.44
nve_2.1 672.8 17.9 0.03 17 0.15
nVe_2.2 673.4 33.8 0.05 29 0.28
nVe_2.3 674.2 48.6 0.07 4.0 0.41
nVe_3.1 808.6 16.5 0.02 1.1 0.14
nVe_3.2 809.1 31.2 0.04 23 0.26
nVc_3.4 809.9 44.9 0.06 3.4 0.37

Tir két qua mo phong, xay dung 6 thi biéu dién
mdi quan hé giira géc dat cua tau (tinh qui doi tir
d6 dat ngang) vai dai van tc dong chay ngang &

cac van toc chay tau khac nhau khi tiép can bé

cang c6 dé chan song.

Drift Angle and Current Velocity while varying the Shamp Velecity of Ship
T

& T

&6

Ectaldeq)
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Hinh 3. Két qua mé phong quan hé giira goc dat voi vén toc tau & cac dai vén tc dong chay khac nhau.

Phéan tich:

e Qui luat thay ddi cua goc dat theo van tbe
dong chay ngang & cac dai van tc tau 1a phi hop
v6i dic tinh 1y thuyét.

e (o thé sir dung két qua mo phong theo kich

thude tau thyc, hé phuong trinh chuyén dong tau
thuc, s6 liéu dong chay thuc dé kiém tra lai két
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qua tinh toan bé rong ludng, tp trung vao hai
thanh phan: Tong goc dat do gié va dong chay
(01t az); gia tri “t.sinf. Viax.

e Két qua nghién ctru c6 thé ing dung trong
tinh toan kiém tra bé rong ludng va xac suit tau
vuot bién ludng so voi thong s thiét ké dya vao
co so dit liéu vét tau thyc trong qué trinh quan 1y
khai thac ludng.



Nghién ctru 1ap trinh m6 phdng kiém tra do dat ngang cia tau...

Két qua md phéng qui dao tau, cic thanh phin lyc va md men tic dung Ién thin tau theo thoi
gian thuec:

n_ship=4lrpm (U'=4.44m/s), Ve=1knols (0.51m/s, North), 5_linal= 542.5m, B_[inal=12.4m, (=120s
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Hinh 4. Két qua mé phong qui dao tau ciia nhom tinh huéng 1 (nVe_1.1; nVe_1.2; nVc_1.3), n = 40 rpm.
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n_ship=50rpm (U=5.55m/s), Ve=1knots (.51m/s, North), 5_nal= 672.8m, B_[nal=17.Ym, t=120s

Ship trajectory in channel
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Hinh 5. Két qua mé phong qui dao tau ciia nhom tinh huéng 2 (n"Ve_2.1; nVc_2.2; nVc_2.3), n = 50 rpm.
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Nghién ctru 1ap trinh m6 phdng kiém tra do dat ngang cia tau...

n_ship=60rpm (U=6.66m/s), Vc=1knots (0.51m/s, North), S_final= 808.6m, B_final=16.5m, t=120s

Ship trajectory In channel
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n_ship=60rpm (U=6.66m/s), Vc=2knots (1.03m/s, North), S_final= 809.1m, B_final=31.2m, =120s

Ship trajectory in channel
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n_ship=60rpm (U=6.66m/s), Ve=3knots (1.54m/s, North), 5_final= 809.9m, B_final=44.9m, t=120s

Ship trajectory in channel
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Hinh 6. Két qua mé phong qui dao tau ciia nhom tinh huéng 3 (nVe_3.1; nVc_3.2; nVc_3.3), n = 60 rpm.
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Tran Khanh Toan

5. Két luan

Phén tich céc tinh hubng dién hinh vé bién thién
theo tho1i gian cua cac thanh phén van tbc, luc va
mo men cuia tau, cho thiy két qua mé phong 1a
phu hop véi dic tinh 1y thuyét. Két qua 1ap trinh
mo phong dam bao do tin cay dé phuc vu cho céac
phan tich, kiém tra dy phong d dat ngang ciia
tau (khoang cach dat ngang, hodc qui ddi sang
goc dat ngang) khi tinh toan thiét ké ludng hang
hai tiép can ctia bé cang c6 dé chin song.

C6 thé st dung két qua mo phong theo kich
thudc tau thue, hé phuong trinh chuyén dong tau
thuc, sb liéu gi6 va dong chay thuc dé kiém tra
lai két qua tinh toan bé rong ludng, tap trung vao
2 thanh phan: tong goc dat do gid va dong chay
(o1t+az), gid tri “t.sinf. Vmax’.

Ngoai ra, két qua nghién ciru con c6 thé tng
dung trong tinh toan kiém tra bé rong ludng, xac
suit tau vuot bién ludng dé danh gia hiéu qua
trong qua trinh khai thac ludng (dwa vao co so dir
lidu vét tau thuc, thu thap b?mg hé théng tu dong
nhan dang tau AIS) theo thong s thiét ké chuan
tac ludng ban dau.

Két qua nghién ctru c¢6 y nghia khoa hoc va
thuc tién, c6 gia tri tham khéao tdt dbi v4i cac nha
khoa hoc, cac chuyén gia, gidng vién, sinh vién
va hoc vién cao hoc lién quan dén cac chuyén
nganh Ky thuat an toan hang hai, Ky thuat xay
dung cong trinh thuy, Diéu khién tau bién, Quan
1y hang hai.
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