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ESTIMATION AND ANALYSIS OF CATAMARAN RESISTANCE
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Tom tat: Tau khach hai than hién nay dang phat trién manh, dac biét cac tau hai than hoat dong
trong viing thuy néi dia nuéc ta nho wu diém ti 1é LIB nhé nén dé diéu dong trong luong séng rach, ciing
nhw mén nueéc d nho phi hop cde viing niréc ndng. CUng véi s phét trién do, kéo theo sirc can tau hai
than mang tinh thoi si bdi viée wéc tinh chinh xac sitc can tau sé gitp lia chon cdng sudt may day can
thiét dan dén tiét kiém ddang ké chi phi. Ngay nay, nguoi ta si dung phé bién cdc phwong phap tinh todn
aéng luec hoc chdt long (CFD) dé wéc tinh sitc can. Cdc phwong phdp CFD thuong dya trén cac phuong
trinh Navier - Stokes va do chinh xac cua loi giai ngoai phu thuge mién tinh todn, diéu kién vat Iy tai
bién con phy thudc cdu triic ludi chia (s6 cap dé lwdi, bién vi cdp do hedi, kich thuée ludi,...). Do do,
néu cdng viée chia lwéi khdng hop Iy sé dan téi két qua tinh thiéu chinh xac, hon thé co thé loi gidi
khong héi tu. Gan ddy, phirong phdp CFD dua trén hé théng hat, Lattice Boltzmann Methods (LBM),
da dwoc céng nhdn la phirong phdp thay thé dé vuwot qua nhiege diém ciia quy trinh chia ledi. Trong
nghién cizu ndy, nhém tac gid diing chwong trinh XFlow duwoc xay dung trén co sé ly thuyét firong tac
cac hat long theo LBM dé mo phong chuyén dgng tau catamaran buyt séng van hanh trong nude tinh
vdi 2 bac tw do (2DOF) va tur do woc tinh sic can cua tau.

Tar khoa: CFD, suc can tau thuy, phuong phdap Lattice Boltzmann, sirc can tau hai than.

Ma& phéan logi: 10.1

Abstract: ships operating in rivers because they have a small L/B ratio, so they are easy to
maneuver in rivers and small d draft suitable for shallow water. Along with that development, bringing
in bifurcation resistance is topical because accurate estimation of the ship resistance will help to choose
the correct propulsion capacity that leads to significant cost savings. Popularly today, methods of
calculating fluid dynamics (CFD) are used to estimate resistance. The CFD methods are usually based
on the Navier - Stokes equations and the accuracy of the solution depends on the computational domain,
the physical conditions at the boundary also depend on the mesh structure (number of grid levels, a
boundary position of the grid level, grid size, etc.). Therefore, if the meshing work is not reasonable, it
will lead to inaccurate calculation results, worse, the solution may not converge. Recently, the CFD
method based on liquid particles system, Lattice Boltzmann Methods (LBM), has been recognized as an
alternative to overcome the disadvantages of the meshing process. In this study, we use the XFlow
program built based on the theory of liquid particle interaction according to LBM to simulate the motion
of the river bus catamaran moving in static water with two degrees of freedom (2DOF) and from that
which estimates the resistance of the vessel.

Keywords: CFD, Ship resistance, Lattice Boltzmann methods, catamaran resistance.
Classification code: 10.1

1. Giéi thiéu

Mot udce tinh chinh xac vé stc can than
tau co thé chi ra cong suat day can thiét chinh
xac dan dén muc tiéu thu nhién liéu toi vu va
giam chi phi van hanh. Néu stc can than tau
duoc uéc tinh qua muc, sé dan dén thura cong
suit day khong can thiét va 1am ting muc tiéu
thu nhién liéu. Mat khac, viéc danh gia thip
stc can cua than tau cé thé khién tdc do cua
tau thap hon tdc d6 thiét ké va d& din dén xung
dét lich trinh cho tau cho hang cling nhu ché

khach. Do d6, viéc xac dinh chinh xac suc can
than tau Ia rat quan trong dbi voi thiét ké tau.
Trong qué trinh thiét ké tau, viéc tinh toan stc
can tau cé thé thuc hién bang mot s6 phuong
phap khac nhau. Thur nghiém keo tau moé hinh
trong bé thir 1a mot cach tiép can hiéu qua dé
du doan surc can, tuy nhién, phuong phap nay
doi hoi nhiéu chi phi tién bac, thoi gian va phu
thudc vao su san ¢6 cua cac co so thir nghiém.
Ngoai ra, trong qua trinh thiét ké tau, hinh hoc
than tau duoc thay doi lién tuc. Do do, thir
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nghiém kéo tau trong bé thir khong phu hop.
Vi vay, cach tiép can nay thuong duoc s
dung khi hinh hoc than tau dugc hoan thién.

Tinh toan dong luc hoc chat long (CFD)
la mot cach tiép can thuc té dé woc tinh sic
can cua than tau trong qué trinh thiét ké. CFD
xt ly tét véi cac thay doi hinh hoc. N6 khéng
y&u cau mot mé hinh tau thuc su dé phan tich.
Thay vao d6, mé hinh d6 hoa dugc sir dung va
diéu nay mang lai tinh linh hoat cua cac thay
dbi kich thudc. Hon nira, chi phi cua CFD it
t6n kém hon so véi thir nghiém kéo tau trong
bé thir. C6 thé thay riang, dé tim ra phuong an
tau t6i wu, cac hinh hoc than tau khac nhau
phai dugc xem xét va mdi hinh hoc can phai
phan tich. Do d6, kha ning sir dung nhiéu lan
véi chi phi nhé hon kéo thtr trong qua trinh
thiét ké. Nhiing dic diém nay lam cho céch
tiép can CFD tro thanh mot céng cu manh
trong viéc udc tinh sirc can than tau.

Do chinh xé&c ctua CFD phu thudc vao cac
phuong trinh chii dao va céc phuong phép sd.
Céc phuong phép sb trong CFD thong thudng
bao gém phuong phap phan tir hiru han hozc
thé tich hitu han &p dung cho cac phuong trinh
Navier-Stokes duwgc diéu chinh boi su bao
toan chung vé khi lugng, dong luong va ning
luong. Mic di trong nhitng ndm gan day mot
s6 phuong phap CFD di duoc phét trién
manh, nhung van dang ton tai nhitng nhuoc
diém nhu: D& bj I5i khi chia ludi theo cAu triic
dong, qua trinh lap khong hoi tu vé két qua
mong mubn, yéu cau vé thoi gian tinh toan cao
va kho khan trong viéc phan tich hinh hoc
phuc tap. Trong vai thap ky tro lai day, cac
phuong phap CFD duya trén hat da duoc phat
trién rong rai va gio ching tro nén pho bién
trong phén tich cdc bai toan ky thuat. Cac
phuong phap CFD dua trén hat thuong su
dung phuong phap Lattice Boltzmann (LBM).
LBM ¢4 thé hiéu don gian la méi lién hé dong
hoc cua cé4c hat luu chat vi md thuc duoc dién
giai thong qua mo hinh hdéa dong hoc don
gian. Biéu ndy mang lai cac dic diém noi bat
cho cac phuong phap dua trén LBM. Piéu
quan trong, cac phuong thirc y khdng yéu cau
qua trinh chuan bi ludi ma luéi phat sinh theo
mang hé théng cua LBM. Két qua 13, cac
phuong phap nay c6 thé khic phuc nhugc
diém cua cac phuong phap CFD thong thuong

do ludi gay ra. Trong nghién cau nay, nhém
su dung céng cu XFlow CFD tinh todn m6
phong mau tau khach hai than buyt song.
XFlow dugc chon baoi chuong trinh dya trén
hé théng hat Lattice-Boltzmann tinh toan cho
céc tng dung dong luc hoc luu chit (CFD)
nhu mot phan caa danh muc méd phong chat
long cia SIMULIA; con mau tau buyt séng
dugc chon lam mau tau nghién cau vi day la
mat trong nhitng mau tau khach hai than dang
duogc khai thac tai cac tuyén sdng Sai Gon véi
cbng dung chd khach nhu mot phuong tién
van tai cong cong duong thuy nham giam ap
luc cho van tai cong cong duong b ciing nhu
giam thiéu un tat giao théng Thanh phé Ho
Chi Minh. Du vay, tau buyt séng hién dang
gap van dé tao song lén khi chay, gay xoi 1o
bd bao nén can thiét cd tinh nghién ctru dé tim
nguyén nhan. M6 hinh tau trong nghién cuu
nay c6 hinh dang mat cit ngang va théng sd
dugc cho nhu hinh 1 va bang 1.
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Chiéu rong 16n nhét, Bpax M 5.50
Chiéu rong tau, B m 5.16
Chiéu cao man, D m 1.96
Mén nuéc, d m 0.80
Luong chiém nuéc, Weight T 30.91

2. M6 hinh hoé bai toan

Bai toan duoc md hinh hoa bang cach dat
tau trong mién khdng gian gia lap, mé hinh tau
dugc phép chuyén dong 1én xudng theo chiéu
thang dung (heave) va quay quanh truc nam
ngang (pitch), bén rang budc vé bac ty do, con
lai nhan gié trj “fixed”; nuéc chuyén dong dén
tau theo chiéu tir mdi vé 1ai véi van tc tinh
toan dau vao U. Kich thuéc tau mé hinh ldy
bang ti 16 1:20.
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Hinh 2. Kich thuéc mién tinh va v; tri tau.

Hinh 3. V; tri xac ldp diéu kién bién.

Cac rang budc vat ly bién iy theo diéu
kién tuong (wall) tai bé mat vo tau, trudng xa
vO cung (symmetry) tai day va hai canh bén
nham khir cc nhiéu phan hoi. Dong luu chét
mo ta theo quan diém Euler véi mit thodng st
dung ky thuat “capture”, chit luu trong mién
tinh toan roi rac theo phuong phap VOF vai
hé s6 dién day yéu td thé tich cua nudc nhan
gia tri 1, khong khi nhan gi tri O, cac gia tri
trung gian duoc xt ly boi ham lién két da pha.

Bdng 2. Piéu kién vt ly tai c4c bién.

1 | Matdong vao Velocity inlet

5 Mat dong ra Outflow
(zero traction)

3 | Matbén Wall

4 | Matdinh Wall

5 | Mat day Wall

6 | Théntau Wall (No slip)

7 | Giatdc trong truong 9.81 m/s?

g8 | M@ hinh rdi WALE

S6 bac tu do cua than tau 02
9 (Heaving,
Pitching)

Truong nude dugc xem la chat 1ong thuc
khong nén dugc; phuong trinh trang thai bo

sung lay theo mé hinh LES nham khéng bo
qua cac xoay nho [1]. Trong tinh toan XFlow,
c6 ba viing can xac dinh kich thudc luéi co so:
Kich thuéce luéi truong xa vo cung (far field
resolved scale), kich thuéc ludi truong gan
dbi tugng tinh toan (target resolved scale) va
kich thudc ludi trudng vét thuy dong hoc theo
sau tau (wake resolution). Kich thudc ludi
trueong xa vo cung la d6 phan giai khong gian
cua chit 1ong cach xa véi mé hinh tinh, tai do
truong luu chat khdng chiu tac dong baoi md
hinh tinh, chi déng vai tro truong thé. Kich
thudce ludi viing anh huong truc tiép dén thoi
gian tinh toan. Do do, kich thudc ludi truong
xa v cling trong nghién cau nay chon ¢ dinh
120,1 m dé han ché tén thoi gian tinh toan. Céc
kich thude ludi co s tai viing khac cé thé thay
do6i trong nghién cu ndy gdom: Kich thudéc
lu6i trudng gan d6i tuong tinh todn, kich
thude ludi truong vét thuy dong hoc theo sau
tau. Trong chuong trinh XFlow c6 tuy chon
tinh chinh thich ung. Néu tiy chon nay duoc
kich hoat thi luéi truong vét thuy dong hoc
theo sau tau duoc tinh chinh dong theo quéa
trinh giai. Céc tiéu chi cua tinh chinh dong phu
thuoc vao mtrc d6 xoay. NOi cach khac,
XFlow ty dong tinh chinh cac vung c6 d6 xody
cao trong mién gan va mién vét thuy dong hoc
sau ddi trong mo phong.

Ngoai ra, chuong trinh XFlow c6 mot quy
tac cua cac kich thudce ludi co s& mién tinh
duoc ap dung nhu sau: Kich thudce luédi trueong
xa vo cung (Far Field Resolved Scale) > kich
thude ludi truong vét thuy dong hoc theo sau
tau (Wake Resolution) > kich thudc ludi gan
dbi tuong tinh todn (Target Resolved Scale).
Néu kich thude ludi trudng xa vo cing duoc
dit bang x, cac kich thuéc ludi min hon &
truong vét thuy dong hoc sau tau va kich
thude luéi gan dbi twong tinh toan phai la
x/(2"), trong d6 n 1a s6 nguyén duong. Dé thuc
hién tinh toan d& dang, lugi mién gan lién két
khong 18i véi ludi mién sau tau, kich thuéc
ludi & truong vét thuy dong hoc sau tau va
kich thudc luwéi gan déi twong tinh toan
thuong dugc dat gia tri nhu nhau.

Céc gia tri ludi co so tai cac vung khac
nhau st dung trong nghién ctru nay duoc tom
tit trong bang 3.
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Bdang 3. D¢ phan giai moé phong.

Truong xavocung | Trwong vét thuy dong | Trwong gan déi twong Téng s6 phan tir
cung (m) hoc sau tau (m) tinh toan (m)
0.1 0.0125 0.0125 726867

S6 phan tir hoat dong tai cap do ludi 0: 6245/11250
S6 phan tir hoat dong tai cép do lusi 1: 20400/63000
S6 phan tir hoat dong tai cap do lusi 2: 79534/32400

S6 phan tir hoat dong tai cip do ludi 3: 620688/1584000

3. Két qua tinh toan
3.1, Tinh toan sic can theo phuong
phép gan dung
Co s ly thuyét ciia phuong phap nay dua
vao “Insel & Molland 19917, sirc can tong cua
tau hai than co6 thé tinh bang céng thac sau [2]:
CTear = (1+ BK) Ck + 7 Cw 1)

Trong d6, CTcar la hé sé siic can tong;
(1+ BK) 1a hé s anh huong hinh hoc than tau;
Cr 12 hé s6 strc can ma séat; Cw la hé s6 strc can
tao song. Gié tri cua 7 1a hé s giao thoa song
gay ra boi dong chat long xung quanh

catamaran, phu thudc ti sé S/L (S - Khoang
cach hai than, m; L — Chiéu dai tau, m), tinh
nhu sau:

7 = 0.068(S/L)™%8 tai Fn = 0.19 )
T = 0.359(S/L%" tgi Fn = 0.28 ©)
T = 0.574(S/L3 tgi Fn = 0.37 (4)
T = 0.790(S/L tgi Fn = 0.47 (5)
7= 0.504(S/L)%3 tgi Fn =056  (6)
T = 0.501(S/L)*8 tgi Fn = 0.65 ©)

Két qua tinh toan theo phwong phép gan
dung dugc trinh bay trong bang 4 va hinh 4.

Bdng 4. Két qud tinh sizc can.

ST | Dailuong | Don — Chi
T tinh vi Gia tri tinh cha
1 v, m/s | 2491 | 3671 | 4851 | 6162 | 7312| ss22| oams| -
2 v kmm| 90| 132 175| 22| 264 307| 330] -
3 Fn - | 019 028| 037| 047 o0s6| o6s| om| -
2384, | 3536, | 4800, | 7960. | 12680, | 24800, | 36000.
6 Rrgn | N 0 0 0 0 0 0 o D
Kinh
7 Ror N | 2433 | 3586 | 4738 | 8617 | 12485 | 20436 | 28164 | nghié
m
8 | Saisé | % | 21| -14| 13| -83 15| 176| 218]-

Buéng cong sirc can tau catamaran
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Hinh 4. Pwong cong suc can.
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3.2. Tinh toan theo m6 phéng CFD
3.2.1. Két qua sirc can

Strc can tau tinh theo phuong phap kinh
nghiém va phuong phap mé phong so CFD
duoc trinh bay trong bang 4

3.2.2. Trwong vat ly thuy dong luc

Qua trinh tau chuyén dong, hinh anh
truong dong bao quanh tau thay doi lién tuc

theo thoi gian, dac biét do anh huong cua lic
doc va lic thang dtmng. Cac hinh trudng dong
bén dudi dugc chup tai thoi gian tinh toan t =
2.74s, ngoai trir truong hop tai Fn=0.70 duogc
chup tai t = 3.6s nham muc dich thuan loi so
sanh dbi chiéu vét thuy dong luc hoc chaytheo
sau tau. Tai Fn = 0.70 duoc chup vai t = 3.6s
nham thé hién rd nét bé mat séng tau tao ra khi
chuyén dong trén mit thoang.

Fn=0.65

Fn=10.70
Hinh 5. Trirong vdn toc tai mat thoang.
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e Phan tich dic tinh strc cdn

Nhin vao duong cong strc can tai hinh 4,
ta thay rang:

- Stre can tao song do tau gy ra lon hon
strc can ma sat, ngay ca tai nhitng van toc thap,

- C6 thé nhan thay rang, & dai van toc
nho hon 25 km/h, quy luat strc can tao song
xap xi bac 1, két hop véi tinh tuyén tinh cua
strc can ma sat cho phép nhén dinh tau s€ chay
rat ém trong vung van tdc nay

- Vuot ngudng van tc 25 km/h, dudong
dac tinh strc can tao song thay doi dot ngot
theo chiéu ting manh. Rd rang tau dang trong
giai doan chuyén dong qua do va day duoc
xem la viing Fn bét 1oi, hoan toan phi hop véi
cac nghién ciru 1y luyét kinh dién trong nganh
tau (hinh 6);

- Thuc té tau buyt song dang khai thac
trong pham vi van toc 25 - 33 hl/h, nim hoan
toan trong ché do chuyén dong qua do nén tao
song rat 16n;

- Quy luat dudng cong sirc can tong
theo quy ludt dudong cong strc can tao song.

e Phéan tich trwedng nwéc bao quanh
tau

Pé phan tich trudng dong bao quanh vo
tau, nhom tién hanh khao sat hinh anh md
phong CFD tai hai gia tri van toc tng véi sb
Fn = 0.37 va Fn = 0.65 dua trén co s¢ dac
diém duong cong sic can (hinh 4). Ly do dé
nhom tién hanh phan tich tai hai gia tri Fn néu
trén vi ching dai dién cho hai ché d6 chuyén
dong cua tau véi diém ndi bac stc can tao
song ¢6 xu huéng giam déu quanh Fn = 0.37
va tang manh tai Fn = 0.65.

Tau chuyén d¢ Tau ch dd - Chuym
u chuyén dong u chuyén dong dong ché d
ché d6 boi ché d6 qua dé In?étg 0
&
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&
=
-
2 -
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Hinh 6. Cac ché dé chuyén déng tau [3].

e Phin tich trwong nwéc bao quanh
tau tai Fn = 0.65

Trudce tién ta phan tich truong nudc bao
quanh vo tau tai ché do tau chuyén dong qué
d6 (V =30.7 km/h, Fn = 0.65) vai dac tinh strc
can tang manh théng qua mot s6 hinh anh mat
thoang cling nhu cac hinh cit nhu sau:

~Dinh song

Vét thuy
dgng hoc,
viing roi

Hinh 7. Mdt séng nuoc tau teo ra
tai Fn = 0.65 tinh theo BEM.

Dinh s6ng
—_Vét thuy

dong hoc,
vung roi

Hinh 8. Mat séng nurdc tau tao ra
tai Fn = 0.65 tinh theo VOF.

Bang so sanh hinh anh, ta thay rang song
nuéc do tau chuyén dong tao ra ¢ hai hinh 7
va hinh 8 trung khép nhau; dac biét & hinh 7
cho thay hinh anh séng ngang véi géc quat
song rat 16n. Bé phan tich rd hon, ta dung hai
mit cat song song véi mit phang doc tam tau
dé cat truong nudc bao quanh tai vi tri cach
doc tdm cua model lan luot 12 0.15 m va 0.75
m nhu hinh 9, 10, 11.

Hinh 9. V; tri cac mgt cat ing véi Fn = 0.65.
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Hinh 10. Mdt cat cach doc tam
0.15m ung véi Fn = 0.65.

Hinh 11. Mt cat cach doc tam
0.75m #ng voi Fn = 0.65.

Nhu hinh 11 ta thy chiéu dai séng Lw xap
xi 1.5 L (Lw: Chiéu dai séng; L: Chiéu dai
tau), theo Iy thuyét song thi day 1a truong hop
xau nhat ddi véi tau, van toc tau trong trudng
hop nay theo thuat ngit chuyén nganh goi la
“hump speed” va tau tao song rat lon [4]. Mot
diéu bat loi 1a thong thuong van téc “hump
speed” dat tai s6 Fn = 0.5, dé sau d6 néu vuot
qua, tau s& chay & ché do luét va suc can tao
song s€ giam, nhung trong truong hop tau hai
than buyt sdng thi gié tri van tbc “hump speed”
dat tai s6 Fn = 0.65 tuwong d6i 16n va khdng
con kha nang vuot qua thuan lgi. Minh chang
nhu hinh 4, dudng sic can rat doc sau khi vuot
qua Fn = 0.65.

e Phan tich trwong nwéc bao quanh
tau tai Fn = 0.37

Song tai mat thoang va truong nudc bao
quanh tau thé hién nhu cac hinh sau:

Pinh song

~Viét thuy
dong hoe,
ving 1oi

Hinh 12. Mat séng nwdc tau tao ra
tai Fn = 0.37 tinh theo BEM.

Pinh séng

—_ Vét thuy
djng hoc,
vung roi

Hinh 13. Mgt séng nwéc tau tao ra
tai Fn = 0.37 tinh theo VOF.

Hinh 14. V; tri cac mdt cdt ing véi Fn = 0.37.

Hinh 15. Mgt cat cach doc tam 0.15m
ung voi Fn = 0.37.

A

Hinh 16. Hinh md phong CFD phong to va so sanh
voi Iy thuyet song tau [4].

Bang cach 1am tuong tu nhu truong hop
Fn = 0.65, ¢ truong hop tau chay véi van toc
17.5 km/h twong (g s6 Fn = 0.37 ta thiy ring
chiéu dai séng Lw xap xi bang % L (Lw: Chiéu
dai song; L: Chiéu dai tau). Theo ly thuyét
song thi day la trang thai sirc can séng cua tau
c¢6 xu huéng 6n dinh trong ving van téc 1an
can, dac tinh stc can c6 dang di ngang, it bién
dong. Ngoai ra, trong truong hop nay tau cling
it chiu lac doc (hinh 17). C6 thé néi, néu tau
buyt séng chi khai thac & viing van téc nay thi
tau chay ém.




48
Journal of Transportation Science and Technology, Vol 42, Aug 2021

- 0 vén toc thiét ké Xép’ xi 30.7 km/h
tuong Gmg s6 Fn = 0.65 tau bi lac doc 16, gay
anh hudng xau dén stic khoé khéch di tau va

Hinh 17. Pgc tinh géc ldc doc cua tau tgi Fn = 0.37.
4. Két luan va khuyén nghi
Két luan:
- Tau hai than buyt song khi hoat dong
tai van toc thiét ke s€ sinh song rat 16n vi ndm

trong vung van toc bat loi “Hump Region”, [3],

[5]. Vung van toc bt lgi, stc can sinh song
16n ¢6 thé quan sat bang mat thuong khi tau
chay tao song c6 chiéu dai Lw xap xi bang 1 -
1.5 1an chiéu dai tau L;

Hinh 18. Hinh anh thyc té
soéng nuoc tau buyt sdng tao ra khi chay.

- Hién tugng tao séng 16n khong nhiing
1am tau mat téc do, hiéu qua khai thac kem,
ma con lam xo61 16 bo cling nhu gy mét an
toan cho cac phuong tién hoat dong gan ké;

- Goc tiép nudc phia mii £ va ti 18
khoang cach hai than vé&i chiéu dai tau H/L
khong hop 1y 1a mot trong nhirng nguyén nhan
16n tao nén hién tugng sinh séng 16n khi tau
chay;

dong thoi ciing 1am giam téc d6 tau.

Hinh 19. Pgc tinh géc ldic doc cua tau tai Fn = 0.65.

Khuyén nghi:

Tau hai than buyt song nén duoc cai tién
bang cach nghién ciu thiét ké lap thém miii
phu dang centerbulb dé khac phuc tao séng
I6n cung nhu han ché anh huong xau cua lic
doc ma van khong lam thay doi cau tric chinh
cua than tauld
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