) 25
TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 42-08/2021

CAI TIEN SUC CAN TAU HAI THAN BUYT SONG
BANG MUI PHU DANG CENTERBULB

MODIFICATION OF RIVER BUS CATAMARAN
TO REDUCE TOTAL RESISTANCE BY CENTERBULB

Lé Van Toan, Doan Trung Viét
Truong Pai hoc Giao thong Van tai Thanh pho Ho Chi Minh

T6m tat: Sirc can tau bao gom nhiéu thanh phan, c6 thé phét biéu rang sizc can tong khi tau chuyén
dong déu trong mrdéc yén lang gom cac thanh phdan chinh sau: Sizc can ma sét R, sizc can du Rr. Trong
sirc Can dw Rrthanh phan sizc can &p sudt Re déng vai tro chii dao va bleu hién théng qua phan ndng
lirong thiét hai do tqo song, ky hiéu sirc can tao song Rw. O céc gia tri so Froude 16n, sic can tao song
Rw chiém dén trén 70% gia tr; strc can tong Rr va la ham bdc cao cuia vdn toc tau (n > 3, n — bdc cua
ham sirc can), trong khi do Re Xap xi ham bdc 1 cua vdn téc tau. Do vdy dac tinh sic can tong Rr cua
tau dwoc quyét dinh bai ddac tinh thanh phan sizc can Rw. Trong nghién cizu nay nhom tac gid trinh bay
cac két qua dat duoc Vé viéc giam sic can tqo séng Rw cua tau hai than (catamaran) bang cach lap
thém miii phu dang Centerbulb. Y tweéng xudt phat tir 1y thuyét séng tau tao ra la dang dao dong co pha,
chu ky biér dwoc nhor vao quan sat proffin song cuia tau nguyén mau tai nhiing sé Froude bat lgi. Sau
do tinh todn mé phong song cua Centerbulb dgc ldp d‘e danh gza khd nang glao thoa triét tiéu mét phan
s6ng toan tau va chuyén duroc profin song toan tau vé dang cé chiéu dai song lén, chiéu cao séng nho
nhur cdng bo ciia Newman va Bateman [1], [2], [3].

Tar khoa: CFD, Centerbulb, phuwong phdp Lattice Boltzmann, sic can tau hai than.

Ma phéan logi: 10.1

Abstract: Ship resistance consists of many components, it can be approximated that the total
resistance when the ship is moving uniformly in still water consists of the following main components:
frictional resistance R, residual resistance Rg. In the residual resistance Rg, the component of pressure
resistance Rp occupies a large proportion and is expressed through the energy loss due to wave
generation, symbolizing wave generating resistance is Rw. At large Froude numbers, the wave
generating resistance Ry accounts for more than 70% of the total resistance value of Rr and is a high-
order function of the ship's speed (n > 3, n - order of the resistance function), whereas Rg is
approximately the first-order function of ship speed. Such reasoning proves that the total resistance
characteristic Ry of a ship is determined by the component characteristic of resistance Rw. In this study,
we present the results obtained on reducing the Rw wave generating resistance of a catamaran by adding
a Centerbulb-shaped auxiliary bow. The idea that comes from the theory of ship waves is that of a
phased oscillation, the period of which is known from observing the wave profile of the prototype ship
at some unfavorable Froude number. Then calculate the independent Centerbulb wave simulation to
consider the possibility of partial destructive interference of the whole ship wave and convert the whole
ship wave profile to the form of large wavelength and small wave height as announced by Newman and
Newman [1], [2].

Keywords: CFD, Centerbulb, Lattice Boltzmann methods, catamaran resistance.
Classifition code: 10.1
1. Giei thiéu
_ Theo bao Sai Gon Giai Phong [4], “Tinh
den théng 4-2018, dia ban Thanh pho c6 401
cang, ben thuy noi dia dang hoat dong voi

manh, cd vé vdn tdi hang hda ldn vdn tai hanh
khdach, xem day nhw mot phuwong cach phat
huy loi thé séng nude, ciing nhw dé san sé
ganh nang giao thong trén duong bg. Cac

nhiéu chize ning khéc nhau. Chang han, cang
hang hoa c6 04 cang, 41 bén hang hda, 74 bén
hanh khach, 15 bén neo ddu, 221 bén vat ligu
xay dung, 31 bén khach ngang séng. Theo quy
hoach, tir nay dén nam 2025 hé thong cang,
bén duwong thiy néi dia trén dia ban Thanh
phé Ho Chi Minh duwoc dinh hwéng phét trién

tuyen dwong thuy néi dia trén dia ban Thanh
phé cling véi cac tuyén d‘uong thuy noi dia
trung wong, tuyén hang hdi va hang tram cang
bién, cang séng lén, nhé da va dang tao thanh
Mang ledi van tai dwong thiy két néi ving
kinh té trong diém phia Nam, lién két giao
thwong van tai va kinh té quoc té. Chinh vi thé,


https://www.sggp.org.vn/phat-trien-uu-the-duong-thuy-noi-dia-522835.html
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viéc quan ly, khai thac, van hanh va phat trién
tot mang luedi dwong thiy néi dia lavan dé cap
béch, bai sé gop phan khéng nhé vao si phét
trién kinh té - x& hgi cua Thanh phé Ho Chi
Minh. Tuy nhién, séng ngoi khu vuc phia
Nam c6 dic diém: Chiéu sau cua ludong nong
(khi thuy triéu rat), ban kinh cong cac doan
cua khong 1on, két ndi rong khap cac ving dia
phuong véi nhau va véi Thanh phé H6 Chi
Minh (TP.HCM) nén tau hai than dugc xem la NG
phL,Iorng tlén, hop 1y cho viéc van tai hanh Hinh 2. Hinh dnh sat lé do séng cua tau cao tac
khach nho c6 ti 1€ L/B nho, B/d 16n hon cac ddnh Ién sau vao be khodng 20m.

tau mot than. Theo thong ké tinh dénthoidiem  ngugn http://cand.com.vn/dieu-tra-theo-don-ban-
hién tai caa nhém, ¢ khu vuc phia Nam c¢6  doc/Noi-am-anh-hai-ben-bo-song-Hau-khi-tau-cao-

khoang 25 tau khach hai than thudc 11 don vi toc-chay-qua-608360/
kh&c nhau, véi nam dong tir nam 2001 dén Chinh vi vay, nhdm nghién ctu bién phap
nam 2018. giam sic can tao song cho tau hai than voi

DU vay, thuc té dat ra |4 cac tau hai than  MAu tau lya chon 12 tau buyt sng.
(catamaran) néu trén khi chay tao séng manh,
dic biét séng ngang, gay anh huong xdu dén
bd song ciing nhu cac tau nho khac khi chay
trong ludng. Cu thé Ia: Tau tao ra séng 16n,
lam x4i 16 bo s6ng; song 16n kéo theo cac dao
dong cudng buc tac dung Ién céc tau khéac
dang trong cuing ving hoat dong gan, 1am mat
an toan. Chang nhiing vay, sic can song
chiém ti trong 16n trong suc can toan bo dbi
Vi cac tau chay ¢ sb Fn Ién, nén viéc khic
phuc giam strc can sdng cho tau s€ gilp tau cai
thién duoc téc do, giam thoi gian chay tau,
giam cong suat may va tiét kiém nhién liéu,
chi phi khai thac chay tau. Mot minh chung

Hinh 3. Hinh hoc model tau buyt séng.
Bdng 1. Thong sé tau buyt song.

mang tinh thoi sy 1a gan day, bao Quan doi Thong sb Ponvi | Giatri
nhan da,r! cpAphoPg“su\dleu tra,A’SO rangay 9-8- [ chicu dai toan bo, Low m 18.00
2020 véi tiéu de: “Tau cao toc la mgt trong ———————
nhéing nguyén nhan gay sat 16 bo song™. Chicu dai vudng goc, Lee m 17.40
e Chiéu rong 16n nhat, Bpax m 5.50
Chiéu rong tau, B m 5.16
Chiéu cao man, D m 1.96
Moén nudce, d m 0.80
Luong chiém nuéc, Weight T 30.91

2. M6 hinh miii phu Centerbulb

Trong nghién cau nay, nhom dung mai
chay tao song Ion trén song. phu dang 3D elip — soid mang tén Centerbulb

Nguén.https://vtv.vn/trong-nuoc/tuyen-bus-song-gop-  theo dé xuat cua Danisman nam 2014, phu

phan-giam-ket-xe-tao-da-phat-trien-du-lich-tphcm- thuoc thong s6 kich thuéc tau [5].
20171130000758017.htm )



https://vtv.vn/trong-nuoc/tuyen-bus-song-gop-phan-giam-ket-xe-tao-da-phat-trien-du-lich-tphcm-20171130000758017.htm
https://vtv.vn/trong-nuoc/tuyen-bus-song-gop-phan-giam-ket-xe-tao-da-phat-trien-du-lich-tphcm-20171130000758017.htm
https://vtv.vn/trong-nuoc/tuyen-bus-song-gop-phan-giam-ket-xe-tao-da-phat-trien-du-lich-tphcm-20171130000758017.htm
http://cand.com.vn/dieu-tra-theo-don-ban-doc/Noi-am-anh-hai-ben-bo-song-Hau-khi-tau-cao-toc-chay-qua-608360/
http://cand.com.vn/dieu-tra-theo-don-ban-doc/Noi-am-anh-hai-ben-bo-song-Hau-khi-tau-cao-toc-chay-qua-608360/
http://cand.com.vn/dieu-tra-theo-don-ban-doc/Noi-am-anh-hai-ben-bo-song-Hau-khi-tau-cao-toc-chay-qua-608360/
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oeen

Hinh 4. Hinh hoc model Centerbulb.

Hinh hoc Centerbulb dugc biéu dién boi

Ki hiu Danisman Buyt séng
(m) (m)
d 1.40 0.80
a 141 0.97
b 0.62 0.42
c 0.34 0.19

phuong trinh toan hoc ¢ dang:

1)

Céc giatri a, b, ¢ theo bang 3, vi tri dat
Centerbulb cho trong bang 2. Cau trac
Centerbulb duoc lap ghép vao tau catamaran
buyt song nhu hinh 5.

Bdang 2. Toa d¢ vi tri Centerbulb.

X2 2 22
i+l +i=1
a b [

X, m

y. m

Z,m

7.83

0.00

0.45

Bdng 3. Thong s hinh hoc Centerbulb.

Hinh 5. B4 tri Centerbulb trén tau buyt song.

3. Két qua tinh toan

3.1. Tau nguyén méu chwa lap
Centerbulb

Viéc tinh toan suc can tau dugc tinh boi
phuong phap giai tich va phuong phap mé
phong s6 CFD tai cac gia tri Froude lan luot

Ki higu Danisman Buyt song la: 0.19, 0.28, 0.37, 0.47, 0.56, 0.65, 0.70. Két
(m) (m) qua tinh toan suc can trinh bay tai bang 4.
L 25.95 17.4 Puong cong dac tinh sirc can tau bicu dien
260 178 nhu hinh 6.
Bdng 4. Két qud tinh sizc can tau buyt séng nguyén mau chura lap Centerbulb.
STT B'-“;],'n":"g Bv“i:" Gis tri tinh Ghi cha
1 v, m/s 2491 | 3671 | 4.851 6.162 7342 8.522 9178 -
2 \' km/A 9.0 132 175 222 264 307 330 -
3 Fn - 0.19 0.28 0.37 047 0.56 0.65 0.70 -

2433

3586

4738

8617

12485

20436

28164

Kinh

nghiém

%

13

1.5

17.6

218
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Duwdng cong suc can tau catamaran

200000

150000 RGT

100000

Hinh 6. Buong cong sic can tau buyt song nguyén mau chura ldp Centerbulb.

Nhan xét:

e Stic can ma sat Rr chiém ti trong nho
trong strc can tong toan tau Rr;

e Stic can ma sat Rr c6 dang tuyén tinh;

e (i tri stic can tao song tang manh khi
tau chay voi sd Fn 16n hon 0.56;

e Quy luat dudng cong stc can tong Rt
chiu chi phéi béi sirc can tao song Rw.

Tau hai than buyt séng duoc thiét ké chay
vé6i s6 Fn = 0.65 tuong dwong 30.7 km/h va
theo ly thuyét, tau dang chuyén dong ¢ ché do
qua do ma tai do strc can tao song Rw lon.

Tau
chuyén
dong ché
d6 boi

Qua d¢ Luot

A

@ nguyén

DPuong cong sirc can

khong th

Hinh 7. Céc ché dg chuyén dgng cua
tau theo so Froude [6].

Phén tich truwong nwéc bao quanh tau

Truéc tién phan tich truong nudc bao
quanh vé tau tai ché do tu chuyén dong qué
d6 (V =30.7 km/h, Fn = 0.65) véi dac tinh sac
can tang manh théng qua mot sé hinh anh mit
thoang ciing nhu cac hinh cit nhu sau:

Dinh song

Vet thuy
dijng hoc,
wving roi

Hinh 8. Mdt séng nuoc tau teo ra
tai Fn = 0.65 tinh theo BEM.

Dinh song

Vét thuy
dong hoc,
ving roi

Hinh 9. Mat séng nudéc tau tao ra
tai Fn = 0.65 tinh theo VOF.

Bing so sanh hinh anh thiy ring séng
nuéc do tau chuyén dong tao ra ¢ hai hinh 8
va hinh 9 trung khép nhau; dac biét ¢ hinh 8
cho thiy hinh anh séng ngang véi géc quat
song lon.

Dé phan tich & hon, dung hai mit cat
song song véi mat phing doc tim tau dé cat
treong nudc bao quanh tai vi tri cAch doc tam
cta model lan luot 13 0.15 m va 0.75 m nhu
hinh 10, 11, 12.
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Hinh 10. V; tri c&c mat cdt izng véi Fn = 0.65.

Day song

Hinh 11. Mdt cdt cach doc tam 0.15m
ung voi Fn = 0.65.

Hinh 12. Mdt cdt cach doc tam 0.75m
ung véi Fn = 0.65.

Nhu hinh 12 ta thiy chiéu dai séng Lw xap
xi 1.5L (Lw: Chiéu dai séng; L: Chiéu dai tau),
theo ly thuyét song thi day 1a trudng hop xau
nhat d6i véi tau, van toc tau trong trudng hop
nay theo thuat ngtr chuyén nganh goi la “hump
speed” va tau tao song lon [2].

Pé khic phuc hién tuong tao soéng Ion,
nhom dung mii phy Centerbulb nhu hinh 4
tao ra hé song phu giao thoa triét tiéu séng tau
va giam stc can tao song. Céac két qua tinh
toan cho song tao ra boi Centerbulb trinh bay
trong muc 3.2.

3.2. Tinh toan mé phéng Centerbulb

Dung 3 mat cat cach mat phong doc tam
Centerbulb lan lugt 0.1 m, 0.15 m, 0.2 m dé
ghi nhan hinh anh séng tao ra bai Centerbulb
chuyén dong trong nuéc véi Fn = 0.65, ta
nhan duoc cac hinh nhu sau:

Dinh song

(a) 0.10m

Binhsong

(b) 0.15m

Dinhsong

(c) 0.20m
Hinh 13. Mdt cdt cach doc tam miii phu Centerbulb
ldn liot 0.10m, 0.15m, 0.20m ¢zng Véi sé Fn = 0.65.

Qua hinh 13 thiy rang, miii phu
Centerbulb da tao ra sobng nguoc pha véi song
tau (hinh 11). Cu thé tai vi tri s& lip
Centerbulb trén tau (tau nguyén mau chua lip
Centerbulb) la day song; trong mé phong doc
lap, vi tri lién trén cua Centerbulb 1a dinh
séng. Vay nén néu lip Centerbulb vao vj tri
ma mili tau dang nhan day song hop ly thi sé
triét tiéu duoc mot phan séng toan tau.

Dé danh gia thém mirc d6 anh hudng cua
Centerbulb d6i véi hai mat trong cua than tau
catamaran buyt song, tién hanh khao sat
treong vat 1y nuéc bao quanh Centerbulb
trong mit phing dudng nuéce nhu hinh sau:
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Hinh 14. Truong vdn tép dong bao quanh
Centerbulb tai so Fn = 0.65.

Hinh 14 chi ra truong dong bi diéu chinh
cuc bo tai viing gan Centerbulb, khdng anh
hudng dén ving ngoai du xa dé gay rdi dong
tai bién vo tau mat trong cua tau buyt sdng.

Réi, dai dién 1a cuong do rdi | chi tap
trung & hai dau mat cua Centerbulb nhu hinh
15. Sudt chiéu dai mii phy, truong dong
khdng tach bién va xap xi chay tang.

Hinh 15. Phan bé cuong do rai |.

C6 thé két luan rang, truong dong vuot
qua miii phu chi tao séng ding, khdng gay roi.
Cac phan b truong 4p suat va trudng van toc
dong trinh bay nhu hinh 15, 16 biéu dién sy
thay doi van toc, &p suat dong Ion viing giira ’ ‘

Bdng 5. Keét qud tinh sizc can CFD tau cai tien va so sanh vai tau ban dau.

chiéu dai miii phu nhung khong dot bién,
ngoai trir vang nho tai hai dau mat. Pay chinh
la diéu kién thuan lgi tao nén séng dung.

Hinh 17. Phan bé &p sudt.
3.3. Tau cai tién da lip Centerbulb

Sau khi tinh toan mé phong Centerbulb
dat diéu kién tao song nguoc pha véi song tau,
nhom tién hanh lap mii phu vao tau tai vi tri
c6 thdng sé nhu bang 2 va cd bd tri tong thé
nhu hinh 5 va tinh toan. Két qua tinh toan sirc
can tau c6 miii phu Centerbulb nhan dugc nhu
bang 5 va hinh 17.

STT D‘i‘iﬁln“l':m“ D‘?;“ Gia tri tinh Ghi chi
1 v m/s 2491 | 3671 | 4851 6162 7342 | s8s522| 9.178 -
2 v km/h 9.0 13.2 175 | 222 26.4 30.7 33.0 -

3 Fn - 0.190 [ 0280 | 0370 | 0.470 0.560 | 0650 | 0.700 -
6 R N | 23329 33595 | 43305 | 6621.5 | 10556.6 | 20454.5 | 30027.0 CFD
7 Rrcrp N | 2384.0 | 3536.0 | 4800.0 | 7960.0 | 12680.0 | 24800.0 | 36000.0 CFD
8 Sai sé % 22 53| -108| 202 -20.1 212 -19.9 -
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Blrdrng cong sdrc can tau Catamaran cai tién

400000
350000

= = ™ CFD

300000
250000 TR
200000 AT-CFD

15000.0

100000

V. (kmdh)

350

Hinh 17. Puong cong sic can tau cdi tién tinh theo CFD va ban dau.

Trwong thuy dong hoc nwéc bao quanh
tau cai tién tai Fn = 0.65

Trong ndi dung ndy nhém trinh bay
trueong thuy dong hoc nudc bao quanh tau tai
hai s6 Fround 0.65 va 0.37, vi day la hai gia
tri van téc dic biét anh huong dén tinh chat
duong cong sirc can & hai ché do chuyén dong
cua tau.

"t tiing I
h
c

Hinh 18. Trurong van toc meéc bao quanh
tau cdi tién tai Fn = 0.65.

Hinh 19. Trwong vén toc tai trén bé mat v tau,
vung dady tau tgi Fn = 0.65.

Qua hinh 18 va 19 thay rang truong van
téc ca quanh tau va trén bé mat vo tu phan b
tuong d6i déu nhau; gan hét viing chiéu dai tau
truong van téc c6 giam nhung khong dot ngot
va it bién dong; vét thuy dong hoc giam kich
thudc so voi tau trude cai tién (hinh 9).

Dé quan sat rd hon dic tinh thay doi trudng
van toc tai cac vung nghi van, cd thé cat miéen
tinh toan tai mot so vi tri nhu hinh 20.

Hinh 20. Cac v tri mat cit mién khong gian tinh toan.
Nham xem xét rd hon hinh anh profin séng

nudc tao ra khi tau chay tai Fn = 0.65, nhom
tién hanh xét mat cit tai vi tri cach doc tam
0.17 m nhu hinh 21.

Phin it trich phéng to dé

50 sinh :} Hinh 3.13a

N

_ Hinh 21, V; tri mgt cat
mién khdng gian tinh toan tgi z = 0.17m.

(®)

Fn>>05
(b) WAVELENGTH >> SHIP LENGTH
HIGH SPEED PLANING CRAFT

Hinh 22. So sanh hinh anh séng tau m6 phang
(a-phéng to) vai song ly thuyet (b).
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Nhu két qua thu duoc tir hinh 21 va 22
thdy rang song nudc do tau chuyén dong tao
ra c6 chiéu dai Lw 16n hon nhiéu so véi chiéu
dai tau L. Biéu nay cho phép tau chuyén dong
sang ché do “planing” c6 loi vé mat suc can
Va CAC sONng tao ra cd chiéu cao nho nén ciing
it tac dong tiéu cuc dén hé thong bo séng nhur
gay x6i 1& hoic hong héc céc bén nbi.

Nhan xet:

- Qua hinh anh truong van tc thdy rang
song tau tao ra da giam so voi tau trude cai
tién nhd vao su giao thoa co6 logi cua
Centerbulb duoc lip thém vao tau;

- Vét thuy dong hoc theo sau tau c6 thu
hep va giam réi gitip tau giam ning luong tao
xoay va déng gop vao viée giam sirc can tong
cho tau;

- Pic biét ¢ hinh 22 cho thidy mii phu
Centerbulb da cai thién dugc hinh anh song
tau tao ra theo hudng gidm suc can ro rét dua
trén dbi chiéu so sanh vé6i két qua nghién ctru
ly thuyet song. O day chiéu dai song tang 1én
nhiéu va chiéu cao séng giam manh din dén
giam nang lugng tao song va quan trong hon
1a giam anh huéng cua song tau tao ra dbi véi
x6i 16 bo bao song cling nhur anh huéng xau
dén Iuu thong cac phuong tién gan ké.

- Dong trén bé mat day tau (LIC - Line
Integral Convolution) chuyén dong tron déu.

Trwong thuy dgng hoc nwéc bao quanh
tau cai tién tai Fn = 0.37

Phan cit trich phong to dé
s0 sanh "

Hinh 23. Hjnh anh séng tau tgo ra
khi chuyén dong véi Fn = 0.37.

4

I

L}
o Trudmg hop tdu cdi tién idp Centerbulb tgi Fn = 0.37 |

-

b= Trweemg hap tau nguven maw ban daw tai Fn = 0.37

Lw=12L
— e R
—

a- Hink dnh song theo Ip thuyér gidm sive cin 190 séng
Hinh 24. So sanh hinh dnh séng nwdéc tau tao ra khi

chuyén dgng tqi s6 Fn = 0.37 & truong hop truéc va
sau khi lap Centerbulb véi séng ly thuyet Ly = 1/2L.

Hinh 25. Gdc ldc doc tau sau
cdi tien (a): Fn = 0.37 va (b): Fn = 0.65.
Nhan xet:

- O van téc tau tai Fn = 0.37, hinh anh
song tao ra c6 1gi cho stic can song noi riéng
va sirc can tong cuia tau. Cu thé, chiéu dai song
Lw x4p xi 1/2 L tau va theo 1y thuyét, hé thong
song mii léch pha theo hudng nguoc voi hé
thong song lai nén giao thoa nhau lam giam
song tong hop toan tau dan dén stc can tao
song cua tau Rw giam;

- Xét hinh 24 a,b thiy r?mg truong vén tbe
nudc sau tau (1) cia tau cai tién thap hon, déu
hon so v&i tau nguyén mau trude cai tién; muc
tang van toc dong cuc b tai cac vi tri (2), (3)
cua tau cai tién thap hon tau nguyen mau trude
cai tlen qua d6 song tau cai tién tao ra co
chiéu cao nhé hon so véi song tau nguyén mau
tao ra. Diéu nay cho thiy Centerbulb phét huy
tac dung lam giam song tau;

- 0 's6 Fn = 0.37, mili phu Centerbulb van
gitip tau cai tién tao dugc hé song c6 hinh anh
khong khac v6i hé song tau nguyén mau tao ra
nhung giam cudng do (chiéu cao song).

4. Két luan

Strc can cua tau cai tién co lap miii phu
Centerbulb giam tir - 2.2% dén - 21.2 % so véi
strc can tau nguyén mau trude cai tién. Song
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tau cai tién tao ra nho hon song tau trudc cai
tién nén gidam dugc anh huong x6i 1& bo song.

O d&i van téc nho hon 25 km/h, stc can

tao s6Ng cua tau cai tién xap xi stc can ma sat,
dac biét co nhirng gia tri van toc ma tai d6 Rw
< Rr. Tau sau cai tien chay ém, it lac doc hon.
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