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ABSTRACT

Bai bao trinh bay phwong phap giam
mure tiéu hao nhién liéu trong khai thac tau
thdng qua viéc giam lwc can tau thay.

Luc cén tau chd yéu do nuéc va khdng
khi gay ra. DBé gidm luc cén do nuéc sinh ra,
tac gid dé xuat phuwong an phun khi tao bot
vao lop bién sat day tau théng qua phwong
phap thuc nghiém. Pé gidm luc can do

khéng khi sinh ra, tAc gid dé xuat phuwong
thic sdp xép hang trén tau thdng qua
phuong phap CFD (Computation Fluid
Dynamic).

Trong qua trinh khai thac, tau ché hang
str dung céc phuong phép trén cé thé tiét
kiém duwoc 5-8% mukc tiéu hao nhién liéu.

Ter khoa: giam tiéu hao nhién liéu, giam lyc can, phwong phap phun bot khi giam lyc can

tau thay, CFD, giam luc can gio.

1. PAT VAN BE

Dé giam mic tiéu hao nhién liéu trong qué
trinh khai thac cac phuong tién giao thong van
tai, huong nghién ciru giam luc can la vé cung
quan trong. Trong qua trinh van hanh may bay, 6
t6, tau hoa..., luc can chi yéu gay ra trong méi
trwong khéng khi. Song, luc can cua cac phuong
tién van tai bién con gy ra trong méi truong
nuoc.

Lyc can tau chu yéu 13 luc can cua nuéc va
luc can khong khi, trong d6 luc can do nudc sinh
ra ¢ thé phan tich thanh luc can nhét (gom luc
can ma sét, lyc can hinh dang) va lyc can séng.
Nhiéu céng trinh khoa hoc [9, 10, 11] d4 tap
trung vao thiét ké hinh dang tau, thuyén sao cho
giam luc can hinh dang, luc can cam tng hay luc

can song. Hinh dang miii qua 1&, cAnh mai hay
g6c man lam giam dang ké luc can séng [1].
Phuong an t6i wu vé ty 1& giira chiéu dai, chiéu
rong, hé sb béo, hinh dang duéi, dang suon...
ciing duoc nghién ctru nham giam lyc can ung
vé6i van tdc khai thac tau.

Trong bai bdo nay, nhém tac gia gisi thiéu
mot phuong an giam dang ké luc can nhét thong
qua viéc can thiép truc tiép 16p bién sat day tau
bang cach phun khi tao bot. Két qua dwoc minh
chung bang cac thuc nghiém trong bé thir mo
hinh tau quéc gia thuoc Vién Khoa hoc Tau thuy
Viét Nam (cii) tai Ha Noi nam 2014. Bdng thoi
bang phuong phap tinh toan dong luc hoc chat
long CFD [2], nghién ctu ciing két luan rang:
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cach bb tri hang va sip xép thiét bi trén boong c6
anh huong dang ké t6i hé sb can cua khong khi.
C6 thé coi day 1a mot giai phap giam luc can hiéu
qua va kinh té (it can thiép nhat dén két ciu cua
tau thuyén). Cac cong ty van tai bién co thé thuc
hién ung dung trong qua trinh khai thac tau,
thuyeén.

2. GIAM LUC CAN NHOT CUA TAU BANG
PHUN KHI TAO BQT

Khi tau, thuyén chuyén dong, lec can nhét
chiém khoang 80% luc can tau. Vi vay, viéc giam
lwc can nhét ¢é vai tro quan trong. Tao mét 16p
khong khi chay sat bé mat tau thay vi tiép xdc
truc tiép gitra bé mat tau véi nudc, ta cd thé wéc
tinh dugc luc can ma sat dua vao cac tinh chét vat
Iy cia nuéc, cua khong khi (nhu khéi lwong
riéng, hé so nhét...). Tuy nhién trong thuc té,
khong don gian nhu vy, vi phat sinh nhiéu yéu
t6 anh huong nhu: ning luong tiéu thy, ndng do
khi, kich thuéc bot, vi tri phun, kha ning ngin
chan xam thuc chan vit,... [7, 8]. Nhom tac gia
da thyc nghiém vai nhiing vi tri phun khac nhau,
khao sat anh huong cua duong kinh phun véi cac
dai van téc khac nhau ciia mé hinh tau, tir d6 tim
ra vi tri phun, duong kinh, va nong do khi ang véi
mdi vén tc cho phép cua tau.

2.1. Thuc nghiém phun bet khi day tau va do
luc céan tau

Qua trinh thyc nghiém phun bot khi va do
luc can duoc thuc hién theo cac bude trén so dd
Hinh 1.
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‘\I suat dong khi khi
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My tinh cai dit phin
mém Catman thu nhin
két qui thi nghiém

Hinh 1. So d6 thir nghiém md hinh tau

M®& hinh tau thir nghiém: M6 hinh tau thuc
nghiém 12 mé hinh tau hang 20.000 tin, ty &
1/33, vat liéu gd. Céc théng sb co ban cua tau
dugc thé hién trong Bang 1.

Bang 1. Thong sb co ban cia tau thuc
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¢ 50 beo cwp | 0913
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Hinh 2. M& hinh tau thir nghiém

Hé théng thiét bi phun khi: Tha nghiém
duoc tién hanh vai 2 kiéu budng phun khi vai cac
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16 ¢6 duong kinh c6 thé thay doi. Kiéu budng
phun khi vat liéu g, day phun bang mica va kiéu
budng phun khi vat liéu composite (phay nguyén
tam composite), Hinh 3. Céc budng khi déu duoc
néi vai dng dan khi tir may sinh khi.

Hinh 3. Pay budng phun khi va dau vao budng phun
khi, vat liéu compozite

Hinh 4. Ap ké va luu lugng ké do théng sé dong khi

Dé phuc vu thuc nghiém, cac budng tao khi
duoc lp dat o day tau, vi tri trong tng tai suon
7.5 cach mii 0.5m, khoang 25% chiéu dai md
hinh tau tinh tir mii vé i, khoang cach nay c6
thé thay d6i cho mai lan thir nghiém, Hinh 5.

Hinh 5. B4 tri budng phun khi tai day tau mé hinh

2.2. Két qua thuc nghiém

Thuc nghiém duoc tién hanh tai bé thir md
hinh Vién Khoa hoc Coéng nghé Tau thuy
Vinashin. Thuc nghiém duoc tién hanh véi hai

md hinh tau, khéng bd tri budng phun khi va c6
b tri budng phun khi tai day tau. Trong hai
truong hop, tau trén nudc tinh va tau trén dinh
song diéu hoa.

Thuc nghiém mo hinh tau trén nwérc tinh:
Thuc nghiém duoc tién hanh trong cac truong
hop van tdc thay ddi tir 0.8m/s dén 1.8m/s tng
Vv6i van téc khai thac trén tau thyc. Luu lwong
phun khi thyc nghiém 10 lit/phat va 20 lit/phat.
Két qua thuc nghiém duoc thé hién trén Hinh 7.

Hinh 6. Hinh anh séng miii khi tau trén nudc tinh
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Hinh 7. Lyc can toan phan tac dong lén tau trén nudéc
tinh F(N) theo van tbc tau

Cac ki hiéu RO, R10, R20 trong Hinh 7,
twong ung 1a lyc can toan phan tuwong ng Vi
truong hgp khong phun khi, phun khi véi luu
lugng 10 lit/phat va 20 lit/phat. Két qua thuc
nghiém chi ra rang, dong khi phun c¢6 anh huong
tryc tiép t6i giam lyc can tau mé hinh trong mot
khoang van téc khai thac nhat dinh: tir 1.2m/s dén
1.6m/s. Luc can giam 16n nhat 22.5% khi md
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hinh dwoc kéo & toe do 1.4m/s véi luu luong dong
khi l1a 20 lit/phat.

Thuc nghiém md hinh tau trén séng: Thuc
nghiém duoc tién hanh voi séng didu hoa hinh sin
¢6 bién d6 séng t6i Hw/2 twong Gng 1a: 2cm, 4cm,
8cm, 12 cm, 16cm g véi van tée 1.0m/s, trong
truong hop khéng phun khi va truong hop phun
khi véi luu lwong khac nhau 15 lit/phat, 20
lit/phdt va 24 lit/phit. Hinh anh va két qua thuc
nghiém dugc thé hién trén Hinh 8, 9.

h Hw(em)
0 8 12 16

Hinh 9. Lyc can toan phén ciia tu mo hinh thir
nghiém theo chiéu cao séng, Hw

Két qua thuc nghiém thé hién trén Hinh 9
biéu dién lyc can toan phan tac dong 1én tau trong
cac trueong hop thir nghiém khi cé soéng véi cac
truong hgp khéng phun khi va phun khi tai day
tau voi cac luu luong khi phun thay doi.

Két qua thir nghiém trén Hinh 9 cho thay,
luc can cua tau mé hinh thir nghiém chuyén dong
trén séng giam 16n nhat 15.3% & bién d6 séng 12
cm va luu luong khi 20 lit/phat.

Cong suidt kéo cia tau md hinh thir
nghiém: Cong suat kéo cua tau md hinh Ps khi
khong phun va khi phun khi véi luu lugng
20lit/phut trong hai trueong hop tau chuyén dong
trén nudc tinh va chuyén dong trén song diéu hoa
hinh sin duoc biéu dién trén Hinh 10, 11.
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Hinh 10. Cong suét kéo tau md hinh tht nghiém trén
nudéc tinh theo van tdc

PS (W]

RZO-(hem‘y—’T LRﬂ-G xperiment

50 R20-experiment RO-theory

16 Hw(cm)

Hinh 11. Céng suat kéo tau md hinh thir nghiém trén
song diéu hoa theo chidu cao séng, Hw

2.3. Nhan xét

Phuong phap phun khi vao I6p bién sat day
tau ¢ anh huéng dén viéc 1am giam luc can tau,
giam cbng suét tiéu hao nhién liéu cho tau. Ddi
v6i thir nghiém mo hinh tau trén nudc tinh, hiéu
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qua giam lyc can md hinh tau 16n nhét téi 22.5%
mg véi truong hop kéo tau mé hinh véi tée do
1.4 m/s va luu lwong dong khi tao bot 20 lit/phdt;
cdng suat tieu hao giam 15.3%. Ddi véi thir
nghiém mo hinh tau trén séng hinh sin, hiéu qua
giam lec can mo hinh tau I6n nhat 10.3%, tng
v6i mic giam cdng suat tiéu hao kéo tau 8.6%
g vé6i van toe kéo v =1 m/s, bién do séng 12
cm, luu lwgng dong khi Q = 20 lit/phut.

Thir nghiém chwa thé hién rd co ché giam
ma sat bé mit, song cé thé cho rang: su ting do
nhét do béng khi gay ra dan dén su giam truong
van téc. Su anh huong cua bot khi téi giam lec
can la dang ké, dac biét 1a khi tha nghiém véi s6
Reynold thap. Kich thudc bong khi dugc quyét
dinh boi toc d6 dong chay va te do ludng khi, 1a
mét trong nhiing yéu t6 quan trong anh huéng
dén luc can tau.

3. GIAM LUC CAN G10 CHO TAU THONG
QUA VIEC XEP HANG TREN BOONG

Trong qué trinh khai thac tau, viéc bd tri va
sap xép hang trén boong ¢6 anh huéng rét 16n t6i
luc can gi6 tac dong 1én tau. Nghién ciru nay thé
hién cac két qua mo phong, tinh toan luc can gié
tac dong Ién phan néi cua tau véi cac phuong &n
bé tri hang container trén boong tau khac nhau.
So sanh lyc can trong cac truong hop do, quyét
dinh céch thirc sip xép t6i uu nham giam ning
luong tiéu hao trong qua trinh khai thac tau.

3.1. Qua trinh thwc hién mé phéng sé cac yéu
té khi dong luc hoc cia tau

Trong qué trinh tinh toan md phong s6 CFD,
md hinh tinh toan can phai duoc thiét ké ti vu
nhit. Qué trinh thuc hién gém céc budc nhu sau:
thiét ké mo hinh vat thé can mé phong s, thiét
ké mién khong gian tinh toan, chia ludi va dit cac
diéu kién bién cho bai toan. T4t ca cac budc déu
anh huong dén két qua tinh toan mé phong. Hinh
12 thé hién so @6 qua trinh md phong sb cac thudc
tinh khi déng luc hoc than tau théng qua sir dung
CFD.

‘Yng dung phuong phap mé phéng sé CFD va thue nghiém:

e e e e ey
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1
1

1 —
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1 Chia lu61 mién chat 16ng tinh toan:
e
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____________

Hinh 12. So db tinh md phong sé CFD cac dic tinh
khi dong luc hoc than tau

Trong nghién cau nay, mién khéng gian tinh
toan, chia ludi va dt cac diéu kién bién dugc
thuc hién theo céc tai liéu duoc xuit ban bai td
chtrc hang hai thé gisi ITTC 2011 (International
Towing Tank Conference) va dga trén kinh
nghiém nghién ctru coa tac gia [12, 13, 14]. Mién
khong gian tinh toan dwgc giGi han bai 15m dai;
rong 3.8m; cao 3.8m, vai chiéu dai md hinh tau
sir dung trong tinh toan la 1.68m. Chia luéi cho
mién khong gian tinh toan duoc 3.6 triu ludi tir
dién khong cau trdc. M hinh rdi k-epsilon cho
dong khong dimg duoc lya chon. Van tc vao dat
14.5m/s, &p suit ra duoc dat cho dau ra.

3.2. Mt s6 phwong 4n xép hang container trén
boong tau

Trong nghién cau nay, nhdm téc gia dua ra
mét sé phuong an xép hang container trén boong
tau dé tinh todn mo phong sb. Trén co s& phan
tich so sanh két qua md phong cac phuong an xép
hang trén boong tau, tac gia tién hanh danh gia
anh huéng cua viéc sip xép hang trén boong tau
container. Hinh 13, 14 va 15 thé hién cac mé hinh
tau v6i phuong an xép container twong tng trén
mat boong. Cac m6 hinh tau nay dugc dua vao
tinh todn mé phong sé CFD.

T [ [T r—
Hinh 13. M hinh tau container v6i phuong 4n xép
hang sb 1; N1
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Hinh 14. M hinh tau container v6i phuong 4n xép
hang s6 2; N2

Hinh 15. M hinh tau container v6i phuong 4n xép
hang s6 3; N3

3.3. Két qua phan bé ap suét va van toc dong
bao quanh than tau

Trong phan nay, cac két qua mo phong sé
phan b &p suit va van toc dong bao quanh tau
dugc dua ra va so sanh gitta cAc mé hinh tau vai
cac phuong an xép hang twong ung. Hinh 16, 17
thé hién so sanh phan bd ap sut va phan b van
toc dong xung quanh tau cua cac mau, Hinh 18
so sanh phan bé ap suét trén toan bo bé mat than
tau. Dua trén sy so sanh két qua gitra cac mo hinh
v6i nhau cho thay rang phan bé &p suat va van téc
dong khi xung quanh tau c6 su khac biét twong
d6i. Su khéc biét nay c6 thé s& lam thay doi luc
khi dong tac dong Ién tau.
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Hinh 16. Phan b &p suit dong xung quanh tau trong
mién tinh toan

LS
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Hinh 17. Phan b vén téc dong bao quanh tau trong
mién tinh toan
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Hinh 18. So sanh phan b &p suét trén bé mat than
tau, N1; N2; N3

3.4. Két qua tinh md phéng luc can gi6

Luc can gi6 tac dong Ién tau phu thudc vao
cac théng s6 nhur loai chét khi, géc tan, hinh dang
thuong tang lau va dién tich mat hing gié SFPA.
Trong tinh toan lyc can gid tac dong lén tau theo
Iy thuyét duoc thyc hién theo cong thirc (1).
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R:O.SpCfVZSFPA (1)

Trong d6 p 12 khéi lwong riéng cua chat khi;
Cr la hé s6 lyc duoc xac dinh theo thuc nghiém;
V la van téc dong khi.

Trong bai todn md phong s, lec can gio tac
dong 1én tau con duoc tinh dya trén nhiéu yéu té
anh huéng tuong tac phuc tap nhu su bién doi
dong khi bao quanh than tau, phan bd &p suit, su
chénh léch &p suat giira cac vang... Hinh 19, 20
thé hién d6 thi luc can gi6 tac dong 1én 3 mé hinh
tau va do thi cong suat day ciia tau tuong tng voi
luc can gi6 trong cing diéu kién tinh mé phong,
van toc dong khi 14.5m/s, g6c tan bang khéng.

3.0

2.8
26
=
o
2.4
2.2
2.0
N1 N2 N3

Hinh 19. Luc can gi6 tic dong I1én cac md hinh tau

44.0
435
43.0

42.5
42.0
41.5
41.0
40.5
40.0
N1 N2 N3

Hinh 20. Céng suit diy tau twong tng v6i phan hyc
can gi6 cua cac mo hinh tau

P(w)

Két qua cho thay phuong an xép hang anh
huong dén lwong tiéu hao cong suit. Phuong 4n
N1 c6 luc can gi6 tac dong Ién tau nho nhit,
twong tng cong suit day tau nho nhat. Théng qua
cac két qua md phong sé CFD, viéc phan tich va
t6i ru hoa cac phuwong an xép hang container cho
tau c6 thé duoc thuc hién d& dang.

3.5. Nhan xét

Trong bai bao nay, nhém tac gia déd so bd
nghién ciru cac dic tinh khi déng dong bao quanh
than tau théng qua tinh toan mé phong sé CFD.
Cac két qua md phong nhu phan bé ap suét, van
téc dong bao quanh than tau, luc khi dong tac
dung Ién tau c6 thé gidp hiéu ré nguyén nhan lam
tang hay giam luc can tac dong lén tau, day la co
s& dé téi vu hinh dang cho tau nham giam tiéu
hao cong suat chay tau.

4. KET LUAN

Bai bao da trinh bay két qua nghién ctu
giam tiéu hao nhién liéu cho tau théng qua thuc
nghiém va tng dung CFD, lam giam lyc can ma
sat va luc can khong khi - gi6 tic dong Ién tau.

Thuc nghiém phun khi diéu khién 16p bién
sat day tau cho thdy wu diém va kha ning giam
tiéu hao nhién liéu ré rang. Luc can cd thé giam
toi 22.5% vai mo hinh, mang lai hiéu qua dang
ké trong viéc giam tiéu hao nhién liéu cho tau.

Théng qua mé phong s CFD, céc bai toan
thuc té duoc giai quyét, giai thich thoa dang cac
hién tuwong gay tang hay giam luc tac déng Ién
tau, déng thoi tinh todn hre khi dong tac dung 1én
than tau, t&i wu phuong an xép hang cho tau
container.
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Experimental Study and Application of
CFD During the Exploitation Process of
Ship in Order to Minimizing the Fuel

Consumption

e Le Quang
e Pham Thi Thanh huong
e Ngo Van He

Hanoi University of Science and Technology,HUST

ABSTRACT:

The acticle presents a method for
minimizing energy exploitation of the ship
through reducing ship resistances.

Ship  resistances include  water
resistances caused by frictions of water and
waves acting on hull part in the water and air
resistance acting on the hull part above
water surface. To reduce the resistance
caused by water friction, the authors

proposed a method which intervene directly
on the boundary layer of ship hull by the
creating a gas injection foaming layer. To
reduce air resistance, the authors used CFD
method to optimaze arrangement of
container on deck for a container ship.

Obtained results showed that the
proposed method help to save 5-8% of the
consuming energy.

Keywords' Minimizing energy; reducing resistance; friction resistance; gas injection; air

resistance; container arrangement; CFD.
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