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Trong thoi gian gan ddy, cic nghién ctru vé mo
phong hoat dong cua chan vit va su tuong tac giira
vo tau va hé dong luc tau thuy trong qua trinh hoat
dong da xuét hién nhiéu trén cac cong bd trong va
ngoai nudc. Trong nghién ctru [1] M. Nakisa cung
cong sy di tién hanh nghién ctru cac thong sb thiy
dong cua chan vit trong mdi truong nudce tu do bang
viéc sir dung cong cu mé phong, két qua cua nghién
ctru ciing da dugc nhom tac gia tién hanh so sanh véi
cac dir lidu thyc nghiém co6 san; Thong qua viéc sur
dung phin mém thuong mai Star-CCM+, trong

Toém tit

Duy tri cdc ddc diém thiét ké ciia chan vit déng
vai tré quan trong trong viéc dam bdo hiéu sudt
lam viéc ciia chdn vit. Thuc 16, sau mét thoi gian
hoat dong cac ddc tinh ky thudt cua chan vit thay
déi, lam giam hiéu sudt. Bai bao trinh bay két qua
nghién ciru danh gid hiéu sudt lam viéc ciia chin
vit trén tau Container 566TEU theo cac thoi diém
khdc nhau trong qud trinh khai thdc, bao gom thoi
diém déng méi va thoi diém sau khi tau 1én da sira

chira. nghién ctru [2] T.N. Tu cing cong sy di trinh bay két
Tw khéa: Chdn vit, hiéu sudt chan vit, tau qua dénh gia tinh toan vé cac hé sb twong tic giira
container, CFD. than tau va chan vit dya trén mé hinh dong chay
Abstract RANS khong 6n dinh.

Maintaining  design characteristics of ship Trong bai bao nay, bang phwong phiap mé phong
propeller plays an important role in ensuring its s& CFD, nhom tac gia tién hanh khao sat, tinh toan,
working  efficiency. In  practice, technical phan tich muc d6 suy giam vé hiéu suat ctia chan vit
characteristics of the propeller is downgraded theo céac thoi diém khac nhau, dong thoi dua ra danh
with time, leading to its efficiency reduction. This gia vé kha nang 1am viéc ciia chan vit cho dén lan 1én
paper presents the results of a study evaluating da gan nhét cua tau (du kién sau 2,5 nam).

the working efficiency of the propeller on the 2. Tinh trang k¥ thuit chin vit tau Container
Container ship 566TEU at different times during 566TEU theo cac thoi diém

its operation, including the time of new building oz , . ez
and the time after docking for repairs. Thoi diém dong mdi (Thoi diém 1)

Dua trén hd so k¥ thuat tai thoi diém dong moi,
thong qua phin mém Rhinoceros nhom nghién ciru
da tién hanh dyung lai m6 hinh 3D chan vit nhu dugc
1. Pit van dé thé hién trén Hinh 1 va Bang 1. Tai thoi diém déng
moi chan vit cia tau chua duoc lép chan vit phu
(propeller boss cap fins - PBCF).

Keywords:  Propeller, propeller  efficiency,
container ship, CFD.

Tiét kiém nang luong va giam lugng khi phat thai
dang 13 thach thuc 16n d6i voi cac doi tau van tai
bién quéc té. Dic biét, dbi véi doi tau 16m tudi, sau
nhiéu nam khai thac, cac yéu té ky thuat cua tau thay
d6i do tac dong ciia moi truong din dén suy giam
hiéu qua 1am viéc cua tau. Tau Container 566 TEU su
dung trong nghién ctru 1a tau chd hang Container { 2 '
chuyén dung duoc dong vao nam 1997, tinh dén thoi ‘ {
diém 1én da gan nhét (nam 2023) tau da hoat dong
duogc 26 nam. So vdi thoi diém dong moi, hiéu suét
lam viéc cta chan vit giam va lugng tiéu hao nhién
li¢u tang 1én. Hinh 1. Mé hinh 3D chén vit tau tgi thoi diém déng méi
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Bing 1. Thong sé kj thudt chén vit tau Container
566TEU thoi diém déng méi

Théng sb co ban Gi4 tri
Puong kinh chéan vit (m) 4.40
Ty s6 dia 0.602
Ty s6 ci/dudng kinh chan vit 0.193
Ty s6 bude 0.715
S4 canh chan vit 4
Chiéu quay Quay phai
Vong quay cua chin vit (vong/phut) 176

Thoi diém 1én da trwée khi siva chita (Thoi
diém 2)

Trén co sé khao sat vo tau Container S66TEU khi
lén da sira chira, nhém nghién ctru nhan thay tinh
trang cua chan vit xuét hién mot sb van dé nhu sau:
Chén vit cua tau bi mé mot miéng 16n trén mot canh;
Canh chan vit bi 16 (do anh hudng ciia in mon, xAm
thuc); Cac mép cua chan vit bi bién dang. Tai thoi
diém 1én da sta chita tau duogc lép chan vit phu
PBCF (Hinh 2).

&
sl

b) Mép canh bién dang

c) Bé mat canh bi r6

Hinh 2. Tinh trang chén vit tai thoi diém lén da

Dé danh gia tinh trang cta chan vit tai thoi diém
lén da sua chita, d0 nham trung binh bé mit canh
chan vit dugc xac dinh va cong nghé quét 3D duogc
sir dung dé dung lai mé hinh 3D (Hinh 3a). Puong
kinh chan vit xac dinh dugc tai thoi diém 1én da la
4,35m, giam 0,05m so vé&i thoi diém ban dau
(1,14%) (Hinh 3b).
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a) Hinh anh vi tri do do nham chan vit

b) Két qua kiém tra dwong kinh chén vit

Hinh 3. Tinh trang chdn vit trwéc khi sira chita

Thoi diém sau khi lén da siza chita (Thoi diém 3)

Sau khi stra chita, tinh trang chan vit nhu sau:
Phan canh chan vit bi mé di duoc khic phuc; Phan
mép canh bi bién dang cua chan vit di dugc sira
chita; PO nham cia canh chan vit vé co ban van
gidng nhu thoi diém chan vit chua duoc sira chita do
bé mit canh khong duoc gia cong phuc hdi; Pudng
kinh cta chan vit van giit nguyén gia tri 4,35m (Hinh
4). Tinh trang cua chéan vit PBCF khong thay doi.

a) Bé mat va mép

b) Canh chdn vit bi mé sau

canh chéan vit sau
stta chita sua chita
Hinh 4. Tinh trang ciia chén vit tai thoi diém lén da
sau sira chira

Thoi diém thay chén vit méi (Thoi diém 4)
Trén co s& phan tich va danh gia hiéu suit lam
viéc clia chan vit ¢ 3 thoi diém khac nhau trong qua
trinh hoat dong cua tau, nhom tac gia da tién hanh
nghién cuou va phan tich thém truong hop gia dinh
thay thé chan vit cii bang chan vit méi. Viéc nghién
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ciru thém truong hop nay gitp don vi chu tau cé
thém dir liéu va phuong an cho ké hoach stra chita
tau trong lan 1én da tiép theo. Pdi véi truong hop
thay méi chén vit, gia thiét cta bai toan dugc dua ra
nhu sau: Sau 3 ndm tau 1én da stra chita va bé mit vo
tau ¢ thoi diém nay khong co su khac biét so vai bé
mat vo tau ¢ thoi diém hién tai (thoi diém 3); Chan
vit thay méi phai dam bao co hinh déng, thong sd
hinh hoc giéng hét so v&i chan vit ban dau; Vi tri
tuong d6i cta chan vit méi so voi chan vit phy phai
dam bao giéng hét so voi chan vit hién tai (Hinh 5).

Hinh 5. M hinh 3D chén vit thay méi cé gin PBDF

3. Thiét 1ap mé phong

Dé nghién ctru va danh gia hiéu suat lam viéc cua
chan vit, nhém nghién cuu da sir dung cong cy mod
phong s6 CFD nham phan tich cac thong sb thuy
dong cua chan vit dbi voi 4 truong hop twong (mg
véi 4 trang thai k¥ thuat dugce khao sat nghién ctu.

Theo [3, 4] hiéu suit cia chan vit dugc xac dinh
va danh gia dua theo cong thuc (1). Trong do6, Kr -
Hé sb luc déy cua chan vit; Ko - Hé s6 md men cua
chén vit; J - Budc tién trong dbi cia chan vit.

J-K,
=T 1
o 27K, (1)

Bing phuong phap mé phong CFD, cac hé sb
trén déu duge xac dinh dua trén céc thong s6 thiét
lap dau vao cuia bai toan mdé phong. Mo hinh mo
phong trong nghién ciru dugc xay dung dua trén cac
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tiéu chi bao g?)m thiét lap mién tinh toan, lya chon
diéu kién bién, dic diém Iuéi tinh toan va mé hinh
vat 1y dugc st dung. Cac thong sé thiét lap mo
phong trong nghién cuu (Bang 2) dugc lya chon dya
trén khuyén nghi cta Hiép hoi bé thar Qudc té
(ITTC) va cac tai li¢u nghién ctru khoa hoc da dugc
cong bd vé linh vuec mé phong thily dong luc hoc tau
thity, nham dam bao tinh chinh xac va do tin cdy cia
két qua [2, 5, 6].

Dé dam bao d¢ tin cay cia két qua mo phong, bai
béo di tién hanh nghién ctru do hoi tu cua ludi theo
ba mat d ludi khac nhau gom ludi thd, ludi trung
binh va lu6i min véi cac théng sé l1an luot 1a 2,2;
3,12 va 4,37 triéu 6. Sy thay déi ty 1&¢ d6 min cia
lugi 1a+/2 . Két qua hoi tu ludi cia md hinh tai dai
bude twong dbi J=0,55 duoc thé hién trén Hinh 6.

Mesh Convergence Plot
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Hinh 6. Két qua hgi tu lwdi tai J=0,5

Hinh 7. Két qud chia lwéi véi trwong hop c6 chin vit
Phu va khong coé chan vit phu

Két qua hoi tu ludi cho thay do chénh léch vé gia
tri hiéu sudt cua chan vit trong 2 truong hop ludi
trung binh va Iuéi min 1a rat nho (0,4%), do d6
nghién cuu da sit dung mat do ludi trung binh cho
bai toan mo6 phéng, tuy nhién véi dac thu lam viée

Bing 2. Théng so thiét lgp mé phong

Théng s6 thiét 1ap

Pic diém lra chon

Mién tinh toan

Mién lang try c6 kich thude gép 7 1dn dudng kinh chén vit (Dp); Mt dong chay dén chan vit
(inlet) cach mat phing dia chan vit 7Dp; mit outlet cach mat phing dia chan vit 9Dp.

Diéu kién bién i .
vit No-slip wall

Dong chay dén chén vit 1a velocity inlet; dong chay sau chan vit 13 pressure outlet; b& mat chan

Ludi tinh toan

Trimmed (dugc chia min tai khu vue mép chén vit, Hinh 6)

Mb hinh vat Iy

M6 hinh dong chdy nhdt khong nén RANSE
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Bing 3. Két qud tinh todn cdc thoéng sé thiiy dpng chin vit
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oz Thoi diém 2 Thoi diém 3 Thoi diém 4
J Thoi diem 1 (c6 giin PBCF) (c6 giin PBCF) (cé giin PBCF)
Kr 10Ko Mo Kr 10Ko Mo Kr 10Ko Mo Kr 10Ko 1o
0.35 | 0.212 | 0.254 | 0.466 | 0.185 | 0.228 | 0.453 | 0.206 | 0.253 | 0.454 | 0.216 | 0.245 | 0.49
0.45 | 0.170 | 0.208 | 0.583 | 0.144 | 0.191 | 0.541 | 0.162 | 0.212 | 0.548 | 0.174 | 0.206 | 0.605
0.5 | 0.148 | 0.187 | 0.628 | 0.123 | 0.171 | 0.573 | 0.140 | 0.191 | 0.582 | 0.152 | 0.185 | 0.651
0.55 | 0.125 | 0.165 | 0.667 | 0.102 | 0.150 | 0.592 | 0.117 | 0.168 | 0.608 | 0.128 | 0.163 | 0.688
0.6 | 0.102 | 0.141 | 0.695 | 0.079 | 0.128 | 0.593 | 0.093 | 0.145 | 0.617 | 0.105 | 0.140 | 0.714
0.65 | 0.079 | 0.115 | 0.706 | 0.057 | 0.104 | 0.564 | 0.069 | 0.119 | 0.6 | 0.079 | 0.115 | 0.717
0.7 | 0.054 | 0.088 | 0.688 | 0.033 | 0.078 | 0.469 | 0.044 | 0.092 | 0.535 | 0.054 | 0.088 | 0.691

ctia chan vit khi quay trong nudc véi tée do cao, cac
khu vue mép chén vit s& xuat hién chénh léch 4p suat
16n, néu ludi khong di min s& gdy anh hudng t6i két
qua cta mo phong, vi vay tai cac khu vuc mép cia
chan vit duoc thiét 1ap mat d6 ludi min hon (Hinh 7).
4. Két qua md phong

Két qua tinh todn moé phong cic thong sb thuy
dong cia chan vit tai 4 thoi diém khao sat dugc thé
hién trén Bang 3 va Hinh 8 vé6i dai budc tién tuong
ddi cua chén vit (J) lan luot 1a: 0,35; 0,45; 0,5; 0,55;
0,6; 0,65; 0,7.

no

0.4 =1)0_théri diém dong madi
#10_thai diém lén da tnrde sira chira
+n0_thi diém 1én da sau siva chita

n0_chén vit thay mdi

Hinh 8. Két qud tinh todn higu sudt chén vit theo 3
thoi diém
Dé dinh luong d6 chénh léch vé hiéu suat lam
viéc cua chan vi so voi thoi diém dong méi, nhom
nghién ctru str dung cong thirc vé do léch twong ddi
ctia hiéu suét (2).
An="1""o 100 (%) 2)
o
Trong d6, 7o 1a hiéu sudt cua chan vit ¢ thoi
diém dong méi; 7 1a hidu sudt cia chén vit tai thoi
diém tham chiéu. Két qua vé do chénh 1éch hiéu suét
lam viéc cua chan vit duoc thé hién trén Bang 4.
Su thay ddi vé& hiéu suét cua chan vit & cac thoi
diém co thé duoc giai thich thong qua cac két qua vé

phan bd 4p suat ciia dong chay trén bé mat canh va
cu chan vit (Hinh 9, 10) ciing nhu biéu d6 van toc
theo phuong doc truc chan vit (Hinh 11).

Bing 4. D chénh léch higu sudt chén vit so vdi
thoi diém ban diu

So véi thoi diém déng méi
(Thoi diém 1)
J Thoi diém 2 |Thoi diém 3 | Thoi diém 4
An (%) An (%) An (%)
0.35 -2.79 -2.58 5.15
0.45 -7.20 -6.00 3.77
0.5 -8.76 -7.32 3.66
0.55 -11.24 -8.85 3.15
0.6 -14.68 -11.22 2.73
0.65 -20.11 -15.01 1.56
0.7 -31.83 -22.24 0.44

So véi thoi diém dong méi tmg suét tiép trén bé
mit canh & thoi diém 1én da trudce khi stra chita 1on
hon so voi thoi diém dong méi. Ngoai ra, phan bd
g suat tiép c6 su thay d6i 1on tai mép canh so véi
chan vit dong mdi, tir d6 dan téi 1am ton that ning
luong trén canh, cudi cung 1a 1am giam hiéu suét
chung cua chan vit (Hinh 9). Viéc 1ap dat chan vit
phu cho théy su cai thién rd rét vé sy chénh léch ap
suét trén cii chan vit, tir d6 1am giam ton that niang
luong do dong xody gay ra tai ct chan vit (Hinh 10).
Trén Hinh 11b ¢ thé quan sat thiy do chan vit bj mé
nén vén toc dong chay theo phuong doc truc chan vit
khong dbi xtng v6i nhau qua truc chan vit. Pay l1a
nguyén nhan din dén tam dat lyc day khong nam &
tdm cua truc tir d6 tao nén sy rung dong cua truc ndi
chan vit véi may chinh. Trong khi d6 tai thoi diém
dong méi va sau stra chita van téc dong chay doc
tam tryc chén vit thé hién sy d6i xtmg dan dén giam
sy rung dong cua hé truc so voi trudng hgop bi mé.

Trong khi d6, két qua tinh toan véi truong hop
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-

a) Thoi diém déng méi

Wall Shear Stress: Magnitude (Pa)
2.67e+03 33e

b) Thoi diem lén da trudc swa chita

(e
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SevOB

¢) Thoi diém sau khi lén da sira chita

Hinh 9. Két qud phéin bé dp suit trén bé mdt cdnh chan vit

Total Pressure (Pa)

Total Pressure (Pa)

7e+04
-

3.68e+04

70000.0

36793.0

3.59e+03

.29620.0 -2.96e+04

a) Thoi diém dong moi

b) Thoi diém lén da trude sira chita

Total Pressure (Pa)
70000 0
36793.0
3586.7
-29620.0

¢) Thoi diém sau khi len da sira chita

Hinh 10. Két qud phén bé dp sudt trén bé mdt cii chin vit

a) Thoi diém déng méi

b) Thoi diém Ién da trude sira chita

¢) Thoi diém sau khi lén da sita chita

Hinh 11. Vin téc theo phwong doc truc chan vit tai J=0,5

Total Pressure (Pa)

70000.0
-

36793.0

3586.7

il sher suess: ognitude 7o) .
ook aos ks Rans LY
[

a) Phdn bé ap sudt trén bé mat canh va cii chan vit

Velocity: Magnitude (mis)
3.36 77

0.03

b) Phdn b6 dp sudt trén bé mdt cii chan vit

Hinh 12. Két qud mé phéng déi voi thoi diém thay méi chén vit va gin PBCF tgi J=0,5

thay mai chan vit cho thiy sy cai thién rd rét: Chénh
léch 4p suat trén bé mat va phan ng suit 4m tai cu
chan vit giam, din dén lam tang hiéu suit chan vit;
Hinh 12b, cho thay dong chay phia sau chan vit méi
¢6 gin PBCF 16n hon so voi chan vit khong c6
PBCF (Thoi diém 1), dong thoi cac dong chay rbi
phia sau chan vit da giam dang ké, nho do tao ra hiéu
sudt day cao hon so voi truong hop khong lip dat
PBCF.

5. Két luan

Bing viéc sir dung cong cu md phong sé CFD,
bai bao da tién hanh nghién ctru va danh gia hiéu

sudt 1am viéc cua chan vit tau Container 566TEU tai
3 thoi diém khac nhau. Duya trén cac két qua nhan
duoc co thé dua ra cac két luan vé hiéu sudt hoat
dong cua chan vit tai dai hoat dong cta chan vit (véi
J=0,55-0,6) nhu sau:

- Dbi v6i chan vit tai thdi diém Ién da truée khi
sira chira (bi mé) hiéu suat chan vit giam trung binh
12,5% so v6i chan vit ban dau;

- Bdi v6i chan vit tai thoi diém sau stra chita,
hiéu suat chan vit giam trung binh 10% so v&i chan
vit ban dau;

- Trudng hop thay méi chéan vit va co gan thém
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PBCF hiéu suit trung binh ting khoang 3% so v&i
chan vit ban dau;

- Viéc ldp dat thém chan vi phu PBCF cho thiy
phﬁn ung suit 4m tai cu chén vit da giam 1o rét tu do
gitip giam dong rdi tao ra tai dau ci chan vit va lam
tang hi¢u suit hoat dong cua chan vit;

- Vi¢c déanh gia dinh lugng stic can than tau, luc
day va hiéu sudt chan vit theo toc d¢ cho phép luya
chon hop 1y ché d¢ khai thac (tbc do quay) ciia dong
co diesel lai. Ché do khai thac hop 1y, ngoai viéc
dam bao dong co khong bi qué tai, con can phu hop
v6i ké hoach khai thac tau, t6i wu hoa do tiéu hao
nhién liéu va dam bao chi ti€u sir dung nang lugng
hi€u qua theo quy dinh.
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