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Tom tdt: Thiét b day tiét kiém ndng lieong “Propeller Boss Cap Fins” (PBCF) dd va dang diwroc
g dung rong réi trén thé gidi nham muc dich ndng cao hiéu suat cua thiét bj day tir dé lam giam
tiéu hao nang lwong cho tau. Bai bao trinh bay ddc diém cua chan vit ¢d gan thiét bi PBCF . Tinh
t0an Va so sdnh cac ddc trung thiy dong cua chan vit ¢d gan thiét bj ndy véi chan vit théng thwong
duea trén phirong trinh Navier — Stokes véi sé Reynolds trung binh (RANSE). Bai bao siz dung mé hinh
chan vjt Potsdam dé tinh toan va so sanh vdi két qua thir mé hinh, sau dé sir dung mé hinh tinh da
dwoc kiém nghiém d@é tinh toan chan vit Potsdam c6 gan thiét bj PBCF. B¢ gidi (solver) diroc sir dung
trong nghién cizu nay 1a phan mém CFD Star - CCM+.

Tar khéa: PBCF, CFD, chan vit, thuy dong luc hoc, EEDI, nang lwong xanh.

Chi sé phan logi: 2.1

Abstract: Propeller Boss Cap Fins (PBCF) is an energy saving device which is used widely to
improve propulsion efficiency and save energy (fuel consumption). This paper presents the
characteristics of propeller with PBCF and the comparision of the propeller with and without PBCF
in terms of hydrodynamics by Computational Fluid Dynamic (CFD) method. The Potsdam propeller
model is calculated and validated. Then using this validated CFD setup to calculate the Potsdam

propeller with PBCF. The solver using in this research is Star CCM+
Keywords: PBCF, CFD, propeller, hydrodynamics, EEDI, green energy.

Classification number: 2.1

1. Giéi thigu

Hién nay nhitng tau méi duoc thiét ké co
yéu cau ngay cang khat khe vé str dung ning
luong hiéu qua va giam lugng CO:2 thai ra
ngoai moi truong. Nam 2010, T6 chirc Hang
hai Thé gioi IMO dd dua ra chi s6 EEDI
(Energy Eficiency Design Index) [6], day la
thude do dé gidi han luong CO2 ma mét con
tau thai ra khi hoat dong. Theo d6, né doi hoi
nha thiét ké phai dua ra dwgc céc giai phap
thiét ké nham giam chi sé EEDI. Bé giam chi
s ndy, mot trong cac phuong an da va dang
duoc cac nha thiét ké sir dung d6 1a thiét ké
cac loai thiét bi day c6 hiéu suat cao. Trong
sb d6 c6 Propeller Boss Cap Fins (PBCF) -
mot dang thiét bi day tiét kiém ning lwong
duogc phat trién boi tap doan MOL cua Nhat
Ban. Pay thuc chat 1a mot dang mil thoat
nuéc ¢o canh gian vao chan vit nhim giam
dong xoay phia sau chan vit, gilp nang cao
hiéu suat cua chan vit. PBCF hién nay ciing
da duoc san xuat tai Viét Nam bai nha may
Nakashima Propeller nam trong khu cong

nghiép Pinh Vi, Hai Phong. Thiét bi nay da
duogc ap dung trong thyuc té cho hon 3000 tau
trén thé gioi [1].

Mic du thiét bi PBCF dd va dang duoc
phét trién, ung dung tuong ddi rong rai trén
thé gigi, tuy nhién hién nay ¢ nuéc ta chua
c6 nhiéu nghién ctu chi tiét nao vé loai thiét
bi nay.

Ngay nay, véi su phat trién manh mé caa
may tinh dién ta, viéc sa dung CFD
(Computational Fluid Dynamics) dé giai
quyét cac bai toan thay dong luc hoc tau thiy
noi chung va phan tich cac dac trung thuy
dong cua chan vit néi riéng trong giai doan
thiét ké phuong an da va dang duoc &p dung
rong rai trén thé gioi. Boi né mang lai két
qua tuong ddi chinh xac so véi két qua thir
mo hinh ciing nhu ¢6 loi hon vé mit kinh té
so vé6i viéc thir md hinh do khéng phai ché
tao md hinh, hon thé 1a rdt ngan duoc thoi
gian tinh toan. Ngoai ra uu diém nira cua
CFD la kha ning dam bao ca déng dang theo
s6 Froude va sé Reynold (nghia 12 ta c6 thé
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tinh toan bai todn mé phong chén vit ca ¢
dang kich thuéc mé hinh va dang kich thuéc
thuc). Viéc xtr ly sau tinh todn CFD con cung
cip cho nguai thiét ké rat nhiéu thong s chi
tiét vé dong chay sau chan vit, phan bé ap
suit trén canh chan vit, ...giGp nha thiét ké
tim ra duoc phuong an thiét ké téi wu cho
chan vit dudi goc do thiy dong luc hoc.

Hién c6 nhiéu cic phuong phap CFD
khéac nhau, vi du nhu st dung phuong phap
s6 Reynolds trung binh (RANSE), mé phéng
xody tach roi (Detached Eddy Simulation —
DES), md phong xoay lon (Large Eddy
Simulation — LES) hoac giai truc tiép phuong
trinh  Navier Stoke (Direct Numerical
Simulation — DNS) [10]. Trong d6, hién nay
phuong phép RANSE duoc su dung rong rai
hon so v6i cac phuong phép con lai do thoi
gian tinh toan ngin hon va van cho két qua
tuong d6i chinh xéc [7 - 9].

Tir cac van dé& néu trén, trong bai bao
nay s& gisi thiéu vé ciu tao cua loai chan vit
¢6 gan PBCF. M6 phong tinh toan cac thong
s6 thay dong cua loai chan vit ndy bing
RANSE va so sanh cac dac trung thuy dong
cua no vai chan vit thong thuong.

2. Gioi thiéu PBCF va phwong phap
thir mé hinh chén vit trong nwéc tw do

2.1. Gii thiéu vé PBCF

PBCF dugc phat trién tir nim 1987 bai
cac tap doan cua Nhat nhu Mitsui O.S.K.
Lines, West Japan Fluid Engineering
Laboratory, va Mikado Propeller (Nakashima
Mitsuwa Propeller). PBCF la mot mi thoat
nuéc co gan canh, véi sb luong canh bang sb
lugng cua canh chén vit (hinh 1).

Hinh 1. Hinh dnh PBCF [11].
2.2. Phwong phap thir mo hinh chén

Vit trong nwéc tw do

Thtr nghiém chén vit trong nuéc tu do
(open water) la bai tht nghiém thuong gap
dé xac dinh cac dic trung thuy dong cua chan
vit bao gém hé sb luc day Kr, hé sé6 md men
Ko va hiéu suat trong nuéc tu do 5o. Chan
vit ¢ gan thiét bi PBCF ciing duoc thir trong
nuée ty do dé xac dinh cac dic trung thuy
dong cua nd. Tuy nhién, dé xac dinh chinh
xac cac dac trung thuy dong cua PBCF, mo
hinh thtr nghiém ciing nhu tinh toan né dugc
thiét 1ap khac so véi viéc thir cac chan vit
thong thuong (nguoc véi mo hinh thong
thuong). DI véi bai thir chan vit ty do thdng
thuong trong bé thur thi mi thoat nudc s&
dugc dit ¢ phia trudc chan vit dé lam déu
dong chay dén chan vit (hinh 2) con viéc thir
mo hinh PBCF sé dugc dat phia sau chan vit
(gidng nhu chan vit hoat dong trong thyc té,
xem hinh 3).
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Nhu vay, trong tinh toan cac dac trung
thiay dong cua chan vit bang phuong phap
CFD, nhém tac gia s& thiét lap cach md
phong nhu trong phuong phap thtr md hinh
trong bé thir ddi véi hai loai chan vit néu
trén.

3. M6 phéng sé

3.1. Céc thong sé hinh hoc caa chan
vit tinh toan

Chan vit duoc sir dung dé tinh toan trong
bai bao 14 chan vit Potsdam, day 1a mau chan
vit dugc ITTC sir dung cho muc dich nghién
ctru dong sau chan vit va cho kiém tra két
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qua tinh toan bang CFD [2]. Chan vit nay c6
céc thong sé hinh hoc nhu trén bang 1 va
hinh 4. Cac s6 liéu vé két qua thur chan vit tu
do trong bé thir duoc cong bd trong tai liu
[2]. O day, phan mii thoat nudc da duoc tac
gia thay d6i so véi thir mo hinh. Mii thoat
nuéc nay 1a phan cu (hub) cua thiét bi PBCF
(chinh I thiét bj PBCF khong c6 canh). Muc
dich 1a dé so sanh anh huong cua chan vit c6
PBCF véi chan vit khong c6 PBCF dén cac
thong sb thuy dong cia chung ciing nhu dong
chay sau chan vit.

Thiét bi PBCF duoc tac gia thiét ké bang
phan mém Rhinoceros, c6 nim céanh, ban
kinh 0.043m (43mm), d nghiéng canh la 56
d6 (hinh 5).

Bdng 1. Cac thdng sé hinh hoc cuia
chan vit Potsdam [2].

Cic thong sb Ponvi| Giatri
buong kinh D m 0.25
Ty s6 dia Ae/Aq - 0.778
Duong kinh trong
doi cua cu chong Dn/D - 0.3
chéng
Sb canh Z - 5
Ty s6 budc Po7/D 1.635
Chiéu quay - - Quay phai

mién chat long ngay sau chan vit duoc chia
lu6i nho hon dé co thé thé hién rd rang cac
xody ciing nhu duong dong phia sau chan vit.
Chinh vi vay lugng 6 ludi ting 1én déng ké.
Trong thiét 1ap ndy, tac gia st dung 8.63 triéu
0 ludi cho tinh todn chén vit thong thuong
(khdng cé PBCF) va 8.72 triéu 6 luéi cho
tinh toan chan vit cé6 PBCF.

Hinh 4. Chan vit Potsdam.

Hinh 5. Chén vit Potsdam va PBCF.

3.2. Thiét 1ap tinh toan

Pé md phong, tinh toan cac théng sé
thuy dong cua chan vit tu do, bai béo sur dung
bo giai Star - CCM+. Mién chat long tinh
toan cd dang hinh tru véi duong kinh 2.5m
(gap 10 lan duong kinh chan vit), chiéu dai
3.5m, trong d6 3m la khoang céch tu chan vit
tGi phan bién phia sau (outlet) (hinh 6). Phan

b. Chia ludi xunh quanh chan vit va PBCF.

¢. Chia luéi cuc bé chan vit va PBCF.
Hinh 6. Chia lwéi mién chat long tinh todn.

Pé mod phong chuyén dong quay cua
chan vit trong CFD, cé ba phuong phap
thuong dugc sir dung. Phuong phap dau tién
la cho toan mién chat long bao quanh chan
vit quay bang toc do quay cua chan vit (goi 1a
rigid motion). Phuong phap tha hai 1a cho hé
toa d§ quay (Rotating Referene Frame), day
la phuong phap tiép can tinh (steady
approach) nén thoi gian tinh toan giam dang
ké. Phuong phap tht ba la s dung ludi xoay
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(Sliding mesh), trong phuong phap nay, sé co
hai mién ludi duoc tao ra, mién chit long tha
nhat quay va bao quanh chan vit, mién chat
long thir hai bao quanh mién chét long thir
nhat va cé dinh. O day, chung ta can phai
thiét lap su lién két gitra hai mien nay qua bé
mat tiép xdc gita_hai mién (interface).
Phuong phép nay gan Vi thyc té nhat va
thong thuong cho két qua chinh xac nhat
nhung thoi gian tinh toan réat 1on do sau mdi
budéc thoi gian, can phai tinh toan lai lién két
gitta hai mién chét long. So sanh cu thé vé
thoi gian tinh toan ciing nhu d¢ chinh xéac
cua két qua thu duoc dd duogc trinh bay chi
tiét trong tai liéu [7]. Trong nghién ctu nay,
tac gia sir dung phuong phap hé toa d6 quay
(Rotating Reference Frame) boi thoi gian
tinh toan giam dang ké so voi hai phuong
phap con lai va van cho két qua c6 do chinh
Xac cao [7].

biéu kién bién caa md hinh tinh duoc
thiét 1ap nhu sau: Bién phia trugc chan vit
(inlet) duoc thiét 1ap 1a “velocity inlet” voi
gia tri 1a van toc dong chay tai chan vit (va).
Phan bién phia sau la “pressure outlet” va
bién xunh quanh la “symmetry plane”. Mo
hinh dong rdi dugc sir dung 1a kw - SST, st
dung “All wall treatment” for Y+.

4. Két qua tinh toan

4.1. Két qua tinh toan chan vit thong
thwong

Nhu d3 trinh bay & trén, két qua tinh caa
chén vit thong thuong sé dugc so sanh Vi
két qua thir mo hinh dé kiém tra su dang din
ciia moé hinh tinh ma bai bao di thiét lap
trong Star CCM+. O day, bai bao tién hanh
tinh toan voi cac gia tri budc tién tuong doi
(J) cua chan vit lan luot tir 0.6, 0.8, 1.0 ,1.2
va 1.4.

Tur cac két qua tinh toan thu duoc c6 su
s0 sanh vai két qua thir trong bé thir (hinh 7
va bang 2), ta thay rang, két qua tinh toén
bang CFD rat gan voi két qua thir md hinh.
Sai khac vé hiéu suét chi & mic dudi 1%. Tu
d6 co thé két luan rang, md hinh tinh CFD
dugc thiét 1ap 1a chuan xac va co thé sir dung
dé tinh toan chan vit c6 gan PBCF. Phan tiép
theo 1a két qua tinh toan chan vit c6 gan thiét
bi PBCF, trén co s& so sanh véi chan vit gan
mil thodt nude thong thuong.

Do thi chan vit trong nude tu do

CFD
—a— Thir mo hinh
= Kr: Hé sfq Iwe day

Kq: H¢ 50 mo men
no : Hiéu suat

Hinh 7. 6 thi chan vit trong nudc ty do.

Bdng 2. Két qua tinh chan vit trong nuréc tu do.

] Kt ’ 10Kg ’ No ’
CFD EFD |[Saiso| CFD | EFD |Saiso| CFD | EFD | Saiso
06 | 0631 | 0.629 | 0.4% | 1.413 | 1.396 | 1.2% | 0.427 | 0.430 | -0.8%
08 | 0518 | 0510 | 1.6% | 1.202 | 1.178 | 2.0% | 0.549 [ 0.551 | -0.4%
10 | 0405 | 0399 | 15% | 0991 | 0.975 | 1.7% | 0.650 | 0.652 | -0.3%
12 | 0294 | 0295 |-0.3% | 0.775 | 0.776 | -0.2% | 0.725 | 0.726 | -0.2%
14 | 0184 | 0.188 |-24% | 0541 | 0.559 [ -3.3% | 0.756 | 0.749 | 0.9%
EFD = Experimental Fluid Dynamic - Két qua thir mé hinh

4.2, Két qua tinh toan chan vit c6
gan PBCF
Két qua tinh todn chan vit c6 gan PBCF
duoc :[hé hién ¢ bang 3, trén co SO S0 sanh
vai két qua tinh chén vit khéng gan PBCF.

Céc két qua tinh ¢ day 1a tinh cho toan bo hé
gom: chan vit, ci, mi thoat nuéc va PBCF
(khac véi két qua o trén 1a chi tinh voi canh
chan vit).



24

Journal of Transportation Science and Technology, Vol 31, Feb 2019

Bdng 3. Két qud tinh chan vit c6 PBCF.

Kr 10Kg o
, % , % , %
J P(B:ZF Khong | Chénh PSZF Khong | Chénh P(B:?:F Khong | Chénh
1éch 1€ch 1éch
06 | 0585 0578 | 1.3% | 1414 | 1.427 | -0.9% | 0.395 | 0.387 | 2.2%
08 | 0481 0475 | 13% | 1.189 | 1.194 | -0.5% | 0.515 | 0.506 | 1.8%
10 | 0.365| 0.364 | 0.4% | 0.956 | 0.962 | -0.6% | 0.608 | 0.602 | 1.0%
12 | 0.256| 0.256 | -0.1% | 0.733 | 0.732 | 0.0% | 0.667 | 0.667 | -0.1%
14 | 0.147| 0.149 | -14% | 0499 | 0.498 | 0.2% | 0.656 | 0.667 | -1.6%

Két qua tinh duogc thé hién bang ba gia
tri: hé sé luc day Kr, hé s6 md men Ko va
hiéu suat chan vit trong nudc ty do 7o. Tir két
qua tinh toan thu duoc, ching ta thiy hiéu
suat chan vit c6 PBCF da ting khoang 2% &
budc twong dbi J = 0.6 dén 1.0 va c6 xu
huéng giam khi J ting 1én. Diéu nay la do
thiét bi PBCF chua duoc thiét ké tdi uu, nén
hiéu suét chi tang & mot s gié tri cua J.

Tuy vay, diéu quan trong & day la ta
quan sat dugc anh huong cua thiét bi PBCF
dén dic tinh dong chay sau chan vit cling nhu
phan bd &p sut trén canh va cu cua chan vit
(hinh 8, 9 va 10). Tur hinh 8 ta thiy rang,
phan xody sau chan vit di giam di rat nhiéu
va dong chay da dong déu hon khi chan vit
duogc gan thém thiét bi PBCF tai budc twong
dbi J = 0.6. Su giam xody phia sau chan vit
con goép phan vao lam giam rung dong ving
dudi tau va giam sy dn mon cua banh lai.
Diéu nay thé hién rit rd trong hinh anh
duong dong sau chén vit (hinh 8).

Déi voi phan b ap sut trén bé mat chan
vit, ta c6 thé thiy phan giam &p suit tai tam
ciia mil thoat nude dbi véi truong hop cua
chan vit khong c6 PBCF. Trong khi do, khi
c6 PBCF, phan b 4p suat dong déu hon rat
nhiéu tai vi tri nay (hinh 9). Star CCM+ ciing
cho phép thé hién rat rd nhiing xoay, tao ra
bai canh chan vit (hinh 10).

a. Puwong dong chan vit KHONG c6 PBCF tgi J = 0.6.

b. Puong dong chan vit CO PBCF tgi J = 0.6.

Hinh 8 . Puong dong sau chan vit tgi J = 0.6.

Két qua tinh va céc hinh anh dong chay
sau tinh toan ciing phu hop véi cac két qua
da cong bd cua céc tac gia Takeo Nojiri[1]
Kurt Mizzi [3], Takafumi Kawamura [4],
Hans Richard Hansen [5].

Khi ching ta quan sat duong dong sau
chan vit tai J = 1.4 (hinh 11), ta van nhan
thiy PBCF d lam duong dong phan tan hon,
tuy nhién luong xoay van con nhiéu. Trong
truong hop ndy, su xuat hién caa PBCF lam
cho sy chénh léch ap suat & mat hat (Pitch
face) va mat dap (Pressure face) cua chan vit
giam xudng, dan dén hé sb luc day Kr giam,
va hiéu suat chan vit giam. Do vdy, néu chan
vit hoat dong & khoang J = 1.2 d¢én J = 1.4,
ching ta can thiét ké t6i wu lai PBCF dé c6
thé tang hiéu suat chan vit va giam xoay tai
khoang J nay.

2D
)P

L 4

ress
37000. -18000: 1000.0 20000

75000. -56000.
a. Chan vit KHONG c6 PBCF tgi J = 0.6.



25

TAP CHi KHOA HQC CONG NGHE GIAO THONG VAN TAI, SO 31-02/2019

b. Chan vit CO PBCF tgi J = 0.6.
Hinh 9. Phan bé &p sudt trén chan vit tgi J = 0.6.

1000.0

b. Chan vijt CO PBCF tgi J = 0.6.
Hinh 10. Phan bé xody sau chan vit tgi J = 0.6.

a. Puong dong chan vit KHONG c6 PBCF tgi J = 1.4.

b. Puong dong chan vit co PBCF tgi J = 1.4.
Hinh 11 . Pwong dong sau chan vit tai J = 1.4.

5. Két luan va khuyén nghi

Bai bao di trinh bay két qua tinh chan vit
c6 gan thiét bj PBCF bang viéc sir dung
phuong phap RANSE CFD. Két qua cho thy
chan vit c6 gan thiét bi PBCF giup ting hiéu
suit chan vit khoang 2% & mot sé gia tri
budc tién twong ddi J. Pidu quan trong la
bang cach gan thiét bi PBCF, phan xoéy phia
sau chan vit (hub vortex) da triét ti€éu dugc
phan 16n. Phan xody nay néu & chan vit
thong thuong l1a rat 1on va tir d6 anh huong
I6n t6i hiéu suat caa hé: Banh l&i, chan vit,
th&n tau. Viéc triét tiéu xoay nay cling lam
giam rung dong phan dudi tau va giam in
mon banh lai.

Két qua cua bai bao ciing khang dinh
kha nang cia phuong phap RANSE CFD
trong tinh todn céc bai toan thuy dong luc
hoc tau thiy, giup cho ngudi thiét ké co cai
nhin chi tiét vé dong chay bao quanh than tau
va céc thiét bi phuc vu cho nhiéu bai toan
thiét ké khac nhau.

Két qua tinh nay 13 co s dé thiét ké toi
wu PBCF bang phuong phiap md hinh tham
sb (parametric modelling) dwa trén viéc thay
do6i céac thong sé cua PBCF va sau do tién
hanh tinh toan bang RANSE CFD d¢ tim ra
phuong 4n t6i wu cho PBCF dé dat duoc hiéu
suit 16n nhét tai gia tri budc tién J & ving
hoat dong thuong xuyén cuaa chan vitl

Loi cam on

Nhom tac gia xin gui loi cam on tdi
Truong Pai hoc Hang hai Viét Nam va cong
ty Siemens da hd trg nhém hoan thanh
nghién ctru nay.
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