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Tom tat

Bai b&o dir dodn két qua giam xam thyc iing dung
cdng nghé 16 hang ap sudt va dnh hwong cua viéc
khoan 16 trén canh d@én sw thay d@éi hiéu sudt cua
chong chéng tau bién bang phiong phdp CFD.
M6 hinh chong chéng dwoc Stk dung trong nghién
cueu la Potsdam Propeller Test Case (PPTC). Tur
két qua thu duwoc, bai bao phan tich nhiing thay
dai trong phan bé ap sudt, dg nhét réi va cau tric
xody xung quanh canh chong chong trudc va sau
sira MO hinh nham 1am rd nguyén nhan giam xam
thuee ciing nhue sw thay doi hiéu suat chong chong.
Tir khoa: Chong chéng, giam xam therc, hi¢u sudt,
lo hong &p suat, phwong phap so.

Abstract

This paper predicts the mitigation of marine
propeller cavitation by employing PressurePores
technology and the effects on its performance by
CFD method. The propeller model used in the
research is Potsdam Propeller Test Case (PPTC).
Based on the received results, this paper analyses
the changes in pressure distribution, turbulent
viscosity, and vorticity around propeller blades of
original and modified models to clarify the causes
of the decrease in cavitation and the difference in
the propeller efficiency.

Keywords: Propeller, cavitation production,
performance, PressurePores, numerical method.

1. Mé dau

Yéu cau trong viéc thiét k& chong chéng tau
bién c6 xu hudng ngay cang ting ca vé so luong va
chét luong. Bén canh muc tiéu nang cao hiéu qua
thiy dong luc hoc cia chong chéng, yéu cau giam
xam thuc va nhitng tac dong xau cua no dén hoat
dong cua tau bién va moi truong sinh thai bién ciing

can duoc nghién ciru va danh gia. Xam thyc lam
giam hiéu suit chong chong, gy ra an mon, tao
rung dong va tiéng on. Vi vay céc giai phap giam
xam thyc da va dang dugc quan tdm nghién cuu tai
nhiéu nuéc trén thé gigi n6i chung va Viét Nam néi
riéng. Trong nhitng nam gin day, di c6 rat nhiéu
nghién ctu vé giai phap giam xam thuc chong
chéng, dugc thyuc hién chu yéu bang hai phuong
phép thir nghiém va md phong sé. Nham muc dich
giam xam thyc, ngoai cac giai phap thay ddi hinh
déng chong chéng (nhém 1) bao gom thay déi sé
canh, dién tich canh, géc quim, budc chong chéng,
dang mép céanh va tiét dién canh, ..., Cac nghién ctu
con dé xuat nhitng cdng nghé va thiét bi khac nhau
(nhém 2) nhu cdng nghé phun tia nuéc, tao 16 hong
&p suit, tao d6 nham trén bé mat céanh, sir dung mii
chong chdng,.... Cac nghién cuu [1-3] sir dung
phuong phap sé va thir nghiém, danh gia hiéu qua
giam xam thyc khi ting d6 quim cua chong chong.
Mot hé céac thong sb cua chong chéng, bao gom
budc chong chéng, dang mép canh va mit cét canh
duoc thay déi trong nghién ciru cua S. Gaggero va
cong sy [4, 5]. Két qua thu duoc bang phwong phap
CFD cho thiay xam thuc trén bé mat canh giam
khoang 60%-80%, ddng thoi higu suat chong chong
tang 0,5%-3% [5]. Trong nhom giai phap thi 2, su
dung phuong phap s6, K. Mizzi va cong su [6] thuc
hién téi wu hoa thiét ké chong chéng gan mii, két
qua da giam xam thyc caa chong chdng va cai thién
hiéu suat khoang 1,3%. Giam xam thuc caa chong
chéng bang “Cong nghé 16 hong 4p suat”
(PressurePores technology) 1a san pham cua du an
cung tén dugc thuc hién baéi Pai hoc Strathclyde va
Cong ty TNHH Oscar Propulsion. Tham gia vao du
an nay, Aktas va cong su [7] nghién citu mé hinh
chong chéng cua tau “The Princess Royal”, két qua
tinh todn md phong va thtr nghiém thu dugc xam
thuc chong chéng giam khoang 20% va hiéu suat
chong chéng giam tir 2%-6%.
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Hinh 1. Hinh hgc chong chéng

Bai bao ung dung cdng nghé 16 hong ap suat cho
m6 hinh chong chéng PPTC nham déanh gi4 hiéu qua
giam xam thyc va anh huéng cia giai phap nay dén
ddc trung thily dong luc hoc chong chong dbi véi hai
vi tri 15 hong khéc nhau trén canh bang phuong phap
CFD (computational fluid dynamic) véi su ho trg cua
phan mém thuong mai STAR-CCM+. Ngoai ra,
nghién ctru ciing phan tich sy thay doi cua phan bd ap
suét, do nhét rbi va cuong do xody xung quanh chong
chong truée va sau khi sira mé hinh, dé giai thich rd
hon cho cac két qua thu duoc.

2. M6 hinh chong chéng va cic diéu kién tinh toan
2.1. Pdc diém md hinh chong chong

Nghién ctu st dung mé hinh chong choéng
Potsdam Propeller Test Case (PPTC). M6 hinh PPTC
duoc san xuat va thir nghiém tai bé thir Potsdam, Ha
Lan. Nhom tac gia lua chon chong chong nay boi
PPTC la md hinh chong chéng tiéu chuan dung tham
chiéu cac két qua nghién ciru, dé kiém tra va danh gia
dd tin cay cua cac md phong sé. M6 hinh chong chéng
PPTC c6 5 canh, duong kinh D = 0,25m va c6 chiéu
quay phai. Cac thdng sé chinh ciaa mé hinh va két qua
thir nghiém da dugc cong bé tai hoi thao ché tao chong
chéng - Hoi nghi quéc té 1an thir 2 vé chong chéng tau
bién nam 2011 [8]. Hinh dang cua chong chéng PPTC
duoc thé hién ¢ Hinh 1(a).

2.2. Cac trwong hep tinh toan

Nhém tac gia (ng dung cong nghé 15 héng &p suét
nham giam xam thuc cia chong chéng PPTC. Hai vi
tri 16 hong khac nhau duoc thuc hién trong nghién ciu,
bao gom céc vi tri gan mat canh (PPTC-1) va gan mép
dap (PPTC-2) nhu biéu dign & Hinh 1.(b) va (c). Tai
mdi vi tri, trén bé mat canh s& khoan 20 15 hdng hinh
tru c6 duong kinh 1mm.

2.3. Piéu kién tinh toan

Diéu kién tinh todn md phong xam thuc md hinh
PPTC dugc thiét 1ap theo diéu kién hoat dong cua
chong chdng, bao gom: Budc twong ddi J = 1,019; s6
vong quay n = 24,987vong/s; s6 xam thyc o, =

2,024; trong lugng riéng va d6 nhat dong hoc cua
nuéc lan luot 1a p, = 997,44kg/m?® va v, =
9,337-107m?/s; trong luong riéng va do nhét dong
hoc ciia hoi nuéc lan Iugt 1a pp, = 0,022kg/m® va
Vin = 9,81-10°m?/s; &p sut hoi nudc bao hoa Py, =
2873 Pa [8]. Ap suat trong 6ng thir xam thuc ao P
dugc tinh toan va thiét lap theo cong thirc sau [9]:
P = Py, + 0.50,,p(nD)? ()]
3. Thiét 1ap md phéng tinh toan
3.1. Kich thuéc mién tinh todn va cdc diéu kign bién
Mién tinh toan trong md phong xam thuc chong
chéng 1a cac lang tru tron nhu biéu dién & Hinh 2, bao
gom mién tinh va mién quay c6 dwong kinh lan luot
la 3D va 1,12D. Chong chéng dugc dat trong mién
tinh todn véi vi tri dugc xac dinh nhu sau: khoang
cach tir tam cuia chong chéng toi dau vao va dau ra cua
mién tinh toan lan luot 12 2D va 4D theo khuyén nghi
duoc dua ra boi ITTC [10]. Cac diéu kién bién gdm
c6: Van tdc tai diu vao, &p suat tai dau ra, mat ddi
xtng cho thanh éng thir a0, twdng khong truot dbi véi
chong chéng. Kich thudc mién tinh toan va céc diéu
kién bién duogc thé hién trong Hinh 2.

Mit déi ximg Mién quay
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Mién tinh /

Hinh 2. Kich thuét mién tinh todn va cdc diéu kign bién

Tuwing

3.2. Tao luai

Trong md phong nay, ludi ciia mién tinh toan dugc
tao nén tir 3 loai lugi khac nhau, bao gom lugi bé mat
dé chia bé mat chong chéng thanh cac bé mat hitu han,
ludi lyc dién dé chia nho mién chat long thanh céac
phan tir hitu han va luéi lang try md phong sy phat
trién cua I6p bién gan bé mat chong chéng. Thiét lap
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PPTC-1
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PPTC-2

Hinh 3. Két qud tao ludi va gia tri Y+

Bing 1. So sanh dic trung thiiy déng lwe hoc ciia cdc chong chéng di thay déi véi chong chéng ban diu

Sai khac giira Sai khac giira

3 7 PPTC [11 PPTC-1 PPTC-2
Dac trung thuy [11] @) va (2 (1) va (3)
dong luc hoc
() @ ©) % %
Kr 0,387 0,375 0,373 -31 -3,6
10Kq 0,966 0,958 0,950 -08 -1,6
1, 0,649 0,634 0,637 -23 -1,8

kich thudc phan tir lugi nho tai cac vi tri bé mat canh,
chan canh, mat canh va cac 15 hong gidp giam tong s6
phan tir ludi, ddng thoi dam bao d6 tin cay caa két qua.
Ludi thé tich duoc tao ra c6 gan 17 triéu phan tir ludi,
gid tri y+ dugc dam bao nho hon 2 (xem Hinh 3).

3.3. Lwa chgn cac mo hinh vt Iy va buéc thoi
gian tinh toan

Tinh todn md phong xam thuc chong chéng trong
dong chay khong 6n dinh dwoc thyc hién bang phwong
phap RANS (Reynolds - Averaged Navier-Stokes).
Bai b&o sir dung mé hinh SST K - Omega (Shear
Stress Transport K - Omega) dé giai (ng suat Reynold
d6i véi dong chay rdi, 4p dung phuong phap thé tich
chit long, mo hinh da pha dong nhat va mé hinh xam
thuc Schnerr - Sauer & mé phong pha nudc va hoi
nudc trong dong chay xam thyuc [11]. Cac déc trung
cua pha nudc va hoi nude da duoc trinh bay trong muc
2.2. Trong nghién ctru nay, hé s thé tich nudc va hoi
nudce lan lugt 1a 0,2 va 0,8; budc thoi gian tinh toan
duoc thiét lap At = 2.10* s [12].

4. Két qua va thao luan

Két qua tinh toan md phong xam thuc chong
chéng PPTC-1 va PPTC-2 bang phuong phap CFD
dugc 50 sanh véi mé hinh PPTC ban dau. Dic trung
thiry dong luc hoc bao gom hé sé lee day K, hé s mo
men Kq va hé sb hiéu suat 7, ctia chong chong trudc
va sau thay doi tai diéu kién hoat dong ung véi budc
tuong dbi J = 1,019 dugc trinh bay trong Bang 1. Cac
thdng s6 thuy dong luc hoc cua chong chéng PPTC-1
va PPTC-2 déu giam so véi md hinh PPTC nguyén
mau. Trong do, hiéu suit chong chong giam 2,3% ddi
Vi PPTC-1 va 1,8% ddi voi PPTC-2. Hinh 4 thé hi¢n
phan bé &p suét trén mat hit va mat dap cua cac chong
chéng. Ap suat trén mat hat ciia hai mé hinh chong
chéng sau stra doi ting, nguoc lai trén mat dap ap suat
giam so voi chong chong ban dau. Phan bé ap suét
trén bé mat canh caa mé hinh PPTC-1 va PPTC-2 ¢
khac biét nho do vi tri khoan 15 trén canh khac nhau.
Sy giam chénh léch &p suat gitra mat hat va mat dap
cua chong chéng PPTC-1 va PPTC-2 dan dén giam
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hiéu suét cua ching so véi chong chong ban dau. Xam
thuc trén bé mat canh cua cac chong chéng trudc va sau
sira d6i dugc so sanh ¢ Hinh 5. So véi chong chong ban
dAu, xAm thyc trén canh chong chong PPTC-1 thay doi

Mgt hat

Mat dap
@
-42000.0 -29600.0 -17200.0
I

Pressure (Pa)
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khéng dang ké, trong khi d6 xam thuc trén bé mat cénh
mo hinh PPTC-2 téng 1én tai mép dap (khu vuc khoan
céc 16 hong). Hinh 6 cho thy cac 16 hong lam giam manh
d6 nhét rdi trén mat hat chong chéng PPTC-1 va PPTC-2

(b) ©
4800.0 7600.0 20000.0
L e—

Hinh 4. So sanh phan bé ap sudt trén bé mgt canh chong chéng: (a)PPTC [11], (b)PPTC-1, (c)PPTC-2

e @

PPTC PPTC-1 PPTC-2

Volume Fraction of Water WVapor

o
I

1
B

Hinh 5. So sdnh xam thuc trén canh chong chéng

T

PPTC PPTC-1 PPTC-2
Turbulent Viscosity (Pa-s)
Te-12 2e-07 4e-07
EE |

Hinh 6. So sdnh d@j nhét réi trén canh chong chong

PPTC PPTC-1
Worticity: Magnitude (/s)
90 95.4 101 106 12 117 122 133 138 144 149 155 160
[ - [

Hinh 7. So sdnh cwong d¢ xody xung quanh canh chong chong
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S0 V6i md hinh PPTC ban dau. Phan bé nhét réi trén mt
hat chong chong PPTC-1 va PPTC-2 ¢6 su khac biét nho
do vi tri khoan 13 trén céanh khéc nhau. Do nhét rdi giam
tao diéu kién cho dong chay phét trién, tir &6 hinh thanh
C&C cau truc xody. CAc Ciu triic xody dugc tao ra gop
phan han ché xoay miit canh, tuy nhién chiing ciing lam
tang xdm thuc trén bé mat canh (xem Hinh 5). Hinh 7
biéu dién cuong do xody xung quanh cac chong chéng.
Céc md hinh PPTC-1 va PPTC-2 ¢6 cudng d x0dy nho
hon chong chéng ban dau, cho thiy xam thuc xoay mit
cénh cua chong chong da giam. Phan bé cudng do xody
xung quanh chong chong PPTC-1 va PPTC-2 ¢6 rét it sy
khéac biét.

Cac két qua thu duoc cho thay mic do giam xam
thuc xody mut canh va giam hiéu suat cua 2 md hinh
PPTC-1 va PPTC-2 gan bang nhau. Tuy nhién, xam
thyc trén bé mat canh chong chéng PPTC-2 16n hon
S0 v6i PPTC-1. Vi vy, phuong 4n 15 hng ap suat gan
mat canh (PPTC-1) hiéu qua hon trong giam xam thuc
va dam bao hiéu sut chong chéng so vai phuong an
16 hong &p suat gan mép dap (PPTC-2).

5. Két luan

Nghién ctru @ ap dung thanh cong giai phap giam
xam thuc bang cong nghé 16 hong &p suat cho mé hinh
PPTC. Bai b&o st dyng phuong phap CFD tinh toan
dac trung thuy dong luc hoc chong chéng va mo
phong thay doi cia phan b &p suat, xam thuc, d6 nhat
rbi va cudng do xody xung quanh chong chéng; tir dé
danh gia dinh tinh xam thuc xody mut canh cia chong
chong da giam so v&i mo hinh ban dau, dinh lugng
hiéu suat chong chong giam khoang 2%.

Tuy nhién, bai bao chua mé phong dugc xam thuc
xody mut canh chong chéng. Trong cac nghién ctu
tiép theo, nhom téc gia sé cai thién ludi min hon, ning
cao d9 tin cay cua két qua tinh toan md phong va phan
tich dinh lugng muc giam xam thyc xoay mut canh
cua chong chéng.
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