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A 3D SIMULATION STUDY OF CAVITATION OF SHIP’S PROPELLER — RUDDER
SYSTEM AT SOME DIFFERENT AIR CONCENTRATION
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TOM TAT

Hién twong xdam thue thuong anh hicong dén dac tinh lam viée cua chan vit va c6 thé gay
thiét hai cho hé théng thiét bi day. Pé khdc phuc hién trong nay, can phai biét va hiéu dwoc pham
Vi, co ché hoat dong cua xam thuc dé c6 thé liea chon tron g van hanh. Bai bao nay, tinh toan va khao
sat xam thue cho hé chan vit - banh léi bang mé phong sir dung Iy thuyét tinh todn la phirong trinh
lién tuc, phuong trinh Reynolds-Averaged Navier-Stokes (RANS) va mé hinh xam thue Schnerr -
Sauer ¢6 tinh dén sy thay doi néng do pha hoi trén mé hinh xam thue 3D. Két qua da danh gia, du
bao dwoc sy anh huwong cua ham liwong bot khi toi hiéu suat lam viéc ciia hé chan vit — banh ldi
trong thiét bi day tau thuy.

Tw khoa: DPac tinh thuy dong; Xam thue; CFD.
ABSTRACT

Cavitation phenomenon usually affects on the propeller performance characteristics and
may cause damage to the propulsion system. To overcome this phenomenon, it is necessary to know
and understand the scope and mechanism of cavitation in order to choose the operating mode.
This paper investigates the cavitating flow in the propeller - rudder system by simulation using
computational theory, such as, Continuous equations, Reynolds-Averaged Navier-Stokes equations
(RANS) and Schnerr - Sauer cavitation model with the change in air concentration on 3D invasion
model. As a result, the effect of air content on the performance of the propeller system - the rudder
in the ship propulsion device is estimated.
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1. PAT VAN PE

Chan vit va banh lai khi lam viéc trong
chat long déu co kha ning bi xdm thuc trong
qué trinh van hanh o tdc do cao. O mot ngudng
téc d6 quay va do sau nhét dinh, ap suit cuc b
tai vung dong chay tach thanh trén mit canh
suy giam dén ap suat hoa hoi, xam thuc bit diu
xay ra ¢ trang thai so khai véi cac bot khi nho
xuat hién & dau canh. Khi chan vit ting toc do
quay, viing ap suit héa hoi mé rong va tao ra
céc dang xam thyc riéng phan, xam thuc tim
loang phu trén bé mit canh. Khi chan vit dat toi
gia tri toc do quay cao, hién tuwong sii bot co
thé bao tram ca 2 mdt hut va day cua canh goi
la trang thai siéu xam thyc [1].

Da6i véi banh 14i dugc dit sau chan vit,
toc d6 dong bao canh banh 14i dudi tic dong cua
dong theo va ludn day cua chén vit cling duoc
xét dén trong co ché tao xam thue tai banh 1ai.
Sy tuong tac chén vit - banh l4i, vi vay giy anh
huong chung dén dic tinh higu qua lam viéc
ctia chan vit va hé thiét bi day.

Noi dung cua nghién clru nay sé trinh
bay nghlen ciru, mo phong dong xadm thuc qua
hé théng thiét bi day. T d6 c6 thé danh gla
dugc anh huong cua hién tuong xam thyc dén
hiéu suét lam viéc cua hé théng thiét bj déy noi
chung.

2.CO SO LY THUYET VA CONG CUMO
PHONG SO CFD

Co sé Iy thuyét

Phuong phap tinh toan duge sir dung la
phuong phap phan tir hiru han ma trong do cac
phuong trinh co ban 1a phuong trinh lién tuc
va phuong trinh Reynolds-Averaged Navier-

Stokes (RANS). M6 hinh x4m thuc dugc str
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dung la m6 hinh Schnerr - Sauer dugc dua ra
nhu sau [2,3.4]:

P+ 2 (ou,)=0 @.1)
o ox;
pu, @ dp 0 du, Ou, 99
L — = | —+ || (2.
o @ ox ; (p“’“’ ) ox, o, ['l ‘”[ﬁx Y oK 2-2)

Phuong trinh cho phan trdm thé tich hoi
duoc dua ra la:

~

c — .0, Da
g(alp\)ﬂt\?-(a.p..v)if—' (2.3)

Dt
Ty 1¢ thay d6i pha duge thé hién boi
phuong trinh sau:

R= Mal (I-¢, )i :2_—(}’ -P)
P R, \3

Trong do:

p: Mat do pha hon hop;

P-p,: Mat do pha long va mat do pha hoi;

P_: Ap suat pha hoi (3540Pa dugc dit trong bai

toan nay);

u: Van toc:

P: Ap suat tinh;

t: Thoi gian;

.+ Hiéu tmg nhot;

R,;: Ban kinh bong hoi.

a,: Ty 1€ phan tram pha hoi:

n, 5 2R,
o L
1+n, 5 R,

M6 hinh dong rdi duoc sir dung cho bai
toan nay la mé hinh k-¢.

M@ hinh hinh hoc va mé hinh lwéi

Ansys Icem CFD duoc sir dung dé tao
m6 hinh lu6i trong bai toan nay. Su dung cac
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1,700,000 phan tir ludi ti dién.

Hinh 2.1: M6 hinh hinh hoc

Hinh 2.2: Ludi mat trén chan vit va banh lai

Hinh 2.3: Luoi mat theo mat cat phuong
Diéu kién bién

Céc diéu kién bién duoc sir dung trong
bai toan nay la:

- Ddu vao: Pressure inlet (voi gia tri ap
sudt dong lugng 15,390 kPa);

k¥ thuat chia nat lugi phtu hop véi cdec mit canh
cong trude khi chia ludi toan ving dé tap trung
mat do can thiét & nhitng khu vuc can do chinh
xac cao. Hé théng ludi phi cau tric gom khoang

- Tdc d vong quay cua chan vit: 200
vong/phut;

- P06 sdu chan vit: 3,1m;

- 86 xam thuc o:

) o= Plid" — P
e
e U‘-
2 PV
Véi p . la ap sudt tham chiéu, p, la

ap suat hoi bao hoa cua chit long, Uso 13 vén
téc tham chiéu (hay van toc cia dong khong
nhiéu) va p 1a khdi luong riéng cua chat 1ong.
Trong trudng hop kiém tra cua ching ta, ap
sudt tham chiéu duoc chon 12 0 Pa tai dau ra
va van toc tham chiéu 1a 5.48m/s tai dau vao.
Théng thudng theo thuc nghiém, sb xam thuc
phu thudc ap sut cuc bg. Trong tinh toan nay,
ap sudt hoi bdo hoa duoc diéu chinh @ khép
v6i sO xam thyc da chon 1a 1 bang cach dat p,=
-18 kPa.

- Mién tinh todn dugc chia [am 2 phan,
phan tinh va phan quay ngin cach v&i nhau boi
cac mat phan cach (interface) dé dam bao cho
bai toan ludi trugt khi chan vit quay; toan bo
chan vit s¢ chuyen dong cung van tdc so vai
phan ludi dong. Phan try phia trudce va sau cta
chan vit dugc chon la vung ludi tinh. Cac phén
con lai ¢ phia xa cua chan vit dugc dat diéu
kién “free slip wall” dé tranh cac anh hudng
theo chiéu nguoc lai to1 chan vit.

3. CAC KET QUA MO PHONG

Mat d6 khi trong nudc 1a mot trong
nhimg yéu td quan trong nhét anh huong dén
su hinh thanh va phat trzen xdm thuc. Dé danh
gia sy anh huong cia nong do khi, gia tri mat
do khi trong mo6 hinh xam thyc duoc thay déi
tir 10" dén 10'S. Trudng hop khong co bot khi
(mét do ban dau bang 0) cling dugc tién hanh®
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khao sat. Trén co so do sé danh gia dugc sy anh
huong cua xam thuc dén hiéu qua ning lugng
cua thiét bi day.

Anh huéng ciia sy thay doi mét do khi

Bude thoi gian dugc thiét 1ap 12 0,83 ms
cho moi budc di chuyén cua cénh, twong (ng
vai thoi gian chan vit quay mét do.

Hinh 3.1: Dir doan xam thuc boi phan tram thé
tich hoi (a: 1)

am
b

*
|
e

o
¥
*

Hinh 3.3: Xdm thyc trén mdt hit chan vit trong
mot chu ky vong quay (At = 7,5 ms, n,=10", o: 1)

Két qua md phong cho thiy xam thuc
xuat hién trén bé mat chan vit. Co hai loai xam
thuc, xam thyc timg phéan tai mép vao va xam
thyc tdm trén mat hat gn mép thoat. Ving xam
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thuc va kich thudc xam thuc gia tdng cung véi
su tdng cua nong do bot khi (Hinh 3.1).

Truong hop ndng do khi bang 10 xam
thuc phat trién manh khong nhiing trén bé mat
banh 14i ma lan ra vé phia sau chan vit lam xuat
hién x4m thuc trén ca banh 1ai. Vé mit quan
sét, rt dé dang thdy rang néu sb lugng mat do
bot tdng thi dac tinh thuy dong cta chan vit
ciing thay d6i dang ké.

Duong dic tinh cia chan vit
Pudng dic tinh cua dong qua thiét bi

day anh huong boi xam thuc duge chi ra nhu
sau:

T r
1]c':‘l’v_,‘ _Kk. J
Py K, 2n
0.2% - R
—.-H.ws et tv |
s | bEd 24 momaen I
e B ! ~ HHu 2.8l chin v
Ve B n.
015 K, x10 ~. 2
; - %
3 |
K, e
O.0%
o 10 1% 20

"
Py A bast b Do v,

Hinh 3.4: D6 thi duwong dac tinh chén vit theo
nong do bot khi

Dé danh gid anh huéng cua nong do khi
véi diéu kién hoat dong cua hé théng thiét bi
day Cac thong sé thuy dong cua K, K va hiéu
suat lam viéc cua chan vit n, duoc tmh toan tir
két qua mo phong & cac trudong hop tuong g,

Nhin tong thé, ndng do khi khé hoa tan
cd san trong nudc lam suy giam hiéu suit cua
chan vit. Trong viing khao sat anh huong cua
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nonﬂ d6 khi, khi ting nong dé khi tir 1, =10
dén n, = 10", xam thyc c6 phat trién hcm khong
nhleu nhung hiéu suit chan vit glam 5%, mic
du trong khoang nay, cac thong s6 thuy dong
chan vit gom hé s mé-men K, va va hé sb
luc day K, tang. Diéu nay cho thiy c6 su anh
huong do su tuong tac dong gilta chan vit va
banh lai.

Khi xam thue phat trién dang ké twong
ung trong khoang n, = =10%-10" hé sb luc day
va mo-men bit dau giam cuing hiéu sudt. Dic
biét, ¢ khoang gid tri n, = 10" - 10", xam thyc
phat trién manh va hleu sudt ctia chan vit giam
dot ngot xudng gia tri gan 0.

4. KET LUAN

Véi viée mo phong sé mé hinh 3D,
nghién ciru da lam r6 anh huong cua mat do
khi t6i hiéu suit cia hé théng day. Ket qua
tinh toan cho thiy su gia ting phat trién xam
thuc trén bé miat canh chan vit va ving mép
vao banh lai khi ndng d6 khi ting. Anh huong
cua dong xam thuc voi mat do khi khac nhau
qua h¢ théng diy tau duoc khang dinh. Trong
vung khao sat anh huong cua n6ng do khi, khi
ting nong doé khi tu n, = 10" dén m, = 10,
xam th we o6 phat trién khong manh nhung hic¢u
suit ch? vit giam 5%. Khi nong do khi vuot
gi¢i han mat do 10'%, chan vit phat trién manh,
hiéu suét chin vit suy xup va giam toi gén 0, co
thé gdy nguy hai trong qué trinh van hanh. Su
twong tac gitra chan vit va banh lai kha dang ké
khi trang thai xdm thuc thay doi do anh hudng
néng do khi va sé la chu dé can tiép tuc nghién
ctru thém. <
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