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Tém tit

Nghién ciru danh gia anh hwong d¢ quam ciia
canh dén mirc d¢ xam thue cia chong chéng bang
phirong phdp s6. Téac gid siv dung hai mé hinh
chong chong khac nhau, mot mé hinh chong
chong 4 canh seri B va mgt mé hinh chong chong
5 canh cua tau Princess Royal. Két qua nghién
cieu trén hai mé hinh chong chéng cho thdy, géc
qudm tang trong khodng tir 15° dén 60° khéng anh
huwong toi hiéu quad thuy dong luc hoc chong
chong, mang lai hiéu qua tot trong giam xam thic
trén bé mat canh chong chéng va cé dnh hirong
nhat dinh dén xam thiee xody miit canh ciia chong
chong.

Tl:l’ khéa: Chong chéng, dé qudm, phwong phdp
s0, xam thuec.

Abstract

the propeller cavitation by the numerical method.
The research team use two different propeller
models, a 4-bladed B series propeller model and
a 5-bladed propeller model of Princess Royal
vessel. The research results on these two propeller
models show that an increase of propeller skew in
the range of 15° to 60° does not affect the
hydrodynamic efficiency, brings the positive effect
on sheet cavitation reduction on the blade surface,
and has a certain effect on the tip vortex
cavitation.

Keywords: Propeller, skew, numerical method,
cavitation.

1. Gioi thiéu

Xam thyc 1a mét hién twgng khong mong mudn,
xut hién & chong chong khi n6 hoat dong & mot s6 diéu
kién tai trong nhét dinh trong nudc. Xung quanh chong
chong, tai nhitng vi tri ma 4p sut chét long giam xudng
bang hodc thp hon 4p suét hoi nuéc bio hoa sinh ra
c4c bot khi va pha huy tinh lién tuc ctia chit 16ng, hién
tuong nay dugc goi 1a hién tugng sti bot hay hién tugng
xam thyc cta chong chong [1]. Ngoai anh hudng téi

hiéu sut cua chong chong, xdm thuc con dan t6i an
mon, pha hity bé mat chong chong, ddng thoi tao rung
dong va tiéng dn. Vi vay, trong qué trinh thiét ké chong
chong, ngoai myc tiéu nang cao hi¢u suét, myc tiéu han
ché xam thyc va nhiing tic dong tiéu cuc ctia xam thyc
cling rat duoc quan tim nghién ctru. Dé dat duogc cac
muc tiéu ndy, ngoai nhimg giai phap vé& cong nghé ki
thuat, thiét bi [2, 3, 4] con c6 nhimg nghién ctru cai tién,
t6i uu hoa hinh déng ctia chong chong [5, 6]. Ly thuyét
thiét ké chong chong [1, 7] va mot sé két qua nghién
ctru da cong bd [8, 9] cho thay, cac thong sd chinh cua
chong chong bao gdm dudng kinh D, s6 canh Z, ti s6
dia Ag/Ay, ti s6 bude P/D, va céc thong s6 khac cua
chong chéng nhu dang mép canh va tiét dién canh, goc
quim Ava goc nghiéng canh déu c6 anh hudng téi xam
thuc ciia chong chéng. Thé tich xam thuc ctia chong
chong giam khi giam kich thuéc duong kinh D. Véi ti
s6 dia khong ddi, tang sb luong canh chong chong gitp
giam xam thyc. Lya chon ti s6 dia 4/4, thich hop ¢6
kha niang giam xam thyc cia chong chéng. Giam ti sb
budc P/D hoic ting goc quam @mdt cach hop 1y ciing
gop phan giam xam thyc ctia chong chong. Trong khi
d6, goc nghiéng canh khong anh huong nhiéu dén xam
thue.

Trong bai bao nay, st dung phuong phép sd, tac
gia tap trung nghién ctru va danh gia anh hudéng cua
goc quim dén muc d6 x4m thuc cua hai mé hinh
chong choéng khac nhau, mgt moé hinh chong chong 4
canh seri B va mot mé hinh chong chong 5 canh cia
tau Princess Royal. Nghién ctru ciing danh gid anh
huéng cia viée thay doi goc quam dén dic tinh thiy
dong luc hoc cta cac chong chong.

2. Cac mo hinh chong chong

Hinh 1 biéu dién cac md hinh chong chéng duoc
st dung trong nghién ciru bao gdm: M6 hinh chong
chong 4 canh seri B duong kinh 0,29m (Hinh la -
chong chong A) va m6 hinh chong chéong 5 canh cta
tau Princess Royal duong kinh 0,214m (Hinh 1b -
chong chéng B). Ting gbc quim cua chong chong c6
hi€u qua t6t trong giam xam thyc, dac biét khuyén
nghi goc quam cé gia tri tir 45° dén 60° dong thoi
mang lai hi€u qua giam xam thyuc va hiéu qua thay

SO 83 (08-2025)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

dong luc hoc [9]. Vi vay tac gid nghién ctru 2 md hinh
chong chéng nay véi cac gia tri ciia goc quim nhu
duoc trinh bay trong Bang 1.
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la - chong chong A,

1b - chong chong B,

goc quiam 6=13,4° gbc qudm 0= 19°
Hinh 1. Cac mé hinh chong chong

Bing 1. Cdc gid tri ciia géc quim

Chong chéng Géc quim 6, °
A 13,4 26,8 53,5
B 19 38 57

3. Tinh toan mo phéng

Muc nay trinh bay chi tiét cach thuc thiét 1ap tinh
toan mo phong bang phuong phéap sd sir dung phin
mém STAR CCM+ cho cac mo hinh chong chong A
va B quay tu do ¢ trang thai xam thuyc.
3.1. Thiét lip mién tinh todn va cdc diéu kién
bién

Kich thudc mién tinh toan va cc diéu kién bién
duoc thiét 1ap dya trén khuyén nghi caa ITTC [10] vé
tinh todn mo phong chong chéng tu do bang phuong
phap CFD. Hinh 2 biéu dién két qua sau khi thiét lap
mién tinh toan va cac diéu kién bién phuc vu tinh toan
mo phong cho hai mé hinh chong chong A va B.
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Mt déi ximg Mién tinh

Hinh 2. Mién tinh todn va cdc diéu kién bién

3.2. Tao lwoi

Tac gia str dung 3 loai ludi, bao gf)m lu6i bé mit,
ludi luc dién va ludi lang try dé thiét 1ap ludi cho cac
ving khac nhau trong mién tinh todn mé phong [11].
Ludi duoc 1am min tai cac vi tri nhw bé mit canh, dic
biét tai mép canh, chan canh va mat canh nhim nang
cao chit luong ludi, gop phan dam bao do tin cdy cia
két qua. Két qua tao ludi cho mién tinh toan ciia mo
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hinh chong chéng A va B ¢6 tong s6 phan tir ludi 1an
luot 14 5,0 va 5,6 tridu phan tir (Hinh 3). Gid trj y+
dugc ddm bao nhd hon 2 cho ludi tinh toan mé phong
cua ca 2 chong chong A va B (Hinh 4).
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3a - chong chéng A,

géc quam 6= 13,4° gée quam 6= 19°

Hinh 3. Két qud tgo luci
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4a - chong chong A, 4b - chong chéng B,

géc quam 0=13,4° goc quam 0=19°

Hinh 4. Gia tri y+

3.3. Lwa chon cdac mé hinh va bwdoc thoi gian
tinh todn

Trong nghién ctru nay, tac gia st dung phuong
phéap DES (Detached Eddy Simulation), mé hinh réi
SST (Shear Stress Transport) K-Omega Detached
Eddy dé tinh toan mé phong dong chay khong on
dinh xung quanh chong chong bi xam thyc. Nghién
ctru ciing 4p dung phuong phép thé tich chat 1ong,
moé hinh da pha dong nhit va mé hinh xdm thyc
Schnerr-Sauer dé mé phong pha nuée va hoi nudc
trong dong chay xam thuc [12]. Tac gia thiét 1ap
budc thoi gian tinh todn At = 2,5-10s dua trén
khuyén nghi cua ITTC [10].

3.4. Thiét lgp diéu kién lam vigc ciia chong
chong

Céc chong chong cung hoat dong trong moi
truong nudc va hoi nude c¢o khdi lugng riéng va do
nhét dong hoc lan luot 1a p, = 997.44kg/m?,
Prn = 0,022kg/m’ va v, = 9,337-107m?/s, v, =
9,81-10°m?/s; ¢6 ap suét hoi nuée bio hoa P, = 2873
Pa. Téac gia nghién cttu 2 mo hinh chong chong & cac
diéu kién tai trong va xam thyuc twong tng voi didu
kién thyc hién thir nghiém moé hinh trong éng thir
xam thuc [13, 14]. Chi tiét diéu kién tai trong va xam
thuc cia cac chong chong dugc trinh bay tai Bang 2.
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Bing 2. Piéu kién tdi trong va xam thuc

Théng sb Ky hi€éu, Pon vi Chong chéng A Chong chéng B
Budc tuong dbi J,- 0,166 0,4
S6 vong quay n, vong/s 20 45,5
Ap suit dng thir a0 Pa 33807,6 64638,5

4. Két qua va thao luin

Tac gia nghién ctru hai m6 hinh chong chong A va
B ¢ cac diéu kién tai trong va xam thyc tuong ing voi
diéu kién thuc hién thir nghiém mo hinh trong 6ng thur
xam thye. Ngoai yéu cau thoa mén quy luat dong dang
dong luc hoc, quy luat déng dang hinh hoc cua md
hinh giita mé phong va thir nghiém ciing rat quan
trong va bit budce phai dugc dam bao; boi néu khong
dam bao cac yéu ciu cua quy luat ddng dang, viéc so
sanh két qua cua hai phuong phap s& khong mang lai
gié tri tin cdy. Do khong c6 day du dit liéu vé théng sb
hinh dang nén mo hinh m6 phong 3D ctia chong chong
A khong dam bao ddng dang hinh hoc véi mé hinh
trong thtr nghiém. Vi vay, trong nghién clru nay, cac
két qua tinh toan mo phong ctia chong chong A khong
duoc so sanh vé6i két qua thir nghiém. Téc gia chi thyuc
hién so sanh cac két qua cua hai phuong phap di voi
chong chong B. Bang 3 so sanh két qua dic trung thuy
dong luc hoc du doan bang phuong phap sb véi két
qua thtr nghiém ciia chong chong B ¢6 goc quam 19°.
Sai léch cua cac hé sb thiy dong lyc hoc (bao g6m hé
$6 luc déy K7, hé s6 md men 10Ky va hé s6 hiéu suit
10) giita hai phuwong phap nho hon 10% khang dinh d6
tin cdy cta két qua du doan bang phuong phap sb. Két
qua md phong xam thyc trén bé mat canh cia chong
chong B véi goc quam 19° rat twong dong véi két qua
thir nghiém moé hinh nhu thé hién & Hinh 5.

Hinh 5. So sdnh két qud xim thue ciia chong chong
B véi géc quim 19°giika phwong phdp soé (trdi)
va thir nghiém [14] (phdi)

Két qua tinh toan cac dic trung thuy dong luc hoc
cua hai m6 hinh chong chéng A va B véi cac gia tri
goc quiam khac nhau dugc thé hién 1an luot tai Bang 4
va 5 cho théy, cac phuong 4n ting goc quam (Bang 1)
gan nhu khong anh huéng dén hiéu qua thuy dong luc
hoc cua cé hai chong chong.

Hinh 6 va 7 biéu dién két qua mé phong xam thuc
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Bing 3. So sinh két qud thiiy dgng lic hoc giita
phwong phap 0 va thir nghiém cua chong chong B
véi géc quim 19°

o R Phuong Thir nghiém Sai
Hé so o £
phap so [14] 0, %
Kr 0,251 0,242 3,7
10Ko 0,372 0,341 9,1
70 0,425 0,455 6,6
Bdng 4. Két qui thiy dong luc hoc
ciia chong chong A
o A Géc quim 6, °
Hé so
13,4 26,8 53,5
Kr 0,30 0,30 0,29
10Ky 0,40 0,41 0,39
Mo 0,196 0,197 0,197
Bing 5. Két qud thiiy dong liwe hoc
ciia chong chong B
Ny Goc quim 6, °
He¢ so
19 38 57
Kr 0,251 0,255 0,253
10Ky 0,372 0,378 0,375
Mo 0,425 0,430 0,432

trén bé mat canh cua chong chong A va B vdi cac gia
tri goc quim ting dan. Quan sat su thay doi két qua
xam thyc ciia chong chong A va B cho thdy, khi goc
quam ting xam thyc trén bé mat canh c6 xu hudng dai
va manh hon. C6 thé nhan thy rd rang mirc do giam
xam thuc trén bé mit canh ctia chong chong B khi goc
quim tang tir 19° dén 57° trong Hinh 7. Qua d6 khéng
dinh, cac phuwong 4n ting goc quam di dua ra tai Bang
1 cho hai chong chéng A va B ¢6 hiéu qua tét trong
giam xam thyc trén bé mit canh chong chong. Sy thay
dbi phan bd cuong do xody trén bé mit canh cua hai
chong chong véi goc quam ting dan (Hinh 8 va 9),
dic biét cuong do xody thay dbi nhiéu tai vi tri gan
mit canh, cho phép du doan ting goc quim ciing co
anh hudng t6i sui bot xody mut canh. Tuy nhién, do
han ché vé thoi gian nghién ctru tac gia di don gian
hoéa ludi va phuong phap tinh toan. Vi vay xody mut
canh khong dugc md phong trong nghién ciru nay. Dé
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Volume Fraction of Water Vapor
0.5

0=134° 0=126,8° 6=53,5°
Hinh 6. Xdam thuc ciia chong chong A

voi cidc gid tri géc quim khdc nhau

[ 3 e

Vorticity: Magnitude (/s)
179 Te+06 2Ze+06
e

6=13,4° 6=26,8°

6=53,5°

Hinh 8. Phiin bé cwong dp xody trén bé mt cdnh ciia

chong chéng A véi cdc gid tri goc quiam khéc nhau

két luan vé mirc d§ anh hudng clia goc quam tdi xody
mut canh chong chong, tac gia sé can thyc hién nhiéu
nghién cru sdu hon nira.

5. Két luin

Tac gia sir dung phuong phap sb tinh toan cac dic
trung thuy dong luc hoc cua chong chong & trang thai
xam thyc va mé phéng xam thuc cho hai mé hinh
chong chong A va B véi cc gia tri goc quam ting dan.
banh gia cac két qua thu dugc, tac gia dua ra mot )
két luan nhu sau: Cac phuong an ting goc quim da
dua ra khong anh hudng toi hiéu qua thiy dong luc
hoc cua chong chdng, co hiéu qua tdt trong giam xam
thue trén bé mat canh chong chong va c¢6 anh hudng
nhét dinh dén xa4m thyc xody mut canh. Dé danh gia
chi tiét hon vé muc d¢ anh huong clia goc quam toi
xam thyc xody mut canh, tic gia s& can nghién ctu
sau hon va md phong dugc loai xam thyc nay cua
chong chéng.
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