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TOM TAT

Pé dam bao an toan, tuéi tho khai thac va hiéu sudt thuy lyc cua chan vit, xam thuc trong
chan vit tau thiy luén dwoc quan tam nghién ciru trong nhiéu nam qua. Hién twong xam thiee voi s
“né” cuia cdc bot khi/ddam mady xam thiee tao ra cdc xung dp sudt cao cé thé gdy rung dong, tiéng
on 6 nhiém va ddc biét la cé thé gdy ra phd hiyy, an mon bé mdt canh. Bdi bdo nay trinh bay két qud
nghién cuu thuc nghiém dac tinh xam thuc cua mau chan vit seri B khi vian hanh & cdc s6 VOng quay
khéc nhau, trong do sir dung kj thudt khdo sat qua vét son bi phd hity dé dwa ra cdc két ludn vé viing
bé mdt canh ¢é nguy co bi an mon, phd hiy béi xam thwc. Cdc ving nguy co bi an mon xam thuc
quan sat dwoc tiwong tng voi cac hién tiwong xdam thiee xudt phdt tir twong tac xody dinh canh va
xdm thue bé mdt do dong chay tach thanh & mép canh ma da dwoc biét téi & cac nghién ciru trude
ddy. O toc dd vong quay cao, xam thuwe phdt trién va tac dong trén dién réng ciia bé mdt canh chén
vit seri B va tac dong dén Iuc dcfy cua chan vit. Khi xam thuc phat trién, hé sé luc dcfy bi suy giam
manh. Nghién civu g6p phan lam ré co ché xam thuc tac dong 1én chan vit dang seri B.

T khéa: Chdn vit seri B; Xam thwe; An mon xdam thiee; Phwong phdp quan sdt vét son.

ABSTRACT

To ensure the safety, service life and hydraulic efficiency of propellers, cavitation phenomena
in ship propellers has always been interested to research over the years. The phenomenon of
“implosion” of cavitation bubbles/clouds creates high pressure pulses that can cause vibration,
noise pollution and especially cavitation erosive damage on the material surface of the propeller.
This paper presents the experimental results in studying of the erosive cavitation damage in a
B-series propeller model by using the painting test method to draw out the blade surface areas where
is in possibility of erosive cavitation damage. The observed erosive areas is quite suitable with the
cavitation phenomena caused by the tip vortex and the tip vortex flow separating from the leading
edge of the blade as previous researchs. At high rotation speeds, erosive damage area develops and
affects in a large area of the blade surface of the propeller. At developed cavitation condition, thrust
coefficient of the propeller is declined significantly. The study contributes to clarifying the erosion
mechanism in operation of the B series propeller.

Keywords: B-series propeller; Cavitation, Erosion damage; Painting test method.
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1. GIOI THIEU CHUNG

Chan vit seri B 12 mot dang thiét bi
dong lyc sir dung pho bién trong phuong tién
thuy voi chitc ning tao luc ddy khi van hanh
tau. Trong qua trinh hoat dong, sy thay doi
trong dai rong cua toc do vong quay chan vit
tao ra su thay doi vé ché do dong chay bao canh
thuong din dén sy xuit hién cac hién tuong
xam thyuc. Trong nhiéu ndm qua, cac dang xam
thuc trong chan vit tau thuy noéi chung, chan
vit seri B no6i riéng dugc cac nghién ctiru thuc
nghiém va mé phong [1], [2], 1am 16 co ché
hinh thanh xam thyc xody dinh canh, xam thyc
0 mép vao canh va dong chay bao tach thanh,
xam thue bé mat canh dudi dang “sheet/partial
cavitation” va dam may bot xam thyc — cloud
cavitation. O nhiing téc d6 vong quay 16n, canh
chan vit duoc bao boc boi bot khi siéu xam thuc
(supercavitation) két hop dam méy xam thyc
tao ra suc pha huy manh mé [3]. Sy an mon,
pha hity ctia xam thyc d6i v6i bé mit canh lién
quan dén tudi tho, strc bén vat liéu cling luon la
chu dé quan trong. Cac nghién ctru thudng sir
dung k¥ thuat camera toc d6 cao quan sét vi tri
va vung pha vo ciia ddm may bot khi xam thyuc
[4], quan sat bé mat vat liéu [5] hay vét 16p phi
bé mit bang son hoic 16p phu vat liéu [6].

Nghién curu nay st dung h¢ thi nghiém
don gian dé danh gia ving nguy co chiu sy dn
mon, phéd hiy cua xam thuc va dac tinh luc déy
ctia chan vit theo toc d6 vong quay va trang
thai xam thuc, chi ra cac dic diém anh huong
ctia xam thuc d6i v&i mau canh duoc khao sat.
Phuong phap st dung khao sat viung tac dong
cua xam thuc qua vét son duoc ap dung dé du
b4o nguy co xam thyc trong van hanh mau chan
vit dang seri B.

2. PHUONG PHAP NGHIEN CU'U THUC
NGHIEM

2.1. H¢ théng thir nghiém

Phuong an thi nghiém dugc thiét lap
thir voi bé c6 mit thoang trinh bay ¢ Hinh 1.
Dé quan sat xam thuyc, trén thanh bé ngang véi
vi tri chan vit, ctra ) quan sat dugc tao ra b.':ing
thuy tinh hitu co day 25 mm dam bao chiu duoc
ap luc nudc trong bé. Xam thuc duogc quan sat
truc tiép va thong qua k¥ thudt phu son dé tim
vét xam thuc pha huy trén bé mat canh chén vit.

Pé do luc day chan vit, ta s& bo tri dong
co tai chan vit dat trén mot truc quay dé co thé
do strc ddy thong qua hé phwong trinh mé-men.
Thiét bi do luc day loadcell s& dugc trinh bay
& phan thiét bi bé thir, nhom nghién ciru di xay
dung phan mém hién thi trén may tinh khi do
dac. Thi nghiém tién hanh nhu sau:

(1) Quan sat trang thai xam thuc bang
camera.

(2) Van hanh & cac ché do vong quay,
khao sat vung nguy co chiu sy dn mon xam
thuc bé mat canh bang k¥ thudt quan sat vet
son.

(3) Po luc ddy cua chan vit khi dong
co van hanh tai van toc khac nhau, qua do xay
dung dugc dic tinh quan h¢ gitra luc déy va
trang thai xam thyc khi van hanh. Thiét bi do
luc str dung cam bién Loadcell PST-A cua hang
Keli kiéu chir Z, d6 tin cdy va chinh xac cao
(sai s& dudi 0,3%).

Mau chan vit duoc thiét ké theo Seri
B va ché tao CNC bang hop kim nhém nhu ¢
Hinh 2. Céc thong s6 vé chan vit xem ¢ Bang
1. Bé danh gia vé trang thai xam thyuc, nghién
ctru st dung s6 xam thuc Thomas dua trén sb
vong quay va dudng kinh chan vit, xac dinh
theo cong thure sau:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
S8 TAP CHI CO KHI VIET NAM, S6 329, thang 6 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

_ PPy (1)
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Trong d0, p 1a 4p suat tinh theo d6 sau
dat chan vit (tinh theo vi tri tryc chén vit), P,
= 3169 [Pa] 1a 4p suét hoi bio hoa cia nudce R
nhiét do thi nghiém (nhiét d6 nudc 1a 25°C), D
[m] 1& dudng kinh chan vit, van téc vong cia
chan vit n [v/ph], p = 1000 kg/m? 1a khéi luong
riéng cua nudc.

Hé sb luc déy chan vit dugc tinh toan
theo cong thirc:

— 2
Ke= F'[—}ED"' ?

Trong do, K, 1a h¢ sO luc day chan vit,
F_ [N]laluc day chan vit.
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Bk THU NGIEM Camers recorer

Hinh 1. So dé thi nghiém

Hinh 2. Mau chén vit seri B

Bdng 1. Cdc théng sé hinh hoc chan vit

Théng s6 Tri s6
Puong kinh chéan vit D (m) 0,245
Puong kinh bau 0,04
S6 canh Z 4
Vat liéu Alumi
Dai toc 31(?[ zé}ré%pc}lll]lay chan 500-3000 [v/ph]

Thi nghiém duoc tién hanh véi viée
didu khién dong co theo % tay ga dé chan vit
chay & cac toc do vong quay khac nhau trong
dai tir 500 v/ph dén 3000 v/ph, két hop quan
sat bang camera & ché do 60 hinh/gidy va do
dac luc day bang loadcell (PST-A Keli). Thi
nghi¢m quan sat vét xam thyc st dung k¥ thuat
son phu bé mat canh chan vit cho mdi léin van
hanh. Sau thoi g1an van hanh 2 phat, mau cdnh
dugc mang ra dé quan sat vét ving son bi pha
huy, danh gia ty 18 bé mat ving bi phé huy.

3. KET QUA VA THAO LUAN
3.1. Quan sat dic diém dong chay xam thue

Trong diéu kién thi nghiém con han
ché, viéc sir dung camera chup anh chi quan sat
dugc 10 hién tugng xam thyc xoay dinh canh.
Két qua cho thdy xam thyc khong xut hién khi
toc do vong quay dudi 760 v/ph. Bét dau tir tc
do Vong quay 760 v/ph, xam thyc xo0dy dinh
canh bat dau xuat hién v6i vét xoay xam thuc
lién tuc kéo dai khoang " vong duong kinh
dinh chan vit (Hinh 3a).
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(a) Xam thie xody dinh canh bdt dau xudt hién 6 n
=760 v/ph, o,=20,1

(b) Xam thiee xody dinh canh bdt dau xudt hién ¢
n=1285v/ph, o, = 7,03
Hinh 3. Quan sdt xam thuwc bang camera

M are nody
ﬁ‘hﬂnh___-

"

Bung canh
(b) n=1700 v/ph, F_ = 653,7 N; 6, = 4,02

Bung canh

Lung canh
(c) n = 2600 v/ph, F_ =13075N; 0, =172
Hinh 4. Vung chiu tac dong cua xam thuc theo vét

son trén canh chan vit

Khi tdc dd vong quay chan vit ting 1én,
xam thuc xody dinh canh phat trién va kéo dai
vét xam thuc kéo dai vét hudng ha luu (Hinh
3b). Tuy nhién, khi chan vit quay téc do cao
va xam thyc phat trién manh thi viéc quan sat
bang camera kho khin, nhat 13 xam thyc trén bé
mat canh.

Khic phuc nhugc diém ctia camera, ta sir
dung phuong phép pht son va quan sat vét. Qua
d6 c6 thé xac dinh duoc trang thai xam thyuc va
ving xam thuc tac dong trén bé mit canh. Trudc
khi thi nghiém, chan vit duoc phu kin va déu
16p son min (Hinh 3). Viéc thi nghiém van tién
hanh & cac gié trj van toc quay chan vit trong dai
tir 500 v/ph dén t6i da 3000 v/ph. O mdi 1an thu
nghiém, thoi gian van hanh chan vit tai gié tri
van tdc 1a 2 phat. Khi chua c6 xam thyc bé mat
(n <840 v/ph, c_>16,5), 16p son khong bi bong
troc. Khi bat dau c6 xam thyc trén bé mt canh,
két qua dong chay xam thuc da dé lai vét pha
huy 16p son bao vé bé mit.

Qua trinh phat trién cta xam thuc bat
dau tur xody dinh canh va bot khi xuat phat tr
xam thuc & mép vao cénh roi bi pha v& ¢ vung
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lung mép ra dinh canh ¢ s xam thuc c =16,5
(Hinh 4a) va tiép tuc phat trién khi on tiép tuc
giam. O Hinh 4b, khi 6_=4.02, c6 thé thdy xam
thue trén mau chan vit xuit phat tir mép vao
canh va ving pha v& loang rong dan ra 2 mat
canh theo dang tim va cac dam may xam thuc
tach ra tor xadm thuc dang nay da gay ra vung
pha huy & ving mép ra cua ca hai mat canh.

Hinh 4c 13 hinh anh vét dn mon xam
thuc trén bé mat canh chan vit khi o =1,72va
tbc d6 vong quay n = 2600 v/ph. C6 thé thiy
ving nguy co an mon chiém dén xap xi 70%
bé mit diy cta canh (bung canh) va gan 30%
dién tich bé mat lung canh ¢ phia mép ra. Viéc
x4c dinh dién tich c6 thé c6 sai so nhat dinh,
nhung két qua khao sat qua vét son cho phép du
bao duoc xu thé phat trién ving bé mat canh c6
nguy co bi pha hity xAm thuc ¢ Hinh 5. C6 thé
thy, viing vét son bi pha hity & mit bung canh
phu rong khi xam thuc phat trién va rong hon
dang ké so voi ¢ lung canh.

3.2. Dic tinh dong lyc diy

Dé danh gia dic sy anh huong cua xam
thuc d6i v6i hiéu qua tao luc déy cua chan vit,
ta tién hanh do lyc kéo & cac ché dong vong
quay chan vit thay d6i nhu da trinh bay vé hé
thdng thi nghiém & muc 2, Hinh 1. Két qua do
luc day chan vit F_, cho thdy quan hé ham s
mil theo gié tri s6 xam thyc thé hién ¢ Hinh 6.
Khi gia tri 6 < 10, cac gia tri luc do trong thuc
té c¢6 sy dao dong. Nguyén nhan c6 thé xuit
phat chinh tir sy khong on dinh do xam thyuc
phat trién ma ma minh chimg 13 sy loang rong
ctia ving vét son bi pha huy da trinh bay & muc
3.1.

Hinh 5. Udc tinh dw bao vung nguy co an mon
xdam thuece trén canh chan vit

Hinh 6. Quan h¢ lyc dafy va hé sé xam thuc

Khi gia tri o = 1,72, trang thai xam thyc
khi d6 ing véi vét son bi pha hity loang rong toi
70% bé mit bung canh. Sy phat trién bao phu
cua xam thyuc trén mat canh giip ma sat thiy
dong trén bé mit, qua d6 giam luc can dé chan
vit co thé gia ting luc day. Hiéu Gmg nay c6 loi
cho cac chan vit tng dung xam thyc dé ting hiéu
qué lyc ddy ctia chan vit ¢ téc do vong quay 16n.
Tuy nhién, xdm thyc phat trién c6 thé gia ting
nguy co pha hiy xam thuc va lam giam tudi tho,
pha huy chi tiét canh, va 1a van dé tiép tuc can
nghién ctru dé tbi uu thiét ké.

Hinh 7 1a mdi quan h¢ gitra h¢ s6 luc
dé}r K, va sb6 xam thuc c.Khic < IQ, su phat
trién ciia xam thyc lam gidm hi¢u suat cua luc
day dang ké. Mic du khi xam thyc phat trién,
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luc day co thé gia ting nhu ¢ dd thi Hinh 6,
nhung vé hiéu qua nang luong thong qua hé sd
K, cho thdy su suy’giém giéng ké. C6 thé xéac
dinh gia tri cia h¢ so luc day thong qua quan hé
ham s6 mil.
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Hinh 7. Dac tinh quan hé giita hé 56 lue dcfy K va
$6 xdm thuc

4. KET LUAN

Nghién ctru da tién hanh thi nghiém
khao sat vé ving anh huong ctia xam thuc co
thé gdy nguy co pha hily bé mit canh, két hop
do ludng luc day cta chan vit ¢ cac toc do vong
quay khac nhau. Két qua nghién ctru da chi ra
mot sb két luan sau:

(i) Xam thyc dinh canh bt dau xuét
hién & 6, = 20,1, x4m thyc bé mit canh bat dau
phat trién khi c = 16,5; trong khoang c_> 5,
nguy co pha hiy bai xam thyc chua dang ké;

(i) Khi 6, < 5, xdm thuc trén bé mit
canh bat dau phat trién va tac dong pha hay.
Theo vét son, vung chiu tdc dong ¢ mat lung
som hon ¢ mat bung va tap chung ¢ khu vuc
mép ra canh chan vit;

(i1i)) Khi o< 1,7, xam thuc gay tac dong
pha hity rong trén hau nhu toan bo bé mat bung
canh (70% bé mat), ving tac dong nay rong hon
dang ké so voi mat lung canh (25% bé mat);

(iv) Dbi voi mau chan vit seri B duoc

khao sat, quan h¢ gia tri lyc day cta chan vit co
thé xac dinh theo ham s6 mii cua sO xam thuc
de tinh todn gan dung theo cong thuec:

F_=1.850,07

Nghién ctru gbp phan lam 15 co ché
xam thyc c6 tdc dong pha huy 1€n canh chan vit
dang seri B. V&i phuong phap vét son, két qua
hién tai dang 12 du bao ban déu vé ving chiu
anh huéng xam thyuc. Cac nghién ciru tiép theo
c6 thé xem xét vé cuong do va thoi gian xam
thuc tac dong dé 1am rd céc van dé vat liéu, strc
bén, tudi tho chi tiét canh dudi sy anh hudng,
tac dong ctia xam thuyc. %
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