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TOM TAT

Hién tiwong xam thu’c (Cavitation) la hién twong chat long boc hoi cuc b tai nhitng vung
c6 dp sudt thdp hon dp sudt hoi bdo hoa. Khi céc bong bong hoi di chuyen dén ving c6 dp sudt cao
hon, chiing bi phd huy dot ngét, tao ra xung ap sudt rat Ién phda huy bé mat canh banh céng tac, gay
tiéng on, rung dong, lam giam hiéu sudt thuy lwc cia mdy trong qud trinh lam viéc. Poi véi profile
canh dan, hién twong xam thyc thwong xudt hién tai mat hit, mép vao, mép thoat, no lam giam hé
s6 lire ndng, tang hé sé lwc cdn, va lam tdi trong tac déng 1én profile dao dong. Do dé, viéc nghién
citu anh hwéng ciia hién twong xam thiee dén ddc tinh thuy dong luc hoc ciia profile canh mang y
nghza quan trong trong viéc tinh toan thlet ké canh ciia may thuy luc cdnh dan hoat dong véi hiéu
sudt cao trong diéu kién c6 xam thwc xudt hién. Bai bdo nay imng dung phwong phap tinh toan mo
phong s6 (CED) nghién civu dnh huedng ciia hién twong xam thiee dén ddc tinh thuy déng liec hoc ciia
profile canh NACA 4412. Mé hinh xam thuwc két hop véi mé hinh r6i RNG k-¢ dwoc sir dung dé tinh
todn mé phong qud trinh hinh thanh, phdt trién va pha huy cia bong bong xam thwe xdy ra trén mdt
hiit, mép vao va mép thodt ciia profile canh NACA 4412. Két qua mé phong cho thdy sw xudt hién
cua hién twong xam thuee lam giam dang ké hé sé lwc ndng va ting hé sé lec cdn, déng thoi gay dao
déng dp sudt I6m ¢ vimg mép thodt ciia proﬁle cdnh, tai goc dat canh a. = 15° hé so lyc ndng c, cua
profile NACA 4412 giam 14%, con hé so lyc can ¢, tang 34%.

Tw khoa: Xam thuc profile canh; NACA 4412; CFD.
ABSTRACT

Cavitation is the phenomenon in which a liquid undergoes local vaporization in regions
having pressure below the saturated vapor pressure. When the vapor bubbles are transported to
regions of higher pressure, they collapse violently, generating intense pressure pulses that damage
the surface of impeller blades, cause noise and vibration, and reduce the hydraulic efficiency of the
machine during operation. For a hydrofoil, cavitation typically occurs on the suction side, at the
leading edge, and at the trailing edge; it leads to a reduction in the lift coefficient, an increase in
the drag coefficient, and induces fluctuations in the loads acting on it. Therefore, investigating the
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influence of cavitation on the hydrodynamic characteristics of a hydrofoil is of great importance for
the design and performance prediction of hydraulic machinery blades operating efficiently under
cavitating conditions. In this study, a computational fluid dynamics (CFD) approach is employed
to investigate the effects of cavitation on the hydrodynamic performance of the hydrofoil NACA
4412. The full cavitation model coupled with the RNG k-¢ turbulence model is used to simulate
the formation, development, and collapse of cavitation bubbles occurring on the suction side,
leading edge, and trailing edge of the hydrofoil NACA 4412. The simulation results indicate that the
occurrence of cavitation significantly reduces the lift coefficient and increases the drag coefficient,
while also causing large pressure fluctuations in the trailing-edge region of the hydrofoil. At the
attack angle o. = 15°, the lift coefficient C, of the hydrofoil NACA 4412 decreases about 14%,
whereas the drag coefficient C increases about 34%.

Keywords: Cavitation;, NACA 4412; CFD.

1. GIOI THIEU CHUNG

Profile canh NACA 4412, ¢6 ngudn goc
tir chuong trinh nghién ctru khi dong hoc ctia Uy
ban C6 van Quéc gia Hoa Ky vé Hang khong
vao nhiing ndm 1930, dugc ung dung rong
rdi trong nhiéu linh vuc khi dong hoc va thuy
dong lyc hoc nho kha nang tao lyc nang 16n va
hiéu sudt lam viéc 6n dinh. Trong nganh hang
khong, n6 thuong dugc dung cho canh may bay
¢ nho va may bay huan luyén, noi yéu cau dic
tinh nang tot & van toc thap. Trong linh vuc
nang luong gio, profile nay dugc sir dung cho
cac canh tua-bin nho kha nang tao ra mé-men
quay 16n, 1am viéc v6i hiéu sudt cao v6i nhidu
dai van toc gié khac nhau. Ngoai ra, NACA
4412 con dugc nghién cuu va &p dung trong
thiét ké canh banh cong tic clia cac may thuy
luc canh dan nhu bom, tua-bin nudc véi yéu
cau t6i uu hoa hidu suat va giam ton thit ning
luong trong qué trinh hoat dong. Tuy nhién,
trong qué trinh lam viéc, khi ap suat chat 1ong
giam xudng thip hon 4p suat hoi bdo hoa, trén
bé mat profile canh NACA 4412 hinh thanh cac
bong hoi xam thuc. Cac bong hoi xam thuc nay
hinh thanh va ph4 huy rat nhanh trong khoang
106 s, 4p suat tai ving bong hoi bi phd huy
c6 thé 1én dén hang trim MPa gay hu hong bé
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mit canh, tao ra dong chay rdi, va dao dong ap
suat cuc bo tir d6 1am ting lyc can tac dong lén
profile canh [1-3]. Do d9, vi¢c nghién ctru anh
hudng cta hién tuong xam thyc dén dic tinh
thuy dong luc hoc cua profile canh NACA 4412
1a vn dé thoi sy duoc quan tim trong thoi gian
dai. Hién nay, c6 nhiéu phuong phap da duoc
phat trién dé nghién ctru sy hinh thanh, phat
trién va anh huong cua hién tuong xam thuc
dén dic tinh thuy dong luc hoc cta profile canh
nhu phuong phap 1y thuyét, phuong phap thuc
nghiém, phuong phap tinh toan mé phong s6...
Tuy nhién, v6i su phat trién cua khoa hoc may
tinh, phwong phap tinh toan mé phong sb da tro
thanh cong cu d?ly strc manh khéc phuc duoc
nhitng han ché cua phuong phap nghién ctu ly
thuyét va thuc nghiém trong nghién ctru xdm
thuc. Do d6, muc ti€u chinh cua bai bao nay la
mg dung phuong phap tinh toan mé phong s6
(CFD) khao sat anh huong cua hién tuong xam
thuc dén dic tinh thuy dong luc hoc cua profile
canh NACA 4412.

2.COSO LY THUYET

Trong nghién ctru ndy, chat long dugc
coi la chat 1ong khong nén dugc, dong chay bao

quanh profile canh dugc coi 1a dong hai pha <~
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gdém c6 pha 10ng va pha hoi. Pic trung dong
chay duoc tinh toan mé phong bang mé hinh rdi
RNG k-¢, co so Iy thuyét tinh toan mo phong
truong dong bao quanh profile canh la phuong
trinh lién tuc va phuong trinh dong lugng duogc
trinh bay nhu sau [3, 4]:

* Phuong trinh lién tuc:

o(P,)
or

* Phuong trinh dong luong cho dong
hdn hop:

+V.(p,¥)=0 (1

o)
or

m-m

+V.(pm7v—) = —Vp+V.[,um (W+W)]+pmgr+F )

Trong dé, n 1a sb pha, Elé véc to van
téc ctia hdn hop, p 1a ap suét, u_la do nhot cua
hén hop, g véc to gia tde trong trudng va F la
vée to luc khéi. Khoi lugng riéng ctia hdn hop
p,. va phan bd thé tich hoi o duoc lién hé véi
nhau béi phuong trinh:

pn=ap,+(1-a)p, 3)

Trong d6, o ty 1& pha hoi trong hon hop;
céc ky hidu m, v va 1 1an lugt chi pha hén hop,
pha hoi va pha léng.

Phan tram thé tich pha hoi hinh thanh
trong qua trinh xam thyc dugc xac dinh theo mo
hinh xam thuc Schnerr & Sauer [32] nhu sau:

AL 5 (apy)=r-R @
or
Trong d6, Re va R_1an lugt biéu thi cdc
thanh phan bay hoi va ngung tu. R. va R_dugc
tinh toan bang cong thirc cua Schnerr & Sauer
nhu sau:

Khi &p suat hoa hoi ctia chat 1ong P >P:

R=PPiy(1-a) > 2A8=P) (s
p Ry 3p,

Khi P <P:

R =P y(1-a) 2AP-R) g
P R 3p,

O day, P la ap sudt hoi cua chit long,
R, 1a ban kinh bong hoi xam thuc phu thudc
vao ty 1¢ pha hoi a va mat do bong hoi trong
hdn hop va duoc xac dinh bang cong thirc sau:

SEED

S6 xam thuc o (cavitation number)
dung dé dénh gia kha nang xut hién va mirc
do phat trién cua hién tugng xam thuc trong
dong chay chat 16ng quanh vat thé duoc xac
dinh theo cong thurc sau:

P-P

= 8
o 0.5x pxv* ®

P 1a 4p suit cua dong chit 1ong khao sat
va P_1a ap suat hoi cua chat long, tirc 1a 4p suat
tai d6 hién tugng xam thyc bat dau xay ra.

3. TINH TOAN MO PHONG SO
3.1. M0 hinh tinh toan

Trong bai bao nay, profile cinh NACA
4412 c6 chiéu dai day cung 1a 100 mm, d6 cong
dudng nhan 12 4 mm, va chiéu day 16n nhat t
= 12 mm. Mién khéng gian tinh toan 1a hinh
chir nhat c6 kich thudc 5 m x 2 m dugce str dung
cho qua trinh mé phong tat ca cac trudng hop
xam thuc, trong do dau vao duoc bd tri cach
mép vao cua profile canh 1,5 m. Dé nghién ctru
anh hudng cua hién tugng xam thuc dén dic
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tinh thuy dong luc hoc cua profile NACA 4412,
nhom tac gia thuc hién tinh toan vai cac goc dat
canh o tir 0° dén 19° trong diéu kién lam viéc
c6 xam thuc va khong c¢6 xam thyec.

Wall { No slip)
.
Im 4m
- e .
. -
- -
: 2m .
. i .
Inlet Outlet
Wall { No slip)
L
Profile NaCa 4412

Hinh 1. Mién khéng gian khdo sat va cdc
diéu kién bién

3.2. Chia luéi va diéu kién bién

Pé xac dinh duoc kich thuéc va sd
lugng ludi phu hop cho cac truong hop tinh
toan mo phong nhom, tac gia tién hanh tinh toan
v6i profile canh NACA 4412 duéi goc dat canh
15° va sb xam thuc o = 1. Mién khong gian tinh
toan sau khi chia ludi, két qua tinh toan véi cac
s6 lwong ludi khac nhau trén Hinh 2, Bang 1.
Két qua tinh toan trong Bang 1 cho thiy rang,
khi s6 lwong ludi 16n hon 23217 phan tir thi hé
s6 lyc nang cua profile NACA 4412 gan nhu
khong thay ddi, hay noi cach khac 1a két qua
tinh todn trong qué trinh mo6 phong hoi tu. Do
d6, dé dam bao duoc do chinh xac cua két qua
tinh toan md phong va tiét kiém thoi gian tinh
toan sb lugng ph?ln tor luoi 1a 23217 duoc lua
chon cho cac mé phong tiép theo.

Bdng 1. Két qud tinh todn hé s6 lyc ndng ciia profile canh NACA 4412 tai géc dat o = 15° véi cdc s6 lwong
phan tir uéi khac nhau.

STT S6 ph?m tr Hé 0 lyc néng ¢, STT ) phﬁn tr Hé ) lwe ning ¢
1 19528 1,650 3 23217 1,655
2 21416 1,652 4 24518 1,655
i B i e minh trong cac bai bao [1-3, 5, 6] khi nghién
7 ;-'-u'.f{ o ;.-.-..... J < cuu danh gid dac tinh thuy dong luc hoc cua
"m— L ;t o e cac hydrofoil canh. M6 hinh xam thuc Schnerr
E v . 5 M“‘:”““?w & Sauer dugc sir dung dé mo phong su chuyén

Hinh 2. Mién khéng gian tinh todn sau khi
chia ludi.

bac tinh cua dong chay bao quanh
profile canh dugc tinh toan, mo phong gan dung
bang phuong phap thé tich hiru han (FVM)
trong go6i phan mém Ansys Fluent. M6 hinh rdi
RNG k-¢ v6i uu diém mo phong chinh xac dic
tinh cta 16p bién va dac tinh ctia dong chay tu
do cach xa thanh rin duoc sir dung mé phong
hién twong xam thuc bao quanh profile canh,
do tin cdy clia mo hinh rdi nay da dugc chimg
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pha ctia chét long tir trang thai 1ong sang trang
thai hoi, cho phép du doan chinh xac sy hinh
thanh va pha huy cua bot hoi xam thyuc trong
truong dong chay chuyén dong véi van tde 1on.
Tiéu chuén hoi tu duge thiét 1ap cho céc bién
trong qué trinh tinh toan véi sai s6 twong ddi
104

4. KET QUA VA PHAN TICH KET QUA

4.1. Trwong phéan bo van tdc, ap suit, phan

bd pha quanh profile cinh
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Trudng phan bd van tdc va ap suit bao
quanh profile cAnh NACA 4412 tai gbc dat canh
o = 15° thé hién o dic trung cua ché @6 lam
viéc gan ngudng goc dit t6i han (Hinh 3). Tai
mat hat, dong chay bj ting tbc manh ngay sau
mép vao, tao nén ving van toc 16n, ap suit thip
do d6 cong ctia dudong nhéan twong ddi 16n cua
profile, van tdc 16n nhét ciia dong chay tai mép
vao khoang 22 m/s. Tuy nhién, khi tién gan phia
gan dudi canh xudt hién ving bién thién 4p suit
am lam giam dong nang cua dong chay va dan
dén hién tuong tach 16p bién cuc bd ving gan
mép thoat. Nguoc lai, tai mat ddy cua profile
canh van téc dong chay c6 gia tri nho hon, ap
suit 16n hon so v&i mat hat, sy chénh l1éch ap
sut gitta mat hut va mat day trén profile canh
sinh ra lyc nang trén canh. Cang gan phan mép
thodt ctia profile ving ap suét thap cang 16n lam
tang ton that nang luong, ting luc can, va lam
tang hién tuong tach dong ra khéi mép thoat,
do do6 lam giam hié¢u suét thuy dong luc hoc cua
profile canh.

Hinh 3. Phén bé vn toc, dp sudt quanh profile
canh NACA 4412 tai goc dat canh 15°.

Hinh 4. Puong dong va phdn bo pha hoi bao
quanh profile canh NACA 4412 tai goc dat 15°.

Hinh 4 1a truong dong va phan bd ty 1¢

phan tram thé tich pha hoi bao quanh profile
canh tai goc dat o = 15°. Trén mat hut cua canh,

kéo dai tir viing mép dan dén mép thoat, ap suat
giam manh xudng dudi ap suit hoi bio hoa,
dan dén sy hinh thanh va phat trién cac bong
hoi xam thyc. Tai goc ddt a = 15°, ty phan thé
tich pha hoi trén mat hat cua profile dat xap
xi 100%, hinh thanh mét ti hoi bao phu phan
16n bé mit hut ciia canh. Trong ving dong chay
g?m mat hut profile, cac bong hoi xam thuc
¢6 xu huéng mat on dinh va tach khoi bé mat
canh ¢ khu vic gan mép thoat, tir d6 phat trién
thanh cac ddm may xam thyc va lan truyén vao
vung 4ap sudt thap phia sau profile. Qua trinh
hinh thanh, phat trién va pha huy cta cac bong
hoi xam thuc dién ra lién tuc theo thoi gian khi
profile lam viéc & goc dat 16n, gay ra sy dao
dong manh cua truong phan bd ap suét bao
quanh canh, lam giam hiéu suat thuy dong luc
hoc va dong thoi gy ra dao dong trong qua
trinh lam viéc.

4.2. Anh huwéng cia hién twong xam thue
dén dic tinh thuy dong luc hoc profile canh

Hinh 5 1a hé sb luc nang, lyc can cua
profile canh trong hai truong hop lam viéc
khong c6 xam thuc va c6 xam thyc tai cac goc
dat canh o khac nhau. Trong hai truong hop
lam viéc, hé s6 luc nang cua profile canh tang
gan nhu tuyén tinh voi goc dat o, hé s6 lyc ning
cua profile dat gia tri 16n nhat tai goc dat a =
15°. Tuy nhién, khi 1am viéc trong diéu kién
xam thue hé sd luc nang cua profile canh nho
hon so vé6i trudng hop lam viée trong didu kién
khong bi xam thuc, ¢ goc dat canh o cang lon
thi hé s6 luc ning giam cang 16n. Tai goc dat
o = 0° hé sb lyc ning ¢, cua profile canh lam
viéc trong di€u kién xam thyc nho hon hé so6
luc nang ¢ khoang 9%, tai gbc dat a = 15° h¢
sO luc nang ¢, thap hon ¢ khoang 14%.
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H¢ s0 luc nang cua profile NaCa 4412

¢, Hé s6 lyc nang khi khong c6 xam thuc
¢ H¢ 50 lyre néng khi ¢6 hién tugng xam thye

Hé s6 lyc can cia profile NaCa 4412

de

Cd

¢y H¢ s6 lue can khi khong ¢6 xam thuc
¢y H¢ s0 lue can khi ¢6 hién tugng xam thyc

Hinh 5. Hé 56 lyc ndang va hé 56 lue can cia profile NACA 4412 tai cac goc dat a khdac nhau.

Nguoc lai, trong diéu kién xam thuc hé
scf) luc can ¢ cua profile canh ludn 16n hon hé
s0 lyc can ¢, trong trudng hop lgh(”)ng cO xam
thuc, khi goc dat a tang thi h¢ so luc can tang
theo, tai g(’)c dat o = 19° hé sb luc ca:m c, lon
hqn h¢ s6 luc can ¢ khoang 33%. Dicu nay co6
thé giai thich nhu sau, khi goc dat canh tang,
ving ap suat dudi ap sut hoi bio hoa cia chit
long trén bé mat hut cua profile canh c6 dién
tich tang 1én, diéu nay dan dén dién tich bé mat
canh bi xam thyc tang 1€n. Sy hinh thanh, phat
trién cac tii hoi xdm thuc trong ving nay lam
giam su chénh 1éch ap sudt gilta mat hut va mat
day cta canh tir d6 1am giam hé s6 luc ning
cua profile canh. Déng thoi, hién tuong xam
thuc 1am xuat hién dong chay nguoc, ting hién
tuong tach dong trén mat hut cia profile canh
tir d6 1am tang hé s6 luc can cua profile.

5. KET LUAN

Bai bao di sir dung mo hinh r6i RNG
k-¢ va md hinh x4m thuc Schnerr — Sauer dé
nghién ctru anh hudng cua hi¢n tuong xam thuc
trén profile cdnh NACA 4412 tai cac goc dat
canh, va s6 xam thuc khac nhau. Sy hinh thanh,
phat trién, pha huy cua cac bong hoi xam thuc
va anh huong ctia no dén truong dong chay bao
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quanh profile ciing nhu déc tinh ctia n6 dugc
phéan tich chi tiét. Dudi day la mot so két qua
quan trong cua bai bao.

- Hién tugng xam thuc c¢6 anh hudéng rat
16n dén dic tinh thuy dong luc hoc cua profile
canh NACA 4412, n6 lam xudt hién dong chay
nguoc, su bat 6n dinh truong phan bd ap sut,
va la nguyén nhan cua hién tugng tach dong
trén bé mat hut cta profile. Tir d6 lam giam
hiéu sut thuy dong luc hoc cia profile, giy ra
rung dong trong qua trinh lam viéc.

- Trong diéu kién lam viéc khong xam
thuc va c¢6 xam thuc, hé sb luc nang cua profile
canh NACA 4412 déu ting khi goc dit o ting
tir 0° dén 15°, sau d6 giam nhanh tir 15° dén
19°. Hé sd luc nang cua canh lam vi¢c trong
diéu kién khong xam thyc ¢ lu6n 16n h@ hé sb
lyc nang cua canh khi lam vi¢c trong dicu ki¢n
xam thye ¢, . Tai goc dat o= 15°, héf s6 luc nang
cua profile canh lam viéc trong diéu kién xam
thuc giam 14% so véi lam viée trong diéu kién
khong c6 xam thuc.

- Trong ca hai dicu kién lam viéc, h¢
sO luc can cua profile canh déu tang khi goc

dat canh o tang, quy luat tang cua h¢ s6 luc &
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can tuan theo quy luat ham mi. H¢ s6 luc can
ctia profile 1am viéc trong diéu kién khong xam
thyc ¢, lu6n nho hon trong diéu }(ién cO xam
thuc ¢, . Tai goc dat o = 15°, hé‘sé luc can cua
profile canh lam viéc trong diéu kién khong
xam thuc ¢, nho hon so voi lam vigc trong diéu
kién xam thuc ¢, la 34%.
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