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Tém tit

Muc dich cua nghién ciru la dy dodan cac dac tinh
thiy dong luc hoc cua chong chong khi bi xam
thye va moé phong hinh anh xdam thyc trén bé mat
canh chong chong sw dung phwong phap thuy
dong luc hoc tinh toan (CFD). Bai bao trinh bay
két qua tinh todn va mé phéng hién tiong xam
thuc cua mé hinh chong chong Potsdam
Propeller Test Case (PPTC) ¢ 3 diéu kién lam
viéc khdc nhau. Két qua thu dwoc ciia nghién ciru
rdt gan véi két qua thir mé hinh da dwoc cong bé,
qua d6 khdng dinh do tin cdy cia két qua tinh
todn va mo phong.

Tw khoa: Xdam thuc, chong chong, CFD.
Abstract

The main purpose of the study is to predict
propeller performance in cavitating condition and
simulated features of cavitation on the blades
using Computational Fluid Dynamics (CFD)
methods. The paper presents the results of
cavitation modelling for Potsdam Propeller Test
Case (PPTC) in 3 different working points.
Received results in this research agreed with the
experimental  results  fairly well,  thereby
confirming the vreliability of calculation and

simulation results.

Keywords: Cavitation, propeller, CFD.

1. Mé dau

Xam thuc 14 hién tuong phuc tap, gdy ra mot s6
van dé cho hoat dong ciia chong chong tau thiy nhur:
lam anh huéng dén hiéu suit chong chéng, in mon
canh chong chéng, tao rung dong va tiéng on [1]. Dé
giam thiéu nhitng tac dong ti€u cuc ciia xam thyc dén
hiéu sudt chong chong va tdc do tau, trong qué trinh
thiét ké c6 thé tinh ton va du bao xam thuc & mot s
ché d¢ lam viéc.

Ngay nay, v6i toe do phat trién manh mé cuia cong
nghé may tinh, nghién ciru xdm thuc bang phuong
phap s6 khong chi dam bao do tin cay két qua ma con
khing dinh duogc nhimng wu diém vuot tréi nhu tiét
kiém thoi gian, giam chi phi thiét k&, thir nghiém va
ché tao. Trong nghién ciru hién tugng xam thuc bang
CFD, cic nha khoa hoc st dung nhiéu phuong phap
khac nhau nhu phuong phap phan tir bién (BEM),
phuong phap Reynolds - Averaged Navier-Stokes
(RANS), phuong phap Detached Eddy Simulations
(DES) va phuong phap Large Eddy Simulations
(LES). Trong nghién cuu cua cac tac gia: Young va
Kinnas [2], Vaz va Bosschers [3] st dung phuong
phap BEM mé phong xam thyc dang tm trén canh
chong chong. Nghién ctru ctia Stefano Gaggero va
cong su [4] két hop ca 2 phuong phap BEM va RANS
tinh toan hiéu sudt chong chong, x4c dinh phan b ap
sudt ving xung quanh chong chéng, mé phong xam
thuc chong chéng nham muc dich t6i wu hoa thiét ké
chong chong tau cao toc lam tang hiéu sudt va giam
xam thyc. Dé tinh toan hiéu suat chong chong va mo
hinh héa xam thyc dang tdm va mut canh Naz Yilmaz
va cong su [1], [5] st dung DES, trong khi Xin Chang
va cong sy [6] st dung phuong phap LES. Trong
nghién ctru ciia Artur K. Lidtke va cong su [7] két qua
mo phong xam thuc dang tdm va dam may cta chong
chéng thu dugc bang phuong phap RANS; mé phong
xam thyc cua canh thuy lyc st dung phuong phap
LES. Tuy nhién két qua ctia nhitng nghién ciru nay van
con nhimg han ché nhu: Sai sb 16n giita két qua CFD
va thir mo hinh, cu thé 8,5%-10,9% [4]; 9%-28% [5];
chi dua ra két qua tai mot diéu kién lam viéc cua chong
chong [4, 5, 7], m§t vai nghién ctru khong so sanh Kkét
qua CFD vdi két qua thir nghiém [6], chwa dé cap dén
viéc danh gia chit lwong ludi tai 16p bién cua bé mat
chong chong. Trong khi do, tai Viét Nam nghién ctu
vé xdm thuc chong chong con rat han ché. Nghién ciru
cua TS. Vi Van Duy [8] st dung BEM mo6 phdng xam
thyuc trén canh thay Iyuc, két qua mo phong xam thuc
khong dugc so sanh voi két qua thir nghiém. Trong
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Bing 1. Cic théng sé chinh ciia mé hinh PPTC

Théng sb Ki hiéu Kich thuéc Pon vi
Puong kinh D 0,25 m
Ti s6 budc tai /R=0,7 Py7/D 1,635 -
Ti s6 dia Ag /A, 0,77896 -
Chiéu rong canh tai r/R=0,7 Co7 0,10417 m
Ti I¢ dudng kinh cu dn/D 0,3 -
S6 canh 5 -
Chiéu quay Phai -
Loai chong chong C6 bude thay dbi -

Bdng 2. Cac truwong hop tinh va mé phong

. Ky Cac truwong hop tinh va mo phong
Thong so . Pon vi

hiéu TH1 TH2 TH3
Bude tién twong dbi J - 1,019 1,269 1,408
S6 vong quay n vong/s 24,987 24,986 25,014
S6 xam thuc oy, - 2,024 1,424 2,000
Khéi lugng riéng cua nude p kg/m?3 997,44 997,44 997,37
D6 nhét dong hoc clia nuée v m2/s 9,337-1077 9,337-1077 9,272-1077
Ap suét hoi bdo hoa P, Pa 2873 2873 2926

nghién cuu cua TS. Lé Thi Thai [9], dac tinh thuy
dong lyc hoc cua chong chong xam thyc, phan bd ap
sudt trén mat canh duoc tinh toan va xam thuc dang
tdm cua chong chéng dugec mod phong bang phuong
phap RANS; phan bd ap suit va xam thyc trén canh
thiy luc dugc méd phong bang ca 2 phuong phap
RANS va LES. Trong nghién ctru [9] két qua md
phong xam thue chong chong bang RANS dugc so
sanh v6i két qua thar mé hinh, tuy nhién sai sb cua két
qua con kha 16n (trung binh khoang 13%). Ngoai ra,
nhitng nghién ctru nay chua dé cap dén chat luong
ludi tai 16p bién cia bé mat chong chong sau khi thiét
lap ludi, ddng thoi chi tinh toan md phong cho mot
diéu kién lam viéc ctia md hinh.

Trong nghién ctru nay, nhém tac gia s& tién hanh
moé phong tinh toan xdm thuc cia chong chong bang
phuong phap CED véi sy hd trg ciia phan mém thuong
mai STAR-CCM+. Bai b4o trinh bay két qua dy doan
dac tinh thuy dong luc hoc chong chéong khi bi xam
thuc va hinh anh xam thyc trén bé mat canh ¢ 3 diéu
kién Iam viéc khac nhau.

2. Mo phéng chong chéng xam thue
2.1. Pdc diém ciia mé hinh chong chéng
nghién ciru

Nghién ctu st dung mé hinh chong chong
Potsdam Propeller Test Case (PPTC). M6 hinh PPTC
dugc san xudt va thur nghiém tai bé thir mé hinh

Potsdam, nham muc dich cung cap s6 liéu thir nghiém
phuc vu cho viéc kiém tra va danh gia cac két qua mo
phong s6. Két qua thir mo hinh chong chong PPTC da
dugc cong bd tai hoi thao ché tao chong chéng cia
Hoi nghi qudc té 1an thir 2 vé chong chéng tau bién
nam 2011 [10]. Hinh 1 thé hién hinh dang cua chong
chong va Bang 1 dua ra cac thong sd chu yéu cua no.

|

Y )

Hinh 1. Hinh dang mé hinh chong chong PPTC

2.2. Cdc trwong hop tinh va mo phong

Bai b4o tién hanh nghién ctru xdm thuc chong
chong & 3 diéu kién 1am viéc khac nhau, twong tng
véi 3 truong hop tinh todn mo phong dugce trinh bay
cu thé trong Bang 2.

Trong nghién ciru nay, budc thoi gian tinh toan
duoc thiét 1ap bang At = 10™* s (chong chéng quay
0,9°/mdi budc thoi gian At) theo khuyén nghi ctia
ITTC [11], hé sb thé tich nudc 1a e = 0,2 va hé
s6 thé tich hoi nuéc bdo hoa 13 Apy; puse = 0,8; cac
thong sb khac duoc thiét 1ap nhu trong Bang 2.
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2.3. Thiét Igp tinh va mé phéng
2.3.1. Kich thwéc mién tinh todan va cac diéu kién bién

Mién tinh toan trong mo phong xam thuc chong
chong duogc thé hién ¢ Hinh 2. Mién tinh toan dugc
chia 1am hai: Mién tinh va mién quay. Chong chong
duoc dat déng truc voi lang try mién tinh toén, khoang
céch theo hudng truc tir ddu vao va dau ra ctia mién
tinh toan t&i tAm chong chong lan luot 1 2D va 4D
dua theo khuyén nghi dugc dua ra bdéi ITTC [11]. Cac
diéu kién bién dugc thiét 1ap nhu sau: Van tdc tai dau
vao, ap suét tai dau ra, bé mat mién chét long tinh toan
1a mat dbi ximg, bé mat chong chdng, cu va truc chong
chong déu 1a tuong khong truot. Mién tinh toan va
diéu kién bién duoc thé hién cu thé ¢ Hinh 2.

Bé mit dbi ximg | Mién quay
A\
‘—/’42'——"’, 2D _—Vin tbc diu vao
Ap suit diura _ \\\ 1D

“Twimg

Mién tinh

Hinh 2. Mién tinh todn va diéu ki¢n bién

2.3.2. Tao ludi

Trong m6 phong xam thuc chong chéng, nhom tac
gia str dung 3 loai lugi. Mién chit 1ong tinh toan dugc
chia ra thanh céc thé tich hiru han bé‘mg loai ludi luc
dién, ludi lang try dugc st dung dé giai 16p bién bao
quanh chong chong va ludi bé mat dung dé chia bé
mit chong chong thanh cac phan tir hitu han. Ludi cia
16p bién gan bé mat chong chong duoc 1am min véi
muc d khac nhau, dic biét tai bé mat canh, chan canh
va mép canh nham muyc dich md hinh hoéa chinh xac
dong chay tai dy. S6 16p ludi liang tru duoc thiét 1ap
14 25 16p, d6 cao cua 16p ludi lang try dau tién tinh tir
bé mat chong chong dugc tinh gan ding1a 6 - 10~ 7m,
gia tri y+ dugc ddm bao nhd hon 3 (xem Hinh 3). Sau
khi thiét 1ap luéi thu dugc téng sb phan tir ludi 1a 9,60
triéu phan tir. Hinh 4 biéu dién két qua tao ludi.
2.3.3. Lwa chon mé hinh vt ly

Nghién ctru st dung phuong phap CFD duya trén
phuong trinh RANS cho dong chay khong 6n dinh dé
tinh toan dong chay bao quanh chong chong ung dung
phan mém STAR-CCM+. Ung suit Reynold dugc gidi
bang mo hinh SST K-Omega (Shear Stress Transport
K-Omega) bdi theo [12] mo6 hinh SST K-Omega giai
16p bién hi¢u qua hon mo hinh K-Epsilon. Trong tinh
todn m6 phong lya chon mé hinh xam thuc Schnerr-
Sauer, 4p dung mo hinh da pha dong nhét va phuong
phap thé tich chét 1ong (VOF) dé mo phong pha nudc
va hoi nudc trong dong chay xam thuc. Phuong trinh
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toan hoc cia cac mo hinh vét 1y néu trén dugce trinh
bay chi tiét trong tai liéu phan mém STAR-CCM+
[13].
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Hinh 3. Gid tri y+
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Hinh 4. Két qud tao luéi
3. Két qua tinh va md phéng

Két qua tinh toan dac tinh thuy dong luc hoc cua
md hinh chong chéng PPTC ¢ diéu kién xam thyc sir
dung phuong phap CFD cho ting truong hop tinh va
mo phong duge dwa ra & Bang 3, trong d6 két qua tinh
bang CFD duoc so sanh véi két qua thir mé hinh. Bang
3 cho thay, két qua tinh toan bang CFD tuong dbi phu
hop voi két qua thir mo hinh. Sai léch giira két qua
CFD va két qua thir nghiém khong qua 6%. So sanh
v6i két qua tinh toan md hinh chong chéng PPTC
bang phwong phap sb trong nghién ctru cua Naz
Yilmaz va cong su [5], sai sb tinh dugc nim trong
khoang 9% - 28%. Nhu vay, cac gia tri thu duoc tu
nghién ctru nay c6 sai s6 thap hon, hay néi cach khac
két qua tinh toan clia nhom tac gia dwa ra ¢ diy dang
tin cay hon.

Phan b6 4p sut trén bé mit canh chong chéng
dugc thé hién & Hinh 5. Déi véi truong hop 1, ving
ap suét thap trén bé mit canh tap trung tai chan canh
va mép dap. O truong hop 2, ap suat thip phat trién tir
chan céanh téi gitra canh. Con trong truong hop 3, ap
sudt thip phan bd tai 1 phin chan canh va mép dap.

Hinh 6 so sanh két qua mo phong hinh anh xam
thyc trén bé mat canh chong chong PPTC bang
phuong phap sé vai két qua thir mé hinh ddi vai 3
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Truong hop 1: J =1,019; 0,=2,024

Truong hop 2: J =1,269; ¢,= 1,424

Truong hop 3: J = 1,408; o,= 2,000

Pressure (Pa)

-45000. -33000. -27000.
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Hinh 5. Phin bé dp sudt trén bé mdt cdnh

a)

b)

Truong hop 1: 1 = 1,019; 0,= 2,024

005 - T

-

a)

Truong hop 2: J =1,269; o,= 1,424

PN

a) b)

Truong hop 3: J =1,408; ¢,=2,000

Volume Fraction of H20 Vopor
C T

Hinh 6. So sanh hinh dnh xim thywc giita két qui mé phong bang CFD va két qud thiv mé hinh
a) Mé phéng bang CFD, b) Két qud thit mé hinh [14]

trudng hop mé phong néu trén. Két qua so sanh cho
thdy su twong dong gitra cac vi tri xuét hién xam thyc,
cu thé tai mép canh va chan canh; xu hudng phat trién
clia xdm thyc déu giéng nhau gitra mo phong va thir
nghi¢ém. Trong truong hop 1 (J=1,019, ¢,=2,024)
hinh anh xam thyc tai chan canh thu dugc tor mo
phong c6 nhiéu twong ddng véi két qua thir, trong khi
xam thuce tai mép dap két qua mé phong vuot mire so
voi két qua thir. Véi J=1,269, o, = 1,424 trong
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truong hop 2, két qua md phong xam thyc tai mat canh
va chan canh hoan toan giéng véi két qua thir; dong
thoi mé phong duoc mot phan xa4m thuc dang bong
bong, tuy nhién khong phat trién rong khép trén mat
canh nhu két qua thir nghiém. O truong hop 3
(J=1,408; ¢,=2,000), m6 phong thu dwoc hinh anh
xam thyc tai chan canh phu hop vé6i két qua thir; mo
phong xam thyc tai mép dap khong phat trién dén gan
mut canh nhu két qua thir mé hinh.
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Bing 3. So sanh két qua ddc tinh thiiy dgng liee hoc
ciia chong chong xam thyc giiva tinh toan CFD

va két qua thiv mé hinh

7 Két qua .
Keét qua Sai
TH J thir mo :
CFD s0, %
hinh [10]

KT 0,388 0,374 4

1 1,019 | 10KQ 0,973 0,970 0

ull 0,647 0,625 3

KT 0,207 0,206 0

2 1,269 | 10KQ 0,614 0,631 -3

no 0,683 0,660 3

KT 0,144 0,136 6

3 1,408 | 10KQ 0,482 0,489 -1
) 0,656 0,624 5

4. Két luan

Nghién ctu da 4p dung thanh cong phuong phap
CFD vio tinh toan hiéu suat chong chong xam thuc va
mé hinh hoa duge xam thuc trén bé mat canh. Két qua
tinh bang CFD thu dugc rat gan v6i két qua thir nghiém
(sai s6 dao dong trong khoang tir 0% dén 6%). Két qua
md phdéng hinh dnh x&m thuc trén mat canh chong
chong kha phu hop véi két qua thir mo hinh. So véi mot
s6 két qua nghién ctru khac vé xam thuc mo hinh PPTC
bang CFD, két qua trong nghién ciru nay chinh xac hon
do sai s6 so voi két qua thir nghiém nho hon.

Két qua nghién ctru dugc ap dung dé tinh toan va
dy doan xam thuc cua chong chéng; dong thoi 1a co
s& dé nhom tac gia tiép tuc nghién ctru vé xam thuec,
an mon, rung dong va tiéng on sinh ra do xam thyc
chong chong.

Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Dai hoc

Hang hai Viét Nam trong dé tai ma s6: DT21-22.23.
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