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UNG DUNG CFD PHAN TiCH PAC TINH LAM VIEC CHAN VIT

CLTUSING CFD TO ANALYSE HYDRODYNAMIC PERFORMANCE
OF ACLT PROPELLER

Vi Van Duy, 'Nguyén Chi Céng,°Cé Tin Anh Vi
YTruong Dai hoc Hang hd? Viét Nam
*Truong Pai hoc GTVT TP-Ho Chi Minh

T6m tit Muyc tiéu chinh cua bai béo nay 1a siz dung phwong phdap sé(CFD) tinh toan mé phong,
xay dung duwong dac tinh ciza chan vit nguyén mau va chan vit ¢ gdn thém canh phu ¢ dinh hay con goi
la chan vit CLT(Contracted tip load propeller). Chan vit nguyén mau dwoc su: dung trong nghién cizu
co cac thdng so co ban nhu sau: Duong kinh 1 m; s6 vong quay cua chan vit 500 vong/phut; ty so budc
cua chan vit 0,945, dwong kinh bau 0,2m. Chan vit CLT si dung tinh todn co cung kich thuoc co ban
véi chan vit nguyén mau. Dya vao két qud tinh toan mé phong la dwong dac tinh lam viée cua hai logi
chan vt nay sé danh gid dwoc hiéu qud cia chan vit CLT so véi chan vit nguyén mau. Bai bao phan tich
hai nguyén nhan chinh gitp chan vit CLT cdi thién hon so véi chan vit nguyén mau 1a han ché duoc
hi¢n twong xam thuc trén canh va hién turong xody dinh canh (dong chéo nguoc).

Tir khoa:CFD, chan vjt CLT.

Chi sé phan logi: 2.1

Abstract: The main aim of the paper is to use the computational fluid dynamics (CFD) technique
in analyzing and building the characteristic curves of an original marine propeller and a propeller with
endplates on its blades. The original propeller is at the following design conditions: The diameter of 1
m; speed of 500 rpm; pitch ratio of 0.945, boss diameter of 0.2 m. The CLT propeller used in the article
has the same crucial parameters of the original propeller. Based on simulation results as hydrodynamic
performance curves, the authors highlight the advantages of the CLT propeller compared with the
original propeller. The article illustrated two main factors making the CLT propeller better than
original propeller is the cavitation phenomenon and the tip vortex on propeller’s blades.

Keywords: CFD, CLT propeller.
Classification number: 2.1

1. Giai thiéu

Trong nhimng nam gan day, do gia thanh
nhién liéu tré nén dit do, cac tidu chuan vé
phét sinh khi thai yéu ciu cao hon, tinh toan
thiét ké chan vit véi hiéu suat cao, it rung
dong, han ché tac hai xam thyc tré thanh van
dé cap béach va mang tinh thoi su.

Cénh gén trén
dinh canh

Hinh 1.Chan vit CLT trang b; trén tau canh ngam

O day, chan vit CLT khac véi chan vit
truyén thdng 12 tn tai canh gén trén dinh cénh
‘Endplate’tir 46 han ché hién tuong xoay dinh
canh, nang gia tri lyc day trén mot don vi dién
tich cao hon, ting hiéu suat, giam tiéng on,
rung dong va xam thuc, qua dé lam tang tudi
tho ctia két cau hé truc chan vit. Nhu vay, st

dung chén vit CLT tro thanh mot bién phép
thay thé hoan hao cho chan vit truyén thong
[1, 2].

Noi dung chinh cua bai bao nay la ung
dung phuong phap so nghién ctru dac tinh cua
chan yit CLT.’ Céc két qua thu dl;qc nhu: hé so
lyc day, hé¢ so m6 men, phan bo ap suat trén
bé mat canh, ph’én b6 van toc... dugc phan tich
mot cach chi tiét.

2. Co sé ly thuyét

2.1. Céc hé sb thuy dong luc chan vit

Cac hé sb thuy dong luc hoc dic trung
trong tinh toan moé phong chén vit tu do “open
water” Ia hé s luc day Kr, he so moémen Ko )
hiéu suét n la ham cua hé sb tién J. Cac hé sb
nay dugc xac dinh theo cdng thurc sau [3]:

T Q gV K
Topn’D* % pn’D*’T D'’ Ky2r (1)
Trong dé

T: Luc day do chan vit tao ra (N);
Q: M6 men xoan trén truc chan vit (N.m):;
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Va: Van tdc dong vao chan vit (m/s);

J: He sb tién;

n: Van téc quay cua truc chan vit (rpm).

2.2. Mot s6 phwong trinh dong luc hoc
co ban

Cac phuong trinh co ban mé phong dong
chay bao quanh chén vit 1a phuong trinh bao

toan khéi lugng, phuong trinh bao toan mo
men duogc trinh bay nhu sau [4]:

- Phuong trinh bao toan khéi luong:

V) —_
a—XI(pLh):O

)

- Phuong trinh bao toan dong luong:
Qi)+ 2 (i) = pF - 2P| [ B, 2u
at(pUI)+an (PLhUJ) p i axj l:#[axj + axi ]‘| (3)

Trong d6 p 1a p suét trung binh, 4 1a do
nhét phan tava puiu;la Gng suat Reynolds
trung binh. Ung suat Reynolds trung binh
duoc xac dinh theo cong thirc sau:

— ou, ou;) 2 au,
4)

Trong d6 g, 1a d6 nhét réiva k 1a ning
lwong rdi dong hoc.

3. Tinh toan mo phéng sb

3.1. Cac trwong hop tinh toan

Dé nghién ctru vu diém cua chan vit c6
lap thém canh phy “CLT” so véi chan vit
nguyén mau ta trién khai tinh toan mé phong
s6 cho hai bai toan nay véi cung 10 diém lam
viéc tuong ng véi cac hé s tién J khac nhau
khi giit nguyén s6 vong quay, cu thé nhu sau:

Bdng 1. Cdc truong hop tinh toan.

STT n (rpm) Va(m/s) J
1 500 0.83 0.1
2 500 1.67 0.2
3 500 2.5 0.3
4 500 3.33 0.4
5 500 4.17 0.5
6 500 5.0 0.6
7 500 5.83 0.7
8 500 6.67 0.8
9 500 7.5 0.9
10 500 8.3 1.0

3.2. M6 hinh bai toan va chia lwoi

Chan vit nguyén mau dung trong nghién
ctru ndy 1a chan vit bon canh dugc 13p trén pha
quan sy trong tai 120 tn. Chan vit CLT cd céc
thong sé tuong ty nhu chan vit nguyén mau
nhung c6 1ap thém canh phu vao dinh canh vé
phia mat day, c6 bé rong 1a 5% D (xem hinh
3, 4). Céc thdng s co ban caa chan vit nguyén
mau duoc thé hién trong bang 1. Ving khong
gian tinh toan “Domain” cho hai truong hop:
Chan vit nguyén mau va chan vit CLT trong
bai bao nay la hinh tru c6 truc trung vai truc
quay cua chan vit, duong kinh bang 10 lan
duong kinh cua chan vit, chiéu dai caa hinh
tru bang 13 lan duong kinh chéan vit. Pau vao
“Inlet” cach chan vit bang ba lan duong kinh
chan vit, dau ra “Pressure outlet” cch chan vit
mot khoang bang 10 1an dudng kinh chan vit.

Bdng 2. C4c thdng sé co ban cia chan vit.

STT Tén Giatri | Ponvi
1 buong kinh 1 m
2 Ty sb budc H/D 0,945 m
3 Van toc goc 500 rpm
4 Sb canh 4
5 Ty s6 mat dia 0,55
6 Puong kinh bau 200 mm

Kich thudc chan vit nguyén mau thé hién
qua hinh 2:

Hinh 2. Bdn vé chan vit nguyén mau.
Bdng 3. Cac thdng sé ludi chan vit nguyén mau.

Khéng gian tinh toan S6 niit S6 ph/ tir
Khdi dong 1338115 268017
Khi finh 1439229 | 259621
Toan bg khong gian 2777344 | 527638
tinh toan
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Bdng 4. Cac thdng sé /udi chan vit CLT.

Khéng gian tinh toan Sénat | S6 ph/ tir
Khéi dong 2665444 538841
Khdi tinh 1439229 259621
tTO‘;n b0 khong gian tinh | 104673 | 798462

Kich thuéc cua vung khong gian tinh toan
phai phu hgp dé dam bao d¢ chinh xac cua ket
qua tinh toan mé phong, viéc chon kich thuéc

Cénh chén vit nguyén mau Cénh chén vit CLT

Daura Dauvao

10D

Chan vit

RV o

Hinh 3. Kich thuéc khéng gian tinh toén.

3.2. Piéu kién bién

Trong bai bado nay nhdm tac gia st dung
md hinh réi RNG k- ¢ dé tinh toan mé phong
dic tinh dong luc hoc cua chan nguyén mau
va chan vit CLT. Thuat toan PISO dung dé noi
suy méi quan hé giira van téc va &p suat cua
cac phan tur chat long trong ving khong gian
tinh toan. Chi tiét cac diéu kién bién cua bai
toan duoc thé hién trong bang 5.

Bdng 5. Chi tiét cdc diéu kién bién.

Ten | Dibukignbien | Giatri | D"
DPau vao Van toc 0,83-83| mis
Daura Ap suit 0 Pa
Tuong Tuodng tinh - -
Cénh Tuong dong - rpm
Cénh phu Tuong dong - rpm
Khéi tinh Khéi tinh - -
Khéi dong Khéi quay 500 rpm

vung khéng gian tinh toan tham khao tai liéu
[1, 2, 5, 6]. Vung khong gian nay dugc chia
lam hai phan: Phan 1 “Dynamic domain” chira
chan vit, phan khong gian nay duoc chia ludi
min hon dé dam bao d6 chinh xé4c cua két qua
tinh toan. Phan 2 “Static domain” l1a phan
khbng gian bao quanh chén vit, ving nay duoc
chia ludi thd hon dé giam khéi lugng va thoi
gian tinh toan. D& mo ta sy twong tac giita hai
vung nady ta st dung mé hinh ludi truot
“Sliding mesh”. Kich thudc khdng gian khao
sat thé hién trén hinh 3 va hinh anh sau khi
chia lugi dugc thé hien trén hinh 4,

Cénh chin vit nguyén mu Canh chéan vit CLT

AL i AL

Luéi tai mit cat doc truc Khong gian tinh todn sau chia leéi

2]

Hinh 4. M6 hinh sau khi chia ledi.

4. Két qua va phan tich két qua

4.1. Pac tinh thuy dong luc hoc cua
chan vit nguyén mau va chan vit CLT

Hinh 4 la dac tinh thuy dong luc hoc cua
chan vit nguyén mau va chan vit c6 gan thém
canh phu. Ta thiy rang quy luat bién thién hé
s6 luc day Kt va hé s6 mo men Kq cua hai chan
vit nay la ham gan nhu tuyen tinh véi hé sé
tién J, hé sb luc day va hé s6 md men cua chan
vit CLT Ién hon chan vit nguyén mau. Vi cac
hé sb tién J tir 0,1 + 0,3 hé s6 md men cua chan
vit CLT tang nhanh hon so véi hé sb luc day,
do d6 hiéu suét cua chan vit CLT tuong tng
Vi cac hé sb tién nay nho hon chan vit nguyén
mau. Tuy nhién khi hé s tién J 16n hon 0.4,
hé sb luc day cua chan vit CLT tang nhanh
hon so v&i hé s6 md men do d6 hiéu suét cua
chan vit CLT Ién hon chan vit nguyén mau.
Tai ché d6 khai thac twong &ng voi hé sb tién



29

TAP CHi KHOA HQC CONG NGHE GIAO THONG VAN TAl, SO 32-05/2019

J = 0,8 chan vit CLT c6 hi¢u suét Ion hon so
véi chan vit ban dau khoang 6,8%.

nCLT

10K CLT

HE& si thiy dong lyc hoc

.
04 0.6
Hé sé tién J

Hinh5.Ddc tinh dong luc hoc cua chan vit nguyén
mau va chan vit CLT.
4.2. Kha ning chong xam thwc cia
chéan vit nguyén mau va chan vit CLT

Ving
xdm
thuc

Hinh 6. Phan bé &p sudt tai mat hat tai
J=0,6 véi n =500 rpm.

Phan b ap suét trén mat hat cho biét viing
nguy co xam thuc cua chén vit CLT duoc cai
thién dang ké (nho hon va bam sat mép vio),
véi chan vit nguyén mau c6 ving xam thuc
I6n hon va loang rong vé phia dinh canh.
Ngoai ra, voi chan vit nguyén mau sé ton tai
hién tugng xody dinh canh, trong khi d6 chan
vit CLT dap hoan toan dugc hién tuong nay.

Vi tri cinh

Mait hat Mat day

ra

Hién twong xody dinh canh
Hinh 7. Hién twong xody dz’rlh canh trén chan vit
nguyén mau.
Nhu vay, véi viéc han ché duoc ving
xam thyc ciing nhu ngan dugc hién tugng

xo0dy dinh canh da giap chan vit CLT tang
duoc hiéu suat 1am viéc so vai chan vit nguyén
mau, ngoai ra nd con giam duoc rung dong,
tiéng on dan dén ting tudi tho cua thiét bi lién
quan.

5. Két luan

Bai bao di ng dung phuong phap sb, tinh
toan, md phong dong luc hoc cua chén vit
nguy&n mau va chan vit CLT. Tur cac két qua
tinh toan mo phong dat dwoc nhu phéan bd ap
suat trén cac canh, phan b van tc, cac duong
dac tinh thuy dong luc hoc cua hai loai chéan
vit ndi trén nhom tac gia da phan tich 1am noi
bat dugc uu diém cua chan vit CLT so véi
chan vit nguyén mau. Tai van téc khai thac
tuong tng véi hé sé tién J = 0,8 hiéu suat cua
chan vit CLT cao hon 6,8% so véi chan vit
nguyén mau.

Cénh phu trén chan vit CLT lam thay d6i
dang ké phan bd ap suat trén hai bé mat canh,
han ché viing xam thuc, khéc phuc hién twong
x0dy dinh canh...Do d6 chan vit CLT c6 kha
ning hoat dong & dai van téc goc 16n hon voéi
dd 6n dinh caoQ
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