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TOM TAT

Nghién civu siv dung mé hinh CFD k-« SST dé phan tich anh hwong ciia géc nghiéng canh
(t 9) dén hiéu sudt chong chong B-Series. Két qua cho thdy géc nghzeng tang lam tang dang ké luc
day (K,) va mo-men xoan (KQ) o tai trong cao, nhung tac dong dén hleu sudt (n,) la khong dang ké.
Nghzen citu cung cdp co so div liéu dinh lwong hé tro kyj sw thiét ké toi wu lwe day, cdi thién hiéu
sudt chong chéng.

Tiwr khéa: Tau thuy, Chong chong; Ban vé; CFD; Goc nghiéng.
ABSTRACT

The study employs a k-« SST CFD model to analyze the influence of the blade rake angle (6) on
the performance of a B-Series propeller. Results indicate that increasing the rake angle significantly
enhances the thrust coefficient (K,) and torque coefficient (K )) under high load conditions, but its
impact on open water efficiency (n,) is negligible. The research provides a quantified database to
support designers in optimizing thrust reserve and controlling adverse flow phenomena such as
cavitation.

Keywords: Ship,; Propeller; Drawings, CFD, Rake.

1. PAT VAN PE

Trong nhiing thap ky gan day, phuong
phap CFD dua trén mo6 hinh RANS da c6 nhiing
budc phat trién vuot bac trong phén tich chong
chong tau thuy. Tuy nhién, viéc mo6 phong chong
chong van gip nhiéu kho khin do do phirc tap
hinh hoc, dong chay r6i, hién tuong tach dong,
anh huong cua 16p bién, truong dong thuc va
xam thure.

Céc nghién ctru trude day vé mo phong
CFD cho chong chéng con ton tai mot sd han
ché. Nghién ctru ciia A N Hayati [1] chua mo
hinh héa chinh x4c thyc té do bo qua anh hudng
cua cu chong chong, lam giam d¢ tin cdy cua
két qua. Nghién ciru ctia Funeno [2] cho két
qua chinh xac nhung phuong phap tao ludi lai
phirc tap va tn thoi gian.

Mac du da c6 nhiéu nghién ctru ve hiéu
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sudt chong chong tau thity, nhung viéc phan tich
tac dong ciia ting thong s6 hinh hoc riéng 18,
dic biét 1a goc nghiéng canh (0), van con han
ché. Dé tai nay duoc thuc hién nham cai thién
han ché d6 bang cach tip trung nghién ctru anh
huéng cua goc nghiéng canh dén cac thong sb
thity dong luc hoc ctia chong chéng, bao gdm
luc day (K,), mé-men X04n (K,) va hiéu suét
M,)- Phuong phap chinh dugc st dung la géng
luc hoc chat 16ng va tinh todn (CFD) dé mo
phong, phén tich chi tiét su bién thién cia cac
thong s6 néu trén. Dé dam bao do tin cay cua
két qua, nghién ciru s& kiém soat cac yéu td anh
hudng nhu mat d va phuong phap chia ludi.

Muc tiéu cudi cing 13 cung cip mdt co
so dir liéu c6 gia tri, hd tro cho viée tdi wu hoa
thiét ké va van hanh chong chong, tir d6 gop
phan nang cao hi¢u qua day va tiét kiém niang
lugng cho tau thuy.

2. THIET LAP MO HINH VA XAC PINH
PIEU KIEN TiNH TOAN

2.1. Lya chon mo hinh chong chéng

Nghién cuu su dung chong chong
Wageningen B-series loai B3-50. Cac thong s6
hinh hoc chinh ctia mdi chong chéng dugc trinh
bay trong Bang 1. Cac mo6 hinh nay dugc tao ra
bang cach sir dung phan mém dung ban vé 3D
chong chong [3].

Hinh 1. M6 hinh chong chong B3-50 vdi goc
nghiéng canh
(@)va (b) 0=10° (c) =-5° (d) 0=0° (e) = 15°
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Pé danh gia anh hudng cua goc nghiéng
canh 1én cac thong sb thuy dong, nghién ciru da
tao ra va mo phong ba md hinh chong chong
v6i cac goc nghiéng canh khac nhau lan luot 1a
-5°,0° va 15° twong tng hinh 1(c) dén 1(e).

Bdng 1. Théng sé chong chong B3-50

Thong sb Gia tri Pon vi
Du’O’ng kinh chong D =250 mm
chong
S6 canh Z=3
Ty 1€ mat dia AJA,= 0,55
Ty 1€ budc H/D=1,4
Kiéu chong chong | Wageningen B
Chiéu quay Phai

2.2. M6 hinh vat ly

Nghién ctru str dung phuong phap hé toa
d6 quay trong CFD dé mé phong chuyén dong
cua chong chong. Phuong phap nay dugc chon
vi cung cép két qua twong duong véi cac ky
thuat khac (nhu toan mién quay va ludi truogt)
nhung tiét kiém thoi gian tinh toan hon. Dé mo
ta dong rdi, mo hinh vat Iy SST K-omega duoc
st dung do d¢ tin cay cao cua n6 trong cac ung
dung mo6 phdng chong chong.

2.3. Thiét 1ap diéu kién bién va kich thuéc
mién mé phéng

Ap suét Vin téc
dau ra dau vao

>

4D 2D

'y

) T
Mién tinh

Mién quay

Hinh 2. Viing tinh todn va diéu kién bién

* Thiét 1ap mién tinh toan

Dé nghién ctru hiéu ning cua chong <~
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chong trong dong chay dong nhit va mo phong
diéu kién nude hd, mot mién kiém soat hinh tru
da dugc gid dinh bao quanh mdi chong chéng.
Kich thudc mién tinh toan duge lua chon da 16n
dé tranh cac anh hudng bén ngoai tac dong 1én
két qua du doan hiéu niang ctia chong chong [4].

sat dong chay tot hon tai nhitng khu vuc nay.

Cac beé mat con lai dugc tao ludi bang
cac tam giac kich thude 16n hon, véi chiéu dai

canh xép xi 0,1D [1].

* Di¢u kién van hanh va toc d¢ quay

Téc d6 quay ciia truc chong chong duoc

thiét lap cd dinh 1a 30 vong/gidy trong sudt

nghién

clru nay [5].

Van téc dong chay di vao qua bién dau

vao da duoc thay d6i twong ng véi cac gi tri
khéac nhau cua hé so tién (J).

bicu kién moi truong: Nudc cd khoi

luong riéng p = 1,02587 t/m* va do nhot dong

hoc v=

Hinh 3

1,188.10° m?/s [5].

. Chia lwéi: (a) mdt cat mé hinh tinh todn;

(b) ludi mé hinh tinh toan; (c) lwoi da dién ving

quay;

(d) da dién quanh mép chong chong; (e)
lwdi tinh chinh madt chong chong

2.4. Tao luéi

* M6 hinh héa chuyén dong va thé tich

D¢ tinh toan chinh xic hon dong chay
gilta cac canh chong chong, mot ving ludi quay da
duoc thiét 1ap xung quanh chong chong (Hinh 2).

Céc khu vuc con lai trong mién tinh toan
duoc tao ludi bang phan tir tr dién, voi toc do
tang truong 1a 1.1 [4].

3. KET QUA VA PANH GIA
3.1. Kiém chirng mé hinh

Do tin cdy cua két qua mo phong CFD
duoc xac nhan thong qua viéc so sanh voi div
liéu thuc nghiém (EFD) [5] véi chong chong
c6 d6 nghiéng 10°. Két qua cho thiy mé hinh
CFD c6 xu huéng dy bao cao hon mot chut so
v6i thuc té. Sai s6 trung binh nam trong pham
vi chip nhan dugc: Luc ddy (K,) 0.16% - 4.5%,
Mo-men xoan (K) 1.5% - 5%, Hiéu suat (m,):
0.6% - 3.45%. Vi sai sO trung binh déu dudi
5%, ¢6 thé két luan rang két qua mo phong CFD
hoan toan dang tin cdy va phu hop voi két qua
thuc nghiém.

o Lwéi bé mit va ving tinh chinh

Céac bé mat canh chong chong dugc tao
ludi bang phan tir tam gidc. Cac tam giac ¢ kich
thudc nho hon, voi chiéu dai canh x4p xi 0.001D
[1] (trong d6 D la dudng kinh chong chong), da
duogc sir dung cho cac khu vire gan gbc canh,
mép canh va dau mat canh nham muyc dich giam
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Hinh 4. D6 thi ddc tinh ciia mé hinh chong chong
chong voi goc nghiéng 10°, so sanh dwong CFD
va duwong thuc nghiém
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3.2. Két qua hé so lwc day

Két qua nghién ctru cho thay anh hudong
r0 rét cua goc gghiéng dén hé sb luc day (K.
So véi thong s6 dong hoc cua chong chong tai
goc nghiéng 10° thi goc nghiéng duong lon
(15°) 1am giam luc ddy, dic biét rd ¢ hé sb tién
16n (J), voi murc giam 1én dén ~8% tai J = 1.1,
Nguyén nhan dugc cho 1a do hién tuong tach
dong manh hon va phan bd tai trong kém tbi
uu. Goc nghiéng -5° lam tang luc day tir 2.7%
dén 3.3% trén toan dai J. Sy cai thién nay co
kha niang dén tir viéc diéu chinh goc tan hiéu
dung, tao ra phan b ap sut tdi wu hon trén bé
mat canh, dac biét tai ving mép canh (Hinh 5).

Dit liéu cho thdy thay K, tai -5° tang
tir 4.1% dén 6.4% so v4i goc nghleng 10°. Khi
gbc nghleng tang tr 10° 1én 15°, K, glam tur
1% dén 6.4% so v6i gia tri tai goc 10° Anh
huéng cua viée diéu chinh goc nghiéng lén K,
16n nhat & J = 1.1 khi ting goc tir 10° lén 15°
lam giam mo-men khoang 6.4% (Hinh 6).

Hinh 5. D6 thi hé s6 lwc ddy

Hinh 6. Do thi hé so mo-men xoan
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Hinh 7. Hiéu sudt lam viéc

Su thay do6i hiéu sudt véi cic goc
nghiéng khac nhau khong dang ké trong pham
vi tai trong chong chong (Hmh 7). Tuy nhién,
két qua cho thiy hiéu suét cua chong chong
giam dao dong tir 0.84% (tai J = 0.4) dén 2.92%
(tai J = 0.8). Vai goc nghiéng 16n hon nhu 15°,
hiéu sut giam tir 2.09% (tai J = 0.4) dén 1.31%
(tai J=1.1). Nhin chung, v&i J tir 0.8 dén 1.0 thi
su giam hi¢u suat cang 16n.

4. KET LUAN VA KIEN NGHI

Két luan: Nghién ctru CED nay da cung
cAp mot phan tich dinh lugng chi tiét vé tac
dong cua goc nghiéng canh trén chong chong
B-Series trong diéu kién nuéc ma, sir dung mod
hinh k-omega SST. Cac két luén chinh bao gdm:

« Anh huéng dén hé sé lyc day va mo-
men xoan: So v4i goc nghiéng chuan 10°, goc
nghiéng 4m (-5°) lam tang ca K| va K,,, trong
khi goc nghleng duong lon ( 15°) lai lam giam
ca hai hé sd nay, ddc biét ¢ hé sb tién J cao. Sy
thay di cua K, thuong co6 bién do 16n hon so

vo1 K.

« Hiéu suat téng thé: Sy thay d6i goc
nghiéng canh c6 anh huong khong dang ké dén
hiéu suit trong méi trudng nude tu do, do K.
vak, bién th1en voi ty 1€ tuong duong. D heu
chi ra khi hé sb tién tr J = 0.9 tré 1én thi su

chénh 1énh hiéu suit tang 1én.



NGHIEN CUU - TRAO DPOI

Khuyén nghi: Phan tich thuy dong luc
v6i thay doi ty s do nghiéng (P/D) va goc
nghiéng trong dong chay doéng nhit c6 xam
thuc va khong dong nhat & ca hai diéu kién xam
thuc va khong xam thuyc.
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