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Tom tit

Bai b&o nghién cuzu tinh todn mé phong su twong
tac giira dong chay va canh ngam tai cac vdn toc
lam viée khac nhau. Bai todn tiong tdc rdn - long
hai chiéu giiza canh ngam va dong chdy cé mat
thoang qua canh ngam diroc md phong. Gia tri va
sir bién doi theo thoi gian cua luc cdn, luc nang
tac dung 1én canh ngam, bién dang cia canh
ngam va danh hweng cua bién dang téi lec firong
tac tinh toan, md phang tai cac van téc tau khac
nhau. Két qua cho thdy si phu thugc cua liec can,
lzrc nang, bién dgng canh ngam vao vdn toc tau va
dé chiéu sau cua canh so vdi mat thoang.

Tir khoa: Canh ngam, CFD, phiong phdp bién.
Abstract

The article explores the simulation of interaction
between the flow and the hydrofoil wing at
different working speeds. Two - dimensional solid
- liquid interaction problem between the hydrofoil
wing and the fluid is simulated. The value and
transformation over time of the drag force, the
lifting force on the wing, the deformation of the
wing and the effect of the deformation to the
interactive force, simulation at different speeds.
The result shows the dependence of the resistance,
the lifting, the deformation of the wing at the
speed of the ship and the depth of the wings.

Keywords: Inertial sorting, CFD, microfluidic,
Immersed Boundary Method.

1. Gii thigu
1.1. Khai quat chung

O céc vung bién Viét Nam hién nay, cac loai tau
cao téc dwoc dua vao khai thac kha rong ri, trong dé
¢6 loai tau hai than cao tdc. Loai tau nay c6 uu diém
ndi bat vai stc can than tau nho, d6 on dinh cao, giam
lic, khdng gian trén boong chinh rong gitip ting hiéu
suét str dung va giam chi phi khai théc. Bén canh do,
tau dugc ché tao bang vat liéu hop kim nhém, soi téng

hop gilp than tau nhe hon, tir d6 tang tinh co déng cta
tau.

Trong céc loai tau cao toc, tau canh ngam Ia loai
¢6 ty sb luc nang trén lyc can cao. Sau thé ky XX, tau
canh ngam duoc thiét ké, ché tao va dua vao khai thac
phuc vu du lich mét cach rong rai. Ngay nay, céc loai
tau cao téc canh ngam dan bi thay thé bai cac tau hai
than vai nhiéu vu diém vuot troi, thu hat khach du lich
trai nghiém, giam chi phi van hanh va bao dudng, dac
biét 1a dbi vai tau c& lon.

Trong qué trinh phét trién cua loai tau hai than,
viéc trang bi thém cénh ngam cho cac tau dang khai
thac va dong mai la vAn dé ma cac nha thiét ké, chu
tau dac biét quan thm. Bai canh ngam gitp ting déng
ké van téc, 1am ém chuyén dong cua tau tir d6 ting
hiéu suat trong qué trinh khai thac.

Trén thé gioi da c6 mot vai nghién ciru mé phong
sb cho canh ngam duoc Iip hd tro cho tau hai than
nhim danh gia cac dic tinh thuy dong luc hoc cua
canh [2]. Riéng ddi véi trong nude, chua c6 bai bao
khoa hoc nao nghién ctu vé van dé nay.

Hinh 1. Tau 2 than Catamaran

1.2. Tinh theec tién cia vin dé

MJi con tau hai than dang khai thac hodc déng méi
déu c6 mot van tdc khai thac nhét dinh trong truong
hop tau toan tai va ciing 1a yéu té c6 méi quan hé voi
lyc can va chiéu chim. D6 1a nhitng van dé ma céc nha
thiét ké dac biét quan tam trong qua trinh cach tan,
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Déi véi cac chu tau, yéu cau dua ra chi yéu la lam
thé nao dé tang van toc khai thac, giam thoi gian hanh
trinh, tiét kiém chi phi van hanh. Tir nhitng yéu cau
d6, bai toan dit ra cho cac nha thiét ké I1a tim ra giai
phap tbi wu vira giai quyét dugc van dé cha tau dua ra,
vira tiét kiém phi cai tién va ché tao. M6t trong nhitng
giai phép hiéu qua 1a lap thém canh ngam dé tang luc

nang gidp giam chiéu chim tir d6 giam stc can cho tau.

4

Hinh 2. Tau 2 than Catamaran lip thém canh ngam

1.3. Muc dich nghién ciru

Ap dung thiét ké canh ngam cho mét con tau dang
duoc khai thac 1a tau khach hai than cao tbc
CATAMARAN 2975 véi van téc khai thac 30hl/h.
Yéu ciu cua bai toan can giai quyét la xac dinh céc
thong s6 luc nang, luc can, ung suat, bién dang cua
canh ngam di thiét ké nham phuc vu cho qué trinh tinh
toan 6n dinh bd sung cho tau canh ngam, tinh toan két
c4u canh va kiém bén cénh.

Tir yéu cau trén, thuc hién qué trinh mod phong dé
khao sat tuong tac va do 6n dinh cua canh ngam tai
cac van tdc khac nhau.

2. Md hinh nghién c&u
2.1. Bién dgng canh ngam #ng dung cho tau
hai than

Cénh ngam thiét ké c6 bién dang canh Naca 4412,
trong truong hop dong chay c6 sé Reynolds (Re) bang
50.000 va gc tan ctia canh 1a 4 6 c6 cAc théng so tir
nghién ciru thyc nghiém cho bién dang canh nay thé
hién trong Bang 1.

Bdng 1. Thong sé ciia bién dgng canh Naca 4412

Tham S6  Gia tri DPon vi
o 4 do
CL 0,635 -
CD 0,048 -
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Trong dé: CL 1a hé sb luc nang cua canh ngam;
CD la hé sé lyc can cua canh ngam.

Thuc hién qua trinh tinh toan luc nang va luc can
ctia canh doc 1ap theo hé sé thuc nghiém trong bang
trén.

Hinh 3. Ly thuyét canh ngam

Khi canh ngam nghiéng mot goc « so véi phuong
cua dong chay, trén canh s& xuat hién hop luc thay
dong F dat tai mot diém goi la thm &p luc cua cénh
ngam [1].

Luc F bao gom cac thanh phan lyc nhu: Lyc nang
FL vudng goc méi phuong dong chay, hec can Fp song
song voi phuong dong chay.

Luc néng do canh tao nén xac dinh theo cong thuc:

2
F,=C,%-5 €

Trong d6: C, 1 hé sb nang; p la mat d6 nudc
(kg/md); v 1a van téc caa dong chay hay van téc tau
(m/s); S la dién tich mat dudi cua canh.

Cénh ngam thiét ké co6 goc dat canh 4 do, tra hé s6
lyc nang trong bang trén, 4p dung cdng thirc dé tinh
toan luc nang cua canh theo Bang 2.

Bdng 2. Luc nang canh tinh theo cong thac Iy thuyét

Tham . Pon
a Gia tri K
) vi

S 1,74 1,74 1,74 1,74 m?

v 13,89 144 1492 1543 m/s
Re 68.033 70.552 73.072 75.592 -
C. 0,635 0,635 0,635 0,635 -
FL 109,25 117,42 126,05 13482 kN

Tham Pon
B Gia tri .

) vi

S 1,74 1,74 1,74 1,74 m?

v 1595 16,46 16,98 17,49 m/s
Re 78.112 80.631 83.151 85.671 -
C. 0,635 0,635 0,635 0,635 -
FL 144,06 153,42 163,26 173,22 kN
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2.2. Mién khéng gian tinh toan

Lua chon kich thuéc viung khdng gian bao quanh
canh can dam bao diéu kién du lén dé khong anh
huong téi két qua tinh toén.

Tir yéu cau trén, tac gia hra chon kich thuéc mién
khdng gian tinh toan md phong nhu Hinh 4.

Hinh 4. Mién khong gian bao quanh canh

Céc thdng s6 kich thudc mién khong gian di chon:

- Chiéu dai: 16m;

- Chiéu rong: 11m;

- Chiéu cao: 7m.
2.3. Cac m6 hinh vt ly

Véi bai toan md phong canh ngam, chon 2 mé
hinh vat 1y dic trung cho chit long (Physics Fluid)
trong g véi dong bao quanh canh va chét rin
(Physics Solid) twong tng véi vat liéu ché tao canh
ngam.

Mb hinh vt Iy cho chdt léng bao gom:

- Khdong gian (Space): 3
Demensional);

- Thoi gian (Time): Khéng 6n dinh (Implicit
Unsteady);

- Vat lieu (Material): Nhiéu pha (Eulerian
Multiphase);

- Dong (Flow): Hon loan (Segregated Flow);

- Ché d6 nhot (Viscous Regime): Chay rdi
(Turbulent);

- M@ hinh réi: K-Epsilon.

M& hinh vt Iy cho chdt rdn bao gom:

- Khéng gian (Space): 3
Dimensional);

- Thoi gian (Time): Khéng 6n dinh (Implicit
Unsteady);

- Vat liéu (Material): Chat ran (Solid);

- M@ hinh tuy chon (Optional Models): Ung suét

chiéu (Three

chiéu (Three
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chat rin (Solid Stress), twong tac ran-long (Fluid
Structure Coupling).

2.4. Phwong trinh chu dao

2.4.1. Phuwong trinh Reynolds-Averaged Navier-
Stokes (RANS) Turbulence Models:

2 +4.(p7) =0 @)

2/0t.(p?) + V. (pv X ¥) = —V.pl + V.(T +
Trans) + fo (3)
a/0t. (pE) + V. (pPE®D) = —V.po + V.(T +
Trans)? —Vq + fp¥ (4)
Trong d6: p 1a khdi lugng riéng cua chét long; V'
la van téc trung binh; P 1a dp suét trung binh, 1 tenxo
danh tinh; T 1a tenxo ing suit nhét; f, 1a két qua cia
luc khdi (nhu trong huc va lec ly tam); Ela téng ning
lugng trung binh trén mot don vi khi lwong; q
12 thong lugng nhiét.
2.4.2. Phwong trinh bién dang cua vdt liu:
a. Chuyén vi
x(X,t) =X +u(X,t) 5)

u = {u,, Uy, uZ}T

Trong d6: X 1a vi tri cua 1 chat diém vat liéu;
u(X,t) 1a su dich chuyén cua chat diém do.
Truong bién dang (Deformation Gradient):

Uy Uy Uy
ax oy oz

_ 0x _ gu _ Uy 98Uy 09Uy
F_ax_1+ax_1+ ax ay oz ©)
Uz 09Uz 0Uz
X Yy 0z
F=RU
Trong d6: | 1a ma tran don vi; X, Y, Z la cac thanh
phan vi tri caa chat diém vat liéu; R 1a tenxo quay; U
la tenxo ng Suét:

F = FVF4
F®=]13f @)
FV = J-13]
J = detF
Trong d6: J =det F1a phan thé tich; Fd 1a phan
roi rac.
b. Ung suat:
Ty FE./JA
T= (Ty) =| B/A (8)
T, E,/A

Trong do: F 1a luc tac dong 1én bé mat; A la dién
tich cua bé mit.
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Oxx Oxy Oxz
= <O'yx G'yy O-yz>
Ozx Ozy Ozz
Oxx Oxy Oxz Ny
T=0.n= (ayx Oyy Jyz) (ny> ©)]
Ozx Ozy Ozz n,
Trong dé: n: vector don vi.
¢. Phuwong trinh bdo toan dong luong.
pu—V.c—b=0 (10)
Trong do: p la khdi lugng riéng cua chat long; u 1a
su dich chuyén cua chét ran; b 1a téng luc khdi trén
mdi don vi thé tich.
2.5. Piéu kign bién
Mién khong gian tinh toan l1a mot hinh hop chit
nhat bao gdm 6 mat, mdi mit co diéu kién bién giéng
nhau hozc khac nhau tiy thudc vao cac diéu kién thuc
té ciia bai toan dang xét. Voi bai toan mé phong cénh
ngam, didu kién bién duoc lya chon nhu sau:
- Mat Inlet cua mién khong gian phia trudc canh
dat diéu kién bién van toc dau vao (Velocity Inlet);
- Mt Outlet ciia mién khdng gian phia sau canh
dat didu kién bién &p suat dau ra (Pressure Outlet);
- C4c mat con lai cua mién khong gian: Piéu kién
bién tuong (Wall).

Hinh 5. Diéu kign bién

2.6. Mo hinh luoi

Chia luéi la mot qua trinh quan trong trong quéa
trinh md phong. S6 lwong va chat luong luéi anh
huong truc tiép toi thoi gian md phong ciing nhu do
chinh xéac cua két qua tinh toan [3]. Vai thong sb cua
may tinh: Chip Intel(R) Core™ i5-5200U CPU @
2.2GHz , RAM 4.00GB, str dung céng cu chia ludi tu
dong (Automatic Mesh) véi cac thiét 1ap nhu sau:
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- Kich thude ludi co ban 100mm ving chat long
xa canh ngam, xa mat thoang;

- Kich thuée ludi nhé nhat 10mm tai khu vuc xung
quanh bé mat canh va tai khu vuc mit thong.

Két qua sau qua trinh sinh lugi 1a 370.000 phan tir
ludi.

4t

Hinh 6. Chia lwéi canh ngam

Hinh 7. Khu veee lieéi gdn bé mdt canh va mgt thoang
3. Két qua
3.1. Két qud tinh toan

Quan sat d6 thi sai s tinh toan sau mdi vong lap
dé nhan biét két qua tinh toan mé phong d hoi tu.
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Hinh 8. Dé thi sai sé luc nang
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Hinh 9. Pé thj sai sé luc can
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Hinh 11. Pé thj sai sé bién dang lén nhat

Sau qué trinh md phong cac truong hop van toc va
xuit két qua, tong hop két qua luc nang, luc can, ang
suat Ién nhat, bién dang Ién nhat trong Bang 3.

Bdng 3. Két qua md phéng

Tham sb Gia tri Dd.n
vi
v 27 28 29 30 Knot
v 13,89 144 1492 1543 m/s
Fo 87,73 94,21 101,07 108,03 kN
Fo 10,36 11,13 11,94 12,76 kN
OMAX 494 531 57 6,09 Mpa
AZmax 1,25 1,35 1,45 1,54 mm
Tham » Pon
A Giatri K
S0 vi
v 31 32 33 34 Knot
v 1595 16,46 16,98 17,49 m/s
FL 115,36 122,79 130,61 138,50 kN
Fo 13,62 14,5 15,12 16,34 kN
OMAX 6,51 6,93 7,39 7,83  Mpa
AZwax 1,65 1,76 1,87 1,99 mm

Trong d6: v 1a van tdc caa dong chay hay van téc
tau; F 12 luc nang, Fp 14 luc can; owax |4 &g suat Ion
nhat; AZuax 12 bién dang I6n nhét theo phuong Z.

Tir bang tong hop két qua, xay dung cac biéu do
thé hign mdi quan hé giira lyc nang, luc can, ang suét
I6n nhét, bién dang 1on nhat vai van tc.
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BIEU PO LU'C NANG THEO
VAN TOC

150

Z

= 100 /
=]

&

= 50

Q

=3

= 0

27 28 29 30 31 32 33 34
Van tbc (HI/h)

Hinh 12. Biéu dé thay déi luc nang theo van tac

BIEU PO LUC CAN
THEO VAN TOC

Luyc can (kN)
e e N
o o o o o

27 28 29 30 31 32 33 34
Van téc (HI/h)

Hinh 13. Biéu dé thay déi luc cdn theo vin téc

BIEU PO UNG SUAT LON NHAT
THEO VAN TOC

10

Ung suét 16n nhit (Mpa)
o N BN (o] 00}

27 28 29 30 31 32 33 34
Vin toc (HI/h)

Hinh 14. Biéu do thay doéi ting suit Ion nhit

theo vin toc

SO DAC BIET (10-2021)



HOI NGHI KH&CN CO’ KHi - PONG LUC 2021

BIEU PO BIEN DANG LON
NHAT THEO VAN TOC

o = N
o Uk 1N G

27 28 29 30 31 32 33 34
Van téc (Hl/h)

Bién dang 16n nhét (mm)

Hinh 15. Biéu dé thay d@6i bién dang lén nhét theo
vén téc

3.2. Trwomg vdn téc va &p sudt quanh canh

Hinh 16. Phan bé ap sudt déng hinh chiéu canh

Pressure (Pa)
5. 23005

1120005

113976005 54051 15 82118,

Hinh 17. Phan bé &p sudt déng hinh chiéu bang

Posiion|2) (mm)
o sz wss s

Hinh 18. Phan bé mgt thoang
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Hinh 19. Phan bé mgt thoang hinh chiéu bang

postionii] tmm)
531 ness s

Hinh 20. Phan bé mgt thoang hinh chiéu cgnh

Stress Max. Shear (Pa)
12347, 1.65806206 2.30548:06 4.95150:05 5.59848:06 526450405

Hinh 21. Phan bé r#ng suat trén canh ngam

Stress Max. Shear (Pa)
12347, 1.65800:06 330546406 4.95192:05 65984250 8.244%:05

Hinh 22. Phan bé rng sudt hinh chiéu cgnh
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{ )
Hinh 23. Phan bé s#ng sudt hinh chidu bang Hinh 25. Phan bé bién dang hinh chidu ding
Displacement{k] (mm)
oot oo , wlz;;::!acenxenz{k] m o . 2.090470 025823 0.6069% 9.55564 13062 16530
Hinh 24. Phan bé bién dang canh Hinh 26. Phan bé bién dang hinh chiéu canh

3.3. So sanh lxc nang giia két qua moé phong 4. Két luan

vdi tinh toan ly thuyet Két qua md phong cho thdy céc thanh phin nhu

luc nang, luc can, &ng suat, bién dang ting dong bién

BIEU PO LUC NANG theo van téc; két qua gid tri luc nang tir qué trinh mo
THEO VAN TOC phong nho hon két qua tinh toan ly thuyét; gia tri luc

’ can nho khong anh huong nhidu t6i luc can cua than

200 tau. Bén canh do, gia tri tng suét va bién dang tai van
@ 150 //‘ toc khai thac 16n nhat cia tau nam trong gioi han cho
(%n 100 .—‘_‘_,—o/ phép cua vat liéu ché tao canh. ,
g 50 Qua qué trinh md phong, y nghia ctia két qua mong
ot mudn dat dugc 1a c6 thé gidp ich cho qua trinh thiét
0 ké bién dang canh ngam sao cho phu hgp véi muyc tiéu
27 28 29 30 31 32 33 giam lyc can, ting véan toc khai thac tsi gia tri mong
Van toc (HI/h) mudn; dong thoi gidp ich cho viéc kiém tra én dinh
cho tau, tinh toan lya chon két ciu canh ngim dam
—@=Tinh toan m6 phong bao didu kién du bén, it bién dang va tiét kiem vat tu
=@ Tinh toan ly thuyét ché tao.
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