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Tom tit

Ngue 16i la logi dan di chuyén dudi nwéc nén yéu
t6 luc can anh huong lém d@én hiéu qua khai thac
va dac tinh hang hdi cua logi thiét bj nay. Mgt
trong nhitng anh huong c6 loi cua xam thue do la
giam lyc can tur méi truong tac dung khi siéu xam
thyc hinh thanh. Tir két lugn rat ra te bai béao [5]
ma nhém da thuc hién, miii tam gidc dang 16i cho
két qud luc can giam so Véi truong hop miii
thuwong. Bai bdo nay tdp trung nghién cuiu dnh
hwong miii 16i dwoc gan vao phan dau ngw 16i
nguyén mau Set53M gidp hinh thanh xam thuc va
bao phua toan bé thin nguw 160 khi ngu 16i di
chuyén ¢ téc dé cao. Tir d6 givip giam déng ké luc
can tac dung lén thdn ngu 16i. M6 hinh xdm thut
Singhal va phuong trinh xdm thuc Rayleigh Plesset
duoc Sir dung trong qué trinh tinh toan d(‘)ng xam
thuc qua vat thé dang 3D ngu 16i nguyén mau va ngu
16i diroC t0i uu héa két cau phan miii I6i 1ing Véi sw
thay doi ciia 56 xam thuc o

Tu khéa: Siéu xam thuc, CFD.
Abstract

Torpedo is a projectile that moves underwater, so
the drag force has big effects on using the
efficiency and navigation of this device. One of
the advantages of cavitation is reducing the drag
force when super_cavitation has appeared on the
body of torpedo. From the conclusion of the paper
[5] that our team did, the convex cavitation
makes a smaller drag force than basic triangular
cavitation. This research focuses on studying the
effect of convex cavitation attached on the nose of
torpedo Set53M helps to make bubble cavitation
and cover the whole body when torpedo moves at
the high speeds. Therefore, the drag force is reduced
significantly. The Singhal cavitation model and
Rayleigh Plesset cavitation equations are used in
simulating cavitating flow over 3D basic torpedo and
an optimizing torpedo with convex cavitation when
cavitation number ochanges.

Keywords: Cavitation, super_cavitation,
high-speed torpedo, CFD.

1. Giéi thiéu

Khi vat thé hinh tru dang ngu 16i c¢6 téc do cao
chuyén dong ngdm dudi nude thi yéu t luc can tac
dung 1én ngu 161 ¢6 vai trd quyét dinh dén tdc do va
thoi gian di chuyén trén hanh trinh t6i muc tiéu cia
ngu 16i. Hién tugng siéu xam thuc dugc biét dén nhu
1a mot giai phap gitip giam dang ké luc can tir moi
truong chét 10ng tac dung 1én than ngu 16i khi ngu 161
di chuyén véi téc d6 cao ngdm dudi nude. Siéu xdm
thue duoc hinh thanh trén bé mit vat thé theo hai
phuong phap d6 1a xdm thue nhan tao do khi gas dugc
bd tri & ving miii vat thé gidp hinh thanh siéu xam
thue [2] va xam thyc hoi nudc nho két cAu dia c6 hinh
dang dac biét duoc gén Vao ph?ln dau vat thé [11, [3],
[4]. Hinh dang phan miii ngu 16i ¢6 anh hudng rat 1on
dén dic tinh xam thyc hinh thanh trén vat thé. O dai
vén tde cao, sidu xam thue hinh thanh va bao phu toan
bd bé mit than ngu 16i gitip lam giam déng ké Iuc can
tr méi truong, tir d6 giam sy ti€u hao nhién liéu [3],
[4]. Trén thyuc té trong linh vyc hai quan, ngu 16i siéu
khoang da duogc nghién ciru va ung dung trong viéc
thiét ké mot s6 loai ngu 16i siéu khoang di chuyén ¢
dai toc d6 cao dudi nudc nhu 1a ngu 161 VA-111
Shkval ciia Nga véi tc d6 di chuyén 1én téi 200 knots
twong duong 100 m/s, ngu 16i siéu khoang ctia Han
Qudc Red Shark Torpedo véi toc d6 tuong dwong ngu
16i VA-111 Shkval ctia Nga.

Tir két qua nghién ctru ma tac gia cing nhom
nghién ctru da thyuc hién [5], tac gid luc chon duong
kinh miii ¢6 kich thudc 0,75 dudng kinh than ngu 161
v6i goc a = - 20°. Co s6 lya chon 1y thuyét lya chon
dudng sinh ctia miii 16i Hinh 1.

Hinh 1. Co s¢ dung miii ngw l6i dang
con 16i va con 16m
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Muc tiéu ctia bai bao nay 1a chi ra anh hudng cua
mili hinh nén 60° d6 dang 16i v6i dudng kinh 0,75
duong kinh than ngu 16i téi viéc hinh thanh siéu xam
thuc va viéc gidm luc can tdc dung 1én than ngu 161
Hinh 3 so véi trudng hop nguyén mau Hinh 2 khi ngu
16i dugc khai thac ¢ dai tbe d6 cao ¢ van tde tir 75m/s

1 S

dén 90m/s. R .
Hinh 5. Ngw l6i voi két cau miii 161
M® hinh tinh toan va ving khong gian khao sat
. _ E duoc chia lqéi voi loai ludi ti diér} ¢0 kich thudc co
= ludi nho nhat 1a 3mm va c¢& 16n nhat la 240mm. Ludi
dugc chia tir trong ra ngoai. Sau khi thuc hién chia

i i ludi, khong gian tinh bao gdbm 291.339 phan tir lugi
Hinh 2. Phén miii nguw Hinh 3. Phéin miii ngw 16i dwoc va 1.639.802 nut ludi.

16i nguyén mdu Set53M  téi wu két cdu phéin miii dang 16i

2. Co sor ly thuyét va xay dung mé hinh tinh toan m

Co so ly thuyét vé 16p bién va sy tach thanh 1op
bién vai vat thé dang ngu 16i [6].
Phuong trinh lién tuc va phuong trinh dong
lwong cho dong nhiéu pha:
-

op OlpVv;
E/’ " % -0 1) Hinh 6. Chia lwdi mé hinh nguw l6i

i nguyén méu Set53M

at X 2

J
op op ov, OV, 20y,
——+—| (u+ —t— 9
ox. ax[(” ”'){axj ox, 3ox,

Trong do:
p la khéi lugng riéng chat long, v 1a van toc va p

1a &p suat; Hinh 7. Chia luwéi mé hinh nguw 16i
1 13 he s6 nhot dong hoc va pi hé sé nhét rdi. vdi ket cau miii 10i
Phuong trinh chuyén pha tir pha long sang pha hoi: bicu kién bién bai toan duoc thict lap:

opa o(pt,) 3 - M hinh xam thuc: k-¢; cavitation
6vt . +V(pvavv) = V(p fvv)+ o ~+R.-R, ®) - Vung khong gian tinh: Pha nuéc, nhiét do 25°C;
. ~ ~ phakhi, nhiét 46 25°C;

M0 hinh ngu 161 nguyén mau Set53M va ngu 161 - Trao déi nhiét: khong;

duoc toi wu hoa véi két cau phan mii 16i dwoc xay

dung trén Solidworks 2016. Ving khong gian khao - Thiet lap dicu kién bién:
sat co kich thude duge chi ra trén Hinh 4 va Hinh 5 + van toc dong dau vao, Vinlet (m/s);
V6i kich thugce chiéu dai, chiéu rong, va chiéu cao 25 + Ap suét diu ra, Poutlet = 151.550 (kPa);

x 10 x 10 (m). Puong kinh ngu 16i nguyén mau

+ Ap suét tai d¢ sau h =5 (m);
Set53M D =533mm.

+ Tiéu chuan hoi tu: 10,

Pé danh gia anh huong cua xam thuc téi viéc
giam luc can, s6 xam thyc o va hé sé luc can Cp
duoc xac dinh béi céng thac:

o= Pet — B . _ D (4)
27 D~
Hinh 4. Viing khong gian khdo sat 0,5pV 0,5pV?*A
ngw 16i nguyén méu Set53M
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3. Két qua tinh todn va danh gia

3.1. Phan bé dwong dong qua ngw 16i nguyén
Mau Set53M va ngw 16i dwoc t0i wu héa phan
miii

Hinh anh phan bd duong dong qua ngu 16i
nguyén mau Set53M va ngu 16i gan miii 16i dugc thé
hién qua Hinh 8 va Hinh 9. Két qua nay dugc tinh
toan & cac gia tri van téc V khac nhau: 75; 80; 85 va
90 m/s &ng Vvoi gi4 tri s xam thuc o: 0,06; 0,05;
0,04 va 0,03.

Hinh 8. Phan bé duong dong qua ngw 16i
nguyén mau Set53M

Hinh 9. Phan bé dwong dong qua ngw 16i diwec t6i wu
hoa véi két cau mii 161

O truong hop ngu 16i nguyén mau, hién tugng
tach dong xay ra phan dau ngu 16i va tao ra ving ap
suét thap phia sau, tao diéu kién hinh thanh cac phan
tar bot khi xam thyc. Ving ap suit thip dugc mo
rong trén than ngu 16i khi van téc ting 1én. Voi
truong hop ngu 16i duoc gan thém miii 16i thi diém
tach thanh nim trén miii nén va diéu nay lam ving
&p suat thip phia sau l6n hon truong hop nguyén
mau.

3.2. Phan bé pha hoi trén ngw 16i nguyén méu
Set53M va ngw 16i dwoc t6i wu héa phan miii

Dé danh gia qua trinh thay d6i kich thudc ving
bot khi, Hinh 10 thé hién ving c6 &p suat giam
xudng dudi &p suat hoi bdo hoa ciia nuéc. Ving ap
suat thap phat trién (ng khi van tc ngu 16i ting. O
gid tri van téc 75m/s; 80m/s ung véi ¢ = 0,06; 0,05
Hinh 10a va Hinh 10b cho két qua viing &p sut thip
XUt hién phia sau ving miii va hinh thanh bot khi
xam thyc, chiéu dai trung binh vét xam thuc di voi
truong hop ngu 161 duoc gén thém miii 16i 16n hon so
V6i trudng hop ngu 161 nguyén mau. Khi tbe do ting,
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tir trén 80m/s dén 90m/s thi chiéu dai khoang bot khi
tang 1én va siéu khoang hinh thanh, bao phu toan bd
bé mit than ngu 16i g véi truong hop ngu 161 duoc
t6i uu hoa phan miii, Hinh 10c va Hinh 10d. Truong
hop nay cho két qua luc can giam dang ké so véi ngu
16i nguyén mau.
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Hinh 10. Phan bé pha hoi trén ngw 16i nguyén mau
Set53M va ngw I6i dwoc gin miii 16
3.3. Anh hwong ciia xam thuc téi ngw 16i voi
két cau miii 10

—4—Lcav/D Set53M
nguyén mau

~——Lcav/D ngu 16i gin
miii 16i

Leav/D
oL
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$6 xdm thwe &

Hinh 11. Chiéu dai vét xam thuc Leav phu thuge o

V6i anh huéng cia mii 16i dwoc gén vao phan
miii ngu 16i d3 tao ra viing &p suét thap phia sau va
hién tugng siéu xam thuc dugc hinh thanh sém hon
so véi truong hop nguyén mau khdng gén mii 16i.
Hinh 11 chi ra mdi quan hé giita s6 xam thuc o va
chiéu dai vét xam thyc. Chiéu dai vét xam thyc ting
khi van téc ngu 16i tang 1én, cu thé chidu dai vét xam
thuc ddi véi truong hop téi wu xap xi 1,8 1an chiéu
dai vét xam thuc véi trudng hop nguyén mau va bot
khi chiém toan bo than ngu 16i khi van téc ngu 16i
dat 90m/s &rng véi o = 0,03.

026

0,24
& 022

£ 02

E 0,18 —a—Ngu 16i nguyén mau
Sets3M
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0,12

0,1
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Hinh 12. Sw thay déi hé sé luc can Co khi thay déi &
Hinh 12 thé hién mdi quan hé giira s6 xam thyuc o
va hé sb lyc can Cp. Ngu 16i duoc gén thém miii 15i
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cho két qua lyc can giam dang ké so véi truong hop
nguyé&n mau Set53M. Khi cac bot khi xam thuc phat
trién va chiém mot phan than ngu 16i tng voi gia tri
o = 0,06 lyc can tac dung 1én ngu 16i duoc tdi wu héa
phan mili nhé hon 5% so véi truong hop luc can tac
dung 1én ngu 161 nguyén mau. O nhitng gia tri van
té¢ 16n hon, khi hién twong siéu xam thyc hinh thanh,
tdi khi xam thyc bao phu toan bo bé mat than ngu 16i
thi yéu t6 luc can ma sat va luc can hinh dang tac
dung 1én than ngur 16i giam dang ké, dat gia tri xap xi
40% khi ¢ =0,03.

4. Két luan

Anh huéng két ciu mii 16i dwoc gin vao phan
miii ngu 16i duong kinh 533mm véi gia tri s6 xam
thuc giam tir o = 0,06 dén o = 0,03 duogc thyc hién
mo phong bai toan xam thuc trén phan mém ANSYS
- CFX va c6 duge mot s6 két luan sau:

- Kich thuéc vét xam thuc (thdng sb vé chiéu dai)
tang dang ké so voi truong hop ngu 16i nguyén mau,
xap xi dat 1,8 lan. Két qua nay c6 thé duoc nghién
ctru va ing dung phat trién loai ngu 16i siéu khoang.

- Thong s luc can (luc can ma séat va luc can
hinh dang) tac dung Ién bé mit than ngu 16i & truong
hop dugc gan thém miii 16i cho két qua giam dang ké,
Xap xi 40% so v&i ngu 161 nguyén mau Set53M.
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