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PHU'ONG PHAP XAC DINH DIEU KIEN BIEN BAI TOAN CFD
MO PHONG SU HiNH THANH SIEU KHOANG O BAN BAN
DUOI NUOC

STUDYING THE INFLUENCE OF SOME FACTORS ON THE SUPERCAVITY
FORMATION IN UNDERWATER PROJECTILES USING CFD

TS. Lé Hiru Ban
Khoa Vi khi, Hoc vién K¥ thuat Quan sy, B Quoc phong

TOM TAT

Bai bdo phan tich, trinh bay cac budc chinh xac dinh mot s6 dieu kién bién cho bdi todn
CFD mé phong su hinh thanh siéu khoang ciia dan ban dwdi nie6e, bao gom: dp sudt dong, dp sudt
hoi bédo hoa va dé nhét. Mot mé hinh dan ban dudi nude duwoc tién hanh mé phong CFD ap dung
phirong phép nay, két qua thé hién hinh anh siéu khoang xudt hién ¢ mii dan, twong g véi cdc
gid tri khéac nhau ciia dp sudt hoi bdo hoa.

Tir khéa: Pan dudi nude; Siéu khoang; CFD; Ap sudt hoi bdo hoa.
ABSTRACT

The article analyzes and presents the main steps to determine some boundary conditions for
the CFD problem simulating the formation of supercavities of underwater projectiles, including:
dynamic pressure, saturated vapor pressure, and viscosity. An underwater projectile model was
conducted for CFD simulation using this method. The results showed a supercavity image appearing
at the nose of the projectile, corresponding to different values of saturated vapor pressure.
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1. PAT VAN PE

Mot trong nhiing van dé cot 161 khi thiét
ké dan ban dudi nudc 1a xac dinh dugc cac yéu
t6 anh huong dén qua trinh hinh thanh siéu
khoang ¢ loai dan nay. C6 nhiéu phuong phéap
ly thuyét dé giai quyét van dé& nay, tuy nhién
chung kha phtrc tap va cho dg chinh xac khong
cao. Mot phuong phap thuong dugc su dung la
mo phong s6 dong chay — phuong phap CFD,
cho két qua truc quan va do chinh xac cao.

Pé c6 duoc két qua v6i do chinh xéc
cao tir md phong CFD, diéu kién bién 1a mot
trong nhitng yéu to tién quyét. Mot s6 bai bao
da str dung mo phong CFD dé khao sat sy hinh
thanh siéu khoang ¢ dan ban duéi nudc, tuy
nhién mé hinh diéu kién bién va dong chay
duoc trinh bay chua tudong minh, hodc chi mo
phong cho mot truong hop diéu kién bién cu
thé [1]. Dé c6 co sé khoa hoc cho viée xac dinh
diéu kién bién, bai bao phan tich cac co s vat
ly ctia dong chay, tor d6 dua ra quy trinh xac
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dinh cac diéu kién bién va ap dung mo phong
CFD cho mot md hinh dan ban dudi nudce cu
thé.

2. XAC PINH PIEU KIEN BIEN

Khi dan chuyén dong trong dong chét
16ng, dong chay bao quanh than dan c6 thé coi
nhu mot ng dong. Theo [4], mot s6 gia trj didu
kién bién can xac dinh bao gdm: 4p suit chénh
léch giita dau vao va dau ra cua 6ng dong; ap
suat hoi bdo hoa; do nhét ciia chat 1ong.

2.1. Xdc dinh d9 chénh ap suit dong chay

Xét 6ng dong bao quanh mot vién dan
ban dudi nude, duge mo ta nhu Hinh 1.

Hinh 1. Ong dong chdt long bao quanh dan

Ap dung dinh luat Bernoulli cho éng
dong bao quanh dan, khi do:

1 1
2 +5pr +pgh = p, +5pr +pgh. (1)

’ Trong do: p,, V, h, lan luot 1a ap sué:[,
van toc dong chay, do sau dong chay tai tiét
dié:’n vao cQa dng dong; p,, V,, h, lan luot 14 ap
suat, van toc dong chay, do sau dong chay tai
tiét dién ra cua 6ng dong.

Hai ap suat p,, p, tai ti€t dién vao va
tiét dién ra cua 6ng dong lan luot 1a cac ap suat
P, o Poue duoc thiet 1ap trong di€u kign bién.

Xét chuyén dong twong doi cua vién
dan so v&1 moi truong nudc; vién dan chuyén
dong song song v&i mat nudce, khi do V,=0; h

= h,. D9 chénh 4p suat gitra tict di¢n vao va tict
dién ra cua Ong dong la di€u kién bién la:

1

Ap=F Foutiet :R_Pzzszlz- (2)

Inlet
Tir phuong trinh (2), chon bd thong sd
di€u kién bién tai ti€t dién cua ong dong nhu
sau:

Inlet: Pressure-inlet; Reference Frame:
Relative to Adjacent Cell Zone; Initial Gauge
Pressure: 0; Gauge Total Pressure = P
0,50V [Pa].

Inlet

Outlet:  Pressure-

Pressure: 0.

Outlet; Gauge

2.2. Xac dinh ap suit hoi bio hoa

Theo [2], su thay d6i nhiét d6 theo do
sau cua nudc duoc biéu dién nhu trong Hinh
2-a. Theo [3], su phu thudc cta ap suét hoi bio
hoa vao nhiét d6 duogc thé hién nhu trong Hinh
2-b.
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Hinh 2. Sw thay déi ciia nhiét &g dong chay (a) va
dp sudt hoi bdo hoa (b)
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Hién tugng siéu khoang hinh thanh khi
nude bi chuyén hoa thanh hoi nuéc, tao thanh
bong bong hoi nudc bao quanh than dan, [am
giam luc can cta nude, gitp vién dan chuyén
dong xa hon trong moéi truong nudc. Nudc
chuyén hoa thanh hoi nudc khi ap sudt hoi
nudc ¢ nhiét do dang xét nho hon mdt gia tri
giéi han — ap suat hoi bao hoa. Ap suat hoi bio
hoa phu thudc vao nhiét do. Mt khac, dbi véi
dan ban dudi nude, nhiét d6 lai thay d6i theo do
sdu, vi vdy ap suat hoi bdo hoa ciing thay d6i
theo dg sau cua dan. Nhitng nguyén nhan trén
cho théy & cac d6 sau khac nhau thi tde do hinh
thanh siéu khoang cling khac nhau.

Qua trinh x4c dinh 4p suét hoi bdo hoa
duogc thuc hién qua hai budc chinh nhu sau:

- Ttur @6 sau cua dan, xac dinh nhiét do
chat 16ng tai do sau dang xét, st dung do thi
Hinh 2-a;

- Xéc dinh ap suit hoi bao hoa ctia chét
long tuong Gng voi nhiét do, su dung do thi
Hinh 2-b.

2.3. Xac dinh d9 nhét chit 1ong

MBoi trudng tac chién cia dan bin dudi
nude cha yéu 1a bién (nudc man) va song ngopi
(nudce ngot). PO nhdt cia cac moi truong nay
thuong it thay doi theo nhiét do, co thé coi
1a khong d6i va bang do nhét cia nude, p =
0.001003 [kg/m/s].

3.MO PHONG SO SU HINH THANH SIkU
KHOANG

Bai bao gidi m6 hinh CFD véi mo hinh
dan ban dudi nudc duoc thé hién trong Hinh 3.
MBoi truong nude ngot, dd sdu 5 m; van tdc dan
30m/s; nhiét d6 bé mat nude 20°C.

715

| a0 a5 7

S

Hinh 3. M6 hinh 2D dan béin dudi nuée
3.1. Xac dinh gia tri diéu kién bién

Theo muc 2.2, gia tri cua mot s6 thong
so diu kién bién can xac dinh la:
t .~20°Cp, —=17mmHg=

nudc

101325-17/760 = 2266 [Pa];
B = 0,50V =0,5-998.2-30° = 449190 [Pa].

3.2. Anh huwéng ciia 4p suit hoi bio hoa dén
su hinh thanh siéu khoang

Cac gia tri ap suit hoi bio hoa duoc
khdo sat 1a P, = 2266 Pa; P = 1500 Pa; P, =
1000 Pa. Sy hinh thanh siéu khoang quanh dan
dugc thé hién & Hinh 4.

H

a, P,, = 2266 Pa

ﬂ

b, P, = 1500 Pa

ﬂ

¢ P, = 1000 Pa
Hinh 4. Hién twong siéu khoang hinh thanh ¢ miii
dan tng voi cdc gia tri khac nhau
ciia dp sudt hoi bdo hoa

* Thao luan:

Hinh 4 thé hién sy hinh thanh siéu
khoang tai mlii dan ung voi1 cac gia tri khac
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nhau cta ap suat hoi bio hoa. Khi ap suat hoi
bao hoa giam, hién tugng si€éu khoang hinh
thanh dé& dang hon. Tir Hinh 3 ta thdy rang, ¢
d6 sdu tang thi ap sut hoi bio hoa ting, do
d6 su hinh thanh siéu khoang kho hinh thanh
hon. Sy hinh thanh siéu khoang thudng xuét
hién tai cac vi tri o sy bién ddi dot ngot vé ap
suat dong chay, chiang han miii, vai va day dan.
Ap suét thay d6i dot ngot tao thanh cac ving ap
sut thap, ap suat thip hon 4p suét hoi bio hoa
s& xay ra sy chuyén tir pha long sang pha hoi,
phan hoi nudc bao quanh miii dan chinh 13 siéu
khoang.

4. KET LUAN

Bai bdo phan tich va trinh bay cac budc
chinh xac dinh mét sb thong sé diéu kién bién
quan trong trong bai toan CFD md phong su
hinh thanh siéu khoang ¢ dan ban dudi nudc,
mot s6 két qua ndi bat nhu sau:

* Di€u ki¢n bién P _ chi phu thudc vao
khoi lugng riéng va toc do chuyén dong cua
dan;

* Su hinh thanh siéu khoang phu thudc
vao nhiét do va ap suat hoi bao hoa cua chat
long;

« Siéu khoang dé hinh thanh ¢ nhiing bé
mit c6 budc nhay vé van toc dong chay va do
doc nho.

Nhitng két qua nghién ctru cua bai
bao bd sung co sé cho qua trinh thiét ké dan
dudi nudce st dung phuong phap mo phong so6
CFD.%
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