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Noi dung can ndam
o PT Navier-Stokes, Euler
o Ham dong, ham thé va cac tinh chit
o Tinh chit cic dong thé co ban va chdng nhap




Bdo toan dong luong thang
PT Navier-Stokes
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Bdo toan dong luong thang
PT Navier-Stokes
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Bdo toan dong luong thang
PT Navier-Stokes
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Bdo toan dong luong thang
PT Navier-Stokes
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Bdo toan dong luong thang

PT Navier-Stokes

Tuaong tu cho hai phuong vy, z
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PT Navier-Stokes
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Bdo toan dong luong thang

PT Euler

Bé qua tinh nhét:

Viét cach khéac:

PT Euler
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Bdo toan dong luong thang

Ban luan:
o C6 bao nhiéu bién trong PT déng lugng thing?
o Can bao nhiéu PT d& gidi cic bién d6, 13 cac PT ndo?
o Tai sao hiu nhu khéng thé tim nghiém téng quat cia PT
Navier-Stokes hay Euler?
o Khi n3o thi cé thé& bd qua tinh nhét?



Noi luu- Ngoai luu

Viscous forces
important throughout
Re=UDNv=0.1
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Dong 2D, khong nén dugc

Ham dong

PT lién tuc:
ou

=+

Tim ham vé hudng ¢(x,y):

_w
Y
_o

ox
thay vao PT lién tuc: OK!

ov

@ =0

W(r, ¢):
Tr o
u e _87,(#
o= "o

Vay, c6 thé mé ta 2 bin u(x, y), v(x, y)bing 1 ham ¥ (x, y)
ham v6 huéng ¥ (x, y) dugc goi 1a ham dong

Ban luén: ¢ ham dong 3D?
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Dong khong quay

ham thé van téc

Dong khéng quay:

Tim ham v6 hudng ¢(x, y): o(r, 0) :
L %
- 0x =
, 9 by — 199
"y "= o0

thay vao DK khdng quay w, = 0: satisfied!

vay c6 thé mé t3 hai bién u(x,y),v(x,y) bing 1 ham ¢(x, y)
¢(x,y) dugc goi 1a thé van tbc

Ban luan: ¢ ham thé van toc 3D?
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Thé luu

khong nén dugc + khong quay
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Vay ¢ va 1) déu théa PT Laplace
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Dong thé

chong nhap

Nhu vay, cho dong thé 2D:
o c6 thé dung ¢ hodc ¢ dé miéu t3
o ¢1: thé van tbc cho dong thé 1
$2: thé van tdc cho dong thé 2
¢ = ¢1 + ¢o: thé van tbc cho dong thé 1 két hop dong thé 2
o tudng tu cho ¥

= két hop (chdng nhap) nhiéu dong thé cé ¢1, b2, ... P, va
Y1, Yo, o e

¢=Z¢i

n

P =Y

i

\_/)ZZ\_/); U:Z?u,‘
i v=>1v

25



Nhu vay, di ¢ u va v khi biét ¢ hodc v,
Lam sao dé tim p?
= Dung Pt Bernoulli cho dong thé va én dinh::

Voo L1
Tir PT Euler cho dong Iy tudng: ‘;t + (v : v) V=_2Vp,

véi (v.v)vzng.v)_vx(vx V) =
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Don énd'nh—zo, i va
g on dinh = vi vay

1_ .- - 1
V(V V)= —=
2V( ) pr (%)
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Lay (%) - d5 [z dxi + dyj], Vp-ds = dp,
V(V-V)-ds=V(V2).ds = d(V?)

dp , dV? v? 4
—p+T:O:> p+p—- = const. cho bat ki ds
p
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Qua hé gita ¢ va p?

o Dudng véi ¢ = const. 13 dudng dong (cho dong 8n dinh).
o Dudng véi ¢ = const. |3 cac dudng Ding Thé.
o Dudng véi ¢p= const. | véi cidc dudng y=const.

Equipotential line
(¢ = constant)
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Do dé,
o Noi nao duong dong day hon = .

van tbc 16n hon . |
> =

const. = Ay =q = .
van toc x khoang cach ! '
van tdc ting, khodng cich gidm v

ther indicating

Streamlines crowd
tozether indi
increased flow speed
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Mot s6 dong thé co ban va chong nhap

dong déu
LA b=t
— vus,
9=01 9=0;
(a) (b)
0 0
ﬁ - U 7¢ = 0 A . .
ox dy Dong déu véi phucng « so véi truc
vay, ¢ = Ux + C or Xi‘qb:U(Xcosa—i-ysina)‘
va
va ’@b:U(ycosa—xsina)‘
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Mot s6 dong thé co ban va chong nhap

diém nguon- diem giéng

y= c\onstant P ¢ = constant
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o g > 0 cho diém ngudn

o g < 0 cho diém giéng

< q
2rr)u, = g, h ==
(2mr)u, = q, hodc, u, 7t

va, ug = 0 vay,

o6 q

or  2mr réy
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q
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Mot s6 dong thé co ban va chong nhap

zody tu do
Luu sb clia xody tu do:
- — 2m
I'zng-ds=J ugrd@
Z 0
= 27r uy, or
Xody tu do: = o =5

ou =20 r r
o up #0 Véy,qﬁzﬂ,vé @b:%Inr

K
o up | khir 1, viduy, ue=7
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Mot s6 dong thé co ban va chong nhap

luwdng cuc

o mot diém ngudn & A

o mét diém giéng & B

Ly AB =2¢ — 0 va g — oo dé
€. = qo = const.

bféng cach nay, mét Ludng Cuc dugc
_ qocosf
N r

2

va

dinh nghia: | ¢

_qosinf
r

P =
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Mot s6 dong thé co ban va chong nhap

dong déu + nguon= dong qua ‘nita vat ran’

y=nbU

Stagnation point
~* T
0 f i
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EEREERS

@ diém dirng:

1/} = wuniform flow T wsource @© origin
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=Ursinf + —0 q

27 — =

2mb
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q q
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Mot s6 dong thé co ban va chong nhap

dong déu + nguon + giéng= dong qua "vat ran’

Stagnation Stagnation
point vs0 point

\ g
%
—_— Suurce Lﬁu *’Liu;" Smk \‘v/
g L— e —

(@)

Y = Yuniform flow T Ysource @ (—a,0) + Vsink @ (a,0)

@ diém ditng bén tréi uy|source = U + Ur|sink
@ diém ding bén phdi u,|sink = U + Ur|source
o 1 = 0 trén b& m3t vat thé (tim duoc bing phuong phap trial-error)
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Mot s6 dong thé co ban va chong nhap

dong déu + ldng cuc= dong qua tru tron tinh

o Cb thé Rankine:
a — 0, ngudn + giéng —
ludng cuc, oval — tru!

2 qdo
ac = —
U
o trén bé mit tru:
ups = —2Usin 0, va,

1
P = Po+ EpUz(l — 4sin? )

(Hay tu chdng minh céc cong
thic do!)
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Mot s6 dong thé co ban va chong nhap

dong qua tru tron + zody tw do= dong qua tru tron quay déu

O

Ixla <

()

o S

<_— Stagnation

4nUa Inla”
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o Thanh phan van tbc tiép tuyén

\ r
bé mit: ugps = —2Usin0 + —
2ma

(U=0, T = 21auy = 2ma’w)
o & diém dimng:
r
4mUa

ug=0—>sinf =

o xem xét 4 trudng hgp cla

4 Ua
nhu trén hinh!
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Luc tac dung lén be mat tru tron

o tru tinh
F.=0 F, =0
o tru quay déu

FHdbng =0 FJ_dbng # 0

FJ_d‘ong = —pl'U, (N/m)

F, = —J pscos 0.adl

CT Kutta-Joukowski, hién
tugng Magnus

Ban luan: tai sao l—ldbng # 07

F, = —J pssin 0 a df
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