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L. PINH NGHiA THE LUU:
i RN
L udas khong phu thudc vao dudng di tt A dén B

P « A .« A A ~ A z A
Dé diéu kién trén thda man, can c6 mot
ham ¢(x,y) sao cho

_ow

u=gradgo —» U =0

¢(x,y) : Him th€ van td¢c
Ngoaira

|
@ =—Rot(u
5 (i)

1 Chuyén dong thé 13 mot chuyén dong
= ERot(grad p)=0 — khong quay

IL. MOT SO KHAI NIEM
1. Ham th€ van téc (¢):

Trong toa do descarde Trong toa d6 cuc
u =2 u, =2 op 1 9p
ox oy u, =—, = ——

= ; U, =
"o’ " roo
+ Phuong trinh duding dang thé: Khi cho p=Const => dubing dAng thé

Ham s6 thé thda min Phuong trinh Laplace

2 2
0 (2p+6 20:0 PT Laplace
ox~ Oy
Vip=Ap=0
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2. Ham dong (y) :

trong toa do Descarte trong toa do cyc

0 0
u, =X ; u =" SRR
oy ox r oo or

Mot s& tinh chat cia ham dong:

+Trong bat ky dong chdy nao ciing ¢6 thé tim dugc haim dong

Lu6n ludn cé d(ow) 0oy d oy
SR a0 PN a9 ) u =Y u=-—
ox\ oy ) oy\ ox Yoy ox
So sdnh véi pt lién tuc aaux +% =0 Ludn tim duge y(x.y)
X Y

+ Trong chuyén dong thé& \ thod mian phuong trinh Laplace

2 2
Tir Rot(i)=0 f?x_éﬂazo
ox Oy
2 2
— O oy ofaw)_, ., v OV _,
ox\ ox ) oy\ oy ox oy

-Khi cho y = C thi day chinh la phuong trinh mét dudng dong

Su thay ddi gid tri y tai 2 di€m

y1 (x,y) va di€ém (x+dx, y+dy) trén
dudng y =C
yx,y)=C

dy =Y i+ OV
ox oy

> dy =—u dx+u.dy

ma y(x,y)=C —  dy=0 — —udxtudy=0

dx _dy
Z = Z «— Phuong trinh dudng dong

Vay cdc diém niy théa min pt dudng dong hay néi cach khic dudng y(x,y) = C la
mot dudng dong
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+ Luu lugng (q) di qua gilta 2 dudng dong A,B bing q = vy - W,

0 0
dg=u dy-udx ="dy- (— a—f]dx

Oy
= a—l/joz’y + a—l'ljoz’x
oy ox
dq =dy

N [0
Nuvay g =["dy =y, -y,

3. M&i quan hé gitta ham dong va ham thé:

Opoy 0pdy _,

ox Ox Oy Oy
Pudng dong va cic dudng dang thé tryc giao véi nhau  — Lu6i thiy dong
ILMOT SO CAC CHUYEN PONG THE DON GIAN
1. Chuyén dong déu nim ngang
Yy ¢ ¢
R P3 P4 Vs
u =U u, =0 >
X o y
. WYy
- Pay 1a mot chuyén v
dong th&€ vi Ror ii = 0 > ’
> %)
U": Vi
; X
Ham thé : @(x,y) i
0 0
ung(p g(p:U0 j—)(f:U — ¢=Ux+C —> e=Uyx
T
150) op
b T oy ) e=ek)
Ham dong : vy (x,y)
oy  _, oy dy _ —
= —= —=U =U,y+C —» =U,
e oy dy 0 =0,y v y
T
0 oy
y=m S RS0 y=y(Y)
0x ox B

Printed with FinePrint - purchase at www.fineprint.com

T6m tdt bai gidng - TS Huynh cong Hoai PHBK tp HCM 3



. Piém ngudn va gi€ng
Xét mot diém ngu@n c6 cudng dd q (m?%/s) Ay

Tu phuong trinh li€n tuc
q

Llr = — u :O -] ~ A
2nr ‘ y r \“ur
u, =urc0s9=icose=i§:iL « ex - >
2nr 2nr v 2m (xz +y2) <
q .
uy=ursin9=isin9=izzi Y

2nr 2nr v 2m (xz + yz) Y
Rotii=0 ——> Vénha??

Ham thé€ : Trong toa do cuc ¢(r,0)

q
u :8_([) . a_(P:i d_(p_i _’(DZiLI’ZI’-FC — (p:z—Lnr
" or or 2mr dr 2nr 2 T
ue=lg—(g Z—gzo — ¢ =0(1)
r Trong toa d6 descarte (p:iLn (X2+y2)
47

Ham dong: Trong toa do cuc wy(r,0)

_ ie v = iac tanl (Trong toa dd descarte)
V= I 27 X
Lu6i thiy dong:
DPudng thé : o= A inr
q o Zn Phuong trinh v&
ng trinh vong
__1 . _ q
¢ = Lnr r=e tron tim O bédn kinh
bPudng dong: vy = 2i9
T 2
q 2my, Phuong trinh dudng thang
v, = Ze 0= q “ quatam nghi€éng mdt géc O
Ay Ay
Va I ¥ Y \& * Y,
) L y=0 ; i,
vs | ; X
1 (0} 1 )
Ve |
Vs Vs
DPi€m ngudn biém hut; wongl 4 ppr y=-Lo
di€ém nguodn thay -q 2r 2z
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3. Xoay ty do
Dong chdy trén nhitng dudng tron dong tim, c6 van tc

r

u, u, =0

- 2 /

I : luu s6 van toc ( hing s6) /
N

y

- Pay 12 mot chuyén dong thé

- Ham thé:
Toa do cuc _ I
P = 2—9
7~ 0,
Toa d0 Descarte r y
¢=—arctg| =
21 X s
- Ham dong : . M
-r X
Toa do cuc W= 2—ln( r) I'>0:&o4y duong
T

Toa do Descarte  y = _4—Fln(x2 +5°)
T

Ghi chu:
I'>0: xody dudng ngudc chiéu kim dong hod; I'<0: xody Am thuin chiéu kim dong ho;

4. Ludng cuc:
- Piém nguon + hiit ¢6 ciing luu lugng q dit cach Ngudn v Hut
nhau mot doan € v6 cuing nhé trén truc hoanh
q ol
X

- Him thé& =0+ Py

Véi di€m ngudn va di€m hiit nim & tAm
Oy =_—an(x2 +y2)

q 2, .2
(pNzﬂLn(x +y) in
bo: truc (o) =iLn((x+s/2)2 +y2) Cu =_—6]L’7((x_8/2)2 +y2)
4n 4n
&Y 2
q & : & : 2 ql (x+5j Ty
=@ +@,=—|1 +—| +y* -1 -=| + = -ln 3
T PR e P T
2
x2+xg+g—2+ : 2 2 2 2
_ a, 4 7Y _ il X +xe+y :iln X" —xe+xe+xe+y
4z xz_xg+%2+y2 dr | x* —xs+y° 4n x> —xe+y’
2 2
= iln a —ZXS—i—y +22x8 4qln|:1+ 2_2x€+ 2:|
4n x> —xe+y 4 Xrooxetry
_q 2xe
(/’_4_ 2
T|x" —xg+y

Ma: In(1+x) =x-x2/2+x3/3-....
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Ludng cuc dugc dinh nghia
- Khi ¢ —» 0 thi eg > m; (m_ cudng do cia ludng cyc)

Ludng cuc
p=| e | T g 4| e
dr| x> —xe+y° pelimy, x*—xe+y’
® My X Y
2n| x* +y?
/-\ \V
Trong toa do cuc o= m, cos 0
2nr R
Q X
N N , y = -m, Yy
- Ham dong : Tuong tu c6 20 x4y 0
Trong toa dd cuc = m, sin 6
2mr

III CHONG CHAP CAC CHUYEN PONG THE:

) R Chong chap chuyén dong thé sé& cho ra mot
man pt Laplace

1. Chuyén dong qua ni¥a cd thé

Ham th& van toc

Dong déu + ngu6n — P =@+ Q= Uo)c-kiLn(x2 +y%) (Toa @6 descartes)
=0 +0,= U,r cos@+2iLnr (Toa do6 cuc)
A T
— 4
. Ham dong
- y=y +vy.= Uy +iarctan(1) (Toa dd descartes)
— ‘ 2 X
. {
U_’ y=y+vy,= Ur sind+-Lg (Toa cyc)
o 27
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Thanh phan van tdc

I

(szorcosenLiLnr — o
2 la(/)
u, = =
r 06

DPiém dirng (u = 0)

(u,=0vauy,=0)

L’ﬂ'
[27[U0 J

Phudng trinh dudng dong di ngang
qua di€ém dirng S

Piém dirng S

7 :Uorsin9+il9

u :8_(0:U0 cosf+-1-

27

—l(Uar sin@)=-U, sin@

r

Nhitng di€m trén trén truc x : uy =0

vau =0 khi

-U +i:0 —> l]o=i
2w 2mr
__4

27U

27
q q
—> = —7T = —
v 2 2
— Uorsin0+il9:1
27

o4 (7[—9}
27U, \ sin@

s 2 N s X 2 272’-U0 4
K&t hgp mot chuyén dong déu va mot di€m nguon c6 thé dung d€ mo ta dong chay bao

quanh nita c6 thé

2. Chuyén ddng bao quanh tru tron

Dong déu (U,) + Ludng cyc (m,) —>

Ham th& van toc

Toa dd descartes

Q=@+ §g= on+m‘[ ) }

2n| x* +y’
Toa dd cuc
0
Q=0+ Q= Uyrcosb+ Mty €OS
nr
=cos O[Uor + Mo j
2nr
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\O

v

Ham dong

Toa dd descartes

m y
= + = U __0_ 7
\V \'lj u \Vd Oy 27_[ X2 +y2
Toa dd cuc
Y=y, +y,= Uysind- m 5ind
2mr
= sin G(Uor—ﬂj
2nr
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Tu ham dong — Dudng dong

Y = sin G(Uor —ﬂJ

2nr

Pudng dong v6i vy =0

— ,/
y=0 —» sin G(Uor —ﬂ] =0 — E—
2nr — —
N — —
) m, - —
sin6=0—>0=kn OF UOF——jzo —
27r U |

_ m . ; .
"= \/ 27U, Mot dong déu két hgp véi mot

ludng cuc c6 thé diung d€ mo ta

| dong chdy bao quanh mét tru tron

Dutng dong Ia 1 vong tron tam N&u tru tron ¢ bdn kinh r, thi

O ban kinh r ludng cuc c6 cudng do m la
Cac duong dong y =y, y = y,, ... Co dang
nhu trén hinh vé e [0 my = 27U 1
Nhu vy dong chdy bao quanh try tron ban kinh 22U,
r, ¢6 ham th€ van t6¢ va ham dong

r2 r2
(p=U0rc0s9(1+r%j \V:Uorsine(l—r%j

Thanh phin van toc

2
¢=U0rc0s0(1+%)
-
1”02 — o
=U, cosb| r+— — —
r — E—
u _6_¢)_U cosd l—i 3 —
r or o 72 3 R
5 — >
u, =la—¢=—onsin€ o Y
r o0 r r
: vy
=-U,sin@| 1+—-
r

Trén bé mit hinh try (r=r,)
u, =0 and u, =-2U,sin@

r

Van téc cuc dai A and B ( 0 = £1/2) Uy, =—2U,  ty, =2U,

Pi€m dimg Cva D (0=0, n) Uoe = Ugp =0
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Ap suit phin b trén mit tru

Xét mot di€m & xa mit try c6 van tdc U, dp
sudt p, and va mot di€m trén mit try van t5c u,,
4p sudlt p,

Ap dung pt Bernoulli —

Ul p ut p -

—0 + £o + =3 4 £s + —>

—

Bé qua sy thay doi (z) va thay ug —

UO

Ui, o _(2ysn0)  ps .

2 p 2 Yo,

1 .
—  Pg =D, +5,0U02(1—4sm2 (9)

N&u p,1a dp suat khi trdi p,= 0

| Ap suat cuc dai tai C va D Pe = Do =5,0U0
Ds :E,on(l—4sin2 9)
¢ . o 3
Ap suit cuc ti€u tai A va B DP.=Ps =—5,0U02
z 2 _-.
Ap suat phan bd trén mit tru = %
1 —

Theoretical

Ps— Do :lpug(1—4sm2 6) o {Inviscid)
2 c Experimental L __
1 4] 2
Ps—Po =C,,EpU§ S|

Dong chdy thé

0 a0 ﬁg{dgu L:;u 160 180
Cp:(1—4sin29) o

., Dudng mau dd , doi xing

Dong chdy c6 quay

Cp khong ddi xitng , thi
nghi€m cho dudng mau xanh

Quan sit dong chdy th€ va dong
chdy c6 quay qua mot xe dang
chuyén dong

Tém tit bai gidng - TS Huynh cong Hoai PHBK tp HCM 9
Printed with FinePrint - purchase at www.fineprint.com



3. Dong chay bao quanh tru tron véi mot xody ty do

Dong chay bao quanh try tron r,

; . r
P =U0FCOSH[I+%j Ve =uorsmt9[1—ri2 o

Xody ty do : (szLé’ V/V:;—rln(”) = ﬁ% >
A\

27 T —_

Dong chdy bao quanh tru tron + Xody tu do U

Ham thé van toc

P=¢: @y :Uorcosﬁ(1+@j+Lg
r-) 2rm

Ham dong

2
v=ve+y, =ursing 1= |- Lingy
r 2r

Thanh phin van toc trén mit tru

_1op

0
= "o =50

r 8}” r=ry

=-2U, sin¢9+L

27,

u

r=r,

Pié€m dirng (u, = 0 va u,=0) trén mit try =
Van tdc trén mit tru §
=
: r —
u, =0 u, =-2U,sin@ +— U
27,
o
R . r . r
Taidiém u,=0 —-2U,sin0+——=0 —_— sin@ =
27, 4m,U,
| <[4,U,| 2 diém ding
sinf = o | =|4m,U,| 1 di€ém ding
7,
o | >|4z,U,|  Khong c6 di€ém ding trén mit tru ( di€ém
dirng ndm ngoai mit tru)
——
-‘-‘--_-:."--___________._-P-'-'.-r—
=— Stagnation
r=0 0| <[4, U, | 0 = 4m,U, | 0> |4m,U |
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Ap sudlt trén mit try
Tu pt Bernoulli equation, xét di€ém o & xa mit tru va
di€m s nim trén mit tru

2 2

—0+&+g20 =u75+p—s+gzs

2
B4 qua su thay ddi (z) va thay u vao

=gt HRRAY

2
s [—ZU0 sin6’+rJ
Uy, Po_ M), Ps

2 p 2 P

2sing I )

1 2 .2
=p,+=—pU;|1-4sin" 0+ -
Ps = Po 2:0 0( - 42U

Toéng luc tdc dung trén mit tru ( cho 1 don vi chiéu dai tru )
27
F =- jo (p.ryd0)cos6 =0

F =- J‘Oz” (p,1,d0)sin@ = —pU,T (Kutta — Jouskowky law)

Luc nang F, dudc goi goi 1a hi€u tng Magnus

Sy phan bd dp suat trén mit tru khi Re 16n

(b)2<Re<30

Dong chdy qua mot cdnh

(d) 10" = Re= 2x

T\ut;ulml boundary laver 5

Z= Wake

_-_._‘_‘-H‘\--__-""—F.__
———

) Re>2x 10°
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Thi du 1:

y & % e g

A - \VS
____________ _|.B
VB > \ Yy
, ' Y3
> T V2
e |,
5 X
XB XA
v=U,y

X4c dinh luu lugng qua A-B ?
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