TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

CHUONG 6

THE LUU

Gigi han: dong chdy phdng, luu chdt 1y tuéng khong nén duoc chuyén déng on dinh
I. CAC KHAI NIEM CO BAN

1. Ham th& van toc:

: 1
Ta dinh nghia ham ¢ sao cho: u, :8_(p; u :8_(p hay u, aq) _1de

y Ug =
ox oy o’ r 00
B
Trudng véctd u 1a trudng c6 thé khi: J' ids chi phu thudc vao hai vi tri A va B.

(1

B tontai @ thoé/}l)B

- 0
uds .[(u dx +u dy) — juds-j( (de+ a(}[I)dy)

A

Ta co:

> —

) = I do=0, — ¢y
RG rang ti ching minh trén, Iuds chi phu thuoc vao gid tri ham th€ tai A va B.
Vay: A

0
Dong chdy c6 th€ <>J¢/thod d.k. (1) < X(Z;PJ ai(g;pj=0<:> %— 6;; =0 < rot(u)=0

2. Phuong trinh dutng dang thé: do=0 < u dx + u,dy =0 A n
B

3. Y nghia ham th€ van tdc: T3 =@y — @, s =]u.ds 12 luus6 van t6c
’ ’, A
4. Tinh chat ham thé: 2 2
o 0
X A J s R DA 0[%0), 000 00 d6_
Tu ptr li€n tuc, ta c6: ox oy ox\0x /) 0Oy\ oy 0

<> Ham thé thod phuong trinh Laplace
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5. Ham dong:
Khi dong chdy luu chat khong nén dugc tdn tai, thi cidc thanh phan van tdc clia n6
2 ‘A . ou
thoa ptr li€én tuc -%Jr_y:()@mv/ux :a_\l’;uy __ oy hay u, zla_w;ue __v
ox 0Oy oy OX r 00 or

v goilahamdong. vay y ton tai trong moi dong chay,

con ¢ chi ton tai trong dong chdy thé.
6. Him dong trong th& phing:
2 2
Vila dong chiy the nén: %y %% g 0 (a‘l’j OV g OV, TV _
ox 0oy ox \ Ox 8y oy ox* oy’
Vay trong dong thé& thi ham y thod ptr Laplace.

0
Tu ptr dudng dong: udy —u,dx=0< %dy + %dx =0 dy=0

7. Puong dong va ptr:

Nhu vay trén cing mot dudng dong thi gid tri y 12 hiing s6.

y
8.Y nghia ham dong_ 5 %
qag Iu ds—junds—ju n,ds+uyn ds—ju cosods + u sinods
Ta co: A A A A
B Ba\lf oy B
udy —udx=|—dy-——dx=|dy=yz -y
J , {ay ax [{ B~ Va o
Vay: quap =W ~Va 0o >X

9. Su' truc giao giita ho cdc dudng dong va dudng ding thé:

0¢ oy 8(p 8\V

o Ox 8y6 u,(-uy ) +u (u)=0

Suy ra ho cdc dudng dong va cdc dudng diang thé truc giao vSi nhau.
10. Cong thé huu:

O=0¢; +¢, +
V=Y, Yy, +
11. Biéu dién dong thé:

DPé€ biéu dién dong chdy thé, ta c6 thé biéu dién riéng tirng ham dong va ham thé, ta
ciing c6 thé k&t hgp haim dong v6i ham thé thanh mdt ham thé phitc nhu sau::

Thé& phli’C f(z): f(z)=0¢ + 1y v4i z = x+iy = ei® .
df : do .dy
avy: —=u, 1w, =—+1—
Nhu vay: i X Y T 4k dy
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IL. CAC Vi DU VE THE LUU

1. Chuyén dong thiang déu: tir xa vo
cyc t61, hgp v6i phuong ngang mdt géc

= Vcosa; uy, = Vsina

dy = udy-udx
y = Vyycosa - Vyxsina + C
Chon:y=0 1a dudng qua gbc toa do

= C=0.

Vay: V= Vyycosa - Voxsina
e "EP=SP=-

Tuong tu: @ = V xcosa + V,ysina
¢=-3

Biéu dién bang ham thé phiic:
F(z) = p+iy = (Vxcosa + Vyysina) + i(Vyycosa - Vxsina)
= x(V,cosa- 1V sina)+yi(V,cosa - 1V sina)

= az

a=(V,cosa -1V sina) z=x+y 1a bi€n phc.

v6i: 1a sd phic;

2. Piém ngudn, di€m hit: véi luu lugng q tim dit tai gdc toa do.

(q>0:diém nguon; q<0:diém hiit). ) )
Hélmld()ng: Ham th€ van toc:
_a ' 3, ' q
i 2nr} = dy = N g + a—"’de =—uydr + ru,d6 =ru,do dq)zidr+gede:urdr+r%d6:urdr:§mdr
r
u, =0
_4a . _ S
. =2ie+ C: chon w=0 khi 0=0 :>(p—2nln(r)+C, chon =0 khi r=1
T
S Y Y = Ing® +y?
=y 2n6 2narctg(XJ =0 b y At & +y)
= Ho céc duong dong 1a nhitng dudng thing qua O. v=(q/4)
q q y
=—0=—arctg| =
v 2n 2n g(xj
L IPTORN: IO . _
K&t luan: Q= o In(r) = e In(x* +y”~) y=q/ Y=
f(z) = (Inr+i0) =L (Inr + Ine®)
2m 2n
:iln(reie):ian:alnz ' ®
21 21 y=3q/
(_3‘,‘ vi du ddt tai

Ghi cha:
Truong hop diém nguén (hit) cé tam ddt tai mot vi tri khdc géc toa d
A(xy; y,) thi trong cong thikc tinh ham dong (hodc thé van tdc), tai vi tri nao cé cdc bién x
phdi thay bing (x=x,) ; tai vi tri nao cé bién y phdi thay bdang (y-y,).
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3. Xody tu do: dit tai goc toa d6 va c6 luu s6 vantdc T =§ﬁds = const

( T r y
= —0 = —arctg | —
i 27 27 8 (x)
u =0 \y=iln(r)=iln(x2+y2)
— 27 47
= = const i
te = onr f(z)=L(6—iln r)=—£(ln r+i0)
27 27
= sl In(re®) = - 1T Inz=alnz
o=I'/4
Ghi chi:
I'>0: xody duong ngudc chiéu kim dong hd;
['<0: xody 4m thuin chi€éu kim dong ho; o=T/2 =0
Tuong tu, ta cé trén ddy la xody ddt tai O(0,0).
Mudn biéu dién cho xody cé tam ddt tai diém
bét ky, ta ciing thyc hién nhu trong phan ghi
chii ciia diém nguon, hiit. v
©=3T/4

I'>0: xody duong

4. Ludng cuc: 13 cip di€m ngudn + hiit ¢6 cuing luu lugng qdit cdch nhau mot
doan € v6 cling nhé (cho e—0 véi diéu kién €q—m,, la moment ludng cuc).

Vi du ta xét trudng hdp nim trén truc hoanh:

Tim ham dong:

V=vy, -i-\llh:i(en_eh):i arctg Y —arctg .
2n 27 €
X+ — X ——
2
y | | ¥
) 1 fx-3) )
X+ — X —— -— |- —
_ 9 2 2 . q 2 2
= ——arctg = ——arctg
27 27 ) g? )
X" ———+y
1+ J J 4
S €
X+— || x——=
2
Khi e0 ti s6 trong dau arctg ti€n tdi 0 nén ta c6 thé viét:
_ 9 2 2)|_9q A -m, |y
V= 2 - 2 - 2 2
27[ 2 e 2 27[ 2 t4 2 271: X +y
X —Z+y X*——+y
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3]+
X+E +y ’
S I N T ex

4m ( 8]2 , | 4 ( gjz )
X——| +y X——| +y
5 2 2
Trién khai In(l1+x)=x-"—+... vi bd qua cdc s6 hang bic cao vo cling bé, ta c6:
q 2ex m, X .
27 e 2 2 2n X2+y2
X_E y

Vay tém lai, d6i v6i chuyén dong ludng cuc thi:

_-m, 'y _ —m;sin@
Yo x> +y> 2m r
- m, x _ mgcosO e
L 2n )(2+y2 21 r
" -
f(z)—mo cos@—isin® m, cos® O +sin” 0 _my 1 ! !

21 r Cn r(cos 0 +1isin 0) C2nz

5. Dong chay quanh nira cd thé:

La chdng nhip clia chuyén dong thing déu ngang (Uy)+ ngudn tai gdc toa dd (q)

Stagnation y

Point

(p:uox+iln(x2 +y2):u0rcose+ilnr
4m 2n

v =u,y +iarctg(z) =u,rsin® +d9 U =
2n X 27

Piém dirng A:

u,=0su, =0Gu, =0

o0 - q 2x

ox | 4nxi+y?

o 2
L=i2_y2=0<:>
oy 4nx +y
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6. Dong chay quanh c& thé dang Rankin

La t6 hgp ctia dong chuyén dong thing
ngang déu (uy) + nguodn (+q) + hit(-q).
Trong d6 di€m ngudn va hit nim trén
truc hoanh, cich nhau modt doan 2a hitu
han,

iln(x+a)z+yz

4t (x—a) +y

y )— arctg(
X+a

C6 hai di€m dirng A va B:

¢o=ux+

2]

y=uy+ i|:arctg[
2

TS. Nguyén Thi Bdy - PHBK tp HCM -Bai Gidng CLC

—_
2 2
d_4a }2, 2 32, 2 =0 {y=0
oy 4mn\(x+a)” +y (x—a)’ +y
2 2(x —
Z(P:uo"'f( (Xera) 2 (Xza) 2}20
u, = X T + + - +
u=0<:>{ - (x+a)’ +y’ (x—a) +y
u =
g hé y=0eou,+ 3|2 2 |9
4ni(x+a) (x—a)
<:>u0+q( 4 J=0c> x=1 |24 12
4n\x* —a’ T,

7. Dong chay quanh tru tron (I'=0)

Xét t6 hgp cla chuyén dong thing déu, niim ngang (uy)+ludng cuc (m,)

m m m T N
P=u,X+—> 3 5 :uorcos(9+70Cose=llolfcose 1+702 3Xetdu’dngdongw=0 |
21 x% +y 2n ot 2nu,r R 0=0 !
\V:uoy+ﬂ%:uorsin6—&sme:uorsine - o 5 | v r= 5
2n x4y 2 r 2mu,r R uilly |

Do khong c6 su trao thi ban ch4'

2. o 5 ['m 5 5 i ban chat
doi luu chat gitta M r= | 20 bdng c\iwang:R = | 2o dong chdy vin
trong va  ngoai tron el rron 2l khong doi
dudng dong y=0 |

Stagnation
Point

@ =1u,rcos 9(

Y =u,rsin 9(1 =

2
1+R—2
r

Ta c6 hinh dnh ctia dong

R2) chdy bao quanh tru tron.
—zj (tru khong xoay)
r

_— —

i
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> Tim phén bo vin toc trén mdt tru r=R: P\‘A = pg = puy*/2
10 .
Up=- -2 =-2u, sin® ] |C P oug=-2u,
= ¢@=2uy,Rcos0= r 00|, g ;
u =0 ( )
> Tim _hai diém ditng trén mdt tru: [D up = 2u,
u,=0560=0 va O=n
= ¢6 hai di€m dirng A. B trudc va sau mit try.

> Tim hai diém cé gid tri vdn toc lén nhét trén mdt tru: ; R
3 Pc = Pp = -3pu,"/2

7T
Ug = Uy, < 9=5,9=7 = C, D nim trén va dudi mit try

c6 gid tri van tdc 16n nhAt.

u-. =—2u,; up=2u,
» Khdo sdt phdn b dp sudt rén mdt tru:

Ap dung P.Tr NL trén dudng dong w=0 tir di€ém xa vo cuc d&én diém trén mit tru:

2 2
pu PU , ; : . 4u;sin’0
P+t =Put T Gisipap, pi =P ra-Tn =P
2 2 2 u, 2 o
2
. pu 2
Tai A, B: Pa=Pp="1" pfr“’=p%(1—4sin29)

2
Tai C,D: p _p - 3PY0 R U .
b yb 2 | Do bi€u d6 phin bd dp sudt doi xiing qua ox 1an oy nén

Nhdn xét: — tong liuc tdc dung lén mdt tru trong truong hop nay = 0

7. Chuyén dong quanh tru tron xoay (I'z0): _
Uniform

R 5 R . , Doublet
Bao gom chuyén dong quanh tru tron + xody tu do (I +) Flow

R*) T — \
@=u,rcos0 1+r_2 +E6 . X\
2 - T ”
y =u,rsin0 1—R—2 LA :: [/{@\\\
—

r 27
» Phén bo van toc trén mdt tru : 1 T \./

Vir=Rnén u, =0;uy; =-2u, sin9+—2—
suy ra: ™ (T <4nRu, — 2.diém.dimg

. I . 2
u=0&2u,sin0=——<sin0= = I'=4nRu, — 1.di€m.dung

2nR 4nRu,, Lo .
> Phén bo;'cip sudt trérzz it i I' > 4nRu, - 0.di€m.dirng
. . 1 I
D, +pu_0:ptr L Ple s u, = —2u,sinl + ——
2 2 R 27 )
2 2 2
.o _ u u u . I
Gia sv’ p_=p, pfr‘f=p L (1- t2r)=P 11— 2sin 0 — —
_— 2 u, 2 2nRu
» Luc tdc dung trén mdt tru:
Phuong x: F. =0 Luuy:

Phuong y: 2z 2
---=> Luc nang Jukovs = Fy =— Jl pf:fR sin0.d0 =— pon jsin“ 0.d6 =0
0

0
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Cac
I'/2nRuy=1 truong

hgp xoa

y4 o I/2nRu,=2
Stagnation Stagnation Y

\ Point

X

X
Fy I/2nRu,=3
Stagnation y

Cac
truong
hgp xoay
I'<0
X
X
Stagnation
Stagnation // r F?Om t
Point IT | /2nRu,=2
[T 1/2nRuy=1

Stagnation
Point

| T | 2nRu =3
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Vidu 1:
Chuyén dong thé cia chat 1dng hai chi€u trén mat phang nim ngang xoy vdi
ham th€ van t6c ¢ = 0,04x3 + axy? + by? , x,y tinh bing m, ¢ tinh bing

m?/s.
1. Tim a, b.
2. Tim dd chénh 4p sudt giita hai di€ém A(0,0) va B(3,4), bi€tb khdi lugng
riéng 16ng biang 1300kg/m3
Giai:
T ham th€ van tdc ¢ = 0,04x3 + axy? + by? ta c6:
u, = % _ 0,12x* +ay’ ; u _oe _ 2axy + 3by’
oox Y oy
C4c thanh phan van toc phai thod phuong trinh div(u)=0 nén:
ou

ou
6—X+ 5 =0 < 0,24x + 2ax + 6by = 0 < (0,24 + 2a)x + 6by =0
X y

Vi div(u)=0 ding v6i moi diém nén th& (x=0; y=1) vaota dugc b=0
(x=1; y=0) vao ta dugc a =-0,12

= u,=0; Uy = ((0,12%32 -0, 12%42)24(-0,24%34))12 = 3 m/s
Vi day 1a chuyén déng th& nén p.tr Ber diing cho hai di€m batky A va B, ta c6:
Pa_ Ui _Ps plug —u}) A) 1300(3%)
—+— 2 o i S A 2
T2 > (P,—Pp)= 5 Ap ; 5,85KN /m
Vidu 2: W

Dong chdy th€ uén cong mot géc 90° véi ham th€ van tdc
dudc cho nhu sau: 1
oY) = (v -x)

(x,y tinh bing m).Tim luu lugng phing qua dudng thing ndi X
hai di€ém A(1,1) va B(2,2)
Giai:
ux aq) 5 _a_(p = y
ox Y oy
oy
o —u, = 0y = -yox = y =—yx+C(y)
oy
r. =u, = —-x+C'(y) =—x= C(y) = const = y = Xy + const
y

=S qu=Wg—VY,=2%2-1%*1=3m"/s
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Vidu 3:

Gi6 thdi qua mai Iéu dang ban tru R=3m vdi dF
V=20m/s, khong khi c6 khdi lugng riéng —

bing 1,16 kg/m3 . Tim lyc ning tdc dung lén NI, AN,
Im bé dai léu.

D€ tim Iyc nang Fy tdc dung 1én 1m bé dai Iéu, trén bdn tru ta chon mdt vi phan
dién tich ds, tim Iyc dF tdc dung 1&én ds, sau d6 chi€u dF 1&én phuong y —dFy. Va tich
phan (dF,) trén toan ban tru 5
e i P g gng)
Ap suat du trén mat try bang* ¥ )

n n T 2
=F, = J. dF, =-— I pdscos(0) =— I p% (1—4sin’ 0)cos(0)RdO =0
0 0 0

n n T 2
= F, = [dF, =— [ pdssin(8) =~ | %(1 — 4(1- cos” 0))sin(9)RdO
0 0 0

2 n 2| m T
—F = _Rpuy (4cos’ 0—3)sin(0)dO = _Rpu, (4 cos’ O(—d(cos(9))— | 3sin(0)dO
y 2 2

0 0 0

y

2 2 2
=F =—%[3c0s9—§c0s3 6} =_Rzu0 {(—3+1J—(3—iﬂ=51{%

3 3

0

=F,=2320 N

Vidu 4: p
Mot xi lanh hinh tru tron di chuyén trong \A
nuéc véi  van téc u, khong d6i & do siu '\
10m. Tim u, d€ trén bé mit xi lanh khong :
x4y ra hién tugng khi thuc , biét nuéec & 20°C (
Giai:

J 20°C 4p suit hoi bao hoa cda nudce : p™ = 0,25m nudc

P& trén bé mit xi lanh khong xdy ra hién tugng khi thuc :
thi p,, ¢ > p®=0,25m nudc Pc = Pp = -3puy?/2

= Py ¥ < 9,75m nuéec  hay Py > - 9,75m nude

Ap suit du nhé nhit trén mit tru (néu tru di chuyén trén mit thodng ), nhu ta da
bi€t, tai vi tri C va D, ba bing: Pc = Pp = -3puy/2
Vay néu tru di chuyén & dd sdu 10m thi: pc = pp = 10y, -3pu,/2
Suy ra, vin tdc t6i da ma tru c6 thé di chuyén dudc d€ khong c6 hién tugng khi thuc
x4y ra trén mit tru phdi gidi tf bat p.tr :
P, =10y, -3pu2 >-9,757,
= 3pu,22 <1975y,

< u, < 11,365 m/s

tru
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Vidu 5:

Hai nta xi lanh dugc ndi v6i nhau va dit trong trudng
chdy déu c6 th€ nhu hinh vé&. Ngudi ta khoét 116 nhd tai
vi trf géc o d€ cho khong c6 lvc tic dung 1én hai mdi ndi.
Gia thi€t ring 4p suat bén trong xi lanh bing 4p sudt bén
ngoai xi lanh tai 16 khoét. Xdc dinh géc o

Giai:

D& cho khodng c6 luc tic dung 1én hai m&i ndi thi tdng luc F, tdc dung 1én mdi nia
mit tru phai bing khong.

Do bi€u d@6 4p sudt trén mit tru phadn bd ddi xing qua truc ox, nén ta chi can xét
tong luc F, trén Y4 mit tr. Ta xét trén Y4 mit tru tir 0 dén m/2:

Ap sud't du trén mit tru: 2
P S p;‘;‘="2ﬂ(l—4sin2 0)

Trén Y4 mdt tru ta chon vi phén ds, goi dF, 1a lyc tic dung 1€n ds tu bén ngoai mat

tru, ta co: dF =pds = dF_ = - pdscosO = -pRcos0d0
™2 Su? 2 n/2 5
=F, == P (1-4sin? 0) cos ORdO = —M[sin 0— 3 in® e} _ PR
2 2 3 0 6

Nhan xét:

Luc F_, >0 hudéng theo chiéu duong=>luyc F, tif bén trong miit tru phdi huéng theo
chiéu Am. Nhu vay, 4p suit tai 156 khoét phdi 1a 4p suidt chan khong

pu,
Goi p,, 12 4p suat tai 16 khoét, ta c6: po = TO(I —4sin’ )

/2 n/2
m/2

=F, = Ipads = jpa cosORdO =p R[sin0f}'* =p_R
0 0

2

:th=¥(l—4sin2a)
Taco: F, + F, = 0
2 2
R R
Suyra: F,, =-F, = 20" = PR (1 4sin’ o)
6 2 P
4 1
:>4sin2a=§:>sin2a=—
) 1
=>S8no=—F7—
V3
a = 35,26"
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9.
10.

NOI DUNG GIANG DAY

Mé Pau: Gidi thiéu vé mon hoc, cdc tinh chdt luu chat, cdc liuc tdc dung 1én luu
chat.

Tinh hoc lvu chat: Nghién ciu vé luu chdt & trang thdi tinh, cdc phuong trinh co
ban ddc trung cho luu chdt & trang thdi tinh, tir dé rit ra quy ludt phan bo ao sudt
ciia cdc diém trong moi truong luu chdt tinh, ciing nhu cdch tinh cdc dp luc cia luu
chdt 1én mot bé mdt vat. (chuong nay c6 hai phdn: tinh tuyét doi va tinh tuong doi).

I11. Dong hoc luu chat: Nghlen citu vé chuyén dgng ciia luu chdt (khong xét dén lwc)

cdc phuong phag nghién ciu, cdc logi chuyen dong, dinh Iy vdn tdi Reynolds ve
phuong phap thé tich kiém sodt, tir d6 rit ra phuong trinh lién tuc dwa véo nguyén
Iy bdo toan khoi lugng.

IV. Dong Iuc hoc lwu chat: Nghién citu co sé 1y thuyet chuyen dong ciia luu chat,

nhwng phuong trinh vi phan ddc trung cho luu chdt chuyén dong, tik do, cong vdi
ing dung nguyén 1y bdo toan ndng luong va bién thién dong lugng dé rit ra nhitng
phuong trinh co bdan dong luc hoc (phuong trinh ndng luong, phuong trinh dong
luong) va cdc iing dung ciia né.

Dong chay deu trong ong: Trong chuong nay ta nghién citu hai phan: Phdn 1 vé
dong chay déu trong ong, phu’o’ng trinh co bdn , phan bé vdn téc trong dong chay
tang, roi, cdc cong thitc tinh todn ton that ndng lbrong trong dong chay. Phan 2 vé
cdc tinh todn trong mang duong ong (tir 6ng don gidan, ndi tiép song song dén mot
mang éng vong...)

VI Thé lwu: Trong chiiong nay ta tdp trung nghién ciu dong luu chat ly thng khong

nen duoc, chuyen dong the trén mdt phdng xQy, cdc vi vu dong chdy thé tix don
gidn (dong thang déu, diém nguodn, hit,... dén phitc tap hon (luong cuc, dong bao
quanh try tron...) _

Gidng vién: TS. Nguyén Thi Bay

TAI LIEU THAM KHA O
Bai giang Co Luu Chat- va Cdc vi du tinh todn - Nguyén Thi Bay (B6 mon Co¢ Luu
Chat). Website: http://www.dce.hcmut.edu.vn/vi/giangvien/detail.php?id=45
Giao trinh C¢ luu chat - Bo mén Co luu Chat
Bai tap Co luu Chat — Nguyén thi Phuong — Lé song Giang ( BM Co luu Chat)
Bai tap Co hoc Chat 16ng ng dung — Nguyén hitu Chi, Nguyén hitu Dy, Phung vin
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