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4.1 Phwong trinh vi phan chuyén déng

4.2 Phwong trinh nang lworng Bernoulli



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Ilwu chat |i twéng (Pt Euler
thuy doéng)

(Con goi la phwong trinh vi phan chuyén ddng cda chat 16ng Iy twéng)
Phwong trinh Euler thiy déng cé thé dwoc suy tr phwong trinh Euler
thay tinh bang cach st dung nguyén ly D’Alambe.

Ta da co phwong trinh Euler thay tinh dang vector dwoc viét cho mot

don vi khoi lwong chat 16ng:

- 1
F——gradp =0
pg



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Ilwu chat |i twéng (Pt Euler
thuy déng) ,

Néu chat ldng chuyén dong v&i van toc u (x,y,z,t) va co gia toc twong
. du L A - . > ra du
rng —. Lwrc quan tinh (ndi) sinh ra trong dong chay sé la: [ = - m e

Vay lwc quén tinh ciia mot don vi khoi lwong chat 16ng: - %

Ap dung nguyén ly D’Alambe: “Trong méi trw&ng lwu chat chuyén déng
tong ql]a ngoai lwc ludn can bang voi lwc quan tinh” ta co phwong trinh
can bang Iwc cho mét don vi khoi lwong chat long la:

F -



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Iwu chat |i twéng (Pt Euler thuy
dong)

Trong do: Fy, Fy, F, - 1& hinh chiéu cla tdng vector gia toc Iwc khéi R 1&n
cac tructoa dbé x, vy, z.
Pay la phwong trinh Euler thuy déng dang vi phan, hay con goi la

phwong trinh vi phan chuyén ddng cua lwu chat ly twéng.



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Iwu chat |i twéng (Pt Euler thuy
dong)

. = 1 . di
Hay: F-pgradp—dt

Chiéu Ién cac truc toa dd ta co:

10dp _ dug

*pox ~ae D
1op _ duy

Fy pay  dt (2)
10p _ duy,

Z poz dt (3)



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Iwu chat |i twéng (Pt Euler thuy
dong)

Cac trwong hop riéng:
a) Chat 16ng chuyén ddng thang déu:

du

Ta co: e 0, phwong trinh c6 dang: F - % gradp = 0 - day la phwong

trinh Euler thuay tinh.

Vay: trong chuyén dong déu ap suat phan bo theo qui luat thay tinh.



4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Iwu chat |i twéng (Pt Euler thuy
dong)
b) Chuyén ddng mot chiéu: vi du theo truc x, ta co:

duy _ du, -0
dt dt

Phwong trinh c6 dang:




4.1 Phwong trinh vi phan chuyén déng

4.1.1 Phwong trinh chuyén déng cua Iwu chat |i twéng (Pt Euler thuy
dong)

DPay cling la phwong trinh Euler thay tinh.
Vay: trong chuyén déng mot chiéu tai mat phang (yoz) vuéng goc vai truc

chuyén dong (x) &p suat phan bd theo qui luat thay tinh.



4.1 Phwong trinh vi phan chuyén déng

4.1.2. Phwong trinh chuyén déng cua Iwu chat thwec (Pt Navier-
stokes)

Phuwong trinh Navier — Stokes hay con goi la phwong trinh vi phan
chuyén ddng cua lwu chat thwe, chinh [a ap dung nguyén ly D’Alambe &
dang téng quat nhat. Tuy nhién, do lwu chat thwe lubn c6 dd nhot nén
ngoai lwc ngoai lwc khdi va lwc bé mat do ap suat gay ra con cé luc bé
mat do ma sat nhét gay ra. Do dé phwong trinh ¢6 dang:

gradp + vA i + Y grad(divei) = o

g1
P



4.1 Phwong trinh vi phan chuyén déng

4.1.2. Phwong trinh chuyén déng cua Iwu chat thwec (Pt Navier-
stokes)

Ta thay, so v&i phwong trinh chuyén ddng cla chat 1dng Iy twdn, thi trong
phwong trinh Navier — Stokes c6 thém hai s6 hang biéu thi anh huwdng
clia lyc nhét d6 1a vAU va - grad(divi).

Dang vi phan:
X-%g—z %%dwu vAuX:%
Fy—%Z—S+§aiydlvﬁ’+vAuy:%
FZ-%Z—Z+§%dIVﬁ+VAuZ:d;Z



4.1 Phwong trinh vi phan chuyén déng

4.1.2. Phwong trinh chuyén déng cua Iwu chat thwec (Pt Navier-
stokes)

* Cac tredng hop riéng:

- Dbi v&i chuyén dong 6n dinh lwu chat khéng nén dwoc p = const,
phuwong trinh lién tuc c6 dang divu = 0. Do d6 phwong trinh vi phan
chuyén dong cla lwu chat khdng nén duoc sé 1a:;

= 1 — a_@
F-Bgradp+vAu— m



4.1 Phwong trinh vi phan chuyén déng

4.1.2. Phwong trinh chuyén déng cua Iwu chat thwec (Pt Navier-
stokes)

- Néu chat Idng la Iy twdng v = 0, ta dwoc phwong trinh Euler thty dong:

- 1 _ _E
F-Egradp—dt

- Néu chét 1dng khdng chuyén déng (U = 0) hay chuyén déng thang déu

(i—f = 0) ta sé dwoc phwong trinh Euler tinh.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.1. Phwong trinh Bernoulli cho dong nguyén toé lwu chat i twéng
chuyén déng 6n dinh.
Ta chirng minh bang cach suy tir phwong trinh vi phan chuyén déng cua
lwu chat ly twéng.

Piéu kién lap phwong trinh:

- Dong chay 6n dinh

- Lwu chat khéng nén dwoc

- Lwe khdi tac dung chi c6 trong luc.

Ta phan tich phwong trinh bang cach lan lwgt nhan 2 vé cla phwong

trinh cho dx, dy, dz va cdng lai, sé duo’c

d
Fdx+de+Fdz-56—§d dy+ dz)—

= dux gy 4 Mgy 4
dt dx dt dy dt dz




4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.1. Phwong trinh Bernoulli cho dong nguyén toé lwu chat i twéng
chuyén dong 6n dinh.
- Vi lwc khoi chi ¢ trong Iwe nén F, = F, =0, F, = -g.
- Ma&t khéac do gia thiét chuyén dong 6n dinh nén p = p(x,y,z). Ttc la:
=y 49 op
dp = o dx + aydy + azdz

\ d d d X >y o \ , S 2.
-Viu, == uy, = =; u,= —,vé phai clia phwong trinh c6 thé bién ddi

dt’ 7Y  dt’ dt’
thanh:
ueduy + uyduy + u,du, = udu = d(%)
Thay vao ta co:
- gdz - 5dp = d(5)
Hay la:  gdz +>dp + d)=0



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.1. Phwong trinh Bernoulli cho dong nguyén toé lwu chat i twéng
chuyén déng 6n dinh.

Phwong trinh va viét cho mdt don vi khdi lwong chat 18ng, vi vay néu ta
chia phwong trinh cho gia toc trong trwdng g ta sé dwoc phwong trinh viét
cho mét don vi trong lrong chét I6ng:

dz + ¥+ 4y =0
Y 2g

Hay: d(z+ 4 u—z):O
y ' 2g

Tich phan lén ta duoc:

u
z+$+—:const



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.1. Phwong trinh Bernoulli cho dong nguyén toé lwu chat i twéng
chuyén déng 6n dinh.
P4y chinh la phwong trinh Bernoulli cia dong nguyén té chat Iéng ly
twéng chuyén déng én dinh.

Phwong trinh trén la phwong trinh co ban cua thay lwc hoc va thuay khi
dong lwc .

Phuwong trinh Bernoulli con goi la phwong trinh nang lweng vi no la mot
dang cua dinh luat bao toan nang lwong.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.2. Y nghia ndang lwong cda phwong trinh Bernoulli

z(m) - vi ndng cla mdt don vj trong lwong chat 1dng tinh tr mot mat
chuan bat ky hay goi 1a vi ndng don vi hodc ty vi nang.

%(m) - 4p nang cta mot don vj trong lwong chéat I6ng, goi 1a &p nadng

don vi hay ty ap nang.
Z + %(m) - dai dién cho thé nang ctia mét don vi trong lwong chat 16ng,

goi la thé nang don vi hay ty thé nang, ky hiéu ey,.

p
eth:Z+_
Y



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.2. Y nghia ndang lwong cda phwong trinh Bernoulli
2 ’ ’
;—g(m) - déng nang cua mdt don vi trong lwong chat Idng goi tat la déng
nang don vi hay ty déng nang, ky hiéu e;.
2

_u
ed—z—g

. : 2 - .
Tbng cta ba sb hang (z + % + ;—g) biéu thj tbng co’ ndng clia mot don Vi

trong lwong chat 16ng goi 1a co nang don vi hay ty co ndng, ky hiéu e
2
e:(Z+§+;_g):eth+ed
Vay: Tai tat ca cac mat cat wét clia dong nguyén to chat long ly twéng
chay 6n dinh, nang lwong don vi (nang lwvong riéng) la moét hang sd, hay e

= consit.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.3. Y nghia thuy lwc caa phwong trinh Bernoulli
z(m) - d6 cao hinh hoc.
%(m) - d6 cao do ap (tuyét doéi hodc dw) - dé do dé cao do ap, diung 6ng

do ap.
Z + 5 (m) - cot &p thay tinh, ky hiéu H, =z + g c6 thtr nguyén 1a do dai.

u? n Y " £ 1s an D "
E(m) — d6 cao van toc hay do cao lwu téc la d6 cao cwc dai ma mot

dong tia chat 16ng co6 thé dat dworc khi ta cho chat 1dng phun l&n t mét voi
phun theo phwong thang drng voi van toc u.

Chiéu cao nay tinh theo coéng thirc:
2

u
h=L
2g



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.3. Y nghia thuy lwc caa phwong trinh Bernoulli
Pé do dd cao van toc ta dung 6ng Pitd

Ong Pitd 1& mdt 6ng nhd bang kim loai hodc thay tinh, hinh chiv L,
dwdrng kinh tir (6 +10)mm, miéng doan dng ngan thu hep v&i dwéorng kinh
(1+2)mm. Dat éng Pitd vao trong dong chay sao cho miéng doan 6ng
ngan ngwoc chiéu dong chady va vudng goc voi dwdng dong. Ta thay coét

l']-2

chét 16ng trong éng dang lén mdt dd cao bang 5 + o



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.3. Y nghia thuy lwc caa phwong trinh Bernoulli

) 2 z 2
Mudbn do rieng d6 cao % +‘21—g ta dat thém 6ng do ap thang dirng sao cho

miéng 6ng song song v&i cac dwdng dong va sat miéng vao clia ong Pitd.
Trong 6ng nay chat 1dng dang lén mét do cao bang % . D6 chénh mirc chat

Idng trong 2 dng do ap va Pitd chinh 1& dd cao van tbc.
Téng cla cot ap tinh H, = z + % va do cao van tbc 121—; goi la cot ap thay
dong.
Hy=z+5 +£ - cot ap thay dong.
Vay: Trong mét dong nguyén td chat 16ng Iy twéng chady 6n dinh Hy =
const .



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.4. Phwong trinh Bernoulli cta dong nguyén té chat Iéng thuwc
chuyén dong on dinh
Khi chat I{)ng thwc chuyén dong, tinh nhot gay ra nhirng Iwc masat trong
ndi bd chat long, can ,tré’ s chuyén déng. Mot phé‘n co nang cua Ch’ét
long bi tiéu hao dé khac phuc nhirng Iwc can dé. Phan co nang nay bien
thanh nhiét nang khéng thu hdi dwoc, vi vay nang lwong don vi cua chat
2 N 2
long thwe giam dan doc theo chiéu dong chay, va z + % + ;—g # const.
Vay khi dong chay thwe chuyén déng t&r mat cat (1-1) dén mat cat (2-2),
ta co:
2 2
P2 |, Uz
> 7y + =+ =
2y 2




4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.4. Phwong trinh Bernoulli cta dong nguyén té chat Iéng thuwc
chuyén déng 6n dinh

2

P1 uq
Hay: Z4+ + =7, +
y 1 Y 2g 2 Y 2g

P4y chinh 1a phwong trinh Bernoulli ctia dong nguyén té chéat Idng thuc
chuyén déng én dinh.

h'.y12 [M] - 1& phan nang lwong cta modt don vi trong lwong chat 1dng bi
tiéu hao khi chat 16ng di chuyén tr m/c (1-1) dén m/c (2-2), né dwoc goi 1a
tén that ndng lrong don vi (hoac tdn that ty nang) hodc tén théat cot ap.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.5. Biéu dién hinh hoc cida
phuwong trinh Bernoulli
Ta chi can xét dong nguyén to.
Vi tat cd cac s6 hang trong
phwong trinh Bernoulli déu co
thir nguyén la do6 dai dai dién
cho nhitng doé cao chat 16ng,
nén cé thé dung hinh vé biéu
dién sy bién thién clda cac do
cao chat Iong z, 2, ¥ cla cot
vy ' 2g

ap thuy tinh va cot ap thay déng
doc theo dong chay.
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Hinh 4.1 Biéu dién hinh hoc pt Bernoulli



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.5. Biéu dién hinh hoc ctua phwong trinh Bernoulli
a) Puong ndng: biéu dién nang lwong don vi cia dong chay e, hay la cot
ap thay déng H;.

+ Do dbc thay luc: ky hiéu J (14 dai lwong khong thir nguyén) biéu dién
sw bién thién ctia co nang don vi e hodc Hy doc theo chiéu dai ctia dong
chay.

2
p_ ut
dz+3+32)  de _ hy

J = dL T dL L
- Khi chat 16ng 1a Iy twéng J = 0, dwdng nang la mdt dwdrng thang song
song v&i mat chuan.
- Khi chat 16ng la thwe J 1a dai lwong luén luén dwong J > 0, dwdng
nang la mét dwdng doc xudng doc theo dong chay.



4.2 Phwong trinh nang lwo'ng Bernoulli

4.2.5. Biéu dién hinh hoc ctua phwong trinh Bernoulli
b) Buong do ap: biéu dién thé nang don vi ciia dong chdy ey,, hodc biéu
dién co6t ap thay tinh H..

+ D6 déc do ap: ky hiéu J4, (clng 1a dai lwong khdng th& nguyén) biéu
dién sw bién thién cla thé nang don vi ey, hodc H, doc theo chiéu dai cta
dong chay.

d(z +
]da T 4L

- J4. €O thé > 0 cling c6 thé < 0 tly thudc sw bién thién cua van téc
trong dong chay.

- Trong dong chay déu (u = const), dwdng do ap lubn song song VO
dwong nang.

y)










