Dong lwc hoc chat lwu

CHUONG 4
PONG LUC HOC CHAT LUU

|. CAC KHAI NIEM CO BAN
1.LYC THE TiCH

Nguoi ta ding tén chung la lwc thé tich dé chi tat ca cac lwc tac dong 1én céc hat
chét lwu, ngoai trir cac luc b mat. Chang han, luc hdp dan, luc dién tir, luc quén tinh
déu la céc luc thé tich.

Cho df laluc tac dong Ién mdt hat chat lwu cé thé tich dV vakhdi lvgng dm. Trong
co hoc chét lvu nguoi ta hay dung cac khéi niém luc tac dong Ién mot don vi thé tich

f, valuc tac dong 1én mot don vi khéi lvgng £, dinh nghTa nhu sau:

df = f,dv = f_dm (4.1)
Do dm= pdV, voi p lakhdi lvgng riéng cla hat chat lwvu, nén ta cé hé thic sau gilra
f,vaf:
f,=pf, 4.2)
Vi du, d6i voi trong luc ta co:
f-v = 0 0
{ - (4.3)

2. CAC LUC BE MAT
Xét mot khdi chat lwvu gidi han trong mot mat kin tuédng tuong (S) (hinh 1.2.1).
Ngoai cac luc thé tich, nd con chiu tac dong clia cac luc trén bé mat: dé laluc nén va

lwc nhét do phan chéat lvu & ngoai (S) tao nén.

Hinh 4.1 Lwc nén va lwc nhot.
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2.1 LUC NEN
Goi (dS) la mot yéu td bé mat trén (S), cé vecto don vi phap tuyén i hudng ra
ngoai. Luc nén trén (dS) ty Ié voi dién tich dSva ap suét P, cé phuvong vudng goc v 6i

(dS) va huéng tir ngoai vao trong mat (S):

d'F = —PﬁdS (4.4)

Lwc nén toan phan tac dong Ién hat chat lvu sé la tong clia cac lwc so cap dang
(4.4). Sau day chiing ta sé viét biéu thirc ctia lwc nén tac dong Ién mot hat chat lvu bat
ky dwéi mot dang thuén tién hon cho céc tinh toan sau nay.

Pé don gian, ching ta xét mot hat chat lwu ¢ dang moét hinh khoi chit nhat cé thé
tich dV = dxdydz, c6 tam dat tai vi tri (x,y,2) (hinh 1.2.2). Lwc nén toan phan tac dong

|én hat chat Ivu theo phurong Ox la
-P(x,y, 2+ dT:}d_vd:F_-
—P(x,v+ d; 7)dxdze,

-P(x + q,';-. y,2) dydze,

P(x -‘%‘. y, z)dydze,

F 4

dy 4
P(.\'.)'——.‘J‘.:)d.td:g\. } il o

P(x,y,2- t—’— )dxdye.

Hinh 4.2

df, = P(x—d—;,y,zjdydz— P(x+ d?x,y,zjdydz
4.5
= @dxdydz (43)
OX
Viét cac biéu thirc tvong tw nhw vay cho cac lic nén toan phan theo phuong Oy va

Oz, ta thu duvoc:

df = - éxap+éyap+ézap dxdydz
0 X ay 0z (4.6)

= -gradpPdV
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Suy raluc nén trén mot don vi thé tich vatrén mot don vi khdi lvong:

—

f, =—gradP
Fm _ gradP .7)
p

Chuing ta co thé chiing to rang khi khdi lwong riéng chi phu thudc vao &p suét thi f,

| gradient clia mdt ham theo &p suét, f, = grade(P). That vay, dit:

" du
P)=_—| —

?(") 5 P(U) (4.8)
Taco:

— 0 @P

grade —a—PgradP—— >(P) (4.9)
Vay, khi p = p(P) thi:

fn = grade (P) (4.10)

22 LUC NHOT

Tuong tu nhv su khuéch tan va khuéch tan nhiét, tinh nhét hay ma sat ndi c6 ban
chat la chuyén dong nhiét clia cac phén ti vat chét.

Chuang tanh¢ lai lanéu nhu trong chat lwu c6 mot sy chénh Iéch vé ndng do hat, thi
chuyén dong nhiét hon loan sé tai l1ap sw can bang vé nong do. Nh v vay, trong hién
trong khuéch tan chuyén dong nhiét d a gay nén mot dong dich chuyén cac hat. Trong
khuéch tan nhiét, chuyén dong nhiét tao nén mot dong nhiét (nang lugng) dé tai lap
can bang nhiét do. Con trong hién twgng nhot thi dai lvgng duoc cac phan ti chuyén di
lai 1a dong lvong, néu nhuw trong chat lvu ¢ mot dé chénh [éch vé dong luong.

DE minh hoa hién twgng nay, chiing ta hdy hinh dung mét dong chay 16p, véi van
toc giam dan theo phuwong vudng goc voéi dong chay (hinh 1.2.3). Do chuyén dong
nhiét, cac phan tr chuyén dong qua lai gira cac I6p. Tuy nhi én, vi cic phén tir trong
|6p trén chuyén dong nhanh hon, nén tinh chung sé c6 mot chuyén doi dong lwong tir
I6p trén xudng 16p dudi. Cac 16p chuyén dong nhanh hon sé “kéo” cac 16p chuyén

dong cham hon, con ban than ching thi chuyén dong cham dan cho t¢i khi c6 su can
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bang vé dong luong gitra cac I6p. Nhu vay, co thé noi la co mot mot luc nhét hay ma

sét lam cho céc | 6p chdy nhanh chuyén dong cham dan lai.

—  , Dong dong lvong

| | |
N |

Hinh 4.3
Thuc nghiém cho thdy dong luvong chuyén di qua mot don vi dién tich vudng goc

v&i mot phwong nao doé va trong mot don vi thoi gian thi ty 1€ véi gradient van toc theo
phuong do. Tc &

oV
P==n= (4.11)

Trong d6 n la hé s6 nhét clia chat lwu. Dau trir cho thdy dong dong luvgng di theo
chigu giam clia van tdc. Vi lyc bang téc do bién thién cla dong lugng, nén luc nhot tac
dong Ién mot don vi dién tich clia mot Iép chat luvu la:

f=n v
ox (4.12)

Trong bai nay ching ta chi quan tam t¢i cac chat lwu khéng nhét, goi la cac chat
lvu ly tudng.

2.3 SUC CANG MAT NGOAI

Céc phan ttr trong mot chat lwu con twong tac véi nhau, tao nén mot lwc hit 1én cac
phan tr & mat ngoai ctia chat lwu, goi la sirc cdng mat ngoai. Con ddi véi cac phan tir &
bén trong chét luu thi lec hat dé tac déng tir moi phia, tao nén mdt luc toan phan bang
khong.

Trong bai nay chiing ta chi quan tdm t&i chuyén dong cua cac khoi chat luvu ma
khong dé y téi cac hién twgng trén bé mat, do d6 sirc cang mat ngoai cling sé duoc bd

gua cung V@i luc nhot.
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1. PHUONG TRINH VI PHAN CHUYEN BONG CUA LUU CHAT LY
TUONG - PHUONG TRINH EULER
1. Khai niém

Chét long ly twdng la chat 1dng mata co thé bd qua lic ma sat nhdt clia cac phan
bén trong chat 1dng khi chuyén dong tuvong doi vai nhau. D6i véi chat I6ng ly tudng, ta
8 biéu dién dudng di cia mdt phan tir chat Ivu bang mdt duong dong ma tiép tuyén
vOi no tai moi diém c6 phwong chiéu tring voi véc to van tdc cla chat lwu tai diém do.
Tap hop toan bd cac dudng dong biéu dién cho ca khéi chét lwu duoc goi 1a6ng dong.

Néu ching ta cit 6ng dong bang mot mét phing S vudng goc dong thoi véi cac
dwong dong, thi tai moi diém trén dién tich S nay van toc cac phan tlr sé cé do Ion
bang nhau. Khi coi chat 16ng 1aly twdng (khong cd tinh nhat) ap suét thiy dong h wéng
theo phap tuyén ctia mat tac dung
2. Phuwong trinh vi phan chuyén dong cta chat léng ly twdng (phwong trinh
Euler)
2.1. Phuong trinh Euler:

Trong co hoc, nguyén ly bién thién dong lvong dwoc phat biéu nhu sau: ngoai luc
téc dung 1én mdt hé théng luu chét bang téc do thay déi dong Iwong cta khéi lwu chét
do.

- dK d ~
F=—-=— udw
> e [[[ e (4.13)
Xét khoi lvu chat hinh hop v6 cung nhd ABCDEFGH (hinh 1.2.1) ¢c6 céc canh 8,
oy, 0z.
AZ
D c
B
P P+@6x
oz H “ OX
oX Es ©
E
y
/ X
Hinh 4.4
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Goi p, p, F va i 1a4p suat, khdi lwong riéng, vecto cwdng do luc khdi va vecto van
toc tai trong tdm cta khdi. Phuwong trinh dong lwgng ap dung cho khdi lwu chat co

dang:

>F =Zf_n: +ZfﬂS = pﬁxéyﬁz% (4.14)

Trong do: Xt la téng ngoai luc tac dung Ién khdi luu chét, bao gobm luc khdi

—

> f ., luc mat Z?S. Trén phuong X, cac luc tac dung Ién khoi lvu chat bao gom:
* Luc khoi: pF,dx8ydz
(V6i Fy lahinh chiéu clia F trén phuong x).
* Lic mat: p 8ydz—s
Lwc mdt trén bon bé médt con lai khong c6 thanh phan trén phuong x. Phuong trinh

(4.14) duoc chiéu xuéng phuong x vathé cac luc vao ta dugc:

> F, =pF,5x5ydz - @Sxéiyé‘)z = pOXdYdZ du, (4.15)
OX dt
Tw do suy ra:
op du
F——= X
Tuwong tu, xét trén phwong y va phuong z, ta ciing cé:
op du
F-——=p—2
pry oy p ot (4.169)
op du
F-——= £
pr, pe P ot (4.16c)

Hé 3 phuong trinh (4.16a,b,c) 1a hé phwong trinh vi phan chuyén dong cua lwu chat
ly twdng, con goi lahé phuong trinh Euler. Dwgi dang vector, hé nay cé thé dwoc viét:
du

- 1
F-—gradp=—-
pg p ot (4.17)

Trong trvong hop lwu chat ly twdng, khong nén duoc, hé phwong trinh nay cé 4 an
la ux, uy, uz va dp sudt la p. dé giai hé phuong trinh nay ta &p dung thém phuong trinh

lién tuc:
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ou. Ou.  fu
dvi=_ X+ Y4 "Z_0 (4.18)

0X oy 0z

Phwong trinh vi phan chuyén dong co thé duoc viét dwdi dang Lamb-Gromeko nhw

sau:
Tw 4.164, taco:

ou
1 ap:dux _8ux Gux . y 8uz (4.19)

= "+u u +U
X pox dt ot Xox Yoy Zoz

e o ou, ou
Cong trir vao vé phai clia phuong trinh s hang u, 5 +Uu, 8_Z
X X

10p ou, ou, ou, ou, (8ux auzj ou, ou,
F,————= +| U, +u +Uu, +| U, -—=1|-u -—=
pox ot ox 7 ox oX 0z  ox "\ ox oy

Tachay rang:

a(uzj a(uf+uj+uj} ou, ou,  ou,
— oy X 4u,—L+u

oxl 2 :& 2 OX o)« o)
ou, v, _

0z OX Y

ou, _du, _ow,

oz oy

Phuong trinh tré thanh:

10p _ 5Ux+a(“2j+ 2(u,w, —u,w,)

X

Tuwong tu, ta bién ddi 2 phrong trinh con lai (4.16b) va (4.17¢) thanh:
ou 2
L TR 2(u,w, —u,w,) (4.20b)
T opoy ot oy\2
2
Z—i@:%+E 4 +2(u WX—UXW) (4.20c)
poz ot oz\ 2 ¢ g
Hay du@i dang vecto, 3 phuwong trinh (4.20a,b,c)
.1 d u?
F ——gréidp:a—+ grad — + 20 x U
P ot 2 (4.21)
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~ Pay la phuong trinh vi phan chuyén dong clia luu chat ly tuéng dang Lamb-
Gromekd
2.2 Tich phan phuong trinh Euler:

Trong nhidu tredng hop thudng gép trong thuc té, Iuc khdi luong F & luc c6 thé,

khi d6, nhu da biét trong co hoc ly thuyét, ta ludn tim dugc mét ham vo hwéng sao

cho:
If—igrédn
P (4.22)
FoOtp _ Omp Oy |
X ox Y oy Z¢ 0z

Ham n(x,y,z) duoc goi laham thé. Ta cling goi I1(x,y,z) |a ham &p suat véi:

gradll = 1 gradp
p

Hay 1= f% (4.23)

Phuong trinh (1.9) duoc viét thanh:
2 —
—gréd(n +H+“—j=a—“+2(5xa
2) a (4.24)
Taxét mot s6 trvong hop dac biét sau:
e Truwong hop chuyén dong khong quay (chuyén dong thé).

Khi d6 ton tai mot ham thé van téc ¢ (x,y,2).

o < o o0 _ _ _ 00
U=grade > —=—grade = grad—
grado P atg ¢=g ot

Do chuyén dong lakhong quay nén o = 0, phuong trinh (4.24) tré thanh:

9@

u2
rad IT+—)=grad
grad(r + 2) g p

~ 1,00 u?
rad(—+nx +I1+—)=0 4.25
g (at n 2) (4.25)

2
hay:a—(Pn +H+u—=C
ot 2
Tagoi (4.25) latich phan Cauchy _Lagrange. Hang s6 C ¢ tri s6 nhw nhau cho bt

ky diém nao trong moi truong lvu chét chuyén dong.
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e Truwong hop chuyén dong on dinh, tich phan doc theo d wong dong:
Ta c6 phuong trinh (4.24) duoc bd bét thanh phan dao ham riéng phan theo thoi
gian:

2
_grad(n +H+UE)=2(5><U (4.26)

Nhéan vb huéng 2 vé cla phuong trinh (4.26) cho mot doan vi phan duwong dong

ds =idx + jdy + kdzta duoc:

_grad( + 11+ %).dé _[265 x 0] .d8

—[26 x 0].d8 (4.27)

ds

U2
Hay: —d(n +H+E)

Véi d(f )|d§ ky hiéu lavi phan cla ham f trén phvong dS. Theo hinh 1.2 ta nhan

thay, vecto G tiép tuyén voi dudng dong, vecto & x U ludn thang gdc véi vecto T nghiia

la cling thing goc voi dS . Dovay [ x G].dS=0
uZ
Va —d(r +H+?)|d§ =0

Tasuy ra

u2
71:+H+?:C (4.28)
Vi hang s8 C c6 gia tri nhw nhau tai moi diém trén mot duong dong. Con giira cac

dudng dong khac nhau C cé giatri khac nhau. Ta goi (4.28) latich phan Euler.

m x i n
u

Buing cong
G
Hinh 4.2
e Truwong hop chuyén dong 6n dinh, tich phan doc theo d wong xoday:

Puong xody la dwong cong vach ra trong lwu chét chuyén dong sao cho vecto van

toc quay tai cac diém trén duong do tiép tuyén vai nd.

GV: Nguyén Btic Vinh 4



Dong lwc hoc chat lwu

Tuong ty nhw khi tich phan phuwong trinh Euler doc theo duwong dong, phuwong trinh
(4.26) duoc nhan vo hudng véi mot doan vi phan duong xody ds =idx + jdy + kdz,

vatacliing duoc:

—d(n +T1 +UE)|d§ —[26 x 4].dS

(4.29)
Vecto (@ x ) cling luén thdng géc voi vecto ds .
Dovay: [® xU].dS=0
Suy ra
u2
71:+H+?:C (4.30)

V&i hang s6 C cd gia tri nhw nhau tai moi diém trén mot dudng xoay.
e Truwong hop chuyén dong on dinh, tich phan theo ph wong phap tuyén véi
dwong dong.
Xét phan t& lvu chat & thoi diém t trong hé toa do tw nhién goc dat tai vi tri cla
phan t&r, v&i cac vecto don vi: (f,ﬁ,B), trong d6 T ti€p xlc voi quy dao, N hudng

theo phap tuyén véi qui dao. Ta co:

= 2
u=uf:>d—u=f% d—r— (au uﬁuj A (4.31)
dt dt dt ot 0s R
Vi d—T = E (theo tam dién Frenet).
dt R

Phuong trinh Euler (1.5) tré thanh :

ou du u?
—[grad(r +I1)] = (& uasj+nE (4.32)

Nhan 2 vé ctia phwong trinh trén cho mot doan vi phan phap tuyén clia d uong dong
dn:

ou ou u’
—[grad(x + 11 u— |+ n—J.dn
forad(n + ] =f( 5+ 0l nih)

= —[E(n + H)}dn =L dn
on R
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u2

0
Hay: %(n +101) = Y (4.33)
e Truong hop lwu chét trong luc ly tuéng, khdng nén:
Khi trwong luc thé latrong luc, trong hé toa dd Descartes véi truc Oz thang ditng,
huéng tir dudi 1én, luc khdi F co cac thanh phan nhu sau:
F.=F,=0VvaF,=-g.
T doésuyra: t=gz
Luu chat khdng nén nén ham &p suat:
IT=plp
céc tich phan trén duoc viét lai nhw sau:
chuyén dong khong quay: phwong trinh (4.25) trg thanh:

2

a_(P+gz+£+u_:C (4.3438)
ot p 2
NéEu chuyén dong on dinh, ta c6 phwong trinh:
2
e+ PiY ¢ (4.34b)
p 2

Hang s6 C ¢4 tri s6 nhur nhau vGi bét ky diém nao trong méi tredng chuyén dong.
Chuyén dong 6n dinh, tich phan doc theo duwong dong: phuong trinh (4.28) trd
thanh:

gz+£+u—2:C hay z+£+u—2=C (4.35)
p 2 Y 29
Hang s6 C c6 gia tri nhw nhau tai moi diém trén mot dudng dong con gitta cac
dwong dong khac nhau, C c6 gia tri khac nhau. Phuong trinh (4.25) dwoc goi la
phuong trinh Bernoulli.
Chuyén dong 6n dinh, tich phan doc theo duong xody: phwong trinh (4.30) trd

thanh:

2 2
gz+£+u—=C hay z+£+u—=C (4.36)
p 2 Y 29
Hang s6 C c6 gia tri nhw nhau tai moi diém trén mot duong xody, con gitra cac

duong xoay khac nhau, C co gid tri khac nhau.
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Chuyén dong 0n dinh, tich phan theo phwong phap tuyén véi dwong dong, phuong
trinh (1.21) tré thanh:

0 ( p} u?
gz + -
on p) R (4.37)

Khi cac duong dong gan nhu thing va song song voi nhau hay mat cat wét phang,

tac6 R— oo, tasuy ra

0 p
z+—|=0
5n(g pj

Hay
gz + p/p= const trén phwong N (4.38)
Nghia 1a tai tit c& cac diém trén mat cat wdt phang ap sudt phan b theo qui luat
thuy tinh, ta goi chuyé&n dong tai mat cét dé | a chuyén dong déi dan.

Vidu 1: Ong Pitd dung dé do lvu diém (Iwu chat khong

nén duoc)
Ong Pitd gdm 2 doan 6ng nhw hinh. H k H
Ong M thang ding dung dé do cot ap tinh, 6ng N uén ~ — 1 |:JJ
ngang dung dé do cot ap dong. Dé do van toc tai diém A, — —As

nguoi ta dat 2 dau ong tai diém A véi doan 6ng N theo
chiéu van téc ta mudn do. Bé qua mat nang | wong.
Xéc dinh lvu téc ua theo dd chénh cot ap thang dieng h. Cho h =30mm.
Giai
Pé tinh lvu toc tai diém A, ta ap dung phuwong trinh Bernoulli (4.47) cho duong

dong qua 2 diém A, B (diém B nam phia trong 6ng sat miéng 6ng, u g = 0)

2

Pa U Ps U
ZA+—A+—A:Z +—B+_B (a)
y 29 ° v 29
Luu chét trong 2 6ng do ap & trang thai tinh, n én ta 4p dung phuong trinh thay tinh:
Zp+ &_z +Pu z+&_z P
Y Y Y

Thé vao phuong trinh (a) ta co:
2
B = (2 + 2~ (2, + By = (b)
29 Y Y

Tasuy ravan toc tai A la
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UA: quh

Truong hop ta do dwge h =30mm
Van tdc tai A c6 gia tri ua = /2(9,81m/ s*)(0,3m) =2,42m/ s

* Thuc t€ do mat nang lvgng nén uy = @+/2gh Vi ¢ hoi lén hon 1

* Néu do van toc diém A trong mdi trwong chat ldng cd mat thoang (vi du trong
kénh) thi ta khéng can ding 6ng M, do chénhh thang dirng tinh tir mat thoang (p =p.)
dén muc chatn léng N.

Vidu2

Mot binh chita lvu chat quay déu quanh truc thang ding, voi =k
van toc quay khong déi o . Xac dinh phuwong trinh tinh 4p suat tai
mot diém bat ky trong lwu chét.

Giai e

Tai mot vi tri M bat ky c6 ban kinh r tinh tlr truc quay, van toc

cla phan tt lvu chéat tai M c6 gid tri
u=o.r
Ap dung phuong trinh (ta chl v rang truc phap tuyén n cing phuong va nguwoc

chiéu véi truc r vaban kinh chin khiic R =), ta dwoc:

d p u2 2
—(gz+ Z+—)=—=0T
an(g ) e (g )

Tich phan phwong trinh trén ta dwoc;

Gz+2

p

=w’r’+C'

2.2

Suyra p= pCO -pgz+C

I1l. PHUONG TRINH CHUYEN BONG CUA LUU CHAT THUC (PHUONG
TRINH NAVIER - STOKES)
1. Khai niém

Phuwong trinh Navier -Stokes, dugc dat tén theo Claude-Louis Navier va George
Gabriel Stokes, miéu ta chuyén dong clia cac dong chdy nhu cac loai dung dich va céc
loai khi. Nhitng phuwong trinh nay thiét 1ap nhitng thay déi trong momentum trong

nhirng thé tich v cling nhé cla chat 16ng don thuan chi latong cua céac luc nhét tiéu
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twong tac bén trong chét 1dng: mot (ng dung clia dinh luat 2 clia Newton.
2. Phuong trinh Navier -Stokes

Phuong trinh Euler dugc viét cho lvu chat ly tuéng, nghia la bd qua luc ma sat.
Ngoai lvc tac dung gom c6 luc khéi valwe mat, trong dé lwc mat chi ladp lwc. Chuyén

dong cla luu chét thuc ludn c6 ma sat. Ung sut bé mat tai 1 diém s& gdm dd 9 th anh

phan.
z A
C
B
M@SX
P |5z o &
G
oX E 5
E 4
y %
Hinh 4.5

Trong do6 theo phuong x ¢6 3 thanh phan la o4, Ty Va 1. Cac ing suét nay duoc

xac dinh theo dinh luat ma sat nhét cia Newton mé rong:

ou
o ——pron e 2, [ My o (4.39)
ox 3 \ox oy o0z
ou ou
ny - _ p+ 2“ _ Yy _ gu 8ux _y+ 6UZ (439b)
oy 3 {(ox oy oz
ou
o, =—p+2u u,_2, ou, , My, ou, (4.390)
oz 3 \ox oy oz
ou, ou, ) ou, au,
R Evatry R Paarw
. ou, ou,
VaTyz:sz:“(a_Zy-i_ ay] (4.39d)
Hodc viét dwéi dang tensor:
ou Ou ) 2 au
B ¢ YT gt ARy (] i 4.40
GII mu “[ 8] 6| j 3”' al ij ( )

Tuwong tw nhu khi thiét 1ap phuong trinh Euler, ta cling xét mot khéi lvu chéat hinh
hop vo cung nhd ABCDEFGH. Ngoai lwc tac dung cling gom c6 luc khoi v aluc mat,

trong do6 thanh phan trén phwong x cia luc khdi van duoc tinh nhw cii:

GV: Nguyén Btic Vinh 46



Dong lwc hoc chat lwu

PF,3 X3 Yo z (4.41)

Con luc mat chiéu 1én phrong x duoc tinh:

ot
00§ 35 Y5 2+ 5 X5 Y6 2+ L2536 5 2 (4.42)
ox oy 0z
Thé (4.39a) va (4.39d) vao (4.42) Ta duoc:
2 2 2
—@+p 8[12X+8l12X+8112X +li 8uX+% o, 5% ¥z (4.43)
OX OX oy 0z 3o0x\ ox oy oz

Phuong trinh (1.2) dwgc chiéu xuéng phuong x va thé (4.41), (4.42) vao ta dugc:

2 2 2
p5x8y62+{—@+u(a uX+auX+auxj+u 2 (au +ai o ﬂéxﬁyéiz

oX ox* oy* 0z ) 3ox\ox oy oz
du,
at
Hodc:
op du
X0 Yo Z+ +uva, + divu | |6x3ydz= X
'Day{axILL 38x( )}y
Sau khi don gian ps x5 y8 zta cé phuwong trinh:
op N 1 . du
F,——+pvVa, +=pdivu, = p—= 4.448
PR - UV U+ opdiu, = p- (4.449)
Tuwong tu, xét trén phrong y va phuong z, ta ciing co:
op ) 1 . du,
F,——+uVu, +=pdiwu, = p—= 4.44h
p y ay H y 3“’ y p dt ( )
op 2 1 . du
F,——+uVau, + —pdivu, = 2 4.44c
PR, ——, T HV U, + opdivu, = p- (4.44c)
Du6i dang vector, hé (4.44a) - (4.44b) duoc viét nhu sau:
- 1 - ~ v~ =y du
F-—gradp+vV°u+—grad(divu)=— 4.45
Sgrap vV og (divi) = (4.45)
Vi céc toan tir:
2 2 2
V2=8_2+8_2+6_2 va grad_£|+i]+iﬁ
ox~ oy- oz oXx oy oz

Phuong trinh (4.45) dwoc goi la phwong trinh Navier-Stokes. Boi voi lwu chat

khong nén duwoc, divu = 0 nén phuong trinh chi con dwéi dang sau:

?—igrédpwvzﬁ _dd (4.46a)
p dt
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Ta cd thé viét phurong trinh Navier-Stokes dw¢i dang tensor nhu sau:

1op 10 (aui aukj 21 0| oy
=t || —+ || == p—
pox P oX X, OX 3pox | ox

(voil=xy,z j=xy,z va z=XY,2)

ou 0
= EI'F 67k(ui uk ) (446b)

Phuong trinh Navier-Stokes la phwong trinh phi tuyén, rit kho giai. bang phwong
phdp gidi tich, phvong trinh duoc gidi trong mot s trwdng hop dac biét, phuwong trinh
da duwoc don gian héa. Vi du phuwong trinh [6p bién. Tl khi may tinh dién t& ra doi
cung vGi su tién bo clia phuong phap s, viéc gidi cac phuong trinh vi phan nay da co
nhitng budc tién rd rét. Phuong trinh Navier-Stokes nay da co thé giai dwoc bang phép
giai gan dang.

3. Thiét lap phwong trinh

Sy thiét 1ap cac phuong trinh Navier-Stokes bat dau véi sw bao toan cia khdi

lvong, momentum, va nang lvgng duoc viét cho mot thé tich dang xem xét bat ki.

Dang tong quat nhét clia hé phwong trinh Navier-Stokes la

ot

Pay chi la dinh luat bdo toan momentum trong mét chét 16ng, chi la 4p dung dinh

p(a—v-l-v-‘?v):—‘?p-l-v-'ﬂ“-l-f

luat 2 ctia Newton cho mdt continuum (mdi truong dong nhat). Phuong trinh nay
thwong dwoc viét dudi dang dao ham that su (substantive derivative), lam rd day chi la
mot ap dung cla dinh luat 2 ctia Newton:

Dv
e _Up4+ V-TH+f
P D P |

Bén phai clia phuong trinh ndy 14 tdng clia cac luc tac dong 1én vat thé. VPIa
gradient 4p suat va xuat phat tir 4p sudt vudng goéc xuat hién trong bat ki dong chay
nao. V - Tla dai dién cho cac luc bién dang trong chat 1dng, thong thwong la do cac
hiéu (¢ng clia tinh nhét. fdai dién cho cac luc "khac", nhuw 1a trong luc.

P céng cia s bién dang V - Tthwong chia nhiéu an s6, do d6 dang tdng quét do
khong thé &p dung truc ti€p dwoc cho bat ki bai todn nao. Vi |i do do, céc gia thiét vé
cac hanh vi cuta su bién dang clia mot chat 1éng duoc dua ra (dua trén cac quan sat

trong tw nhién) va don gian dai lugng nay vé cac bién quen thudc khac, vi du nhw van

2
toc. Vi du, dai lvgng nay thuong rut vé IV Vihi chét I6ng la khong nén dugc vacod

tinh chat Newton.
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~ Phuong trinh Navier-Stokes chi 1a mot phat biéu clia dinh luét bao to &n momentum.
Dé miéu ta toan bd hon dong chay, nhiéu théng tin hon can phai ¢ (phu thudc vao céc
gia st dua ra), diéu nay c6 thé bao gom su bao toan khdi lvong, st bao toan nang
lvong, hay lamdt phwong trinh trang thai.

Mdc cho cac gia thiét trén cac dong chay la nhuw thé nao, mot phat biéu clia s bao
toan khdi lvgng la gan nhw ludn ludn can thiét. Biéu nay dat duoc thdng qua phuong
trinh lién tuc, dvoc dua ra dwdi dang tong quat nhat nhw la:

dp
At FV - (pv) =0

V. UNG DUNG CAC PHUONG TRINH CO BAN CHO MOT BOAN DONG
CHAY CUA LUU CHAT TRONG LUC KHONG NEN, CHUYEN BPONG ON
DINH

1. Phuwong trinh nang lvong

d u? - = .

”fw d—t(e+ EJPdW = HIW pFudW+§v:VfT.ndA—§;:qu.ndA

Sau khi tinh toén todn hoc ta dwoc phwong trinh nang lvgng nhu sau:

2 2
gzl+ﬂ+M:gzz+&+%+ghf
p 2 p 2
Hay

Zl+ﬂ+al_\/12222+&+a2_\/22
Yy 29 Yy 29

+h,
Y nghia cla tirng s6 hang trong phwong trinh
e gz: nang lvong ctia mot don vi khoi lwgng lwu chat do vi tri clia né so véi
mdt mit chudn ndm ngang bt ky, ta goi | & vi nang
e Zlavinang cla 1 don vi trong lvong luu chat
e P/Pnang lwong cla 1 don vi khdi luong lvu chét do ap suat gay nén, ta goi
la ap nang.
e p/" ladp nang cla 1 don vi trong lvong lvu chat
e TOngz+p/Y dugc goi lathé nang hay cot ap tinh
e \/2/2 dong nang clia 1 cla 1 don vi khoi lvgng lwu chat
e V2/2g la ddng nang clia 1 don vi trong lvong lvu chét, con dugc goi la cot

nuwéc van toc
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Tong E= z+yﬂ+\2/—;duqc goi la nang lvgng toan phan hay cot ap toan phan hoac
cOt ap dong.
e h; dwoc goi la mat nang (ton that nang lugng hodc cot &p), co thir nguyén la
chiéu dai, don vi lam.
2. Phuong trinh dong lvgng
SF = 3F, +F, = p[E(QuitiVia )~ 2(QuttiacVias |
Y nghiia clia cac s6 hang trong phuong trinh
.0,V 1a dong lugng clia cac phan tir lvu chat di ra khoi thé tich kiém soat
trong 1 don vi thoi gian.
Q. 12 d0Nng lrgng clia cac phan tir lwu chét di vao thé tich kiém soat trong
1 don vi thoi gian.
3. Mot s6 (rng dung clia phwong trinh nang lugng va phuong trinh déng lugng
3.1 Ong Venturi dung dé do luu luvong
Mot 6ng Venturi gébm hai doan
6ng ngan c6 duong kinh khac nhau
D, va D, (v6i D;> D). Tai mi doan
ta |&p 6ng do &p nhu hinh 1. X&c
dinh biéu thirc tinh lwu lvong chat

I6ng Q chay trong 6ng theo dd chénh

cot ap h. Vai chat léng la nuéc va .

D;= 300 mm, D,= 150 mm va h= |

100 mm : J
Hinh 4.6

Giai
Dé xac dinh lvu lvgng chat 1dng chay trong dng, trwdc tién ta dp dung phwong trinh
nang lwgng dé xac dinh van tdc trung binh tai mdt mét cit nao dé. Sau do st dung

phuong trinh lién tuc dé xac dinh lvu lwong.
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Ta chon mit cat wot 1-1 va 2-2. Ap dung phuong trinh nang lvgng cho doan dong
chay gidi han bdi hai mét cat 1-1va2-2 (gid st a,= a,= 1)

2 2

zlJrﬂJrizzsziJrV—erhf
Y 29 Y29
V2 -V? P P
Suy ra #=(Zi+—lj—(22+—2J—hf @
29 Y ¥

Tacan xac dinh hiéu s (zl +Ej—(zz +Ej. Biét rang 2 mat cit wét 1-1va2-2 la
Y Y

hai mét phang, 4p sut tai cac diém tr én mat cat phan b6 theo quy luat thay tinh v & chat

|6ng trong 6ng do ap cling & trang thai tinh. Tl ph wong trinh thay tinh ta coé:

P P, ._ P P
z+2t=z,+Mvaz,+-2=z,+-1
Y Y Y Y

Vi lwu chat gitra MN lakhi nén taco thé xem Py= Py
Tasuy ra: (21+5J—(22+&]=2M—2N=h (b)
Y Y
Thé phuong trinh (b) vao (a) ta co:
V22 _V12 3
29 -
Ap dung phuong trinh lién tuc: V1A, = V,A,=Q

h—h,

Ta duwoc

M:Q_Z[LZ_LZJZQLLZ 1{&} “h-h,

20 20\A A) 294 D,
2glh—h;,

= — ' _Mm,[2g(h-h,)

Q=F 1-(D,/D,)" s

VEi M = S, S chi phu thudc hinh dang 6ng Venturi

J1-(D,/D,)!
Tri s6 méat ning lwong h; phai dwoc xac dinh bang thi nghiém. DE don gian nguoi ta
thuong viét lai dwéi dang sau:
Q=C.M./2gh voi C <1
C lahé s6 hiéu chinh lwu lvgng, hé s6 nay do mat nang sinh ra, tly thudc vao hinh
dang 6ng Venturi va s Reynolds. Néu chuyén dong véi s Re Ién, C chi phu thudc

vao hinh dang 6ng Venturi.
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Thay bang s6 néu bo qua ma sat:

Q =25,5lit/s

_ m(015m)’ \/2(9,81m/ s%).(01m)
4 1-(1/2)*
3.2 Do lvu lvong chéat 16ng chay qua 16 thao nho
Dong chay tir bé qua 16 thao nho cd dién tich A, chigu cao e nh v hinh vé& 2. Chiéu
cao cdt chat 16ng H tinh tir tm 16 thao khong ddi. Xac dinh van téc v & lwu lvong chét

|6ng chay qua 16 thao.

1 1
o0 e

. i

mgt ¢t co hep
Yo =TV mit chuln
-(.: ) .
Hinh 4.7
Giai

Dong chay qua 6 théo bi co hep. Tai mat cét co hep cac d wdng dong gan nhu thang
va song song v&i nhau nén mat cét vt phang. Doi véi dong tia cac mat bén tiép xdc
vGi khi troi nén ép suit tai tam B clia mat cét co hep | & &p suét khi troi  pg = 0.

Viét phuong trinh ndng lvong cho doan dong gidi han bai 2 mat cat 1 — 1 vac - c,
mat chuan qua tdm B. Gid st a, =a, =1

PV R,V

z+-t+Lt=2z7+ +h
Yy 29 y 29
Vi mét thoang bé rong hon 16 thao nén V4, << V., taco thé xem V,~ 0. Ta co:
P]_:PC:Pa ZC:O Z]_:H

Do do:

V:Vc:\/m

Hodc viét dwéi dang
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V =C,+/2gH C, hé s lvu toc

Luu lvgng

Q=Ve A = A,J29(H - ;)

Do dong chay bi co hep khi qua 16 théo, dién tich mat cét co hep A . nhd hon dién

tich 16 thao A vahé s6 co hep C.= AJA nén luu lvong:

Q:At,/2giH —h, i:CCAJZgiH —hf)

Hoéc viét dwdi dang
Q=C.C,A./2gH =C,A/2gH
Cy=C.C, : héso luu lvgng
Thong thwong
C,=097; C.=064; Cy4=0,62
3.3 Luc day cla tia nudc 1én tdm chén cd dinh.
Mot dong tia lvu lwong Qo, dién tich A dap vao mot tdm chén tron nhan ¢6 dinh
nhu hinh 4.8. bd qua mat nang vatrong lwgng khéi chat 1ong, xac dinh lyc day cla tia

nwéc 1én tdm chan.

Hinh 4.8
Giai

DEé tinh luc ddy cla tia nwdc 1én tdm chén, ta 4p dung phuong trinh dong lvong cho

khdi luu chdt ndm trong thé tich kiém soét gi¢i han boi ba mit cat w6t 1, 2 va 3 nhu

hinh vé.
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ZIE = IE =p Q2a02\72 + Q3(X.03\73 - Qla‘Ol\_/;.

Khéi lvu chat chiu tac dung cuia cac ngoai lwc sau:

* Trong lwgng G ( duoc bd qua theo dé bai).

= Ap luc tai cic mit ct 1-1, 2-2. DOng chay tai ba mit cét trén 1a dong tianén &p
Suét tai thm bang &p suét khi troi, do d6 ap lvc du P = PcS=0.

= Phén lyc F clia tim chan tac dung | én chét lvu (vi tdm chén tron nhan nén néu
chon hé toa dd nhu hinh vé, luc F chi c6 thanh phan Fy, con Fy = 0). Gid st ag1 = 02
=—og=1

B6 qua mét nang néntacd: Vi =V,=V3=Qy/A

Chiéu phuong trinh dong lvgng xudng truc x:

Fx =p(0+ 0+ QgVosina) = p QuVeSina

Fx > 0nghia laluc F cung chiéu véi truc x

—

Goi Rlalyc ddy cla tia nudc |én tdm chian: R = F. lvc ddy R co chiéu nguoc
v@i chiéu truc x va c6 cuong do la pQyVesina.

3.4 Luc ddy cla tia nwéc tac dung vao tdm chan di dong.

Mot turbine Pelton dwoc dat dudi cot nude cao 750m. O cudi 6ng dan cao &p ta co
mdt khéa nwéc dung dé phun 1 voi nwéc c¢d dwong kinh d = 180mm vao gau Pelton.
Bd qua ma sat.

1) Tinh lwc day cua tia nudc 1én gau Pelton biét toc do clia gau lau.
2) Tinh cong sudt hap thu bé&i gau Pelton. So sanh véi cong suat
cung ng bdi cot nuoc.

d=180mm

Hinh 4.9
Giai
1. Tinh van toc tia nwéc ra khoi voi (so véi voi nwéc)
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Nuwéc chdy tr ho chira c6 mat thoang 0-0 chdy vao 6ng cao ap va qua voi nuéc
phun rangoai khéng khi. Viét phuong trinh nang lvgng cho khéi nuéc gidi han béi hai

mat cat 0-0 va 1-1 (bd qua méat ndng) mat chudn qua tam v oi phun.

2 2
20+P°+V—°=21+E+VA
v 29 v 29
V2
H+0+0=0 +0+—X
29

V =,/2gH =,/2(9.81m/ s2)(750m) =121.3m/s
Luwu lvgng nwdc chay ra khoi voi:
Q = VA = Vnd?¥/4 = (121.3m/s)( 1/4)(0.18m)? = 3.09 m*/s
Cong suat cung rng bai cot nwéc:
N = yQH = (9810 N/m3)(3.09m*/s)(750m) = 22.7MW
Xét chuyén dong clia tia nwdc déi vai hé toa do twong d6i gan lién voi gau: gau
dirng yén, tia nwéc dén gau véi toc do V.=V —u.
Ap dung phuong trinh dong lvong cho chuyén dong 6n dinh tuvong di cla khai

nwéc nam trong thé tich kiém soat gidi han bdi mat cat wét 1, 2 va 3 nhw hinh 5.

Hinh 4.10

Céc luc tac dung l1én khdi nuéc la
o Trong lvc G theo phuwong z.
o Apluc =0 vi cac mit bén tiép xdc véi khi troi.
o Apluc tai 3 mit cat 1, 2, 3 cling béang 0.
o Phanluc F cla gau Ién tia nwéc.

Phuong trinh dong luvgng dwoc viét la:
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Chiéu xudng hai truc x, y ndm ngang:
Fy=0va  Fc= p(-QV2-QsV3—-Q1Vy)
Do bé qua mtc ndng nén ta co:
Vi=V,=Vz=V —u
Va luu lvong:
Q2=Q3=0Q4/2=(V -U)A/2
Vay = -20QuV - u) = - 2pA(V - u)’
F«<0 nén phan lyc F nguoc chiéu véi truc x. Goi R laluc ddy cua tia nudc tac
dung 1én gau: R=-F. Vay gau bi ddy bai luc R c6 phuong chiéu nhu hinh vé vaco
tris6 R=2pA(V - u)?

F
R <

Hinh 4.11
2. Cong suat hap thu bdi gau Pelton. Gau chiu lvc day R, chuyén dong véi van toc
u. Cong suét clia gau la
N = 2pA(V - u)?u
Cong suét clia gau dat cuc dai khi u = V/3. V6i van téc u nay, ta tinh dwoc:

R = 8pAV#9 = 8(1000kg/m3)%f (0.18m)?(121.3m/s)%/9 = 332.8KN

121.3m/s

Ng = Ru = (83.11KN)(=3

) = 13.46 MW

Cong suat cung trng bai cot nwéc:
N, =227 MW
Vay cbng suat cung (rng bdi cot nwéc 16n hon cong suat hap thu béi gau.
Nhan xét: lvu lwgng ra khoi voi nwéc la Q = VA nhung lvu lwong dén mot gau la
Q: = (V-u)A nén cong suat hap thu bdi gau rat nhd so véi cong suét cung tng bdi cot

nudc. DE st dung hét cong sudt clia cot nwéc, nguodi ta bo tri dd sd gau trén banh xe
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Pelton, sao cho voi nwéc chua hét tac dung Ién gau 1 thi da téc dung |én gau 2, ngha 1a
toan bd lvong nwéc ra khoi voi déu dén cac gau. Khi dy luu lwgng nuéc trung binh dén
1 gau bang lvu luong nuéc ra khoi voi.
That vay:

Goi t lathoi gian turbine quay 1 vong, nlas6 canh turbine

Khoi lvgng lvu chat dén turbine trong thoi gian t 1a pQt.

Khéi lvgng trung binh mdi canh nhan duoc 1apQt/n

Thoi gian chuyén dong gitra 2 canh li én tiép nhau la At = t/n

Vay lvu lvong khéi lvgng trung binh dén 1 canh turbine l&:

t/n
PUN - 6Q = pvA

Tinh lyc tac dung 1én canh turbine:
'E = p(Q2\72 + Q3\73 - Q1\71)
Fe= p(-Q2V2 - Q3V3—Q1Vy)

ma:
Vi=V,=V3=V -u
Q,=0Q3=Qy/2=Q/2=VA/2
Suy ra
Fx= -2pQ(V - u)
R=-F,= 2pQ(V - u) = 2pAV(V - )
Cong suat:

Ng=Ru=2pAV(V - u)u

Cong suat clia gau dat cuc dai khi u =V/2 vatri s6 cong suat cuc dai la
Ng = PAV?/2 = (1000kg/m?) 7 (0.18m)? (121.3m/9)%/2 = 22. 7MW

Nhu vay trong tredng hop ndy cong suét hdp thu bai gau bang cong sudt cung cp

b&i cot nwéc.
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