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

CHUONG 3

PONG HOC

I. HAI PHUGNG PHAP NGHIEN CUU CHUYEN PONG CUA LUU CHAT

1. Phuong phap Lagrange (J.L de Lagrange, nha todn hoc ngu6i Phap,1736-1883)

2
dx . :d X
ST a2
X =X(Xy,Yp»Zp» 1) i d S 2
- ~ — r y ~ u r y
r=f(I,t) <o y=x(X,,Y,,Z),t) =» U=—<U,=— =p g=—=— <> -
(1, 1) Y =X(Xg,¥0,Zp> ) dt Y T gt a it 42 ay a2
Z:X(XoayO:Zoat) dZ 2
1'lZ:_ a :E
dt ‘ z dt2

> Trong phuong phdp Lagrage , cdc yéu té chuyén
doéng chi phu thudc vao thoi gian ,VD: u = at’+b

2. Phuong phap Euler
(L. Euler, nha todn hoc ngudi Thuy Si, 1707-1783) .

u, =u,(X,y,2z,t)

U=t(x,y,z,) & quy =u,(x,y,21) Cic dudng dong tai thdi didm ¢
NN |

u, =u,(X,y,zt)

—~ k\

. . . dx dy dz PG T
»Phuong trinh dudng dong: =+ = = e ¥
Uy u y u, ; o N

(x,Y,2)
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7 . — 2. — . —
Vidu la: u=3x* u=-6xy; u,z=0

=
3X — 6Xy

g Ve ~ e [ A ~ s A A ~ .

Chuyén cac so6 hang c6 bién x vé v€ trdi, bi€n y vé v€ phai:

Thi€t 14p phuong trinh dudng dong: _AX dy

2xc21x _ dy o 2dx  dy

X —y X -y

; 2dx dy
Tich phan hai vé: j < j —y

< 2In(x)==In(y)+InC < x’y =C
Viy phuong trinh dudng dong c6 dang: x°y =C

Vidulb: y =x2y+2x; u,=-(y>x+2y);
dx dy

Thi€t 14p phuong trinh dudng dong: X7y + 2% —(xy’+2y)

Trong truong hgp nay ta khéong thé chuyén cdc sé hang cé cung bién x, y vé
cung mot phia, nén khong thé ldy tich phéan hai vé dugc, ta sé gidi bai todn nay
sau trong chuong thé luu

II. CAC KHAI NIEM THUONG DUNG

ong dong

1. Pudng dong, dong nguyén t6— d

2. Dién tich mit cidt uSt A,
Chu vi ué6t P,

Bédn kinh thuy lyc R=A/P
Dong c¢6 ap Dong khong Dong tia
3. Luu lugng Q, ap
Van toc trung binh m/ cit 0y
uGt V: / vd
Q= [udA= [udd —— A ==y
Abatky Am/c.uot Am/c b
v=2
A Y O 0 —" WA O :
Nhén xét: Luu lugng chinh la thé tich )
ciia biéu do phan bo van téc - Bi€u db phan bd van toc
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III. PHAN LOAI CHUYEN PONG:

Theo ma sat nhéts—— Chuyén dong chat long 1y tudng, : khong cé ma sit
0 ” PN 2 2z Fuantinh

Chuyén dong chdt long thuc: c6 ma sat -Re = 1‘;—
Re=VD/v=V4R/v:tang(Re<2300) - réi (Re>2300)"

2. Theo thoi gian: on dinh-khong 6n dinh.

3 Theo khong gian:  déu-khong déu.

4 Theo tinh nén dugc: s6 Mach M=u/a

a: van tdc truyén Am; u:van tdc phan ti Ivu chat

du6i Am thanh (M<1) - ngang Am thanh (M=1)
trén 4m thanh (M>1) - si€u Am thanh (M>>1)
» Thi nghi¢m Reynolds
injector injector injector
dyei [ : dyeI [ . dye MAW'

Laminar Flow Transition Flow Turbulent Flow

IV. GIA TOC PHAN TU LUU CHAT :

Theo Euler: du, Ou, ou, ou, ou,
a, = = u, +u, +u,
dt ot Ox oy 0z
du, oOu ou ou ou
a, =—>=—2+u —+Uu, —+u,—
dt ot Ox oy 0z
ou
aZ:duZ: ou, +uX8uZ+uy8uZ+uZ z
dt ot Ox oy 0z
— . . ,
t.ph.cuc-bd thanhphind6iluu
Theo Lagrange:
du OJu
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V. PHAN TiCH CHUYEN PONG CUA LUU CHAT:

Trong hé truc toa d6 O(x,y,z), xét vin tdc cda hai di€ém M(x,y,z) va
M1 (x+dx,y+dy,z+dz), vi hai diém rat sat nhau, nén ta cé:

van toc chuyén van tdc bién van tdc bi€n dang géc
dong tinh tién dang dai va van toc quay
»Dinh ly Hemholtz

1. Tinh ti€n

Chuyén . ik
y 2.Quay —»Van toc 5 _lp.-_ 1130 0 0|,
d@ng quay: 2 2| 0x 0Oy Oz
u, u, u,
?}%’n dang
Bién dang goc Bi€n dang dai
Sudt bién dang goc Sudt bi€n dang dai
€. =¢ —i auz+5uy laux wle{auz_%
zy yz 2 ay oz € x a x 2 ay 0z
1(0 0
I(ou. ou, . ou a,y:_( u, Ou,
gxz :gzx =< + Yy 2 82 Gx
2\ 0z o0x oy
1({0u, ou
ou =—| =2-—=
e =g _1 8uy+au_x €, = = s 2(8x dy
Xy yx 21 ox (3y 0z
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eChuyén dong quay cta phan tif luu chat:

ou ou 1
LdyAt Ty
Bl 1| oy A o dxAt
2 At 2Mt dy dx
1(ou, ou | 1
=—| ——* |=—=roty,
2lox oy ) 2

ou,/oydyA

rot (i) = 0— chuyén dong khong quay (th&)

rot(i) #0 —— chuyén dong quay

Vidy 2: Xéc dinh dudng dong ctia mot dong chdy ¢6 : u, =2y va u, = 4x

dx _dy
u, u,
dx _dy
2y  4x
4xdx =2ydy
2xdx = ydy
2 2
2(X_j:y_+c
2
2x>—y*=C
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FLUID MECHANICS - CASE STUDY

Example. 3:
- In a testing facility, the inlet and outlet velocities of a
I nozzle along the center line are measured to be 10 m/s
Mﬁ ﬂws and 50 m/s, respectively. Technician John is asked to
e —— provide a customer with the velocity and acceleration
a— \ distribution of the fluid in the nozzle. The length of the
fe 05 m nozzle is 0.5 m, as shown in the figure.

Derive the equations for the velocity and acceleration.
What is the local acceleration of the fluid entering and
exiting the nozzle?

*Assume that the flow is one-dimensional, and it varies linearly along the
centerline in the nozzle.

CASE STUDY SOLUTION

. For the center streamline, the velocity of the fluid is one-dimensional

i and linear:
emmmmm——— u=ax+b where a and b are constants.
* Based on the experimental measurements, u is 10 m/s when x is zero
(inlet) while u is 50 m/s when x is 0.5 m (outlet). Hence, it can be
— determined that the constants a and b are 80 and 10, respectively. The
e— velocity distribution is thus given by
2, = 800 (8x + 1)
e u=(80x + 10) m/s
| « The acceleration of the fluid is given by (use the fact that v=w = 0
for 1-D flow):
. = %
oDt
e au  au
a,=800(8x+1) =E+u§
— = (80 + 10)-2_ (80 + 10)
&
= 800 (8x + 1)

The local accelerations of the fluid at the inlet and outlet are then determined to be 800
m/s2 and 4,000 m/s2, respectively.

PONG HOC 6



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

VI PINH LY VAN TAI REYNOLDS- PHUONG PHAP THE TiCH KIEM SOA'I

1. Thé tich kiém soat, va dai lugng nghién ciru:

Xét thé tich W trong khong gian luu chdt chuyén dong. W c6 dién tich bao
quanh 13 A. Ta nghién cttu dai luong X nao d6 cda dong lvu chat chuyén
dong qua khong gian nay. Pai lugng X clia luu chit trong khong gian W
dugc tinh bing:

szwkpdw

W: thé tich ki€m soat
X : Pai lugng can nghién cifu
k : Pai lugng don vi ( dai lugng X trén 1 don vi khdi lugng)

Vidu: XIa khSilugng: k=1 ; X= j [[pdw
X 1a dong lugng: k=u X= Hj ipdW
w

X 1a ddng nang: k=u?2; x _ m‘ﬁpdw
2
w

. Pinh Iy van tai Reynolds- phuong phap thé tich ki€m soat:
»Nghién ciu sy bién thién ciia dai luong X theo thoi gian khi dong chdy qua W

dX o&x ién tich
—=— + IjkpundA Dién tich
dt oty 2
A,
Tai t: luu chit vao chi€m diy thé tich —
ki€m sodt W.
Tai t+At: lvu chit tr W chuyén dong
dén va chi€m khodng khong gian W1. W,

— t+At t+At t t
d_>(: hmﬁz lim Xt+At Xt — lim XVVI XW — lim (X XC )_(XA+XB)
dt  At—0 At At—0 At A0 At At—0 At

At—0 At At—0 At
t+At t t+At t+At
= lim MJr lim X X
At—0 At At—0 At
At|| kpu, dA + At|| kpu dA
T |
=— + lim 2
ot o At— 0 At
0X
=—/ + || kpu,dA
oty I
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VII AP DUNG PHUONG PHAP TTKS X _oX| [[kpu,da
. A dt ol "
1. PHUONG TRINH LIEN TUC
. . dX
X 1a khoi lugng: theo d. luat bao toan khoi lugng: e =0

o|[] pdw

dX A% op .

_ + dA = P aw + ([[ di dW =0
dt ot '&“pun b.d.Gauss J;JJ ot J.JV‘[ vipw)

op .
Hay m +div(pu) =0 . gang vi phan ciia ptr lién tuc

eNEu p=const—> ptr vi phédn lién tuc ctia luu chdt khong nén dugc:

0
div(u) =0 Ux My O g
0x oy 0z

*Dong nguyén td chuyén dong 6n dinh: — ptr lién tuc ciia dong nguyén to
chuyén dong on dinh:

”PundA =0 pjudA; =pyu,dA, d%z
A 2

eD0i v6i toan dong chuyén dong 6n dinh (c6 mot m/c vao, 1 m/c ra) — ptr lién
tuc cho toan dong luu chdt chuyén dong on dinh dang khoi lugng:

_[ piuydA, = _[ pou,dA, &M, =M,
A, A2

M1: khoi lugng luu chd't vao m/c Al trong 1 dv t.gian
M2: khéi lugng luu chat ra m/c A2 trong 1 dv t.gian

eDdi v4i toan dong chuyén dong 6n dinh (c6 mdt m/c vao, 1 m/c ra), luu chat
khong nén dudc: — pir lién tuc cho toan dong luu chdt khong nén duoc
chuyén dong on dinh:

Q,=Q, hay Q=const

eTrong trudng hdp dong chdy cé nhiéu mit cit vao va ra, c. dong 6n dinh,
luvu chat khong nén dudc, tai mot nit, ta cb: —> ptr lién tuc tai mot niit cho
toan dong luu chdt khong nén duoc chuyén dong on dinh:

ZQdé’n :Z Qui
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2. PHUONG TRINH NANG LUQNG % _ 68_>t< + [[ kpu,da
WA

Khi X 13 ning ludng ctia dong chdy cé khdi lugng m (ky hiéu 13 E, bao gdm noi
ning, dong ning va th& ning (th& ning bao gdm vi ning 1in 4p ning), ta co:

X = E = Eu + 12mu*+ mgZ v6i Z=z+ply
. 1
Nhv vay, ndng luong ciia mot don vi khéi luong luu chdt k bing kK = e, + 5“2 +gz +§
trong do: e, 12 ndi niing clia mot don vi khoi lugng.
1/2u? 1a dong ning cia mot don vi khoi lugng.
gz 12 vi ning ctia mot don vi khdi lugng.

p/p  1a 4p niing clia mot don vi khdi lugng.

DPinh luat I Nhiét dong luc hoc: sé gia ndng luong dugc truyén vao chdt léng
trong mot don vi thoi gian (dE/dt) , bdng sudt bién doi trong mot don vi thoi gian
ctia nhiét lugng (dQ/dt) truyén vao khoi chdt I6ng dang xét, triv di sudt bién doi
cong (dW/dt) trong mot don vi thoi gian ciia khéi chdt 16ng dé thuc hién doi vdi
moi truong ngoai (vi du cong ciia luc ma sdt):

dE dQ B dw
Nhu vay dt dt dt
@_ﬂzﬁﬂj‘(eu +lu2 +gz+£)pdw+‘”(eu +lu2 +gz+£)pundA __, Dang tong quit
dt dt oy 2 p . 2 p cia P.tr NL

3. PHUONG TRINH PONG LUQGNG

Khi X 1a dong luong: — k=i — X:Mapdw
\\%

Dinh bié€n thién dong ludng: bién thién dong luong ciia luu chdt qua thé
tich W (duoc bao quanh béi dién tich A) trong mdt don vi thoi gian bdng
téng ngoai luc tac dung lén khdi luu chdt do:

X oz
E = Z anoailu’c

Nhu vay, tir k&t qua ctia pp TTKS: ‘;_i‘ :%_’t‘

+[[kpu,da  ; ta c6:
WA

Z i:>ng02.1ill,fc - % J‘J‘J‘({i)pdw * .”‘ (l_,{)pllndA - Damg tﬁ?ng
w A quat cua p.tr
DL
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Vi du 4- Mot dong chdy ra khdi 6ng cé van tdc phan b6 dang nhu hinh

v&, v6i van toc 16n nhat xudt hién & tAim va ¢6 gid tri U = 12
cm/s . Tim van toc trung binh ctia dong chdy

Gidi:

Tai tAm 6ng, u=u
u=0.

. tai thanh on
max?® ‘¢ g, | max

Ta c6 trén phuong r,; van toc dong
chdy phan b theo quy luat tuyén tinh:

u=—">(R-r
R (R-1)
Luu lugng :
R 2 3 2
2 Rr R
Q=[x (R —r)2mrdr = e 20T Mol
» R R 2 3. 3
V:g:umax
A 3
V=4cm/s

Vi du 5: Luu chit chuyén dong én dinh trong dudng 6ng c6 dudng kinh D. O ddu vao

cia doan ong, lvu chi't chuyén dong ting, vin tdc phan bd theo quy luit :
2

N PO u,: van 8¢ tai tAm 6ng khi chdy ting.
U=t (R)2 r : dugc tinh tif tim 6ng (0 <1 < D/2)
Khi luu chi't chuyén dong vao siu trong dng thi chuyén sang chay rdi, véi phan
5 van to : /7 .o y . ..
b van to¢ nhu sau : u=u y u,: van tdc tai tim Ong khi chay roi
2R y : dugc tinh tir thanh 6ng (0 <y < D/2)

Tim quan hé gilra u, va u,

Gidi:

Theo phudng trinh lién tyc:
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) Chat 18ng 1y Ituéng quay quanh truc thing ding (oz). Gid s van tdc
Vidu: quay cta cdc phian t6 chat 1dng ty 1& nghich véi khodng cédch tir truc
quay trén phuong ban kinh (V=a/r; a>0 1a hing s6. Chiing minh ring
day 12 mot chuyén dong thé. Tim phuong trinh cdc dudng dong
Gidi: PN A, = = 0— (01, u
chuyén dong khong quay (th&)«— 1ot (u), = L—y__XJ =0
azy_-ay_ -ay x oy

u, =ucos(u,ox) = ——;
g rrr° x+y’

u, =ucos(u,o )—E(i)—%— ax
Suyra: )T T ey
ou, 9 ax | a(x’+y’)-ax(2x) a(y’-x’),
ax ax X2+y2 (X2+y2)2 (X2+y2)2’ < >
ou, _ 9 —ay )_-a(xX’+y’)+ay(2y) _a(y’-Xx’)
oy oy (X +y’ " +y*)’ < +y*)’
A au v
Vay: v Ouy =0 < rot(u), =0
6X 2 8y ? , 2
Day la chuyén dong Mot chuyén dong thé trén mdt phang xOy
—ay ax
u,dy =u dx < Xty dy = Xty dx

Phuong trinh cdc dudng dong:
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