Nghién cru cac d3c trung va quy ludt chuyén dong clia chét 1ong:
+ Cac dai lugng dac trung cho chuyén déng (Bdng hoc)
+ Cac quy ludt chuyén déng dudi tac dung clia cac luc (Pong luc hoc)

NoOi dung

|. Hai phwong phap nghién cwi chuyén déng chat 16ng
ll. Cac dac treng déng hoc

lll. Binh ly Cési - Hemhon

V. Phwong trinh lién tuc

V. Phwong trinh vi phan chuyén ddng cua chat 1dng thuc
VI. Phwong tring Becnuli viét cho dong chat I6ng thuc
VIl. Mét s6 rng dung clia phwong trinh Becnuli

VIIIl. Cac dinh ly Ole



Chugng 3. DONG LUC HOC CHAT LONG

I.1 Phuong phap Lagrange

+[Xet tung phan tu chat long riéng biét
+ M0 ta chuyén dong qua vector ban kinh r(a,b,c,t)

., dr

~ x=n(abct) Van toc: U= at
Cac thanh phan: y=r,(a,b,c,t) dtZF
z=r,(a,b,c,t) Gia tdc: W= e

a, b, ¢, t la cac bién sb Lagrange

1.2 Phwong phap Euler

+ Khao sat tong quat chuyen dong theo thai gian qua nerng diém c6 dinh M
+ Tai moi ¢ xac dinh van tdc tai tat ca cac diém => cd trudng van tdc u(x,y,z,t)

‘ u,=u(x,y,z,t)
Céc thanh phan van toc :  u,=v(xy,z,t)
u,=mXx,y,z,t)
..~ di_ou oudx oudy oudz ou au ou ou
Giatoc: wW=—=—+ + + u,+—u,+—Uu,

dt ot oxdt oydt ozdt ot T oy ’ oz
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II. Cac dac trung dong hoc

I1.1. Phan loai chuyén dong
1 {Dong chay dung va khong dung:
.z X O...
Dirng: Céac yéu té khong thay doi theo thoi gian, u=u(x,y,z), —=0

o
F

Khéng dirng: Céac yéu td thay déi theo thdi gian, u=u(x,y,z,t), 8— £0
t
2 - Dong chay déu va khong déu:

Déu: Van toc bang nhau tai moi mat cat doc dong chay Z—i = const

Khong déu: Van téc khong giéng nhau tai cac mat cat, Z_” ~ const
X

3 - Dong chay c6 ap va dong chay khong ap
Co ap: khong cd mat thoang

Khong ap: Cé mat thoang
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II. Cac dac trung dong hoc

I{l.z. Cac yéu to thuy luc

-| M3t cat udt: Mat cat vubng goc vdi vectd van toc dong chay, gidi han bdi
thanh va mat thoang, o

- Chu vi uGt: Doan trong mat cat ugt ti€p xuc gitta chat 1dng va thanh cing, y

- Ban kinh thuy luc: Dién tich uSt chia cho chu vi uét, R=2
y4

- Luu lugng: Lugng chat long chay qua o trong don vi thai gian, Q =juda>

- Van tbc trung binh, v= Q
a
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II.F. Puong dong va dong nguyén to

1. Dutng dong: Budng cong ma trén do vects van téc tai cac diém trung vdi
ti€p tuyén cua ducng cong

+ Phuaong trinh dudng dong: TU dinh nghia => aagr-0 hay — &% _&
uX z
Trong d6 dr la vécta phan té cia duGng dong
+ Pudng dong khac quy dao

2. Ong dong: Cac dudng dong tua 1én mét vong kin nho goi 1a dng dong.

3. Dong nguyén to: Chat 1éng chay trong 6ng dong goi la dong nguyén to.
Chat 16ng khong chay xuyén qua 6ng dong.
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I1.4. Ham dong va thé van toc
1.| Ham dong (dong phang)

- Ham y thoa man: u, =%// va u, :—%—"” goi la ham dong
X
- Phuong trinh xac dinh ham dong:
tu dx _ gy => —uydx+uxdy:a—wdx+a—l//dy:dw:0
u, u OX oy

X y

Nhu vay, trong dong phang w=C biéu dién ho cic dudng dong
B B B
- Y nghia ham dong: T, = [u.ds = [u,dx+u,dy =[dp = p(B) - p(A)
A A A

2. Thé van toc
op

\ 2 ~ N\ a¢ . \ ns N n
- Ham ¢ thoa man: u, = va U,=— goila the van toc
X
B B B

- Y nghia thé& van téc: Qu = _[unds = qudx—uydy :jdz// =y (B)—w(A)
A A A
3. Diéu kién truc giao cia ham dong va ham thé

Oy 0p 0y 09 _» - pidu kién truc giao hay diéu kién Cauchy-Riemann
OX OX oy oy
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II. Cac dac trung dong hoc
1115. Pu'ong xoay va ong xoay

1| Chuyén dong xody: Chuyén dong quay clia moi phan tir chat 1dng xung
quanh mot truc tic thdi di qua né dudc goi la chuyén dong xoay

2. Vectd van téc quay: Q= % rotd

3. Chuyén ddngkhdng xody: rotli=0

4. Buong xoay: Budng cong ti€p xuc vdi vecta van toc goc goi la dudng xoay
5. Ong xody: Tap hdp cac dudng xody bao quanh mot ién tich nao do

6. Sai xoay: Chat léng trong 6ng xoay goi la sgi xoay

7. Cudng do xody: | :IrOtnU

dx dy dz
Q, Q5 Q,

8. Phuang trinh ducng xoay:
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I11. Pinh ly Cosi — HemHon (Pinh ly HemHon 1)

1. Dinh ly: Van tdc cta phan t&r chat 16ng la t6 hop cac thanh phan van tdc tinh
ltié’n, chuyén ddng quay quanh truc tdc thdi va chuyén ddng bién dang
0 =0, + QAT +0,,
2. Ching minh:
- Biéu dién tuyén tinh u tai 1an cdn M theo u, tai M,: T =0, + grad (¥).dr

- Phan tich thanh phéan chuyén doéng va van toc cta nd (mo ta trong XOY)

ou

BB, =—*dydt  AA = e dxdt
oy

BB, oau

de, ~tgde, = dyl = 8yx dt dg=dp-dy
ou
de, ~tgde, = A Ay dt de,=df+dy
dx  oX
2dy=deg,- dg

24 = de,+dg

ou
Q = dy 1 de, dgl):l( ’ _8ux)
dt 2 dt dt° 2 ox oy
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1.‘ Dang tong quat

Dinh luat bao toan khai lugng : dm/dt=0

- Xét dan vi thé tich hinh hdp 4V chét 1ong tai diém quan sat M, thdi gian dt

ou,

- Lugng chay vao theo truc x: ——

- Lugng chay vao theo truc y:

- Lugng chay vao theo truc z: —p ou, dxdydzdt
0z
- Lugng chét Idng thay ddi trong AV:  dpAV
A ou
PT Ién tt_Jc:d—'0+p(aux +—>+ g
dt X oy 0

- Khdong nén dugc: div(t) =0

- Chuyén dong dirng  div(pi) =0

dxdydzdt

ou
— p—2 dxdydzdt
oy

uz):O hay (Z—'(t)erdiv(U):O hay
z

op .., -
— +div =
o (pu)



IV. Phuong trinh lién tuc

2.|D€5i vGi dong nguyén to

Bai tap vé nha:

- Thu nhan phuang trinh lién tuc doi véi dong nguyén t6 (dong bao quanh
1 6ng dong, hoac dong chay day cac dudng ong...)

- Poc hiéu vi du trang 41
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IV. Phuong trinh vi phan chuyén dong cua chat long thuc
1. Dang chung (irng suat)

-|[Khao sat phan t6 dai dién hinh hdp dV=dxdydz
- 'Van téc chuyén dong (j
- Cac luc gom: Ung sudt p ; Luc khéi E ;
Luc quan tinh: Ifq ; T
- Theo nguyén ly D’Alambert:
F+P+F,=0
- Xét bi€u thirc cac luc trong hé toa do6 Oxyz: O X

+ Ung suat: * Ung sudt phapP,,, P, P,

* Ung suat tiép a0 Ty 0 Ly Ty B o

+ Lu'c khoi: F,= pdxdydzX, F =pdxdydzY , F = pdxdydzZ ,

+ Luc quan tinh: F,,, F,, . F

qty ' * gtz

. X += (apxx aTXZ )= u
- Phuong trinh theo truc Ox 0 X 8y 0z dt



Churong 3. PONG LUC HOC CHAT LONG
IV. Phuong trinh vi phan chuyén dong cua chat Iong thuc
2. Dang phuong trinh Navier-Stokes

, , N 1
-(Ap sudt thuy déong: P=——-(p,+ P, +P,)
3 o, 2 . .
Oy = 21— —— pdiv(U)
Py =—P+0, ox 3
, o i - ou, 2 . _
- Ung suat phap: p,=—Pp+o, V6 | o,= Zua—g,udlv(u)
p,=—p+o o, 2 .
2 - o, =2 £ —— paiv(u
(auy+6ux) ==y Sﬂd Y
T =
v = oy
- Ung suat tiép: S y(auz N aUX)
* a&x oz
u, ou
T = H 8zy i 5YZ)
- Phuong trinh Navier-Stockes
au, _ X —l@+VAUX +Evﬁdivﬁ
gt 0 OX 3 oOX
u
— =Y —1@+vAuy+Ev£diVU
dt yoXo) 3
au, _ Z —1@+VAUZ +lv£divﬁ

dt p 0L 3 oz



IV. Phuong trinh vi phan chuyén dong cua chat Iong thuc
2. Dang phuong trinh Navier-Stokes

-l Phuong trinh Navier-Stockes dang vecto chat long thu'c, nén dugc

di = 1 _ 1 I
— =F ——gradp + vAu + =wgrad (divli)) v = w/p - d) nhét dong hoc
dt yo, 3
- Trueong hop chat léong thuc, khong nén dugc: p =0 => divv=0
o [V | _
— = F ——gradp +vAU
dt Jo,
- Truong hop chat long ly tuang (khong nhét, khong nén ducc)
di - 1
— =F ——gradp
dt yo,

- Truong hop chat long dirng yén

= i gradp =0 Chinh Ia phuong trinh Euler linh
Jo,



V. Phuong trinh vi phan chuyén dong cua chat Iong LT
1. Dang Euler

l If—igradp:d—u
yo, dt

2.'Dang Lambo-Gromeca

VOi P:j%

= u u — Jo,

F—-grad(P+—)——=2QAl
2" ot

* Thu nhan dang 2 tu’ dang 1: (xem sach giao trinh)

3. Lu'c khoi co thé

- Chon ham theé: U sao cho xz_y;yz_% : z:_ﬁ
OX oy 0z
—»2 —
u ou =
—grad(U—I—P+7)—E=ZQAU
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V. Tich phan PT vi phan chuyén dong cua chat Iong LT
1. Tich phan Cauchy-Lagrange

-lChuyén dong co thé va khong dung: Q=0; %q& 0 => d¢;gradp=U
—2

us oe
—gradU+P+—+—)=0
grad( 2 ot )
Néi cach khac, biéu thirc trong diu ngoic khong phu thudc khong gian,

thu dugc tich phan Cauchy-Lagrange

Tl

U+ P+u—+a—(p=C(t)
2 ot
- Lu'c khai chi la luc trong trucng, truc Oz hudng Ién trén:

X=Y=0; Z=-¢g; -U = -0z

Khi do tich phan Cauchy-Lagrange c6 dang
—2

us ogp
Z+P+—+—=C{t
2 2 ot ©
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. 2 an . ou
-‘Xet chuyen dong dung: a—l: =0

* Cac phuong trinh thanh phan cua Phucong trinh Cauchy-Lagrange:
9, G°
—— (U +P+—)=2(Qu, -
ax( +P+ 2) (Qu, -Q,u,)

0 G2
-——U+P+—)=2(Q,u, —-Q.u,)
oy 2

—E(U+P+E)—2(Qu -Q.u,)
0z 2 A

- Nhan va@i lan lugt vai dx, dy, dz réi cong lai
I dx dy dz
u

d(U+P+7):2det(ux u, U,) => vé& phaibang 0:
Q, Q Q,

a) doc dwong/ong dong
b) doc dwdng/ong xoay

¢) ¢/dong xoan dinh vit

d) c/ddng co thé



V. Tich phan PT vi phan chuyén ddng ctua chat long LT

3. Phucong trinh Bernoulli cho dong nguyén t6, CL khong nén dugc
2

a. Chuyén dong dirng gz + 1Y N u _ const = C
"‘ p 2

2 2
u u
z+p1+ Ll —7 +p2+ 2

hay 1 =4,
. y 29 y 29
- Y nghia : Pudng ning
n A} _ . v Z
z, — d0 cao hinh hoc => vi nang BV u p1//29 N 12,124
p,/7% - d6 cao do ap => ap nang BV A °'o :

/)

~

u2,/2g - cbt cao van téc => ddng nang bV

Nang luong don vi (cot cao thuy dong

toan phdn) tai cic mat cat doc theo

dong nguyén té cua mot don vi trong 2,
luong chat Iong ly tuong khéng nén

duoc trong chuyén déng dirng I3 khéng

dér, 0

P/ 7,




V. Tich phan PT vi phan chuyén dong cua chat Iong LT

3. Cac dang phucong trinh Bernoulli 1 chiéu cho CL LT, khong nén ducc
9,

Chuyén dong khong dirng © _g
_'_ ot
p u® 1céu :
74— 4 +— | —dl =const ;!lakhoang cach giita 2 mat cat tich phan
7y 29 9y

cdt 4p quan tinh: h, = —J'—dl

2
u
S O

729 y 29

+h

1 gt



Chugng 3. DONG LUC HOC CHAT LONG

-‘Du’a vao ton that dong chéy domasat: 7', ,

P LB Uy

y 29 2t g
- Thu nhan tu PT N-S

+ hW1—2

1

+ SUir dung ham luc ma sat:R_ =vAl ; Cong ma sat: L

+ Nhan cac PT thanh phan va@i dx, dy dz roi cong lai:

+ Nhém va viét cac biéu thirc vi phan riéng phan thanh toan phan

+ Thu dugcdang trénvéi: h = L

9
Goi la ton that nang lugng don vi trong lugng chat long



VI. Phucong trinh Bernoulli cho CL thu'c
2. Y nghia phuong trinh Becnoulli cho chat I6ng thuc, k nén dugc

+

1

p1 pz
% 29 v 29

Pudng nang luon doc xudng,

h’,,.
phu thudc vao chat long 1-2
) u3,/2g
- Do doc thuy luc hay hé so ton
that don vi
P,/ %,
dhv'v _ 3 hv'V
dL 2 th L
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-(Tu PT cho dong phé‘m t6'
l 2
LB P2

Z, +
y 29 4 29
- Tich phan toan dong tai 2 mat cat bat ky

+ hW1—2

2] U 4o (2 + P2 U 4o+ [h
J @+ 900+ 5780 =] 2o+ “2dQ 5000+ [ rdQ
- Tinh tich phan cho tirng s6 hang:
[+ Q=+ )0
o 14 14

2
Uy
: ~-dQ
1, 1 _ £ _ Hé so hiéu chinh £29
2 2
1
1 pl ) 2 p2 + hW1—2 VGi Nz = 6.[ h,,,dQ
y 29 y 20
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VII. Ung dung ciia phuong trinh Bernoulli

1, Diéu kién ap dung

a)lTai thoi diém dang xét, luvu luvgng dong chay khong ddi trén doan nam
giira hai tiét dién viét phuong trinh

b) Tai cac tiét dién viét phuong trinh, dong chay déu hoic bién ddi chdm

c) Chat long khong nén dudc va luc khoi chi la luc trong trucng

2. Xac dinh do cao dat bom

A) Cho thong s6 bam (Q, P, ), xac
dinh do cao dat bam

Sy 29 } nd?
B) Biét do cao can hat nudc, nhu cau nuéc
=> chon du'dng 6ng dé€ dam Iuu luvgng
_, 16Q°y
27zg(pck _7/hW1—2 _7/h5)
C) Tinh thiét ké bom cho cum chi tiét may
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2/ Tinh dong chay qua voi .

-‘ Cho H- chiéu cao nu'dc bé, d - dudng kinh voi
* Tinh u - van toc qua voi

Viét phuong trinh Bernoulli cho dong chay 2
giira mat cat 1-1 va 2-2: .

H+0+0=0+0+u2,/2g => u=,2gH ;Q=wu 2

A~ u: hé s6 Ivu lrgng, hiéu chinhr ton that do
Thucte: Q=poy20H  Linh dang voi va hé sé co hep dién tich chay

3. Dung cu do van toc, ong Pito-Prandtl

- Nguyénly: u=.,2gAH
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4. Luu lugng ké venturi

‘ - Nguyeén ly:

wwrw EngineeringToolBox corm

5. Cac budc ap dung phuong trinh Bernoulli

1. Chon 2 mat cat doc dong chay, tai caAc mat cat chuyén dong déu
2. Luu lurgng qua cac mat cat khong doi
3. Mat chuan chon thuén tién cho tinh toan

4. Ap suat co thé la tuyét doi, du, nhumg phai thong nhat
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1. Dinh ly Euler 1 — hay phuong trinh dong lugng
-l Phucong trinh dong lugng chung: di(mu) =R +R_
t
- Viét cho dong nguyén td chat Iéng giira hai mat cat:
R, +R_+ pQi, — pQi, =0

- Ung dung: * Mt s6 bai toan khdng giai dudc bang tich phan Bernoulli,
* Tinh toan cac dong chay phan ludng,

- Vi du: Xac dinh luc tac dung cua tia phun vao vat ran

2. Dinh ly Euler 2 — hay phucong trinh mo men dong lugng

- V4 N ~ dE -
- Pinh ly mo men dong luong: — =) M
inh ly ong lugng o >

PR(U,, COSar, —U,T, COsa,) = > M



Bai tap 4.1 — 4.13

_i__



