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CHUONG 5: CO HQOC CHAT LUU
§1. Ap suat chat 16ng
§2. Suw chday durng. Phwong trinh lién tuc
§3. Phuong trinh Bernoulli

§4. Chuyén ddng trong chat léng thue.
Tinh nhét cia chat léng.



Mo dau

1. Khai niém chat luu

= Khéi niém: “Chat luu 1a chat c6 thé chay”.

= Chat Iuu bao gom ca chat long va chat khi. Ta phan
biét chat khi va chat long theo kha nang chiu nén cua
chung. Chat 1éng chiu néen t6t hon chat khi.

= Chat luu cO thé tich xac dinh nhung khdng c6 hinh
dang xac dinh. Chat luu ludn co hinh dang cua binh
chira no.

= DONng chay chat luu thudng chay theo ting 16p. Moi
16p ¢6 van toc khac nhau, ta goi la sy chay tang cua
chat Iuu.



= Giita C4c 16p chat luu ton tai mot luc twong tac khi
chuyén dong goi 1a luc ndi ma sat hay tinh nhdt cua chat
[vu. Tinh nhét ctia chat Iuu chi xuat hién khi chat luu
chuyén dong. Trong chat luu tinh khong ¢ do nhdét.

= “Chat luu Iy tuéng” 1a chat luu khong chiu nén va
khong co do nhét.

= Chat luu chiju nén hoic ¢é luc ndi ma sat l1a chat luu
thuc. Trong thuc t€ chi cé chat Iuu thuc khong co chat
luu ly tudng.



2. Cac dai lwong dac trung B2 mit ¢6 dién tich S
nhing trim trong chit

. Khéi lll’Q’Hg riéng 0O = % (5.]) long ¢ trang thai tinh
= Apsuat p= % (5.2) __,FL i
= Pon vi: Pascal (Pa); 1Pa = 1N/m? =

= 1 bar = 10° Pa; va do d6 1 mbar = 100 Pa
= 1 atm =1.013.10° Pa=1.013 bar

Ap suat ciia chat lwu lubn vudng goc véi mét tiét dién bat ky du cho tiét dién
do6 cO dinh hwéng nhw the nao di nira. Do d6, khai niém ap suat tw ban than
n6 khbéng co chieu xac dinh riéng va ap suat la mot dai lwong v6 hwéng chir

khong phai mot vécto. 4



Tinh hoc chat luu

1. COng thirc co ban ciia tinh hoc chat luu

= Xét mot khoi chat luu trong hinh try =
thang dimg nam yén bén trong chat =~~~ -
lru. hli
= Khoi chat luu ndy & trang thai can |27 S pl
bang nén tong hop luc tac dung = S =
vao no bang khong. hy L B
- Tﬁz

D F=0 (53) S

= C4c luc tac dung vao khoi chat luu bao gom: trong
lugng cua chat luu p = mg va hai luc F, do 4p suat p,
va F, do 4p suat p, tac dung Ién mit
trén va mat dudi ciia khoi chat luu. -



Tinh hoc chat luu

Vay: F,-F,+mg=0
PS, - P,S, +mg =0

e 2 pS{1e ) -

* Néu vi trf (1) ndm ¢ mit thoang h S pz
con vitri (2) o do sau h, khi dé ZTJ
Py=Ps :Ap sudtkhi quyén .

h=0,h,=h = p=p,+pgh

Nhu vay: Néu do sau ting thi 4p suat ciling ting va ¢ clng

d6 sau thi ap suat la nhu nhau. 6



Tinh hoc chét lvu

2. Dinh luat Pascal l
= Phat biéu dinh luat: “Ap suat tac
dung |én mot binh kin chta luu A
N . R “ ”
duoc truyén di nguyén ven theo
moi hudng trong binh chira”. - -
s VN
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Pong hoc chat luu

1. Mot so khai niém

Pwong dong: La nhitng dwong ma tiép tuyén & moi diém
cua NO trung voi phuwong cua vecto van toc chat luu,
chiéu la chiéu chuyén dong cua chat luu.

Tiét di¢n S Duong dong



Pong hoc chat lru

Ong dong: Tdp hop cac dwong dong tia trén mét chu Vi
twong twong trong chat luu tao thanh mot ong dong.

Ong dong



Pong hoc chat lru

Trang thai chay dung: Trang thai chuyén déng ma tai
moi vi tri nhat dinh van toc cua chat luvu khong thay doi
theo thoi gian
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Pong hoc chat lru

Piic diém trang thai chay dirng

. H]nh dang cua dudng dong va ong dong khong thay
doi theo thoi gian

» Cac duong dong khong cat nhau

. Mcf)i duong dong chinh 1a quy dao cia mot phan tir
chat long

» Chat luu trong moi ong dong khong chay qua thanh
ong dong do.
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Pong hoc chat luu

2. Phwong trinh lién tuc

Luu lwong chat luu (Q)

Luu luong chat luu qua tiét dién bat ky 1a phan thé tich
chat lvu chay qua tiét dién d6 trong mdt don vi thoi
gian.

Biéu thirc ,’I S ‘| —
I : \V
AV L
=—=8V (b5 v
Q= =S 69

Pon vi: m3/s - VAL

12



1

}4_.

Vv, At
Xét luu lugng chat lwu chay qua céc tiét dién S,,S, khac
nhau cua cung mot ong dong.

+ Taivitri 1 :Chatluucé vantoc V,, S,
+ Tai vitri 2 : Chat luu co vantoc  V,, S,

13



Pong hoc chat luu

+ Khéi chat lvu chay & trang thai dirng
+ Khoi chat luu khong chiu nén (thé tich khéng doi),
+ Ong dong lién tuc (khdng co chd rong hodc tich tu

chat luu).

Vi gia sir trén — luu lugng chat luu chay qua tiét dién
S, va S, la nhu nhau:

Ql :Qz

14



—

—> Vi

— S,

—

Vv, At
Hay: SV, =3V,
Vi §,,S, chon bat ky nén tong quat: S.v =const (5.6)

Phat biéu: “Liru lwong chat liru chay qua mot tiet dién
bat ky trong cung mot ong dong la dai lwong khong doi.”

5



Pong hoc chat luu




3. Phwong trinh Bernoulli
Chit luu ly twéng

Khoi chat luu co thé tich khong
d6i va co thé chay ma khong chiu
luc can nao.

(Khéng chiu nén va khdong co6 ma
sat noi).

Daniel Bernoulli
(1700 — 1782)

17



Pong hoc chat luu

Xét dong chat luu Iy twéng ) (9
chay trong ong dong V)

b,
O thoi diém t khoi chat e) o) (26
luu nam trong khoang
Khong gilan  duogc  gioi
han bdéi vi tri (1) va (2)
v6i van toc tuong ung
& hai vi tri nay la v, va v,

Sau mot khoang thoi gian dt, khoi chat luu chuyén dong
to1 vi tri mo1 nam trong khoang khong gian duoc giéi han
bai vi tri (1) va (27)
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Pong hoc chat lru

\ /
Ap dung dinh luat bao toan \ J/
cong - co nang cho khoi e)

chat luu: 2) (9
€2
h, b,
dA=dW =dW,+dW, (5.7) e
2

a. Tinh c6ng ngoai lwe tac dung 1&n dong chat lwu

Ap suat P, va P, gay ra trén S, va S, nhiing ap luc la F,
va F, lam cho chat luvu chuyén dong.

19



Pong hoc chat lru

Cong thire lién hé gitta ap suat va ap luc:
P = E
+Ap luc F,=P,S, day khoi chat luu dV chay vao S,

+Ap luc F,=P,S, ngin khoi chat luu dV chay ra S, —
Cong ap luc la cong can.

—>dA=Fl,-Fl,=p,S5L,—p,S,t,=(p,—p,)dV (5.5)

Do: S/, =S,0,=dV

20



Pong hoc chat lru

Nhin Xét: Vi khéi chat lvu nam gitta hai vi tri (1) — (2) 1a
ding yén, chuyén dong ctaa khoi chat luu thyce chat 1a tir vi tri
(117) sang (227).

b. Tinh d9 bién thién co ning

Sy thay do6i dong ning

dW,=dW _,—-dW,_, :édmvj —édmvf
1

—dW, = 5palV(vj —v7) (5.9)
Sy thay d6i thé nang: dW, =dmgh,—dmgh,

—>dW, = pdVg(h,—h,) (5.10)

21



Pong hoc chat luu

Thay (5.8), (5.9) va (5.10) vao (5.7) ta duoc:

]
(p,—p,)dV =§pdV(v§—vf)+pdVg(h2—h1)

1 1
2P+ PV F Py =py o pvs+ pghy (511)

Vi vi tri (1) va (2) 1a bat ky nén tong quat ta co:

—>p+§,0v2 + pgh =const (5.12)

(5.11) va (5.12) 14 phwong trinh Bernoulli viét cho khoi
chat luu Iy tuong chay ding trong 6ng dong.

22



Pong hoc chat luu

Phéat biéu dinh luat Bernoulli

—>p+§,0v2 + pgh =const (5.12)

= Theo quan diém &p suat

V2

P - Ap suat dong cua khoi chat Iuu

P : Ap suat tinh cta khoi chat luu
pgh @ Ap suat thuy luyc cua khoi chat luu

“Voi mot dong chdt lwu Y twong chdy dirng trong éng
dong, tong ap suat dong, ap sudt tinh va ap suat thiiy luc
la khong doi”. 23



Pong hoc chat lru

Phéat biéu dinh luat Bernoulli

—>p+§,0v2 + pgh =const (5.12)

= Theo quan diém nang luong

V2

P : Pong ning riéng cua khoi chat luu
pgh  : Thé niing riéng ctia khoi chat luu
p : Ning luogng riéng ctia khoi chat luu

“Vgi mot dong chdt lwu |y twong chéy dirng trong éng
dong, tong dong nang riéng, thé ndng riéng va ndng
lwong riéng ciua khoi chat luwu la Khndng doi”.
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Pong hoc chat luu

Hé¢ qua cua phuwong trinh Bernoulli
Hé¢ qua 1

Xét mot dng dong cé tiét dién khéng d6i, nam nghiéng.
Khi d6: v = const

Tu Pinh luat Bernoulli ta co:

—>p,—p, = pg9(h—h,) (5.13)

Sw chénh léch &p sudat tinh dwoc gay ra tir sw chénh léch
do cao cua cot chat long.
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Pong hoc chat lru

Hé¢ qua 2
Xét mot ong dong nam ngang co tiét dién thay doi. Khi do:
h = const

Tt Pinh luat Bernoulli ta co: .

oy e = S:
Py '02_p2 '02 p,—| v=const |<—p
V2
—p+p=-=const (5.14) h = const

Noi ma ong dong hep thi vn toc dong chay Ién — dp suat
tinh nho va nguoc lai.
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Lower pressure

——
Higher pressm
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Bo ché hoa khi

Khi khong khi hat vao dén B
thi van toc tdng — ap suat
tinh tai B gidm xudng nén
xang bi hat I1én va phan tan
thanh nhiing hat nho tron lan
voi khong khi tao thanh

hon hop di vao xilanh

Pong hoc chat lru

Hinh 43.5 Nguyén tac céu tao cla

bb ché hoa khi

29



Pong hoc chat luu

Cong thire Toricelli _ S,
P, =P, =Py
1 1 h
Epr + pgh, = Epvzz + pgh,
ViS; =V, 1 SZ‘::.'{'U
—->Vv,~0—> == pV, + pgh 2
5, > S, ) pgh, 5 PV2 + P,

—V, =4/2gh

Nhu vay: Toc do dong chay ctia khoi chat luu chinh bang
toc do cua mot vat roi tu do tir cung do cao
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Tinh nhét ciia chat luu

1. Néu chat luu chay trong mot méi truong ¢d chudng ngai
vat, toc do cua khoi chat Iuu thay doi theo khoang cach tir
chudng ngai vat.

2. Su chay tang (chay 16p): Su chuyén dong cua khoi chat
lvu theo timg 16p khac nhau, méi 16p ¢6 mot toc do chay
khac nhau. Hién tuong chay tang 1a do cO luc noi ma sat
gitra C4c 16p chat luu véi nhau.

fe

Vlllllva
v¢llll

(27 AR Ao

e s s i

Chay tang trong ong Chay ting trén mat phang
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Tinh nhét ciia chat lwu

3. Lwe noi ma sat

= Trén thuc té, trong moi chat luwu ludn ton tai mot luc nodi

ma sat gitta hai 16p chat luu bat ky. Luc nay ti 1é voi do
thay doi toc do dong chay theo hudng vubng goc véi
dong chay va ti 1& voi dién tich tiép xac gitta hai 16p

dong chay.
Biéu thirc lwe ndi ma sat Z 4
i AS
AF =n—AS > U+ dv
n dz dz 1
s 1A A L > D

n dwoc goi la hé sO noi ma
sat cua chat luu. Hé s6 ndi o

ma sat c6 don vi la (Ns/m?)
hodc (kg/m.s)
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