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Chuong 4: Dong chay 6n dinh trong dng ¢6 ap

1. Nhitng dang ton that cot nude

2. Hai trang théi chay ciia chét 16ng, sy phan bd vin

tbc trong dong chay
3. Tén thét doc duong

4. Tén thit cuc bd

5. Dong chay qua 16
6. Dong chay qua voi

1.1. Tén thit nang luong

1.1. Tén thét ning luong
Tén thét ning lugng trong dong chay la dé thing su
ma sat giita chit long véi chit long, chét long véi
thanh réin. Cong tao ra do ma sat nay bién thanh nhiét
nang va bi dong nude cudn di.

Hai loai tén thit

- Tén thét doc dudng: hy

- Tén thét cuc bo: he

1.2. Hai trang thai chay cua chét long

Trong thyc té ton tai hai trang thai chay khac nhau

ctia chét 1ong: d6 14 trang théi chay tAng va chay rbi.

Nam 1883, Reynolds da lam thi nghiém chimg minh
su ton tai ciia hai trang thai chay nay.
1.2.1. Thi nghiém Reynolds

Ta c6 so do thi nghiém cua Reynolds nhu sau:
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1.2. Tén thit ning luong

1.2.1. Thi nghiém Reynolds

chay ting

qua do

1.2. Ton that ning luong

.2.2. Tiéu chuén phan biét hai trang thai chay

Reynolds dung dai luong khong thir nguyén Re
ddc trung cho trang thai chay

_vd
Vv

Re (4.1)

Trong do: v - luu tdc trung binh ctia mat cét
d - dudng kinh éng
v - hé s nhét dong hoc

1.2.2. Tiéu chuén phén biét hai trang thai chay

Qua nhiéu thi nghiém ta thy Re"® khong c6 tri
s6 xé&c dinh (dao déng khoang 12000 dén 50000)

Tréi lai Re, & 6n dinh d&i véi moi chat long va
moi dudng kinh éng khac nhau: Re,dwi= 2320, nén
dung Re, 4w dé phan biét trang thai chay

Néu Re < Re, 4% : chay ting
Néu Re > Re, 4 : chay rbi
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2. Sy phén bé luu tde ciia dong chay trong éng

2.1. Phuong trinh co ban cia dong chay déu trong éng

2.1. Phuong trinh co ban ciia dong chay déu
trong dng

Xét doan dong chay déu trong éng tiét dién o, giéi
han béi hai mzf}t cat 1-1 va 2-2, cach nhau mot doan |.
Chon mat chuan nam ngang.

Luc tac dung Ién khdi chét long gitra 1-1 va 2-2
- Luc khéi: trong luong khéi chét 16ng
G=v.ol

4.2)
- Lyc mat: &p lyc |én mat cit 1-1 va 2-2

P10 VA o
v&i py» p, 12 &p sudt phan bé trén mat cét 1-1 va 2-2

2.1. Phuong trinh co ban ciia dong chay déu
trong ong

Lyc ma sat véi thanh dng: 7o.x.|
véi 1, |2 g suit ma st tai thanh éng

Vi dong chay trong éng 1a dong chay déu nén téng
hop luc tAc dung Ién khdi chét 16ng bang 0

p.o— p,.@—7y.x 1 +y.wl.cosd =0 (4.9)

(4.3)

po—p,o—1, 11+ y.w.(z1 - 22)= 0 (@45)

hay (z1+&J—(zz +&]=T°'—’Y'I (4.6)
4 V4 y.o
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2.1. Phuong trinh co ban cia dong chay déu
trong Ong

Mat khac, theo phuong trinh Bernoulli

2 2
Z1+&+L\ﬁzzz+&+azilvz+%2 (47)
y 29

e
Vi dong chay déu nén v,= v, va xem a,= ay, ta dugc:
(a2 (a B )oh @)
4 7
Thay (4.6) vao (4.8) ta dugc:
7571
.= :/}(i)

4.2.1. Phuong trinh co ban ciia dong chay déu
trong ong

hay
- Nypy-@
7l
7, =y.J.Ry (4.9)
voi:
3=Mae - 4 dée thay luc

o]
S
Il

2 ban kinh thay luc
X

2. Su phén bd luu tbe ciia dong chay trong éng
2. Su phén bd luu tdc trong dong chay ting
. — O

AN
O = >

Trong trang thai chay ting, tmg suét tiép hoan toan
sinh ra boi tinh nhét cia chit long va duge xac dinh
theo cong thirc Newton du

TEps (4.10)

voi: w: hé s6 nhot dong hoc

u: luu tdc cta 16p chét long
r: khoang céch tir tam éng dén chét long dang xét
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2.2. Su phén b luu téc trong dong chay ting

Mat khac, ting sult ma st duoc xac dinh tir 4.9)

7 =yJ.R
ma
R=1
2
nén .
r=yJd.— 4.11
73 (411
X du__prd
Thay (4.11) vao (4.10) o 2u
_oyrd o yd
du 7—E.dr 7(—5}r.dr (4.12)

2.2. Sy phén bd luu téc trong dong chay ting

Tich phan 2 vé ctia phuong trinh (4.12) ta dwoc:
u :(—Z'—JJ.rZJrC (4.13)

Xéc dinh hing s6 C: tai r = rg— u=0

_rd o
_)0_4-#!0 (4.14)
Vay
: 3
u=fw-r) (4.15)

2.2. Su phén b6 luu tdc trong dong chay ting
Nhan xét:

- Van tbc trong éng chay tang phan b theo hinh Parabol
- Van tbc tai thm dng dat gia tri 16n nhét
Upg = ﬂ.rf
. Au
Luu lugng va vén toc:
- Luu lvong dQ di qua dién tich dw: dQ = u.dw

(4.16)

Q:IdQ:ﬂ-J-ﬂf (4.17)
@ 8'“
va 2
v=R_ 7k (4.18)
o 8u




2.2. Su phén b luu téc trong dong chay ting

6n thét doc dudng trong dong chay ting

Tr4.18taco: j_84Y ma ;_h nén

j2r |

8.uvl  32.ul 4.19
Bl Rl (@19

70y 74

Nhén va chia (4.19) cho v/2 ; thay vy = p.g ta dugc

T (4.20)

. 64 Lz .
voi A= hé s6 ma sat
Re

2.3. Su phén bd luu tde trong dong chay rdi

Khi dong chay chuyén sang trang thai ri, méi truong
chit long coi nhu ddy nhitng phin tir chét 16ng chuyén
ddng hdn loan, nhung néi chung cé xu thé di xudi
dong.

Céc duong dong khdng con song song ma dan xen
nhau.

Luu téc diém phy thudc thoi gian va thay déi ca vé tri
s6 1an phuong hudng.

2.3. Su phén bd luu te trong dong chay rdi

- Ung suét tiép trong dong chay rdi

Do sur 40 tron cac phén tir trong dong chay réi tao
nén tac dung I6i di ham lai giira cAc 16p cht long.

Strc ma sat trong nay do sy rdi cua dong chay gay ra,
goi la sirc ma sét réi va g sudt tiép trong g goi 1a
g sudt tiép réi.

Nhu vay strc can thuy lyc trong truong hop dong chay
161 khéng phu thude trye tip tinh nhot giita cac 16p.
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2.4. Lép mong chay tang sat thanh trong dong
chay roi

- Chay rbi la su xa0 tron giita cac phéan tir chit long,
nhung phén bd khong déu trén
mit cét ngang cua éng

- O sat thanh rén thi dong
chay c6 xu hudng chay thanh Chy 161
tang thanh 16p khong xao trén 16p mong chy ting

— 16p mong chay ting

(Chay ting

- Khu vuc chay réi goi 1a
16i rbi

2.4. Lép mong chay tang sat thanh trong dong
chay roi

- M3i vat liu bét ky khong dugc tinh ché cén than ludn
luén c6 bé mat nham.
- Khi 16p méng chay ting che kin hoan toan nhig ché
16i ciia cAc méu gb ghé (5, > A ), dong chay réi khéng
¢6 tac dung qua lai truc tiép véi mit nham cua thanh
rén, sy tdn thit cot nude doc dudng khéng phu thude
d6 nhém cua thanh. Truong hop ndy thanh rén dugce goi
1a thanh tron thuy luc.

o o
o* o o* o o~ o
gt o or ot 0 ge o+ o

Chiy i

16p mong chay tang

2.4. Lép mong chay tang sat thanh trong dong

chay roi

- Trudng hop nguoc lai (3, < A) ta c6 thanh nham thuy
lyc. RO rang dong chay cd thanh nham thuy luc, sic
can 16n hon thanh tron thay luc.

16p mong chay tang / Chay roi
o o
o T o L o o TN %
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3. Ton that doc duong

Khi chét long chuyén dong, do cé ma sat giira cac
phén tir chét I6ng va giita chat long vai thanh éng nén
ludn ton tai ton thét nang lwvong, khi dong chay cang dai
(quéng duong di chuyén 16n) thi ton thit ning lugng
loai nay cang 16n.

Tén thét ning lwong loai ndy goi la tén thit doc dudng,
duge ky hiéu la hy.

3.1. Coéng thuc Darcy

- Trong dong chay ting, ta c6 cong thirc tinh hy
2
h, = L
d2g

v6i A = 64/Re: hé sb ma sat

- Trong dong chay rbi, tir thuc nghiém va phuong phap
phan tich thir nguyén ta ciing xac dinh dugc cong thirc
tinh tén thét doc dudng (hy), nhung hé sé ma sat phu
thudc vao:

3.1. Cong thuc Darcy
A= f(é, Re)
d

v6i: A 46 nham tuyét dbi
d: duong kinh éng
Re: s Reynolds
Trong trudng hop dong chay khéng phu thudc bng, 6
thé thay thay d = 4R
I 2

hy=A——.
TR

‘ <

N

9
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3.2. Hé sb ma sat &
3.2.1. Trang théi chay ting
A=f [é Re]
d

voi: A 1 d6 nham tuyét doi
d: dudng kinh éng
Re: s Reynolds
Trong trudng hop dong chay khéng phu thude ng, 6
thé thay thay d = 4R
1V

hy =k
4R 249

3.2.2. Trang thi chay rdi

Thi nghiém Ni-cu-rat-so
Muc dich ciia thi nghiém 1a x&c dinh cy thé quy luat

bién thién ctia A ma biéu thirc da néu ra & trén

Lam thi nghiém véi cc dng co kinh, hé sé ma sat khac

nhau, v& duong quan hé gitra logh va logRe theo do

nham twong déi A/d

The Moody Chart

3.2.2. Trang thai chay rdi
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3.2.2. Trang thi chay rdi

- Céc cong thie tinh A trong truong hop chay réi

+ Thanh tron thuy luc:
Blaziat (1912)
_ 03164
Re’?
Conacbp (1947)

1
(18.lgRe,—15Y

3.2.2. Trang thi chay rdi
+ Chay qué do tur tron sang nham:

Atosun (1952) oo
1,46.A 100} '

=01 "——+—
d Re,

Colobortc (1939)

S
4 lg ﬂJr 251
37d  Re, 2
+ Chay rdi thanh nham (Nicurat):
1

- N2
-
2.1g-2+174
[ outt )

3.3. Cong thuc Chezy

- Tu cdng thirc Darcy:
2
hy =a— V-
4R 29

Ta tim duge vén tdc

Ve /‘Lgﬁ.\/ﬂ
A |
bat: c= |89
A

v=C+/RJ

C: hé sb Chezy

10



3.3. Cong thuc Chezy

- Hé s6 Chezy duoc x4c dinh theo cong thirc thuc
nghiém, phu thudc vao:
Cc=f(nR)
n: hé s nham
R: ban kinh thiy luc
- Luu lugng va tén thit doc dudng

Q=C.wRJ
bat: K=C.wJR modun luu lugng
2
hy =2
K

3.4. Hé sb Chezy

C6 nhiéu tc gia da nghién ctru hé sb Chezy (C), do d6
¢6 nhiéu cong thirc thyc nghiém ding dé tinh toan
+ Cong thire Manning:
c-1RUs (n<002 R<05m) (éngva kénh)
n
+ Cdng thirc Pavolopski:

c-lpy  (mcuaéng R=01+30m)
n

y=25Jn-013-0,75VR(~/n —01)

4. Tén that cuc bd

én canh tén tht doc dudng trong dong chay con hinh
thanh tn thét ning lwong & nhitng vi tri dong chay thay
dbi v& mat cit udt, vé& chiéu dong chay. Tén thit ning
lwong loai ndy duogc goi la ton that cuc bo

2
he=¢

\"
©2.9
& hé s6 ton that cuc bd

v: vén téc trung binh liy mit cit trudc hodc sau tly
thudc vao cach xac dinh &,
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5. Dong chay qua 10

5.1. Khai niém chung
Trén thanh binh chira chit long ¢6 khoét mét 15, dong
chit long chay qua 15 goi 1a dong chay ra khoi 18.

+ Céc Ky hiéu:

H: chiéu cao tir mat
thoang dén tam 15

&: chiéu day cua
thanh 16

a: chiéu cao cua 13

5.2. Phan loai

5.2.1. Dya theo kich thuéc 18:

- Khi : H/a> 10: goi 1216 nho.

Ta cho ring cot nudc tai cac diém cua 16 nho déu bing
nhau va bang cot nuéc H tai trong tim né.

- Khi :H/a <10: goi a1 to.

Cot nude phin trén va phan dudi cia 15 khac nhau ré

rét.

5.2. Phan loai

5.2.2. Theo do day ciia 16:

- L3 thanh mong: néu 15 c6 canh sic va d6 day & cua
thanh 15 khdng anh huong dén hinh dang cta dong
chay ra (8 < (3+4)a)

- L4 thanh day (8 > (3+4)a ): anh huéng dén hinh dang

dong chay ra.

5/4/2014
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5.2. Phan loai

5.2.3. Phan loai theo hinh thuc ndi tiép voi ha luu:

- Chay ngap: myc nuéc ha luu ngap miéng 15, nén anh

huéng dén Iuu lugng

- Chay khéng ngép: myuc nudc ha luu khéng anh huong

dén Iuu luong (goi 14 chay tu do)

5.3. Dong chay ty do 6n dinh qua 15 thanh
mong

- Khi c6t nude téc dung H khong ddi

- O ngay trén mat 15 cac dudng dong khong song song,

nhung cach xa 16 mot doan nho, dd cong ctia cac dudng

dong giam dén, cac duong dong tro thanh song song,

ddng thoi mat cit wdt cia ludng chay co hep lai, mit

cét d6 goi la mit cit co hep

- Tai mit cét co hep dong chay c6 thé coi la dong chay

dbi dan

5.3. Dong chay ty do 6n dinh qua 15 thanh
mong

- Chon: 1-1 mt ty do thung
chtra
c-C mit cit co hep
0-0 mat chudn nim
ngang qua trong tam 15.

13
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5.3. Dong chay ty do 6n dinh qua 15 thanh
mong

at: Hy,=H+

2
o,.v5

29

Luu luong:

Q=9p.wn./2.9.H,

14 hé s6 co hep
Q= pw,2.9.H,

Trong do: p = @.¢ : hé sb luu lugng cua 13.

5.4. Dong chay ngap qua 16 thanh méng

Khi ¢ sau 16 ¢6 mit ty do ciia chit 1ong ¢ cao hon 15,
dong chay ra khéi 15 bi ngap,

lic d6 ta c6 dong chay ngap, i

¢ot nuGe tac dung bing hiéu "

s6 ¢ot nudce ¢ thuong lruva Ve w ol

ha luu. Do d6 ddi véi dong &

chay ngap khéng can , - " ,

phén biét 16 to, 16 nho. -
7o o

|
V///////////////////////////////////////////////A
1 2

5.4. Dong chay ngap qua 16 thainh mong

Viét phuong trinh Bernoulli cho mit cét 1-1 va 2-2,
mit chuan 0-0 qua trong tAm ciia 15 (xem v, ~ 0)

2
h1+&+%:hz+&+hW
Y N

Rt gon:

2 2
h,—h,+ %Yo -3 Ve
b~y 29 Z‘i 29

Luu luong qua 16:

Q= ua-f2gH,
7//////////////////////////////////////////////4
1 2
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5.5. Dong chay ty do 6n dinh cta 16 to thanh
mong

Trong do: p = £.¢: hé sb luu lugng cua 18 bi ngap
Tén that hw bao gdm:
-khiquald 2
29
- dot nhién mo rong dong chay ha luu (vi v, = 0)
(Vc _Vz)Z — LZ
29 2.9
vay. A +1)v2
h, = zéa _ 23

do d6 hé s6 luu toc o=

5.5. Dong chay ty do 6n dinh cta 16 to thanh
mong
- 016 to, cot nudce tai bo phéan trén va bd phan dudi cua
16 ¢6 tri s6 khéc nhau 16n, xét dai vi phan dh, dong
chay qua dai nay xem nhu 16 nhé.
- Gia thiét hé s6 luu luong
qua dhxb la p’ ta cé

dQ = 4/ /2.9 h.(b.dh)

Luu lugng qua toan 15 1a:
Q=h. J.My'JZ.g.h.dh
Hoy

S VINEICEST)

5.5. Dong chay tu do 6n dinh cta 15 to thanh

mong
6 12 hé s6 luu lwgng cia 15 to va bing trung binh

ctia V0 s6 hé sb luu lugng cua 15 nho p°
Goi Hy 1a cot nude tai trong tam cuia 16, vay:

a
HW:H{1+2H ]
o
a
HM:HD[l-ZH ]
=0

Q= [%j-#b-\/@ H; ’{Gj(%ﬂ ~ uba|29.H,

5/4/2014

Q~poqf2.9H, Trisd p duoc xac dinh tir thyc nghiém

15
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5.6. Dong chay khong 6n dinh qua 16 nho thanh

mong
Khi muc nude trong binh chira thay dbi theo thoi gian,

ta c6 dong chay khong én dinh, ta chi nghién ctru
trudng hop myc nude binh chira bién dbi cham, do do
tai mdi thoi doan dt c6 thé 4p dung cdng thirc dong
chay én dinh qua 13.

5.6. Dong chay khong 6n dinh qua 16 nho thanh

mong
Quy udc luu lwong chay vao binh l1a duong (g>0),

chay ra binh la am (Q<0), ta c6 hé thic:
g.dt—Q.dt= Q.dh

Q.dh
9-Q

Trong d6:Q: 1a Iuu lugng chay qua 13 ra khoi binh chia.
Q: la luu lugng chay vao binh chua.
h: 1a cot nude tinh déi v6i trong tam 18.
Q: la dién tich mit ty do trong binh chira.

Suy ra: dt=

5.6.1. Muyc nudc thugng luu bién ddi, dong
chay tu do qua 16 nho

Xét truomg hop don gian q =0

1 <21
dt :Q'idh o "
— 1.0.4/2.9.h,
N H:
Thoi gian dé myc nude giam tir mirc * " J ’
1-1 dén muc 2-2 la: vy v v
H
( Q.dh I
T,= J‘ T A
— 1.0.4J2.9.h

Ho

Xét truong hop don gian Q = const va v, = 0, hy = h

Q
g & e LG

16



5.6.2. Myc nude thuong luu khong doi, muyc
nudc ha luu thay doi

Xét binh chira ha luu
Q=0,q :,u.a).«IZ.g.iHl—hi
qto_ Qdn b
noA2.g(H, —h) ! I” i !
Thoi gian Ty, cin thiét dé myc =<
nuée dang tir myc 1-1 dén 2-2 I

H,

T :J- Q.dh
- Hzﬂ-a)-\lz-g'(Hlfh)

5.6.2. Myc nude thuong lwu khong doi, muyc
nudc ha luu thay doi

Truong hop: Q = const , ta dugc:

o " dh N 2 2

T,= .
v y.w.\/T,L/Hl—h

n 1
B T |
10429 3, {JH;—h I\

2.0

-2 y.w.m(VH17H£ 7\IH17H2)

T

6. Dong chay qua voi

6.1. Khai niém va phan loai

Voi 1a doan éng ngin, gén vao thanh 15 méng, c6 do dai

khoang (3+4)d (d: duong kinh 15)

Chét 1ong chay qua voi thuong sinh ra co hep & chd vao
VoI, sau d6 m& rong ra va chay diy voi.

Khoang khong gian giita mat ngoai dong chay tai chd
co hep va thanh voi la mét khu nuéce xody, ap luc nho
hon ap luc khong khi, nén & d6 hinh thanh chan khong.
D6 la dic tinh co ban cua voi.

5/4/2014
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6.2. Voi hinh tru gan ngoai

6.2.1. Luu lugng qua voi
Xét hinh try gén ngoai,
| = (3+4)d, v6i d 1a duong kinh 1
voi, chon 0-0 1a mit chuén qua
trong tAm mat cét 2-2 H |
- X N <, L - r——
Viét phuong trinh cho mat cat
1-1va 2-2 °

2 2
a.v o,.V
HPa 0o _Pe 0V Ly

Yy 29 v 29 "

6.2.1. Luu lugng qua voi

. 2
Dat Ho —H+ [CAY%S
29

1

o,V
Ty
Trong do h,, bao gom:
- Tén thét & thanh 13 tinh theo V, tai mat cét co hep

- Do dong nudc tai mat cit co hep rdi mo rong dé chay
day voi (ton that d6t mo)

- Tén thit doc dudng

+h

w

Ho

6.2.1. Luu luong qua voi

Luu lugng qua voi

Q=v.o=90,2.9H,

Trong do:

1
= 2
\/{ox2 +£+(1_—8] +l.l:|
£ & d

Dong chay ra khoi vai tai noi ra khéng c6 hién tuwong co
hep, nhu viy ¢ = p

5/4/2014
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6.2.2. Hi¢n tugng chan khong trong voi

Viét phuong trinh Bernoulli cho mat cit 1-1 va c-c, mat
chudn qua tam voi

2 2
HiPe %Yo gy Pey GoVe
Yy 29 Yy 29

- a,.V2 V2
hak:h:pa P _ 0 c+éql'?‘:g_H0

Y Y 29

Vi

VZ
V=0./2.g.H, = o’ H, :E

Vay hy = Ho[(1+§q.)"’—2—1}

82
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