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Fluid flow

Why should we study the theory

of fluid flow?

The Features of the fluid flow
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The Basic Principles of

Fliud Statics
1—1 Density and Pressure of Fluid
1.1A Density

p= (1—1

p—— kg/m3
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V— m
p T
p f p T
m
V =—RT
P M
_m_pM 1—2
V RT
p— kN/m2 kPa
T—— K
M—— kg/kmol
R—— 8.314kJ/kmol:K
TP
= 1—-3
P =P Tp,

p0 M/22.4kg/m3 T0=273K  p0=133.3Pa
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1 Pm= Z PiYi 1—4
1
2 M, => My, 1—5
M M, ..M,——
yi y2 o Yo/
Pm ——
M, ——
a
L — i + i + _n (1_6)
pm pl pz pn
a; o Op——
P1 P2 Pn—— kg/m3
Pm—— kg/m’
v
V= v = 1 a—-7)
m p

1kg

Pm

m’/kg
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1-1 1830kg/m’

60%( )
-7

1 0.6 04
+

p. 1830 998
=(3.28+4)x10°*
=7.28x10"*

p,, =1370kg/ m’

1-2 0:21% N;78%

9.81x10%Pa 100

100 273+100=373K

My, =32%0.21+28%0.78+39.9%0.01

=28.96
(1-3)

P = Pyt
" Tp,

_ 2896 273 9.81x10°
224 373 1.013x10°
=0.916

1.1B

998kg/m’

Ar1%(

%)
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N/m? Pa
atm bar kgf/cm2
1 (atm)=101300Pa
=10330kgf/m*
=1.033kgf/cm*
=10.33mH;0
=760mmHg
( ) absolute pressure
(gauge pressure)
a—9
vacuum
(1—10)
1-1

1-3 220mmHg( )
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1.7kgf/lem*( )

P=760-220=540mmHg

=7.2x10*Pa

P,=1.7+1.033
=2.733kgf/cm®

=2.68x10°Pa

760mmHg
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= S by N
_: ( J Hs :"J‘.J &)
1

. i s Fy hy
(a)

(a )sE s J3> 0050 B (b))ISE Tl 3 RV

1 2 Basic Equations of Fluid

Statics

1.2A The Derivation and

Discussion of the Basic Equations of the Fluid Statics
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P

1-2
p
7, 7, p1 P2 7, 7,
PA
PiA
G pgA(Zi-Z,)
p2A pi1A pgA(Zs-Z,) O
A
P2 P pE(Zi-Z,) (1-10)
pO0 7Z1-72 h

p2 po pgh (1-11)

1-100 (1-11)
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1—10 P+ P9Z = P, + P9z, (1—12)

(1—12) p
P, 0z, = P 0z, (1—13)
P P
(1—13) g
&+zl—&+zz 1—14
P9 P9

(1—10)  (1—14)

1)

2) a—11) P

Po

3 (1—13) J kg kg

gz

@ (1—12) Pa J m’

Ul-cj
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Im

S (04—14
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1.2B

Application of the Equations of Fluid

Statics
PRESSURE MEASSUREMENT
1.U
U U-tube manometer 1-4
U U
U
U P P2 P1 P2
U R R
1-4 U Po
Po a b

P1 P2
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h

pPa prt(m+R)pg
U
Pr  p2tmpg+tRpo g
Pa Po
pi+(m+R)pg  p;+mpg+Rpeg

pl p2 R py p g(1-10)

(1-10)

P1 P2 gRpo (1-11)

1 6 inclined manometer

]

AL

R

Po

1-4U

p=p0
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R R/sina 1 11a)

two-liguid

manometer 1-7 U

P, P, AP Rg P, Py 1-12

P, Py—— kg/m3
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MEASUREMENT OF THE LIQUID SURFACE

1-8 2

1-5
1 2
4 U
3 R 5
a b Ri R, Ri R;
7, 7,

7, 7, 1.5m R; 0.15m R, 0.06m P ,P
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7,
1
R,
z,=R P a
Pp
7, = REM )
Pp
2 a b
R1 B Rz
Pp = z, -2, Hg
_ 0.15-0.06 <13600
= 816kg/m’*
_ 0.15x% 13600
816
=2.5m

IR ReT
2 sl W R

2. F— i
L UH

A

LU &1

7,
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p

> he

P,
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(& Z=2,-2)

A Z=0

y4

0
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Basic Regulations of

Fluid Flowing in a Pipe Fluid Dynamics

1. Equation of Continuity

Focal Points _ _
2.Bernulli sEquation

1 3 The Continuity

Equations of Fluid Flowing in pipes
1.3A Flow Rate and Velocity
1 Flow Rate

The Quantity of Fluid Flowing Through any Cross-section of

Pipe line per unit time is called the Flow Rate

Description of The Quantity of Fluid Flowing through the pipe

2.Quantity in Mass kg

_ {1.Quantity in Volumem?®
line

volumetric flow rate qv m3/s



82

(mass flow rate) G kg/s

G=pqv 1-19
2 Velocity

(1. Velocity at apoint : Thedistanceamasspoint passesin the

direction of flowing per unit time.
2. AverageVelocity : Thestatistic averagevalueof all thepoint

velocity on thethecrosssection of pipe.
3.Massvelocity : Themassof fluid flowing through any of

| cross-sections of pipeper unit timeand per unit area.

Average Velocity
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Average Velocity

u u= a m/s
A
G=pqv=pAu (1-20)
u q/A 1-21
A— m?

Mass Velocity

mass

velocity w kg/ m?s

w pq/A=pAu/A=pu 1-22
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3. Calculation of Pipe Diameter
d 1-21

9 _ 4
T 0.785d*

d= 9. 1—23
\ 0.785u

0.5 3m/s 10 30m/s

Determination of The optimum diameter

gidis
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1-6 105mm 2atm 120

273K, 101325Pa

630m3h

)

oy [ 273+120) 1
273 2
= 453m°®/h
1-21
"70 7gv5d2 B 0\7/8/5td2 B 453/3?82 7=1454m/s
| | 0.785x| —>>
1000
M,=28.9

p = (28'9j x( 273 j X (gj =1.79%g/ m?
22.4 273+ 120 1

1-22 @ = pu=1.79x14.54 = 26.03kg/(m?>.s)
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1-7 30m3/h

1-23

d= |
0.785u

(steady flow)

u 1.8mi/s
d= \/—30/ 3600 =0.077m=77mm
0.785%x1.8
©389x4 89mm 4mm
d=89-(4x2) 81mm 0.081m
u= 30 =1.62m/s
0.785x (0.081)* x 3600
6 Steady and Unsteady Flow
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(unsteady flow)

1 7 Equation of Continuity
1-10 11
2-2
1-1 G, 2-2
G
G G, 1-24 (1-20)
I 2
I 2

P1A1U;  pP2AzU; (1-24a)

pAu (1-25)
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(equation of continuity)

Au (1-26)

(1-26)

2 2
d;u =—d,u

272

ISR
ISR

2L/s

d=2.5cm d,=10cm
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(1) (1-21)
U = 9 _ 4x10 =8.15m/s

CA Zx(2.5><102)2

(2) 8L/s

u; 16.3m/s u,=1.02m/s u3=4.08m/s

2L/s 1/2 1/2
u; 4.08m/s u,=0.26m/s us;=1.02m/s
1—4 Bernoulli’s equation

(Bernoulli’s equation)

1.4A Bernoulli's Equation and Its

Physical Meaning
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1-11

dm

(1)

(2) gdm

dm=pAdx sinfdx dz

gsin@dm=gpAsin@dx

=gpAdz

10

(ideal fluid)

(1—27a)

dx



82

Gdu pAudu

pA (ptdp)A gpAdz Adp gpAdz (1-27b)
u u du
(1-27¢)
(1-27b) (1-27c¢)
(1-27d)

pAudu Adp gpAdz

gdz + dp +udu=0 (1—27e)
p
o]
gz+—p+u—= (1—28)
p 2

When u=0, The formula becomes: gz+ —

11
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P1  P250.2p; P

The Physical Meaning of

Bernoulli's equation — Conservation of Mechanical
Energy

(1-28) gz plp
gz p/p

m u

mu?2 u?/2
(kinetic energy) (1-28)
(1-28)
(1-28)

(1-28) g

12
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u
Z+ P + — = 1—29
Pg 29
z
p/pg u?/2g Kinetic head
. p U’
(velocity head) z+—+ — z plpg
Py 29
u?/2g
1.4B Mechanical Energy Balance of the
Virtual Fluid
1
2

1-12

13



§2

pi/pg  p2lpg

2

2

u. u
20 29

14

Z, Zp

1—31a
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ZHf—— m

1-1 2-2
2-2
1-9
H
u; u;
z+&+—l+H—z +&+—+2Hf 1—31b
P9 29 P9 29
H—— m
P, P,
zlg+—+—+W—zg+ +—+Zh 1—31
p 2 p
2hs g2 Hy Jkg W gH
J/kg

(1-31) (1-31b)

15
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1.4C Application of the Bernoulli's

Equation
P. EFFECTIVE POWER
P =WxG 1—32
P OVERALL POWER
P=—= 1—33

16
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¢ 89x 3.5mm
1.5m/s ¢ 76x 2.5mm
7m
40J/kg 0.2kgf/cm?
1100kg/m’®
.
2
~X—==/)3
£ =
1—1 2—2

u2 2
gzl+—21‘+%+W=gzg+%+%+2hf

17
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—<z2—z1)g+p2pp’ “Ssh (a)

@)

20X10° | (2.06)¢

1100 T 2

=68. 7+18. 2+ 2. 12+40=129] /kg

W =7X9.81+

+40

18
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1-10

0.5m/s
1.2m
==
H
2
o Jf
1—1 2_2 1_1
. X ul
pl 5o .
_ gy
R
u, 0

g(0-x)+0+ 0'25 +1.2x9.81=0

- gx+0+0.125+11.77=0

19
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X =1.2m

up Z > he

, (A Z£2-2)

Z

Z=0

A Z=0

Sl ,

(A =p-pr)

20
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21



Flowing Phenomena of Fluid

in Pipeline

1.Reason for the Energy Losses

Key Points .
2.Velocity Profile

Purpose of the Passage: Provide a Theory Base for the

Calculation of Energy Loss in Next Passage.

1—5 Viscosity

1.5A. Newtonian Viscosity Law

1-13



B e ot londntl it s nbondeondion)

A 1-12 SERERAAE F B

y u dy

u+du du/dy

F=+uA— 1—34

-+
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F A T
T =E=iu— 1—35
A y
1—35 Hn

CGS cP( )

1cP =10"°Pa.s=1mPa.s

L . o 1—36

P

m’/s
CGS System cm?/s

{3 ” St

1St=10"m"/s
1-11 (a) D 12cm
d 11.96cm 1 14cm p 1P

1m/s



.o ard

TR
(a) (b)

1m/s

100

;(12—11.96)

=5x10°l/s
(1-33)

=0.1x5x10°=5x10*N/m>
A=t dl=T1 X0.1196x0.14=0.053m’

F=T A=5x10°x0.053=26.5N

u 1lm/s

(b)



83

1.5B Momentum Transfer in Liquid
— i_‘_> Vi
S V,
Vi Vs VAR
V1=V V3> V4>V5>Vg
(1-35)
(1-35)
__ud(pu)
p dy
v up
d
T=V (pY) 1—37
dy
mu d(pu
ou="4 (pu)
V dy
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[e]= N kg.m/s* kg.m/s X
m? m?* m*.s X
(1-35)
1.5C Non-Newtonian fluid

fluid)

(

(Newtonian

(non-Newtonian fluid)

(rheology)

Flow Characteristics of Fluid

(Reynolds)

1-14)
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1.6A Reynolds Reynolds Experiment and

(D

Reynolds Number

1-15(a)

1-15(b)
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1-15(a)

(laminar flow)

(viscous flow)

1-15(b)

(turbulent flow)

Re

Re<2000

(Reynolds number) Re

Re

Laminar Flow



Re>4000 (Turbulent Flow)

2000 Re 4000 (Transitional Flow)

(transition region)

1.6B Similar Principle of Fluid Flow

Re

When fluid flows through two different pipes, if the geometric
and boundary conditions are similar to each other and the flow
characteristics is as same as one another, the flow is called Principle

of Similitude of the fluid flowing.

1-12
1/10 1
80 2.5m/s 1 20
Re
dup, dup,
TS
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9o
d,

&_L_(273+80)_12
p, T, (273+20)

2

20 80 0.018Cp,0.0215¢cP

u, 1018

L i =0.837
u, 0.0215

u, = 2.5(i)x 1 x(0.837)=17.4m/s
0.1" \1.2

1-13 25mm 1.0m/s
20
1
2
(1)20 1cP 998.2kg/m3
: Re _ dUp _ 0.025><1><_3998.2 _ 249550 > 4000
) 1x10

() 2000

10
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R = —m=" —2000
y - 2000x0.001 _0.08mM/S
"™ 0.025%x998.2
1-14 d 200mm
40
)
(2
(1) 40 16.96x10°m?/s
g -
A%
_ 3x0.2
16.96x10°°
= 3.54x10* > 4000
Ry
" d
~2000x16.96x10°°

0.2
=0.17m/s

11

u 3m/s

Re



1—7 Velocity Profile of fluid flowing

through a circular cross-section pipe

Velocity Profile with Laminar

Flow in a circular cross-section Pipe

1-16

iy
%

U ma. % max d~ 7
©
e ° ;

1-17

12



Xy 0.05dRe

1. Equation of the Velocity Profile

1-18 R

CITZZTTTZZ7TTTAN
R r

’ P1- b2 j’
7T 777XV 777

pi ar'p

~

P2 7“’21)2

P1 P2 N/m’>

2nrl

13



F =—-Q2nrl)p (;—lrJ

rip, —mnrp, —(—anl.pd—uj:()

dr
u__Ap,
dr 2ul
Ap—— (P2 p1)
(1-36)
& = constant
2ul
A
du=—Prgr
2ul
u, A r
["du, = ——ijrdr
2ul
u,=£(R2—r2) 1—41
4ul
The velocity profile is a parabola.(parabolic
line)

|

]
1

'|

|

‘l
lI
I|I

ity
LlLlbutuud

pitihl
HL

[
|
‘il

i
Al
!

llllll

14



2. Maximum Velocity and Minimum Velocity

A
r= u_ = AP
4ul
3. Calculation of Flow Rate

dg, = (2nrdr )u,

TCAp(RZr—r )dr
2ul

q,=[ dv = (2rrdr)uy,
RTcAp(Rzr—r )dr

2ul

tR'Ap
q, = 1—44
Sul

15



4.
!
A
= qu 1—46
R
_ RAp
Sul

5. Hagen-Poiseuilie Equation

ulu
d2

Ap =32 1—47

calculation of Average Velocity

6 Relationship Between Average

Velocity and Maximum Velocity

1—42 1—46

1
u = A umax
2

1—45

Distribution) With Turbulent Flow

16

Velocity Profile (or



v
\

,,,,,,,,,,,,
s z

l

i
I

4

(

(

iy
Y/

I

.
<

oty

Cer
Cole
l,(y,'y/

|

4
¢
1C

|

y n=6, 4x10'<R <1.1x10°
U, = 'm(l—LRj n=7, 11x10°<R <3.2x10’
=10, R >3.2x10°

it is called one-nth power law.

u=0.82u,,.«

Concept of Laminar sub-layer

The thickness of the sub-layer of the laminar flow 0

5 64.2
d R

The thickness is inversely proportion to the Reynolds Number.

17



Pipes, fittings and Valves

(Pipe)

dAx B

108mm

(pipefitting)

Resistance to fluid flowing

4mm

¢ 108X4



SN

(a) (b) (c)

(gate valve)

124 WIRG B 1-25 1L

(Cut-off valve) 1-23

(gate valve) 1-24



6 One-way Valve
(check valve)

1-25

1—-8 Resistance to flowing in straight
pipelines

1.resistancein astraight pipeline
2.Local resistance(fittingssuch as valve,elbow and Tee)

1.8A Resistance to flowing in straight pipelines
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hf :(Zlg+ﬂj_[zzg+&j
p p

D
(2)

1.8B Resistance due to Friction in the

Laminar Flow

_ 32plu
===

Ap
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_Ap  32plu
hi= =7
pdp
f :_A£_32;Jlu
e dp
! u?
=477
_64
A_Re
A
1.8C Resistance due to friction with the

Turbulent Flow

The Influence of the Roughness of the wall
of the pipeson the Resistance
1. It has no influence on the friction factor in the case of laminar
flow.
2. 1t hasa significant influence on thefriction factor in some case

of turbulent flow.

(1). When 3, > ¢, noinfluenceonthei
(2). When s, < ¢, It hasasignificant influenceon the
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€ € e d
1—1
H #E % N Xt KEE ¢/ mm g %k 5 HIERE o/mm
RHAREE. HEREY 0.01~0. 05 4 | Fresme 0. 0015~0. 01
& | gty KIS R 01~02 | o | EHE 0.01~0.03
B | g 0.3 | R 0.25~1.25
H | RHRER Y BRRY 0.2~0.3 o | WEIKE 0.45~6.0
AHBER N RAME 0.5k RIFEFHKRE 0.33
BB 0-85 Ak LRKRE 0-03~0. 8
0,
€ g <d,( 1—26(a))
0,
e >d 5 ( 1—26(b))



(a) (b)

0.10
0.09
0.08 A
0.07 L] 0.05
N
0.06 0.04
N AV 0.03
0.05 — 0.02
N : 0.015
0.04 123 0.01
0.008
- N
< \ T N
0.025 \ ~ 0.002
i 0.001
0.02
A b —aimy ‘ 0.0008
Feae ~wuaa < 0.0006
0.015 0.0004
N NH:? 0.0002
N 0.0001
0.01 0.00005
0.009
0.008 2 468 2 468 _2 468 _2 468 ~4-6g 0001
10 104 10° 106 107 10
6/d= 0.000001 1 €/d= 0.000005
Re
1.8D Resistance to flowing with

non-circular pipe

46) de
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de=4 X (nd®/4)/nd=d

d> d,
T —dD /4
de—-4X n(d]"—dz) —dz""'dl
d—_1tab _ _2ab
b ¢ 2(at+b) (a+b)
64
A=—
Re
C
A=—
Re
C—
de C 1—2
1—2 C
FERE ORI R ENE | ®u=aR | % B kR 7 ®
Keg=211 Kef=4:1

wHC

57

53 96

62

73




Bl 1-15 HEHFEZIE. RNEHFHEREEMRBEE, RRER Al Y
0.48m*, IAAFIRBENMEREDLEMLRER.
B Q) EXNEEE

Bk a=\"A=\/0.48=0. 693m
BHE Bk H=4a=4X0.693=2. 77m
_4A_4X0.48
YERER = ="% 75 =0 693m
(2) BHEHE
W& aXb=aX3a=23a*=A=0. 48m?

Fr A a= /%=0. 4m

BERGOKE I=2(a+b)=2X(0.4+1.2)=3. 2m
. _44_4X0.48
YBER d.= T= 33 =0 6m

3) BEEHE
L §d2=A=o. 48

d= /“(#1§=0 78m

[I=nd=3.14x0.78 = 2.45m

4x(nd2)
g =A_ 4 ) 4_078m

| e

1—9 Local Resistance



Method of Resistance Coefficient

u
h =c—
t =G >
hy u?> 2
G
[—3
1—28
A,
A — © ¢=1
g=0.5x(1—ij
A
A — o ¢ =05
I
TR
(a) RRE X
%
_Jﬁ—
(b) RIR& A

A 1-28 BEME A

10



Equivalent Length

l. /e 1—3 Le

Calculation of Overall

Resistance to Fluid flowing

o

1—16
20m® h 196kPa( )
5m D 108x 4 20m
d57x 3 5

11



2 — 2
/ caanaren
4
4
y
_ 2_ L2
W=(zz—zl)g+P2pP1+uZ 7 Sy
2 — 2= 10m, py=0(E ) » p, = 196kPa, I HE T2 o i T 45 HL 75 B B 18 2, B0y~

uz%() o

IR T AKHEEE p=1000kg/m* , #i B ge=1mPa « s, KFFH B V=20m’/h
ERANEW o BEHER 4d=0. 1m, B K /=5m,

BHKE R R w= 20 =0.708m/s

360o><—4"—><(o.1)2

_dup_0.1X0.708X1000 .
Re=="F— o001 =7.08X10

12



€/d=0.001, M 1-27 &H 1=0.0235, HAIM £=0.5, 90°% ki L/d=35,
Sho=[A(5+55) +¢]%5 = 0. 0235 2y +35) +0.5 ] x CTE g 6611
FHOREH O Z R She: BHB d=0.05m, & /=20m

KR E uz(ﬂ)zxo. 708=2. 83m/s

0.05
_dup_0.05X2.83X1000_ s
Re==F= ool =1.42X10

€/d=0.001, }[8 1-27 & 1§ 1=0.0215, 90°% 3k 2 4~,L/d=35X2="70, 8 1k B (L FF)
L/d=475,KNETHRAERN =1.0,

sh={i(5+4) +i)4

=[o. 0215(0%;5+70+475)+1]x
B AME Zhi= Zho+ Zhe=0. 626+85. 4=86] /kg
SMIBLRE W=10X09. 81+%j+86=380]/kg

Bl 1-17 MEEFR, H-REEKAK, BRBEN 100mm, FEKH 16m, HPHEHA

1 1 BUbR, — 2T, —AETF, HEBEEANE 1=0.025. HHFER—

2
(~2'~2§Q=85. 4] /kg

= PEFHBILE, EARFAE, KSR ZARYREETRE VB
BWhE sz,
B BHd=0.1m, [=16m, A=0.025
= HRE LWL £=6.0, }FFA {=09.5
F1BHS -2 BREMNMBSHITRE, &
H=3h,
gl PRERZ AT WR V.. W . BB SH
WRZIG: WR V.. HE «. FABMKSH
#1-17 WHE HERETSE, H R4, W ha = Zhe.

“
l U { uj T
Sh=(15+3¢)%4 She=(A5+¢)% 1
2 16 A
=(o. ozsxal%+s.o+9. 5)2 = (0. 025X 1> +9. 5)%2
ut ey
=19.5% % —13.5% 5
19. 5u2=13. 5
ﬁ%m”ﬁﬁ'—ﬁfé‘ yH Z’\‘&I ’mzhnzzhfzv'f% 19. Suf:13' 5“%’

I Vo _wu_ [19.5_
1 V. w V135 L2

Bl B3 20%.

13



§2

Calculation of Pipeline

1. Direct Method

Methods _
2.Trial and Error Method

Re



§2

1—10 Computation for the Smple pipelines

1—29

Bl 1-11 REEHEIK 100m, KRR 27T’ /he WESBRP AT ELBRE N amHL,0 . KT
FHHER, DAKKEERN 1 000kg/m®, FEN1x1073Pa-s, MEHLIPEREN 0.20m.
i KIERERTRARE « 5SBERINEER, 0.

27/3 600 _ 0.00955
0.785d> = d4°
TEHRE v ZERREAFELRKTRE, .

1 4°

Hi=2 Efé

u=gq,/A= m/s

EERASCNBEAA R

4= 2-100 (0.00955/d%)*
T d T 2x9.81
CALEES d=0.163A5m
Re = duo _ d (0.00955/d%) x 1000
e T 1x107°
R KR E P PR, HEH A H7E0.02~0.03 W0 HH, BIERE 2 =0.028, RIBATERT
) d 54 HRR:

=9 550/d

d=0.1631% =0.163 x (0.028)% = 0.0797m
AT B

0.0002

£ _ =
d ~0.0797 0.0251

4% e/d M Re {H, & 1-20, 8 2=0.026, SHIEEHKN A HLHEERL, AR 2 B
A, KEEBEHIHE., SRERNTTE,

5 2 iR A ’Jri% e/d Re w8 P
m
1 0.028 0.0797 0.00251 1.198 x 10° 0.026 BRi% A HRS
2 0.024 0.0773 0.00259 1.24 x 10° 0.025 BHE A R
3 0.025 0.0779 0.00257 1.23x 10° 0.0251 4T

BRI 3 - EEAESE, HEBRTY 488.5mm x 4mm, F EEE R ALY
=Lk RS RIE
23600
¥ = 0,785 x 00805 = 4TS
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0.0805 x 1.47 x 1 000
_ = 1.
Re %107 18 x 10°
= E .. a4 =0.0261, MUERBKN:
1 u? 100 1.47
Hy= 27 2 = 0-0261 X 570805 % 2 x 9.81
=3.57m

FH 3 PSSR SRR /M T AFE 4mH,0 £, BRI EREE,

3. EAER. BRAEARK, K&

B 1-12  FFI $108mm x 4mm I REHEH AT, BREKR 120m, EEHAFHEER
F%H 200 J/kg, HPHIWE N 1 030kg/m’, FHFEH 2mPa-s, EEMMXERERE ¢/d =0.002, A
TEERPF PR E,

. CAl: Shy=200)/kg, d=0.1m, I =120m, p=1030kg/m’, z=2x10Pas, e/d =
0.002,

FiAEEITE, #1=0.02, BEMTARRE:

2dh;  [2x0.1x20
=7 =N o2xi20 = +08ms

|}"1|J Re=@£=w=21x105
M 2x10

HIE Re Me/d 1, 7 1-20, 18%) 2 =0.0243, WESEREHERE, SH#THE_KKE:
B8 A =0.0243, ALK, W

[2dhy 7% 0.1x200
YENNOT 0.0243 x 120 = 3:70m/s

_0.1x3.70x1 030 _
Lo Re == 003 =1.91x 10°

%R/ 1-20, A=0.0246, PHA—EEE, BHTEZKAH:

2dhy 2x0.1x200 _
u=n 37 =~ 0.0246 x 120 = 3-68m/s
_0.1x3.68 x 1030

Re = 2% 107

EE 1-20. A=0.246, SEZRMBIAHAF, Ll u=3.68m/s,
MEFE: ¢ =Au=0.785x0.12x3.68 = 0.0289m’/s

= 1.90 x 105

= 104m*/h
1—11 Calculation of the complicated pipeline
— o —»
>
I >
>
>
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SHEEHAR, EREERPHREFEIRESR, FREA—LBEELL, REdHL
RCEE—4b. REZTITRIFRER, ETHLEBS TS E LA LRI
HREBRNEERASABXRES, REHE

BAIC A H— AR, W 1-22 Bk, MF AR ' g
R, HAMAI ST A RREARE, W o Z —

(1) BERBSTHLERBZA N

9 = Qo + G2 + Qi3 (1-67)
(2) BB S FAR . B 1-22 HZauE

Shy = Shy = Shy  (1-68)

Ll o bu? | Lug?
= My TRy = (1-69)

LAFEELER 1/d M2 ERF, SXFWRECRAR ., WIHA K ES, Rk
TBBUN; MR, MEERKX.

%u=f;ﬁAﬁ<nw>*,m@ﬂ:

4
d’ do’ dy’
9ol * G2 * 43 =E :\/;212 :,\/% (1-70)
B11-13  FIRAZ 300mm MAREREL 20CHK, 76 2m K—Br 8%

EHEK—MH 660mm x 3.5mm X%, ¥ELEHTFRE, LBKS
REHEAMYBRKEZ NN 10m, HARBHERNIERKNTEE Y T
2.72m’/h, BREIEEMIFEEENFIN 0.018 #10.03, RALEEY |=o00—
THREMERER (F1-23),

. LUTHR L R EE, TiR2 X%, g
o
2.72/3600_
“2 = 4alhe = ogs 0.05% = 0-34m/s
L+, u 10 0.3432
Ehﬂ = A2 d ¢ 7 = 0.03 x 0.053 X 2 = 0'333J/kg L __,.—.G)—ﬁox3.5
M (1-68): Shy=2A A-“h'z—zh =0.333m/.
b= "08): &= Ay g Ty = 2k = 0. s B 1-23 #i1-12 @A

2d;3hy 0.333 x 0.3 x?2
M= T TN oo18x2 =236 ws
FERE ¢,=0.785d3u,=0.785x0.32x 2.36 = 0. 167m’/s
= 600m’/h
BRE ¢ =¢1+q2=600+2.7=603m*/h
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