5.2 Laminar Flow in Pipes

=  Friction loss of laminar flow (in circular pipe)

= |f the two relationships for hL are set equal to each other, we can solve for the
value of the friction factor:

= The Hagen-Poiseuille and Darcy-Weisbach equations gives :
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5.3 Turbulent Flow in Pipes

=  Friction loss in turbulent flow :

= For turbulent flow of fluids in circular pipes it is most convenient to use
Darcy’s equation to calculate the energy loss due to friction.

= Turbulent flow is rather chaotic and is constantly varying.

= For these reasons we must rely on experimental data to determine the
value of 1.

= For commercially available pipe and tubing, the design value of the
average wall roughness has been determined as shown in Table.

= These are only average values for new, clean pipe. Some variation should
be expected. After a pipe has been in service for a time, the roughness
could change due to the formation of deposits on the wall or due to
corrosion.
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5.3.1 Turbulent Flow in Pipes

=  Friction loss in turbulent flow :
=  There are two methods to determine the friction factor f for turbulent flow.
i) Using the Colebrook — White equatlon

220, 2%
— — <109 (mm)
G Re JT

N Brass, copper, glass 0.003

Asbestos cement 0.03
1 Zgh D
Re\/7 Wrought iron 0.06
Galvanised iron 0.15
6 \Y3
f — O 001375 1+(200ks + 10 ] PIastic 0.03
d Re Bitumen-linen iron 0.03
Spun concrete line ductile 0.03
ii) Moody Diagram iron
Slimed concrete sewe 6.0
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Moody’s Diagram

The Moody diagram which describes the Darcy-Weisbach friction factor, f as a function of the Reynolds
number and relative pipe roughness.

)OS0 Flow in Pipelines by Nor A Alias

| 4
Reynolds Number, @

0 l o =)
= R j R TR R 1 ol ' R . A
0.09 -\1-- e R b b e ek e o B e e B S R o . . . .
0.08 > . i Transition Region | 1.1 Basic information : pipe inside diameter, the pipe
007 - e~ T ————————— . material, the flow velocity, and the kind of fluid
R e SR B ey s TR MR 8 RN : :
TR L W R S W DR R R ... and its temperature are required
[ i | 1) N | = =i 1 ' | L
0.05 (=111 3 Lo \: — E EER At e e e B FoSTRIdtdRIH 0.02
_ ] : S w — One of the most widely used =4 0.015 =5
) : i : b o
& : ; o — methods for to determine the T 001 =
| 1 | . . o =+
§ 0.03 : : 3 __ value of the friction factor f for 10005 =
~ [ A - Cee < | | turbulent flow. ! g
= Laminar Flow| | | 8 : ' % e 3! =
e 64 it : i 2 . AN : i ; TR 0.002 "g
8 0.02 P tte S Sk, i A S e e s i T 0.001 kg
B e e = < % = Ay _
- Material & Gmn); |- e EEREEN — 5x10742
0.015 Foet ] = R i1
Concrete, coarse 0.25 Vo
Concrete, new smooth 0.025 R A VR T LG h P . ~ =
Drawn tubi - i 1 ! =
GhasPlAtio s 10U | Complete turbulence | 1 i &
0.01 [ Iomem o5 | L . I
F-=| Steel, mortar lined 0.1 = 1 o i e O e e S G e s e B b
Steel, rusted 0.5 A ' ; 10 . : ; e
| Steel, structural or forged (0,025 g s e mnsbhelans Sy '”'_2;”’ _______ Ry At R Z = it
| _\_| Water mains, old 1.0 _t——t-.| Friction Factor = _YAP I A S © i ~ I
H i Vel ' - iDe ]
I | HE H | : R /|.Sn:lO,OT}.l.P.).1pP T~
10° 10" 10° 0 10’ 10°

Communitising Technology



=  Friction loss in turbulent flow

Cilass

Plastic

Dirawn tubing: copper, brass, steel
Steel, commercial or welded
Cralvanized iron

Ductile iron—coated

Ductile iron—uncoated

Concrete, well made

Riveted steel

Smooth

3.0 =
1.5 =
4.6 =
1.5 =
1.2 %
24 X
1.2 %
1.8 =

107
10"
10
10
10
10
10
10

Smooth

1.0 = 100
50 = 10"
1.5 = 104
50 < 107
40 = 10
80 = 107
40 = 10
6.0 = 107
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