12. Pipe Flow

1. Energy Eqn for Pipe Flow (% &)
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f<# ? @Darcy-Weisbach formula
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where L=Pipe length
D =Pipe diamater

f =Friction factor (dimensionless)
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/™ 4 Moody diagram (¥4 &, p.348) & /3

Values of (DV) for water at 60°F. (diameter .in inches, velocity in ft./sec.)
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2. Minor Losses (‘< % -k 3848 4)
Reasons : @Entrance (> =)

@Exit (41 2)

®Enlargement (Expansion) (%% & +)

@Contraction (¥ % 43

®Bends (% %)
©Elbows (%4 98)
@Valves (% % ©*)
®Fittings (35 %)

: : &
General form of minor losses : 4, =k-—
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(Head Loss at Entrance (4,)
iy ¥
AN h,
\\ — /hr
\ EL
V2
2
£ HG.L
: P
Y
>\ 1y —»
/ TB 5 D
A
V2
he = e~ _
2g
1% Vv Vv
e e S— O TSt N S, S S AT RO
(a) k=004 (b) k=05 (c) k,~08




@Head Loss at Exit (4,)
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®Head Loss due to Contraction (%,)
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@Head Loss due to Enlargement (4, )
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Fig. 9.15 Loss coefficients for conical enlargements.'? (Source: A. H.

Gibson, Hydraulics and its Applications, 4th ed., 1930.)

h=ny

=k
1 =K 29



®Head Loss at Bends (4,)
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Fig. 9.20 1t5’s loss coefficients for smooth bends (R = 200 000).
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®Head Loss at Pipe Fittings (4,)
h =k, V—z
2g
Fitting k,
®Valve, wide-open
Globe (3 %) 10
Angle (4 %) 2
Gate (** %) 0.2
@Elbow (& 1%38)
90° 1.5
45° 0.4
®Return bend (i & &) 1.5
@Tees (T4 &) 2




® Total Head Loss (4;)

h.=h,+h +h +h +h+h +h
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Development of pipe flow: Entrance Region

Velocity boundary layer
Boundary layer region
Irrotational (core) flow region

Irrotational (core) Velocity boundary Developing velocity Fully developed
flow region layer profile velocity profile
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Hydrodynamically fully developed region

The development of the velocity boundary layer in a pipe.
The developed average velocity profile is parabolic in laminar flow, but
somewhat flatter or fuller in turbulent flow.
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The variation of wall shear stress in the flow direction for flow in a pipe
from the entrance region into the fully developed region.

The hydrodynamic entry length is usually taken to be the distance from
the pipe entrance to where the wall shear stress (and thus the friction
factor) reaches within about 2 percent of the fully developed value.




Hydrodynamic entrance region: The region from the pipe inlet to the point
at which the boundary layer merges at the centerline.

Hydrodynamic entry length L, : The length of this region.

Hydrodynamically developing flow: Flow in the entrance region. This is
the region where the velocity profile develops.

Hydrodynamically fully developed region: The region beyond the entrance
region in which the velocity profile is fully developed and remains
unchanged.

Hydrodynamically fully developed

- ~— du(r, x)
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region of a pipe, the
velocity profile does not
change downstream, and
|..__ — thus the wall shear stress

I > X ‘ remains constant as well.
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LAMINAR FLOW IN PIPES
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Free-body diagram of a ring-shaped
differential fluid element of radius r,
thickness dr, and length dx oriented
coaxially with a horizontal pipe in fully
developed laminar flow.
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Free-body diagram of a fluid disk element of
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Effect of Gravity on Velocity in Laminar Flow
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Free-body diagram of a ring-shaped
differential fluid element of radius r,
thickness dr, and length dX oriented
coaxially with an inclined pipe in
fully developed laminar flow.




Fully Developed Velocity Profiles: Laminar & Turbulent Flows

u(r)

u(r)

] Turbulent layer

4—+—Overlap layer

Buffer layer

Viscous sublayer
Turbulent flow )

(1) The very thin layer next to the wall where
viscous effects are dominant is the viscous (or
laminar or linear or wall) sublayer.

The velocity profile in this layer is very
nearly linear, and the flow is streamlined.

(2) Next to the viscous sublayer is the buffer
layer, in which turbulent effects are
becoming significant, but the flow is still
dominated by viscous effects.

(3) Above the buffer layer is the overlap (or
transition) layer, also called the inertial
sublayer, in which the turbulent effects are
much more significant, but still not dominant.

(4) Above that is the outer (or turbulent)
layer in the remaining part of the flow in
which turbulent effects dominate over
molecular diffusion (viscous) effects.

(Laminar sublayer J@ji &)

Entry Length (A OEE) for Turbulent Flow

Irrotational (core) Velocity boundary Developing velocity Fully developed
flow region layer profile velocity profile
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The entry length is much shorter in turbulent flow.




Entry Lengths

The hydrodynamic entry length is usually taken to be the distance
from the pipe entrance to where the wall shear stress (and thus the
friction factor) reaches within about 2 percent of the fully developed

value.
The pipes used in practice are
S i hydrodynamic usually several times the length
D = 0.05Re entry length for of the entrance region, and thus
laminar flow the flow through the pipes is
: often assumed to be fully
Ly, warbuten = 1.359Re!M ZZ?m{l SR developed for the entire length
- ry length for .
turbulent flow oL ilhe B
Lo hydrodynamic entry This simplistic approach giV?S
1 trbulent 10 length for turbulent reasonablg results for long pipes
D o but sometimes poor results for
’ short ones since it underpredicts
the wall shear stress and thus the
friction factor.
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1. Major head loss (B ZZ/KBEIEL © EEEE/KERIER h;)
he > 3k3% © %K Darcy-Weisbach formula
L V?

h, = f

where L = Pipe length
D = Pipe diameter

f = Friction factor (dimensionless)
. VD
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2. Minor Head Losses (& E/KiEIELE)

Including : (1) Entrance (& A1)
(2) Exit (FHT)
(3) Expansion (EEfEHEAN)
(4) Contraction (EETHEZE4E)
(5) Bend (Zh'E)
(6) Elbow (&##5H)
(7) Valve (EREFY)
(8) Fittings (EFCH)

General form of minor losses : | h =k-—
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@ Head Loss at Entrance (h,)

Sharp-edged inlet

l\l !\ { K =050 Vena contracta)
-—ﬁ @ \\ g
AY r / N =
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h k V | | Recirculating flow
e = Re 2
g \ Well-rounded inlet
\ K, =003
‘\_‘\ :

(b) k=05, (e) &, ~08

Submerged
outlet| _
>

Entrained
ambient fluid

- All the Kinetic energy of the flow
is “lost” (i.e., turned into thermal
energy) through friction

- as the jet decelerates and mixes
with ambient fluid downstream of
a submerged outlet.
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® Head Loss due to Contraction (h,)
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Acceleration r—k Deceleration
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\: Gradual contraction (4%%&)
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Sudden Expansion and Contraction (based on the velocity in the smaller-diameter pipe)
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Sudden expansion: K, = u(l - E)
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@ Head Loss due to Expansion (h)

Separation

_ 2
h,=(V129\]/2) = k=1

® Head Loss at Bend (h,)
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Fig. 9.20 15’ loss coefficients for smooth bends (R = 200 000).
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® Head Loss at Pipe Fittings (h,)

Fitting h _ k Vv 2
Valve (wide-open) k¢ 2 g
Globe (GKF8) 10
Angle (F2F8) 2 Globe valve

Gate (FIRE) 0.2 @
. A globe
Elbow (E1%88) valve
900 1.5 v, : é > v,
450 0.4
Constriction

Return bend (UFZEEE) 1.5 V=V,
l’/c(m.‘.lm:lmn s VI
Tee (THE) 2

Pipe section with valve:  Gate valve
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. Angle valve

Vv
- o
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— (Pl - PEJV:II\-C_’/ 21
Elbow (&1E5H)
45° threaded elbow: Flﬂ?{gcii 8"{0“’
KL = 0.4 L=V

Vs . }

NN \ Sharp turn

— K;=1.1

180° return bend:
Flanged: K, = 0.2 l Tee (branch flow):

Threaded: K, = 1.5 Flanged: K, = 1.0
Threaded: K, = 2.0

Tee (THE) JU ‘

V i

U

Return bend (UFZEEE)




® Total Head Loss (h;)

h, =h,+h +h,+h +h +h +h,
= AO -+ 040+ B + Sl + e+ 7240 + R
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29 29 29

L
D




	12.pdf
	1
	12




