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Syllabus:

Development and Scope of Fluid Mechanics
Fluid Properties

Fluid Statics

Similitude and Dimensional Analysis

o1 s W N e

Steady Incompressible Flow in Pressure Conduits: Laminar Flow and
Turbulent Flow

General Equation for Fluid Friction
Empirical Equation for Pipe Flow

Minor Losses in Pipe Flow

o LN o

Fluid Measurement: pitot tube, orifice, mouthpiece, nozzle, venturimeter, weir.

10.Pipe Flow Problems: Pipes in Series and Parallel, Branching Pipes, Pipe
Networks



Syllabus: (To be Covered in Part A)

1. Kinematics of Fluid Flow

2. Fluid Flow Concepts and Basic Equations: Continuity Equation, Bernoulli's
Equation, Energy Equation

3. Momentum Equation and Forces in Fluid Flow



Steady Incompressible Flow in Pressure
Conduits

(Franzini, Chapter 8)



Flow Through Pipes



Turbulent Flow: Flow Reynolds Number:
undergoes irregular -
fluctuations.

* Re <2000 Laminar
* Re > 4000 Turbulant

« 2000 < Re < 4000
Transitional
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Fig. 22 Turbulent Flow Velocity Profile



Head loss is energy loss in fluid expressed in m - kg/kg or m- N/N.
Loss of head occurs in all types of low in pipe. The head loss is

caused by-

* Pipe friction.

* Change in velocity or direction in flow.

* Change in cross section of pipe.



Head loss due to pipe friction is termed as major loss.
Minor losses can be-

* Due to contraction or expansion of cross section.

* Due to obstructions like gates or valves etc.

* Due to bends or curves in pipes.

H=h¢+h +h,+h,+h,
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Frictional Loss With Laminar Flow: HAZEN- POISEUILLE EQUATION
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b cularp!ig““" ?_-4 represents a longitudinal scction and a cross-scction of'a straight horizontal
PIpe of constant diameter d in which a Mluid of uniform specific weight y is moving
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It is considered that the cylinder is in cquilibrium between this pressure difference g
(he shear resistance excrted by the surrounding fuid on the curved surla_cc of the cylinder.
From the delinition of viscosily. the unit shear stress on this surface is
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The total shear stress on the surface of the cylinder is thus
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Fig. 8.4 Laminar flow in a pipc
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Equation (81

‘was first dectermined cxperimentally by Hagen in 1839 and

simultancously by Poiscuille in 1840 and it is usually known as the Hazen-Poiscuille ’
equation. It indicates that in laminar flow the loss of head is proportional to the first power of
the medn velocity.- It was experimentally determined that Eq. (8.1 1) gives correct result. It is

mostl_y used for the experimental determination of fluid viscosity by measuring the loss of
hcad in a pipc of length L. Equation (8.% 1) can be written for the [Tuid viscosily as
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Tquation (8.7) shows that the velocity distribution along the diameter is parabolic, the
maximum velocity being at the center of the pipe (y = 0) and having the value
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Frictional Loss With Turbulent Flow: Darcy-Weisbach Formula

Consider a straight pipe of internal diameter d in which a fluid flowing at a mean velocity V.
Let the loss of head in length L be denoted by h,. Certain general laws based upon
observation and experiment appear to govern fluid friction in pipes and are expressed in all
the generally accepted pipe formulas.

These laws briefly stated are:
= Frictional loss in turbulent flow generally increases with the roughness k of the pipe.

When the flow is laminar the frictional loss is independent of the roughness.
* Frictional loss is directly proportional t the area of the wetted surface or to ndL.

* Frictional loss varies inversely as some power of the pipe diameter, or as
{

* Frictional loss varies as some power of the velocity, or as V",
* Frictional loss varies as some power of the ratio of viscosity to density of the fluid, or

as (f—'—)' .
/)



Combining these factors, a rational equation for loss of héad due to pipe friction for any fluid
can be written in the form of:

h, =K' xkxxdLx—xV*x(Ly

d P
’K'k:r(”]
p

Where, K’ is a constant of proportionality and m = x - 1,
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The effect of viscosity and density of water on loss of head at usual flow velocities is so
small that it can be neglected, If there is any little effect, it could be easily included in a

general coefficient.
|

So,his equaton becomes | = K</ \
\

A determination of K, m and n is necessary for practical application for using this equation.

S

After some modification done by different scientists the equation becomes: v

L.V

h, =(Kx2¢)x—=x—

= (Kx2g) 12

By substituting the friction factor f for (Kx2g) we obtain
e
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L Vz — Fanning Equation
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Limitations of Darcy-Weisbach Formula

1. The loss of head with turbulent flow varies not only as the square of thc mean
velocity, but as some power varying from 1.7 to 2 or more depending on the roughness of the
pipe. This discrepancy must be taken care of by varying the valuc of .

2. Since V= Q/A = Q/(ndIM), for a given Q, fand L, the loss of head by the Darcy-
Weisbach formula varies inverscly as the fifth power of the diameter. Tests have shown that
the actual variation is closer to the 5.25 power and that the exponent of d in the formula
should be close to 1.25. Again the discrepancy is taken care of by varying the value of f.

The friction factor must therefore be a function of velocity and diameter as well as of

the pipe roughness and of the viscosity and density of the fluid.

Remarks

1. For a given velocity of flow,
increases. This decreasc of fis due to the d
the pipe wall.

2. Some kinds of pipe become roug

the value of f decreases as the diamcter of pipe
cerease in relative roughness k/d of the matenal 1n

her with age with resulting increase in f. Ths

possibility is usually taken care In design by incrcasing the value of f for new pipe by a
certain percentage. The increase in f for cast iron or steel pipe may be 50% to 100% after
some years of service. However, wood pipe and asbestos cement pipe have shown little or no -

Increasc in f after many years of service.
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Determination of Friction Factor, f
ar Flow i =

When the flow is laminar, the }§ :
Equation (8.11) can be put In the Darcy-Weisbach form qumon: Eq. (8.11), applies.

i ' L r 'ES Thus
. _ 5
h =ﬁ££ JT-Q—3=399—3-57
"/ Red2g S§. 3LV ngﬂ—;. (8.22)
from which it is apparent that, for laminar flow RV .
[—64 :------——---"C;)"/9 "ﬁ— -
( —Re (8.23)

Equation (8.23) indicates that when the flow is laminar, the loss of head depends on Re, but is
independent of the roughness of the pipe. ’

Turbulent FFlow -
When the flow is turbulent, the valuc of f depends not only on the Reynolds number,

but also on the relative roughness of the pipe. Blasius was the first to give an empirical
equation for finding the friction factor [, as carly as 1913, based on his experimental work on
hydraulically smooth pipe in turbulent flow. The formula developed by Blasius that is valid

up lo about Re = 10° is given by

— 03164 J : (8.24)
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These cquations are regarded as greal scientific achicvement as they have been
verified bY CXp(.:I'll“f:nl for pipes of all sizes and for dJifTerent liquids. They show that lor
wrbulent flow n pipcs which arc hydraulically smooth, [ is independent of the relative
roughness and 15 Q }unclion of the Reynolds number only. On the other hand, for turbulent
flow in Pipcs which are hydraulically rough and turbulence is [ully developed, [ s
independeit of the Reynolds number and depends only on the relative roughness.

Between these 1wo limiting conditions of flow, there is a transilion rcgion for which
ebrook developed the following formula for [ for use with commercial pipes:
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The transition regio nherges at onc end into the smooth pipe flow a
zone of lully devel ed turbulence. k
: K>§, >— ku
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nd at other end into the
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Laminar Sublayer

Even in turbulent flow there exist
which the flow is laminar, This layer i
thickness of this layer is given by

3 next to the wall of the pipe a very thin layer in
S known as the laminar of viscous sublayer. The

| (821)
il X

where u* =1/r/ p 15 the shear or friction velocity and 7 is the shear stress on the pipe wall,



Hydraulically Smooth and Rough Boundaries

A pipe is said to be hydraulically smooth.if the height of the roughness ele!ncnls.‘is
; lamj i are well-
less than the thickness of the laminar sublayer (k < d,), i.e. the roug ements are wel-

elements

' tations in relative roughness k/d do not
covered ublayer. In such a case, varations in rela . . e
affect the value of the friction factor f, On the other hand, i{the height of the roughness

ickness of the laminar sublayer (k> 9,), their b{gscngc affects
nee_the value of fand the pipe 15 5210 16 be Tiydraulicatfy
ness elements k increases or the thickness of the laminar
sublayer decreases with Increasing

Reynolds number, the turbulence increases to a maximum
level at which it is said to be “fully developed”, {.




Nikuradse Equivalent Sand Grain Roughness (k)

Nikuradse in 1933 conducted a series of experiments on flo% o

e : i duced
‘ | . meter. He ntro
were artificially roughened by gluing sand grains of unligfi{:rda'l? other types of rou

concept uf equivalent sand grain roughness (k) as standar ipe diameter is Knoy,
elements. The ratio k/d of the equivalent sand grain roughn€ss to the P o i
as the relative roughness :
. : : ess for different p,
Table 8.1 gives the values of equivalent sand graif roughn Pipe
materials.

rough pipes Whigy

rious pipe matenals

o
-
R

—
- -
s -
A ————— T L Tl

/ . No. k(mm)
e e o
1. Glass -
2 Wrought iron, steel 0.046
3. Asphalted cast iron 0.12
4. Galvanized iron 0.15
5 Cast iron 0.26
6 Concrete 0.30-3.0
v ) Riveted steel 090 -9.0

- - - s i 5 S e S e S s 25 S Sm_———————

|'

The above values correspond to the material in new and clean condition. As the pipy
becomes older, the roughness increases due to corrosion.



Solution WE have, ¥ =21 4 stokes = 214 em¥s=21.4x10* m/s
Diameter of pipe, d = 300 mm = 0,30 m

".Area of pipe, 4 = %d! =-::x 030" =0.0707 m’

Discharge, Q = 15 liters/s = 0.015 ms

0.015
.. Velocity of flow, V = 0 =——=0212 m/s

A 0.0707
The Reynolds number of the flow is given by

Re g Vd = 02!2 xﬁ}n - 29?5

»  21.4x10™ -
As the Reynolds number 15 less than 2000, the flow is laminar,

[ N




Examn!!ﬁ-l

| ‘In a I.abﬂratnry expﬂrim;nt, a crude oil is flowing through a pipe of 50 mm diameter
with a velocity of 1.5 m/s. During this experiment, a pressure difference of 180 N/mm? was
recorded from two pressure gages 8 m apart. Find the viscosity of the flowing oil.

Solution Given, diameter of pipe, d = 50 mm = 0.05 m
Velocity of oil, V = 1.5 m/s
Pressure difference, py — p2 = vhy= 180 N/mm?® = 180x 10° N/m’
Length of the pipe, L=8m
h,d®  180x10° x 0.05°

" = ~1171.88 N.s/m’
32LV 312x8x1.5

LU



Examle

Find the loss of head due to friction in a pipe of | m diameter and 15 km long, The

velocity G_f water 1n the pipe is | mis. Take f = 0.020 and neglect minor losses. Use the
Darcy-Weisbach formula.

Solution We have, d=1m, L=15km=15000 m, V=1 m/s, {=0.020

Sy = f—L—K— = 0.020»1—5000:4—1‘ =15.29 m of water

d2g | 2x98]
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Friction factor f =

Values of (D" V) for water at 60°F (diameter in inches x velocily in fps)
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L 11 1 L | SEENS DR L 1  I—— 1 llll | I -

Values of (V) for water at 15°C (diameter in mm xveloclty in m/s)
1 2 4 6 8 10 20 4060 100 200 400 1000 2000 4000 10000 40000 100000
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Aelative roughness, e/D



Math Example 1: Crude oil ($=0286) at 20°c Flows g

Moody Diagram Math: o aiueked sleel

dooiky 8 2ms .

Pipe of Amm diametern . The wnean ¥ A 3

|
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Other Pipe Formulas



Chezy Formula | . ;
Using hy/L = S and d = 4R, where § is the slope of the encrgy grade line (Fig. 8.7)
representing the loss of hcad per m of pipc and R (=A/P) is the hydraulic radius, the Darcy-

Weisbach formula can be put in the
form

V:\[Exmxﬁ.-. 8 /75
I y; |
(8.28)

_ Substituting a coefficient C for J8g/ [
we obtain _

-y } Daturn

Vv =CIRS (8.29)

FFig. 8.7 Frictional loss in pipe

This formula for velocity of flow in terms of the hydraulic radius of a conduit and
 slope of the energy grade linc is called the Chezy formula. The Chezy coefficient C is a
- function of the same variablcs as the Darcy-Weisbach friction factor fand the Chezy formula
s therefore subject to same defects as noted in Art. 8.6 for the Daicy-\Weisbach formula.



Manning Formula '
The Manning formula is onc of the besi-known open channel formulas and g

commonly used for pipes. In the form of Eq.(8.29), the Manning formula is
S y = R“’s'él (8.30)
n

where nis the roughness coellicient.

[azen-Williauns Formula . .
This well-known formula has been mostly uscd by waler works and irrigation

engincers. This f '
(¥ =025¢,R*s™ (8.31)
This formula was designed for ghe flow of water in both pipes and open channels, but is use

mostly for pipcs. /




Minor Losses



Loss of [Tead due to Contraction: It is given by

2
h, =K,-’—/—

: 8.32)
2g ' (
where K. is an empirical coefficient

and V is the velocity in the smaller pipe (Fig. 8.8). The
value of K. depends on V and the

ratio of the smaller (o the larger diameter. This loss is
usually taken to be cqual to
VZ o %
h, =0.5— (8.33)
24 :
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1,058 of cad due to Enlargement:

_ -z
——

here V is the velocity in the smaller pipe, V) is the velocity in the larger pipe (l'llgl. lSw)a
gquation (8.34) is known as the Carnot or Borda equation. The loss of head at the outle

. . [ in i al Lo
pipe which discharges into a reservoir or into the aimospherc is usually taken to be equ
2

(P \’\6’: Vj‘/?/g S (LY

[tis usually given by

h

(4

(8.34)

where V is the velocity in the pipe.
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Loss of Head due to Obstructions: The loss of head in pipes duc to gates, valves and other
obstructions is given by

2
B e \ (8.36)
I !.23

where V is the mecan velocity in the pipe. The coefficient K, depends on (he size of
~ obstruction compared to the diameter of the pipe.

Loss of Head duc to Bends: This loss of head is usually cxpressed as a function of the
velocity head in the pipc, i.e.

2
( -y - - (8.37)
22 . o .
The value of (he cocfficient Ky, varies with the ratio of the radius ol curvaturc ol the hcnd.r o
the pipe diameter d, the roughness of the surlace in the bend and the Rcynnlc‘ls number. Il-lhc
FOW is turbulent, the effect of variation in Reynolds number is nol ol much practical

~ importance and in that case Ky is a function of r/d and the roughness of the bend.




Mathé _ ‘
/i pipe 60 m long and 15 cm in diameter 1s connected to a water tank at one end
and flowg freely into the atmosphere at the other end. The height of the water leve] innte

2.6 m above the center of the pipe. The pipe is horizontal and f =-0.040. Det " tank
discharge through the pipe in liters/sec, i ; ™
ischarge throug e pipe in liters/sec, if all the minor losses are to be considered, |

Solution We have, L =60m,d=15cm=0.15m, H=2.6 m, f=0.040 |
Since the pipe is connected to a water tank and discharges freely into the at

there are contraction loss at the entrance and a sudden enlargement loss at the outk

contraction loss is given by he = 0.5V?%/2g and the sudden enlargement loss is givenb,

V2/2g, where V is the velocity of water through the pipe. |

2 2 2 VZ
.'.H=f—[-'-V +0.5V +V = (f£+1.5)
d2g 2g 2g 28 ° d
or
e (O O 2 12)
2x9.81 0.15
Ly =2.6x2x9.81 — 2915
17.5

-V =1.7073 m/s
- 0=AV =Zx0.15* x1.7073 = 0.0302 m> /s = 30.2 liters/sec
4



