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Generall Introduction

Pipe flows are mainly due; to pressure difference between
WO Sections

IHere alse) the total head Is made; up) off pressure head, datum
ead and velocity head

he principle off continuity, energy, mementum s alser used
I this type off flow.

[For example, to designi a pipe, We Use; the; continuity’ and
energy’ equations; to; obtain the reguired pipe diameter

Then applying the momentum eqguation, we get the forces
acting on bends for a given: discharge




General introduction

In the design andl eperation of a pipeling, the main
considerations are head I0SSES, ferces andl stresses
Acting on the pipe materiall, andrdischarge.

IHead 10Ss;) fior al given dischiarge relates to fliow
efficiency; I.e an optimum; size ofi pipe;will yield the
least: overall cost off installation and operation for
the desired discharge.

Chooesing a smalllpipe results inlew initiall costs,;
IOWEVeEr, subseguent: costs may: be; excessively:
drge because of high energy’ cost firom large; heaa

OSSES




ERnergy eguation

Tihe design; i conduit should be suchi that it needs least
COSti for a giveni discharge

he hydraulic, aspect: of the problem reguire applying the
ONe dimensionallsteady: flow! ferm: of the energy: equations

p 28 p Vs
—1+alL+zl +h, =—2+a2i+zz +he + hy

y 2g y 2g
Where  p/y =pressure head

aVZ/2g =velocity head

z =elevation head

/,—Meadisupplieaiby a pump
fy=head supplied to a turbine
1, =headless between 1 and 2




Energy: eguation

Energy Grade Line
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The Schematic representation of the energy equation




ERnergy eguation

Velocity head

Inr ed/2/2g; the velocity: Vs the mean: Velocity. in the
Conduit at al given| sectionrand IS ebtained by,
V/=0/A, Where Qs the discharge, and A Is the
Cross-secuionall areal off the conauit.

ihe Kinetic energy: correction fiactor s given by o,
and It Is defines as;, Where u=velocity at any poeint

N the section W
o=

V34
o as minimum value of unity when the velocity Is
uniform across the section




Energy eguation cont...

Velocity head cont...

o ias values greater than Unity, depending on the degree off
Velocity variationl across) a SEction

oK laminar flew in al pipe,, velocity: distribution IS parabelic
acrossi the section of' the pipe, and o has value of 2.0

IHowever, I the flow: isiturbulent, asi s the usual case; fior
water flow’ through! the large; conduits, the Velocity: is fairly.
UNIferm: oVer most: of the; conduit section), and e has value
near unity’ (typically: 1.04< o, < 1.06).

Therefere, in hydraulic engineering ior ease of application
N pIpe flew, the value of o IS usually: assumed: tor be unity,
andlthe velocity’ headlis then simply: 12/24g.




Energy: eqguation: cont...

Pump or: turbine head

The head stpplied by a pump:is directly
ielatediter the power suppliedlte the flow: as

diven: below

Likewise; iif headliss supplied to turbine, the
power supplied tothe turbine will be

TThese twoereguations represents the, power

supplied directly: or power taken out directly
from the flow




EReray eguation cont...

Head-loss term

erhead less| terim /7, accounts for the conversion
off mechanical eneray. to internal energy: (neat),
WiEen this CONVErSIoN OCCUrS, the internallenergy.is
Mot readily: converted back to Usefiulmecnanical

eneray, therefore It IS called /iead /oSS

IHead! loss results firom) VISCous resistance to flow
(friction)) at the conduit wall or frrom the Viscous
dissipation off turbulence; usually eccurring) with
separated filow, such as infbends, fittings or outiet
WOFKS,




Head! loss calculation

IHead 10ss IS due tol firiction between the fluid and
the pipe wall andl turbulence withinrthe fiuid

The rate of head!loss depend on| reugnness
element size apart firom: velocity: and pipe diameter

Eurther the headiloss also depends on Whether the
Pipe Is hydraulically’smooth, rough or semewhere
N between

In water distribution system;, head loss IS alsordue
to bends, valves and changes In pipe diameter




Head! loss calculation

IHead less for steady: flow: through a straight pipe:

IS Istknewn asi Darcy-\Weisbach eguation

/=S, s slope ofi the Rydraulic and energy. grade
lines fior a pipe; of constant diameter




Head! loss calculation

Head loss in laminar flow::

IHagen-Poiseuillereguation gives R 322V'u
D*pg

Combining| above with Darcy-\Weisbach equation, gives f

64
f:_'”

pVD

Alsorwe caniwrite Inrterms off Reynolds number

This relationi is valid for /<1000



Head! loss calculation

Head loss in. turbulent flow:

In turbulent: flow, the friction factor isfal flnction of both
Reynoelds number and pipe rotughness

As the reughness size or the velocity Increases, filow:is
whiolly: rotigh and - depends onl the; relative; rotghmness

Where graphical’ determination; 6i* the firiction fiactor Is
acceptable, itiis possible tor use al Mioody: diagram.

This diagrami gives: the friction factor over'a wide range of
Reynolds numbers for laminar flow: and smoeoth, transition,
and rough turbulent filow




Head! loss calculation

Tihe quantities showniin Moody: Diagram are dimensionliess
SO they: cani be; used withr any: system off Units

Moody's diagram cani be; fiollowed frem any: reference Dook

MINOR'LOSSES

Energy: losses caused by valves, bends and changes in pipe
diameter

This is smaller thanifriction 10Sses in straight SEctions of;
pipe and for all practical purposes ignore

Minor'losses) are significant in valves andifittings, which
creates turbulence in excess of that produced in a straight

pipe




Head! loss calculation

Minor Iosses can be expressed inrthree waysk

A miner loss coefificient K may: be usedi to give
nead Iess as alfunction off velocity head,

2
h=k2_
2g
Minor Iosses may: be expressed ini terms) of the
eguivalent lengtir of stralght pipe, Or as PIpe
diameters (1/D) which produces the same head

loss.

2
b LV
D 2g




Head! loss calculation

A flew: coefficient €, which gives: a| filow! that will
Pass throughi the valve at a pressure; drop) of
Ipsi may: be specified:. Given: the flow: Coefficient
the head 1ess can be! calculatedias

18.5x10° D%y ?
C§2g

h

ihe flow: coefficient can’ be! related torthe minor Iess

COEfTiCient 1y,
18.5x10°D?

K
c?




Energy: Equation for' Flow in; pipes

Energy equation fox pipe filow

The representsielevation, pressure, and velocity: forms
of energy. The energy equationfor afitid movinglin ai closed conduit!is
wiritten between two locations at aidistance (length) L apart. Energy
losses, for flew: through' ducts and pIpes consist: 6f major losses and

Minor Lossi Calculations fior' Eluidl Elow

2
ho=K
2g

Minor losses are due to fittings such as valves and elbows




Major' Loss Calculation for Fluid Flow

Using Darcy-\Weisbach Friction Loss Equation

I-:.I'J.Illlll.
If non — circular duct, D computed from D =

Major losses are due to firiction between| the moving| fiuid

andl the inside walls ofi the duct.

ihe Darcy-\Weispachi methed isigenerally’ considered more
accurate than the Hazen-Williams method:. “Additionally,
the Darcy-\Weisbach methodiis validifor any: liguid o gas.

Mooedy: Eriction Factor Calcu

f=—  forRe£2100(laminar flow)
].'_"-.E , i




Major LLoss Calculation: In pIpEes

Using Hazen-Williams; Eriction’ Less Equation

D
= VA & E. =— for circular pipe
h "]' I I I I =

Hazen-Williams is;ionly: valid for Water at ondinary.
temperatures (40rto 75°F). The Hazen-Williams method Is
Very: popular, especially:among civil:engineers, since its
friction ceefficient (C)lIs not: al function: of Velocity: or duct
(pipe) diameter.  Hazen-Williams is simpler than Darcy-
Weisbachl fer calculations Where one can: Solve for filow-
rate; velocity, or diameter




Transient flow threugh long pipes

Intermediate flew while;changing firom: ene
steady. state teranother is called transient
How,

This oceurs due to designi or' operating
Errors or equipment maliftlnction:.

Tihis transient state pressure calses Iots of
damagde toe the network system

Pressuire rise in al clese conduit caused by an
Instantaneous change in flow: velocity.




Transient flow: threugh long pipes

I the flow:velocity:at a pointidoes vary: with: time, the flow,
IS Unsteady

When the flew conditions are; changed firomiene steady,
state ter anether, the intermediate stage flow! Is referred to
as) transient: flow.

he terms fiuiditransients and hydraulic transients are used
I practice

The diffierent flow' conditions inia piping System are
discussed as below:




Transient flow through long pipes

Consider a pipe length off length L

Water Is flowing firom a| constant Ievel Upstream) reservoir
{0 a valve at dowmstream

Assume: valveris instantaneously: clesed at tme; t=t; fiion
the full open| position te: halff open: position.

Thisi reduces the filow: velocity: through the valve, thereby
INCreasing the pressure at the valve




Transient flow through leng pipes

Tihe increased pressure will' produce; a pressure wave, that
will' travel back and forthrin the pipeline until it s
dissipated’ because; oft friction and flew: conditions; have
PEcCome steady adain

Tihis time when the flow' conditions have become steady:
adain, let us callit ;.

SO the filow regimes canl be categerized Into
Steady filow: for t<t;

Transient flow for ty<t<t;

Steady’ flow fier t>t;




Transient flow through: leng pipes

Tiransient-state pressures are sometimes reduced to the
Vapor: pressure of a liguid that: results In separating the
iguialcelumn at that sectiony this is rererreditor as liguid-
COIUMN; SEParation

[ the flow conditions are repeated after alfixed time
Interval, the flow!is called periedic flow, and the time
Interval at whichithe, conditions are repeatedlis called
PEeriod

The analysis off transient state conditions ini closed conduits
may. be; classified into two, categories: Iumped-system
approachi and distributed system approach




Transient flow threugh long pipes

In the /umped systenapproach the, conduit walls
are assumed rigidiand the liguidiin the conduit!is
assumed' Incompressible; so that'it benaves like a
fgid mass, etherway: flow: variables: are fUnctions
ofF time only.

IR the, distriputed systenapproachr the liguid s
assumed slightly: compressible

Therefore flow: velocity vary along the length ofi the
conduit inraddition to the variation in time




Transient flow threugh long pipes

Flow establishiment

The 1D fiormi off momentium eguation fior'a control volume
that s fixed in space and does not change shape may: be

d
S F =] pVdds + (PAY ?) put —(PAV %),

Written as

I the liguid s assumed iIncompressible and the pipe Is rigid,
then at any instant the velocity’ along therpipe will'be same;

2 2
(PAYV )in = (PAV ™) out




Transient flow threugh long pipes

Substituting for all the fercesiacting) on the control

voelume

. d
pA + yAL sin a — tgDL = 7(VpAL)
{

Where
P =i(1=V272g)

0 =PIPESIOPE

D=pjpe)digmeter
L=pipe’/engtii

) =Speciiic welgnt or iuid:

79=5/1€al Stress at the pipe wall




Transient flow threugh long pipes

Erictional force!is replaced by A, and /5,=1A+Ls/m o and /i
from Darcy~-weishach! frction eguation

Iihe resulting eguation; yields:

When: the fioew is fiully: established, al/at=0.
e final velocity: 17, will Be;suchi that

2
D | 2g

We use the above relationship to get the time for fiow: to
establish




Transient flow through long pipes

Change in pressure dueito rapid flow.changes:

Wihen the flow! chianges are rapid, the fiuid
compressibility Is needed to takeniinteraccount:

Changes are net instantaneeus; threughout the
system), rather pressure; Waves move back and
forth ini the piping system.

Pipe walls te be rigid anadlthe liguid to be slightly
compressible




Tramnsient flows throughi leng| pipes

Assume; that the; flew! velecity’ ati the downstream
end Isichanged firom: lZter /41, thereby: changding
the pressure; firom: piter p+4p

Tihe chiange In pressure will produce a pressure
wave that will'prepagate in the; upstream! direction

[ihe speed of the wave be 4

The unsteady filew: sittiation: can be transformed Into
steady flow: by assuming the velocity reference
system move withi the pressure wave




Transient flows through leng pipes

Using mementum equation; with controll volume approeach to
solve for 4p

Iihe system Is' new: steady, the momentum| equation new
B (p+Ap)A=(V +a+AV)(p+Ap)V +a+AV)A—

V+a)p(V +a)A

By simpliiying and discarding terms, of higher order, this
eguation becomes

—Ap =2pVAV +2pAVa+Ap\V> +2Va+a’

Tihe general fiorm off the equation oy CORSERVation of Mass
for one-dimensionall flowsimay: be Written: as

d
0= E x}“,OAdx + (pVA)out o (IOVA)"’I




Transient flows through leng pipes

[For ai steady flow: first term on the right hand side is zero, then we obtain
0=(p+Ap)V +a+AV)A-p(V +a)4

Simplifying this eguation), We have AV

Ap=—
r V +a

We may approximate (V/+g) as a, because V<<a

POAV
a

Since Ap = pgAH JWEez] Write; as

g

Note: change in pressure head due toran instantaneous change in flow
velocity Is' approximately 100 times the change in the flow: velocity:

Ap =—




