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Topics to be covered

Basic Concepts
Conservation'Laws.
Critical Flows.

Uniform, Flows
Gradually Varied Flows
Rapidly Varied Flows:

Unsteady Flows




Basic Concepts

Open Channel flews, deall with filew: off water Inf opemn chanmnels

Pressure Is atmespheric at the water suriace and! the
pressure is eqgualltorthe depth off water at any: section

Pressure head Is the ratio) of pressure and the specific weight
of- water

Elevation head or'the datum headlis the height of the
section under consideration above; ai datum

Velocity head (=1~/2g) is due to the average velocity of flow
In that vertical section




Basic Concepts Cont...

Totalthead =p/7 + v /2g + Z
Pressure head =" p/7
Velocity head =v2/2g

Datum head = =z

Tihe flow: of water'ini an openi channellis mainly: duerto head
dgradient and gravity.

Openi Channelsi are mainly: usedlto) transport water: for
[rrigation, industry: and demestic water supply:




Conservation Laws

(e mal Corservation Iaws USed il OPern clannels are

Conservation Laws

Conservation of Mass
Conservation of Momentum

Conservation of Energy




Conservation of Mass

conservation of Mass.

113 a1y, CoRtrol VoIUme ConsIStirg. O the Iuid. (- Waler) unaer
consiaeration, e nert crange) ol mass i tie) contiol Volumie
aue toNrHoew: ard ouL How: /s equal to) tHE tHE HEL ate Of
ClaIge) o1 iass i tie Contiol Voluliié

Tihis leadsi to the classical contintity: eguation: balancing the
Inflew, out filew: and the storage change ini the control
VelUme.

Since we are considering only: water which Is treated as
iIncompressible, the density effect can be ignored




Conservation off Momentum and energy.

conservation of Momentum

IS /aw. statesi tiiat: the rate) o1 change. o1 momentumim. the
COnLo VoIUme /s Equal Lo tHE fIEL TOICEs actifig. O e
contro/ volume

Since the water' under consideration Is moving, It Is acted
Uponi by external ferces

Essentially: this leads torthe Newtonisi second: Iaw,

Conservation. of Enerqgy
111 /aw. States triat nelther the: enerqy. carn. De) created or

destroyed. It only. changes Jts fomni.




Conservation of Energy.

Mainly In epen; channels the energy will be in the form of potentiall energy
and kinetic energy

Petentiallenergy’is due to; the elevation of the water parcelfwhile the
KINetic energy. Is due to itsimevement:

In thie; context off openi channel flow: the totallenergy’ due these, fiactors
petween any twe) sections Is conserved

Tihis censervation| 6ff energy: principle; leads to) the classical Bermoulli’s
eguation

Pl + V224 + z = Constant

When used between two sections thisieguation has teraccount for the
energy loss between the two sections which is due te the resistance to the
flow: by the bed shear etc.




Types of Open Channell Flows

Depending on el Froude aumper (=) thieiow i ar Opesi
channels classiied. s Sub: critical 1o, Super: Critical
How, and. Critical 11ow;, WHEre [roude number camn be deried.
ds 4

F =——

Jey

Open channel flow

Sub-critical flow: Critical flow: Super critical flow

F<1 F=1 F>1




Tiypes of Open Channel Flow Cont...

Open Channel Flow
Unsteady Steady
Varied Uniform Varied
Gradually Gradually

Rapidly Rapidly




Types of Open Channell Flow: Cont...

Steady Flow.

Elow IS said ter be steady: When discharge does not
change; along the course off the channel flow

Unsteady Flow:

[Flew! isi said ter be, unsteady, wnen the discharge
changes withrtime

Uniform Flow.

Flow [s/sald tor be unifiorm When both the deptirand
discharge is same; at: any: twoi sections ofi the channel




Types of Open Channel Cont...

Gradually Varied Flow.

Elow! IS said te) be gradually varied When ever'the
depthrchangesigradually along the channel

Rapidly varied flow

Whenever the flow: depth changes: rapialy: alongl the
channel the flow!Is termed rapidly: varied filow

Spatially varied flow

Whenever the depth off flow' changes gradually’ due
to change in discharge the flow: isi termed spatially

varied flow




Types of Open Channell Flow: cont...

Unsteady Flow:

Whenever the discharnge and depti ol flow: changes
with: time, the flow: s termead’ unsteady: filow

Types of possible flow

Steady uniform flow Steady non-uniform flow. Unsteady non-uniform flow

kinematic wave diffusion wave dynamiciwave




Definitions

Specific Enerqgy

[l /5 dEeNfed  as tie energy.acquired by the water at
SEClLoNA auerto. s deplii and. the Veloeity, Witid Willc/i Lt
/5 HOWING.

Specific Energy E is given by, £ =V + v/2g
Where Vs the depth of flow at " that: section
and V. Is the average velocity: off flow

SpPEecific energy. issminimum at: critical
condition




Definitions

Specific Force

[t /5 aefired: s tie st Of the [HomeRum Of tHe iow: pPassiig
LHrOUGII tHE ClaIAE]. SECHION PEr UL tIme) Per unit: Welglit or:
walter and the jorce. per urit Welghnt orwater:

F = (*/gA +yA
ihe; specific forces off twoi sections are equal
provided that the external fiorces and the weight

effiect off Water Inl the reach between the tWo
SECLieNS Can be IgRored.

At the critical state of flow: the Specific force is a
minimum fer the given discharge.




Critical Elow.

oW IS critical wihen the .Sf&’Cl'f/C enerqy. /s milmum.
AlSoI WhHEREeVer: the How: Clarnges: o SUb) critical to.
SUPES Clilical Or Vice Versa tHe liow [18s: to: go
trrougr! critical conaition

Hgurels sHowRE [next sidae

Sub-critical flowrthe depth ol flow: will berhigher
Whiereas; the)velocity: will' ve; Iower:.

Super-critical flew-the depth of flow: will be lower
put the velocity will be higher

Critical flow: Flow over a free over-fall




Specific energy diagram

E-y curve

Depth of water Surface (y)

Emin —
50 Alternate Depths
o h | L
) . ~
L ¥ Specific Energy (E) >
Critical Depth

Specific Energy Curve for a given discharge



Characteristics of Criticall Elow

Specific Energy’ (£ = y+0%/2gA7%) is minimum

[FOr SPECIfic energy: to be a minimum: a&/dy. = 0.
dE _, Q" dd
dy - gd’ dy

However, dA=Jady, Where IFis the width ofi the
chamnel at the water surlace; then applyingl a&/ay. =
O, Wil resdit 11 1olowirg




Characteristics of Critical Elow

For a rectangular’channel 4./7.~;

Follewing the derivation fier a rectangular channel;

ihe same principlelsivalid fox trapezoidal and other
CrOSS SECLINS

Critical flow condition defines amn unique relationship

petween depthiand discharge WhICh IS Very: usefulfin the
design of flow! measurement: structures




Uniform Elows

Tihis isione of the most Important Concept: ini 6pen channel
flows

Tihe most Impoertant egquation for uniiorm! flow! Is Mamnning's
equation given: by,

V :lR2/3S1/2
n

Where R = the hydraulic radius = A/P
P=wetted perimeter = 1, Sy).

Y = depthi of the channell bed

ved slope (sameiasi the eneray: slope, Sy

ne Manning's dimensionall empirical constant




Uniform Flows

, /Energy Grade Line 2

Control Volume

Datum

Steady Uniform Flow in an Open Channel



Unifiorm Elow

Example : Elow: inianiopen channel
Tihis concept Is used infmost of the open| channel flow: design

Tihe uniform’ flow: means that there isfne acceleration to the
flow:leading to the Welght: component of the flow: being

palanced by the; resistance; offered by ther bed shear

IR termsi off discharge; the Manningis equation Is given by:

Q _ lAR2/3sl/2

n




Unifiorm Elow

This is a men linear equation; in: V. the depth; of flow! for which
MOost of the computations will' be made

Derivation of unifierni flow: equation| Is given| below, Where

= Weighticompoenent off the flid mass in' the
direction| of flew

= bed shear stress

= surface area of the channel




Uniform: Elow

Tihe; fiorce balance eguation: cani be Written|as
Wsin@ —7,PAx =0
Or yAAxsin 6 — 7, PAx =0

A .
0)f T, =7/Fs1n<9

Now: A/Psithe; ydraulic radius, R, and s/i6.s
therslope off the channell S,




Uniform: Elow

Tihe shear stress can be expressed as

T, :cfsz/Z

Wihere ¢ IS resistance coefficient, Visithne mean
Velocity: pr Is the mass density

Iiherefiore the previous equation: can be wiitten' as

V2 B 2g Yy
Or cfPT:yRSO V— Z RSO—C RSO

Where €1s Chezy's constant
[For Manning's equation




Gradually Varied Flow

[F10W. 15! Sald. to. be. gradually. Vared Wienever: tie deptii or
HOW. Clianged. graaually

Tihe goeverning equation|for gradually: varied flow isigiven by

W
S

& S,—S,

dx _ Fr2

lere the variation off depth' ywith the channell distance x:
nown terbe afilnction off bed slepe; S, Friction Slope: S,

<|ple

the flew! Froude number /=

This Is a nen linear equation; with the, depthi varying as a
non linear function




Gradually Varied Flow

.r Energy-grade line (slope = Sf)
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Total head at a channel section



Gradually: Varied Elow

Derivation:of gradually: varied flow:Is as follows...

ihe conservation off energy. at twe Sections of a
ieach offlength 4x; cani be Writien as




Gradually Varied! Flow

Dividing threughi Ax-.and taking the limit as 4x:
APProaches Zero, gives us

Further simplification’ cam Be done in| terms of
Froude nUMmIEr




Gradually Varied Flow

After diffierentiating the right side of the, previous
eguation,

Finally the general diffierentiall eguation cani be
Written as




Gradually: Varied FElow

Numerical integration: ofi the  gradually: varied flow: eguation
will-give the water surface profile along the channel

Dependingl onl the depth ofi flew: wWherent lies whemn compared
with' the nermal depthrand the critical depth: aloeng withrthe
bed! slope compared withi the; friction slope different types of
profiles are formed suchias M (mild), € (critical), S (steep)

profiles. All these have;real examples.

M (mild)-If the slope isiso small that the normal depth
(Uniferm flow depth))is greater than| critical depth for the
given dischiarge, then the slope of the channel isimild.




Gradually: Varied Flow

C (critical)-Iff the; slope’s normal depth;equals its critical
depth, then we call it a critical slepe, denoted by €

S (steep)-ifithe channel slope isi soi steep that a nermal
depth lessi than criticallis produced, then the chanmel is
steep, andl water surface profile designated as S




Rapidly: Varied Flow

Tihis flew: has very pronounced curvature of the streamlines

It IS such that pressure distribution cannoet be;assumed to
e hydrestatic

Jihe rapid variatien ini flew: regime; ofiten: take place in short
span

When rapidly: varied filow: 6ccurs ini a sudden-transition

structure, the physical characteristics of the flow! are
pasically fixed by the belundary: geometry of the structure as
wellfas by the state of the filow.

Examples:
Channel 'expansion and cannelfcontraction
Sharp crested Welrs
Broad crested! weirs




Unsteady: flows

When! the flow: conditions vary: withi respect to time, we call
It Unsteady: flows.

Some terminologies Used for the amnalysis i Unsteady: filows
are defined below:

Waver: it Is defined as a temporall or spatial variation: o flow
depth and rate of dischardge.

Wavelength: it Is the distance between two adjacent: wave
crestsi or trough

Amplitude: it is the height between the maximum water
level and the stilll water level




Unsteady flows: definitions

Wave. celerity (c):: relative velocity: off a wave Withl respect:
to flliaiinT WRICHHIE 1S flewing withr 1/

Absoluterwavelvelocity (V) Velocity: With' respect te
fixed reference as given below

PlUs signiiif the wave is traveling inithe flow: direction and
MInUS; fer I the, wave isi travelingiin the direction eppesite to
How,

For shallow water waves EaRtsall Where y,=undisturbed
flow: depth.




Unsteady: flows examples

Unsteady flows occur due to following reasons:

SUKGEs In' pewer' canals or' tunmnels

SuUrges Ini upstream or dewnstream channels produced! by,
startinlg Or' stepping off pumps; and opening and closing of

CONLIoIfgates

WaVves in navigation: channels produced by: the operation: of
navigation;IocKs

Flood Wavesiinrstreams, [ivers) andidrainage channels due
to rainsterms and snowmelt

Tiides in estuaries, bays and! inlets




Unsteady: flows

Unsteady: flow' commonly: encountered inran open channels
and dealsiwith tramnslatery, waves. Iiranslatory Waves|is a
dravity: wave that! propagatestin an open channel and
resultsiin appreciable displacement: of the Water particles in
aldirection parallel to the flow

[For purpose; off analytical discussion, unsteady: flow!Is
classified inter two types, namely, gradually varied and
rapidly: varied unsteady filow

In gradually/varied flow: the curvature of the Wave profile is
mild, and the change inrdepth Is gradual

In the rapidly varied flow' the curvature, off the wave profile
IS very large and so the surface of the profile may become
virtually: discontinuous.




Unsteady flows cont...

Continuity equation fer unsteady: flow: in amn open
channel SOV

Ox ox Ot
[FOr a rectangular channel o infinite width, may: be

WrItten P
_q + _y =0
ox Ot

Wheni the channellis te fieed laterally, withia
supplementary: discharge of @ per unit Iength;, for
Instance, into an area that: s being floeded over a
dike




Unsteady flows cont...

The eguation

a—Q+8—A+q':0
ox Ot
he generalldynamic eguation: fer gradually:

varied unsteady flow: st given: oy

a_y+a_Va_V+la_V =0




