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Basic Concepts

Open Channel flows deal with flow of water in open
channels

Open channel may be define as a passage in which liquid
flows with its upper surface exposed to atmosphere.

Pressure is atmospheric at the water surface and the
pressure is equal to the depth of water at any section

Pressure head is the ratio of pressure and the specific
weight of water

Elevation head or the datum head is the height of the
section under consideration above a datum

Velocity head (=v2/2g) is due to the average velocity of
flow in that vertical section



OPEN-CHANNEL FLOW
= Open-channel flow is a flow of liquid (basically

water) in a conduit with a free surface.

« That isa surface on which pressure is equal to
local atmospheric pressure.




Types of Channels

Natural channel : irreqgular sections of varying shapes,
developed in natural way

Artificial channel : cross sections with regular geometric
shapes (remain width and length)

Open channel : A channel without any cover at its top (canals
rivers streams water falls)

Covered or closed channel : cover at its top (tunnel, water
supply, sewerage lines)

Prismatic channel : A channel with constant bed slope and
same cross section along its length is known as a prismatic
channel (ex. Triangular , trapezoidal and circular channel)



Kinds of Open Channel

Canal

Flume

Chute

Drop

Culvert
Open-Flow Tunnel



Kinds of Open Channel

« CANAL is usually a long and mild-sloped channel
built in the ground.




Kinds of Open Channel

« FLUME 15 a channel usually supported on or above the surface
of the ground to carry water across a depression.




Kinds of Open
Channel

« CULVERT is a covered
channel flowing partly
full, which is installed
to drain water through
highway and railroad
embankments.




Classification of Open-Channel Flows

Open-channel flows are characterized by the presence
of a liquid-gas interface called the free surface.

« Natural flows: rivers,

» Human-made systems:
creeks, floods, ete.

fresh-water aquaducts,
irrigation, sewers,
drainage ditches, ete.
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Comparison of Open Channel Flow & Pipe Flow

OCF must have a free surface

A free surface Is subject 10

atmospheric pressure

The driving force is mainly the
component of gravity along the

flow direction.

HGL is coincident with the free

surface.

Flow area is determined the
of the channel plus

the level of free surface,

which is likely to ¢
the flow direction an
well as time.

along

with as

1)

Z)

No free surface in pipe flow

No direct atmospheric pressure,
nydraulic pressure only.

The drlw force is mmnl¥
pr'esﬁur'e orce along the Tlow
direction.

HEL 1s (usually) above the conduit
Flow area is fixed by the pipe

dimensions The cross section of a
pipe is usually circular..



g)

Comparision of Open Channel Flow & Pipe Flow

The cross section may be of any
from circular to irregular forms

of natural streams, which may
change along the flow direction

and as well as with time.

6) The cross section of apipe is
usually circular

b |

Relative roughness changes with 7 The relative roughness is a
the level of free surface fixed quantity.

The depth of Tlow, diSf:hurge gy No such dep&ndence.

and the slopes of channel
bottom and of the free surface

are inferdependent.



Definitions

Depth of flow (D) : vertical distance between
lowest point of channel section from free surface

Top width (B) : it is the width of channel section at
the free surface

Wetted area (A) : cross section area of the flow
section of channel

Wetted perimeter (p): length of channel boundary
In contact with the flowing water at any section

Hydraulic radius (R) : it is the ratio of cross
sectional area of flow to wetted perimeter. It is
also called hydraulic mean depth (m).

R=A/P



Basic Concepts Cont...

(Total head =p/. + v2/2g + z)

CPressure head = p/-)

C/elocity head =v2/2g)
( Datum head = z )

¢ The flow of water in an open channel is mainly due
to head gradient and gravity

% Open Channels are mainly used to transport water
for irrigation, industry and domestic water supply



Conservation Laws

The main conservation laws used in open channels are

gonservation Law;s

( Conservation of Mass )

Conservation of Momentuhm
\ Y,

(Conservation of Energy)




Conservation of Mass

Conservation of Mass

In any control volume consisting of the fluid ( water)
under consideration, the net change of mass in the
control volume due to inflow and out flow is equal to
the the net rate of change of mass in the control
volume

® This leads to the classical continuity equation
balancing the inflow, out flow and the storage change
In the control volume.

@ Since we are considering only water which is
treated as incompressible, the density effect can be ,

inNnArad



Conservation of Momentum and energy

Conservation of Momentum

This law states that the rate of change of momentum
In the control volume is equal to the net forces acting
on the control volume

® Since the water under consideration is moving, it is
acted upon by external forces

& Essentially this leads to the Newton’s second law

Conservation of Energy

This law states that neither the energy can be
created or destroyed. It only changes its form.



Conservation of Energy

@ Mainly in open channels the energy will be in the form of
potential energy and kinetic energy

& Potential energy is due to the elevation of the water parcel
while the kinetic energy is due to its movement

@ In the context of open channel flow the total energy due these
factors between any two sections is conserved

@ This conservation of energy principle leads to the classical
Bernoulli’'s equation

Py +v2/2g +z = Constant

© When used between two sections this equation has to account
for the energy loss between the two sections which is due to the
resistance to the flow by the bed shear etc.



Types of Open Channel Flows

Depending on the Froude number (F,) the flow in an
open channel is classified as Sub critical flow, Super
Critical flow, and Critical flow, where Froude number

can be defined as
( Open channel flow )

( Sub-critical flow ) ( Critical flow ) (Super critical row)
C F.<1 ) C F=1 ) C F.1 )




Types of Open Channel Flow Cont...

epen Channel Floy

(‘unsteady )  ( Steady )

(" varied ) ( uniform ) (* varied )
(Gradually ) (Gradually )
(" Rapidly ) (" Rapidly )




Types of Open Channel Flow Cont...

& Steady Flow

Flow is said to be steady when discharge does not
change along the course of the channel flow

& Unsteady Flow

Flow Is said to be unsteady when the discharge
changes with time

& Uniform Flow

Flow is said to be uniform when both the depth
and discharge is same at any two sections of the

channel



Types of Open Channel Cont...

® Gradually Varied Flow

Flow is said to be gradually varied when ever the
depth changes gradually along the channel

& Rapidly varied flow

Whenever the flow depth changes rapidly along
the channel the flow is termed rapidly varied flow

& Spatially varied flow

Whenever the depth of flow changes gradually
due to change in discharge the flow is termed
spatially varied flow



cont...

& Unsteady Flow

Whenever the discharge and depth of flow
changes with time, the flow Is termed unsteady
flow

(ypes of possible fI09

C Steady uniform flow ) (Steady non-uniform rovD @steady non-uniform flcﬂv

Ginematic wav9 Gliffusion wavca Cdynamic WaV(-D




Definitions

Specific Energy

It is defined as the energy acquired by the
water at a section due to its depth and the
velocity with which it is flowing

& Specific Energy E is given by, E =y +Vv2/2g

Where vy is the depth of flow at that section and v is
the average velocity of flow

@ Specific energy is minimum at critical condition



Definitions

Specific Force

It is defined as the sum of the momentum of the flow
passing through the channel section per unit time
per unit weight of water and the force per unit
weight of water

F =Q209A +yA
e The specific forces of two sections are equal
provided that the external forces and the

weight effect of water in the reach between
the two sections can be ignored.

e At the critical state of flow the specific force
IS @ minimum for the given discharge.



ClritiCal 1 1UVY

Flow is critical when the specific energy is
minimum. Also whenever the flow changes
from sub critical to super critical or vice versa
the flow has to go through critical condition

figure is shown in next slide

& Sub-critical flow-the depth of flow will be
higher whereas the velocity will be lower.

& Super-critical flow-the depth of flow will
be lower but the velocity will be higher

& Critical flow: Flow over a free over-fall



Specific energy diagram

E-y curve
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Specific Energy Curve for a given discharge




Characteristics of Critical Flow

For a rectangular channel A, T =y,

Following the derivation for a rectangular channel,

The same principle is valid for trapezoidal and
other cross sections

Critical flow condition defines an unique
relationship between depth and discharge which
Is very useful in the design of flow measurement

structures



UIortm riOws

@ This is one of the most important concept in open
channel flows

® The most important equation for uniform flow is
Manning’'s equation given by

Where R = the hydraulic radius = AP
P = wetted perimeter = f¢y,S,)
Y = depth of the channel bed
S,= bed slope (same as the energy slope, Sy)
n = the Manning’s dimensional empirical constant



Uniform Flows

/Energy Grade Line

— 1

o = Isf

—_—
I

Control Volume

Datum

Steady Uniform Flow in an Open Channel




Uniform Flow

® Example : Flow in an open channel

@ This concept is used in most of the open channel
flow design

& The uniform flow means that there is no acceleration
to the flow leading to the weight component of the
flow being balanced by the resistance offered by the
bed shear

@ In terms of discharge the Manning’s equation is
given by



Gradually Varied Flow

—r Energy-grade line (slope = Sf)

_— e
r———
———
—— eaa
——— enmmme

Water surface (slope = Sw
v Eope =™

Channel bottom (slope = So)

Total head at a channel section




Gradually Varied Flow

® Numerical integration of the gradually varied flow
equation will give the water surface profile along the

channel

& Depending on the depth of flow where it lies when
compared with the normal depth and the critical depth
along with the bed slope compared with the friction
slope different types of profiles are formed such as M
(mild), C (critical), S (steep) profiles. All these have
real examples.

¢ M (mild)-If the slope is so small that the normal
depth (Uniform flow depth) is greater than critical
depth for the given discharge, then the slope of the
channel is mild.



Gradually Varied Flow

e C (critical)-if the slope’s normal depth equals its
critical depth, then we call it a critical slope,
denoted by C

* S (steep)-if the channel slope is so steep that a
normal depth less than critical is produced, then
the channel is steep, and water surface profile
designated as S



Rapidly Varied Flow

This flow has very pronounced curvature of the

streamlines
e |t is such that pressure distribution cannot be
assumed to be hydrostatic

 The rapid variation in flow regime often take place in
short span

« When rapidly varied flow occurs in a sudden-
transition structure, the physical characteristics of
the flow are basically fixed by the boundary
geometry of the structure as well as by the state of
the flow

Examples:

e Channel expansion and cannel contraction
e Sharp crested weirs

e Broad crested weirs



unsteady TIOwWS

When the flow conditions vary with respect to time,
we call it unsteady flows.

Some terminologies used for the analysis of
unsteady flows are defined below:

Wave: it is defined as a temporal or spatial variation
of flow depth and rate of discharge.

Wave length: it is the distance between two
adjacent wave crests or trough

Amplitude: it is the height between the maximum
Wwater level and the still water level
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s M
r ) MOST ECONOMICAL SECTION OF CHANNELS

ffec R &t “the channel
CClon of a channel iy ayid lo be most economical when the €ost of construction ol l.!‘."_ “‘} Te
IN , il : To
s m'”““ “:II the costof construction of o channel depends upon the excavation and 1'1’|L lu'nm: :
CCost dowy Or min; { : harge should be minimum.

T : mimimum, the wetted perimelte | piven discharge.
Phis-condition e i ; o the wetted penimeter, for a g ' o Ayt i
1on s atilized for determining the dimensi o a cconomical sections of different form of

channels. g the dimensions of ¢

efficient section as the discharge,
08! | arca (A). slope of the
equation (16.5) as

Most economie: i
[ 16N |
passing through » . “,‘LL“"" I8 also called the best section or mos! ;
£ L MOSE cconomieyl section of channel for a given cross-sectiond

hL‘d fl.) ;ll](’ d 1
Jdresist: i . . & R * . 1ve r
Stance co-efficient, is maximum. But the discharge, @ is given by

el A
- Axi om=—
Q=A(‘\m:=AC\/—P— ( " P)
I: « e - . * H 1 <
/ Or A #IVen A i and resistance co-efficient C. the above equation is writlen as
1 .
Q=K—. where K= AC+VAi = constant
JP

(F!f:ncc e dlﬁchﬂ&-,_‘) will be maximum, when the wetted perimeter £ is minimum. This condition &iv
w(@5e used for determ n best dimensions of a channel for a

2iven arca.

—_—

ining the best section of a channel i.c.,

The conditions to be most economical for the following shapes of the channels will be considered :
I. Rectangular Channel, 2. Trapezoidal Channel, and 3. Circular Channel.

Lo -1 Most Economical Rectangular Channel. The condition for most economical sec-
lon. is that for a given area, the perimeter should be minimum. Consider a rectangular channel as

hown in Fig. 16.9 1 I
Let ’ b = width of channel, PRI EYS T | T
6= depth of the flow, g |
aea offlow, A=bxd )
Wetted perimeter, P=d+b+d=b+2d N ) T _l!.
From equation (i), b= 3 Pt et
{T4stituting the value of b in (ii), Fig. 16.9 Rectangular channel
P=b+2d= % +2d (1)
' For most economical section, P should be minimum for a given arca.
dP
| d(d)
E Differentiating the equation (iii) with respect to d and equating the same to zero, we get
| d A ] A e ;
' ——|—=+2d|{=0 or -— +2=0 or\A;—?_?;
| a(d) [d & A=
l ’ ) o o N
! ;‘Bllt A=bxd. .. b)(d:-‘z{i nrlb :@ ‘(16
A bxd
aulic mean depth, m= —= . - = ]
anhydeI I P P b+2d ( A—bd.l’—h"“

ey 8b dude a cls ob clamad  ddaiat CL”"?J'{ $roea tF W
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3__7__44 Fluid g‘lechani;; i o g

_ 2dxd Cr beol
2d +2d
2
_2d _d ..(16.10)
4d 2
From equations (16.9) and (16.10), it is clear that rectangular channel will be most economical when:
(i) Either b = 2d means width is two times depth of flow. /,

L

(ii) Or m = g means hydraulic depth is half the depth of flow. il
wi
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/ INcrease in discharpe W oM T

'S 16:5.2 Most tconomical Trapezoidal Channel.  The trapezondal section ol a channel wyl|
b most ceononmcal, when its wetted perimeteris minmmuim. Consider a trapezoidal section of channel
/7 as shown in Fig, 16,10
Let b= width of channel at bottom,
o = depth of flow,
0 = angle made by the sides with horizontal,

g

\ ) p] F 4
A X 1 ' D
B R oo n o apotacots i | =2 h
)N ! - (“/ : ol —
d N\ o/ /lila
| N ) &7 21 Ol
| kY noy not.
el - N O RPNty = (' | E
I"“* —— b et = =

Fig.16.10 T7 r:pt'.fuidaf section.

& (1) The side slope is given as | vertical to n horizontal.

B b+ (b+2nd
Arca of flow, Az(—C;—A—D—)xd=-—£-q———”—)xd_ (- AD=b+ 2nd)
p=2bt2d . (b+ndxd LD
2 I
ﬁ=b-+-nd
d
b= i nd 8 ({17
d

Now wetted perimeter, P=AB + BC+ CD=-BC+2CD (+ AB=CD

=b+ 2\/CE2 +DE? =b+2n*d> +d*> =b+2dJn® +1 ..(iia

Substituting the value of b from equation (ii), we get

& ‘ P= -g—nd+2d\/nz +1 Lol
. . dP
For most economical section, P should be minimum or 2?(5 =0

.. Differentiating equation (iii) with respect to d and equating it equal to zero, we get
wla i+ a]
——|—=—nd+2d\n"+1|=0
dd)Ld ‘

A %
- - F_,H_g n>+1=0 (" n1s constar

|+ L aaac
| ‘
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I low ”‘[llunl hannel 7,‘.)

or
tn 2vn® +1)
il \
Substituting the value of A from equation () 1 the above equation.
(I v nd il N (2 | h o nd ) 1\’”.. )
St n = 2dn’ o1 : = J
o \ ' y
\ 5 & —
o1 b+ nd bud b 2nd T & \?;_-f‘.,_.'lll A+ C(6.11)
7 - b ] - =\ d.’
Bu 1 h + 2nd ‘
ut from Fig, 16,8, 2 Half of top width
and d\n’ +1 = CD = one of the sloping side . -
1l section to be most ceonomical, which

. Equation (16,11 s the required condition for a trapezoid:
can be expressed as half of the top width must be equal to one of the sloping si

ides of the channel.

(1) Hydraulic mean delh

Hydruulic mean depth, m= il \
P -
Vilue of A from (), A=(b+nd)xd

Value of P from (iig), P=b+2dn* +1 =b+ (b +2nd) (7

From equation (16.11)

b+ 2nd =2dn* +1)

=2b + 2nd = 2(b+ nd)
A _(b+nd)d d ..(16.12)

Hydraulic mean depth, m= 2 =22710% _ P

P 2b+nd) 2

Hence for a trapezoidal section to be most economical hydraullc mean depth must be equal to half

the_depth_af flow,
(4if) The three sides of the trapezoidal section of most economical section are tangential to the

semi-circle described on the water line. This is proved as :
Let Fig. 16.11 shows the trapezoidal channel of most economical section.

Let

8 = angle made by the sloping side with horizontal, and
O = the centre of the top width, AD. ©

Draw OF perpendicular to the sloping side AB.

AOAF is a right-angled triangle and angle OAF = 0 ‘
OF . '
sinf = 6; s OF=A0 sin 0 _“(jp)
AE d -
In AAEB, sin@=—= 0 £
AB  Jd? + n’d? P [D
. = ! :
5 _ d w1l : 1‘(‘
': d\/l +n? ‘/I +n? ; K/
8 . l E BWﬂﬁmT/
E Subcmuung sin @ = —==== in equation (iv), we get AL
I J1+n !
- Fig. 16.11
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‘_748 Fluid Mechanics ol

—————
o

But A0 = half of top width

b+ 2nd
9

- 38 Ll
-

1»-""'—- v J _‘
F 1.

=dn* +1 from equation (16.] 1)
Substituting this value of AO in equation (v),

2
I
oF ="t _ 4 depth.of flow

an +1

Thus, if a semi-circle is drawn with Q as centre and radius equal to the depth of flow 4. the thy 1
sides of most economical trapezoidal section will be tangential to the semi-circle. 3 ]
|

..(16.1 i

Hence the conditions for the most economical trapezoidal section are:
b+2nd
2

i

L

=d\1'12 +1

& 5 4

m=; b

3. A semi-circle drawn from O with radius equal to depth of flow will touch the three sides of t
channel.

MeaoLio . da” a=~

i
Vo
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{ |
= 3.75 x 3376 x ,[0.682 X " = 2.337 mYs. Ans,

probfem 16.9 Find the _d.t'scharge through (; rec!anr;xidgr;) ;h‘cm’r;e! ]é :"::r .:'ﬁf.;:n:l“c:‘l"ing depu, 0,\
3 m and bed slope I in 1500. Take the value of N = 0.03 in the ’ ‘
ater

Solution. Given :

Width of channel. b=4m
Depth of water, d=3m
1
f = —— = 0.000667
Bed slope, ’ 1500
Kutter's constant, N=0.03
Area of flow, A=bxd=4x3=12m? y
Wetted perimeter, P=d+b+d=3+4+3=10m
. A 12
Hydraulic mean depth, m= —=2% - |2
g i P 10 N
Ising Kuiter’s formula given by equation (16.7), as
00155 1 00155 |
23+ + 23 + + -
— i N - 000667 .03
.00155) N ( 00155 03
1423+ x 1+[23 4+ ———— | X =
( i ym o 000667/ J1.20

2.32 . g
23 + 38 +33.33 _ 58.633 = 32,01

| " 1+ (23+2.3238)x 03286 1832

ischarge, Q is given by ‘equation (16.5), as _

£ Q = ACVmi =12 x 32.01 x |72 000667 = 10.867 m¥/s. Anc.
piem 16.10 Find the discharge through a rectangular channel of width 2 m, having a bed
2 of 4 in 8000. The depth of flow is 1.5 m and take the value of N in Manning's formula as 0.0]2.
yolution. Given :
'idth of the channel, b=2m :
epth of the flow, d=15m | 3"- —ﬁi; ol

Arca of tlow, A=bAd=.x13=3.0m" k% i
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_ d e Pow i g |
/ H)draulkmqn ; . tdu), 5”,,:“‘;--*.'.'59’"@“ i i
f - = 30 e
" o 204
/ gci ‘l(\:‘( f SU '
i~q
Value of . j
USII‘Ig Mannin S = 0012 2000
g'S gl\'cnbyeqmnn (168
o
C= ..l_'. mlfb

1
T o T _
N oo <067 =654

0=ACYm

¢ = ‘ 1
3 e 30x 7650 _f0sx—_ n2c - 3977 mYe.Ans.
Problefn 16 . Vo 2000

N 11 Find the bed slope of 1

Side slope of 3 poy. rapezoidal channel of ibed width 4 m. depth of water 3
it .3 Yertical, when the discharge through the channél is 20 m'zs.

Take Mannjne - .
8§s N=003 i, Manning‘s Formula C = £ m'®,
Solution. Given : W
S’dp 10 . d= 3m as
'- C slope = 2 hor. 10 3 wert. i
Dlsch.nrgqc. Q=200 ms
Manning’s, N=0403
From Fig. 16.7. we have
(% 2 .2
Distance, BE:dx;:B,x—=2‘m
- Top width, (D = AB + 2BE
=4 42x2=R0m
Area of flow, A = Area of trapezoidil seatian NBCD
_ (a3 ;‘CD) =B e R
Wetted penimeter, P =AD 4+ AB + BC = AB + 2BC . DS
| =404 2/BE? + EC? =404222 +3° =404 2x I3 =120
|
A 18
! . = —=—— = L6057
! - Hydraulic snean depth, # P 1121 ‘ (=
‘ 1 I i e Al
i ohe o = ey M e i B _ry it .
U Manning’s formula, €= = 0.03 (L&IST) "™ = 607 1 R
R

e
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— l\ nq'

- (_:’;9_.1) = 0.0005909 = T252

822.71 ipe which 1S laid at a slope of 1 in 800 .‘i

SN :
v : ircular sewer p e,
;&ble/m "112 Z;I:I;Oh::ﬁ:;: ’»:';:;,rf:;(f:‘rfnq half full. Take the value of Manning's N 0_020%‘"
. ? discharge |
‘ r;;;u(;l:)n.civen : |
Slope ol pipe, 1= 8660 3
Discharge Q = 800 litres/s = 0.8 m/s |
1SC ' l
Manning's, ' N = 0.020 ‘
Let the dia. of sewer pipe, =D |
- \
f [low d: _ \
e 2 Fig. 16.8
2
n 1D
P R of flow, A -:‘ Lg;f:)j N ,2 = ....8
; p= D
Welted penmeler, -
D’ s
' B 430
Hydraulic mean depth, m = ==p/2 4
. _ 1 e
Using Manning's formula given by equation (16.8). C = e m
The discharge, Q through pipe is given by equation (16.6), as
0 = ACmi
= ) % e m'®Jmi
8 N
0.80 = ~D* x —-i—— xmxmx i
L 0.0UIE
=£D:X 6+ 112) | =£D3>< 1 me]xﬂ’;‘l
8 020 8000 8 020 _
213
2 DY i
=().2]95><D'x(-—) - ( n=
\ 4 B
2195 {
=75 X D*x D™ =00871 D% _’,
: i
. v
0.80 ;
DY = —— = 918438 |
0871 ‘
D = (9.1848)™ = (9.1848)"Y" = 2.296 m. Ans. |
2. o w0 }
.'J ! [
o |

FESRGI TSI PR PP S
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& .
~hann<! i= sertic
;‘robr.‘,:"n 1616 A prapesoidal channel has side alopes of I h”rf"”"m.l 10 2 vertical u.nd '.hc. s{npr of
che M:';~ / :ﬁ 1300, The area of the secnon is 40 m®. Find the dimensions of the section if it is most
nuw.v-ur..\:.', l)rrr!”';"f the discharge of the mosi economical section if C = 50.
Scoilution. Given : — -
de 5] Horizontal _ 1 —~
Side slope. ne —————~ ~ 3 s »
o Vertical 2 s AL
Bed sl ; 1 NEEE
op<e. 1= — \
B 4 i 1500 o
] : ; 2
A Nae A= m T3
Arca of section, :_ ;3 Fig. 16.12

Chezy’s constant.
For the most economical section. usi

o 2x1xd 2
T xd _ g J@) +1

2
or b+d=d/l+l =1.118d
2 V4 & —

b=2x1.118d—d= 1.236 d

ng equation (16.11)

or
o
But area of trapezoidal section, A= i)—"-—(—b;—il—@ xd=(+ nd)* d
=(1.236d+ + ) d (- ] b=1236dand n=
=1.736 d- R
BZ A =40 m’ (g

2 40 = 1.736 d°

&:L}.S’Om
b- .92 m. m : CL(L

@\‘JM{‘_&Y qu\

L uox@ Npurio
| Fo0

2 D vl
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Flow in Open Channels 749 S
4= JT = 4.80 m. Ans.
L.736

Substituting the value of d in equation (i), we get . R
b= 1236 x 4.80 = 5933 ™. i for most economical section 18

Discltarge for most economical section. Hydraulic mean depth
med_3480 _o40m
_ 2
0x :
Discharge Q= ACmi =40 x50 % 24 1500
= 80 m’/s. Ans. ‘ y ; d slope of i
ey o Ct vt —eind Line sidaiclanasiofi3 horizontalito 4 vertical “_" i .E < {

)
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SPECIFIC ENERGY LINE
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L ===
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CHANNEL BOTTOM
%

ik Y

Fig. 16.25 Specific energy.
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|Z72 Fluid Mechanics e

R L (162
E=h+-—2—§ D

Ty I cific energy. Hence specific energy of 4
Th ven by equation (16:21) ‘is known a5 g%e#,_,,&y

fomins Koy o defined as exergy per unit weight of Te Tiquid with respect to the botiom of the
ﬂzn]%egiﬁc Energy Curve. It is defined as the curve which shows the variation of specific SheRy

with depth of flow. It is obtained as : i
" From equation (16.21), the specific encrey of a flowing gt

S

——

V2

where E,= Potential energy of flow = h

2

E, = Kinetic energy of flow = —

2g
Consider a rectangular channel in which a steady but non-uniform flow is taking place.
Let Q = discharge through the channel,

b = width of the channel,
h = depth of flow, and
g = discharge per unit width.

Then d= ———Q— = Q = constant (-~ Q and b are constant)
width &
Disch: 0.
Velocity of flow, Vi —oifls 0 _4 ( 24, a]
Area bxh h

Substituting the values of V in equation (16.21), we get
R .
E=h+ - —E,.+Ek ol L22)
2gh”
Equation (16.22), gives the variation of specific energy (E) with the depth of flow (h). Hence for
a given discharge Q, for different values of depth of flow, the corresponding values of E may be
obtained. Then a graph between specific energy (along X-X axis) and depth of flow, & (along Y-Y axis)
may be plotted. . ‘

o Y 5 8 & 2
2

E 29hE X E=h+ 1 2

16_1 p= 2gh
T,
X C: SPECIFIC
2 T ----- o \:G\ ENERGY CURVE
l h4 ?c 45° ]l / B

= X
= Emin—'- :

™ SPECIFIC ENERGY (E)
Fig.16.26 Specific energy curve.
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Flow in Open Channels 773

The specific energy ¢y

- : I'VE mg
— h), which will o Ay alSol hetatyra:
=/ be a Straight line passin ¢ (l)]blmned by first drawing a curve for potential energy (i.e., E,
& through the origin, making an angle of 45° with the X - axis as

2
I curve for kinetic ener ( =
gy | l.e., E, = 2
2gh

shown in Fig. 1622 Then drawing anoth
e
or E,=—,

h...

>
il

2
q
ere K === : .
¥ o constant) Which wi] be a parab
a parabola as shown in Fig. 16.22. By combining these two

curves, We can obtain -
€ specifij :
energy curve. pecific energy curve, 1n Fig. 16.22, curve ACB denotes the specific

6 Critical Depth (h o ]
\/spae’c?i;li(:‘__gil_?rgy 18 minimul(n C:)]:h- C-rmca] depth is defined as that depth of flow of water at which the
¢urve and p'()—i}ith"ﬂé_()'vr'rVESpOrids [IS b den_ot.ed by ‘h.’ . In Fig. 16.22, curve ACB is a specific energy
known as critical depth. The n; t(I: e Mminimum specific energy. The depth of flow of water at C is

athematical expression for critical depth is obtained by differentiating

the specific energy equati .
8Y equation (16.22) with respect to depth of flow and equating the same to zero.

By

or dE 5
—==0, where E = h + El from equation (16.22)
dh i 2gh*

d 2 ) ?
=4 q Lo s =

05 dh [h + 5 2:’ =0 or 1+ (—2-) =0 S M constant)

gh 2g \h? 2g
q2 2 2
or 1_—3=O or lzq—3 or ]73=q
gh gh’ g

- "3 13 |
8

But when specific energy ig minimﬁ'm, dépth is critical and it is denoted-by h_. Hence critical depth is

q

h, =

C

5 \1/3
( ] .«(16:23)

g
0 16.7.2 Critical Velocity (V). The velocity of flow at the critical depth is known as critical
velocity. It is denoted by V,. The mathematical expression for critical velocity is obtained from equa-

tion (16.23) as
2 1/3
s

2
e I L9 o)
g

- i :
Taking cube to both sides, we get hi=

Bug g = Discharge per unit width = = ;

=Are2xV=bxth —hXV=h XV,
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774 Fluid Mechanics

Subslltutmg this value of g in (9,

gh‘—(h XV)

n*xV2orgh =V’ [Dividing by h 2|
gl_ :__. ' —

T ,—:j
ox | Ve gxh

\

E‘

i

\

|
¥ -..(16.24)

16.7.3 Minimum SpecrflﬁrTEFEy n Items of Critical Depth. Specific energy equation
is given by equation (16.22)

2
q
=h+
g 2gh*

When specific energy is minimum, depth of flow is critical depth and hence above equation becomes as

2 i
9 _ ()

g

(o

1/3 2
: q° s q
But from equation (16.23), h, = —g—- or h,

2
Substituting the value of 9 - hf in equation (i), we get
4

h h, 3h,
Emin = hc +—5=h

= . = = T ‘g"r“." €1 .(1625
ol Sl 7 e

Prob!em 16 33 Find the speczf c energy of flowing water through a rectangular channel of wid
v v 1N .3t aind Aot Afsivator 10 2 m
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quil Flow. When the depth of flq,,
d to be sub-critical flow or streamjy,
han one i.e., F, < 1.0. g

| 776 Fluid Mechanics
low or Sub-critical Flow or T.ran‘
the flow 1s sdl

in & is an the critical depth (h.) _
:‘I ;{]0:/(:::‘ ?rr::(;:ilg';g:r gor this type of ﬂcl:w the Froude number 1 le?s t
tical Flow or Shooting Flow or Torrential Flow. _thn the depth o
than the critical depth (h,), the flow is saic_l to be super-crltlca} flow or ShOOting
flow or torrential flow. For this type of flow the Froude number is greater than one i.e., F, > 1.0.

n the specific energ own in Fig. 16.22, the point ¢

ths. I ; If
16.7.7 Alternate Dep nergy and the depth of flow at C is called critical depth. Fo,

corresponds to the minimum specific € e
any other value of the specific energy, there are two depths, one greater t?u:m the critical depth ang
other smaller than the critical depth. These (WO depths for a given specific energy _El_lf@_,C_allgd the
altern These depths are shown as h, and h, in Fig. 16.22. Or the depths corresponding to

points G and H in Fi lternate depths.
ra Given Value of Specific Energy. The

16.7.5 Streaming F

| 16.7.6 Super-cri
flow in a channel is less

g. 16.22 are called a
r Maximum Discharge fo

16,7.8 Condition fo ;
ecific energy (E) at any section of a channel is given by equation (16.21) as
2
E=h+—, where V=g:£
2g A bxh
o 1 0’
Ff e =
B2 xh* 2g 2gb*h’

G2 = (E—h) 266K or Q= +(E-h)2gb’h* = b,28(ER* - 1)
O, the expression (ER* - h*) should be maximum. Or in other words,

(-~ E is constant)

or
For maximum discharge,
—%(Ehz— B)=0 or 2Eh- 32 =0

2E-3h=0 (Dividing by h)
...(16.26)

or hz%E

or (E=3

But from equation (16.25), sﬁeélflc

depth of critical flow. Here in equation (i), the sp
Thus equation (i) represents the minimum specific energy an
condition for maximum discharge for given value of specific energy

be critical.
% Problem 16.36 The specific energy for a 3 m wide channel is to be 3 kg-m/kg. What would be the
(A.M.LE., Winter 1980)

mavimum nnccihle diccharee ?

or

)

-

|

()

—
energy is minimum when it is equal to & times the value of

ecific energy (E) is equal 5 time the depth of flow.

d h is the critical depth. Hence the
is that the depth of flow should
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