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_lntroduction

« An open channel is a natural or a2 man made structure in which liquid flows with a free surface
at atmospheric pressure. ' '

o For example, flow in rivers, streams, flow in sanitary and storm sewers flowing partially full.

A_t apezeidai shaped : '_ o . A cir{.uiar 'sh.é'pet}'_ .

" Prismatie and Non-Prismatic Channels

¢ A channel in which the cross sectional shape, size and the bed slope are constant is termed as
Prismatic channel. -

o Al natural channels generally have varying cross section and consequently are known as
Non-prismatic channels,

e Most of the man made channel ave prismatic channels over long stretches. Rectangle, trapezeid,
triangle and circle are commonly used shapes In man made channels.

Rigid and Mobile Boundary Channels

¢ Rigid channels are those in which the boundary is not &Lformabie The shape and roughness factor
is not a function of flow parameter.

o In other words, in Rigid channels, the flow velocity and shear stress distribution will be such that
no major scouring, erosion or deposition will take place in the channel and the channel geometry
and roughness are essentially constant with respect to time.

»  For example, lined canals and non-erodible unlined canals.

¢ In Rigid channels only depth of flow may vary with space and time depending on the nature of flow,
Hence these channels have one (1} degree of freedom.

«  Mobile channels are those in which the boundaries undergo deformation due o the continous process
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+ Inmobile channels, the resistance to flow, quantity of sediment transported and channel geometry
all depends on interaction of flow with channel boundaries.

¢ In mobile channels, depth, bed width, bed slope and layout changes with space and time. Hence,
these channels have four (4) degree of freedom.

* In mobile channels, flow carries considerable smount of sedim ent through suspension and in contact
with the bed. .

T Spatially  Ra

© - Spatially. -

tia tially  Rapidly " Gradually Uniforen
varied . ied varied varied varied
SVUF) . ®VUF) eV @D . @VH

Steady and Unsteady flows . _

*  Asteady flow occurs when the flow properties, such as the depth or discharge at a section do not
change with time. S _

+ If the depth or discharge changes with time, the flow is termed unsteady flow,

¢ Flood flows in rivers and rapidly varying surges in canals are some examples of unsteady flow,

Uniform and Non-uniform flows

s ifthe flow propezf-ﬁties'; ‘such as depth of flow, in an open channel remains constant along the length
of the channel, the flow. is said o be uniform.

»  Aflowin Whi{?.}_l,. the _%}ow properties vary along the channel is termed as non-uniform flow

* A pusmatic channel carrying a certain discharge with a constant velocity is an exarple of uniform
flow M

*  As an unsteady uniform flow is practically impossible, the term uniform flow is used form steady
untform flow.

¢ In uniform flow, the gravity force on the flowing liquid balances the frictional resistances between
the flowing fluid and inside surface of the channel. In case of non-uniform flow, the friction and
gravity force are not in balance.
Property of Uniform flow
(1) Bed slope = Energy line slope
23 Depth of flow = constant .
This constant depth of flow iz called us normal depth. In other words we can sav that uniform flow

gecurs at normal depth.
P2 A RS PR S C SR
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e Under uniform flow, Bed slope = Energy line slope = Water su

Gradually Varied and Rapidly Varied flows

o Flow in non-prismatic channel and flow with vay: ymg veioaties in a pr ismatic channel are examples
of Varied flow. .

s Asa uniform varled flow is zmposszble the tarm Varze_ 'ﬁow is used for Non-uniform flow.

o  The non- umfo;,m flow is further clasbzﬁed as Gr aéuaﬁy Vaued Flaw (G y F} and Rapidly Varied
Flow (RV E)

o If depth of flow changes graduaﬁy over- a Iong distance along the length of channel such that
curvature of free surface is mild, then flow is called as Gradually varied flow (GVF). For example
flow at upstream side of sluice gate. '

x\\-x\'\%'3\--\'-_‘&\_-;\'-‘?-“?’?-\;"‘;:\\.'__"
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o In GVF, the loss of energy is mainly due to boundary fnction.

+ In GVF, the pressure distribution in vertical direction 1s taken as hvdrostatic.

s Ifthe curvature in a varied flow is large and the depth changes appreciably over short length, such
flow iz called Rapidly varied flow.

+  For example, flow at downstream side of a sluice gate 1s a Rapidly varied flow.

o 1In RVF, frictional resistance are insignificant.

—— v e ~ 21 ® P IV (P S

. eI ELON | oI



Open Channel Flow CIVIL. ENGINEERING

(@ Gradually varied unsteady flow : Passage of flood wave in a river.
(b) Gradually varied steady flow : Backing up of water in a2 stream due to dam.
(© Rapidly varied unsteady flow : A surge moving up a canal breaking of wave on the shore,

@ Rapzdiy varied steady flow : A hydzauh{‘ jump below a spillway or a sluice gafe
A A7 GV? Umf{}m flow " o .

S Umform ﬂew - g

s '::'-:-Umiorm fiow

ot Tyl
T

Spatially Varied flow

I some flow is added br-s_ubtracted from the system, the resulting varied flow is a Spatially varied
flow (SVF). R '

SVF can be Steady or unsteady. The flow over a side weir, flow over a hottom rack is steady SVF,

where as amiace run off due &0 zamfaii 1s an unsteady SV,

{n :.ec!ron

o T Q= Q- Q)
R YN TWYM
G
L«- - -j Plan

Flow over a side weir
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Laminar and Turbulent ﬂow_

*

*

*

We know that Reynold's Number R, is used to demarcate between laminar and turbulent flow

Where,

R, = Reynold's Number

v = Flow velocity.

R = Hydraulic radius

v = Z&l_nematlc viscosity R

In an open channel flow if R, < 500 flow is laminar where as if R > ZOGO ﬂow is Lmbulent flow.

Generaliy the flow in open channel s a turbulent. flow.

Critical, Sub Critical and Super Critical flow

*

In open channel, flow is under gravity therefore gravity ferce and mertxa force both plays the role,
Hence Froude no. is more important than reynold no. ' :

If: an open channel flow Froude number () is used to filffewntlate between the suberitical, critical
and super critical flow. N

Where,

F, = Froude number

g = acceleration due o gravity
L, = Cha1.‘acterist;i_c'::_'__l__g__a%}_g_th_;. -_

Characteristic Zeng:tﬁ"?(_i._)c}:fﬂr any cross sectional shape is expressed as

. Areaofflow
¢ Topwidthof flow

Characteristic length for a rectangular cross sectional area (A) and having fop width of flow B is

L :émgx}r:::\r
T B 7

¢

At critical flow condition in Rectangular channel depth of flow is called critical depth (v} and
velocity of flow is called critical velocity (v ) and Froude number is equal to unity (1),
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o ¥ <1; Flow is called sub critical or streaming or trangril,
H ! ’ . i . -

s HF = 1; Flow is called critical. At critical flow conditon specifie E€Nergy Is mininum.
T E

s IfF, >1; Flow is called super critical or shooting flow or torrential flow called vapid flow.

" Depthoffiow |V

4. Atlow flow velocity i.e. F_ <1, asmall disturbance produced in it

*  Denominator of Froude number {(ysL,)

represents the speed gt which .i‘,}:'_l_g_aﬂdis.i;ur_bg_r}ce wave fravels

i still water condition. It is called as celerity Cy-

: stieam will teavel in upstream

direction with a Veiocif,y of (Cy—v) wort, stationary observer on'the ground Where C, = \/;rf,: and

v = velocity of stream.

»  We can observe that in suberitical flow conditions (F S 1) upét%éa;n conditions ave affected by down-

* For a suberitical flow condition, the computation of water surface profile must start from down

stream condition. Therefore for a suberitical fiow-c_dnd'i_ti_un, downstream section is a control section.

s

stream location and proceed upstream location.

* At high ﬂow-ve_lo{:ity ie F v~ 1 a small disturbance can not travel upstream, as the velocity Gy

being less than'v, the disturbance wave is washed downstream with 4 velocity equal to v — Cowrt
to stationary observer on the ground.

* Hence, flow is controlled by upstream condition, Le. upstream section is the control section.

1‘

L —

!

|
T |
.

[

—— e, v—w..l
By ;,-/,-??7.”"7'7'7'7,’7777?'- SEEE R
SFE [

Corrol section

Computation of WRLEr sUrface mrofie morat <o foo o 1s
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Note: Te case of critical condition (F, 2 1) G © v, he. velocity of travel of wave {v - (ol = 0, hence the disturbance

wave will not travel at all.

o A typical velocity profile at a section in a plane normal to the direction of flow is as shown below.
This profile can be roughly described by a legarithmic distribution or a power law distribution.

TEIITITTITII

» Velocity is zero at the boundaries and gradually ;@'nci‘égs_e_s with the distance from the boundary.

» It has been observed that maximum velocity of flow ocours at a certain distance below the free
surface. This reduction is due fo the production of secondary current which is a function of aspect
ratio (ratio of depth to width.) :

» The presence of corners and boundaries In open channel causes the velocity vectors of flow to have
components not only in longitudinal'and lateral direction but also normal direction of flow,

o This flow in normal direction is secondary flow and produces secondary current.

12

« From the field observations, it has been observed that average velocity of flow occurs at a depth 0.6
¥, from the free surface, where v, = depth of flow.

Ve = Vgg Aless reliable)

e Vo
Also, v, = = —=5 0 (More rehable)

avy

o The surface velocity v_is related to the average velocity v, as
Ve = By,
Where, '
K = coefficient with a value bhetween 0.8 - (.95,
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The velocity distribution in a channel section depends on factors as shape of the section, the
roughness of the channel and the pressure of bends.

In a broad, rapid and shallow stream or in a very smooth channel, the
be found very near to the free surface.
The roughness of the channel will ca
crease,

Surface wind has very hittle effect on velocity distribution.

maximum velocity may often

use the curvature of the vertical velocity distribution curve to

,,
e

In a channe] with mild/small bed &
Therefore. the piezometric |

ope, vertical section ia practically same as t)

18 normal section.
1ead at any poing in i)

16 channel will be equal to the water surfuce
elevationa.

where, v is elevation helow wate

,, e

T |

v aurface,

Hydraulic grade Hins will cnimeida i o
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Channels with Large Slope

normal section.
o the cosine component

Where,

y = normal depth at any section

8§ = angle between vertical and normal section. <
¢ Hydraulic gradient line will lie below the water sur fa{:e

Note: Considering unit width inside
LFy =0
PALL= Woosf -
Pal=ALy.y.cost

i
;W ﬁi;uidaéw%,

H
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¢  We know that | Pressure at Point A

| _ Where,
B = (& -2
a, = normal acceleration

* Pressure at point A (e botiom most point) is less than hydrostatic pressure.

Curvilinear flow in Upward Concave Surface

Byi=pg,

Where,
Bep = (8 +2a)

¢ Pressure at point A is more than the hydrosta_zic pressure.

Continuity equation is based on law of conservation of mass,

Steady State flow

* In asteady state flow of incompressible fluid, the contin wity equation states that the volumetric rate
of flow {discharge) across various section must be the same.

Q= vA= vid = VoA,

Unsteady State flow

* In unsteady state flow of incompressible fluid,

the continuity equation states that net discharge
geting out of control volume

should be equal to depletion of storage in control volume.
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lersur:ace'eievatmn e
) a: instamf

o Accor dmg o i\tewtons second law of motion, the rate Gf chfmge of momentum is equal to the

resultant of all the external force acting on the body. .
Steady fiow

s [nsteady bmm the rate of change of momentum in a given direction will be equal to the net flux
of momentum in that direction.

» Espression for momentum change per unit time between two sections of channel can be written as:
M, - M, Po— P, + Wsnb - F,
plv,—pQv, = YAV, —vA¥, + Wsinb-F

I

pAVY — {}A vi = yAF - ALY, +Wsinb - F;
Where,
M, & M, = momentunt per unit time at section 1 & 2 respectively
P, & P, = Pressure force acting at section 1 & 2 respectively

-y
"

. = Total external force of friction or resistance acting along the surface of contact between the
water and the channel, '

W = Weight of water enclosed between two sections.

8w hndd slana
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*  For parallel or gradually varied fiow the values of P in the nomentum equation may be computed
by assuming a hydrostatic distribution of pressure.

* For curvilinear or rapidly varied flow, the value o

{P must be corrected for curvature effect of the
streamlines of the flow.

Un-steady flow

* In unsteady flow, momentum equation states that the al
given direction on a fluid mass is equal to the net change
the time rate of increase of meom

gebric sum of alf the external forces in a
of linear momentu Vinthat direction plus
entum in that direction within control voliime, T
&«  Therefore in unsteady flow, the linear momentum equation v

will have'an additional term over and
above the steady flow equation to include rate of changé of mb‘ﬁiéiztum-:ih'cemrol volume.

*  Specific force is the sum of pressure for
at a section.

a.///f////-//////////// T

o - @

M, - M, = P, - P,

{#3 channel is assumed frictionless Fow 0 and bed is horizontal w ging = g

i\"f% . p! e j\f{_j + Pz

P |
;Em_vf = Specific Force;
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: e Specific force for horizontal frictionless channel will be constant.

e The speczﬁc force for a given discharge is mmxmum when the flow is critical (F, = 1.0). At a value
of ¥ > F, there are two depths of flow y, and y, ‘which yield the same specific fol ce at the given
discharge. These depthy e ealied cnn;agam ciepths orsequent depths.

Acwrdmg to energy equatzan the d
to loss of energy between these"' '

OV EEy; LTI Chame;bed 2
. IRTTTT T
.JE
1 Datum ¥
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We know that,

Total energy at any section = Pressure energy + Kinetic energy + Elevation energy

Sol. Conszder a unit wz&th of chamlel The force exerted by the gate on fluid is F An equal and opposits
force exerted by the fluid on the gate is F. Let Discharge per unit width across CV is q.

A control volume is selected between section 1 and 2 and a hydrostatic pressure distribution o

the either end.

From momentum equation

Py =Py -F = M,- M,

QQ(VQ -

|
&
B ko

|
5!
il

: '\bq\ge'-?é'iéfum, it is also called
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ﬂ-equatxon

Substituting, — =

9 2.2
Q- Y1 ¥
22 (vi+vs)
2q 4y} ¥
g (31 +72)

®
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Soi Conszd er a centroi volume surrmmdmg the fi
- ds'considered. Let the drag force on the biock
s f'rlctioniess horizontal charmei azld hy

gure as showr: in the figure. A unit wxdth of apmn
is'equal to F. hacting in upﬁ;tream dzrectwra Assume
drostatic pressure distribution at section 1 and 2.

"y Pg

. : Yo 7 B

P Fe Iyl JQ‘I . {
e I(“D s

LI TTTITi 7777 777
From momentum equation

P, =P, F. = N, .M.
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and .. . q= discharge per unitwidih of the chanmel.

]
A
N

3

P

 PRRTIRRN AR /X:(\ TR TR RS TR TPRRY

Sol. Cansider 2 control volume CV as shown in the figure sbove. Let the discharge per unit width
be q. PIEE.JU"@ dlambut:on throughout ¥ depth ia atmospheric because the flow sheet after going

e
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B - Applying Momentum equation.

Wi = pavyean

e gf’ﬂ = | f

|

Figuzebeiow siwwsa a free o{reffa}_i" ina horizorztai_fz_'i.ctior:i}:e's"s"réé_tangular channel
flow to be ‘horizontal at Section 1 and the pressure at the brink of Section 2 to
<Hhiro; 'ghbtjz_‘t'_t'hé;_'aepth, show fﬁc‘i?i e T

. Assuming the
be ‘atmospheric

et
i
£
&
ueiad
o
=
1l
[
.
[l
B
o
=
N
ol
Faa el
=
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LR Py S M =M

] Sol. Applying Momentum equation between section Tand 2 ..

ORI

e _ 2By

Ve T L2
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OBJECTIVE QUESTION |
1 The ripples formed on the water surface by dropping a stone in open channel indicate the type
of flow. The flow will be sub-critical when
(2) the ripples are swept away downstream
() the ripples travel sideways only
(& ripple are not formed
@ the ripples move in upstream and downstream directions
2. Match List-I (Practical case) with List-1I (Type of flow) and select i:he_.céfi’:féct answer using the
codes given below the lists: - '
ListJ e e , ListIl RS
A, Canal flow . L Steady and non-unifoim (Gradually
varied) flow - ' ]
B. River flow in alluvial reach during rising floed 2. Stedy and nopsuniform (Rapidly varied)
. low
C. Flow in river upstream of a weir during 3. Steady upiform flow
winter season o .
D. Flow downstream of an everflow spillway SR ffiisbeady and non-uniform (Gradually
varied) flow
Codes:
A B C D
(a3 1 A 3 4
@ 3 4 i 2
© 8 2 1 4
(1 ' 4 3 2
3. A person standing on the bank of a canal drops a stone on the water surface. He notices that the
disturbance on the water surface is not travelling upstream, This is because the flow in the canal
is o
{a) sub-eritical (b} super-critical
© steady : {@ uniform
4 Under which of the following conditions steady non-uniform flow i open channels occurs?

{2) When for 2 constant discharge the liqud depth in the channel varies along its
length

{5) When a constant discharge flows at the constant depth

() When a constant discharge flowsin a channel laid at a fixed slope

{d) When the discharge and the depth both vary along the channel length

When the depth of flow changes gradually over a length of the channel, then the flow will be termed
as

{a) Rapidiy varied flow - {by Critical flow

(¢} Gradually varied flow (dy Untform flow
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6. Non-uniform flow may caused by
{a) The change in width, depth, bed slope eic. of the channel
() An obstruction, across a channel of uniform width
{&) None of the above
@ Both (a) and (b)
7. The phenomenon occuring in an open channel when a rapidly flowing stream abruptly changes to
 slowly flowing stream causing a distinct rise of hguid surface, is

(@) Uniform flow

) Critical discharge
(¢} Hydraulic jump |
(&) None of the above

8 The channel whose boun&-é'ry- is not deforable is knownas - - .- .:

. {a} Rigid channel
{b) Prismatic channel
{c) Mobile channel
@) Boundary channel

9. Steady flow in an open channel exists-when the E
@) flow is uniform : (b) chanm} is frictionless
{© depth does not change with time s - ) channel bed is not curved

10. In a steady spatially-varied flow in a prismatié open channel, the
{a) depth does not change along the cha rmel Iength
(b) discharge 1s constant ai{mg its iength
{¢) discharge varies along the Iength_of channel
{d) discharge varies with respect t_o. time
11 A flood wave while passing down a river section protected by embankments, spills over the
embankment at cez tain: Zacatlens The flow is clagsified as
a) steady GVF - ) steady SVF
{c} unateady RVF o ) unsteady SVF

12, in the umf{}rm fiow in a channel of small bed slope, the hydraulic grade line
(a) CGanid{,S with the the bed
b is considerably below the free surface

¢} is considerably above the free surface
{d) coincides with the free surface

13. A uniform flow takes place in a steep channel of large slope. The hydraulic gradient line
(a) comncides with the bed

hy essentially coincides with the free surface

(¢} 1z above the free surface

iy s below the free surface
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1. A channel with very small value of logitudinal slope S, has its water surface parallel to its hed. With
the chanule bed as the datam, the variation of the piezemetric head H, with distance above the bed
¥ in this channe] can be represented by the following: '

15

The velocity and depth of flow ina 3.0 m wide rectangular cha;mé are: ;'ngfg\_ and 2.5 m, respectively.
If the channel has its width enlarged t0 3.5 m at a section, the discharge past that section is
& 10.0 m¥s ; R

b 20.0 m¥s
&) 150 m¥s
@ 17.5 m¥s

16. For an open channel flow to iake place between tw_o_geétigns.
@ the channel bed must always slope ifz".'.thé_"'&i_re_f_:_tion of the flow
() the upstream depth must be larger tﬁéaf-fh:_'d(jwnstream depth
{¢) the unpstream momentum mzisgh_e_@af:g'\ér than the downstream momentum

{d) the total energy at the upét;_ega_zji;eh& must be larger than the total energy at
the down-stream: section.

17

The total energy head for an open channel flow is written with usual notaionas H =z +y + V¥
2g. In this each of the terms represent

(@) energy in Kg m/kg mass of fluid
()] energy in N m/N of_ﬂﬁid.

{£) power in kWikg mass of fluid

@ energy in N m/ mass of fluid

18. Piezometric head is the sum of

(&) pressure head, datum head and velocity head
(b} datum head and velocity head
{c} presswre head and velocity head

(d) pressure head and datum head

13, The difference between wtal head line ang plezometric head line vepresents
{a) the velocity hepd
() the pressure head

{e) the elevation of the bed of the channel

d} the denth of Aow
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20,

21

22.

23,

The momentum equation m x-direction as LF, = le.( V.o — V,4) has the assumption
that the flow is '

(=) steady

&} uniform

{©) unsteady

(d) frictionless

Normally in a stream the ratio of the surface velocity at a location to the average
velocity in the vertical through that location

(a) is greater than 1.0

() will be between 0.8 and 0.95

(¢} is less than or greater than umty éepen&mg on the type of flow
(d) is equai £0 (} 6 - ' '

If a sluice gate produces a change in the depth of water from 3. O m to 0 6 m; then the force on the

gate is about .
&) 9.5 kNfm : ‘ {&) 1_9.'01'ka11‘1
{} 38.0 kN/m ' ({i_} ___’?'G.(} kN/m

The specific force is constant .
(a) .in all frictionless channels irrespective of the magmtu&e of the longitudinal stope
(b in horizontal, frictionless channels of any bhape

{¢) in all horizontal channels of any shape o

{d} 1in any open channels

N AN SWERS )

2. : (b} 3 (b)ei. (a)5 (c) ) 8. @7@
L@ W@ @ B @ B @B
16 @ : 17 (b) 18 (d) : 19 (a) 20 . (a) .

For a subcritical flow disturbance will travel upstream and down stream also.
For a supercritical flow disturbance will not travel upstream as the velocity of disturbance wave will
be less than the velocity of flow and hence washed off. '

For a steady state condition discharge should be constant and for non-uniform flow condition depth
of flow should vary along the channel length.

For a Gradually varied flow depth of flow varies gradually along the channel length.

Chanve in w :dt‘n dapth cmci bcd iope will cause change in depth of flow. Also a cbstruction {eg.
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7. When a rapidly flowing stream abruptly changea to a slowly ﬂowmg stream it results into a local
phenomenon called Hvdraulic j jump.

- ' 8. For rigid channel, channel boundaries are non deformable.
9. In case of steady state flow, flow properties does not change with time.

10. For a steady state spatially varied flow discharge varies along the length of channel.

12. In the uniform flow in a channel of small bed slope HGL coincides with the fr@e surface.

13. In the uniform flow in a channel of steep slope HGL is below the free surface.

i4. For a channel will small bed slope, plezometric head is constant through outt the cross section.
15. Discharge will be constant, from continuity equation :
Q= AZV} - ‘d‘“z va
Q=3x25x 20 = 15m¥sec

16. Flow always takes place from higher total energy to Iower tatal energy

17. These energy are in the form of energy per unit Welght

18. Piezometric head is a sum of datum head + pressure head. -

i,

? ’)
19. Velocity head = {‘{ SR Z] (~+Z}

2L v, = kv

avy 5

where, k = 0.8 - 0.95

s 3
92 p o 1,00 ,,>w; @3-06)°
2. F = 2 VT, = ><9 81 ”5“:66 18.835 }{me

23. For a h{n z?ontai frictionless channel of any shape specific force is constant.
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U.niform Flow

JINTRODUCTIONS
o A flow in open channel is said to be uniform flow if its properties yemains constant with respect

to distance. i.e depth of flow, area of cross section and velocity of flow remains constant along the
channel

¢ 'This constant depth of flow in uniform flow is called Normal depth.

‘& As the depth of flow and velocity at every section are constant therefore the channel bed slope, water
surface slope and energy line slope will all be same.

) Slgpeof .- Lo R

t(?r.syifa'ceu'q
: HRte =g

SIGP@ = SG

e A prismatic channel carrying certain discharge with constant velocity is an example of untorm
flow.

e In uniform flow. the frictional resistance acting between the {luid and channel boundary are balanced
by the gravity forces.

Nofe: Tr any type of Flow the depth of flow correspending to the siope of bed will be the Normal depth.
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In uniform flow since the velocity of flow does not change along the length of the channel, acceleration
is zero. Hence, the sum of the components of all the external forces in the direction of flow must
be equal o zero.

For practical purposes, the flow in a natural channel may be assumed uniform under normal
conditions, ie., if there are 1o flood flows or markedly varied flow caused by channel irrepularities.

Chezy's Equation

Momentum Equation for Uniform flow.

[ ]

Writing momentum equation between se_é_tion' 1-& 2, which are L-distance apart.

As flow is uniform, we i{neﬁf.tﬁ.ét; '.

P/ =P,and M, = M,
Also, | . _ W = vA L sin® and F .= 1,PL
Where,

A = Cross section area of channel {constant)

i

y = Unit-weight of water

L ﬁ_LenéﬁﬁBétweén two section (1) & (2)

Ty = Average shear stress on the wetted perimeter.
P = Wetted perimeter of the channel section.

Now as P, =P, & M, = M,, momentum equation can be written as;
AL Sind . T, PL =0

vAL Sinf = 1, PL

It should be noted that from the ahove equation m uniform flow, frictional forees are halanced by
gravity forces, For small value of g 1.¢. for mild slope channel 8 — 0% sl = tan® and we know
that, tanfl = Do thed slope).
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s 1,1s the average shear stress on the wetted area under uniform flow condition.

s From the various experiments it has been observed that wall shear stress is proportional to the

2
p; J and is independent of viscosity.

dynamic pressure, (

oV
o =

.
o= KP“E“

Whére, _
K = Constant dependent on the roughness of the channel.
p = Density of water R
v = Veloaty of flow

2 =" 2 g As, =L = Cons taz&t'!
: oK pK i

12y o _
e The constant €= 1’{)_}“{‘ is termed as Chezy's coefficient and the above equation is called as Chezy's

equation Le. v =, CVRS
where,

v = Average veloeity

Hydraulic radius of the channel section

§ = Bed slope of the channel

C = Constant, depends on the nature of flow and nature of surface.

bevj
H

Manning's Equation
e 1n 1889, Robert Manning proposed a formula for determination of average velocity of flow, it 18 the
most widely used formula for uniform flow computations in open channels.

1 Lo o
v o e B Sg_
n
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where,

Average velocity of flow.

Rough ness coefficient which is a function of the nature of boundary
as Manning's n. :

Hydraulic radius of channe} section

= Slope of energy line.

i

3

surface, popularly knows

 Asphalt, smoothi .
Natural Channels
- Grav’aib@ds straight

~ Gravel beds p!

roug

. Soo00d0
“homs

~Eavth, straigh

0.050 -

Nole: There are many enmpirica
related to bed particle size,

_ ' i . .
Strickier Formuls n = ;{*(}16 where dsy {meter) is the particle size in which 50 percent of the bed material
is fjner_ : . T,
- : . (}J’G
Meyer's Formula n = ﬁ': where dg; {meter} is the particle size in which 90 percent of the bed material

is finer. This equation is wseful in predicting

n in mountfqin stream paved with course gravef and

‘We know that

v o= C\ﬁ:{g
Hence S is the slope of energy line, for uniform flow in open channel

j i
: hyi
iSlopeof Energy Lin{amS:‘-Iig[

I formuloe presented to estimate Manning's n. In these empirical formulae n is
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¢ From the Darcy’s weishach equation

Where,
h,= head loss due to friction in a pipe of diameter D and length 1

[=Darcy's weisbach friction factor.

For a circalar pipe of diameter D

(A)

. From Chezy's Equation

v = CJI?J% | (B

By comparing both the above equétie%z (A) & (B) we can write that

* «  Also comparing Mannings formula with Chezy's equation

VoI }_Rﬂffi Sﬁz mC\/ﬁg
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Note: Mannings formula is most widely used formule for practicel purpose but it does not give better results in
situations where Reynold number effect is predominant.

* A section is said to be economical when its construction cost is minimum for a given discharge.

* A section is said to be most efficient, if for a given cross sectional area, the discharge carying
capacity is maximum.

*

As we know that, the highest component of total construction cost in 2 channe! section 15 coat of
lining and if the perimeter is kept minimum the cost of lining will be min,, hence it will be most
economical section.

* For a maximum discharge for a given area A, perimeter should be mimmumAs we can observe
that Q is inversly proportional to P¥3. '

From Manning's Equations

i

Q = —AR¥ g
n .
1, (A"
= AT g2

*  Also if perimeter is minimunm resistance offered by the perimeter will be minimum hence discharge
- will be maximum,

*  Relationship between various geometric elements to form an efficient channel section can be obtained
as follows.

Most Efficient Rectangular Section

. C{}néiﬁer a rectangular channel section of Width = B, Depth of flow =y

Area, A = By

[R WIS w
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&‘X .
P o= ‘;‘"5“25? {Area = Constant)

We know that channel will be most efficient if for a given avea A, P is minimum.

4P
dy

A

—_ . —+2
dy y

iy

, . A
so; Hydraulic Radius, R = T

|
|
1
=
i
=

i

+ For most efficient rectangular channe] section depth of flow y = B/2 and Hydraulic radive K =

L

Most Efficient Trapezoidal Section
Case I : When side slope is fixed
Cousider a channel section of bottom width = B, Depth of flow = v, Side slope = 1 m (V: H)

Y

A

B

not bz most efficient, Hepce in this cose ow

Nofer As we don't have complere freedom i design, the design will
aitn will be. 1o find cut the condiion for efficiant channal sooiion
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There are 3 variables v, B, m1 but as m is fixed, the number of variable left out are two, v and B.

é- (B+B+2my)y

Il

Area, A

A= §(2B+2my)y

?erimeter-,--\IP-:.Q:SFI‘ZY\}%IE T

A
Substituting. B = o my

) A & m oare constant)

We know that, for efficient channel section bf_a_ given Area A, perimeter should be min.

dp = :Oé~111+2\3m2+1
dy ¥ :

\\\\\\\ | ~ \/—;—«!
—=tm =2 +1] .
P -

\F
o A
Substituting, L= B+ my
Brlmy = yodn +1
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Euvssss e sttt

i

i

We know that, y\lgz}f} length of side slope.

€| First condition.

o For, efficient trapezoidal channel section with fixed side slope half of mpldth should be equal to

length of side slope.

| A
Also, Hydraulic Radins, R = 3

Brmy)y . S

R o= B—kf&y\fr_r_i_?...;}_—:l'

Gy
~ B+B+2my

:(Bdrmy)y

| Second condition.

+ For efficient channel, Hydraulic radius R should be equal to half of depth of flow.
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Further,
, Op X
In A AOP, and = 20 ~ T3
AR
“ ywWl+m?®
By comparing both the above equation
x o y
T/ 2 y 1+ mi—!
e _ Y
l’ - =
yV¥i+m”

y Third Condition. _

# For efficient Trapezoidal chazmel section a eirgle of radius y shall be__-z'.:éék:ri.beé in the trapezoidal
section, L e

» For the economical trapezoidal channei section having &e;ith _.éf flow =y and fixed side slope 1 : m,
all the above 3 conditions should be satisfied. '

Case II : When the side slope is varied.

Consider a channel section of width B, flow depth y, and varying side slope of 1 : m (V: H)
Area, A = (B + my) ¥ '

Perimeter, P = B+2yvVi+m?

P A my + 2yvm® +1
¥

We know that for a given area if perimeter is to be minimum then,

dap
=4
dv

A= {Nm & 1 ~ 1} {From equation B)
Put this in above equation of perimeter

. Y e L
P 2_\-'\/;1" +}emy-my+ 2vvVme +1

i

e H

; oy ;
P dudm® 01 et
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" For economical channel section with varying side slope.

4m?

tan 8

9=
E}_: {;‘:0“} _._4%?1 -condition

For economical trapezordal section wi‘tiﬁ"_ﬁi;yizi@éide slope, the value of side slope should be 1: J3

{1: m).

Conclusion

For most economical trapezoidal section following conditions should be satisfied.

Al

T : o
® 5= Length o_f &_s_ide slope

. Yy
Gy 1 oD
@ R="75 ..

(3) A circle of radius v (normal flow depth) should be inseribed in trapezoidal section.

4y 9= 60°

tan” (3}
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Most Efficient Triangular Section

Consider a triangular section having depth of flow v and varying side

Top width, T =

. Perimeter, P =

CIVIL ENGINEERING

slope 1 :m (V: H)

,&y\/—m L.

Foz most efﬁcxent economical 99{:1:10:1 wea' kn v' that I’erzmeter should be minimum,

m

23 w.;__% mmm i,
?.v j1E }

mn

{as aréa A = constant) .
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Solution of above equation will be.

H
mE— = g
m
1
m-- = {)
m
m = 1
i
tan @ = — = 1
m
8 = tan™ (1)
= 45°
. , A
Alsoy . .. Hydraulic radius, R = e
R= 3
2y m>+1

for, m = 1 fe. 0 = 45°

For most efficient triangular section of depth 6'_f.'£iow y and varying side slope 1 : m, side slope

1:m=1: d H i R = =
m 1 and Hydraulic radius. .2\/5

Most Effective Circular Section

Consider a circular section of radius R, and depth of flow = d

masimum veloeity will be different.

In a cireular section the shape of flow cross section varies with the depth of flow.
P

Due to the divergence and convergence, the depth required to achieve maximum discharge and
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Condition for Maximum Discharge

Area of flow, A = ;2’8 xzR* — E x 2B sin O x Reosh
_ In pA

3

A= 81‘_{2—%:-521128

Wetted Perimster,

From Manning's equation,

Q= - XAXR% gy

i ;.412{3 ”2
Q= xaxggsS

- AT g
N S
For maximum dischayge ce)mi‘-feé:icn_ %% = {}"' (Aséumizzg m and s to be constant)
CQ=fAp
w = ) 0
4 f/j-'ia 173
i
BAIPZ L gabpt DL L
| 4 a = ¢
5?i§w?¢k§£ =9
i de
dA R : -
“;i“é‘ = R* (i — cos 28} [A = —-Z-H(ZGWSII}ZG)]
dr ‘
w® = 2R N {P = 2R8]
o . dX dP
Substituting the values of ~— and —
gl 46

£

L5 X (2RO X RYA{L — cosll . 2 x f:— (26 — an20) x 2R = 0
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10 R0 (1 -~ cos2O)
108 - 100 cos28
60 — 108 cos28 + 2sin20
Solving By Hit and trial

o P

e Ble wWie

Condition for maximum velocity

o (1 cosﬁ)

b

2R3 (26 - s1n26}
48 — 2520
w {)

2.636 rad or 26 = 302° 22

= R ~ R cos8
= R (1 — cos6)

= 1.876

= 0.938

A= Ko sin20):

We know that

. 4V
For maximum velocity e 0

. ; )

av

d6

d(AY"

&3(5]

Péﬂi —A ap

de 4o

da

ik
dp
d8

It

= 2R 6

i

fA. B

IRA % B 1Y - coedf) - —(20-3in20)x 2R = 0

{(Assuming that n and S are constant)

_R°

[A = (20 -5in26)]

[P = 2R8)
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2R (1~ cos 20) = R3 (20 — sin 26)
26 - 20 cos 20 = 26 — sin 20
~ 20 cos 20 +5in 26 = 0
Solving by hit and trai},
: W = 257° 27 56
Depth of water for maximum velocity
d = R+ R cos (180° - 6)

i & ey
d=R+R cos (1800 - w.ﬂ?i‘;? ...... 56
d=R+0626R
d = 1626 R
4. 1626
R b . i
“Ei“ = .81
D - .

Note: From Chezy's Equation

For condition for maximum discharge

' d
29 s 3”80 g T T {}'95
or

For condition for maximum velocity -

Show that h} drauh{,aiiy moat eff“zc;ent erpezmdal section is half of a reguiar hexagon

Sol For hydrduiacaﬁy m{}st efﬁcmt trape?m&ai secti on we know that .
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3‘?3:"' e B -1 e

CFrom () & (?i_j:

section’is half of axegular hexagon. ~ - o :

‘We can observe that length of sloping sides is equal to the bottom width of the trapezoidal with side
slope &= 607 whichis a property of hexagon. Therefore the hydra_l_z‘iig_a_ﬂy most efficient 3trapezo_idg} :

mean velocity if Manning's n is 0.015.

Sol. Given, -

Q = & m¥sec
$ = 0.0002
n=0015
1:m=1:1

' lined. channel of frapesoidal sortion has one side vertical and the other side having a slope
1H : 1V, The chansiel has to deliver 8m¥soc when laid on a slope of 0.0002. What would be the
“dimensions of the effidient section which requires minimum Hning? Also calculate the corresponding .

Area, A

-

i

1
B+ B+ my)y

)

2B + myly

2
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slAdy o

@By

_35-_(331,4143%%)3

1.914 2
Bey{1+v2)

].414)}»{-(!«:--\6}}:

3.828¢
A
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Channel dimensions willbe, B = 25

.V_.#. 0967 mfsec R e

-Z'What should be the (,I'O?::S semon _af most efﬁczeni trapeam&al shape for a concreze ]med canal .(_J: carry
A chscharge of 250 m¥sec: ’I‘he ch nel slope is 0. 8{304 and the Manmng s1 1s O 014 Use the szde

"slopes as. 1: 1.

Sol szen [ o R
. Q= 250 m¥lsec, n=0014

§=00004
Suie &.lope 1:m= }. 1.

For most efficient trape?médi chmnei Cross section.

Ik

Hydraulic Radius, R = %
Top width, T = 2y+1 +m?

B+ 2my = ‘2-}'\!1 +m”

1
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I M anTHNES e

 Area of eross sectlon A ?;-_14_8_28 ¥ = ?'9_.'146_'12::2

Perlmeter P = B + 2yJi+m' = 24 Oaf} m

Exapl 3]

A chamei has vertical waﬁs 15m apart anfi semmrculdr Invert. If the centerline depthis Imand

0.60 %7

Sol. ‘Given,
Q 0. 6(} m3f’qef,
S =] m::)a{}g‘ :

the-bed slope is. 11 in 2509 what woald be the value of “C” in’ t,he chezy formula is the dlscharge is'
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P “ 7> {}25+?€>< 0”5

2.856m -

Sol. Given

4 this other slop

Area, A =

Afea, A

A
A‘%«

Perimeter, P

28
9“* = 18.667 m®
v 1.b

il

%{28 +xny)y

1l

LB +2n)y
9

B+ )y

B+y+ y\fl +m”

el 001¥:y0f -_Z:_.Si:ii!;;é_c_:. Det el
raulic efficiency, if Manni
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-
i

For best hydraulically efficient channel, we Jnow that: =0, oo

A

Sa --'Hyd_r'aizlie:-i;aiiia_s; R =5
.E.szaszfz

n

. 'We know 'fhat, '\’f.
TORT s

0.01642
0.00027

S
s

B

A"fsfé_;;eioi'dal channel has side slope of 1: 1. It is required to discharge 10m®%/sec of water with a
bed slope of 1 in 1000. If unlined, the value of chezy’s constant C is 45. If lined with concrete C is
60, the cost per cubic meter of excavation is 4 times the cost of lining per square meter. The channel

to be most efficient one, find whether the lined canal or the unlined canal will be cheaper? What will
be the dimensiona of economical canal.

Sol.

' i
N - 3 = 3; N 6, (U . - 7. T
(iven, G = W0m¥sec, 8§ o0 - l:m=11(:H)

We know that for efficient trapazoidal channel
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Hydraulic radivs, B = 5

B _-Voiume of cxcavatlon f{}r umt meter Iength &
-!Let the oost {}f 1 ‘square meter of hmng be Rs

Volume of excavation for unit meter length

Cost of excavation for unit meter length

Area of hining for unit meter jength

1828_y2><1 TOBOm o
) _n cost of im3 0{' earth work is 4'15

- 10x V2000
1 898 x60

1 755

1.828y% x 1 = 5.630
= Rg. dx X 5630

= Rs. 22.521x

Px1

3.656 x ¥y % i1

= 3.656 X 1.753

EE

i1

i
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- As we can’ oht;erve ‘&hdt unlzne& canal is more cheaper' 'hence zt wﬁl he m
' 1ts dzmensmns are R :

B Cost of Iznmg for 1 metei Zength = = Rs: 6. 416x Do
L g ) Total ccst kS Rs 22 0213: + Rs 6 416
Rs 28 93'? X

i

" From Meﬁnm’ng’s_ equation

Area, A = ;BB 1Sy gy

A= B+ 1.26v)y

Perimeter, P = B+y (\/1+152 +\/1-1'~«12)
P=B+3217y |

H

A (B+125y)y  (3.5+1.35%)y

Hydraulic Radius, R

fF

A= (35 +1.25 vy
P = 3.5+3217y
Substiﬁ'dtizlﬁ A‘.X & II} ]}’] T.ht” ?\'I—F}ﬁﬂiﬂff’ﬁ srvaratiom

P B4+3217y T 3543217y
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hear stress

'_0016 (3o+125y)y

(3_-’5+ :

If,

cxie | wian
3
< | &

20%

5 100%
- X 0% =
3 3

33.33% of Q

| o
o o mondme

yos 4*\@.{,&6 w e O

h-m-\ min il "W\"@\ L

-\(H(gt_

i
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'QmﬁﬁaﬂgEE : L ,:-. £ Tr nl

. Q’I‘nangfe

: Area of _'fl(}w n rectangalar channsi =g
Alea of ﬁow e trlanguiar ch azme}: = my

- Ag both the ﬁow areas are equal

" Perimeter of rectangle = '3.& L

{1

| .
o]
5

Perimeter of triangle = 2y

Ratio of discharges = :

i, O

: T, \1_{/
= 1189 [ Q‘.ff}'a {&1 I
T XA /A J

Sol. From Manning's equation

Show éhat normal depth of flow in a triangular channel having side slope 2 : 1 as H -V is given by

.
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'_.veloc:ty conditzon ami far maxxmum dmcharge centh t.xon Use Manmng 8 forzn uid and note that ‘d’ is
-Iess than ‘0.58. S . '
"Soi ‘For maximum discharge condition fmm Mannmg 8 equatmn

STT7T77Ti77777777777777

1 :
H 2 i
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. :._ i Agz_sgg'z& - o

s d""“fi\f" afi + 4\/" a mg _
22 627 d2+1 5!5 ad'°~532__\. =

..--;d :0.438 a, - e 50.; a

d O 438 2 mammum dtschal ge wzil {}ccur

_For'-maxiﬁﬁrzi..véibcity-"conditioa, oy e R%s#?i-af.;'i' )

Cav Nd (A)mm:o._]_' o

(@ +_~:-2J§ & (@-24)-(@a~dd 242 =0

i

2~ %ad + 2¥2 ad — 4¥2d% — 22 ad + 22 d2=0

22 &%+ 2ad ~a% = 0
d = 0338, - 1.045a

d = 0.338a, maximum velocity will occur
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I rapezoidal section of an open: chs

ischarge 'of 36

= (04725 + 2y X 50

= 2.472 ¥ X 50

6 = 2.185y%7
= 16,476
y = 3.067

— 1 &0

0.472y +2v)y -

0.472y + 25y 1600
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For Manning’s eqiiation . -

vee hoard of 10% of the'de th of flos

zezdal channei for cunveyzng I{}Om stec'dzscharge '_Manmng §n

21 AﬁzﬁSUﬁ .

100

' maxe.ezsxzmx(s_ooa}*"?

},8:‘3

3

5.564m

i0g

\!}73 351

)1:’2 L

| e
i
0025 2 53000

= 1.865 misec
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Do
" Area of flow section, A = Azea of seci,o; OMN Area of tr:angle OMN

Ao :}; {i? 26*%{21‘0 Siﬂa)i'ﬁ cosf

A= %{28—sin2@}
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£
!

 Hdraclio radivs R < Ay 01722 “01633 S
etomne REAE g5 = ‘.n.

B A
- —AR“ 383}!2__ .
n .

8 {2636 04841)

01{22

he = . o
—— i 9}122 {32633“ 1{900
o5’ _( }( 7o e

0.1143 'm?'!sm"ljlé;_?; Lfs

e A A e e s




1.

CIVIL. ENGINEERING Uniform Flow 57

__ OBJECTIVE QUESTIONS

A channel hed slope 0.0009 carries a discharge of 30 m®s when the depth of flow is 1.0 m. What
18 the discharge carried by an exactly similar channel at the same depth of flow if the slope is
decreased to 0.0601?

@ 10 m%s . _ by 15 m¥

© 60 m¥ ) 90 maz's

Which one Gf the f{}liowmg pairs ig NOT cor rectly matched (b = bottom width, y = depth of flow,
8 = gide slope with vertical)?

(@ For least perimeter of rectangular canal section ... b = 2y
(b} For least perimeter of trapezoidal canal section ... b = 2y (sec 8.4
() For ertical flow through rectangular canal .. v = gy

gs’(bwtan 9)

) For critical flow through trapezoidal canal .. V =

A rectangular open channel carries a discharge of 15 m¥s when the {iepth of flow is 1.5 m and
the bed slope is 1 : 1440, What will be the dhcharge thrngh the channel at the same depth if
the slope would have been 1 : 100607

{a) 216 m¥s ®: '}8 m%.

{© 144 m¥s : 12 5 m3f’fs

For a hydraulic efficient 1ectangu1ar aectmn the 1at1o of width to normal depth is

@ 05 e - b 10

© 20 N ,(d) 23"

A rigid boundary rectangular channél hav'iiv;; a bed slope of 56 has its width and depth of flow

equal to 2 m and 1 m respectively. If the flow is uniform and the value of Chezy’s constant is
60, the discharge through the channel is
(&) 1.0m% (B) 1.5 wms
£} 2.0 m%s ' @ 3.0 m¥%s
Consider the following statements regarding the conditions to be satisfied for the maximum
discharge through a trapezoidal channel section with side slope 1: i, bed width b, flow depth d
and having a fixed bed-slope:
1. Siopmg sides should have an angle of 30° with vertical.
2. Hydraulic mean depth equals half the flow depth.
. Length of sloping sides should be equal to twice the bottom width.
thch of these statements are correct?
@ 1, 2and3 & land 2
{c} Zand 3 d) 1and 3
Water can flow with 1m depth in alternative four channels of different, sections as shown below:

I8

im

£ 3

k4
[
P
a.

2.4 miA _ {B}‘ 8]
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Whaeh one of the following sequences shows their hydraulic vadii, arranged in descending order?
t2) D-CBA ) D-A-B-C '

o) A-B-CD & A-B-DC

& What is the normal depth in a wide rectangular chanunel carrying 0.5 m%s discharge at a
ted slope of 0.0004 and Manning’s n = 0.017
@ 013 m by 032 m
e 643 m @) 6.50 m

9, When discussing most efficient section of flow into open channels, what is the perimeter p as a
proportion of depth of flow h (Le., Pth) for (i} a triangular se{‘i:mnx,and (11) 4 trapezoidal section,
re\‘-:.pectwely" v
@) 2.25, 2.83 | &by 2.25, 3.15 e
© 2.83, 3.15 o @ 283,346 .

1. Consider the following statements B -

1. Hydraulically most efficient (.hannei section for an open channel ﬂow will carry maximum
discharge for a given area of cross section. .
2. For a given cross sectional area hydrauilc racim% is maxlmam when the wetted perimeter
is minimum.
Which of these statements isfare correet? o
(@) 1only . - h) 22}?125;
¢} Both 1 and 2 . 5 {d) Neither 1 nor 2

11, The maximum velocity through a circular channel takes place when depth of flow is equal to

{21 0.95 times the diameter o by 0.5 times the diameter
. {&) 0.81 times the (immezer : - ) 0.3 times the diameter

1

o
&2

Given that g = acceler ation due m gravity and R = hydzaulz:‘ mean depth, the Darcy- Weisbach
fretion factor is related to Manning's rugosity coefficient ‘n’ as

.. 8gn - gn-
. bdng R™
f} Rya : - @ 8gn”

Fora cirﬁculaz%_:{::f}‘i'z;zhl‘zjxéi {with r, as the radius of the channel) to be efficient.

{2} the hall subtended angle at the centre with respect to the water level must
be 1581°10°

&) depth of flow must be 2.00 1,

) depth for maximum velocity must be 1.62 Ty

{d) the half subtended angle at the centre with respect to the water level must be 90°.

~ Normal depth of flow computed using Manning’s equation in 3 wide rectangular open channel

of given slope and roughness and carrving a discharge of g m%s per meter width is propertional
in

@) g by g*?

{_C} qB.G de Q{J_G‘f
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x? 15.
16
-a
.
17.
i
&
h
19.
£

8.

In the most efficient trapezoidal section, which of the following is NOT true?
{a) The top widih is twice the length of sloping side.
() The hydraulic mean depth is half the depth of flow.

(¢} ‘The shape is half of regular hexagon.

() The depth must be equal to top width. .

A very wide channel in laboratory is meant fo dehiver uniform flow rate of 2.0 m%s per metre
width, assuming Manning's n = 0.02. Which one of the following combinations wiil not give
uniform flow?

(a) Flow depth 0.5 m, bed slope 1/62
() Flow depth 1.0 m, bed slope 1/625
) Flow depth 1.5 m, bed slope 1/2400
(d) Flow depth 2.0 m, bed slope 1/4000 .
For a pipe of radius, r, flowing half full under the action of grawty, the 1i:5}é.rauiic depth is

@ - ECRE
© 5 | @ ommr -.

A triangular rrigation lined canal carries a discharge of 25 m¥sec at bed slope = WGGL{}E} . If the
side slopes of the canal are 1: L and Mamiing:’_s coefficient is 0.018, the central depth of flow 1s
equal to L _ | '

(@) 2.98 m St () se2m

© 491 m DR @ 561 m

A very wide rectangular channel is designe& to carry a discharge of 5 m¥s per meter width. The
design is based on the Manning's equation with the roughness coefficient obtained from the gramn
size using Strickler’s equation and results in a normal depth of 1.0 m. By mistake, however, the
engineer used the grain diameter in mm in the Strickler's equation instead of in meter. What
should be the correct normal depth?

(@) 0.32m (b) 0.50 m

© 200m @ 320 m

Statement for 'I';ir;k.ed. Answer Questions 20 and 21:

24,

A rectangular open channel needs to be designed to carry a flow of 2.0 r¥s under uniform flow
conditions, The Manning’s roughness coefficient is 0.018. The channel should be such that the
flow depth is equal to half the width, and the Froude number 13 equal to 0.3

The hed slope of the channel to be provided 15

{a) 000312 {hy 0.0021

{y 0.0025 {dy 0.0052

Keeping the width, {low depth and roughness the same, if the bed slope of the above channelss
doublad, the average boundary shear stress under uniform flow conditions is

{(a) 3.6 Nim* by 10.8 Nfm*

) 12.5 Nim? {dy 17.2 Nim*
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22.  In a non-prismatic channel
(@ unsteady flow is not possible {t) uniform flow is not possible
{c) the flow is always uniform {d) the flow is not possible
23, In a uniform open channel flow
{a) the total energy remains constant along the channel
(b} the total energy line either rises or falls along the channel depending on the state of the flow
{¢) the specific energy decreases along the channel
() the line representing the total energy is parallel to the bed of the channel
24, Uniform flow in an open channel exists when the flow is steady and the channel is
- {a) prismatic L
&) non-prismatic and the depth of the flow is constant along the channel ™
() prismatic and the depth of the flow is constant along the channel " 7.
() frictionless o
25.  Uniform flow is not possible if the N
{a} friction is large h) fluid is an oil _'
© Sy<0 @8, >0
26. A rectangular channel of longitudinal slope 0.002 has a width of 0.86 m and carries an oil (rel
density = 0.80) at a depth of 0.40 m in unii'_'gif_x;i_. flow mode. The average shear stress on the
. thannel boundary in pascals is o
@ 3.14 ) 628
) 393 o - {d) 601258
27. A triangular channel with a si_d§ slope of 15 horizontal; 1 vertical is Jaid on slope of 0.065. The
shear stress in N/m? on the boundary for a depth of flow of 1.5 m is
@ 312 ®) 108
© 308 | . @ 548
28.  The dimensions of the Chezy coefficient C are
{a) L* Tt o ®) LT
ey MO @ L2 o
28.  The dimensions of of Manning’s n are
{a) Lue ' : : (b} LE 1
) LB T ) L el
80.  The dimensions of the Darcy - Weishach coefficient f are
@ Lif ' (by LT
{cy LU e () MOLOTO
31, If the bed particle size d., of a natural stream is 2.0mm, then by Strickler formula, the
Manning's n for the channel is about
(@) 0.017 : B 0.023
&y 0.018 {dy 0.0 _
32 The Manning’s n for a smooth, clean. unlined. sufficiently weathered earthen channel js about

() 0.012 ) 0.20

im0
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33.

34.

27,

1.

An open c¢hannel carries water with a velocity of 0.605 m/s. If the average bed shear stress is
1.6 N/m?2, the Chezy coefficient C 1s equal fo

{a) 500 {) 60
{© 640 d; 30
A trapezoidal channel had a 10 per cent incredse in the roughness coefficient over years of use.
This would represent, corresponding to the same stage as at the beginning, a change 1n discharge

of

(a) + 10% by ~10%
© 1i% ) -9.1%

- A triangular section is hydraulically-efficient when the vertex angle 0 is.
@ 90° by 120°
© 60° @ 30°

In a gradually varied unsteady, open-channel flow dQfdx = 0.10 Hthe t:apw idih of the channel
is 10.0 m, JA/DY is P e
() 01 - by 001 .
@ - 01 @ - 0.01

‘Consider the following statements :
Of these statements

(@) both A and R are true and R is the correct explanation of A

() both A and R are true but Ris not a corréct explanation of A

) A s true but R is false ) o

@ A is false but R is true . _

Assertion (A) < For a hydraulically efficient ¢hannel. the hydraulic radius is equal to half the
depth of flow. RN

Reason (R) : A hydraulically efficient ¢hannel has the mimimum perimeter for a given area of
flow. I

Assertion (A) : An economical channel section gives masimuin discharge for a given Cross-
sectional area. ' '

-gReason (R} : An 'éeoﬁ_omical channel section has smooth surface for reduced friction.

39. Assertion (A): For steady uniform flow through a canal, the water surface will be parallel
to the canal bed.
Reason (R) : The following are the equations for gteady state uniform flow:
% _oand ¥ =0
4t ds
[ ANSWERS )}
N 4
i ® L @ 3 ® 4 © 5 ® & ® * 0
8 © 9 @ W © 1 @ 12 @ i @ M4 ©
Bo@ 1B @ 1 @ 1’8 © 1 & 20 ® 2 O
22, @ 28 @ M © B © B @ 22 @ B @
29, (o) 30. GH 3L {2 32, {c) 33. &) 34, (d} 35. {a}
6. © 8. @ B © 39 @
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L As, Qx Js

{"zi Si
_ Sy
0.0001
= 30 ot
Q‘"’ 0.0609
&, = 10 m¥sec.

2  In trapazoidal section, for least perimeter

B+ Zmy =

if tanf =

B+ 2 X tgnb -x v = 2v 1"“tan26
B

In rectangular section, for critical flow

In trapezoidal section, for critical Bow

Gy(sech - tand)

_ [etb+tandy)y
YT b+ 2ytan®

3. As ch\ff:

@ _ I8
Ql Sl
S,
Q, = —=
@, = 15 |1400 17.748= 18

- V1000

Gf, m = tan@)
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\ _B
, yE
¥
5. q = CAVRS
Q = 80x2XI.\/}wx~1—
Z 800
@ = 3 m¥%sec
7. o
Section Hydraulic Radias—
A 2.4x1
I T e DI e G\rﬂi.r
Rectangular B 5T A 545
A R* R
u - = = 22 ). H
Circuday | R T 2
z& }“x‘?xl
Triangle 5 =0.354
& TP 2J1+1
A (2+1xl)><1 3
Py i e w0.621
Trapezoidal =3 2+2 7 1902
8 In wide rectangular channel R =y
= Lar#ag
4 n
Qxn = Bxyxy¥sie
an A
r (%s‘— }
o, (9319...9; ] s
N Tl
9.
Section A{inimum Py
Peremeter
*)
Triangular 2.83¢ 283
Frapezoidal 3.4y 346
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10. R«
P
14 Q= iAmeSnz
It
1iF2

Q = =~Bxyy*®
1

S* and n are constant

i

16. Q = —Bxy(y™s”

Y
X
=
i
ey
}

= yéfﬂslaf?: -

17. R =520

18. For 1:m =11 triangular channel R = m{w

22

Q - ]:“XA x Rf?,ffislf?
n

1 , 213 i 112
%= 0018 @z (GOU{)J
y¥ = 25 x 0.018 x 2 x (600Q)!
= 4891 m

At
1

19. From Manning’s formula

Q = }-_AXRZBSW
B

1 308148
- eyt JS fiet
@ 7Y

0 }__arai

From Strickler formula n = d}y
i

BE 416G
¥y dgy
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¥

110
y % dgg

( dsa )2 ]m
y*((%)l

x

(01}01 X x}m
- }.X -

0.501

26, For a rectangular channel when v = B/2 channel is most efficient one. Hence R = v/2

Fo= v
Jev
Q = BxyJgyxF,
Q = 2},2\/%},2120‘5
2 = 29.81 xo.sx;_yf'*”-.
y = (836
Q = iAx:ﬁz_.f-’sSy%:
33 .
e
L2y e
A A ol
- 157(3)
4278 .
2x0.018x2% . o
9y 0_83685’3 .
; § = 0.0021
21 1, = pgRS
T 5
t = 1000x9.81x 2% 60091 = 8.611
T S?’
L R
i it SI
1, ® %X 1, = 17.222 Nim?

22. In a non prismatic channel, uniform flow is not possible.

23. For a uniform flow bed slope = water surface slope = energy line slope.

24. In a prismatic channel when the depth of flow is constant flow is said to be steady uniform flow.

25. For a adverse slope channel uniform flow is not poasible.

26

T

It

pelS

IOO{}X{LSXQ,Six%ﬁxO.GG?

st

3.139 N/im* =3.14Pa
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27.

31,

33.

34.

36.

37. A hydraulic efficient channel

38,

A

my 2

1.5x1.5

t = pgRS

-4

146
d50

= = {.624

P 2y\/1+m2 2xyI+1.5%

_ {0.002)V¢

T o6 T

T pgRS
1 = 9810RS

o
9810

v = CJyRS

. dn - nZ

i
.ﬁf}
o
=

dQ

radius depends on the type of cross section.

[t is not necessary that in a channal sertine tha lia.

o

21.6

o

has the minimum perimeter for a

1000 x 9.81 X 0.624 X 0.005 = 30.609

= 0.0164 = 0.017

given area of flow. But the hvdraulic

oo s 11



e Specific energy is the total energy at a section w.r.t the channel bed as datum.

e ‘Specific energy is expressed in terms of flow depth and velocity head.

s When the channel slope is small, specific energy is given by

R

(Assuming K.E. correction factor as unity. Because channel flow will always be turbulent flow and
for turbulent flow K E. correction factor is approximately unity)

e When the channel slope is large, specific energy is given by

]

o E
E =y cosb %
Where,

9 = Bed slope of channel bottom.
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* Specific Energy at section 1-1
v
Ei =¥ é‘g
¢ Specific Energy at section 2 - 2
Ef;g = ¥yt wég

¢ For uniform flow specific energy will be constant.

o For varied flow specific energy may either i increase or decrease i the <iu' ;
energy will always decrease in the direction of flow,

ion of flow. But, total

e For frictionless and horizontal channel specific energy will be constans.

"'.'.TEL :

: ‘m_m" IIIIIII _ .. o - .:. o - - “ . . {horizcntaz)
o HOL
Vl c ._ YZ .
TITTTTIT 7T T I T TT77 777777777777 777 7 Channel bottom

vF : v3
S By =y, + -2
E=y + % _ R 2

§ Relationship between specific energy and depth of flow

. *  When the depth of flow is plotted against the specifie energy for a given channel section and
1 discharge, a specific curve 13 obtained.

[ECMACTFED ' Office: P10 Kmwarla Saeal. New Liodhp - 3110 039 [
i . H
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*

For a given specific energy E, there are £y

the Alternate depth. R
As shown in the above figure for sp: 1 erie_;:gy E there are two depths of flow.

If, Depth of flow, y, = PR
Then, Velocity head = RP"
Also, ‘

I£. Depth of fiow, y, = PR’
Then, Velocity hea'&__# RP
Minimum specific energy (E ) for a particular discharge Q corresponds to the critical state of flow.
Hence, at the critical state of flow, the two alternate depths apparently becomes one, which 18 known
as critical depth (v ).

blf_é_._:.}.iepth y, (PR) and y, (PR, these are called

24

E - y g vw
2

For E to be minimum at constant @,
4B
dy

i A P Office: 1125, Ratwaria Sarsl, New beldi- 11016
) H:S M‘;\STF E * Weheite www wama et Fanih i.v'.-&;znai%&‘r’f:-‘Ei?’-K’-t‘J-m
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i

dE . Hggj(mz}m

o " olatle

dA can be written as Tdy. Therefore e T, and the hydraulic depthof flow y = ;{'k

E

L — = §
gA
ng
=1
gA
v
[ =1
A
°T
. A
* For a rectangular channel, we know that — = y

\f‘!%_‘.’

S R

Thus, when the specific eneryy I muimum for a given discharge, flow will be critical flow and
depth of flow will be called as critical depth v, and velocity of flow is called as eritical velocity v .

*  When the depth of flow is greater than the critical depth, the velocity of flow is lese than the critical
velocity for the given constant discharge and hence flow is suberitical.

%!‘%‘g I_EMS_,{\/}&?FE Of!z cu P, Bavwaria Sagel. New Lebhi - 1H 949 ]
= pesed
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s When the depth of flow is less than the critical depth, the flow is supercritical.

condition”

Where, y is depth of flow

N S 'ef_'_critié'al.ff_lﬂ_‘&f o R

8
LE
e
q
HE
]
1
BER
t
[
R
g
A
N
kS
e

o

 Specific Energy B~

o Aflow ator near the crmcal state is unstable. This is be;cause a minor change in specific energy
at or Liose to the critical state will cause a major change in depth.

o Asthe curve is almost vertical near the critical depth, a slight change in energy would cha nge depth ...

to a much greater alternate depth corresponding to specific energy after the change.

e Itis also observed that, when the flow is near the critical state, the water surface appears unstable
and wavy. Such phenomena are generally caused by the minor changes in energy due to variations
in channel mughness. cross section, slope or deposits of sediment.

Relationship Between Discharge and Specific Energy

e In the previous section we have devived the condition for critical flow {or constant discharge.
«  Specific energy plot can be drawn for different constant discharges alsc.

EE@_EES f\’[t/ﬁ'}\ST ER Office: 196, Katwaria Saral New Defhi - 110014

Website: wivw fesmasterorg. Bomailes, _master yahon e in
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Spmﬁcenergyﬁ i

* In the above figure Q, < Q, < Q, and is Canstant ak}ng the E vg v plot.
» Consider a section PP in this plot.

» Itis observed that different Q gives chffelent mt,ercepts and the difference between alternate depth
decreases as the value of Q increases.

» Draw the specific energy curve fcr Q Q such that @, < @ < Q, This curve will be just
tangential to PP at Point C. -

»  Specific energy curve for § = Qm (Q3 <@, <Q,), represents the maximum value of discharge that
can be passed in the channel Wh'i}__e: keeping the specific energy at a constant value E,.

» Specific energy curve for @ > Q,, will have no intercept on the line PP' and hence there will be no
depth at which such discharge can be passed in the channel with the given specific energy.

» Condition for maximum discharge for a given specific energy at a channel section (le E & A =
Constant) can be found out by

dy N

Q= AJogxE-¥
For maximum Q at a constant specific energy E,

dQ

dyv

;ﬁs"ég Hi- C MASTER (e Fo00E Batwarka Sarak New Lelhi - 1744014 i
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a . N éAX A
o _ A JE—y i
dy \,/2g dy 2JE~y
A p— A
—_— E— o,
dy JEy ofe_y =V

~—{2E-v)} = A

I

dA
We know that, 7~

dy
TRE-y) =
9
Tx 2>< — @
2
™o
g
lepth
just
that
€ NG 2?
A= Rectangular Channei Section
Consider a rectangular channel section of width = B and having constant discharge Q under a having
critical depth of flow y = y,.
B e
_____________ L A T
¥e
X
- - FTRAACTER . Offfcer 1120 hawwasa satar Koo Delhi - 110 015

B
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Aveaof flow, A = B Vg
Top width, T = B

For eritical fow condition

Let discharge per wnit width B)q = 5
’ 2]

3 .. 9

yc - g

E, = Yoty F—* =2
‘-‘g yc g _E
3
¥
EC - yc +n_fé..
,,,,, 2y
¥,
Ec = }-’C +_:£;,
. ;‘Ef = ;‘S’:J For Rectangular section

Note that specific ere eritical depth of flow is independent of width of channel section.

ular channe! will be

Fr = v ’ o _
A A J

I

+  Froude number fov »

Office: P10 Rarwariy Sarat Seaw Delte - 11400 j
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) N
For critical flow “\"/“g =1

Triangular Channel section

Consider a triangular channel section having constant discharge Q under a critical depth of lowy =

v, and side slope 1 :m (V : H)

Area of flow, A = my?
Top width, T = 2my,

For critical flow,

=1
gfzmyc
gm®y®
2Q° )
o
m? © Yo

1 - +VE
E, = Yet5e
L2
Ay - ?’g:\_f

Oifice: F- b2, Ratwarla Soral Naw Tredhi- a4
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For critical flow,

For a rectangular ch

Il

annel the specific energy equation is

E

7l o = VA
N Q= va)

By A =B x]

Office: F- 120, Katwaria Saras, New Delbi- 116 610 ]
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Where,

q= g« , discharge per unit width

(E y)y" (r\)

o From the previous discussion in this chapter we know that at critical flow, ndition discharge per

umt width is maximum,

Using Equation A, a plot between g and y can be prepar ed for a gwon sp
is called as Discharge diagram. _ .

erg:j. E. This curve.

o It is observed that there are two pcsmble depth for a certain value of q, as long as q is less than
a certain vaiue. :

+ At maximum discharge _the twé depths become one, equal io the critical depth y..
o Ify<y, supercritical flow.

o If y > y,, subcritical ﬂ_ow.

¢ Section féc_t(_)r,__ s a-function of depth v for a given channel geometery.

z=Ad—
At Critical flow condition y =¥,
Zc = :\c !{”L
, VT,
QET .
. = = 1, for eritical flow
gA”
N
f'E‘| " g

T A A s Office: F 128 R asis S, N el - 110013 '
[ESMASTER Office: £126 B i il v hon s
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* This variation of a channel section may be caused either by reducing:

*  Some use of channel transition are metering of flow, dissipation

9
S

¢ ,isthe discharge that would make the depth flow ¥y enitical, and 1s known as critical discharge.

* A transition is the portion of a channel with varying cross section, which connects one uniform flow

channel to another uniform flow channel.

sing the width, or
by raising or lowering the bottom of the channel. a

fenergy, reduction or increase of

velocities, change in channel section or alignment with minimiam of energy dissipation.

¢ When the change in cross sectional dimensions of the channel occurs it a relatively short length

then the transition is termed as sudden transition.

¢  When the change of cross sectional area bf the channel taﬁés_-_filace gradually in a relatively long

length of channel then the transition is termed ‘as gradual transition.

e} GRADUAL COMTRACTION. .. . .. . {d}. GRADUA, EXPANSION

e . R
! —~ @

BT AT, AT A T T T i T T2 77

(e} COMRSTRICTION T BROGE PER

The concept of specific energy and crifical

depth are extremly useful in analvsis of problems
assestated with channel transitions,

Offieer 196 Basearin Sgeng New fidhi - Ho 615
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¢  While analyzing channel transitions following assumptions are made.

1. Channel bed is horizontal and frictionless i.e. T.E.L will be parallel to the channel bed.

9 There is no loss of energy takes place between any two section inl channel.

Transitions with raised bottom in a rectangular channel.

Consider a horizontal frictionless channel of rectangular cross section having uniform width B and
provided with a rise in the bottom of the channel which is frequently known as hump.

As the width of channel is not changing, the discharge per unit width will be same at different

sections for a total discharge Q flowing through the channel.

Consider two sections (1) & {2) at some distance [ in the channel.

Since the specific energy is measuved w.r.t channel bed as datum, a rig ottom of channel
causes a decrease in specific energy. Therefore, specific enexgy E, at the w1l be less than the
specific energy E, at sectionl, by an amount equal to the height of hump AZ:

Specific
energy

Case I : Subcritical flow at section 1 ~ Free surface drops down at hump

Tt can be observed from the specific energy VIS Depth of flow plot that if the flow is in suberitical
state, a decrease in specific energy is associated with a decrease in depth of flow and increase in
velocity.

Therefore at hump. depth of flow decreases and the velocity head increases.

Let the depth of flow at section 1 be ¥, and depth of flow at section 2 be v,

Office: F- 190, hagwarid Sarai. New Dethi- THI96
Wophabe wiw jesmaser.urg. Bomail e manierdvabooond
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o Ifthe height of hump at section 2, increases further the depth of flow and specific energy at section
% decreases.

* Butfor a constant discharge Q this reduction in specific ener gy is limited to the critical depth Y.
At this paint the height of hump will be maximum, say A7 = AZ o ¥ = ¥, = critical depth and
E,=E_

max

* Now a question ariges that, what happens when AZ > Z s

¢ Ifthe height of the hump is increased further such that e&Z > AZ mays PHED in:-order to pass the same
discharge the specific energy will have to be increased other wise flo .jzs‘-not{.possible with given
conditions and the flow in the section channel is said to be cboked

¢ In this case for suberitical flow, the approaching the hump, the requne znc1ease int the spemﬁ{:
energy is provided with the increase in depth of flow at sec,tzon 1 :

* [f the specific energy is held constant with the height of hump mele Lhan the AZ_ value, the
discharge is decreased unti] the given specific energy.i equa} to' ‘the minimum specxhc energy
cory eSpondmg to the new discharge

Where }_«, new specific enugy az sectmn Z

¢ Summarising all the vazmus sequences for suberitical flow, when ¢ < AZ < AZ .. the upstream
water level remains stationary at: Vi while the depth of flow at section 2 decreases mth ¥ reachmg
& minimum value of ¥, at AZ = AZ .« With further increase in the value of AZ, ie A7 > AZ o

¥o Will continue to 1emam at y, and y, will inerease to y} to have higher specific energy EI .

"y, and Vg —~

-y Suberitical flow

Al AT

Case II : Super critical flow at section I-free surface rise at hump

¢ Ifthe flow at section 1 is in supercrifical state, the depth of flow incresses at the hump.

*  This increase in depth of flow can he explained from the specific energy V/S depth of flow, plot.

EATE S MACTER Office: F-124. Rataeia Saral ew Delhi - 110614 L
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Note: In case of subcritical flow, the required increase in specific energy wos provided with the increose in depth

of

"increase in the depth of flow and decrease in velocity bead Rt

associated with an

It is ohserved that for a super critical flow, a decrease in speé‘i_iic energy.

Let the depth of flow at section 1 be y, and depth of ﬂow 4t Sectzon be the Vo

1f for a censtant discharge, the bezght of hump is incr sed at sectmn 2, the depth of flow increases
corresponding to decreasing specific energy at sectl :

zmlted to the critical depth y_and at thls
o ¥ =y, = critical depth and E, =K,

As discussed earlier this reduction in specific ener_g_y

point height of hump will be maximum, say equal LA -

As observed in the case of subcritical ﬂd{{?,..\vﬁen AZ > AZ . . flow in the channel got choked, then
in order to pass the same diq’éhérge Speci'fic energy was increaqed at section 1. '
In case of supercritical flow, appma{,hmg the hump, the required increase in the specific energy 18
provided with the decrease m depth of flow at section 1.

flow at section L

Similarly iii_:é subcritical flow, if the specific energy is held constant with AZ>AZ ., the choking
condition arrives and discharge is decreased until the given specific energy is equal to the minimum
specific energy corresponding to the new discharge.

Where,

E, = New specific energy at section 1.
Summarising all the various sequence for supercritical flow, when 0 <AZ < 8Z_ depth of flow ¥,

at section 1, is constant while the depth of flow v, at section 2 increase upto the critical depth e

()fﬁe f Ph }\At\\ arin Saral New Delbi - 1710015
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+  Further for AZ > AL, . the depth fo flow over hump y, = =y will remain constant and the upstream

depth y, decreases fo ¥, + to have a higher specific energy E,.

Size of Maximum Hump for Critical flow

* Relation between specific energies at a secti{}n up_s_fréam of hump (¥} and at the section on the
hump (E,) is given as ' :

E ~E +AZ

o Let AZ, .. be the height of hump that wﬁl causge the or 1tz{*31 flow at hump without changing the
upstream specific energy. o

T NGt tHEE ARY VA O AT S 32 wz}i also ca:zbe the critical flow over the hump but the upstream
specific energy will get change

* Therefore AZ may 15 called as the maximum helght of hump required to cause the critical flow over
the hump without changing the up&.tream flow conditions

* Expression for AZ __ is siven as below.
BN g

AL = AZ .

E, = B = -g-yc

E, = E, + AL

E = :‘;yc wAZ e
B =B “’gyc

Energy Loss due to Hump

» Ifthere is a energy loss taking place between upstream and down stream sections equal to hy.

*  We can consider a new hump of height (A7 + hy) in place of original hump of AZ and proceed the
caleulation.

*  New gpecific ener gv equation will he

v i f E S Mf‘\S? 1[' li) O_fﬁci‘.: F-raa _1{:3}\»\‘.'4{%.2 Sarai New Delhi- 1038 1
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Transition with reduction of width in a rectangular channel

s Consider a friction less horizontal channel of width B, carying a discharge Q at a depth of flow ¥y
At section 2 the channel width is been reduced to B, by a smooth transition.

e Asthere are no energy losses involved and since bed elevations are same at section 1 and section
2, the specific energy at both the section is same.

e As the total discharge Q remains same between section 1 and 2. But discharge per unit width
changes between section 1 and section 2.

Discharge per unit width at section 1 B=B)q=

Discharge per unit width at section 2 (B = B,), g, =

Flo Flo

Q = Constant and B, > B,
4 <9 .
The contracted section 2 — 2 is called as throat section or si '

L

Further if width of section is reduced to B,, the discharge per unit width 1s increased to g, = B,
3

Case 1 : Subcrifical ﬁow ai; section 1 - free surface rise at section 2.

+  Asthe appztoachmg ﬂow at section 1 is in suberitical state and depth of flow ¥y dzschaz ge per unit

wzdth c;i Sk

e At section 2 w1éth of sectzon gets reduced to B, and hence discharge per unit w ridth increase to
Gy > G-

1 ¥
T x’% o A A i,
[yg— -

(- .WW IIIII \/?AS»E EP Gfmih‘ Z\ §. In:“ma Tu,( . ‘\r\x1 {e iif: 1a0ié
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* ltisobserved that for subcritical state of flow if discharge per unit width of flow increases, the depth
of flow will decrease.

* Therefore now new depth of flow at section 2 will be Yo < ¥,

¢ This depth of flow decrease upto & certain minimum value ¥, corresponding to which discharge per
unit width is maximum equal to Uy and width of throat equal to B

*  We know that further increase in g beyond Uyay 15 0t possible for the same value of specific epergy E.

* In case of subcritical flow, when the width of section is reduced further B,<B_., then Q> G

+ To pass this discharge, q, > Upnay FrOm section 2, there will be rise in the free sy fa{:e on the section
3 max

L with new depth of flow equals to ¥, >y, so that new specific energy E -E, is formed, which

will be sufficient to cause critical flow at section 2. ;.
+ It should be noted that although flow at section 2 will be critical but depth of ﬁow will not be equal

to y.. A new critical depth of flow y will be formed such that y > y

*  We know that specific ener gy at section 1 = Iy ‘md E, > E

As no loss in energy hetween section 1 & 2.

E:, = new specific energy at section 2

As E, > E,, therefore T, » E,

N

P ' Ec = gyc
’I‘herefere‘, v, >y, _

~* Here by we can conclude that m subcritical state of flow if width of the throat section b, <b_. there

will be critical flow at section 2 such that new critical depth of flow y, will be greater than plevious

max) .

critical depth of ﬂqw ¥, At section 1 also new depth of flow Yz >y, {previous depth of flow for q = q

s The variation of y,, yg with B is shown schematically in figure below.

ki A A
: .
‘ =
: 2
; S
: ¥, !
Y Y ! ¥ ¥
bmiu
e BB, b BBy
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Case II : Supercritical flow at section 2 - free surface rise. at section 2
o As the approaching flow at section 1 is in suberitical state having depth of flow y, and discharge

per unit width g, = —*
B,
s Now, if at section 2 width of section gets reduced to B,, discharge per unit width increase to

4 > 4y

ﬂow wﬁl increase.

s Therefore, now new depth of flow at sect:on 2 w&l be Vs

+ This depth of flow increases upto y_ cor respon émg o which discharge per unit width is maximum
equal-to-g,...-and.width of throat. eq;xal to. ﬂmm

TSN

s We know that, further increase in ¢ beyond qmax is not possible for same value of specific energy E.
» In case of supercritical flow, when the w;dth of section is reduced further to B, <B_ then g, > q .

s To pass this discharge q, > qmax ﬁrom section 2. there will be fall in free surface on the section 1
with new depth of flow equal to yi(y1 <y,) s0 that new specific energy E, > E, is formed, which
will be sufficient fo cause, critical flow at section 2

e Similarly like. subcrltir,al flow case y, will not be constant. A new critical depth y, >y, will be

formed.
As new spé_r_iiﬁ_.c energy at section 1, B, > E,
As no loss in energy between section 1 & 32, El = EL

As, E, >E,E >E,

.9
Ec - “3”}"(;
Ye 7 ¥e

'« Here by we conclude that in supercritical state of flow if width of throat section b, <b,_ there will

be critical flow at section 2 such that v, > v . At section new critical depth, y, <y, will be formed.

Office: o135, hatwarta Sarai, New Defhi- U016
Webeite: wiws irsmaniervre, Bamail jesmastarSrahunr, i
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» The variation of ¥i: ¥o

with width B is shown schematically in figure below.

N

i
3
=

o o

The various char acteristics of the crztzcal state of flow

1
2.
3.
4

Specific energy is minimum for a given discharge.
Discharge is maximum for a given specific energy.
Vel
Froude nuniber i 18 equal to unity.

Specific force is ramimum for a given discharge.

Discharge is maximum for & specific force.

through a channel section.

¢locity head is equal to half of the hydraulic depth in a rectangular channel of small slope.

| P+ M
We know.that, specific force, ' = T
F o= JAY+0QV
¥
2 - qQ
F = 5\1:{;‘1‘3“ !’\- ——-:S;“J
d
For a minimum value of F :ig =0
}r
@ da ey |
dy gA” cf)‘ dy

Offiee: F-124. Karwarin Saral New Duliin - 1HEG9 i
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For the change dy in the depth, the corresponding change (Ay)in the static moment of the water

area about the free water surface is
AV} = o dy i .
d{Ay) = [AF +dy)+(Tdy) 5y ~FA

lgnoring the differential of higher order Le, dy)y =0

d(A7) = A x dy
g-? w = ; — -
dy gA* dy

QT

s =

This is the condition of critical state of flow. Therefore the depth of minimum specific force is critical
depth, Ea !

Similarly, it can be shown that for maximum Q at gzven ¥, flow condition is critical

e Critical depth of flow may be obtained at oertdm gections in an open channel where the channel

bottom is raised by the cénstructidz'}'éf ahump or the channel is constricted by reducing its w idth.

e At ceritical state of flow the 1'3%@?@9' ‘-hlp between the depth of factors, it provides a theoretical basis
for the measurement of discharge in open channels.

¢ Therefore, varigus devices for flow teasurement are based on the principle of critical flow.

o Aventuri flumeisa sﬁf"_uc’cl_z're in a channel which has a contracted section called throat, downstream
of which follows a flared transition section designed to restore the stream to its original width.

» At the throat section there will be a drop in the water sarface may be related to discharge.

-~ » Velocity of flow at the throat is always less than critical velocity and hence the discharge passing
through it will be a function of the difference between the depths of flow upstream of the entrance
section and at the throat,

s As the velocity of flow at the throat ig less than critical velocity, standing wave or hydraulic jump
will not be formed at any section in the ventuyi flume.

« The discharge Q flowing through the channel can be calculated by measuring the depths of flow at
the entrace and the throat of the flume.

Q " }{ Aax‘?«g

) \m( H-h)
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Q= ko8 (T
JBHY —(bh)?

Where,

k = discharge coefficient, determined by calibration through the entire range of head.

E

Standing wave flume is a structure in a t':héz_z_'nel which has a narrowed throat having a hump at
the bottom, which acts as a broad-crested weir,

Downstream of the throat section is followed by a flared transition section designed to restore the
stream to ifs original width. '

RTINS PRI AIS A T,

U Gauge )
chamber Plan

For any discharge flowing in a channel. the velocity of flow at the throat of the flume is greater
than critical veloeite. Such that a standing wave or hydraulic jumy is invariably formed at or near
the downstream end of the raised foor.

b
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The velocity of flow at the throat s more than critical velocity, the depth of flow at a section
upstream of the entrance of the flume rem ains unaffected by variations in the downstream depth
until the downstream depth of submergence becomes greater than about 0.7 of the ugptream depth.

T other words as long as the downstream depth of flow is kept below the limiting value just
mentioned above, the discharge passing through a standing wave flume will be function of only the
depth of flow H (above the raised floor) at a section well upstream of the entrance section.
To determine the discharge flowing in the channel, only the depth of flow H 1s required to be
measured and the discharge @ 1s given as :

Q= CbH&“Z
where, C is the discharge coefficient of the flume = 1.706, but an exact value:
may be determined by calibration.

The converging section of the flume has a ievel floor, the thr_oéi.t”-_s'e{:i;io'n has a downward sloping
ficor, while the floor in the diverging section slopes upwards: S S
This flumé has no raised floor as in the case of an ordingi_fy_é’“ﬁanding"{#éve flume, but the upward
sloping floor of the diverging section facilitates the formation of standing wave in this portion of the
flume. The depth-discharge relationship e

Q=CbH®

Where, C and n are the constants of fiume‘déterﬁaixgedeh&' calibration.

" Eevaton

‘Example 1
A _t'-rapéioidal channel has a bottom. width of 6.0 m and side slopes of 1:1. The depth of flow 1s 1.5m
‘a5 a discharge of 15 m¥sec. Determine the specific energy.

£r
ar

_S"o'l.. Given,

R=g0v=15smi:m=1:1(:H) Q=15 m3sec
Area, A = (B + my)y

i Eﬁgg [~ <M ff'\’\wﬂf R Office: F-126, hawwaria Sarah, New Delh 1 :j?:i l\i .
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o

1. E@tcrm@ idepm
. Top width,

A A= e

If ¥, and ¥, are alternate depth in a rectangular channel show that y? St AR . where Y. &

Sol. Let a rectangular channel
specific energy £
depth.

of width B, discharge Q m% sec. Specific energy E. We know that
for a certain discharge ean occur at two depth v, and ¥, called as alternate

Office: F-126, Rarwaria Sorvar, Sew Dol - 110 016 ;
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S S )

P T (Y1 ““y?.)

G-y = 50 T
: _'_23"_1 Yo

Wiy +ya)

*

om équation (1) ) .
' ’ }’2
257

.. Sbstituting value of y? in'above equation

2.2
N 2¥{ vs

E=y + =
Loani (v ye)

*

. }*E

F} froes YI b EM: =
¥ = }2)

3‘2 .Y } ¥ :
g T 4 hr‘_}
E o i 1r32 i

§ ¥t ¥y

“Y;;’PI{ese are standard result and hence need to be remembered.

B
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channel:”

- - For minimum

A rectangular channel is to carry a cortain discharge -

minimum perimeter

|Sol.” Given that flow 5 eritical, honce.

show thaty, =

perimeter we'

Ina 1'ectang11_iaz' cha
¥ind how high can ]

Sol. Given,

to 2.4 m what should be the height of hump? Assume Mannings n = 0.015

nnel 3.5 m wide Iaid at a slope of 0.0086 uniform flow occurs at a depth of 2m.
1e hump be raised without causing afflux? If the upstream depth is to be raised

Area, A = By = 3.5 x 3 = 7?2

?‘d: L4ekl

ESMAST

FR i Olfice: Foi Ratvaria Sarsd, New il 113 018 ¥
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Trom Mannings equation, @ =

We: know thaz for'the mmmum hmg £ 0

:candltiom fi{}w over hump hacs 1o be critlcai ﬁow

i fcri_ﬁeg_;' __a_epzh_' of flow, y

C (eemssiaspYt o
y, = (L_Jﬁém )] =1812m-. -

981

' Asy <y, F_IQW is subé‘:;it:ical.

yw"i';><1812 2718m

' Spemﬁ(, emrg}f at crltzc,ai depth {}f flaw F‘ e 2

Ap pl} mg energy equation between upqtream and over hump, assummg no Ioss of energ},
E=aZ_ +E '

Jirkih:

2743 = AZ__+ 2718 m

] max
Azm 3.025 m

When the huwmp height is increased further 872 > &7 the depth of flow over hump will be eritical
and upstream depth of flow is 2.4 m {given) for scame dmchargs. Q. Now for the new height of hump
AZ.

i

Fow Ecimx?;

o
4o

|
th

B, + AZ

: - Office: 106 & Surut new Thedhi - 11841
Y E.ES ;\/QASTE..R uxue, B :'si n:: \l ~Nn 1|r‘t\}‘1}1rr1=1512
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Hyﬁra%ulicﬂ.fad%us’_ R = B -

From Mannings equation, Q'

. 'Specific energy at upstream section, E =

e

e

I
|

We kncw .that fcr manmum height ef hump mthout causmg affiu,x flow over hump wzll be cntzcal
flow. - . -

. o . 2y a4 .
Critical depth of flow over hump, y, = (-‘L] 2(91&2—] '

g 9.81

Ye

i
!
gt

Specific energy for critical depth of flow, B Ye

" 3:&. a\‘% ¥ E S f%/‘\gT F{? Office: 725 Kavwaria Saral. New Delhi - 11501
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For maximun size of hum

Let, hexght of hump be &
s, Stillflow over

Sol (nveza1 _ : :
B 2.4 ymlﬁm lem%ec _ e
Area, A =24X15= 3600 m% . .

N _-Veiqc;tyﬁ? 1944 misec

Critical depth, y, = (w J i \V24) - 0.954 i

Specific energy at critical depth, E,

|
R =
et
it
o
[
[—
B

As the upstream bed level is raised by (.15 m specific energy will decrease.
New specific energy, E = E - 0.15 = 1.693 — .15

;{“ S MASTER Office: F-126. Katwaria Saral New Belbi- 1118 1
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| B sy
E 3 E upstream dépth of _ﬁew wﬁi not get changed

F or mammum rige’ :‘ £ b e}.wzﬁhout changmg the upstream depth f ﬂo# R

" After the contraction of width to 2.0

; ._._15
' g;wz“ = melqecfm B

Due te the hump and coni::acted sectzon at down st:ream suie a critical ﬂow is cause& Assumz:lg no
'-.-ioss ofener gy and appiymrr energy equatmn for (,onstant d:&charge Q &

2P
;= [ﬁ_}
¢ g

, ‘?ﬁ%% [ES M ASTER Office: F-326. Rawaria Sarai. Now Delbi - 110015 1
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s equation, Q = — A R? g12-

* .+ From manning

. T LT ':ug .
S = 15 1 363 F o 26.615 m¥ :
R _.--o-o_zx X( 4 [1 200 ) TSl mTer

| Vz o Ehow. e 2. 625 7%4"’#3
eo_c:tyo _.m.gv,xf_— A 1:5. 74
. Specific energy, B = y + ——
P gy Y 2g
' 1974 '
P om g e 3.160m
B=3 2x9.81

When channel section is contracted to minimum width and for constant discharge Q, the flow over
contracted section will be critical flow and under assumption that no energy loss has taken place.

¥,

[T N
T
o

We know that, ¥_ =

?«;i? TES MASTER (}fnu, F12i Ranwara Sarai, New Dethi - 0015
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R Bt A

 For critical flow. condition, s I

. Specificenergy of eritical B, = Sy,

Assuming no loss of energy, I

. ‘Ve kno“r that} E
| 3.160
A7

max

= E + z;zm-\;
3160

© 2,136+ AZ
1024 m e

i

I

‘Example

Atwhatdepths méy a flow of 1 m¥fsec oecur ina rectangular channe} 2 m wide 1f the gpecific energy
5 0.65 m? What would be the corresponding channel bed slopes required to sustain uniform flow if

Mannings roughness n = 0.015? Also find the minimum specific energy required to carry this
discharge. : .

As'sume g = 10.0m¥sec
Ans, Given,
Q= Im¥sec; E = 0.50m: B = 2m

Let the height of depth of flow will be v then from energy equation

™

B A+ h
hom ¥ 2g

Office: ¥ 130 Revwaria Saral New Delbi o 0015
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Energy Depth Relationship

a9

itical uniform flow

“From Manning’s e

| 3 : y;w z x 0433 0.866. m o
Pemmeter P., B ¥ Zyzw 2 ¥ 2 X 0. 433 =9 865:11 .

Hydraulic Radi s R, = 4 = 0.302s
4 mfl m;_-a.- tus By 5 P, 2866 "
qua_tien _ |
Q = 1 ARGl
n

1 213 qiie
1 o= xN.B868={302)"°§
.015 ¢ )

L EE TF CMASTFR
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B osasx({} 302)2’3

“and the contracteé section? Will there ‘be any.-change 1:1-the waﬁer tiepth upszream.before cmd after. g
contractwn" If 80, by what am{}unt o - : S

yc m((ﬁww}“} .“'""""2-168;133_ '._:; _

We Lﬂ{}w that at cntl{:a} depth Gf ﬂ{}w zapeczﬁc enelgy wzil be mlmmum and dzscharge per um’z wid th
Wi}i be mammum :

3 6 N3
. v
R (““ """" !
3 2
ﬁx;;@&;} = dmax
\2 / 9.81

3y nc)
G = V(Exz'ZGSJ x9.81

i
S

b o | F S RAASTER Office: 174, Karwana Sarsi, New Deihi - 170016
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Gy = 18368 8 msec B

1
=
%

I ¥ gxyixaxgs T MO

i

V4 TS = 5163

y3-5163y745097 =0 :
s Ly o= 4,955, 1.123, ~ 0.916
New depth of flow at upstream will be y' = 4.955

: Upstream depth of flow will increase, &y = ¥ -y =4955 -3 =195 m

can not happen as depth of flow can nol be negative.

‘ im” 'ﬁi’.é“ {\/’EJA‘STER f)ffku, F- 3’{ Vv urt a. ‘\r 1 }“\1.“ o5t - ihiﬂiu o
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: ample 12

A3 6 m mde rec’sarzguiar channel caﬂes water tha depth of 1. 8. In e "“'észzre the dzscharge

the chamzel wxdth is red uced to 2. 4 geil anci a hlzmp of 0. 3m hexght i prowded-'m_ Iié bottom ealculate
the dzscha: ge 1f wa?,er smface in the contracted sectmn dwpq by 0

P

2%

| . "AZ . yz

L Az + y.,ﬁ*Ola SRR

=5
F!

éZ {} 15 = 1 8 g A ) i

' -.'Aiso., _ilw'%(}.ZS -
2g o

Vi ‘T.;.
- 2% %

zz_
=
LR

(135%2.4Y  (18x3.6)
2z 2g

= {115

m e ()15

i

G = 015 x

523.852 % 2{}5.963]
823852 - 205.963

6418 m¥seec

r@
H

iES ;’\ﬂ(ﬂ‘gffﬁ f‘l}if;cei _r“}As Ragwar Ji?ﬂi’i! Naw i%l zht HEVJIU'
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Example I

cun ecs as a depth of 2.5 m: The _
accompamed by a gradual Zowermg of ﬁhe channei bed b} (}' m. (1) ?md the depth Gf watel m"
rectangular cross sectmn and change in water surface ievei( ‘Incase the dxep n water ‘;urface level_
dsto vh s which the bed must be. Iowcre(i" (Assume m} losses)

Fiow in- rectangular chanuel iet the '

éepth of ﬁﬂw = y.,

Wzdth of rectangular chann _

A:,summg there is no energy Iess amd wrﬂ:mg.the._energy equai:zcn between these two sectl{m

=y e A

1

et

-_.*?’[,‘“"6 * (6><y Px2x9.81
36><2><981xyf, = 3343
. B.097 :
y, b = 3343
Shecals

v — 3343 yi + 5007 = 0

v, = — LO74, 2.573, 1.844

f iES MAS}"ER CHTice P16, harwaria Sieeas, Niw Eeibi - 1;5,}{3.51»

Wohaioor wwa emasierarn, Dol fez maserEvaion,
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 Example 14

A trapezoidal channel with & base of 6m and side slope of 2 horizontal
at 17'm¥sec with a depth of 1.5 m. Is-the flow suitation sub or super.

Sol. Giv

xample 15 :
A rectangular channel 2.4 Hlow of water at s rate of 7 cumeclsec at a depth.
' alculate the change in What 19 the"

 that there is no change in the irpstieam depth of-

SOIGn'en, Y

: Velecity, v = el “““*1~944m2

v ” T
_ | "m(('z{) ] 0.954
g, 1981

i _

 Specific energy, B =

Critical depth of flow, yc_. .....
Asy >y flow is subcritical

Specific energy at eritical depth of flow, E, = >V,

E, = L5 X 0.954 = 1.430m
As bed is raised by 0.15 m on the down stream energy equation will be
o= E - AZ

Offfce: F 135 Katwaria Sava, New Dalbi - 116 010 ;
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E' = 1693 {)1

'1 543 m

stream depth of flow.

Example 1

Gwen
B= 15 m; yi =

08121 Q~10m3:’°;ec :

3 - 0.835 yi +0.023

¥ &
Aternate depth for ¥, = 0.8 m will be y

‘-‘;WQI"";.. . 18 - N

By, 16%08 "

BYEI 15% ¥,
102

S
Y27 157 x9.81x2xy2

0.0
¥

]

3

vy F

(2= ]

0

= —0.153, 0.799, 0.189

27

= 0.189,

b &
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‘Example 18

4.142

4.1432
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Depth Relationship

ﬂiQ &)m@wc A .
'..:ﬁUpstraam :-.eemon D

o "3"1"? 25 o
@ At ﬁjﬁsﬁream-_-section ' - _

2"51}1
Topwidth, T,

60

Ve?ocity, v,

Specific energy, E

¥y

(B +m1yl)37;“

T 275

{6 + 2 X 55) 2‘5

B ‘*1" 21111}* = 6 4+ 2 X 2 x 25 " 16 1}’},

=2.182m ;f“sec' -

2.182

Froude number, ¥

J;é‘t 9.
o

5o = 0831(<D)

81x
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“Flow at trapaezmdai section is sub critical _ﬂ{)w We Rnow that the i’iow at upstream sectzon wﬁ} be
posszbie 1{ spemﬁ(, ene g

. Velocity, ¥, = -

- Specific energy B, =

= Yy, b
, 607

£ : _2%9.81_*(6‘_*_23’1) S

Assuming no loss of energy and writing energy equation

E, = E, (rectangular)

Y Fo— s — = §.952 m

Solving by hit and trial v, = 3127 m

Flow will be possible if upstream depth of flow will become equal to ¥, = 3127 m.

ﬁ‘?@ }g E S ;\A},\ST}"R : gff:lc‘.{e: F-ids %‘I;‘nﬁ\'ar%:& SSHEL ‘\":"‘f'_ i}:%]zs\ P £
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“thie’ possﬂ:n}.lty of fiaw

-

’when there isa erl
o -'-__eaergy equatzon :

Let new spec.iﬁc energ} at rectanguiar sectior

. Wz :tmg energy equatmn

g
' e
60%

2T Gxy, P x2x981

98334252 £5.007 =0

_Sblving above equation

y, = 18486, 2,571, — 1.074

As the upstream flow is suberitical new depth of flow at rectangular section will be y'g =2.571
Change in water surface level .
= (2.5 + 0.6) - 2.571 = 0.529

X Gv) Lety be the depth of flow and AZ be the required amount by which channel bed shall be
lowered at rectangular section such that change in water level is 0.3 m only, then

25+ AL =y + 0.3

L ! E S \/}ASTE—'R Office; F-1%5. hatwaria Saral, Sow Dedhi - 110098 _
= Wohaito wivw namastar ore, Fonall ies masterfva honomln
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CIVIL. ENGINEERING Energy Depth Relationship 111

Consider the following statements in regard fo the criticsl ﬂow:

OBJECTIVE QUESTIONS

The given figure shows a suberitical open channel flow, expansion (BC in the figure) of rectangular
cross-section. With respect to the water level in the flume (A in the figure), water level in the
expansion BC will

{a) féﬂ
{c} rise

Specific energy is maximum for a given discharge,

Specific force is maximum for a given discharge. = .

i

2

3. Discharge is maximum for a given specific foz;'c:é:T_ .
) . ::

Discharge is maximum for a given specific énergy.

Which of these statements are correct!

@ 1,28 and 4 S () tand2

© 2and 3 e @ 3and4 /

For a smooth hump in a sahecriiﬁég@ fié’i% to function as a broad crested wéir, the height DZ of the
humyp above the bed must satisfy which one of the following? " ‘

@ AZ2 8, ~y,) b) AL (E, - E)

© AL (B, —y) @ AZ < (E, ~E)

B = Spe;:_iﬁé’ head upstream of the hump,
E = Spec’iﬁc’ ’ngad at the critical depth y)
(Negleet friction effects)

Consi{ier._the' following statements in respect of specific energy of flow in an open channel of fixed
width:

1. There is only one specific energy curve for a given channel.

2. Alternate depths are the depths of flow at which the specific energy is the same.

3. Critcal Bow oceurs when the specific energy is minimum.

Which of theae statements are corvect?

{a) 1and?2 () 1and 3

) Zand 3 (y 1.2and 3

(Hiiee P32, hatwaris Saral, New Pedhi- JHI 08
et o1 - . I oL PR A N
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5. If the Froude number of flow in a rectangular channel at a depth of flow of ¥o 18 Fy, then what is
¥/, equal to? '

(&) F{: i3 (b) Félf 3

2 il L4
© F @ FY
o,
(@?ﬁ’ in a wide rectangular channel if the normal depth is increased by 20%, then what is the approximate
" increase in discharge?
@y 25% ' (n 50%
TR 5% : @ 40% s
7. Aright-angled triangular channel symmetrical in section about the ver t:calcarrzes a discharge of
5 m¥s with a velocity of 1.25 m/s. What is the approximate value of the Frg;ua_e number of the flow?
a) 0.3 & o4 | _—
© 05 | @oe . .
8. Arectangular channel is 6m wide and discharges 30 m®/sec, ‘I’he ups%neam depthis 2.0m, acceleration
due to gravity is 10 ms2 Then, what is the specific enérgy (approximate)?

3

(@ 25 LB 63 _
© 23 o @) None of the above
8. If the Froude number of flow in an open ;han'z"zél zs mcre than 1.0, then the flow is said to be
(@) critical ' ., () shooting
{¢} streaming ) _' C ) transitional
10. Which one of the following conditions is a typical characteristic of eritical flow?
. Q.‘Zrz\ Q )
o L i —— T 1
@ | gA‘; (b} o Al
Q? QETQ
S | e == ]
© @

11. Which one of the following statements is not correct?
- (@) Specific energy is the total energy above the floox of an open channel
) For a given specific energy, two depths exist and these are called alternate depths
© Velocity of flow is critical at maximum specific energy
Gy Critical velocity occurs at Froude number.=.1..

12. While defining Froude number applicable to channels of any shape, the length parameter used is the
(@ hydraulic radius {(b) wetied perimeter
(¢} ratio of area to top width ) depth of flow

13. Match List-l with List-I] and select the correct answer using the codes given below the lists -

List-] List-{I
A Specific force L. Head loss due to friction
B. Speaific energy 2. Rapidls varied flow
C. hydraulic Jump 3. Alternate deptha
D Darcy-Weishaeh equation 1. Comjugate depths
i ACTL Ifiee PG Raiwarin Suvad, S 0B 515 919
i [ESMASTER e T T
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Codes :

A B C D
ay 4 3 yid 1
® 4 3 1 2
& 3 4 2 i
@ 3 4 1 2

14. A rectangular channel of 2.5 m width and 2m depth of water carries a flow of 10m¥s. The specific
energy for the flow is given by : :
@ 118 m h) 34 m
© 20m _ @ 22 m
18, Water ﬁcws in a channel at a Froude number greater than 1. If: the channei is contracted, then
in the contracted section L o
{&) both y and v increase &) b{}th--j‘rfand: {r.'dec_lféases
& v increases and v decreases {@ yf’:_(_iecregses and v increases

[@Lonmder the following statements:

A constant discharge flows in a channel across w %uch a Immp of rnodel ate height has been constructed.
Then, along the flow direction : %

1. depth of flow reduces

92-—specificenergy remains unchanged
3. froude number reduces
4. critical depth remains ﬁnchanged

Whieh of these statements islare cor1 ect’)
{a) 1only ) 1and 4
¢} 2 and 3 R @ 2,3and 4

.

/}n a triangular. channel the orltlcal depth is 1.4 m. The corresponding least possible specific energy

@ 165m . ® 175
\4(6 2. 1 m ' €y 2.4 m,
18 Ina erngu%az channel, the critical depth for a discharge of 1.2 m¥sis 1.3 m. The c:mcai depz:h
for a discharge of 38.4 mofs through the same channel would be
@) 26 m ) 34m
{© 32 m d 62 m
19. A rectangular channel carries uniform flow with a normal depth of 0.6 m and Froude number of
2.6. For thiz flow the critical depth is
(a) 0.6 x (" m
® 06°x (2" m
© 0.6 x Z)m
@ 0.6 %2 m

] ( " Office: F-126, Kapwaris Saral hew Daihi- HHFOLG
i3 fES MAS"{ER : )- -\-1” pi o = masterd pshatguin

Wehsize: www emastetorg. Email &




114 Open Channel Flow CIVIL ENGINEERING

26. It has been observed for eritical depth y__in a rectangular channel CAITYING 4 constant discharge
that; : '

1. Specific energy is maximum |

2. Froude number = 1

3. Specific energy = 1.33 Ve

4. Specific force is minimum

Which of the above observations are correct?

{8} 1, 2and 3 ) 2, 3and 4
¢ 1and4 : @) 2and 4

21. Consider the following statements in respect of the critical depth of __f_ioﬁ% in rismatic rectangular

channel?
1. For known specific energy, the discharge is minimum.
2. For known discharge, the specific_;«:-rlzergy zsmmlmam T
Which of these statements is/are correct? o _
@ 1only ) 2 oniy"
{¢) Both } and 2 _-Z:.},_:--(:{i}_-.-'-Ne_ither 1 nor 2 _
22. An open channel carrying super critical ﬁow_. is provzded _W.i'zh a smooth expansion along the direction
of flow. When no other considerations interfere:then the water surface '
(@) before transition will rise _ {?}) after transition will rise
{c} béfoi’e transition wil dro_p o - @) after transition will drop
23. In a wide rectangular channei_fwi_tiﬁ ﬁnifér_m flow the specific energy is 1.08 m. What is the velocity

at critical flow? Given @ =443

(@ 0.981 m/s ' (b} 4.430 m/s
© 2658 mfs @ 0.360 m/s
24. Critical depth af a Seéti{)z_l of a rectangular channel is 1.5 m. The specific energy at that section
@) 0.754m b 1.0m
© 5m dy 225 m

25 A t}:i.a'ri'gt__ziai:‘E}*;iéii‘%:hannel has a vertex angle of 90° and carries flow at a critical depth of 6.30
m. The discharge in the channel is :
(@) 0.08 m¥s () 0.11 m¥s

) 0.15 mds | () 0.2 mYs
Common data for Q. 26, 27, 28 e

A rectangular channel 6.0m wide carries as discharge of 16.0 m¥sec under uniform flow condition with
normal depth of 1.60 m. Manning 0 is 0.015.
26. The longitudinal slope of the channe! 13
{a) 0.000585 _ by 6.000485
(& 0.000385 @) 0.000285

35?’36',&;@: iES M{J\S"I"EQ , Offiec £-106 Kavwaria Saral New Dedli - 110 614 1
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27. A hump is to be provided on the channe! bed. The maximum height of the hump without affectmg
the upstream flow condifion is

a) 650 m & 640 m.
{¢y 0.30 m _ _ dy 6.20m
5. The channel width is to be contracted. The minimum wzdth to which the channe! can be contracted
without affecting the upstrﬁ,am flow condition 1s
@) 3.0m ® 38m
g 4l @ 45m

98, The term alternate depths is used in open channel flow to denote the depths .

(a) having the same kinetic energy for a given discharge
) having the same specific force for a given discharge

{0} having the same specific energy for a given discharge
{) having the same total energy for a given discharge _ LT

30. In a rectangular channel, the alternate depths are 1.0 m and 2 Om respectlveiy '1‘119 speaﬁt, exigrEy
head in m is ' : e
@ 338 - ® _.1'33 | . R — 7
© 233 | @ 30

31. A rectangular channel carries a cerfain flow for 'W'Hiéﬁ:.'the alternate depths are found to be 3.0 m
and 1.0 m. The crltzcaI depth in ni for tius fiow is o
@ 2.65 ‘ ) 165

o 065 - ) 133

32. For a trlanguiar channel of szde slopes m horm{mtal 1 vertical, the Froude number is given by
¥ .

..... m. -
@ Jey ) ey
v v
& — @ T

33 A triang_i__l_iar: i_:l_zannel has a vertex angle of 90° and carries a discharge of 1.90 m%s at a depth of
0.8 m. The Froude number of the flow is

(@) 068, ®b) 1.06

© 075 @ 1.50

34. A triangular channel of apes angle of 120° carries a discharge of 1573 Us. The cxitical depth in
m s :
{ay G.600 &y 0.700
&y 0.500 {dy .632

35. A triangular channel of apex angle of 60° has a critical depth of 0.25 m. The discharge in /s 13
{ay 60 th) 640
{cy 160 y 10

tﬁa%g { { f) g\ﬂ/i\s E«Q . 0!“"{ Ferg, ?\a!“ arid Sarafb New Pledhi . EH][?\J‘
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36. For a given open channel carrying a certain discharge the eritical depth depends on -

{a) the geometry of the channel ) the 1‘0ughneé‘s~e{ the channe}/’/

{c} the viscosity of water ) the longitudiani s\Icp@wof--t.h@ channel
37. In a triangular channe! the value of Efy, is

(@) 1.25 by 25

) 3.33 ' @ 15

38. Supercritical flow at Froude number of Fy = 2.0 occurs at a depth of .63 m in a rectangular
channel. The critical depth in m is

{a) 0.857 . { 0735
{© 1000 €@ 0.500

39. In a rectangular channe! with subcritical flow the height of a hump to bé built to cause suberitical
flow over it was calculated by neglecting energy losses. If, after building the htimp, it is found that
‘the energy losses in the transition are appreciable, the effect of th_i’s"'hump on the flow will be
(@) to make the flow over the hump subcriti¢al e e

(b} to make the flow over the hump supereritical _
{c) to cause the depth of flow upstream of the hump to raise
@ tolower the upstream water surface _ '

40. Flow happens at a eritical depthof 6.5 min a 1ectangu11 channel of 4 m width. What is the value

of discharge? e .
(& 54 m¥s ) 51 mYs
{©)- 4.9 m¥s . (d) 4.4 m%s
41, What is the digcharge corresponding 1o a critical depth of 1.20 m in 2 3.0 m wide rectangular
channel? R '
{a) 4.12 m¥%s A {b) 4.94 m¥s
¢ 8.24 m¥%s ) 12.35 m¥s

42. Match List-J (Flow section type) with List-Il (Critical discharge is proportional to) where y is the
depth of flow and select the corvect answer using the codes given below the lists:

List] List11
A S_hallaw pai'abolic 1y
B. Triangular 9. g
C. RBCtanguZér 3. 32
. ’I.‘rapé:ébida_i 4 y?
Codes:

A B ¢ D

fay. 2 3 4 1

(I 1 2 3

@ 2 13

dy 4 3 2 1
F i Offiect 5104 Ravwasia Sevat, Nont Folir e 1T 613 1
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Consider the following statements:
Of these statements

{a) Both A and R are true and R is the correct explanation of A
(b) Both A and R are true but R is not a correct explanation of A
{c} A is true but R is false
) A s false but B is true’
43. Assertion (A): At the critical state of flow, the specific force is a2 minimum for the given discharge.

Reason (R): For 2 minimum value of Spemﬁc force, the first derivative of force with respect to
depth should be unity.

44. Assertion (A) The vertical co-ordinate of the apex of the Q-curve is EE G

R
Reason (R): The horizontal co»mdmate of the apex of E-carve is 1 5 tzmes (f}w} .
. T L g

45. Assertion (A): Total energy of flow decreases in ahe cilrectl{}n of fle
Reason (R): The specific energy may decrease, increase of remain constant.
46, Assertion (A): A minor change in specific ener gy at or close to critical state will cause a ma;;m
change 1n depth. S
Reason (R): A crifical state of flow is characte:zsed by st Froude number being equal to unity.
47. Assertion (A): For any discharge flow wzli be crztlcal m a wide rectangular channel whose bed
slope is 1 in C¥g. A '
Reason {R) : The critical depth of flow throngh a wzde rectangular channel 1s (g%g) '°.
48, Assertion (A) : For a given specific energy in a prismatic channel, the critical state of flow
corresponds to maximum discharge. S

iReason (R): Gradient of <iischai_r__g}_§_"w'-.i".h denth “&;j is maximum when depth is equél to critical

depth which comprises critical state of flow.

Assertion (A): A ' A channel carrying steady flow which is subjected to raising of its bottom and

reduction of its width at a dfs reach, generally results in raising of water surface on upstream.
eason {R): Rajsing of channel bed d/s results in impounding of water w/s and hence the raising

% ufs water surface :

.49,

£

/" ANSWERS
R

1O 2@ 1@ 4@ 5B 60 10 5@ %0 106
L@ 120 BE LU BEO 18O 16 18O 190 20 @
) 2@ BO UG B W@ LB WO 20 30 ©
SLEG 20 8@ MG 5O 6@ e 8O 9.0 4 O

4L @ 42 ) 48. () 440 45 () 46 () 47 (&) 48 () 49 ()
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1 As the flow is suberitical in the given channel and there is a expansion in channel section at section
, hence discharge per unit width reduces and therefore depth of flow rises (as in case of suberitical
flow).

2 We know that at eritical fow condition.
»  Specific energy is minimurm for a given discharge.
e Specific force 1s minimum for a given discharge.

» Discharge is magimum for 2 given specific force.

e [lischarge is maximum for a given specific energy.

8. For suberitical flow condition, masbmum permissible height of hump wit

it changing upstream
fiow condition i

E, 2B +AZ
{PIME)>M'

4. For non- prismatic channel, the channel section varies aiong the length of the channel and hence,
the specific energy differs from section to sec!:mn :

5. FG =
. v
0
2
gﬂi - q, ........
B 3
BYg
9
.
Yo 2
_ gl
Similarly,
Yo
_Te .
= = 1
J&¥e
3
qC _ _‘3I
ooyl
g
Yo oo I
IR T |
¥y
3 -
R m B 3
. 0

i

Wehatte www semaaiers gre Famsib is
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Consider the following statements: o

Of these statements SR T
(a) Both A and R are true and R is the correet explanation of A
() Both A and R are true but R is not a correct explanation of A
{©) A 1s true-but R is false
(@ A is false but R is true

48, Assertion {A): At the critical state of flow, the specific force iz a minimum for the given discharge.
Reason {R): For a minimum value of specific force, the first derivative of force with respect to
depth should be unity.

44. Assertion {A): The vertical co-ordinate of the apex of the Q-curve is “3%

o o 14
Reason (R) r{‘he horizontal co- ordmate of the apex of E-curve zs 1 5 tlmes (q ) .

45. Assertion (A): Total energy of ﬂow decreases n the dzrectmn of ﬂow _ &
Reason (R): The specific energy may decrease, 1mrease or remain constant
46. Assertion {A): A minor change in specific energy at or close to cum{‘ai state will cause a major
change in depth. s,
Reason (R): A critical state of flow is charact}erwed by th Froude number being equal to unity.
47. Assertion {A) : For any discharge flow wdi i’}e {:?mcal m ‘a wide rectanguiar channel whose bed
slope is 1 in C¥g. L
Reason (R) : The eritical depth of flow through a wide rectangular channel is {q%g}
48 Assertion {A) : For a given SpeCIfiC energy m a prismatic channel, the critical state of flow
corresponds {0 maximun ciischa ge.

1:3

JReason (R) : Gradient of dischargg wort. ée;ﬁtil d; is maximum when depth is equal to critical

depth which comprises critical state of flow.

49. Assertion (A): A channel carrying steady flow which is subjected to raising of its bottom and
reduction of its width at a d/s reach. generally results in raising of water surface on upstream.
Reason {R)t:'f{ais%ng of channel bed d/s results in impounding of water u/s and hence the raising
of uls water _:_s_urface.

—{ ANSWERS )
N J

LO 2@ 3@ 4@ &6 60 10 80 90 106
e 120 BE 4o BE 16 ® 17 8@ 1@ 20 @
L 2@ 28O U BE & 70 2B 29© 50.Q
SLB) 32() 38@ M® 35@ 6@ 3.6 38 © 90 40 @
4. @) 42 @) 4. (0 440 45.(0) 46.0) 47 @ 4B @) 49, @) |
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B

3

&g vhe Bow is suberttical in the given channel and there is a expansion in channel section at section
€, kence discharge per unit width reduces and therefore depth of flow rises (as in case of suberitical
few) :
We koow that at critieal flow condition.
# Specifie energy is minimum for a given discharge.
s Specific foree is mintmum for a given discharge.
*  Pechavge is maxinuem for a given specific force.
«  Hhschasge iz maximum for a given specific energy.
For suberitical Sow condition, maximum permissible height of hyainp without changing upstream
e condifios R
E, > E +AZ
€, - ) 2 47
Fer non- primmatic channel, the channel section varies along the length of the channel and hence,
| idespectie energy diffors from section to section  ai
Fo &g
R o= e
S E¥o
B o= s
8¥p
2
3 . 9
Yo ™ Tva
g8y

3

qc .3

....... & =yl

g

]

37 *g

Yo

Foo ik
v, P

¥

(Hfice: F-128. Ratwaris Savab New Dethi - 110 015 l




CIVIL. ENGINEERING Energy Depth Relationship - 119

6. From Chesy's Equation

Q@ = CAVRS
For wide rectangular channel, B = y
Q = CBy¥ 812

d
49 - »%x}wciyxl{}(}
Q@ 2y
= 3. 9% 100 = 30%
¥
.
7 F, =
A
griw
_Q_ 5 .
A= = (g T4m

A = my* = 4, where m.':"":.j.:-}-‘
y =2 L
T = 2my =2 X Lx2=4

b

E= ¥+ o3
2B® x y’g

E = 2+¢;—~—»- = 9.8
2x8° x 2" %16

9. Flow velocity higher than the critical is said to be rapid flow, shooting flow, or supereritical flow,
while flow at velocity lower than the critical is said to be tranquil flow, streaming flow, or sub
critical flow. '

11. Velocity of flow ig critical at minimum specific energy.

. . A i1y depd}
dimenstons of =7 =M'L'T" e alength parameter.

T
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M B=253y=2 G = Wm¥ec

Q. 1
9B%y%g 2x 255 %22 x 9 81

E = v+ = 2 20m

E&. For a super critical flow, when discharge per unit width is increased then depth of flow increases
and velocity decreases for a constant discharge.

8. When a hump is constructed on the d/s side of a channel then, specific energy reduces and hence
the depth of flow decreases. But eritical depth of flow will remain unchanged.

17. : E, = 125y,
125X 14=17 m

E

[

it

8. For trisngular channmel

ZQE }lﬁ ,
¥, = —y
gm
o \H5
Yoo Qz,}
Ye, f :
i . 15
384y .
It N
' e - 19
33 | Sy, = (g}
v
F o=

g = ‘1—3— = w-——«gm— @y X ¥
i T, E3
(2046 5 |

yc e T —— —

2.0 06

e
I
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20. At critical flow in rectangular channel
e Specific energy is minimam
¢ Froud number = 1
e Specific energy = 1.5y,
s  Specific force 1s minimum
91. At critical flow in prismatic rectangular channel

s For a given discharge specific energy 1s minimum.

¢ For a given specific energy discharge is maximum.

29. From discharge diagram, in super critical flow when discharge per uni j_{:__};ﬁf_eases depth of

flow decreases.

23. Assuming no loss of energy.

108

1.08

Ty ~<L413><1.08><—3~ = 2.658 misec

' 3
24, E, = ¥ = 15x15=22m
25, For a 96° chgnnei: m =] ;
2Q2 175
y{: el g
= Q

0.3° x9.81 )
Q= \W*—)—” = §.11 mifsec
26. From Manning's Fiquation,
iy 23l
Q= - A BTG
) n
¢ x_' i ES MfXSfER : Office; F- 126, Ratwarta Savai New Delbi- 101G
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243
] . 6x1.60 142
P x{6x1.60 e T I
6= Gors {mmzee]
5 = 0.600585
: J— Q e 176 . Eard
7. V = N T 8x180 © 1.667
R S L.
2z T 9x9.81
3 et
= 2y = LBx| = 1 = 1347
E, 2y‘c ( 981} 1.347
Maximum height of hump, . 2
AZ__ = E, = 1347 = 0:395
28 E =K

{Q!B )2 13
o2 _ TLELD min/
1.742%x 5 951 ]
2 9 B
1.742% % = 1658 mmmmm
3 981 1 e

B = 4082 = 4.1m

29. The term alternate depth is used in open channel flow to denote the depths having the same gpecific
energy for a given discharge.

3 € 3 i3 o
2y, vve 12 aix24+2° F244 7
30. F o izt i e = 9 33
, {y)+¥q) 1+2 3 3
5 2viy?
21 }“‘; - ,:__M_,"!v_’.
(v +vy)

22 | R CRAASTER Office: F-1205 Ramwaria Sorad New Dalki - 110016
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32 ooz e

33
; 34.
s
9x1.573%
y, = | ~1 = 0.700
981><(J§)
; L /5
e &, 2z
35. : y et dQ‘ .
. c 2
1
o - e
V3
15
9032
: 025 »_-_ N"—Q__ ...........
{

(L0400 mfsee = 40 Hzec

o
1

Oifiee: F-196 Balwaria Sarai New Pelhi- 116613
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. et 3 . , Q° (A
36. Critical depth for a given open channel depends on the geometry of channel and discharge A = % J
@ A?

& E, = 128y,

EC

— =125

Ve

v, = @By =100

39 If there is a energy loss taking place then we qc:_»_m';i(_i_er_ heig}i:t' of hump as (AZ + hy). But as the
energy losses are neglected. The upstream depth of flow will increase.

R
40. Ye = (g“]

S\ E

332
q = {vl)
- N . 12 - )

Q = qxB=Bx{yixg) =4x(05x981)"2 = fam¥sec
£1. Q = B(y’xg)® = 3(1.20% x 9.81)? = 12.35m¥sec
42

Chongel m;:!_:idn

Ree:taﬁgu}a,r

- y"oq
Triangular —> v 2 Q
e N
. _ [ 27 @ o
Shallow Parabolic - ¥ = EEpE: ! = yr A2 Q
: Co i adec” )

) RN T
. : o e O A
44, The condition of the apex of B-curve is. E = oY = 1.5 —-—!
b Lz

[ U LS A Slfieer Folgi Kavwarls Sarad New Dedhi - 11008 !

- S !-\_‘;g.f}S} §‘§?_ ff_ﬂ‘;c_‘.} J#i Ravwatin Saran Niw Lethi - 31010 !
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o The gradually varied flow (GVF) is defined as steady non-uniform flow, where depth of flow varies
gradually from section to section along the length of the channel.

s The back water produced by a dam or welr across a river and the drawdown produced at a sudden
drop in channel are examples of G.V.F.

¢ In GVF, losses are negligible, the curvature of streamlines is negligible and the loss of energy is
essentially due t0 boundary friction.

e In GVF Bed slope (S, water surfa{:_e_ si_o_;_}_e_(S“,)‘gnd mergy slope (SQ will all differ from each other.

* Almost all major hvdraulic engineering activities in free surface flow involve the computation of
GVF profiles.

(1} Pressure distribution is hydrostatic because curvature of stream lines is small.

(2) Resistance to flow is given by Manning's or Chezey's equation with the slope taken as slope of energy

line. ..
. - . - i 24 I
Manning's Equation. V = —R~ j{Sf)i -
n

(hwrevta Favatios V7 — 0 Do



126 Open Channel Flow CIVIL ENGINEERING

{3} Channel bed slope is small i.e HGL will lie at free surface.

@ There is no air entrainment.

{8} Velocity distribution is invarient i.e. kinetic energy correction factor, == Constant
6) Resistance coefficients (C & n) are constant with the depth.

(7} Channel is prismatic i.e. the channel has a constant alingment and its shape remains same over
the reach of the channel under consideration.

Where, _
E = Specific energy.

»  Since water surface genérally varies in the longitudinal (x) direction, the depth of flow and total
energy. are functions of x.

lefexfentzatmg the above equation w.r.t x
dH d= dy 4
b dx e el oe 1)
dx  dx dx dx Zg
dH

L o represents the slope of {otal energy line {57 and the slope of energy line decreases in the

direction of motion. It iz common to consider the slope of the decreasing line as positive.
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dz
2. i represents the S slope of bed.

d , .
3. “d"‘i“ represents the water surface slope relative o the bottom of the channel.

dy Sumsmfm
dx QQT ,,,,,,,,,,,,

2 , 7 o= mw}fw
Also g E? ’ /;;\
LoV T

dy _ Sg—5;
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We know that, H= E+7

Differentiating write to x

Ii’i a given channcl y, and y_are two fixed depth if Q n dﬁé S are f";xe&
Where, U
¥, = normal depth of flow

y. = critical depth of flow

Critical depth of flow depends on the shape of ,c'z‘.c.)s_s' section and discharge of the channel.

»
—
M‘X: = 3? &
¢ There are 3 relations between ynané ¥
O 5 >y, Mild slope
2 y, =y, Critical slope
@ ¥y, <y, 'Steep slope
» There are 2 relations j{v'hen ¥, does not exists.
M) 8<0  Adverse slope
2) SGxO " Horizontal slape,
Based on above relations channel are classified into five cateogries,
SL | Channel | Symbol | Characteristic - Remark
~ Ne. - category condition ' o _ .
L Mild slope M Yo > ¥, Subcritical flow at normal depth
2 Steep slope S Y, > Y Supércriticai flow at normal depth
3. Critical slope o Y. ¥, Critical flow at normal depth
4, Horizontal bed H Sy = 0 ' Cannot sustain uniform flow
5. Adverse slope A Sy <0 Cannot sustain uniform flow

&

For cach of the five cateogries, longitudinal sections can be drawn as lines representing the critical
depth and normal denth (1f exist)
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. Spz-ve |

_.Ag}_'\.?erse's_iqpe . . L e
S S e - T

o Classification of flow profile is done based on-the slope of channel and the regions of flow.

Hence, we can have 12 different types of flow profiles.

Channel | Region | Condition | Type

DU B S A L T N
.- Sfeep slope _ - 32 ' Y2 ¥ >¥o : 5,

N 1 o y> Yo=Y, ' Cl
Critical slope '

Y <¥s =¥, -Gy

48]

5]

[ ¥ > ¥, H,
Horizontal bed 4{

L

¥ >y, H,

e

¥>¥, A,

{
Adverse slope {i

]

¥ >y, Ag
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Classification of flow profile is important bec&ube it gives an understanding of how the flow depth
varies in the channel.

Qualitative observation of various types of flow profile can be made and profile can be sketched
without performing any calculation. '

caliies in Zone 31y

[Profites in Zone 22y yaycive 2y 2l

.'Pr;;'f_il_gs in Zéée_ H S e

Hé;imn‘!ci_-sicpe
Yn®¥e .7

...:f/,df/////;'///////m//-":'
S Subcntica'

Mg STops
V> Vi

Ss.zbcritical

Critico sm-,ofé. o
Yo ®¥e

o w—
s I N —
ot e N e,
s —
§ = J. n T Mi
L1 & 77 TR
Subcritical . Supercritical

UV . ¥

e Az
nm -
i h Y
b4 L
“ro e e L R L T
# T e e A
‘g V{: Yc ﬁd’
b ] T TR
J.Jr////// Ly S L// 777 ////'f/:///f//f

Subenidical Supercritical
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Tmportant Points for Qualitative Caleulations
(1) As depth of flow decreases, head loss increases

we kanow that,

(2) If Enerey line is paraliel to the channel bed, i.e. slope of energy line is equal to the bed slope, Hlow
will takes place at normal depth.

(3) If slope of energy line is greater than the bed slope, flow will take place aidept éés then the normal
depth. RS A

- 4 Sizﬁi}arly if slope of energy line is less than the bed slope, ﬁew'wiﬁ: t.ake place at depth greafer than

normal depth
Summary
L So-S)<0  ify<y,
5 5o-59>0  ify>y, |
3. (So-S)<0  ifSo=0 (ie. horizontal slope)
L G-8)<0 S <0Ge. advérss slops)
5, F,>1 if y < v, (Super critical flow)
6 F.<1 if y >y, (Sub critical flow) .
7 éY - Sg S |
Codx 1-F

8. Depth of flow will increase in Region I and Region 111

[ORES A >y°}'f§egiof: 183
() y<¥,. ¥ <Y, o

9. Depth of flow will decrease in Region 1

a) v >y .
dy S-S e if @) ye>¥>¥a Region2
T OB IR A L
10. Surface profile will approach normal depth asymtotically if depth of flow approaches to normal depth
of flow,
i ¥ o—r ¥y

then S = 5,



132 Open Channel Flow CIVIL ENGINEERING

i1. Surface pr{}ﬁi{, wﬂ} appr {zach the or ztu,al &eptb line vertically if depth of flow approaches fo critical
depth vertically.

if ¥ ¥e
then . 1

Note: Under this situation, flow profile will have very steep slope and hence ‘cix urvature of “Flow profile will lorge
and it can not be treated as GVF, Dae te large curvature, normal acceiem‘hon can of .be assumed to be zers and
hydrostatic condition will iion will be neglected,

12. Surface profile becomes horizontal as flow depth become_s_l_a;ge‘

if, ¥ o> ®
then 3¢ = 0,
Foo 0
iz B R
dx.
13. Surface profile meets the hed vertically if dépth of flow reduces to zero.
if, y - 0, EUE ISR
F,—s o6
gm‘}u o
dx i
._u%wuuwu»zn.:;a“"u;“, uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu é:ﬂwﬂu
Note: It con be shown that gz M EZ:{ — q;;’ ) . Trom the above relation we can observe thot, s y— 0, 3% S,
. W oy e _ s

ie. water surface profile becomes vertical as the flow depth tends to zero,
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o A{ivéfsé dope Sp< @

s+ If the depth of flow increases in the divection of flow, l.e. i +ve then the dynamic equation of

GVF will represent a Back water curve.

: o . dy _ _ .
+  1f the depth of flow decreases in the direction of flow, Le. g S e then the dynamic eguation of

curve will represent a drawdown curve.
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Divection of flow

Nofe: Depth of flow increases becavse of obstructions or because Sio;}e is msu‘fflcsen’r to maintain the rate of flow.
Fiow region in {1} & {3} are back water curve where as flow in region (2} are drowdown curves,

M, Profile
* M, curve is the most common of all GVF profiles

+ When a subcritical flow gets obstruated i)y structures such as weirs , dams, {:ontroi structures and
natural features produce M, back Water curves.

+ M, curves extend to sever al kﬁometerq before joining the normal depth of flow.

i v

M, Profile

¢ M, profile occurs when a subcritical flow experiences a sudden drop in the channel bed for example
at constriction type transitions and at canal outlet inte pools.

R

Riid slop
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M, Profile

» M, Profile ocours when a aupucmzcai stream enters a mild-slope channel. For example flow leading
fmm a spillway or a shuice gate to a mild slope.

e Begining of M, curve is usually followed by a small streach of RVF and down stream is terminated
by a Hudraulic jump. :

» In comparision to M, & M,, M, curve is of relatively short in length.

S, Profile

» S, curve is produced when a supercritical flow over a steep channel is terminated by a deep pool
created by an betrizétion such as weir or dam.

» During 5, crve fiow changes from supercritical flow to subcritical flow through a Hydraulic jump.
Le. 8, curve is: preceeded by Hydraulic jump.

» 5, curve joins downstream pool with an horizontal asymptote curve.

Sieep slope

S, Profile
s S, curve occurs at the entrance region of step channel leading from a reservior and at a break of
grade from mild slope to steep slope.

- O amrrae ave oesnarallc sher? !ﬂ E‘Qn’gth
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S; Profile

* 5, curves results when a free flow from a shuce gate enters a ‘?teep slepe on dewnsﬁream gide. Or
when a flow exister from a steeper slope to a less steep sk}pe '

Note: A ¢ & H profiles froms raraly.

* A control section is defined as a section in which fixed relationship exists between depth of flow and
discharge

i

eg., Wire, Spillway, Shuice gate.

+  Control section is a point wheve caleulation of GVF profile starts. {t proceeds upstream in cage of
*}HI}(.HHC‘}} flow and dfs for zuner cvitieal floe
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Hence, Super critical flow have u/s contro.

Sub-crifical flow have d/s contro.

. Horizontal bed
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For supercrztmal flow -—» Control section is upstieam-
&} Draw CDL and NDL for various slopes.

@ CDL is at a constant height aheve the channe] bed in beth slepps as y, is independent of slope

of channel. )
) NDL for Milder slope will higher than the NDL for Mild slope.

{f) Match NDL to NDL for various types. of ﬂow
L Mxld to Mllder

2. Milder to Mild

3. Steep to Steeper

HOI
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4. Steeper to Steep

5. Mild to Steep

i
|
i
i
!

6. Steep to Mild
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8 Miid to Adverse

9. Adverse to Mild

i8. Adverse fo Critieal




CiVIL. ENGINEERING

Gradually Varied Flow

141

12. Critical to Steep

13. Critical to Mi_ld

e

15. Critical té adverse

CDL~._

Adverse siope
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16. Sudden end of steep slope




- 20. Mild, Horizontal, Steep
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Showthat forwzde -'af_ectangu'lér ;:_hanné.l the bed_ slope '_‘:_S"_O" is ;:rﬁidzbr:"s_t,:eep'-'accai'ding'_ to 50 bcmg less

Sol. ‘We know that
1 :zizés" ' Sliz -

R

” = —an
RJ3

2.9
V‘Zn"

R»‘IKE

5 om

IfS =S, critical bed slope then depth of flow taking place will be eritical depth only 1ey =
:}:C'

Further in wide recatangular channel fe. B >> v
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-'A concrete lzne{i trapezozdal 1r11gatmn canal has a bottom wzdth of IOm suie Slope

.longltu{izanl slope of 6. 0005. Ifthe channel s several inometers long, _what is the , épth of ﬂow near
.the {iowmtream end for a ﬂ{}w of GOm%’sec under a. free fa}l mnditzoﬁ s

Q E‘OmiqecB«]Om Tim=1v: 10, S~00(}05
- Area, = B+ my);y = (18 +y)y¢ o
S We km}w that u,nder free fall conchtmn depth of ﬂaw at {we faB iocatlon will be the cmtmal ﬂova

@r
gat =
Q*
e
o 60°
T 981X 10y )2y
‘ 60"
104+ ey W8 = h
A0H5’sd = 951

Solving by hit and trial method

P

f
ot
e
!

o
=

pe 1H IV and
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A rectangular ch._annei wi th botwm w1cith of 4 i}m ami a bo’etem slope of 0 0008 has a dlsdharge of

Y graduaﬁ; : vane& flow in this.ch ninel the depth ata {:ertam Zocatmn is foun{i _

. . ] . 2

- (1 5!40)9 o

CAs yzjl > yc, the channe} siope is mﬂd slope
o i\}sa gzven v = 0 30m is such that '
' s Yo > ¥ > Yo

' '*;.‘here'fom pféﬁlé is M, profile.

A rectangular channe} of 4.0 m width has a manning’s coefficiens of 0.025. for a discharge of 6.0 m¥
sec in this’ channel identify the possible GVF pmﬁies produced in the followi ing break in grades.

(8) SQ] - O~0004 10 Sgg = 615

{b) S{}i - 0.005 o SQ: = G004
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Sol Given )
B 4 Om
_\L : he. mr al tiepth of ﬂow be y

Soling by bt and el

A‘; Y2 < ¥, slope 1& %teep siope
We can ohserve that type of cha

Sm 89934 st S

= f} 025 Q 6 O m%’sec

- g_'_o = A--f.—"_w----(azx- :

s
3

s
£
@

oo, :
H

angein grade is mﬁd to steep and hence (}VF proﬁies are pi{}tted be]ow 8

NDL \M '
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oy “1*6;:_1.-1&}1'.;1:::;:@1i.n.g’s eguat‘ion"_. e

'.-Prove that 1f Q. repz esent& noma} dxbchdrge ata partzcu}az' dept’é b and Q,_ repreaen%s the cmt}cal;
'filachalge at same depth v then. : : -

& _ o [;;(Qf@g)?]--
g Z
d - T1-(Q1Q)°

Sol. We know that,

dy _ 8-S
ax T E
g Y
i o
-]
d U By )
dx o p?
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Put value of F, and

S,

S

in equation (1)
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><

Peritoter, P = B+
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g e_" :_"ames a dmcharge mtenszty of 4,01;133* sec per
0005. Determine the {:ra(iuaily varied:
annel. Aesume Mannmg 3 n

meter width. The longztuémai
GVE) proﬁle produced by a

"1.-1;7‘7_m'-_ o

463> ., slope is Mild slope and fow profle wil be M,.

L ]

Almost all major hydraulie engineering activities in free-surface flow involve the computation of
GVF profiles,

The various available procedure for computing GVF profiles can be classified as
I. Direct integration — Chow's Method
2. Numerical Method — Direct step Method

3. Graphical Method.




CIVIL ENGINEERING . Gradually Varied Flow ' 151

e This method is the simplest and suitable for prismatic channels.

From differential energy equation of GVF

A_E_
Ax

Where,

‘§f = average friction slope in reach Ax

Ax =

Between section (1) and (2)

o lLetit be required to find the water surface profile between two section 1 and (N + 1), where the
depths are y, and ¥y, respectively.

o Our requirement is to find distance ax, between y and v,
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+ Now between two sections i and i + 1

AE = B,

e
}

22
P ¢ 1
Sf . ) [ AZ R413

il z+§

Substituting values of E, K. and ng in the equatzon &x =

of Ax.. - L

: ml

aad L3

ssf

¢ The sequential evalution of Ax; starting from z = 1 to N will given the distance between the N

sections and hence the GVF profile.

Caleulations of Direct step methods are doné in tobulur form as shown below

v, A

>
F EEw
M‘i

i A‘s RJ vg | By | Sty
Fe A, R

¥ i A, R. Vo E- ' S

B ) 5 3 |51

T 8-8y | A%

* The required length of GVF will be ax = AX, + 8x, + by, b AX
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yaE2.0m B = 100m G E 560y Y, E 08 0 = 0.015; S =0.000167

* Discharge per unit width, q =R~ 10 = 2.292m%s/m .

- Eneray Line Slops, 8 = “-x

5=

{
| &

| ke | @ | @ | | | @ )

10 09992 | 10,0027 1 2.3738 x 106
1.9985 39509 x 10-6 | 1274962 | 12749.62

8 0.2865 | 8.0042 4.1287x10-6

1.9968 6.3716 % 10-6 1 12997.60 | 25747.22

6 0382 | 600?4_ 8.6166% 104
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Example 1€

Irz a gradualiy vamed flow in a rectangular channel of hottom wzdth 3 Om the dxscharge is Sm% and
the’ depth-of flow changes from 1.4 m at section Mo 1. 05 m at sectmzl N Calcnlate the average.-
energy siope etween these. two %ectmn ;%sume n= {}{}18 Lo A .

Sol Tn gradua[iy vauefi ﬁow the Maanmg’s formula 1s wmten far any seéfi_c_}n__ _zz_s-_-_ﬁ s

P 30+(2><14) aSm | 3£}+(2X10.))~«510m
R C4268=02Mm - L 315/510=06176m -
Voo so,fw =1 9048 m/s S L 8823 15 =9 5397 mfs

(o 818) (19048

(0 018)“ % (2. 5397)~ -

(O 794)433 R ({} 6176}4!3 S
L P "'\5 —-3 .
§f = 1_.8-0 7Xm H%ﬁxm = 2890 x 10

Ezample 11

A %Imce gate ciu)charge a stream of- depth 0. 15 mat t}w vena contracta. ‘I‘he channel can he taken
a5 & wide rectangular horizonital channel and discharge intensity is 1.40 m¥sm. If a hydraulic jump
is fermed at & depth of 0:25 m estimate the distance from the toe of the jump to the vena contracta.
Take fwo steps and use Direct step method. (Manmngs n = ,015)

Sel. (Jonsuier two steps with depths of 0. 15 0.22 m and 0.25 m forming the ends of the reaches.

The distance ef the water surface in the (stfep) Ax is obtained as Ay = AE

q = 1.40 mgt_’sfm, n = 8.015. _
Assume channel to be wide rectangular channel with bed slope be horizontal Le. S, = 0

Velocity, v =

i D

For wide Rectangular Channel
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.The"_.t'i.ista'nce:"}_jéﬁw_egg: -the'?fiWo depths 0.1 1_3_13"_&1;&_-_ 0251}115 fcund33224m P
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[

10.

OBJECTIVE QUESTIONS

Identify the incorrect statement

The possible GVF profiles in

{2} mild slope channels are M,,M, and M,
{¢) horizontal channels are H, and H,

The following types of GVF profiles do not gxiét
@) Gy Hy A
© H, A, C,

{t) adverse slope channel s are A, and A
{d) critical slope channels are C, and C,

The total number of possible types of GVF profiles are

) 9

© 12

dy/dx is negative in the following GV¥ profiles
@) Mz’ Sy Ay

© Ay A, M,

ifina GVF dy/dx is p{}sxtwe then dE/dx is
(&) always positive

{© negativeify >y,

® Ay H) G,
@ C, A, H,
@ 1B

® M, A, S,

@ M, A, H, S,

- '{b) negative for an adverse slope

) positiveify >y,

In a channel the gradient of the specific energy di/dx is equal to

@ Sy~ S,

dy

@ So- 8- 3

® S,- 5,

@ S, 1-F%

The M, profile is indicated by the following inequality between the various depths:

@ ¥o> ¥, >y
© 5. > %>y

b V>F 7 ¥,
@ y>y. >y

Along pusmatu: channel ends in an abrupt drop. If the flow in the channel far upstream of the

drop is subcrztlcal the resulting GVF profile

fa) starts from the critical depth at the drop and joins the normal depth asymptotically

{b) lies wholly below the critical depth line
fc} hies wholly above the normal depth line

@) lies partly below and partly above the critical depth line

When there is a break in grade due to a mild slope A changing into a mider siope B, the GVF profile .

produced 1s
{8} M,curveon B

) M, curve on B

{b} M, curve on B

{d) M, curveon A

In a channel the bed slope changes from a mild slope to a steep slope. The resulting GVE profiles are

a) (M. S,
fed AT Y

B (M, 8

fhy R
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1L The flow will be in the supercriticél state in the following types of GVF profiles
{a} Al S curves M M,
© A, M, S, ) S, M, S
12. Match List-I (Hydraulic structure) with List-1I (Water surface profile at the structure) and select
the correct answer using the codes given below the lists:
Listf List4i
A, On a flat topped broad-crested weir LM,
B. Immediately below a sluice gateon a : 2. M,
level apron
. Behind the weir on an alluvial river 3 5,
D. In a chute spiliway 4 S,
5. H,
6. H,
Codes:
A B C D
@ 5 6 1 4
b 4 6 2 i
© 2 5 6 4
d 5 4 i 3

...........................................

13.

14.

A sluice gate opening in a canal is shown in "the given figure. The shapes of water surface profiles
at X, Y and Z will be respectively (NI}L = Nmmal Depth Line, CDL. = Critical Depth Line, Hd =
Hydraulic Jump)

G oo st o

-

e 3 “’i

Bedu:ununuumu:uunuuum\ ™

. Shaiee Sill
(@ M, M, and M, | ) M., M, and M,
© 5,.5,and S, {dy H, 5, and 5,
Water surface profiles that are asymptotic at one end and terminated at the other end would include
{8) H,and 5, (h) B, and S,
) M,and H, @} M, and H,

A hvdraulic jumyp s always needed in caze of
(aj ap A, profile followed by an A, profile

by an A, profile followed by an A, profile

{e} an H, profile followed by an M, profile

flt"}\i T -:\g I'!!',’\'F\lf {. “nn YL !“] 11. 2 .\k/ 1“111“11?:_3
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16, Match List-I (Slope) with List-II {Description} and select the correct answer usi ng the codes given
below the lists:

List-I L}istdI

A Mila 1. is when the flow is at Froude number one
© along the channel

B, Adverse 2 1s an example of acn-sustaining slope
C. Limit 3. always sustains uniform suberitical flow
D. Critical 4. is one which has smallest critieal slope for
& given channel shape and roughness
Codes:
A B ¢ D
@ 3.2 4. 1.
b 1. 4 2 3
; & 3 4 2 1
@ 1 2 4 3

Consider the following statements which relate to different types of water surface profiles. Curve
types conform to usualclassifications ¥y, and y, (critical and normal depths):

17

*

1 ’f‘ype-B curves lie between v, and y,
2. All curves where Yo < ¥, are unaffected by upstream disturbances.
3. All curves where Vo> ¥q are inﬁ_uenée{i by dbx%nstream disturbhance,

4. All curves approaching the "y’_lir;:é approach it asymptotically except for C curve where Yo=Y,
Which of these statements ave co’rxé_c_t;} ..

) 1,2 3and 4 ®) 1.3 and 4
€ 2.3and 4 @) 1and 9

@ Match List-I (Type of curve) with List-II {(Flow condition) and select the correct answer using the
codes given helow the lists -

Listd List-11
AM 1. Slope upward in the direction of flow
B. H3 2 Back water profile
C. 8, 3. Hydraulic jump occurs
DA, 4. Hydraulic drop eccurs
Codes

@ 1 2 2
) 2 1 3 I
fey 1 3 3 2
¢y 2 3 3 ]
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19. In the step methods (both direct and standard), the computations must

{a} proceecd downstream in suberitical flow o) proceed upstream in suberitical flow
{¢) always proceed upstream {d} always start at a control section

g0 Which of the following equations are used for the derivation of the differential equation for water

2%

22.

surface profile in open channel flow?

1. Continuity Equation 2. Energy Equation
3. Momentum Kquation
Select the correct answer using the codes given below:

(@) 1, 2and 3 ' (b} 1 and 3only:
{© 1and 2 only - 4) 2 aned 3 only
Which one of the following stalement is not correct?

A control section in an open channel is the site

‘(@) where the flow quantity can be conirolled

(hy at which flow is known to be eritical
{¢c) where the discharge can be measured
@) where the specific energy is determined :
In connection with a graduaily varied flow with nétc‘itidﬁ's:.'yé:w normal depth, y_ = critical depth ande -
y = depth in the gradually varied flow, match L}.bt-—f with List-II and select the correct answer
using the codes given below the lists :

List : oo Listdl

23.

Ay, >y >y L M,
B. yv,>y >y, 2. 5,
Cy>y. >y, 3. M,
B.y>y, >y, 1.5,
Codes ;

A B ¢ b
@ 4 1 2 3
hy 2 3 4 1.
@ 4 3 2 1
@ 2 1 4 3

The following statements relate to water surface profiles in gradually varied flow of an open channel:
1. M, and S, curves meet y, line asymptotically and tend to the horizontal as y—»

2. M, and S, curves meet y, line normally and ¥ - line asymptotically.

3. My and S; curves meet v, line normally and also channel bed normallyy

4. G, and C, curves will be slightly curved as Chezy’s equation is used. Otherwise, they tend to
be straight lines.

Which of these statements are correct?

(a} 1 and 3 . thy 1 and |

fey 2 and 4 {y 3 and 4
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24. The given figure shows gradually varied flow in an open channel with a break in bed slope,
CDL

m."‘ .
}\,

ENOT,

“"-“ﬂq.

1 T

T h
Horizental '

Type of water surface profiles occurring from left to right are

@ H, S, k) H, 8,
© H, M, @ H, M, :

25, Which one of the following pairs of situations and types of water sgrf#éé profilesis not correctly
matched? SO

e o f2), Mild slope; flow over free overfall- M,
(o) Mild slope: flow downstream of a sluice: M,

{c) Critical siope; flow downstream of a sluice gate; C,. -

@) Critical slope; flow behind an overflow weir: C,

26. Match List-¥ (Surface profile} with Ligt-If (Description of the ;ifoﬁie) and select the correct answer
using the codes given below the lists - R

List-T ‘ |  Listdl

d/s end; depth increasing with d/s

B. S, 2. Convex downward; upstream asymptotic to
normal depth with depth decreasing in d/s
direction
G ¢, 3. Depth increasing downstream and meeting
at a angle to CDL; a curve with an inflexion
point
D. A ' | 4. Convex upwards and depth ncreasing in
flow direction; asymptotic to NDL at dfs
end
Codes :
: A B C D
| fay 2 4 1 3
" ® 2z 1 1 3
© 3 4 1 .2
@ 2 3 4 2

RV A shuice-gate is aperated in long open channel flow with a steep slope, as shown in the figure, in
such & manner that its opening is smaller than normal and critical depths.

A M, . L Convex upward: asympiotie hormomal ot
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(Gate

Downstream side

Upstream side

Sudden drop

Steep S}(}pe

The hydraulic jump will accur on _
(a) downstream side () upstream side L
(). both upstream and downstream sides L
) neither on upstream side nor on the downstream side

@A prismatic channel is laid with a break in bottom slope, _;gs“?shdxfn af: sed:zorz 2-2, so that water
“flows from a crest (section 1-1), in the channel to discharge over a suddén drop {section 3-8). The
surface profiles along the flow along 1 to 3 will be AL

drop
@ S§,My,HILM, @ $,HJI, M,, M,
© MM, HJ S, @ M,HJ M, 8,
~99:"Match List-] with List-Il and select the correct answer using the codes given below the lists
List1  ListI
A. Flow downstream of a sluice gate with mild bed slope of channel . Gyeurve
B. Flow upstream of an overflow weir with critical bed slope of channel 2. M, curve
C. Flow downstream of a sluice gate with critical bed slope of channel 8. C curve
0. Flow upstream of a free overfall with mild bed slope of channel 4. M auve
Codes :
A B C D
far 4 3 2 j
(I 1 1 3
oy 4 3 1 2
g4 } 4 1

(e
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30. Consider ¥, = normal depth, y_ = critical depth and y = depth of gradually varied flow. The slope
dy . '
of the surface gy 8 positive if

L oy>y,andy <y,

2 y>y.andy< Yo

3 y>y,andy>y

4 y<y, andy<yc

Which of these cenditiéns are correct? .

(@ 1and 2 ) 1and 3

© 2and 3 @ 3and 4
Common Data for Q 81 & 32

A very wide rectangular channel carries a discharge of 8m®sec/i; chi
n = 0.015 at a certain section of the channel flow depth is 1

31. What Gradually Varied Flow profile exists at this seéﬁon?.:..:-;}

Iha&a bed slope of 0.004 and

@5, L@ s,

32 At what distance from this section the flow depth Wﬂi be 0.9 m? (Use the direct step method
employing a single step.) et

(&) 656 m downstream . : - {b) 50 m downstream
{c} 50 m upstream : @) 65 m upstream
83. A channel with a mild slope _i.s_'f_qi}dﬁr_e"_tifi_?}};_z:a}i‘iorizonmi channel and then by a steep channel. What
gradually varied flow profilés will occur?”
@ M, H, S, | ®) M, H, S,

© M. H, 8, @ M, H,, 8,

34. There s a freee overfall at the end of a long open channel. For a given flow rate, the critical depth
s less than the normal depth. What gradually varied flow profile will occur in the channel for this
flow rate? '

@ M, _ . (b} M,
© M, | @ s,

35. Direct step method of computation for gradually varied flow is
{a) applicable to non-prismatic channels
(b} applicable to prismatic channels _
{c} applicable to both prismatie and non-prismatic channels
{d} non-applicable to both prismatic and non-prismatic channels
Consider the following statement
Of these statements:
fa) both A and R are true and R is the correct explanation of A
hy both A and R are true bur {12 not a correct explanation of A
€} A s true bur R is false .
) Ais falze bur R is true
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36. Assertion (A): A hydraulic jump cannot be expected on a long steep slope (fed by a large reservoir}
when it is followed by a short reach of adverse slope termination in vertical drop into a deep and

wide reservoir. _
Reason (R): The terminal depth is such an adverse slope reach will be critical and the flow the
steep slope may be nearly at or at normal depth.

{ N
L ANSWERS/,

1. GVF profiles in horizontal channels in H,, H,

PNT: 5 P
| :
31, mop o E e = 1,868 m.
. (g} | {9-81} "

- '}myszSIEE )

S y, = 1.468 m.

1.0 m. {givehn}

ot
tt
;

i

“As.y, <, steep slope

5 As, y <y, <y, flow is in region 3 = S,

&
i 32 ds Sg - 55
.'-';:.-4
'_.5:-:':!
] db =
i S =9
. LD
Ay = o=
Sy~ 55
. . . 1+0.%
Depth of mid point = —~— =095 m
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. _ | 2
at this point, q = —y° (Sf)

o 82
Ey = Yot m I o g9e o
- 8vs Zx98Fx1*

2 : 3

g &~
By = Nt = 00— o gy

2 __
4.26 - 4.927

A% G004-0017 = *f? . {(*Ve) means upstream}

' 36. As the adverse slope is of short reach profile will be S, : z& and fall m'the reservior at y_. But if

it would have been of long reach then profile will be S,,

A3 - H A« ~ fall in reservior at Vo

5
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Hydraulic Jump

In Rapidly Varied Flow (R.V.F.), a sudden -{:hange of depth occurs at a particular point of a channel
and the change from one depth fo another takes place in a distance of very short length.
Streamlines in Rapidly Varied Flow (R.V.F.) have very large curvature. Most of times, an about
change in curvature breaks the flow profile and this results in high state of turbulence causing
considerable loss of energy. C

Hydraulic jump is best example of RVF.

Pressure distribution is non-hydrostatic due to huge curvature of flow.

When the flow condition changes from supercritical (F, > 1) o subceritical (F < 1), the result is an

abrupt rise of water accompanied by turbulent rollers is called as hydraulic jump or standing wave.
The change in flow regime takes place over a relatively short reach of a channel, so it is a local
phenomenon, therefore, boundary friction 1s relatively small and in many cases insignificant.

A hydraulic jump will form when water moving at a supercritical velocity in a relatively shallow
stream strikes water having large depth and suberitical velocity. For example:

{a) Down stream of sluice gate.

() At the bottom of spillway. _

©) When steep channel changes to flat channel.

@) Downstream of narrow channel.

(&) Irrigat'zozi canal falls

As an energy dissipator, to dissipate the excess energy of flowing water downstream of hydraulie
structures and the present scouring downstream.

To mix chemicals used for water purification or wastewater treatment.

To aerate polluted stream.

For dezalination of sea water.

To yaise the water Jevel on the downstream side of a metering {lume and thus maintaing high water
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6. Itincreases weight on an arpon and thus reduces yu

plift pressure under a masonary structure by
raising the water depth on the apron.

s éﬁér:gy line

. ?Jurmg hydraulic jump the dupercritical stream j 311mps to meei its alternate depth. But while doing
TTso iU getierates considerable disturbances in the form of large scale eddies and a reverse flow roller,
- because of this, jump falls short ef attaining its alternate depth.

* Thus the resulting depths ¥y and v, are called as sequent depth or conjugate depth,

Depth of flow -

_ N{;&‘e Ai?emqfe depth ! Depth with seme specific eazray,
Sequen‘r dep’rh :

Two depth of hydmulzz ﬁmp with same snwmc Force.
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Toe of Jump

o Section 1, where the incoming supercrifical stream undergoes an abrupt rise in the depth forming
the comencement of jump is called as Toe of jump.

End of Jump

o It is the point at which the roller formation terminates and water surface is levelled. Section 2 in
the figure represents the end of jump.

Length of Jump

o Distance between Toe of jump (section 1) and end of jump (section 2} is called as length of jump.

o Due to the appreciable energy loss associated with the hydraulic jump, and the hature of which is
difficult to estimate, the application of energy equation to the channel Se_c_i;_i_ons* "g_é_:i‘ore and after jump
does not provide an adequate means of analysis. . :

umptions is done.

" Definicion sketeh for the general momentum equarion

Assumptions

() The portion of the hydraulic jump is considered as the control volume and it is assumed that before
and after the junip formation the flow is uniform and the pressure distribution is hydrostatic.

{d} The lengih of fhe jump is smmall, such that the losses due to friction on the channel floor are small.

(iii) The channel bed is horizontal or the bed slope is so gentle that the weight component of the water
mass comprising the jump is negligibly small.

Applving the linear momentum equation in the longitudinal direction to the control volume.

P, —P,+ Wsinb - F_= M, ~ M,

where,

Py o= ey cosb pressure foree at section 1,

¥, = depth of centereid of the area below the water surface.
Py = 74,y coslh, pressure force at section 2,

EY e i fovrir ;e mcnmband snsfnon Aadiacnimt 1o advamasad booaamsboaess:
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W sin © = Longitudinal component of weight of water contained in the control volume.
M, = pQv,. momentum in the longitudinal direction going out of the control volume.

M, = pQv,, momentum in the longitudinal direction going in the control volume.
o As per assumption (i) (W sin6 = 0} (cosb = 1) and (iii) (F = 0}, the momentum equation becomes.
P, —-P, = M, - M,
P+ M, = P, + M,

P+M, P4 M,
¥ ¥

s Here by we ohserve that specific force is constant under friction less and hmzzontal surface. Further,

pressure = YAV {for 0 - 0°, cos & - 1)'and Momentum = va

I

constant | B

y, @
By =+—— constant

|

r N
k4

2 gB.y 3
Eil Dj
y & : Q
,,,,, 3 = ponetant s
9 gBy " 4= g
-
A - constant
Z g¥

Relation between Conjugate Depth

e Jf 3; and y, are depth of {low of ends of hyvdraulic jump then we can write that
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“henntien) @)
We know that, Froude number for rectangular channel
S SU S
TV Brlw we
q*
Put the value of (;} in EQuaticn (A)
ARyy T YIS
; ¥ ¥q
= By = {W?&}r_;“
: . }; ¥ ¥
e
= (33} +(-y?)m2}3‘f = 0 (i)
N1 Y/
Since Equation (i) is quadratic in (y_g]
. - y;
. L - yz -1 i 8 i
Hence; o el L F;:
g- ke : ¥y 2
v 1{ _ ]
22 I 1+8FF 1
Yi ) \[- i
| milarly, T+ = S|J1e8E2 -1
| Similarly, Vs 5V g J
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Il

Specific force is defined as, F

It

For rectangular channel, F

Note: ¥i ¢ ¥ ¢ Superceritical Flow
Y2 * ¥ @ Subcritica! flow
.
E
or sequent depth,.
*

Energy loss

We know that,

2
W‘%AL?
Ag
3
Byxg 2
a’xB By
gy 2
¥, £,
my"“‘J

“Datmetion

From above graph there is.one depth of flow (v): When gpecific force is mmlmum In this condition,
Unit discharge is found to be Maximum. It is calléd critical flow condition.

For specific force other than minimum, there are two depths of flowy, & vy, called conjugate depth

For critical flow condition foliowmg conchtion will }mid true. for all type of channel.

Q.,
g

H

i

The energy loss E; the jump is given by the energy equation application between section 1 and. 2

E, ~E,
2 ¢
yI o a |7 }.2 + o
2eyy 2gv5
1 g% [y2-y?
v.2 BT I’}
{7y ~ vk o] A
B ¥y
Y (x ] ty ;)
T P
(v, —yny e 1028 TV ¥y — vy
AR p N
LYYy
. 4
(¥ + 3 )35 —57)
Y i
EARRE
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2 2 f 3 3 @
Ayly, - 4y,¥5 +¥iYs ~ Y1 Yy VY]

b= 49,7
I e 3y.55

(yZ*ZY})3 ; - “ :
By ® qew [a-b)’ = a°-b*-3ab®-3ba’]

4y:¥,

Relative Energy Loss

A

Relative Energy Loss = %
it

B =
F, =
____________________ =
) '.El .:
N 2
L B, fy)
Also, Relative Energy loss = (J*’wm B
_ (E;fh)
oy B Q)
¥y 2
] 3
(.}'_Z.ﬂlJ

© Qubstituting (1) & (i1} in equation {8}
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Efficiency of Jump

B, -AE
My =gy

Nimp = 1 ~ Relative en.e;'-gy'_fl{jss

Height of Jump

.. Relative Height = :fg’"".

" Relative Initial Depth = fg“’“
. ' 1

_ .. '
Relative sequent depth ="~

Length of Jump

+ Length of jump is the horizontal distance between the toe of the jump to a section where the water
surface levels off after reaching the maximum depth.

»  The length of jump is required while selecting the apron length and the height of the side walls of
the stilling basin.

Experimentally it is found that in horizontal channel.

= = {(F) F, <50

=61 F,>50
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Note: For Fi< B L= F(FY

For Fy» B Ly = constont

¢ Depending on the values of Froude number F ; of incoming flow, there are five distinct type of
hydraulic jump.

» It should be noted that the Froude number of incoming flow F, Shoaid he aiwayq greatex than 1
{0 occur, :

. ELI -
1. Undular jump Lo <F < LY, 7~ =0
] i

o Water surface is undulating with a very smali ripples Qn‘;.-.ﬁlf_lg surface.

Y2
*  Sequent depth ratio ;“" = .
1

me/ﬁWW/W/f;W/ /7?77/7/}0”’27

'(;'szular}'u'mp _'

2. Weak Jump . L7<¥, <25, EL = 5-18%
i

* A seriesof smail roliers forms on the jump surface, but the downstream water surface remains
qm{}ozh -

’////////////////////////’///////’/’//////f////////f

Weak jumnp
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E
3. Oscillating jump 25 <F, <45 2° = 18.45%
o

The entering jet of water oscillates in a random manner between bed and surface. These oscillations
are very common in canals and can travel considerable distances and damaging earthen banks.

4. Steady Jump 45 <F, <90, 7= = 45. 70%
| B .
¢ The jump is well established, the roller and juﬁip--.@éﬁi{}ﬁ_is fully developed to cause appreciable

energy loss.

o ‘Steady'jump <

h

5. Strong or'Chopp'y' Jump F, > 90, EL 2 70%.
> & .

* During this'jump water surface is very rough and Choppy, which continues downstream for a long
~ distance, '

Yo )
* Sequent depth ratio y& is quite large.
1

* Energy dissipation is very efficient.
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Pl mevesserew -

]

T Velocky diseribinion i ump
cigy distribtition i & JUTF,

e It is observed that veloaty profile has two distinct p_ori;idr}_s_'}a forward flow in the lower main body
and a negative Reverse flow at the top. S

» It should be noted that in the forward flow the Lotal valume?uc rate of flow will be in excess of

discharge @ entering the jump at the toe.
« Forward velocity profile has zero veioat} at the bed, maximum velocity at a distance 3 and then
gradually decreases to zerd at.a he:ght Vi above the bed.

o Region0<y<?dis called boundary layer.

o Regiond<y<ypis called free missing zone.

Exponential channels ate those channels m whzch area of the cross-section of the channel is related to

depth as below.
A I{iya
- ]
" A
A X 3
=11
Y
} cGLY
- ? a l
TSI T T AT LT LA r::_ db
\ | I
' t..

e s
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where,

A= Area of channel

K, and a = Characteristics constants
a = 1 for rectangular channel

a = 1.5 for parabolic channel

a = 3 for triangular channel

Top width, T= %é =K,ay*"!
¥

Ay
T a
G
¥ a+il

By substituting values of T - ™ and ¥ in the equation below we ¢an analyze the jump.

A¥+ & = Constart

_ € not vértical; for example, triangular or trapezoidal channel,
the flow in a jump will involve lateral expansion of the stream in addition to increase in depth

*  As the cross sectional arveas are_hdi_: linear function of the depth of flow. Difficulties in computation
of sequent depth are experienced. .

* Specific force can be used to find the sequent depths for a given discharge in a given horizontal
channel. S

* The expression for the sequent depth ratios in channels of regular shapes can be obtamed by

P+M
“"{“_ = constant
"2
A¥ + == = constant
gA

@l 1
g A A,
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Agy ) - & { Ao by -
-------------- : ;...— —_ 2 A_ 1 T T

relating the sequent depth to F, and other geometric parameters of channel.

¢ Most of the non-rectangular channel contains sequent-depth ratic such thai it needs a trial and

Analysis of hydraulic j'u'né;'p" on. sZoping floor is done with the help of momentum equstion.
_ . P -P,+Wsin0=M,-M
o There are two unknown relative to the number of available equations and unless some additional
information is provided the solution of momentum equation is not possible.

For example the term W sin 8 representing the longitudinal component of weight of water in jump
posses a problem as an unknown guantity.

o As Wsin 8 term involves the length and profile of jump, information about which can only be
obtained through experimental observations.
Sequent Depth Ratio on Sloping Floor
e It is observed that on sloping floor jump requires more tail water depth than the corresponding
hovizontal floor jumps.

+  Consider y, = Equivalent depth corresponding to y, In a sloping floor.

Then. v = \Ti (\/} - 813', g

-3
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Now, = FQ)

Sk

243

r

s As the value of Q increases the value of “;}i“ also increase hence on sloping floor jump requires more
tail water depth, than corresponding to horizontal floor jumps,

Length of Jump on Sloping Floor (L)

The length of jump on sloping floer is longer than the corresponding length on the horizontal floor.

Energy Loss (E,) on Sloping Floor

It is observed that relative energy loss (W—EZ’ J during the sloping floor (decreases with the increasing

value of 8.

* Due to high energy loss occuring during the jump, ha’s_ié’d to its adoption as a part of the energy

- dissipator system below a hydraulic structure. R

» Stilling basin is the downstream portion of the _hyd;féqﬁ_{_: _s_f:ructuré where.the energy dissipation is
intentionaly allowed to occur such that out going stiéam can be safely discharged into channel
below. :

* - Punetion of stilling basin 1§16 provide a.ﬂ?%ahie’,_’ '__g_ced jump with high energy dissipation.

* Stilling basin is a fully paved section and ﬁl_{:cre_{.a{idit;ienal. appurtenances such as baffel blocks, chute
blocks and End sills. e
¢ Due to the provisions of c}mtb}mk '
reduces as compared to unaided jur

aff:e_z_i_ biocics The length of jump and tail water depth required
P |

- Chuieblocks - . et | /0
SN e [ Bafflepiers o\ 8
¥R
Sl
L L }
Functions of Appurtenances
Chute Blocks = For sphiting and aeration of flow.
Baffel Blocks — Provides additional resistance to flow.
End 534 - Helps in lifting the outgoing stream Into a trajectory so that basin end is not

[ P
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" Tail water depth plays a important role in jump formation.

e The depth downstream of a hydrauhce structure, such as a sluice gate, controlled by the downstream
channel or local control is called as tail water depth.

o Consider a flow from a sluice gate of opening 'a’. The depth of flow at vera contracta is y, and the

depth requent to y, be y,. Let the tail water depth be y,.

Depending on values of y, and y, following types. ef ;ump are mdetiﬁeri

1.- =y, ~ Free hydrauhc jump will form at Vens

o

¥, <Yy I‘z‘ea repeﬂed ]ump
. W hen tail water depth is less than ¥, then the jump 1s 1epeiied downstream of vena coniracta.

e »"'I!“"“Lr‘“c%s"‘ Pyt
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* In this case jump will form late, after vena contracta at some distance / and s some depth y, (not
y,) and will end at depth of flow ¥y

* To find out the depth y, will proceed our calculation with the help of tail water depth i.e.

3.y, >y, — Submerged or drowned jump.
Energy loss in submerged jump is less

¢ Ratioof 2+ 2
¥

= 3, Submergence factor As the submergence factor increases; Energy loss decreases.

I the enelgy ioss ina hydrauh{, }ump ina matanguiar channel is foami to be Gm an{i pre }ump
Frou(ie g number of fiow F = 6 rietermme 3’1 and y,. o ' : :

Soi Gwen
E =6m P =6

“we kiiow that,

5’1

¥q Tl 2 J

TE @ o1+ 8x67 1

¥ zl‘\r

¥y

v, = 8y, AT
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b

Put:the value of I

tal apron at an elevagmn .
ake C,; #0.735"

E-

140- 1385 2m .
.- Discharge per unit:-width over spillway, q. = 5,;-04._\-{ g E

q= 331x0.3:735__\'/_5x”Q;&_}_ZxZ‘fu'-feﬁli%Q w®/sfm

. Specific energy over apton, = 140 ~ 100 = 40m

From energy equation over épmn.
E = v , B
E povel }:‘ \ ,}« s i w:q:.

© 6.139"
F: P I S —
T oxg81 v

V- 107+ 1.921 = 0
vom NG OO NP 1218
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We knowﬁthat ﬁow over apmn wﬂl be super c‘mtlcai flow hence depth ef flow, y = - 0. 92{}

) Veloczty, V =

int where the depth is
n water ievei due to the }ump formatxon"‘ Also

80% of the crmcal depth What would be the rise 1
calculate horse power lost i in the j }ump forznatzon

Sol leen |

'uosoy

'We knew f01 reetanguiar channel

M ] 60 7 B e

. PR
Critical depth of.ﬂow, ¥, = [q”“J

_ (ifiee)j #
Yo = 1 981

y. = 0341 m
¥, = 080 ¥
¥, 08 X 0,341 = 0.273
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Sol leen IR T
3Flevatmn of energy ime = 127:90 _i:
Flevatwn {}f top of {:rest = 125 4

-Eievam}n of t{)p apron 95 OO
C, =0 785

Head of water over crest

Discharge per unit width over spitlway, q

i

i

127.90 — 12540 = 2.50 m

§x0;33x¢°x981x9"%2

Azl everﬂow szilway has 1ts crést: _elevatmn of 125 4m and a horzmntai apron at__:elevatlon of
95 OG m on the downst;ream suie F ind. the tazi Water elevatmn 1eqmred to form a'I drauhc 3ump

ey



i
|
B
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5 erfheapron E  =127.90 w%(}x 32.90'm .

- Applying energy equation over apron, E =

0.389. - -

R §, = 6.486
" 'Required tailwater elevation = 95+ 6.486 = 101.486

Sol Conmder a tnanguiar channel of sxde siope l:m (V H}

1 1c'3ump occurb in a ‘)O“ trzangular Lhannei derive an equatzon fm discharge *md zhe
ccn;ugate depths; 1f the depth before and after the jump in the channei above are’ O 6m and L 5
e reSpectiveiy F znd the Froude number. hefore and after thej ;ump B EE

- S i
Area of cross section of channel, A = éyx:"):my = my?
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(yi '-+-'yi Yz.ijl-:

i Vi ¥ (4 ve +9)

@

4omlg Vi ¥z _(_3'2"1’3’1'-3"2_"’“-3’1) '

Given, -

7, %06, y,=1bm=1

’ o 1T
1x9.81 1.5°x0.6°(1.5% +0.6x1.5+0.6%
:{X s bkt 'M'_)' = 2104 m¥sec

3 {(6+1.5)
We know that Froude number
v QA
o= BAiT Jeart

o QT

T iy
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mumber at the end of jump

&n Overﬂow spIIIway a8 shown in fIgure 1s 50111 hzgh At the {ieszgn_ head of 2_5
'spdiway, fmd the "e{;[uent {iepth and energy Joss in hydraah{. jump. formed ¢
dt-the toe of the spillia N__eglep-t.; e’_r_ze'r_'gy-:?I.esg_;it‘_m_er.a-;hei-'s_piliwa'y he'
_-perceutage of energy loss occure{i in. hydrauizc jump. Use spe{:ﬁic energy c _ n{.ept tc ﬁnti y_ r ! '
" supercnnca} tiepth of ﬁcw of hydrauhc Jjump o

.V V- e -
=L 9 Rm T
| 1,

. ¥

50 m By

NN Hydiaulic fump: - == - - ¢

Sol. Given,

Design Head, H = 2.5

Discharge per unit width over spillway, g = “wa—— Hg;'

q = 3"0 TAxV2x 6,81 x 2.5

q = 8.688 m¥secim

Specific energy at the apron, B = 50 + 2.5 = 32.5

y

Applving enerev Eauation 2t the tas of hvdraniia fvee
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~19.658

_fFi'b'ﬁ_tig n__um:her,' f‘_‘l w'.. Jg Yl . .Jg 81 X 0 270

From s’e_qﬁenﬁ depth ratio

JLe 88} “1} -

= ——-~[ 1+8x}96a8" wl}
2 .

(3’3 “Y})3
4y, ¥,
(7.372-0.270)

E = =44.999m
LT 4%7.372x0.270

_ 44. 9.)9
Energy loss percentage = o ¥100 = = x100 = 85.712%
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i the _ﬁaw depths

A hydraulzc Jum p zs formed m a a n Wzde oaﬁet at a shmt cbstance dowi "'tr' m of controi gate

R s ke =l 3agg
o ev esna TR

From Zs_'_é’{iuézsaf {iepth 3rati_{.>' -

I

. | e },2 : [\/18,(.3 586“-1] 8629---

Flow dép_ﬁh_ downstream of jump ¥, _,; 8.629 m
Thrust ongate, F = —y~ .21l

I o= }_xggz (10m,.. 2)‘? = 209.28 kN
2 10+2

}

. vy ~vy) 8.629-2
Energy loss during jump, E, = _42,, f) € ) = 4.220 m

oA e
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.I . . ~ (1 I§I§%" O 5)3 .. N . ..
B % Xie8ax05 _0_491“1

-__'-péW.é? lost durmg}ump = VQEL _ R
o= ?2?36 50 :
W= 72.24 Kw.

W_at.er energes from a spillway with a velocity of 15m/sec and a depth of 0.5m. Calculate the
necessary subcritical depth at toe of the spilliay for the occurence of a hydraulic jump. Calculate
the asscciated energy loss.

Sol. Given,

v, = Idmfsec; v, = 0.5m

i
¥ 13
] B owm TP s =778
Froude number, ¥ = \;'g},-} CYTPE
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ot 'he sabcutiml depth of hydlauhc gamp is'y,

Example 1Q
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ervor

x=2om

| - LT ey Sheesnyy
Now R 3’13’9 G, +y) =66.055 '

IEE . 2932 }’32 (39323;'}):: 56655 :_j" . | ) o

T sy eeess L

.y;fx_f}..'?SQI B S

T.fngefgrgé pi:.éjum_p y, = 1.789 anc_i post jump 7, = 5,247

Anoverflow sf:i]lway is 50m hi.gh.'Tiie design energy head s 2.5m over the._spillway.: Find the sequent
depth and the energy loss in hydraulic jump formed on a horizontal apron at the toe of spillway. Neglect
the energy loss due to the flow over the spillway face. Assume the coefficient of discharge C,=0.735 2 nd

the velocity at the toe before jump can be approximated o

V = {2g(total head)}”2

Where g 15 acceleration due to gravity.



T
H
-k
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From sequent Depthratio ©

(7356 -0.267)"
 4%0.267x7.356

\!9 81x0 267 1() 831 __

5
;(1/1+8§'1‘)7 u_l).

4

=45.376 m
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Example 12

e .
Vx"“g 04 1:} OOm./sef,

A g_Yi

.:' 1500 _757&

From Sequeht_ dep._th f'zifi{'}" : |

= . g(ﬂ}_‘i“é&?}z “i)

)|

= S (Viesxrar2? -1

A

= 4. (09 4]
@ Ify,=36m(ey< ¥,) Repelled jump.

®b) Ify,=5.0m ey, >y, Submerged jump.

) Ify, =409m{ey =y, Free jump.
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06454&&&0644 T * . . ‘ .
i X )
7 / /f/l/// / //// / s ////.f //// (e ///.f'////////&/// //////

_ I._,Qcaﬁxon_ofjpzmp__, R

Consxdertnng wzdth of pzilway tobe wi dﬁ._,.

j _ me Manmngs equamm

LQ = —AR-“*S”"
Assumzng the ﬁow OVBi spﬁlway qzznzia: to wide rectdnguiar chazmel hence R v,

Q = (Bxyn)(} )2E381;9

o Q 1 5}3 Ve
: — L WG e S
‘B
= 1 sngre e x
9= =¥y S Nfa=yy xv]
| 20%05 = —— s J5T01
77 002077
§¥° = 6.3%5
; v, = 3024 m
i H
Tatlwater depth on down stream side will be
v, 7y =3.024m

Lety, be the sequent depth corresponding to intial denth
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Tk_zgrefofe;

'Where ? is the fmude number of taxl watel depth
| v e0x05
o= Jev, ™ 3.024/98153, 094

. é[,!nwf—z}

Y

2
y, = 3?} ;[\/MS x0.606% ~ ]

L

y. = L4588 m

1
Caleulation for distance of repelled jump from direct step method.
Al -
PO Sy

Ax

M % [ J_+ T - } "

0 606

‘Letjump will formed a a{:hstaace Ax at depth of flow yi\nth iﬂééei;uen? deptl equaltoyz =3.024 m




196 Open Channe! Fiow CIVIL ENGINEERING

e 202 T
¥+ ::'-'..0;5--{e~~.«---.»~-_~_.w_w
R e 20887 -

1:‘2

tmrmaldepth{}f flos

| .«:{}xo 5x{} 03

. AL normal depth of ﬂow y“ m 1492 :

_"3-'0 103400108 .
---~2—~_~--w-f~ =0, 2{}68

"SD -
"'EE

. 20887-3782
.~ 0.001-02068
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OBJECTIVE QUESTIONS

At a hydraulic jump, the depths at the two sides are 0.4 m and 1.4 m. The head loss in the jump
is nearly

fa) 1l0m by 09 m

© 0.7 m @ 945 m

If F, and F, are the Froude numbers of flow before and after the hydraulic jump occurring imn a
rectangular channel, then

@ F;= B

Toda]

© F=—t @ B =

( ----- O.5+\/1+8F§) '-*(ﬁt:(_)r?"* L+ 8y )

The Froude number of a hydraulic jump is 5.5. The jump can be classified. as
alan ' ST

P

gy andular jump . oscillating jump

{y weak jump ) o @ steady jump

A hydraulic jump oceurs at the toe of _jl]w’éy._ The depth before jump is 0.2 m. The sequent depth
is 3.2 m. What is the energy dissipated in m (approximate)? '

(ay 27 _ _ o 105

The sequent depth ratio of a hydraiﬁic jump in a rectangular channel is 16.48. What is the Froude
number (approximé_ité}'at the beginning of the jump? '

@ 9.0 P ®) 120

@ 50 . @ 8.0

The type Of-j_uzizgi that forms when initial Froude number Hes between 2.5 and 4.5 is
(a) weak jump " (b) steady jump

{} undular _}uzﬁp ) oscillating jump

The loss of energy in a hydraulic jump formed in a rectangular channel is given by {Symbeols have
the usual meanings}

. 3
(a) DE = == %) DE =~ Qlyz 1)

4}:1}:2 8}72}“2

Qlr, -3 —
e} DE = _W('W—'*—}“l @ DE = —— St

x4y ¥y ¥




198 | Open Channel Flow CIVIL ENGINEERING.

8. The flow characteristics before and after a hydraulic jump are such that
(@) specific forces are equal but specific encrgies are unequal
() specific forces are uneqzﬁai but specific energies are equal
{c} neither specific forces nor specific energies are equal

) specific forces as well as specific energies are equal

9. Which one of the following is analogous to normal shock wave?
(@) An elementary wave in a still hguid
(b} Hydraulic jump
) Flow of liquid through an expanding nozzle
) Sub-critical flow in an open-channel L
10, The sequent depthsin a hydraulic jump formed in 2 4.0 m wide ;ec;angzﬁéi.gha nnel are 0.2 m and
1.0 m. The discharge in the chanuel is o ISR
@ 1.12 m¥s ® 217 m¥%s

© 4.340 m3/s @ 5.0 m¥%s

11. A partially open sluice gate discharges water nto a_;*eétanéiiiér channel. The tail water depth in

the channel is 3m and Froude number is ‘}ﬁ oA 'a"'fz‘ee hydraulic jump is to be formed at

downstream of the sluice gate at the vezia contracta of the jet coming cut from the sluice gate, the
sluice gate opening should be (coefficient of contraction C, = 0.9

@) 0.3 m _ ®) 04
© 0.69m o @oe9m

12 A hydraulic jump occurs wheﬁ_th.ei'e'is a brake in grade from 3
(@) mild slope to steep slope - (b} steep slope to mild slope
(¢} steep slope to steeper siope @ mild slope to milder slope

13. The initial d(;pih' {}_f .a-hydraulic jump in a rectangular channel is 6.2 m and the sequent depth ratio
is 10. The Jength of the jump is about
@ gme ) 6m
© 122m @ 20 m

14. Seventy per cent of the initial energy is logt in a jump taking place in a horizontal rectangular
channel. The Froude number of the flow at the toe is
{a) 4.0 by 9.0
{cy 200 @y 150

13, 1 y,= sequent depth for a rectangular channel obtained by assuming horizontal frictionless channel
in the momentum equation and ¥4, = coresponding actual sequent depth measured in a horizontal
rectangular channel having high friction, one should expect

@ v,>vy,, b oy, =y,

28

© v, <y, @ v, sy,
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18, }f the length of the jump in a sloping rectangular channel =1 and the corresponding length of

the jump in a horizontal rectangular channel having same y, and ¥ is Lj, then

@ L > L, _ b L, > 1y
© L =1L @ L/Lg= 0.80

17. A sluice gate discharges a flow with a depth of y, at the vena contracta. y, is the sequent depth

corresponding to y,. If the tailwater depth y, is larger then y, then
{a) arepeiled j_ump OCCUrs _ () a free jump occurs
(¢} a submerged jump takes place {d) no jump takes place

o

. 3
- A4-04
{vo -y (14-04) - 045

E{j’%.'-.\?’.."%yzyi T 4x1.4x04
:;:_;:::%{\/i-p%‘f —1} D)
. h - 1 ’ nka <
. Z(Ji+8£2 1] e
. Equation (i) can be written as,
. y 2
AlSO, ‘“‘:I““ T e — (3)

Equating (2) & (3)

— ' 2
i( 1'&*8?&2—1} PP — onmimr——

- {\II+SF; mi.}
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o . 2
._ (3 + 1+ 8F )
1+8F§ R e

_ 9+1+8FF 4 6JI-. +8Ff

( JL+sE? - 1)2

1+8F7

i

8F7 =

(e

el it
H
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i

i
16 48 ;{ S8R - 1}

F, = 12.001
8  For a horizontal and frictionless channel specific forces are constant but specific energies are un
equal.
2q°
10, ) yzyg(Yz + .YQ) = '"'"g""

i
e

9.81
0.2 x1 (0.2 + 1) XT =

€=
Q=

- 1340 m¥Soc

¥a
i3 “}:” =10y, =02 m, y, =2 m
1 .

Lj = 6.9 (yiihy;) :

11 . — =

sf [

= 15x(V2-1) = 0621

no_062
¢, = o9 -0 m

o Opening of sluice gate

15. Due to friction some of energy will be lost and jump will not be able to reach y, depth and fall short
to ¥,, depth.

18. In normal shock wave, ws flow is in supersonic state where as d/s flow to shock wave is in subsonic
state which is similar to supereritical flow before hydraulic jump and suberitical flow after jump.



§
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i . CHAPTER

Unsteady F low~Shrge

Unsteady flow are also called as transient flow, occur in open channel when the discharge or depth

or both vary with fime at a section.

Unsteady flow can be due to natural cause, planned action or accidental happenings.
Unsteady flows can be further classified, based on curvature

1. Gradually - varied unsteady flow (GUVE), Example : Flood flow in a stream.

2. Radpidly - varied ﬁnsteady flow (RUVF), Example : Formation and travel of surge due to
sudden closure of a sluice gate _

Surges are waves and theiy presence 1n the flow field leads to a trasient or time varying flow depth
and velocity at a section. .

Surges may be caused by various factors such as closure or opening of valves, gates, loading or
unloading of turbines, start or stopping of pumps, failure of dams leading to flow of reservoir
downstream, wind dirven circulation in lakes and other water bodies.

Depending on the direction of movement of these waves, flow depth either may decrease or increase
in the flow direction.

A surge producing an increase in flow depth iz called positive surge and one which cause a decrease
in flow depth is called as negative surge.

In other words if the wave is higher than the orignal steady flow depth, we call it as a positive surge.
In negative surge, situation is just opposite.

A surge can travel either upstream or downsiream direction, thus giving rise to four basic types.
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where, v, = Velocity of wave or surge.

.__Pamtwe surge' moving ¢ dewn stream.

osmve surg'm""_m up o

cloged.

« For the analysis of surges which is a rapidly varied unsteady flow, an equivalent steady flow
situation 1s formed by mn%idering =the ﬂow w Xt the surge.

Case A - Positive surge movmg down%ream

« Consider a suitation as shown in figure below, flow depth at section 1 and 2 are y, and y, with
velocities being v, and v, A wave of height Z (4ve surge) is moving downstream with velocity v,

r 'ZI%*"? _
dav, o

‘;! - ¥ i

2 i
Positive surge moving downstream

« Ifanegarive velocity equal to {~v,_) is super imposed on the flow field, the wave will appear to be
stationary and flow field will convert to a steady state.

Mot ; 5uperamposmg e nega‘hv" veEoc:?y of {-v ) can be thoughf of as observing fhea f ow field by toking surge
as a reference f frame,

w Nirs mmedvnin af frac haramea miweh amnlified and can be dane 10 followine steps.



204 -~ Open Channel Flow CIVIL ENGINEERING

Step-1 Apply continuity equation between section 1 and 2

AI (Vihv\\“) = AL? (v2 - Vw} {A)

Step-2 Application of Momentum Eguation

¢ Applying momentum equai:ion between section 1 and 2 by neglecting frictional Josses, and assuming
hydrostatic pressure distribution at section 1 &2. -

_ Pl - P2 = M.—z “M! _
* As mass of flow entering into section 1 and 2 is same. Hence we can write either pA
PA, (v, ~ v, ) as the mass of flow per unit time- '

) {Vl--m v“,} or

WIS SRG 6 ] e

*  With the help of equation A & By, . yg,Q, v‘; can be found out.
Case B - Positive Surge Movmg 'ifpstfeam

» Consider a situation as shown in hgure below, flow depth at section 1 and 2 are ¥, and ¥, With
velocities being v, and v,. A wave of height Z (+ve surge) is moving upstream with velocity V.-

-

T A L e AR e R e T e T v

Vi o Ve
o

............................. <

? .

i ; P

¥ i Vi v : Var V)

i ] T [ - :
i :

Simulated Steady Flow ) i
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Step-1 Apply continuity equation between section 1 and 2
Ay H v ) Ay By T YY)

Step-2 Application of Momentum Equation
« Applying momentum equation between section 1 and 2 by neglecting frictional losses, and assuming .
hydrostatic pressure diatribution at section 1 & 2.

p,-P, = M, - M,
YA T, - YA, = pA (v + "'w)[(“z TV ) - ("’1 TV ﬂ

o With the help of equation A & B, y; . ¥y Q, v, can be found out.-

For surge moving down stream
For surge moving up stream
where, v, = velocity of surge wave

v, = Initial veloeity of the stream

C
Note : Wave Moving Upstream ‘—“1'

v“’“"e'gmﬂﬂd W T Vivewater /s ¥ Vinter-ground (os)
w = C v V ’ R
€= N, +V

Wave Moving Downstream __%Q__,

v

Vwﬂve.«gruund {d;:f} - 'kuve.~wm_ {f.i,r’s}+ wave-ground (d/s}

+ ¥

» If we put the equation of surges in momentum equation, of a rectengular channel we will get 2

expression

e
C= J-g ==y +y l
g }71( i ?.)J

where, ¥, and ¥, are intial and final height of flow.

«  Surge height can be caleulated as, v, ~ ¥,

« For a wave of small height ¥y ¥, and droping suffixes from the above equation
+  The above cquation can be used to determing the celerity of stream when the wave height 18

U s Y 7Y
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Nota : A positive surge is stable and is shape is pressar‘ed Whereas o negative surge is unsteble and the
shape of negative surge of various time interval will be different,
Tides in estusries and T:dal z‘e:vers causmg a surge, usuaily called a bare, whach is pr‘opcga?ed ugsh"eem

i -/////////////////////////////J//////////////////////////I////////f////////////
o : Po-:atwe Surge Mowng Downatream o

) MM_% (‘!‘_‘“T.vw)

-— (\ —v )
- T I |
/I//////////////////////////////////JI//////////f///////////f I

Stmuiated Stexcfy Flow Lond:tmn h

Xfter opemng cf gate chschaz ge has mcreased 3 txmes hence

V¥, = 3 ViYL

vy, = 3% 0601

. Yoy, = 1.80m%sec

From Contunity Equation '
vy=vJ)y, = (v—v)y,

060 —v,} 1 = (v,y,~y,v)
Vo, ¥o— v, = 1.B0 - 460

w 3 W

5, 1) = 120

w o Yy ok
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App%ﬂngMoment VI

HH!:‘IUU.HZHHHHHHHU -H :

Posxt,we Surge Movmg Downstream o

FTTTHIT 7

SR

CygEe8

L\.r,vi"v‘
l

) S:malateci Stead; Fiow Cond:tmn o
Applying Contiunity lbquation _ _
v, Gyt v) [, =0
¥, (v.)

v, +v) 08
09 +v )08
092+ 08v, =

I

{
T
1.3

=
F-)

r;zf;f;1111zzf;11;;1;:1;::1;:11:1:11;;z:zzr al
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Applying Momentum Fauation

mp (vz+vw} 'y_'l _(Vg + Vw“V v,

v i JRE—————

T Tonsos
v T_._|2;_618__;:_:1!se<:: .

xap .

"{‘he depth and velomf}, of flow in-a rectanguldr chanziei are 0.9 m and 1. 5m per sec reSpectnf@ly
Ifa gate at the down stream emi of the {:hannel i8 abruply ciosed what wﬁl be the helght of absolzzte "

AT AL s i i e ik A b LA o 1

VeIoc;\ty resuitmg surge
_Soi lee ,.:::_» 09133 Vz 5._'misec S T A e :

' }: be .t}:ze veiomty of posztive f;urge movzng up btream :

! k}:} . ’ . . Vg_ (}

S
i
i

ki

i

i 2 -
:’,"H:’HHH(!'UU'H!UHHHH!!}‘I!1!}ff_f'
| Positive Surge Moving Upstream
i From contiunity equation
1 Y} (vi + V‘:\‘}
| 0911A+ v)

4

¥, (v, v

T L e

i
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pplying Momentum Equation

B - E[y;wyg] .:r. \71.3;;{\71._4.—..\?“')

oW

Solving by hitand trial
'Heig"ht of absoli:;ifé iféié(:itj* -.rééu'i'tirig'?,ur'gé"* yg.?yl' | _
- - - = 140109
0.501 m

I

A rectangular horizontal channel of 3m wide and Zm depth cbnveys water at 18 m¥sec. If the flow

rate is suddendly reduced to 3 of its orignal value, compute the magnitude and speed of upstream
ward surge?

Sol. Givem: B=3m; v, =2m; Q= 18m%sec
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Solving by Hit and Trial

H

Applying Contuinity Equation
oA o nryd =y,

e

Yy »~~yy§‘“ﬁ>}’1 .(V_.;, + 'Vw}. { Vg = Vz]‘

r -
et [Uq 3
o
)
ol U=
R
o e
(S
[ W
f
|
L
-i..'
SR
| il\‘."l
=]
| PR |
| p—
= [
1
p
Sensssssnssmsss oy rad

T oyy—2 T 2.751-2

gight of jump =

.
;
i
i
!
i
:
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1.3m anti the Veiﬁczty of 0. 95 mfsec when centrclieci by a slwce gate at a

- ./.f./////.///////////////
. Stlmuiated Steady F‘Iaw .
vzyg a - 4. 24)1/2gy
Vyy, = 0 61((} 4010, 14),!zx9 glyj

vyy, =0.705.Jy,

Analysis of positive surge

Applying Contunity Kquation




212 Open Channel Elow CIVIL ENGINEERING




.

[

CiVIL. ENGINEERING Unsteady Flow-Surge ' 213

- OBJECTIVE QUESTIONS

1. Apartially open shuice gate is suddenly raised to its full opening. The resulting surge waves at the

gate are

{a) A positive wave travels towards the gate from the upstream side while a negative wave travels
downstream from the gate

() A positive wave travesls fror the gate onto the upstream side while a positive wave travelos
downstream form the gate

{©) A negative wave travels from the gate onto the upstream side while a peszuve wave travels
downstream for the gate EEDA

@ A negative wave travels towards the gate from the upstream side’ hereaq a- pafsmve wave
travels &ownstroam from the gate o :

2.
lists:
Listd : List—II
A, Positive surge tra\?eiling upstream 1. Oceurs on. upstl eam of gate that is pal thy
' closed suddenly.
B. Positive surge travelling downstream 20 'O__t:(,u:g; on downstream of gate that is partly
) . ¢logéd suddenly.
C. Negative surge travelling upstream 3. Occurs on upstream of gate that is opened
, - o suddenly.
D. Negafive surge travelling downstream - 4. ~“Occurs on downstream of gate that 1s partly
' L opened suddenly.
Codes :
A B C D
@ 1 4 3 2
by . 1 2 3. 4
& 3 4 1 2
@ 3 4 PANN B .
3. Match ListI with List-J] and select the correct answer using the codes given below the
lists :
List-{ o List-1}
A, Free over fall 1. Celerty
B. Standing wave flume 2. Chinging nappe
C. Surge 3. Hydraulic jump
D. Wemwr 4. Control section
Codes :
A B cC. D
(ay 3 i 1 2
by 4 3 1 2
H 3 1

y 3
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1L

&) L13 mis’ b 2.0 m}s.

A positive surge of height 0.50 m was found to occur in a rectangular channel with a depth of 2.0m.
The celerity of the surge ig in m/s

{a) £ 4.43 by +2325

€ + 1.25 ' @ +5.25 |

In a wide rectangular channel, the small surface waves caused due to disturbance by a suddenly
thrown heavily weighted log of weod, thrown parallel to the cross section, were seen to move at 4.2
m/fs downstream and 1.4 m/s upstream (with reference to the banks). The depth of flow and the
mean How velocity are, respectively, nearly

@ 0.2 m and 1.4 mfs @) 0.3 m and 1.4 m/fs
fa) 0.2 m and 1.5 mfs (@) 0.3 m and 1.5 m/s
it the depth of the flow in a channel is 1.0 m and velocity of flow is Z.m!s wh
which an elementary wave can travel upstream? :

 the velocity with

© 325 mis ' @ 5.65mis

In a rectangular channel, flow happens at depth 1.36 m. and vé ec;ty 9.1 m/s. What will be the
absolute velocity of an elementary wave moving upstr eam‘? :

(a) 1.54 m/s ) 2.10 zm's

@ 364 mis -. (&) 5.74 mfs

an elementary wave can travel upstream Wzth a veloaty of -
{a} 1.00 m/s P | I B zn!s

fa) 3.13 m/s _ {a) 5.26 m/s

A canal has a velocity of 2.5 m/s azz{ia dep'ﬂz of flow 1.63 m. A negative wave formed due to a
decrease in the discharge at an upstream control moves at this depth with a celerity of

(a) + 6.5 mfs - o (b} — 6.5 mis '

{) + 1.5 mfs ) — 4.9 m/s

Consider the following statements:

Of these statements:

{2) both A and R are true and R is the carvect explanation of A
() both A and R are true but R is not a correct explanation of A
(¢} Ais true but R is false

@) Ais false but R is true

. Assertion {A): Surges can be positive or negative.

Reason (R): Negative surges may occur when a gate at the head of a channel is suddenly opened
or when a gate at tail end of a channel is suddenly closed.

Assertion (A) : In a running rigation canal, regulating gates are installed at intermediate
Jocations for control purposes. Une such regulating gate is partially closed. Such a movement, gives
Tise 10 a positive surge travelling downstream and a negative surge travelling upstream of the gate.
Reason (R} : Any sudden change in the intermediate gate position suddenly changes the discharge
both upstream and downstream of the gate. This sudden change in discharge gives rise to sudden
changes in water elevations both upstream and downstream of the gate and develops in the form
of an unsteady. rapidly varving flow which propagates in the form of a surge wave moving oneither

side nf the oate
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{ 3\

\ ANSWERS —

14 = v, ~ C | | e ¢))
vwm = Ve +C _ L
4'2 s Vf 4= C ‘ -_::- - .. .. - (2}
Subtracting (1) from (2}
2.8 = 20

O = 1.4 mfsec

C = ey

et

il
=
o
-~
o>

B

= Jo.8Ix1 = 313
va:313 w9 =118 misec

o
it

<t
i

oy o= 3,638 - 2.1 = 1.539 misec

= \/‘_é-;}? = J9.8Ixt = 3.13 misec
C v =313 -213 = 1.0 misec

i

J
\\V

o
&3
il

i

A%
w

g O o= Jg;* = ¥9.81x1.63 = 3.999 m/sec, negative mign is for direction








