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. dntroduction ; Basic Concepts,of Free Surface Flows, Velocity and |
 Pressure Distribution, Mass, Energy and Momentum Principlé for |
I . Prismatic “."d'Nd'i.‘.P"!'émﬁﬁﬁ‘G'fif!ﬁ?}él;.’s,__ci;'._zic'afff_f S

el

| i Suberiticaliand Supercritieal Types of Flows,.

CONCEPT OUTLINE

Prismatic and Non-prismatic Channels : A channe] with constant
crr.:ss-scf:tlonal shape and size and also the battom slope.is termed as
prismatic channel. All natural channels gencrally have varying cross-

sections and consequently are non-prismatic,

© oo ylew ) Questions-Answers o

Fr

- Long Answer Type and Medium Answer Type Questions

Differentiate between pipe flow and epen channel flow.

S.NoDescription | = . Open Channel Flow | PipeFlow .

1. |Pressure Liquid flowing through
open channel is always at

atmospheric pressure.

Liquid flowing
through pipeis always
at a higher pressure
than atmoespheric
pressure,

e 1:24B 0 1-36B

1-1B (CE-Sem-4)

2. |Slope For open channel flow
liquid flows under gravity,
thus slope has to be

provided.

The pipe flow does
not require slope.

3. |Velocity For open channel flow | For pipe flow
maximum velocity occurs | maximum velocity

little below the free | occurs at centre of

surface. pipe.
4, |Hydraulic Hydraulie gradient line | Hydraulic gradient
gradient line | coincides with water | line does not coincide

with water surface.

surface,
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5. [Shape of The shape of open channel Gene!-nll:\" the s]hnpu
channel may be circular, of a pipe is circular,
’ trapezoidal, rectangular,
triangular, ete.
rdraulic roughness Roughness co-
* ili;:e&i ?gpcnds u;‘!l:n channel | efficient dc;'mnds )
) parameter, depth of flow. | upon materinl of pipe.

Que12. | Define different types of flow. [AKTU 201718, Marks 02|

Flow in open channel can be classified on the following basis :
1 Classification Based on Flow Characteristics :

i Unsteady flow.

i Steady flow.
S No.. Steady Flow Unstendy Flow
1 | Steadvilow isdefined as the type Unsteady Now is that type of flow,
of flow in which the fluid|inwhich the velocity, pressune or
characteristics like velocity,[density at a pont changes with
pressure, density, etc., at a pointjrespect to time.
do not change with time.
2 | Thus for steady flow, Thus for unsteady flow,
&) =0 (&) o
& oy w30
(e =0, li‘:] =0 (—‘:E] =0 etc.
L‘:‘"l:‘-,'\\.ﬁy E"‘lﬂ._‘h. 20 1/ ..

9 (Classification Based on Flow and Channel

Characteristics :

ii. Non uniform flow,

i Uniform flow.

‘S No.i Uniform Flow Non Uniform Flow

- L g Uniform flow is deﬁnc;d asthe | Non uniform ﬂn“"is deﬁlnod as
| type of flow in which the | the type of flow m.whlc.h_lhe

velocity at any given time does velocity at any given time
! not ch—anges with respect to | changes with respect to space.
§ space (i.e., length of direction
| of the flow).
5 | For uniform flow For non-uniform flow
{év) 40

[
{
!

=0

NS £= constant

lf-‘s ¢~ constant
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. .
Non-uniform flow can be further classified as follows :

Gradually Varied Flow : If the depth of flow in a channel changes
gradually over a long length of channel then the flow is said to be
gradually varied flow, .

Rapidly Varied Flow : If the depth of flow changes suddenly over a
small length of channel then the flow is said to be rapidly varicd flow.

Spatially Varied Flow : If some flow is added or subtracted from the
system the resultant flow is known ag spatinlly varied flow,

Classification Based on Reynold's Number :
For apen channel Reynold's number is given as
pvR
T
£, = Reynold's number, p = Density of water,

R

L
where,
n = Viscosity of water, v = Mean velocity of flow of water.,

On the basis of Reynold's number open channel flow ean be classified ns :

Laminar Flow : For laminar flow, R, < 500.

Transitionnl Flow : For transitional flow, 500 < R_ <2000,
Turbulent Flow : For turbulent flow B> 2000,
Classification Based on Froude Number

On the basis of Froude number open channel flow is cluﬁsiﬁlt-.d ns
Sub-critical Flow : For sub critical flow, F, < 1.
Critical Flow : For critical flow, F, = 1.

iii. Super-critical Flow : For supercritical flow, F > 1.

Que 1.3, | Discuss the various geometrical parnmeters used in
designing of a channel.

JAnswer I

1.

&

Following are the various geometrical parameters used in designing of
achannel :
Depth of Flow (¥) : It is the vertical distance of the lowest point of a
channel section from the free surface.
Top Width (T) : It is the width of the channel section at the free
surface.
Wetted Area (A) : It is the cross-section area of the flow normal to the
direction of flow.
Wetted Perimeter (P) : It is the length of the channel boundary in
contact with the flowing water at any section.
Hydraulic Radius or Hydraulic Mean Radius (R): It isthe ratioof
the wetted area to its wetted perimeter.

R=A/P
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Mean Depth (D):Ivisthe Taﬁvoh}w
- Frarenbe

. jon factor for any depth of flow y, thep =
- ; ifZ ic the section
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) - the discharge that would make the depth y erities)
T;ﬁg'nma fhe critical discharge.

Ryt T

P ies in an open ¢hannel causes the
e Ofwr?irhseaggv}:orfia;e components not only in the
v:.;mc-.;:r" i -"ecmrslaieml'dj:ection but also in normal direction to the flow,
— ma]aj:ldvzis only longitudinal component, v_is of m_.'.\ior concern.
%ﬁiﬁ?ﬁa u-o;zpune-nts being small are ignored and v_ is designated
The. itv distribution in a channel is dependent on the geomﬁtry.of
g;em'f’éloﬂ:i Fdilgﬁult{?)ﬁd Fig. 14.1(b) show contours of equal velocity
for 2 natural and rectangular channel respectively.
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4. The velocity ' is zero at golid boundarie

diftance fromthe boundary, The maxim
occurs at a certain distance

& and gradually inereases with

urn velodty of the cross-sedion
below the free surface,

S This dip of the maximum velocity is dueta secondary curremts znd js o
function of the aspectratio (ratio of depth to width) of the channe),

6.  For adeep narrow channel, the location of the maximum velocity point
will be much lower from the Viaver gurface than for a wider channel of
the same depth.

7.

A typical velocity profile at a section
of flow is shown in Fig. 1.4.1(c),

B. Infigurethe average velocity at any vertical v, occurs at alevel of 0.6
Yo from the free surface. It is found that,

Yoz+Vos
Vau = )

Vyz= Velocity at a depth of 0.2y, from the free surface,

Vo= Velocity at a depth of 0.8y, from the free surface,
¥y = Depth of flow

The surface velocity v, is related to the avera
v. =hv ’

where kisa cbefﬁ'cienl with a value between 0,8 and 0.95.

in a plane normal to the direction

where,

ge velocity v, a5

| Deduce the basic equation of continuity for unsicady
open channel flow.

[Answer. |

1. Inthe unsteady flow of incompressible fluids, if we consider a reach of

the channel, the continuity equation states that the net discharge

out of all the boundary surfaces of t

of the storage within it.

2. InFig 156.1,ifQ, > Q.
section 1,

The excess volume of outflow in a time Af is made good hy the depletion

of storage within the reach bounded by seetions 1 and as a'result of this
the water surface will start falling. : :

If Ax is the distance between sections 1 and 2, then

Water surface elevation at instant ¢

going
he reach is equal to rate of depletion

more flow goes out than what is coming into

ACTIStaE
-Qi,.
el e
1je—— ar '_I—|2

S Dl o

SO Ary AW
5. The excess volume rate of flow in a time Af = (6Q/ &x) Ax At
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th
6. Ifthe top width of the channel at any dep

= Ax
storage volume at depthy=Ax Mg\;gy_ =—TM§Z
7. The rate of decrease of storage == 5% 2 at
4
. in ti - | -Tax—) &t
B: ThEdecreasei,nstoragemtlmeAl—[ Tax
% +T-@- =0

. SR L= A TV S o
9. By continuity, T ArM=—%7

This is the basl'c‘:quaﬁan of continuity for unsteady open channel flow.
;nuity for spatially varied

‘Que 1,6. | Deduce basic equation of cont:
:;bé;‘;iaénBel flow.

ARswere,
1 Thechannelunder consid._aratmn . .
on geometry of cross section or alignment.

a5 shown in Fig: 1.6.1hasno limitation

Fig 1161 Shemati draing of spatally voried chanel oy

2. 'I'be” llquxdhﬂw;lﬁg in the channel is incompress?ble:, viscous, and
nonhomogeneous; i.e., both the density p and dynamic msc.ossty. pofthe
fluid may vary from point to point, but the density and wsct_)sxty of an
infinitesimal incompressible element remain constant with time.

3. The lateral flow through the free surface such as rainfall or inﬁl_trathn
or seepage inflow can vary with both space and time and their i:luxd
properties can also be nonhomogeneous but necessarily incompressible.

4. For a point (more precisely, an infinitesimal unit volume) ina turbulent
unsteady flow the continuity equation is

G %L _g . .(16.1)
it éx
where, £ = Time

u; = Local velocity component of the fluid along the
x, direction; and the bar represents temporal
averaging aver turbulent fluctuation.
5. _ For a channel cross section with an area A as shown in Fig, 1.6.2, the
boundary condition is.

=S

1-8 B (CE-Sem-4)
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Ulx;, t) X,

qlx;t) .
e, 49 xa/j\xl '
P

{ o
U

Qs
g8 Do SRSl o & il e scin

| aBA, - A d '
[ %O 5 ] = [ Ggdo (1.6.2)
Where, o = Perimeter bounding 4,

G = Any continuous scalar quantity under
consideration at o, e.g., G = p for mass
conservation, and

g = Rate of lateral flow into the channel per unit
length of o, having a dimension of length per
unit time and being positive for inflow.

The continuity equation for a channel cross section can be obtained by
integrating the point continuity equation over A. By applying the Leibnitz
rule, integration of eq. (1.6.1), we get

(2425 an [ pen-[ 4]

% [, ol dA- [pu. A ] =0  ..(16.3)

"ot
or, with the boundary condition, equation (1.6.2) with G = p,
2 a1 . . -
EL pd’A+EL pu‘dA—L pqde=0 w(1.6.4)

which is the continuity equation in integral form for a channel cross
section.
If the cross sectional mean fluid density p, is defined as,

1
P, = -ZJ-Ap.dA ..(1.6.5)
then eq. (1.6.4) can be written in one-dimensional form as;
d 0 ‘
= P.A)+ E‘"““ P, 4v,.) = qu do ..(16.6)

in which the mean velocity component of the cross section, v,, is defined
m’

1

== La,. dA .(1.6.7)
and the density coxfrection factor A is defined as,
MiPAv, = [ oF, dA (168)
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\ <uch that its pormal is along the
is taken s

o mm:m$$k = i, the continwty equations is one-
directina i = 1. u -
&mepsicnaleq. (16.6) canbes 38

CONCEPT DUTLINE

Critical Depth : Critical depth is defined as that depth of flow of
which the specific energy is mmlmmn. )
“Spec:ﬁtm - Energy :Specific energy of flowing liquid is defined as energy
pnit weight of the liquid with respect to the bottom of the channel.
];;eciﬁc Foree : It is the sum of the pressure force and momentum
flers per wmit weight of the fizid at a section.

.| What do you understand by specific energy fgr aflowin

ap-eﬁ cha.nnel ? Draw the specific energy diagram and describe its

various characteristics.

[AKTU 201415, Marks 10 |

P

A Speciﬁ;: Energy:

L

2.

@

The total energy of a channel flow referred to a datum is given by,
H=2Z+ycos6+alyiy)

Ifthe datum coincides with the channel bed at the section, the resulting

expression is known as specific energy and is denoted by E. Thus
E=ycos6+aivi2g)

When, 030=1 and =1

E=y+(vY2g)

Hence specific energy of flowing liquid is defined as energy per umnit

weight of the liquid with respect to the bottom of the channel.

Specific Energy Curve :

It is defined as the curve whic

h showa the variation of specific energy
with depth of flow, € variation of specifi

P

LA

e e

i (i W

TSRSl W I AN L

1-10 B (CE-Sem-4)
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2 The specific energy of a flowing liquid,

6.

P

W
E=y+§ =EP+E.

where, E, = Potential energy of flow = y

2
E} = Kinetic energy of flow = —;—-

Consider arectangular channel in which a steady but non uniform flow

is taking place.

Let @ = Discharge through the channel.

b = Width of the channel.

¥ = Depth of flow.

q = Discharge per unit width.

Q@ Q

width b - oonstant

Discharge = @
Area

Theng = [-+ Qandb are constant]

Flow velocity, v =

b E e
Specific energy (E)—=
2
: q
Specific energy, E = y+ 2877 = Ep +E,

.(1.7.1)

Eq. (1,7.1) gives the variation of specific energy (E) with depth of flow
(). Then a graph between specific energy (along X-axis) and depth of
flow, y (along ¥-axis) may be plotted,

Characteristics of Specific Energy Curve :

The curve is asymptotic to abscissa and the line OA,ie,E=y.

As the depth increases from low depth, i.e., from supercritical depth, E
value decreases upto a minimum value at point C.

E value increases when depth increases after the depthat C,

At the point of minimum specific energy, i.e., at point C, the depth of
flow is critical (y,).

For two different depths ¥y, and y, same specific energy (B, = E,) is

obtained and these two depths at same specificenergy are called alternate
depths,




"‘l l‘ t':“‘&‘“\-‘)

i g ] ——— T

Thinea %
P in, ad M'\hl“ TR
Hydrautics Kngineeting ai? T are the panes of super

speciile carve

G Zones belw ar above (4 and

Al B - il Also Inerensoy
iy m!ll o m':":m ar decroases, cntival depth willa
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alignment towards the vight or left
e 18, | Derive the expression for

(i Bl B O

channel sovtion,

iM'niQ #teady atats momenium gquation ‘i- :;:m riv
| ¥ i re:at: i?;ffr'r:: ;r:m[; l-:n t*m control surfaces,
I which F, and ¥, wre prewit _

5 i Ling on the bed,
i ;‘n li:tl:l:; ;:::iﬁ:r:v :;'m r‘nmpmwnl of the wolght of the Nuld in the
-4 4 i Bl

Jongitudinal directinn.

tontrol volume
Contrul vol F‘-.Wﬂnl!

pecifie foree in a rectangulup

W
° “Ha W .
{ ¥1g: 1AL Dofiitiot ketsh for the momeatu #quation. |
4. M‘: B, p @ v, = Memeotum flux entering the control voluma,
M, = . p @ vy = Momentum flux loaving the control volumo,
b. H’}‘a and £, ire both zaro, then Fy = Fy» M, = M
= FoeMysFye M,

6. IDlenoting %f"ﬂ‘ﬂ- P, s AP)e(P), (LK)

The tera P, is knowys as the apecific force and represents tha sum of the
presaurs force and momentum flux per unit welght of the fluid ot a
seclion,

B, Eq. (1.8.1) atatoa that the specific force is constant in a horizontal,
frictionlend channel,

Qus 1.9, | how that for a rectangular channel carrylng constant
discharge, the specific force s minimum, when the depth In eritleal.
OR

Explaln the specific energy concept and prove the critical flow
condition for all type of channel, [ AKTU 2018-19, Marks 07 |

i ylrc 3
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7‘.

“ﬁiwvll‘lu Enorygy 1 Nafor Q. 1.7, Pago 1003, Vnde-1,

Celtleal Flow Condition

For a dven dinsdharge the conditlon for indnkam speeifie forea can b
wbtplnad by difforentloting aquntlon of speoiflo fures with reapert Loy
wnd then ennaldering (0 s d WAy = (),

Vs QA v AV IEAT
Iifforontinto of B (L0 1) with respont 10, we got
A\l i
NG o A | il(A) ol Ny

dy — aAdy Ty
Hinee Q) ls constont snd both A wind @ wra Lo funations ol y, An slinwn
I Fig, 1O for o chinga oy bn tie idagitly, (he carrasponling ehinnge

AT ) Inthe mmmient of the eross-sestomal nrom plout U frie surfucs
diAs)

!

muy be axprogsed = [Mi Fuly) o Ty J;VJ e Aj

- e g

. :
13 k]
L |
] ]
¥ "
L L]
L]
]
S S ——
=

e 10,1, Bpiilfla-forde Gy,
Negloeting smallor tarm, ‘l-:"éﬂi wir ol
A7 )= Ady
Hubstituting Usls valun of A 2 ) in oo (L 04), wa gt
. dF QA | Ady

Aol (
dy =" yAlUdy Ty =Y
Anin sinew (dAJdy) = 1, the shuye vquation redueey

Q" [, dA ..
r e Yo
: v I dy IJ

The above conditlon Is eritien] flow conditlon; Thus b enn be sakd thint at
erithenl dapth, spocific force attalng mlnlmom yulue,
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Nria v -
2. Speciﬁcenergy, E= y+£ = 125+2x981 1.45m

‘Que 1.14. | Show that in rectangular channel maximum discharge

fyadndtirs 2 r-a—fr‘-f‘“{

occurs when the flow is critical for a given value of specific energy

. [ARTU2015-16, Marks 10 |

2 Q "0 -
E=y+—, where,v-A Bxy
2
. =y 4+ ———0 = Q*=(E-y)2gB%?
= E y+2ngy2 Q - y gB

= J(E-y)2¢B%* = B\2g(Ey* - 5°)
2, For maximum discharge, the expression (Ey?-y%) should be maximum.

d 3
or a—y‘(Eyz-ys).zo =:>V2Ey—3y2=_0=,E'=.2_y

Also _ Emm g Y., wherey, = Critical depth.
Hence the condition for maximum discharge for a given value of spec1ﬁc
energy is that the depth of flow should be critical.

Y
of 1 50 m when carrying a discharge of 6.48 m¥sec. C

alternate depths and corresponding Froude numbers.

o R )

2

Do

“ir

| A rectangular channel 2.5 m wide has a specific energy .
Calculate the ;

W

e

3.

2.

: Given:WIdtthfchmeL P

Dlscharge! Q=6.48 m¥/sep.

_ To Find : Alternate  depth, 'Froude numBérs )

Specific energy is given by, E=

y+ E
Velocity of flow, ve 8 _648
: By 25y
. _ 1.5= y 4 (8487 (6.48) L
or %~ 1.6y% 40,3425 = o 57 “Txam
?iﬁi‘é‘:iiiiﬁé‘iimmdﬁgt; y PP musdy, =050,

K= 6.48

.= X
\/87. 25x1.29 % J9.81x1.25

Froude number corresponding to Yo
F .= 6.48
" 25x0.62x981x062

A trapezoidal channel with a base width of 6 m and snde

1695 °

slopes of 2 horizontal to 1 vertical conveys water at 17 m¥sec with a
depth of 1.5 m. Is the flow situation sub or super critical ?

Aréa of the grapezmdal channel A=(B+ myly
. = (6 + 2 x L.5) x 1.5 = 13.5 m? _
. Top width of channel, T'= (B + 2 my)=(6+2x2x15)=12m

Q_ 11 = 1.26 msec '

[AKTU 2016-17, Marks 10

Velocity of f1 -
e, YA s
Froude number for trapezoidal section,
J20 =038<1
J_A/T) - JBLx(135/12)

Since the value of Froude number is less than 1. The flow will be

suberitica), : Wi I
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Que 1.18. | Express Chezy’s formula in terms of Darcy-Weisbach
' i

ﬁ'l;ction factor.

ion is given by,

Al
P B 43

1 ~ For pipe flow, the Darcy-Weisbach equat

L v?
%= 'p"2%
where, | k. = Head loss due to friction in pipe of diameter D,
f: = Length of pipe. -

f = Darcy-Weisbach friction factor.
2. An open channel can be considered as conduit cut into two parts.
2 v

A_=D"_ D _ p-4r

For circular section, R = P =

Ly -/Bg \/h:f 1.18.1
hf=f—-—:>v- TXJEX-L A1 -):

h
’ = 8= Slope of energy line.

4. But in uniform flow, S',= S,

Chezy’s formula is given by, v= CyRS,
aring eq. (1.18.1) and (1.18.2), we get

[8g o [P

Compare Chezy’s formula and Mannin
Manning’s coefficient.

.(1182) |

5. Comp

g’s formula and I

Que 1.19.
ve relation between friction factor and

1. Accordingto Chezy’s equation, v = C/RS, ..(1.19.1)
1 posgle ..(1.19.2)
n

2. Accordingto Manning’s equation, v =
Equating both eg. (1.19.1) and (1.19.2), we have
1
1 o3ou2 = C.f _ 1pus
;R2 SO =C RSO :? e (
/ 4 8 J
8g _ lpus =[_”_J3g L
7 nR =f=|x" L 7
sing Manning’s formula that the ave

n’v?

RIH

3.

rage

Show by u

i “4‘ %gf
iR

boundary shear stress is given by, 7, =

1-20 B (CE-S8em-4) Flow Through
w Open Channel

Consider a small gecti
tion of an open ct )
. f;l“:re bod;' l:)l‘ water in the direction of flow ;lé g?o‘;;:::'acms on the
5 ces of hydrostatic water pressure F, and F,, acting on ’jle two .

the free body.
' Fy=F,(Depthofwater at secti same
b ct
2. Ci)]mponent of weight of water in the diredionf%l;;llgwaldizu;n 8 )
w ere? w = Specific weight of water. '
A = Wetted cross-sectional area of channel.
0= Ang}e of inclination of channel bottom with
- 9 horizontal.
s e resistance of flow exerted by wetted surface of channe
1=PL
where, P= Xfetted perimeter of the channel. "
] T, = Average shear stress at the channel boundary.
4. According to Newton's second law of motion, ’
wAL sin  — PLty =0
_ wALsin 0 A
o= T =Ww ; sin @
T, = wRS, = pgRS, --(1.20.1)

vn?

. -1
5. From Manning’s equation, v= ;R Se= 8, e

pgRv:n? _ pgvin?
RYS - RYS

6. From eq. (1.20.1), we get 7, =

1a trapezoidal channel with side slopes of 2(H) : 1(V) has

[, Do
to be designed to carry 20 m¥%sec at slope of 1/5500. Determine the
depth of flow. Bottom width 3.0 m'and Manning’s coefficient = 0.015.

-

ent,n = 0.015

1L Let vnrdfma] depth =y,
Area,
P= 8+(2V2*+1) y,=8+44Ty,

A=+l

2. Wetted perimeter,
A _ (8+2)%

3, Hydraulic mean radius, R= B~ (a+447y,)

n

2
The section factor is given by, AR® = JE
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coefficent :
i  Surface roughness.

leads to additional

' of vegetation on the channel bed ang sides
i Vegetstion:The l"mm“,“w and flexible vegetation, bending over o; i

the vegetation Lends to reduce the resistance and results in lower valyg

of n.

Cross-Section Irvegularity : The channelirregularities and cury oture B
B :ally in nataral streams, produce energy losses, As such, they au'- T

cobined with the boundary resistance by suitably increasing the valye of

. The sudden change in channel crosssection enhances the value ofn,

7. The presence of obstructions, e.g., bridgy: piers and transport of wediment
4 koad, either in suspension or near the bed, increases the value of n sinee

it causes additional head loss, .'J . !

v. Irregular alignment of channel.

li

wl,\trianm"chmei with an apex angle of 76° carriess |
flow of 1.2 m*/sec at a depth of 0.80 m. If the bed slope i 0.009, find the

g

roughness coefficient of the channel.

Given : Normal depih, y, = 084, Discharge, @ & 1.2 mlucé s
. Beddlope, 8,= 0000, Apex angle, w757~ 0
o Xo¥ind s Rovghness coeflicient of the channel, A

Voo o/ 2H

v, y

L FromVig 1.261, Area, A = % %080 %2 % (.8 % tun ( ZE’:J = 0491 ' .
2

2 Wetted perimetor, P w2 5.0.8 4 wee (37.6°) w 2,017 m

5 Hyd 2. 040
draulic radiu, e 8L 0491

2017
Viy V) 0 I/‘
b Rosthnoss coticient, o o ARS* 0,491 2 (0,241 £ (0.009)
4 1.2

= (,016

|
Yy o
i
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YR T LR FT

LT [ PART-4 |

(L Most Bfcens Chanel Bection, Compound Sectons.

-
)

s

CONCEPT OUTLINE

Most Efficient or Most Economical Channel Section : A section
of channel is said to be economical when the cost of construction of
the channel is minimum. Cost of construction depends upon the
excavation and the lining,

Compound Channel : The term compound channel or two-stage
channel, generally represents a channel with a central main channel
flanked by flood plains on either side. The flow mostly takes place in

the main channel but spills over to the floodplains at higher discharge.

-
s~

Logl o O
s 0T e

 Long Answer Type and Medium Answer Type Questions

R -w-fr:c._i ~

Ly

Que }.27.' What do understand by most efficient channel

nection 7

/Answer I

1. Hydraulically most efficient section of a channel can be defined as the
on¢ which passes maximum discharge for given area, roughness and
bed slope,

2, Discharge cun bo written ns, Q w A x v = A x (1/n) R%? §17

3. Ience for maximum @, for given A, n and S the hydraulic radius R
whould be muximum, i.e., R = (A/P) s maximum. It meana that perimeter

P whould be minimumn.
4. Thorefore, the moent efficient section can also beo said as the one which

haw minimum wotted perimeter P,
Que l.ﬂﬂ.l Show that for a rectungular channel with given area s
monst officlont when hydroullo radlus is halfof the dopth of the flow,
' [AKTU 301415, Marks 08 |

on

Htate the condltlons under which the rectangular section of an
open channol will be most economical. Derive theso condlitions,

[AKTU 301617, Marks 10




L im0
i g?’t:‘:op::g;e;ufn ith onstantA then dP/dy =0
_A L2=0=A= . 9y?
| By=2%%=Yy= =B/2

A 2y _ l

==

5. Hydraulic mean radius, B =

1

e &m%\v

Hydn lar channel.
38.1. 1 ea.lly gﬁ;_giggt 1-ectang§l
:E!l}m“ﬁ ar channe the depth of flow is equal to half

tangular channel when
§ tll?eusb‘oﬁ;::r::dth i.e., when the channel section is a half-square a
hydraulically efficient section is obtained.

‘| Show that a hydraulically efficient triangular channel

1. Foratriangular section with semi-apex angle 0,
Areaof channel, A= (V2 x2my,xy,=my2=y,=JA/m

2 Wotted perimeter, P= ay,\/m“ +1 =2 2JA/m =ym* +1
Pla d(A/m) (m3+ 1)

UG il M gl oo

X For wost efficient section, dPfdm = 0

dp
L Bealil
wd:pu"h\(l‘;;") 20 = piolm0 = m=l

4 Hence apex angle, 20 = 80*

1-26 B (CE-Sem-4) Flow Through Open Channel

. The most efficient triangular section is half of
honzonta_[ a square with diagonal

2
5. Hydraulicradius, R,= A-__ ™ ____1x3' _ 5
Py m?+1 2y 12+1 2.2

ggg }go. Show that for a trapezoidal channel of given area of

flow. The condition of maximum flow requires that hydraulic mean
depth is equal to one-half the depth of flow.

[ARTU 2016-17, Marks 10|

OR
Derive the condition for most efficient trapezoidal channel section

| AKTU 2018-19, Marks 07 |

for uniform flow.
’ “OR

Prove that hydraulically most efficient trapezoidal section is half of
[AETU 2017-18, Marks 07 |

regular hexagon.

| EEEEE SR
1. Let, Bottom width = B and Side slope=m:1=(H:V)
2. Area, A = (B'+ my)y = Constant .-(1.30.1)

B= ikm—m_y .-(1.30.2)
H

3.  Wetted perimeter, P=B + 2y ym®+1
A _mysydmiel ~(1303)
y :

. 5 "

g:13 ! ‘efficient trapesaidal
e keeping m andA constant,

4. For }\vdmulxcally 'efﬂcmnt se'ctmn.

ap _0;;.—% -m+2Vm*+1 =0

dy y
A=@Umi+l —mp? (1809

p. From eq. (1.80.2), we gut
B= é-"\\'=?(\‘m‘+1 -my
y
¢, Fromeq (1.30.3), weo gut
P= B+dymt+1=22Q Jmi+l -m) (1306

«(130.5)



A Y
_@iem —mly
; mdms,R P 22 1+m2—m)y 2
7. Hydraulicmess
' " ficient channel,
For most efficien 1 2y-1/2 _
8 g__P_.:O > Y 2x§(1+m) x2m-1|=
m
1 !
2m__1=0 = M=z AU

\ s V3 =tan60° _
6= 1/43 = tan0 4 = 0=gp
Put the value of m u? eq. (1.30.4), eq. (1.30.5) and eq. (1.30.6), we get
9. Put o

(1 4= {2@——%\% =3y

- ([1.1)_2
B= 2JL 1+§—_EJ_J§y

10. IfL = Length of the inclined side of the channel, then

11. Hence the conditions for the most economical trapezoidal section are:

i Hydraulic mean radius, R =y/2 )
i Angle of the inclined sides of the channel from the bed, 6 = 60°.

iii Thus the hydraulically most efficient trapezoidal section is one halfof 3 !

regular hexagon.

Fhannel, the depth of flow and hydraulic radius are given by,
i y¥=0.81D ii. R=0.3055D

Condition for Maximum Velocity :
L Consider liquid is flowin

surface subtend

an angle 20 with ;
€ cross-sectio; the axis of the channel.

0 area of flow for a circular channel is given by,
A= ,,2(9 _Bin 29_]

3w . , : 2
etted perimeter for 5 circular channel is given by, P = 2r0
. sin 26
Thus, . R=é_r(6— D) ] r rsin26
= 2 /) _r rsm&
= 2rg 2 40

' 1-28 B (CE-Sem-4)

Flow Through Open Channel

Q%L Show that for maximum velocity through a circular r

S ng through a circular channel of radius 7 as r !
shown in Fig. 1.31.1. Let the depth of flow of liquid be y and the liquid

Wi A L1y
4. Using Chezy’s equation, the velocity of flow through a channel can be
expressed as .

’A
V= CJR—S=C FS

5. For acircular channel, with constant values of Chezy’s constant C and
the slope of the bed of the channel S, the only variable is q and the
condition for the maximum velocity is

d(A/P)=0:d(£_rsin29]=o
do 46
d(rsin%)
;}9 =0 = rx29xcos;9-rsm29 .

After solving we get, 6 = 128°45’
6. Depth of flow is then given by (Refer Fig. 1.31.1)
y=r—rcos 8=r(1+0.62)=1.62r = 0.81D ..(1.31.1)
7. Eq,(1.31.1) implies that for maximum velocity of flow, the depth of
flow in the circular channel will be equal to 0.81 times the diameter of
the channel.
8. Hydraulic radiusis then found to be

_L_rsin20 _r rsin257°30° o 611,-03085D  ..(1.319)
27 48 2 4@24D)

9. Eq.(1.31.2)implies that for maximum velocity of flow through a circular
channel, the hydraulic radius will be equal to 0.3055 times the diameter
of the channel.

Show that for maximum discharge of flow through a

circular channel the depth of flow and hydraulic radius are
given by, !
i. y= 0.95D

ii. R=0.266D"

1. The flow area for a circular channel is given by, A = ,-3( - 51:1229)



ngineering and M 48
dA/de = ri(1-cos 26)

jrcular channel is given by, P = 9 ,

the discharge through a channe] ¢, be';'

e

Therefol?; .
Wetted perime
Using Chezy's €d
expmssed as

s,
ter for ac
uation

-
A

\ - o 4
. @= CaJRS = CA(FS -C\[}; ki

tant C and th, B
t values of Chezy’s cons . e slo )
Therefore, i]'fr :}fnSth, the condition for the maximum discha,-l;: ?:
the bed of the chann , dA s dP ot
Px3A% x = — 432 I

dA1P) o= P T

Substituting the respective values, we get i

sin 20 _ .':,
'3x2:9xr2(1—cos29)—r2[6— 2 )2r_.0 - i

in 20 : '
39(1-cos29)—(9-Sm2 J=O _ -

40 - 60 cos 20— +sin 20=0 . ,
The solution of eq. (1.32.1) gives, 8 = 154°(2.6878 rad) 2

h of flow is then given by, y =r—r cos 8 {
pmerte y=r(1+09=19r=0.95D ...(1.32.2);7‘
Eq. (1.32.2) implies that for maximum discharge, the depth of liquid in %

the circular channel will be equal to 0.95 times the diameter of the |
channel. 1)
i

!

|

Hydraulic radius is then computed as ,
r. rsin20 .r rsin308° g 3) ]
=~ -—= ="—————— =(.5732r = 0.2866D .(1.32.3) 0

27 40 2 4(2.6878) 4 A
Eq. (1.32.3) implies that for maximum discharge through a 1:-1rcular,—
channel, the hydraulic radius will be equal to 0.2866 times the diametet J

of the channel.

. | An open channel to be made of concrete is to be desig‘led;IE ';

1-30 B (CE-Sem-4)

Flow Through Open Channel

A

=

o E g

&

Rectangular Section :
Assume Chezy’s constant, C = 50
For the rectangular channel to be most economical,

Witk b= 2,

Hydraulic mean depth, B = d/2

Area of flow, A=bd=2dxd=24

Discharge, Q= ACYRS = 15= 2474 50\/% %0.00085

After solving, we get

Depth of"channel, ¢’= (.88 m :
Width of channel, 5= 24 =2 x0.88=176m
Trapezoidal Section :

Let trapezoidal channel has side slope 1H : 2V, for most economical
section.

1
b+2ﬂd _ 3 b+2X§Xd 1 2
2 =d\yn*+1 = s =d[§)+1
b+d
2

But area of trapezoidal section,

b+ (b+2nd) “
2

From eq. (1.33.1) and eq. (1.83.2), we get

. [5
- dJ; =1118d = b=1236d ..(1.33.1)

A= & =G rad)d

A= (1.236d + %]d = A=1736d*

Discharge,

Q= ACJVERS

1.5=1.736 d* x50 x "g—x 0.00085

Tigpie e savnnr, o = 5368

Bottom width of section, b =1.236 x d = 1.236 x 0.932 = 1.152
Circular Section : =
For maximum velocity, 6 = 128° 45' or 2.247 Radians.

Wetted perimeter, P=2r0,

( 0- si’n201
Area of flow, A=rt—% |
Discharge, Q@ = ACVRS
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sin 2x(128 45)),( 50 ﬂ% x 0.00085
15=r' (2 247 -
r'x2.185 . 600085

L5 r*x 2735 x50 % (55047

¥ r= 0747 m g ‘.,"‘q
Radius, ) i
Diameter, D=1494m .“.’J

400 litres/sec when b
dimensions of the channel if C'= 50.

":Chezy’s; constant, C= 50
- ToFind: Ihmensxonof m S
i Let width of channel = B, Depth of channel ¥

2. Most economical dimensions for rectangular channel,
R=y/2and B =2y

3. Discharge is given by, @ = ACVRS = ByCJRS

Q= 2" C{f%"s_
400 /y
Topp - 2 x50 2 2000

y=0577=0.58m

¥=058m )
B=2y=2x058=116m

Depth,
Width,

the condition of :

i Maximum velocity.

ii. Maximum discharge,
Take Chezy’s constant, C = 50,

Given : Dxameter of cu-eular channel D=3 m

. Bed slope, 8 = '5'01—06 Chezy's conetant C=500 5
To Find : Veloclt,y and ﬂow rate

7] A rectangular channel carries water at the rate 0!
rec f
ed slope is 1 in 2000. Find the ecunomim

e1.35.| A concrete lined circular channel of 3 m dl“meter il
bed slope of 1 in 5000. Determine the velocity and the flow -ﬂ#e-

1-32B (CE-Sem-4)
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Let 28 be the total angle subtended by the water surface at
. i ce at the centre of

A Maximum Velocity Condition :

1
9,
3.

4.
5.

6.
7.

For maximum velocity total angle subtended,

20 = 257.5° = 257.5 x —— =4.49rad
18

Depth of flow, y—OSlD 081x3= 243m
Area of flow = — (29 sin 20) = -—(4 49-sin 257.5°)

A= 6 15 m?
Wettedpenmeter P=2r0=rx20=15x449= 6.735m
Hydraulic radius, R = A 515, 0913 m

P 6.735

Flow velocity, . v=CJRS = 501 }0 913 x 0:]0 =0.675 m/sec
Flow rate,. Q@=Av=6.15x0675=415 m¥sec

B. Mammniseharge- Condition :

1.

2.

;o

For maximum discharge total angle,
20 = 308°= 308xﬁ =5.375rad

Depth of flow, y= 095D =095x3=285

Area of flow, = E (20 - sin 20)

A= ——(5 375-sin 308°) = 6.93 m?

Wettedpenmeter, P= 2r9 rx20=15x5.375=8.063m
A_ 693

H uli =0.

ydraulic radius, R = P 3063 0.86 m
Flow velocity,  v= CJRS =50, /o.ss x 50100 = 0.66 m/sec
Flow rate, @ =Av =6.93 x 0.66 = 4.57 m¥/sec

‘| What is compound channel ? How would you caleulate

the totalv discharge of compound channel ? Explain with example.

A. Compouud Channel :

1.

2

A compound channel is a channel section composed of a main deep
portion and one or two flood plains that carry high-water flows.

The main channel carries the dry weather flow and during wet season,
the flow may spillover the banks of the main channel to the adjacent
flood plains. :



Hydraulics Engineering and Machines
und sections. A compound section

3.
B.

L
i

1-33 B (CE-Sem-4)
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A majority of natural rivers have compo
is also known as two;tz:lgle :Pannhil.m(’ds ) |
ischarge Calculation Vi€  : |
gget?:ﬂm two methods are popular, and give reasanably good results :
ical Interface Method : .
fnetl;his method the flood banks are separated from the main channel by

ical i :n Fig. 1.36.1. This interface is ~ |
f vertical interface 85 shown In Fzg 1
?;fx:?;e?ed as a surface of zero shear where 1SN0 transfer of momenturm
takes place. . _ ' i
The length of the vertical interface is not included in the calf:ulatmn of
the wetted perimeter of either the over bank flow or the main channel

flow.
Diagonal Interface Method :
In atti: method, a diagonal interface is considered from the top of the

main channel bank to the centerline of the water gurface as shown in

Fig. 1.36.1.

This interface is co
such the length of the diagonal int
calculation of the wetted perimeters of
flows. :

If the flow over bank portion
equivalent roughness for over
Example : A compound channe
the following geometric properties. o !
Main Channel: Trapezoidal cross section, bottom width ='15.0 m. Side
slopes = 1.5 H: 1, bank flood depth = 3.0 m, Manning’s coefficient = 0.03,
longitudinal slape = 0.0009.
Flood Plains : Width = 75 m, Side slope = L5 H : 1 V, Manning’s
coefficient = 0,05, Longitudinal slope = 0.0009. Compute the uniform
flow discharge for a flow with total depth of 4.2 m. '

Vertical Interface Procecure:

The channel section is considered divided into three subsection, A A
and A, by means of two vertical interfaces which start at the intersection
of the flood plains and the main channel as shown in Fig. 1.36.1. »

nsidered to be a surface of zero shear stress and as
| interfaces are not included in the

the over bank and main channel

has significant roughness discontinuities
bank region can be adopted.
1is symmetrical in cross section and has

Diagonal Interface. _Vertical Interface

R

0] R i

i 1081 St grsentaton f oo G4zl
The calculation of area, wetted perimeters of each of the three sub-
areas is given in table 1.36.1.
gy symmetry, sub-area A, = sub-area A,. The vertical interfaces are as
indicated in Fig, 1.36.1. s

1-34 B (CE-Sem-4)
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3

Table 1.86.1. Computation of geometrical properties of vertical interfaces.

As per the rules of this computation procedure, the interfaces are treated
as surfaces of zero shear stress and hence are not included in the
calculation of the wetted perimeter.

Sub- ||/ Area | ‘i | Area (m® .. <. . Wetted {1 Hyd
\area | Element| I . Perimeter (m) | Radius (m)
Ay |105x12x(15x1.2)] | 1.08] 12x(1+159%5 | 2.163
A, Ay T5x1.2 90 75 75
Total 91.08 77.163| 1180
Ay | (15+(15x3.01x3.0 |'58.5 [15+2x3.0x(14(1.5/1°] 25.817
A, Ay, | 15+2x15x3)x1.2 | 28.8 T 0
Total 87.3 25.817| 3382
4, Discharge by Manning’s formula :
i Forsubaread, @ =50 ;5 x 91.08 x (11807 x (0.0009)""* = 61.035 m*/sec
i, Forsubaready, Q= L 87.3x (3,382 x(0,0000)"" = 196.697 m¥sec
iii, - For sub-aread,, @, = o%m =% 9108 x (11802 x (0.0009)2 = 61.03 m¥/sec
5. Total discharge, @ = Q, + Q, + @, =318.77 m¥sec '

:Q 9137 A compound channel is symmetrical in cross section
and has the following geometric properties. Main channel :
Trapezoidal cross section, Bottom width = 15.0 m, Side slopes =
1.5 H: 1 V, Bank full depth = 3.0 m, Manning’s coefficient = 0.03,
Longitudinal slope = 0.0009, Flood plains : Width = 75 m, Side slope =
1.5 H:1 V, Manning's coefficient = 0.05, Longitudinal slope = 0.0009.
Compute the uniform flow discharge for a flow with total depth of
4.2 m by using DCM with either (i) diagonal interface, or (ii) vertical

interface procedures.

e

A,
1

2,

‘._’J.'lf.m a2 e ek YT A A TS LR SR TR LAY

[AKTU 2015-16, Marks 12 |

Diagonal Interface Procedure : .
The channel section is considéred divided into three subsections A, 4,
and A,, by means of two diagonal interfaces as shown in Fig. 1.37.1.
The calculation of area and wetted perimeters of each of the three
sub-areas is given in table 1.37.1,

By symmetry, Sub-area A, = Sub-area A,. The diagonal interfaces are
shown in Fig. 1.37.1.

Ag per the rules of this procedure, the interfaces are treated as surfaces
of zero shear stress and hence are not included in the calculation of the

wetted perimeter.

e A TR
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Hydraulics Engineering and M iy,
rties of compound channe]
T E 7 : % _l P,

: Je 1.37.1. Compu ation of geometrical prope :
¢ ] T e T A tiﬂ :I
3 ’) weaz 5 =
( :z
‘ e i o S : ‘-
[0.5 x 1.2 x (1.5 x 1.2)] 108 |1.2x(1+ 8% 05 | 2,163 ._1
75 x 1.2 ' % |75 : |
[(0.5 x 15) + (1.5 x 3 72 0 0 ;
x05x%x12 _

Total 98.28 77.16 (1.274
5x3.0 3.0 585- |15+ 2x 3.0x 25.82 §
4 Ay [15 + (1.5 x 3.0)] x D aw
15 + (2 x 1.5 x 3)] x 0.6 x E
Aﬂ 5.2 * 144 |0 0 .
Total 729 25.822.824 ||
1 3
4;11 A Diagona\l- interface Agy y
13 4333 .
™ ; Au \-ﬁ.‘" ““..: Aaz ; 5
\ 4.2 7 15H:1V
15H:1V /== Jg — | F— |4___L_>\ it .J.
n= 0.05 ng=0.03 15.0 1.5H: 1V ;

1 Distances in metres ™15 0.05

5. Discharge by Manning’s ormula :

5 35 x 98.28 x (1.274)2% x (0.0009)% = 69.3 m¥sec |

ii. For sub-area . ) , o
A,, Q, = (1/0.03) x 72.90 x (2.824)*" x (0.0009)/2 = 145.650 m*/sec

iii Forsub-area A,

1
@=Q= 545 98.28 x (1.274)%3 x (0.0009)"2 = 69.3 m%/sec

i . Forsub-areaA, @,=

6. ‘Total discharge, ,
Q=0Q,+Q,+Q;=693+ 145.650 + 69.3 = 284.25 m%/sec

. B. Vertical Interface Procedure : Refer Q. 1.36, Page 1-32B, Unit-1.

1-36 B (CE-Sem-4)

Flow Through Open Channel

Q- 1.
AN

Q.2.

Q.6.

Q.7.

Q. 8.

Differentiate between pipe flow and chann
open el flow.
Refer Q. 1.1, Unit-1. o~

Draw typical velocity profile at a vertical i
it P cal section of an open

Refer Q. 1.4, Unit-1.

What do you understand by specific energy for a flow in
open channel ? Draw the specific energy diagram and
describe its various characteristics.

Refer Q. 1.7, Unit-1,

What is critical depth in open-channel flow ? For a given
average flow velocity, how is it determined ?
Refer Q. 1.10 and Q. 1.11; Unit-1.

. Show that in rectangular channel maximum discharge

occurs when the flow is critical for a given value of specific
energy. :
Refer Q. 1.14, Unit-1.

A rectangular channel 2.5 m wide has a specific energy of
1.50 m when carrying a discharge of 6.48 m*/sec. Calculate
the alternate depths and corresponding Froude numbers.
Refer Q. 1.15, Unit-1.

What is Chezy’s formula ? How is it derived ?
Refer Q. 1.17, Unit-1.

Define conveyance of a channel. Find the discharge in a
trapezoidal channel with a bed width of 10m, sideslope 1:1
and depth of flow of 0.2 m under uniform flow condition.

Bed slope is 1 x 10 and Manning’s roughness coefficient
0.025. Also find Chezy’s coefficient at this depth.

Refer Q. 1.22, Unit-1.

State the conditions under which the rectangular section
of an open channel will be most economical. Derive these
conditions.

Refer Q. 1.28, Unit-1.

Derive the condition for most efficient trapezoidal channel
section for uniform flow.

Refer Q. 1.30, Unit-1.

What is compound channel ? How would you calculate the
total discharge of compound channel ? Explain with

example.
Refer Q. 1.36, Unit-1.

©00
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Relationship : Application of Specific Energy
Interpretation of Open Channel Phenomena,’
Rl gcet edtiopontal Contractions.|

CONCEPT DUTLINE -

Application of Specific Energy Principle for Interpretation of
Open Channel Phenomenon : Many times it becomes necessary to
provide transition for a very long channel section.
A transition is the portion of a channel with varying cross-section used
for connecting one uniform channel to another. Both the channels
may or may not have same cross-section.
Transition may be Two Types :

1. Suoddes Transition  In this type the changr in oross-sxotion

_ of channel section occurs in relatively shorter length.
2. Gradual Transition : In this type the change in cross-section
of channel section occurs in relatively longer length.

‘the interpretation of open channel flow through
A. Horizontal contractions.
B. Vertical contractions.

A Har%ozz:a! Contractions (Transition with Reduction in Width) :
1. Consider a rectangular channel section. The width of the channel is
reduced as shown in the Fig. 2.1.1.
2. The portion of the channel section with reduced width is known as
throat section of simple throat.
3. The following assumption are considered :
i No loss of energy takes place between the two sections.
i, The bottom of the channel is horizontal. ’ _
¥, Spesficenergy is samr @ batk the sections snder consideration.
4
i

Let total discharge = @ ,
T e b of choamed & seetiom B =8

AR L, L T



Hydrﬂuhﬂ Engineeﬂﬂﬂand Maclu.n es -4 ‘.' y
at section @2 = B, s, E

i Thewidthof cha.nn;l e

Here 1752 ( Q 3
g == and ¢, Q) &
i < (" %=3 " qz-E:]- i
a;ld if By < B,< B,
i >%’m fthe channel is reduced the dis g
. 'Ihuswewnseethata.?thewi o charge -
perunitwidthwillbemcreased. E
2
q = = 2
v. We known E=h+ égh-; = q= 2g(E-h)h

5 Characteristic of Flow Under Suberitical Condition :

i  We canobserve fromthe
for a given specific energy £

i This decrease in depth %’ will cont
known as critical depth 4.

‘& as ‘¢’ increases ‘A’ will decrease.
inue till it reaches a minimum valye

iii At this critical depth ‘.’ discharge per unit width will be maximum and

denoted as ‘g, .

iv. Ifwe want to increase the discharge per unit width beyond the maximum

value ‘g, obtained at ‘b’ by farther decreasing the width then there A

will be a change in specific energy. _
When we reduce the width for increasing the ‘g’ beyond ‘g ’ then there

will be rise in the free surface on the upstream side of section (2)-(2).
vi. The result in farther increase in specific energy to such extent that it

v.

can support the increased discharge through the contracted channel g

section.

vii. Hence for certain specific energy ‘E’ there will be a maximum value of ¢
at a depth of &, for particular value of channel with B and if B is decreased
farther, the flow will attain a greater depth of flow than A, which is
practically not possible. ‘

6. Characteristics of Flow Under Super-critical Condition :

i It can also be seen from the discharge diagram that in super-critical
;:g:;ls for a given value of ‘E’ as ‘g’ increases the value of ‘&’ will also

e. ‘

i This increase in depth %’ will continue till it attains a maximum value of |

i:;;;l: of flow known as critical depth %’ )
i is maximum value of ‘%’ the discha : it wi i be
. ff] imum and denotedas ‘g, ', LR
iv. we want to increase the disch
/ . arge beyond the ‘g__° by farther
decreasing the width then there will be cha{:grfla in s:egiﬁ?enzrgy .

v. When wered i i
reduce the width such that ‘g’ increases beyond ‘g, the free.

vi. ;‘luzﬁaliig tlil:elfpsft;eam side of section (2)-(2) will be lowered. :
will cause an in:re.:: € surface on the upstream side of section (2-2)
support the incre € In specific energy to such an extent that ¢a%

‘ : ase discharge through contracted channel section.

discharge diagram that in the suberiti ciFregin 3

2-4B (CE-Sem-4) Uniform Flow in Open Channel

vii. Hence that for a certain specific energy ‘E’ there will be maximum value
of 'g’" at a depth of ‘k for a particular value of channel width‘B’. If B is
decreased farther then there will be an increased value of ‘A’ beyond k'

which is practically not poasible.

1
y7)
Q = QI Bl ) —
B, ———» 928, Q=g,B,=q; B,
m l - .‘ ﬂ. 2 -
1 (a) Plan
Specific energy curve Specific energy curve
at section 2-2
/K/ for bed width B,
TEL

at section W
7
T

¥,y = Critical depth for .o = Critical depth for
bed width By bed width B,

¥,3 = Critical depth for bed width By

CFig2d1t
Vertical Contractions (Transition with Raised Bottom in a

Rectangular Channel) :
Fig. 2.1.2 shows a rectangular channel section with uniform width and
having a rise in bottom generally known as hump.
. The width of the channel is constant thus the discharge per unit width
‘g’ will also be constant for a constant discharge ‘Q.
The specific energy ‘E’ is measured with respect to the channel bottom.
It is assumed that there is no loss energy between section (1)-(1) and
(2)-(2).
Due to rise in chanmel bottom there will be a decrease in specific energy.
E,=E -Az
E, and Ez2 = SllJeciﬁc energy at section (1)-(1) and section
(2)-(2).
Az = Height of the hump.’ .
Case 1: Flow approaching hump is in subcritical state.
The free surface drops down at the hump.

where,



(a) Smail rise in channel bottom
)
Q G y/any
4 __2;
= I — 4
,// E, =.E'l= i V2=,
E, v
2 o
e Z s
g el

(b) Critical rise in channe.l bottom

¥ig. 2.3, Flow in a:ecfangular'ch inel with a hump in the bottg%

i “ﬁe::reasem spemﬁc energy is assomated 'witha decrease in depth of flow

and increase in the vel
and the velocity head increase.
6. Case 2:Flow approaching hump is in supercritical state.
i The depth of flow at hump is increased.
In case of supercntlca.l flow a decrease in speclﬁc energy is associated
with increase in depth of flow and decrease in velocity.

ii. Hence thereis alimit upto which the specific energy for a given discharge
can be reduced by increasing the height of hump. This maximum height
of hump is denoted as Az
E =E +Az_,, where, Ec Specific energy at critical flow state.

iv. At this state the depth of flow will be equal to critical depth ‘A’ and
velocity of flow will be equal to critical velocity v .

v. However, if the height of the hump is increased further, then in order to
pass the same discharge the specific energy will have to be increased.

vi. {fa this case fic suherition faw &{lpmm.hmg the hump the required
increase in specific energy will be provided by increase in the depth of =

flow of the section (1)-(1) and for su b

percritical flow approaching the
hump, the depth of flow at section (1)-(1) will be reduced thereby
providing the required increase in specific energy.

#ue22. | A wide rectangular channel carries a flow of 2.75 m¥/sec

:;:er !xlneter width, the depth of flow being 1.5 m. Calculate the rise of
e floor level required to produce a critical flow condition. What i8

the corresponding fall in surface level ? JAETU 2014-15, Marks -

ocity. Over the hump, the depth of flow decreases

P

£

]
1

1
:

.]

2
o

’if

|
A
3
8

T
k
Vl
5
!

o
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ndmg fallm sm'face

| (-
e RERAG g SR @wk&d&-@&?{%ﬁ B S T e S R B e e ¥
' v,2/2g 2/9
‘ 1 v22g
A -
— ¥ by, =
y

Az

iElga‘f&‘,-:\m‘(eﬁ

¥, = (q%g)V® = [(2.75)%9.8113 = 0.917m
v,22g =y /2 = 0.459
y1=16m, v;=qly;=2. 75/1 5=1.83 m/sec
v12/‘2g 1.83%(2 x 9 81)=0.171m ]
iii. By energy equation, y, + (v 22g) = Az +y,+ (v,%2g)
1.5 +0.171 = Az + 0.917 + 0.459
Az =0.295m

2. Fall in the Water Surface Elevation :
Ak = (v,%/2g) - (v,%/2¢) = 0.459—0.171 = 0.288 m

Q_ug 2.3. l The width of a horizontal rectangular channel is

reduced from 3.5 m to 2.5 m and the floor is raised by 0.25 m in
elevation at a given section. At the upstream section, the depth of
flow is 2.0 m and the kinetic energy correction factor c is 1.15. If the
drop in the water surface elevation at the contraction is 0.20 m,
calculate the dxscharge if (@) The energy loss is neglected, and (b)
the energy loss is one-tenth of the upstream velocity head. [The
kinetic energy correction factor at the contracted section may be

[AKTU 2015-16, Marks 10

1. Rise of Floor Level :
i.  Critical depth,
ii. We know that, -

assumed to be unity]l

{Answer

Given : Depth of flow,y, =2 m, Width at upstream, B; =3. 5 m'

Floor level raised at downstream'= 0,25 m, e

Width at downstream, B, = 2.5 m.
Kinetic energy cerrectxon factor a; = 1.16 and oy = 1, D'mp in the

3 water surface elevation at downstream = 020m ‘ PRk
e '!‘aF‘md I}rscharge o U s A ' Kf"

1 Downstrea.m depth of ﬂow, y2— 2 0 0 25 — 0 20=1. 55 m

B T R R e B e =




achines

= Bg)fgvz = ¢

9.5%1.55
_ e xv,=0.553
Vi= 35x2.0 2 vy

.' o Energy Loss : .
& L t'h‘#;uxl?tiNon applied to section land 2, (v.2/
i Byenergy Dty (v, 128) = (&1 + Az) +y, + 0, (V,22g)
1

9. By continuity equation, ByY1¥1

¢ L15xO586'YS _g_155-0.25 = Vp=2462ny,
2% 2g . 1
i Dischirgge Q=25x155x2462= 9.54 m¥fsec
rei Loss:
4 When there is an Energy H, = 01[ (v, 2/28)] = 0.115.(v 2/2g)
z 2
v

V2
i Byenergy equation, z; +¥; + alEg-- (2, +A2) o+ ¥, +t,y EE +H,
(v,%/28) -0, (v, }28)+ Hy =y, ~Y3 =
i gzub:tltutmg éhé value of ay = 1.0, @,
eq.(23.1)

1157401155 £ 2.00-155-025 [ vy =0.5536,]

2 2g 2

(v,%2 x 9.81) [1 - 1.15 x (0.5536)% + 0.115 x (0.5536)°] = 0.2
' v, = 2.397m/sec

i Discharge, @ =2.5 x 1.55 x 2.397 = 9.289 m?/sec

=1.15 and H; = 0.115 (v, %/2g) iy,

Bj=35m B,=25m
[EEEm s, @ Plan §
_________ Energy line
e Ee e, A )
= v 0.20 m
¥1=20m =~ 1&}!2

025 m
i L-Section

rectangular channel 3 m wide and laid to a slope of 0.0009. 1f - ;
Manning's » = 0.015. Calculate (a) Maximum height of hump o 2 |

g,?f]" i:xl;roduc.e eritical depth (b) The width of contraction whict |
Produce critical depth without increasing the upstream depth

fﬂ e - 2 " - A
- [ARTU 2017-18, Marks 1L

4. Discharge,

2-8B (CE-Sem-4) * Uniform Flow in Open Channel
1
. g\
1. Critical depth of flow, y = [;)
2. Hydraulic mean radius,
* bd  15x3

R= = =0,
b+2d 3+2x15 i

3. Velocity of flow, v = /N x R%3x SV2=1/0.015 x 0.75%3 x 0,0009V2
v = 1.65 m/sec
Q=Axv=15x3x1.65="7425 m*sec
g=Qb="1.425/3 = 2475

1 1
pvs gi]z 2478V _ooee
g 9.81

5. Maximum height of hump,

v: 3y 1.65° 3x0.855
Az = g—L_re o ‘ —
max= Nt G I S es T 2
Az, =0.3563m
] 2 2
6. +L = + -+ v'
yl 2g yC yc 2g
1.65% L. / .
16+——— = 4+ ==
2x9.81 e 2
164=3y/2
1
-
1,84= S [‘1_]3
2l g
12.821 =
q=358
7.425
7. We know, - Qb=b= 1425
& fmow e=q 358
8. Contracted width, b=2.074m

m imigfﬁﬁfi A trapezoidal channel has a bottom width of 6 m and

side slopes of 1 : 1. The depth of flow is 1.5 m at a discharge of
15 m¥/sec. Determine the specific energy. If the critical depth is 0.9 m,
discuss the type of flow corresponding to the critical depth.

{ AETU 2016-17, Marks 10 |

‘Given : Bottom width,B = 6 m, Side slope =111,
y.=1.5 m, Discharge, @ =16 m%sec, Critical
_ TaFind { Specific energy and type of flow,
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g and Machin®® ,
: ineering an .
Hydraulics Engi? i

Energy* |
o E=y+vz/2€ L = 1.34 m/sec
22— =1
Velocif¥ v.._@_: B+ my) =G+ Ix1.8/x 18 3
. i ; — .:
. E= 1AS + (132X 9.81)=1569m ]
i =1 |
of Flow : . '
iz.. Ifcritical depth, y. = Q.9 mv ] . I
i Froude pumber, = :?g(AIT) JgT(B +my)y/ (B +2my)] | :
1.34 =0.38 ‘ .v :;F
F,= Ts3Tx6+1x16)x15 |
,(6+2x1x1.5) i

aumber is less than 1. The flow will be

Al

Since the value of Froude

CONCEPT OUTLINE

Flow: Asteady non-uniform flow m a ?rismatic
changes in its water surface (.aievatlf)n is termed
as gradually varied flow (GVF). In a GVF, the velocity varies along the
channel and consequently the bed slope, water surface slope, and. |
energy slope will all differ from each other. o

Gradually Varied
channel with graduat

What do you mean by gradually varied flow (GVFI T ¢

Stat;s tiie assumptions and limitations of GVF. .

A Gradually Varied Flow : . i
1 Asteady non-uniform flow in a prismatic channel with gradual changes &
in its water surface elevation is termed as gradually varied flow )4 ]
In 2 OVY, the veleeity vavies long the sharrel and semoegrenisy horbes i
slope, water surface slope, and energy siope wilt 2l differ from each other
B. ésv;umptions : Following are the assumptions used in anal )

]

ysis of | 3

2-10B (CE-Sem-4) Uniform Flow in Open Channel
1. The bed slope of the channel is amall.

2. The energy correction factor, a is unity.

3. Thechannelis prismatic.

4. Accelerative effect is negligible and hence hydrostatic pressure

distribution prevails over channel cross-section. .

The flow is steady and hence discharge is constant.

The roughness coefficient is constant for the length of the channel
Limitations of Gradually Varied Flow : Following are the limitations

of GVF :
Roughness coefficient is not constant for length of channel. It means

roughness is not independent.
The energy and momentum correction factors are not always unity.

The flow may not always steady.

The velocity distribution may not be uniform.

The pressure distribution may not be hydrostatic even entire charmel section.
@‘é&f ‘| Derive the dynamic equation of GVF, state its various
assumptions, also give the limitations of GVF.

[AKTU 2014-15, Marks 10 |

Qoo

=

Al ol ol

OR
Using basic differential equation of gradually varied flow (GVF).
Show that dy/dx is positive for S;, M, and S, profiles.

[AKTU 2017-18, Marks 07 |
, OR
Derive the dynamic equation of gradually varied flow.
[AKTU 2014-15, Marks 05 |

a2 il i

Derivation :

1. Consider the total energy H of a gradually varied flow in a channel of
small slope and a = 1.0 and specific energy E.
H=z+E=z+y+(v¥2g)

-(2.7.1)

[Fig, 27,1 Schematic skeich of GVF]
3. Since the water surface, in general varies in the longitudinal (X) direction,
the depth of flow and total energy are functions of x.

4. -Now, differentiating eq. (2.7.1) wrt x, we get

[4



F

go

" factor (Z) can be written as,

or

whel‘e;
aHlfdz == 5

= Energy SioP®

-8, = Bottom slope (decr

elative to th
ceslope(rqz de_ﬂg_gég,

(2,
easing in the downstream directj,
~{27]

dzldx = e bottom of the channg) ¢

dyldx = Water surfa

—_— 3
%(EE) " \2eA’) dx EA

Since,
i .
Eq. (2.7.3) can be written as, - ;== So ¥ 7
-5
dy _ Sy -5
ar 1-@T/gA) 1
e basic differential equation of GVF and known as th
If the value of kinetic energy correctiny
e oSS
factor js greater than one, then g o e

-...(z'r.',

This forms th
dynamic equation of GVF.

For GVF Profile : ) ;
The basic differential equation in term

s of conveyance (k) and.éeﬂféi
dy_g A-(h /R
de °1-(Z./2)
k = Conveyance at any depth y.
k, = Conveyance at normai depth y,.
Z_= Section factor at the critical depthy,.
Z = Section factor at depth y.
From eq, (2.7.9), dy/dx will be positive if,
k>kyandZ>Z . k<kyandZ<Z,
For S, Profile :
Condition for S, profile, y >y, >y, ie,k>kjandZ>Z,
Hence for S, profile, dy/dx will be positive;
For M, Profile : _
I(;ondlt;on ;;"Ma profile,y, >y >y ie., ky>kandZ<Z,
ence ior M, profile dy/dx will be positi
For Ss Pro i’gl ) positive
ondition for S, profile, y, >3,y i, k,> kand Z<Z,
il:nce for :Sa profile dy/dx wil] be positive.
sumptions and Limitationg : Refer Q. 2.6, Page 2-9B,

where,

278

Unit‘g'a
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Rﬁ‘?}:ﬁ;}, Show that the differential equation of gradually varied
flow in a rectangular channel of variable width B can be expressed
as
: . g 'y dB)
.dl ) S, S, + ( ZA? T
dx - Q’B
gA’

dH dz dy d(_vz]

1. TheGVFeq}JationisE=z+£+.d; E
where, dH/dx = =8, dzldx =- 8§
). dy d Qz)
2. . -8.,=-8,,9 _[ (-Q=A
I i i\ 2T e
_9y df @ )
i dx(Zg—WT’ (- A=Ay
dy d( Q*.) dy d( Q* Jd.B
So-8=Z+—| = | X 2| & )dB
0% = &y \20y'B) “ 4zt aB \2B57) &
* 5 . rdB
S5, - % Bdy @ydB_ gy S5t ai g
C T dr gATdr gAT dx  ax 1 9B
-9
&

" Show that for horizontal, frictionless rectangular
channel of varying width B,(1-F3 % ~F2 (%] L =0
F, = Froude number.

. . @y dB
1. We known that o SO—SI+EI :
s = 0B 2(29.1)
. gA’
2. For horizontal, frictionless rectangular channel, Sy= 0 and S;=0

QydB '
3 dy gA® dx
Hence, Ik = Tﬁ
gA"
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Froude number, .= Tra7T)

3. We know thats 1
For rectangular channel, (A/T) < ﬁy]

Fr2=v2/gy [
2 QzB Q ‘B’
F?= B ) = gA* i
we get 1

4 Valueof S, Sfand (QZB/ 3) putin eq. (2.9.1),

2 _Ji)é'i d dB .
ay _ i_(_.B_gL =>(1—Fr2)’1‘F'2 (Jyg) az =0

& - 1=F i
:

gular channel, if the

Prove that for a wide rectan

Que2.10.

I;Innmng s formula is used, the differential equatlon of GVF becomes
dx 1- (yc 1¥)? j
gy S5 _S01-5/8)]

1 Basic GVF equation is, s = _ QZT " 9_22 :

AT gA’ ]
dy 1-(k, 1 k) y
Y_g | —2— ...(2.10.1)

9, And also we know that, ab: |12z, /27 :

3. Where, = (Un) AR3 = (1n) By™* 4

4. Similarly for kg, kg = (1/n) By, 5"3 hence klky = (_j|.r0/y)5"3 (2102}

5. We know that, Z2= C, yM 42.103)

where, M= Fu‘st hydrauhc exponent.

6. For rectangular channel, M =3, value of M put m eq. (2.10.3), we get

72=Cy® and Z°, =Cpy}

% (Z /27 = Wy)“‘ 2. 10.4)1

7.  Putting these values in eq. (2.10.1), we get 3
dy _g [1-( ) < :
dx 1-(y, /) 1
& . | Show that, for a , wide rectangular channel, if Chezy's
formu]a is used the differential equation of GVF is given by, %

[}

dy _ 1-(y, /o) g
dx” " |1-(y./y) |

1. Basic GVF equation is, dy = —1 =518,
dx -Q*T / gA®

2-14 B (CE-Sem-4) Uniform Flow in Open Channel

2. ByChezy's equation, Q= CA RS, =CBy\¥S, ..2112)

For rectangular channel @, = @ and For wide rectangular channel R =y

Normal discharge, @, = CBy, \[JTOF” ..(2.11.3)

4. Dividing eq. (2.11.2) by (2.11.3), we get
i/ Sy = (/9P (2.11.4)
Q”T/gAﬂ /9P (@1gBH=y7] ..(2.115)

5. . Putting these valuesineq.(2.11.1), we get
dy _ g (1=0/y)
dx 1-(y, /P
ngg 1 2.| Integrate the dlfferential equation of GV'F for a

horizontal channel to get the profile equation as

(—h_]n-uu '(i]n.l
h|\h k.

xr= =+ £ stan
S|N-M+1~ N+1 + /oyt
[AKTU 2017-18, Marks 07|
dh S8,-S
1. We know, — =t £ (212,
e know T T ( 1
1_E‘
o2 For a horizontal channel, §,=0
Q@ K:S. (hY
AlSO, Sf F:—K—z-— -h_ Sc ..-(?-12.2)
: 2 : 3
Also; 9@ _hrand 4
g : T
- L M
Q"T i
= [Le (212,
Thus, = [ hJ (2.12.3)

With the half of eq. (2.12.2) and eq. (2.12.3), eq. (2.12.1) can be written as,
dh _ —(hg IR S,
de  1-(h /R
1-(h /B dh
(h, ! b)Y

e[

Integrating aq..(2.12.4) ao_hath side. we get

"de:::l:

(2.12.4)
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-S.x=h N+l N-M+1 ﬁ,
N-M+1 Jh V! 4
ey B et |
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e Clossification and Surface Profiles, Integration of Varied |
T rion by Anlyticol, Graphical and Numericel Methods, |
| =28 PR = . ...-‘ CYRIONRTEN P %

J

=
o é.w_ o

CONCEPT OUTLINE

1

Flow Classification : The flow in channels can be clasgiﬁed into
following types depending upon the change in depth of flow with respect ' |
to space and time. . I
1. Steady and unsteady flow.

2. Uniform and non-uniform flow.

3. Laminar and turbulent flow. .,
4. Subcritical. critical and superecritical flow. NE
Types of Surface Profiles : The various water surface profiles 1
occurring in the channels are designated with reference to the bottom |
slopes of the channels. The surface profiles which occur in mild-sloped
channels are known as M-curves; those which occur in steep-sloped
channels are known as S-curves; those which in critical-sloped channels
are known as C-curves; those which occur in horizontal channels are
known as H-curves, and those which occur in adverse-sloped channels
are known as A-curves. '
Method of computations for GVF :

1. Analytical method as Integration method.
2 Numerical method.
3. Graphical method.

E et ) Quesﬁbng;én;ﬁgﬁ

| Long Answer Type and Medium Ans nswer Ty Pz u

Classify the following open-channel flow situations :
L Flow from a sluice gate. 1
2 Flow in a main irrigation canal,

& A 0] » st |
river during flood, IﬁKTU 2015-16, Marks m :

2-16 B (CE-SBem.4) Uniform Flow in Open Channel

Flow from Slulce Gate :
In a common sluice gate, water flows below the sluice gate.
Depending upon the slope of bed of the channel or stream on which
sluice gate is operating flow profile just downstream of the opening.
from vena contracta may be M,, S, H;, A, and C, types gradually varied
flow (GVF).
The small portion of the profile beyond the GVF profiles is the Rapid
Varied Flow (RVF) profile, i.e., the hydraulic jump portion.
But in practice, in some cases, sluice gates with combined over and
under flow are used as control gates in canal which are called under
flow gates as shown in Fig. 2.13.1(b). In such sluice gate, flow profile
over them is Rapidly Varied Flow (RVF).

Common sluice gate
GVF (M,, Sy, H,,
Ajor |03) RVF (Hydraulic jump)

]
J’z:
i a Y1 V1 !

Vena contracta .
(a) Common sluice gate.

s |
r§ »Qk v | A N

////////////,///{//(//III,_,I Ll d L

(b) Combined ovler sgld under ﬂgw sluice gate.

(g 2.18.1, Sluice gates in two differeni situations:
Flow in a Main Irrigation Canal :
Open channel flow can be classified in many ways. A very common
classification of open channel (gravity) flow is according to the change of
flow depth with respect to time and space.
Steady flow is the flow in a channel where the water depth either does
not change with time or can be assumed to be constant during the time
interval under consideration. '
Unsteady flow is surge waves in irrigation canals after asudden opening

or closing of a gate.

-

S - R
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Uniform fow

__E Gradually varied flow (GVF)
Steady idly varied flow (RVF)
, &Péﬁ; varied flow (SVF)

"l U dy . Gradually varied uniform flow (GVUF)
fo Rapidly varied uniform flow (RVUF)
Spatially varied uniform flow (SVUF)
3. ARiver During Flood_: ‘
i Theflood flowina river is a typical GVUF. _
ii The continuity equation in its general form for GVUF is,
M Al
A%”T%*%_q*"(&f)f‘) (2131)
iii. The equation of motion of GVUF is,

. ¥ .a_v + }_ EY- = SO _S’_
& gox gao
iv. The continuity eq. (2.13.1)
channel flow eq. (2.13.2) are commo:
¥ Wﬁ Classify the various flow

neat sketches.

OR

Sketch the GVF profile produced on
i. Mild slope. . ii. Steepslope.

—_—

(2.132) |

and the equation of motion of unsteady open-
nly known as Saint-Venant equations.

profiles with the help of their

E |

2-18 B (CE-Sem-
m-4) e Uniform Flow in Open Channel

b ot and met categories of hannel,lines represeitng the ritial
b epth (if exists) can be drawn in the longitudinal
5. These would divide the whole f] i
: ow gpace into i :
Reg!on 1: Space above the top most ‘l,in:. el Lot
Re_ggon 2 : Space between the top line and the next lower line.
Region 3 : Space between the second line and the bed.
Horizontal asymptote

=
EN
3
g
& \w
...T_

met.

“-cDL

=M " DL
(i) Mild slope (:i) Steep slope

Horizontal asympiote Horizontal H,

~

. — .. + CDL
ey CD
"I H,= ;

(iv) Horizontal bed

iii. Critical slope. I“‘— j261:4~'15 '
: OR W’?’ ‘- b G
Sketch the GVF profiles produced on : 6. The various possible e
i. SteepSlope,and ii. Critical slope.| ARTU 201 3:19, ,_v?—,—-;—;Table 2.14.2. Types of GVF profiles.
Ohannel. | ||Region | Condition ‘| "Type’
Ao . ’ 1 = Y 4] >Y c Ml
1. For agiven channel, normal depth y;and critical depth y, are two fixed | Mild slope. L2 Hg>2>He M,
depths if @, S, and n are fixed. i (3 1 Wy Ay
2. Based on this, the channels are classified into five categories : 1 ¥Y>¥.> Yo 5,
Table 2.14.1. Classification of flow profile. " Steep slope [ 2 Ye>¥>Yo S,
e s (i Pondigign & : (1 ¥>Yo=Ye C,
1. | Mild slope M Vo> ¥, Suberitical flow at normal depth. Critical slope 1
2. |Steep slope B y,>3, | Supercritical flow at normal depth. 3 y<Yo = Cs
3. |Critical slope c Y. =Y Critical flow at normal depth. 2 y=>Y. ' H,
4. |Horizontal bed H 5,=0 Cannot sustain uniform flow. Horizontal bed { g H
<
5. |Adverse slope A 5,<0 Cannot sustain uniform flow. 3 v -
3. Alsoth | ’ s .
; so there are two cases where y, does not exist, i Ad 1
X . , L., verse slope
i  The channel bed is horizontal, (Sg =0), i.e., when a3 y<y, Aq

ii. Thechannel has an adverse slope, (S, is negative).
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{cs Engineering 824 ot . ions of all th X
Hydranllcs . 1s- chapes and end conditions © ese profileg g A8

i ion 1 h ‘ sie L

o 214l o 1T e i
- ident as ba ! il

It is evide comml?nlr?; gkil:,::;nhave negative slopes and are Teferpg 4
sin 4
dicated by dashed lines to reming that 4

drawdown curves ; X
to.as Cre urves are 1 licable in that neighbourhoog.

P th t.he C
Qecgtw;r‘mlegsgtion js strictly not 2PP
T tangular channel with abotto

;&Khﬁ%ﬁ .y 0008 has a discharge of 1-5.0 m3lse<_:. In grady
a bottom slope 0?0- the depth at certain Iocation is foup dty
etermine the type of GVF profile,

varies flow in this chsnnoe(l;l 6.d
1 n=u 'y

m width of 4.0 m gy 4

s mﬁ:ﬁﬁfﬁfotwm W’Idth,B=4]?’ N

e o, 5, = 0.0008; Discharge, @ = 1.5 m¥sec - a

| Manning coefficient, n=0.016 - - AN

" ToFind : Type of GVF profile. .~ SR S AR
s P /B =15/4=0.375 m%sec/m

2 (Critical depthis gi-ven by,yc = (qug)m = [(0.375?;3/ 9.81;]1,3 =0.243 m

3. Normal depth can be calculated by, ¢ = (1/n)y4™" 8,

0.375 = (1/0.016) x (,)¥ x (0.0008)2

Normal depth, - y,=0.397m ) -
4 Since, y, >y >y, condition follows. Hence, there is M, type of GVF |

profile. '
Bnbz.lﬁ. Discuss the features of flow profiles. ; ':‘

S

L Dischargé per metre width, g = Q

Type-M Profiles : Following are three types of M profile :

L
i M, Profile:
a  The most common of all GVF profiles is the M, type, which is a subcritical
flow condition. :
b.  Obstructions to flow, such as weirs, dams, control structures and natural |
features, such as bends, produce M. ; backward curves. A
M, Horizontal pyp
) P —— 4 /
CDL--.. g e

~y

e
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PR

E:

M, Profiles : These profiles occur at a sudden drop in the bed of the
chﬂgnel, at construction type of transitions and at the canal outlet into
pools. '

Mild slope *QDrvp

i. M, Profiles:

M, types profile occurs, where a supercritical stream enters a mild-slope

channel.
The flow leading from a spillway or a sluice gate to a mild slope forms a

typical example.

T,

= M3

Vena contracta Mild slope

The beginning of the M, curve is usually followed by & small stretch of

rapidly-varied flow and downstream is generally terminated by a

hydraulic jump.

Compared to M, and M, profiles, M, curves are of relatively short length.

Type-S Profiles : Following are the three types of S profiles :

S, Profile : ’

The S, profile is produced when the flow from a steep channel is
terminated by a deep pool created by an obstruction, such as a weir or
dam.

At the beginning of the curve, the flow changes from the normal depth
(supercritical flow) to subcritical flow through a hydraulic jump.

s
T E——
NoL 2 iy
— :
Steep slope -6
: {Fig!2:16.4. 5, profile’]
S, Profile : o

Profile of the S, typeé occur at the entrance region of a steep channel
leading from a reservoir and at a break of grade from mild slopes to
steep slope as shown in Fig. 2.16.5.
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of short length.
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b, Generally Sy profiles are

.
‘el
-

e
..
.

<
N Mo
iii. S, Profile: _
:L Tls:e S, curve also results when a flow exists from a steeper slope to a
Jess steep slope 8s shown in Fig. 2.16.6.
S~..coL

4 Type C Profiles : (o and Cq4 profiles are very rare
unstable.

and are highly

4 Type HProfiles:

a A horizontal channel can be considered as the lower limit reached by a
mild slope as its bed slope becomes flatter.

b. Itis obvious that there is noregion 1 for a horizontal channel as y = .

c. The Hé and H, profiles are similar to M, and M, profiles respectively as

shown in Fig. 2.16.7. However, the H, curve has a horizontal asymptote.

Sluice gate

.................

Fig 2.6.7, Hyand H, profiles.|

i TypeAPralite:
Adverse slopes are rather rare and A, and A, curves are similar to H,

and H, curves respectively as shown in Fig. 2.16.8.
b. These profiles are of very short length.

P

flow and super critical flow ? Also draw the diagram

201718, Marks 07
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1. When the flow changes from subcritical to supercritical the water
surﬁ.ace lowers gradually from a higher depth to a lower depth by
passing through critical depth.

9. .Inthe region where the flow changes from suberitical to critical flow,
a gradually varied flow takes place.

v,
"‘--.“‘-

Queﬁ.}f A rectangular channel 10 m wide is laid with a break in

its bottom slope from 0.01 to 0.0064. If it carries 125 m3/sec, determine
the n.ature of the surface profile and compute its length. Take

n =0.015. : [ARTU.2016-17, Marks 10 |

% 32 oo s

" Given: Width of Bed, B= 10m, Slope, S, = 0.01, 5, =0.0064
- Discharge, @ =126 m?¥/sec, Manning’s coefficient, n = 0015 ¢
- ToFind: Surface profile and length of profile,
A Nature of surface profile : '
1. Discharge per unit width,q=@/B = 125/ 10 = 12.5 m¥/sec/m
1

e 1
* Criticaldepth, ¥, = (q—)a = (}19)“ 1084 m
g) a8l

2. Fornormal depth calculation:
Qxn 125x0.015  4.04 x 107

¥= 5 B" S x (100" JS.

the normal depth for various cases are calculated as

3, Using thisrelation,
below. [Value of % are fixed, mug up these va]ues]

B ] i e L e L
001 | 00404 | 016 [ 16
0,0064 | 00505 | 019 | 19

(0.165-0.16)
Yo o 0.0404 - 0.03919) = 0.16
5 =016+ 10.04104-0.03919) X !
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{n | | Pogsible Typea
of Profile;
M, J
________ NDL,
Yoz = 1.9
B. Length of Profile:
1. Velocity of flow at section 1, v, = lfi’ ria 7.8125 m/sec
v? (7.8125)° -
2. Specific energy, E =y, + g =1.6+ T 4.71m
’ ) ) _A By, _ 10x186 _1.212
3. Hydraulic radius, R, = P_2y0+B-2x1.6+10 :1.212 m
vin?  (7.8125x0.015)"
4 Energyslope, 8= }él‘,, = azi”® 0.0106
Depth of flow at section 2,y,=1.9m
125
6. Veloc:ity, Vo = m—gz 6.58 m/sec
Vs 6.58°
7. Specific energy, E,= 5+ 2; = .9+m =4.107m
10x1.9 '
i i R,= ———— =1377
8. Hydraulicradius, 1 10 m
_ vin® _ (6.58x0.015°  _
9 Enetgy SlOPe, Sﬂ = R.:/a = W Sﬂ =0.0064
S, +8S, :
10. Average energy slope, Sf= —’-‘—2—’—3 - 0:0106 ;’0'0064 =0.0085
4.71-4107 4.71-4.107
11. Length of roﬁle, L= = =
P S, =8, 0.01-0.0085 42

_ Hence, Jength of M, profile is 402 m.

g o

s ol
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m e 2 sI Explain the yg;
profile. @ various methods of computations for GVF

{Aneyicy
" The \;an'oua avai

G i ailable methods for computing GVF profile can be
A.  Analytical Method :
1. Differential equation of GVF fm: prismoidal channel is given by,

4

dy ~(k* 1 &%)
% = S =Ry) (219.1)
N . 1 (Z2r2%

whu‘:h. is non-_lmear, first order dxﬁ'erenhal equation.
2. Letitisrequired tofindy = flx) in the depth range ¥, toy, the following

assumptions are made.
i Conveyance at any depth y is given by,
k= '
At depthy,, he?= cﬁf 2199
This implies C, and N are constants.
ii. ~ The section factor Z is given by,
At any depth y, 22 CyM (219.4)
--(219.5)

At critical depthy,, Z 2= C,y M
This implies coefficient C and the fivst hydraulic exponent M are constant.
3. Substituting the value of eq. (2.19.2), (2.19.3), (2.19.4) and (2.19.5) in

eq. (2.19.1), we get

dy 1-(y, / 3V
— = Sy (2196
' ax = ST, 7y" 1080
4. Letusconsider u=(yly) = dy=y,du
5. Put,u=y/y,anddy = y,du in eq. (2.19.6), we get
[ -1
du _ S| WV
dx Yo {y‘,”‘ 1
kyo u
! H
1 (y) u¥™
Therefore, dx = :‘;%(1—1—_-“—"-+L}:J 1—a" du
6. On integration, we get
u N-
x=2 y- ( j — du | + constant (219.7)
S, 1 u” 41 .
t du ;
= F(u,N)
Take, ! T
ﬁ N
7. Alsotake, Vv =y7 Where,J =3

R e g P
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i iSRRIt =
N 7' gy =(N-M+luN-Mdu

= —U

gt 1 f AV _dpwa
ll—u”du—N—M+1-[1-V" N

8. Herewe notice that F(V, J) is the same function as

replaced V and J respectively.
9. Sgegq.(2.19.7) can be written as

FNE e
Wl PN+ 2| S FV,D| k
x Sﬂ[u F(u, )+L o) N

fu, N) with, uand N

...(2.19.8)

¥
The function flu, N) is called as varied flow function. )
10. For a wide rectangular channel if the Chezy’s formula with C = constant
is used, the hydraulic exponent will be M = 3.0 and N = 3.0. Putting these
values in eq. (2.19.8), we get v

3
= _3’1[“_1_[!:-} F(u, 3) | + constant - .(2.19.9)
o Yo
. _ N 3
fioce J= NTm+1 3-3+1

% du
F(u,3) =
“!1-u"

where

Fl(u, 3) is called Bresse’s function.
B. Numerical Method : The numerical method is broadly classified into

two categories :
1. Simple Numerical
calculation where computation can
used simple numerical methods are :
Direct Step Method : This method is suitable for prismatic channels.

We know that dE/dx:Sn—Sf

Methods : They were developed for simple
be done by hand. Two commonly

1t can also be written in finite difference form
where, §f_ is the average friction slope, Ax =AE / (8, - )

o i Energy line
”’ vi e

..(2.19.10)

-~
~
~

Water surface

R ST T
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ji. Taking two sections1andg,

Ty—xy= ———E’_.—_E_'l___
Consider the abav = % S -8, R
m. Lo € above water .
and each part is of diﬁ'erenst‘g::::l 1" ofile and it is divided into NV parts
AE = A(J’*'iJ:A(JH——Q:
Zg zm‘l
AE=E, -E = ( Q° Q@
1~ : y"l+2gAf’,, -y # 2gA,’]
S,-1 3 i 4 1o
& ! 2(Sﬁ" =5p) =£"2_[A:24 R + A} RJ’]
For general, - M
) . & . 4 =75,-8, (2.19.13)
2. vanced Numerical Method :Thi i :
in computer. ¢This method is normally suited for use
gl So = S,'

i Basic equation of GVF,—~ = ————(
dx ~ 1-(QT/gA")

keeping Sy, n, @ and channel geometry constant the differential equati
is a function of y and can be written as e aeres i
S,-S;

a _ _
dx ) or fly) = 1T &%)

¥; = ¥(x;) means y at z;
Vi =ylx;, ) meansyatx;
X=Xt Ax
ii- 'The various numerical methods are as follows
a. Standard Fourth Order Runge-Kutta Method (SRK) :

Vg =+ 16 (ky + 2k, + 2k, + k)
by =t fio by =5 £(3+ ) kg = o+
k= Ox(y+k)
b. Kutta Merson Method (EM) :
Vi1 =, tU2R, + 4k, + RS i
1 1 _1 h &
k1= ‘3—Axf(yl«),k3= gAxf(yl-+k1),k3- §Axf(y|+_2—+ 2]

Using notation

PSRRI
‘ k4=,§Axf[y,+-§kl+8ks :k5-§Axf yi+2kl 2k!+6k1
3. Graphical Method : :
i We know that,

dy _ _ S5 _
2c 1-@QT/gA")
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2
8= n:Q::s ' 5y 1- gjqza
R = A
ii It can bewritten as £= -—'1——%55,_ orxyy= ;r. . T dy
w gAs ; o~ AZRYS

i two sections where the

51 Where, x,, represents the distance between : ;
= flow deptﬁéz areé y, and y,. The integral can be obt.mned grgphlcally' by
plotting the variation of the function within the integral i.e., plotting
dyldx versesy and by calculating area enclosed gives the required resu!t,

'

Que 2.20. I A natural channel with 50 m width and 1.50 m deep has

an average bed slope of 0.0005. Estimate the length of tlfe GVF profile
produced by alow weir which raises the water surface just upstream
of it by 0.75 m. Assume n = 0.035.

Answer -

Given : Width of channel, B = 50 m, Bed slopes, S, = 0.00005 ;. .
Depth of channel, y =1.5 m, Manning’s coefficient, n = 0.035 5557 HEa®
To Find : Length of GVF proﬁ]e. AT T R

1. Considering the wide rectangular channel, the discharge per unit width,

5 .
1,38,7 = —=—x(1.50)° x(0.0005)"* =125 m¥sec

= 0.035

1 1 :
9. Criticaldepth, . =[Z = (ﬂé)“ =050 m
g 9.81

3. Since,y >y,>¥, the GVF profileisan M, curve with depth of flowy = 1.5 -

+ 0.75 = 2.25 m at the low depth as the control.
4. Calculation of length of GVF profile is shown in Table 2.20.1.

50y n*v? v
. = e E=y+ —
50+2y’ 1 R®TTYT g
S_f = S, +8S,, Ap= AE-
2 S, =Sy,
Table 2.20.1.
[BNofyom) [vimners | = | B [ aE [ 5 [ & {835 ] as | =
L |22 | os | 206 | 2268 0000144 0
-0248 00001772 | 0000323 | 7616
2 {20 | 0825 |1s2 | 202 00002104 7616
0244 00002672 | 0000233 | -1047. '
a |17 | oms |13 | 175 0000324 T soas|
0241 0.0004302 | 0.0000698 | ~3452.72
|« Juso | osu | 1ars | 1sms 00005364 5261.53)

L]
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v A rectangular channe] is

20 m wide and carries

gection along the channel length, the dm of 0.0001. At a certain

far will be the depth be 2,60 m ?Take n ::“;0! flow is 2.0 m. How

[AETU 2015-19, Marks 07

" Given :Width, b = 20 m, Dischar ; W,
i 1 fin Lo s * ge Q=55m’lsec, =

- ToFind : Length of channel between depth = 2m t0 26 m.. " '
1. Velocl'tyOfﬂow,v=Q/by=65/(20xy)=3'25,y ; Al

2. Hydraulicradius, R = A - Area _bxy 20y

Wetted perim eter-b+2y_20+2y
3.  Let the profile be computed in 2 steps :

s,:% h 3! S

0.00054
23| 1413 187 | 2402 | 0.00035 [0.00045 762.86
26| 125 20645 | 268 | 000024 [0.000205| 142565

4. Length, L =(Ax, + Ax,) = (762.86 + 1425.65) = 2188.51 m
Length, L =2.189 km

- i PaRT-a [ RNG
' Flume, Venturi Flume, Parshall Flume, Broad-Crested Weir,
7 . Standing Wave Ij‘h_tn;e, Current Mﬂ"‘_’f‘_‘{ Ii'loa!:. {oia

CEeEll

T e ]

)  tec
e FERT™:

. Questions-Answers

'3?9 2.22, I Define flume and classify them. Also give the advantages
of flume, 3
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and velocity of flow through a venturi flume,
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Flumes are flow measuring devices that works on the principle of forming |
a critical depth in the channel by either utilizing a drop or by constricting
the channel.
Flume is a channe

ground to carry water. 5
Flumes are specially shaped, engineered structures that are used to,

measure the flow of water in open channels.
Classification of Flume :

Flume with a vertical drop:

Standing wave flume.  1i. Venturi flume.
Flume with a constricted section :
Short-throated Flume : Short d
to the fact that flow is controlled in
produce the level-to-flow relationship.

a  Parshall flume. b. Montana flume (modified Parshall).
c. USGS Portable flume (modified Parshall). ’

d HS/H/HL-flume. e. Trapezoidal flume.

f Cut-throat flume. .
Long-throated Flume : Long-throated flumes control flow in a throat

that is long enough to cause parallel flow lines in the section of flow

control : ‘
2. Palmer-Bowlus flume. b. RBC flume. -

Advantages : Following are the various advantages of flume :
Flume measure higher flow rates than a comparably sized weir.
Less head loss.

The ability to pass debris more readily.

Wide range of styles and sizes.

Off-the-shelf availability.

Smaller installation footprint.

Less rigorous maintenance requirements.

1 usually supported on or above the surface of the

oes not refer to the flume length but -
a very specific region of theflumeto

| Define venturi flume. Derive the expression for discharge
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Venturi Flume :

;/%N

It is critical flow open flume w1 e

\ h the i 2
hydraulic grade line which creates xﬁ?ﬁﬁ” - This causes drop in
Venturi ﬂun_le is used for very large flow rate 2
units of millions of cube. measurements, usually in
Venturi Flume measuresin 3 .
o millimeters, meters unlike venturimeter which measures
Measurement of dischar i .

. ge with vent :
measurements viz. one at upstream an:il t‘;: o?h‘l:: Ztrthroacqm“(s‘ !
narrowest cross-section). t (Le. at
Discharge through Venturi Flume :

’I{‘hl.xehmdthluf it:;he channel b, is reduced to b, to create a throat section.
gher velocity at the throat results in a drop of the o
as shown in Fig. 2.23.2. Cld e L

By continuity, A, =Ax,

By the energy equation, d, + v} /2=d, + v3/2

Head is given by, h=d,-d,
Discharge, Q= CaAdy [2gh

“J(AY - AD
Velocity of Flow through Venturi Flume :
We know that, v=Q/A

T = bk

- Section view

Plan view
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24| Give the advantages and disadvantages of venturi flume,

ST

Advan‘téges of Venturi Flume : Follo

venturi flume :
It has low initial cost. . .
It does not have any potential energy differences compare to weir,

Hydraulic head loss is smaller compare to weirs.

It has lower pressure drop. )

It is suitable for unclean waste water also unlike weir.

It is very easy to maintain.

Disadvantages of Venturi Flume : Following are the disadvantages

of venturi flume :
It has nonlinear flow characteristics.

wing are the advantages of

DO o P

P

obstructed. _
There is a risk of plugging due to large floating items through it.

o

venturi flume. . :
5. Quality and reliability of the measurement depend on sensors used in

venturi flume.
6. Installation costishigh.
7. It affectslocal fauna.

2.25. | Define Parshall flume ? What are the uses of Parshall

flume ?

[Answer |

BE S i S6

Parshall Flume : The Parshall flume is a fixed hydraﬁlic structure
used to measure the flow of suberitical waters in open channels. Although -

originally developed to measure irrigation/ water rights flow.

Use of Parshall Flume : Following are the various uses of parshall '

flume :

Cooling water discharge,

Dam geepage.

Industrial effluent.

Irrigation / water rights.

Landfill leachate,

Mine discharge / dewatering, '

Sanitary sewage (piped
Storm water, Piped and treatment plant).

COR SRR SR e

expression for discharge through Parshall flume

i

When velocity decreases, deposit gets build up and heafiwater gets .

Measurement is not possible when backflow exists in tail water upto the

Descri '
escribe the Parshall flume with diagram and give the

il
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Parshall Flume :
1 The parshall flume is a type of critical depth f1
2. This flume consiaty oy converging section Wi‘::l :‘level floor, a throat

with a downstream slopi : ¥
Slope bed. ping floor anda d"'el‘gmg section with an adverse

3. The discharge in the flume in the free ]
ow mode is gi
‘Q=K_Haﬂ e is given by,
K and n = Constants for given flume.
H_ = Heat at a specified location in the converging

.-(2.26.1)

where,

section,
—_ H,
[2)
R
Flow A A -

q i | G
Convef'ging Diverging
section  Crest section

Throat HALF PLAN
il Im|
3 ]
- 1A —-
”Level Crest I'L-sectien
floor v ey
%ﬁﬁgﬂﬁ

If discharge at H, is less than 0.7H,,
0.76m <(0.7)(1.1 m) = 7.7 m is a true statement, therefore, the discharge
through a Parshall flumes is given by,

Q=4.1BH
Q = 4.1 x 1.5x 1.11%84 = 7.15 cumecs

:@ 2.98. | Define broad-crested weir with neat and clean sketch
. o R &

and also give the expression for discharge through broad crested
weir,



Weir: b in the direction of flow are called
cres .
:th finite crest width and find ey,

e suring devices

aﬂd ﬂow me.a v . )
st?uct“i{lisw characteristics of only a simpl
at ted weir are presented. i

en,;i‘Y

\]

horizontal brmd-c}ll"f'fa free flow over a horizonta by

: upstream ; b bble ,‘
Thisweir hasashaP boc o separation bubble.
and then reattach egck::;?rg is sufficiently long, the C“.“’a.t“m of thy
6. If the widthfiuoli.: a1l and the hydrostatic pressure distribution yj

stream lines

its width. v
prevail'ove_f moitlikéfeltﬂi:;tlet with suberitical flow upstrea.m of t'hg‘! )
7. Th: weir :Vcilt ?cca] flow over it. A critical-depth control section will gy

and supe

t the upstream end-probably at 2 location where the bubble thig knegy
at the up: ‘
is maximum.

8. Assuming no loss

further assuming the depth of fl
2

pleo B,
H=y, 2 2

2
v, = ﬂandyt=§H

between Sections 1 and 2 (Fig, 2.28.1), ay{
of energy ow at Section 2 to be critical,

9. Theideal discharg

S e e
ofa

hroad-crested weir,

)

the weir,

- 2 [2
9= Vel = 5 (5 g) HY - 1.705 H¥2 ”‘(2:
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10. To account for the energy losses and the depth at Section 2 being not

11

strictly equal to the critical depth, the coefficient of discharge C, is
introduced to get an equation for the actual discharge q as
g = Cq,=1.705C HY
and , Q@=qL
L = Length of the weir (transverse direction).
B, = Width of the weir measured in the longitudinal
direction. )

Since eq. (2.28,2) is rather inconvenient to use as it contains the energy
head H, an alternate form of the discharge equation commonly in use is

= %cd‘/z_g LHY .(2.28.3)

H = Height of the water-surface elevation above
the weir surface (at upstream).
C, = Coefficient of discharge.

..(2.28.2)

where,

s

| Briefly describe the classification of broad-crested weir
with diagram. -

&

22
it b

1.

Classification of Broad-Crested Weir :

Based on the value of H,/B, the flow over a broad-crested weir with an
upstream sharp corner is classified as follows :

H /B, < 0.1: In this range, the critical flow control section is at the
downstream end of the weir and the resistance of the weir surface plays
an important role in determining the value of C;. This kind of weir,

termed as long-crested weir, finds limited use as a reliable flow measuring
device.

H 1= =]
A
£
| B, l g
(a) Long crested weir (b) Broad :rested weir

(c) Narrow crested‘_v_\:gir ' (b) Sharp crested weir

0.1< H /B, <0.35: The critical (i;apth control occurs near the upstream
end of the weir and the discharge coefficient varies slowly with H ¢YB,in
this range. This kind can be called a true broad-crested weir.
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A.  Fordischarge,

1. . Dischargeis given by,
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water-surface profile will be curvilineay

- 5:The
3. 035< Hy/B,saboutl. B e Opatream end The,
au.overfttlil:swg;i?a; c;:: ::;{:ee; as narrow-crested weirs. The uppey
0 2
l?:nl'll-tsof this range depends upon the value of H IIP;;m cornar auidig
H./B_about 1.5: The flow separates at the ur:»strt_a e e 1’:8
cléaru:across the weir crest. The flow surface is highly ¢ 3 e
weir can be classified as sharp crested.
: 30."] A broad-crested weir with an up
giidlaganin al of 2.0 m width is
8 ing the full width of a rectangular can : ;
;fai;mgpm;osed crest length is 2.50 m and the crest elevation
is 1.20 m above the bed. Cale €
upstream of the weir when the dis

(b) 3.50 m%/sec.

siream square corner i

ulate the water-surface elevation
charge is (a) 2.0 m¥/sec and

Given s Width o weir 22 1, e

TGiven s Widd
- heightof crest = 1.9 mim, Assume, C -
To Find ; Elevation of upstream wat

. Q=2.0mYsec

Q- gc‘,ﬁg LH (2:30.)

20= ; x 0.525 x +/19.62 x 2.0 x HY"?
H,¥=0.645 and H, = 0.747m '

—g‘u = 0.747/2.5=0.299.

For broad-crested weirs, C, is given by,
C, = 0.028 (H,/B,) +0.521
C, = 0.028 x (0.299) + 0.521 = 0.529

Substituting this chzralue in eq. (2.30.1), we get
H=0640 = H =0.743mand C,=0.529

Hence, the water-surface elevation above the bed
=12+0743=1.943m

For discharge, € = 3.25 m%sec
Since @ is higher than in case (A), it is likely that H /B, > 0.35. Hence

assuming the weir to function in the narrow crested weir mode, the

calculations are started by assuming C,=0.55.
From eq. (2.30.1), we get

3.50 = gx 0.55 x V19.62 x 2.0 x H¥?
H*=10775 = H,=105m
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H 105

3. B o5 =042

w

The flow is in the trans;t;
io i
narrow-crested weir modeg. " Tegion between the broad-crested and

4 For narrow-crested weirs, C,is given by,
Ca = 0120 (HyB ) 4 0499
Ca=0.120 x (0.43, , 0.492 = 0.542
Ca'f2 =0.542 in eq.(2.30.1), we get
H#=11 = H =106
H, 106

B '-"5-5—2 0.424

6
7. For narrow-crested weirs, Cy=0.120'% (0.424) + 0:492 = 0.543
8.. From eq.(2.30.1), we get H¥-10914 — H, =1.060m

5 H,__1.06 !

B —2—5— =0.424

w

10. For narrow-crested weirs, C 4= 0.120(0.424) + 0.492 = 0,543
Hence, H, = 1.060 and the water-surface elevation above the bed is

1.2 +1.060=2.260 m .
éi Show that for a triangular broad-crested weir flowing
free the discharge equation can be expressed as -
) 16 2g
=—C —= H'*
Q o5 Car tan@ = H

where, H = Energy head measured from the vertex of the weir,
6 = Semi-apex angle, and C;, = Coefficient of discharge.

5. Put the value of

RIRE AR R
1. Specific energy for triangular section,
2

vi § 4
H= Y +‘_=Zye = yc=gH

2g :
2. Areaofsection, A= my?=(tan®)x % H? (> m =tan 6)
. 9
3. - Fraud number, F= 2
V&Y,
Atcritical depth, F=1 ?
\[2_ _ ig; 1/2
So, 1= ng = v=oH

4. Discharge is given by, @ =Cyy x v x4 : :
16 .2 \/_E HY?
Q= Cdlx(tanG)XEEH V5
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ding wave flume ? Give the expressiop t.;,.'é

TN Deﬁne’s:::dins wave flume. Also give its featureg, 3

discharge ﬂll'ougb 8 .7.:'

R g 2 w
Standing Wave Flume : measuring devices in which a cont,;.-oi?

e are flow- 5 pr -
L C"tfm-deﬁegeuf te;rough the creation of a critical-flow section by al
section 1s & cgnstl'iction‘ il

predomioant widthonsisen T
thl‘Dﬁt / o
/] e
— By
] 5
fe—L —>
Plan innnnn
________________ Energyline . ..«

L-Section
D o o L e e S i
[¥ig 2521 Bt ae i
A typical critical depth flume consists of a constricted portion called the 8
throat and a diverging section. Sometimes a hump is also provided to
assist in the formation of critical flow in the throat. i
The critical-depth flume shown in Fig. 2.32.1 is known as a standing-
wave flume or throated flume. This flume can be fitted into any shape of
the parent channel. The throat s prismatic and can be of any convenient =
shape. i
A hydraulic jump forms on the downstream of the throat and holds back =
the tail-water. If the throat is submerged by the tail-water, subcritical
flow prevails all over the flume. It is usual to operate the flume in the ©
free-flow mode only, i.e., with the throat unsubmerged. X
For a rectangular throat section, the discharge is given by, 1
Q= C,B,Hf’z = (23200
where, C; = Overall discharge coefficient of the flume
=flH,/L). [
For a well-designed flume, Cis of the order of 1.62. 4
H,= The difference in the water-surface elevation upstrea® of ]
the inlet and the elevation of the crest at the throat. § ;"

o ¢= Q.nr

2-38 B (CE-Bem-4) Uniform Flow in Open Channel

6. Features of Throated Flumes :
i Low energy loss.

ii. Rugged construction.

Easy passage for floating and suspended materia
iv. High modular limit, By rienisied

iﬁﬁé’&g_jﬂ:ﬁ A standing-wave flume without a hump is to be provided
in a rectangular channel of bottom width = 20 m, n = 0.015 and
8, = 0.0004. A maximum discharge of 2.50 m%/sec is expected to be

passed in this flume. If the modular limit of the f1 is 0.75, find th
width of the throat. (Assume C,- 1.62). - B ©

—

= 0.0004, Discharge,

IS Al

0 O 82, LT e
| Ao Find s Width of the throat. -~ o b i
et e ST AT e et N 0 (e S LR
__25x(0.015) _ '
JS, B**  J0.0004(2.0/°

For ¢ =0.29529, %— (corresponding to m = 0) = 0.656

Normal depth, y, = 1.312 m. This is the tail-water depth, H,.
For a modular limit 0f 0.75, H, = 1.312/0.75=1.749 m

: ) 2.50
Width of throat, B, = C H ~ 162 x (L1401
 Hj ! ¢

SO

=0.667Tm

;Quéﬁﬂfg: What is current meter ? What are the types of current

A e
meter are used in flow measurement ?

urrent Meter :

1. Current meter is an instrument used for determining the velocity of
channel and the rivers. It mainly consist of wheel, contact breaker, tail
and the weights. .

2. " A chart, known as rating chart, is supplied with the current meter,

which give relation between the velocity of water and number of

revolutions of the wheel per minute.

Classes of Current Meter : Following are the various types of current

meter : '

Electromagnetic current flow meters.

Anemometer and propeller current meter.

Doppler current meters.

Optical strobe current meters.

el R

e e e — i T T S
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electromagnetic flow meter. Explain the working

Q&M Define : o
principle of electromagnetic flow meter.

= Electto ﬁmal;netic Flow Meter : It is a volumetric flow meter which

does not have any moving parts and is ideal for waste-water applications
or any dirty liquid which is conductive or water based.
| _Magnet
Mercury (Flowing into
the screen)
N Plastic tube
— Electrode
S
E

FFig 23511

o o o
BEA B i R RETR

Working Principle :
The operation of a electromagnetic flow meter or mag meter is based

upon Faraday’s law, which states that, “The voltage induced across a
conductor as it moves at right angles thiough the magnetic field is
proportional to the velocity of that conductor.”

According to Faraday’s law,

ExcVxBxD b

E = The voltage generated in a conductor.

V = The velocity of the conductor.

B = The magnetic field strength.

D = The length of the conductor.

Electromagnetic flow meter use Faraday’s law of Electromagnetic
Induction to determine the flow of liquid in a pipe. .

In a magnetic flow meter, a magnetic field is generated and channelled
into th_e liquid flowing through the pipe.

gzllldomgwﬂl czfseaiaf :1 ;ﬂgl’,sfil;:;f; (l:)(;nductn(;e l:iquid through the magnetic
o b T sensed by electrodes lqcated on the

where,

Epdiay

ANT QUESTIONS

8 questions are very im e
Vg M portant, Th o
be asked in your SESSIONALS asiiiz‘{‘;i““’"ﬂ :
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Q.3.

Q.4.

ARE
Q. 5.

Q.6.

Axi
Q.7.

Q.8.

ANE;

Refer Q. 2.5, Unit-2,

. Derive the dynamic equation of GVF, state its vari
' ous

assumptions, also give the limitat:
Refer Q. 2.7, Unit-2, © limitations of GVF.

Show that the differential ;
2 equation of :
in a rectangular channel of vm’ag:dmnfgznv:‘:: Z:

expressed as
5,-8S,+ ;Qz_ldB
Cdy_ " T\ eA’ dx
dx @B

1 s
Refer Q. 2.8, Unit-2.
Integrate the differential equation of GVF for a horizontal
channel to get the profile e(}'nation as
N-M+1 © oy N+1
I
h |k (A,

xr= —= £

S|N-M+1 N+1

€

+ Constant.

Refer Q. 2.12, Unit-2.
Classify the various flow profiles with the help of their
neat sketches.

Refer Q. 2.14, Unit-2.

A rectangular channel with a bottom width of 4.0 m and a
bottom slope of 0.0008 has a discharge of 1.50 m¥sec. In
gradually varies flow in this channel, the depth at certain
location is found to be 0.30 m. Assuming n = 0.016, determine
the type of GVF profile. ‘

Refer Q. 2.15, Unit-2.
A rectangular channel 10 m wide is laid with a break in its
bottom slope from 0.01 to 0.0064. If it carries 125 m¥sec,
determine the nature of the surface profile and compute its
length. Take n = 0.015.
Refer Q. 2:18, Unit-2.

A rectangular channel is 20 m wide and carries discharge

of 65 m¥sec. It is laid at a slope of 0.0001. At a c?rtain section
along the channel length, the depth of flow is 2.0 m. How

far will be the depth be 2.60m ? Take n = 0.02.
Refer Q. 2.21, Unit-2.

©00
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 Part-1 : Hydraulic Jump Evaluation ......

‘ of Jump Elements in vt
Rectangular and Non-rectangula
Channels on Horizontal ~~ *
and Sloping Beds

. Part-2 : Open Channel Surg@',:....; .
5 . Celerity of the Gravity
. Wave, Deep and Shallow.

- Water Waves Rectangular
. Free Overfall 6, g0

3-1B (CE-Sem-4)

néal and Sloping Beds.
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L

;9};& 4 ‘What do you understand by term hydraulic jump ?
Discuss the classification of hydraulic jump and practical

applications of hydraulic jump.

et

A. Hydraulic Jump :

L. The hydraulic jump is defined as the sudden and turbulent passage of
water from a supercritical state to subcritical state. It has been classified
as rapidly varied flow, since the change in depth of flow from rapid to

. tranquil state is in an abrupt manner over a relatively short distance.

2. The flow in a hydraulic jump is accompanied by the formation of
extremely turbulent rollers and there is a considerable dissipation of
energy. .

3. Ahydraulicjump will form when water moving at a supereritical velocity
in a relatively shallow stream strikes water having a relatively large
depth and subcritical velocity.

4. It occurs frequently in a canal below a regulating sluice, at the foot of
a spillway, or at the place where a steep channel bottom slope suddenly
changes to a flat slope. ) ‘

B. Applications of Hydraulic Jump : The applications of hydraulic
Jjump are as follows : _

1 Itis a useful means of dissipating excess energy of watex: flowing over
spillways and other hydraulie structure or th.r!.)ugh sluices and thus
preventing possible erosion on the downstream s.ndel ofthese structures.

2. It raises the water level in the channels for irrigation.

3. It increases the discharge through a sluice by holding back the

tailwater.
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a hydraulic structure due to

It increases the weight on an apron of :
lift pressure acting on the

increased depth of flow and hence the up.
apron is considerably counterbalanced.
Classification of Hydraulic Jump :The hy
into five categories based on Froude numbe
flow, as follows : :

Undular Jump, 1.0 < F,; $1.7: :
The water surface is undulating with avery small ripple on the surface,

The sequent-depth ratio is very small and E; / E; i8 practically zero.
Weak Jump, 1.7 <F,; <2.51 The energy dissipation isverysmall i,
E;/E, is about 5 percent at F,; = 1.7 and 18 percent at F,; =2.5. The

water surface is smooth after the jump.

Oscillating Jump, 2.6 < F < 4.5:

This category of jump is characterized by instability of the high velocity
flow in the jump which oscillates in a random manner between the bed
and the surface.

Energy dissipation is mo
F. = 4.5.

Steady Jump, 4.5<F,; < 9.0:

In this range of Froude numbers,
roller and jump action is fully deve
loss.

The relative energy loss
this class of jump.
Strong or Choppy Jump, F,, >90:

draulic jumps are classifieq
r F,, of the supercritical

derate in this range, E / E, = 45 percent at

the jump is well established, the
loped to cause appreciable energy

E,/E, ranges from 45 percent to 70 percent in

In this class of jump the water surface is very rough and choppy. The

water surface downstream of the jump is also rough and wavy.

The sequent depth ratio is large and the energy dissipation is very

efficient with E; / E, values greater than 70 percent.

(@) Undular jump, 1.0<F,, <17 (b) Weak jump, 1.7 < F,; < 2.5

Roller o Oscillating jet
—h
Tk BTN

> i e =

I S S Y L TR 50
(c) Oscillating jump, 2.5 < F,, < 4.5

[P T < T i ey e O e 1
(e) Strong or Choppy jump, F,; >9.0

re o

E

‘Answer

e L

“The channel is horizontal or it has small slop

Jumps at Vena Contracta &y
will form at vena contract Ay
contracta. * Wbich dn ¢

eny,

ailed =y2, ahydraulicjump

as free jump at vena

Fsﬁ‘iu"; ﬁ.-ilh.Free'iunm: S ke A

[ S, At 8 MQE._J“_ME?;\:Q; ‘\rg’ 7 con A o e

Repelled Jump (y, < y,) % W%L—‘»ﬂﬂ)ﬁ

dqwnstream of vena contracta. Suchj;tjsﬁlyz' i:he 1fump is repelled

with sequent depth (y,,,) equal or less thanl;; called repelled jump
g

s Sl ang
Fig. 3.2.2. Fr

SRS NS

Yish

Subme_rged Jump or Drowned Jump (-y; >¥,) : When y, > y,, the
supercritical stream is submerged and the resulting jum;: is c2;lled
submerged or drowned jump.

v A = Vena contracta
¥q = Depth sequent toy,

A _7Y2 Y —

o} 15,

Fid 32 e

Vi Sk e

Derive the momentum equation formulation for the

Following assumptions are made in tbe analysis of hydraulic jump :

The distribution of pressure is hydrostatic.
Momentum correction factor i unity. -

Loss of head due to friction at the walls a0 channel bed is negligible.

e. The weight component

in direction of flow is neglected:



izontal at an
—+ clined to the horizonta R
3er & channel i8 mc:ilsfl;atic channel of arbitrary shep o b
g Consider assum d to be prt tive]y..

d end of the jump respec,
nning an \ s
d 2 refer to the beﬂ o be steady: APPtl}!lV::!;-; ;{’:Olll‘l’;elar Moy
3 . in the lo k.
uation 10 0= M2..- 1
;j__PEH_F‘Q.WS\n 2y

'y
- D

e PR
o BkeLch 0r phe ge! iRy
o ﬁ;:s;ure force at the co section
1= i
= YAl-y.l cos e, i ),
¥, = Depth of the centroid of the area below the .
1= =
P —-g;g:;?e force at the control surface at sectigy 2
2= : i
= YAJQ cos 6. R |
v if Bissmall]. : .
[Note tha;P: gﬁiar force on the control surface adjacent tof
°  channel boundary. o v
W sin 0 = Longitudinal component of the weight Oft‘ﬂ
contained in the control volume. *Q N ‘.
M, = Momentum flux in the longitudinal direction ..;
: through the control surface =, p @ Voo 8
M, = Momentum flux in the longitudinal direction go g
through the control surface = B, p Q v,. i ]1
5. The hydraulic jumnp is rapidly-varied flow phenomenon an el
of the jump is relatively small compared of GVF pn_)ﬁles. Thus frictig
force F, is usually neglected as it is of secondary importance.
6. Alternatively for smaller value of @, (Wsin 8—F ) can be cons:@_‘_
" be very small and hence is neglected. For a horizontal channelf'.
and W sin 6 = 0,
Quesd.” :
used in analysis of hydraulic jump ? Deduce the relation bet¥
alternate depth of hydraulic jump and Froude’s number.
OR ] : [l
th of hydraulic jump in te_ -

Derive an expression for dep

upstream Froude’s number,

show that 3F? = M {1:—\ [Z!')
rl

- B ey VNN
el Ry T oY £ AT i et S L R
. . i g L

Hydraulic Jump : Refer Q. 3.1, Page 3-2B, Unit-3
Use of Momentum Equation : )
Due to high turbulence and shear action of
considerable loss of energy in the jump betw
Inview of the highenergy loss, the nature of which is difficult to estimate
the energy equation cannot i .
various flow parameters,
In such situations, we use momentum equation in analysis of hydraulic
S,

J]i_:xpre:ssio:\ :

Consider a horizontal, fri

the roller, there is

ctionless and rectangular channel Considering

unit width of the channel, the mementum equation can be written as

1 1

V% ~3Y% =Pypqavy-p, Pgv,
Taking Bz =B;=1 and by continuity equation

¢ = Discharge per unit width = VY = VoY,
(32 —y2)= Z?i[i-i)
E\y, v,
; 2
Le, Y Wp+y) = ?1223’3
On non-dimensionalizing, 1y (1 + Z&) = _qis =F2
2y, Yy &5

where, F; = Froude number of the approach flow = _ "t

Ve,

Solving for (y,/y,) yields, %3- = %(1 +y1+8F2)
1

This equation which relates the ratio of the sequent depths
(r3/ ¥4) to the initial Froude number F., in a horizontal, frictionless,
rectangular channel is known as the Belanger momentum equation.
For high values of F,,, say F_; > 8.0 the sequent depth ratioa is,

ﬁg&ﬂ -&Zﬁ For a hydraulic jump in a horizontal triangular channel

3 ; where, F? =k




. archﬂ.nneL = a9 _
We know that, for triangul g 3 [J’22 J‘z!z:l
M Yo
4
. W -
T [y, /yx)‘”"yl ,

4 g2 W -1y* (o2
_n_;i;yl_y—l— = ﬂ; yz (.Y _.1) ( A

g - 2.3
y(y" =1)
.8v? v_’Lg_:—ll - -3F,i=ﬁﬁ

f energy loss in hydrau]“, J {

ideoseacati
for a horizontal rectang'ular channel.

G Tt S R &
1. The energy loss Ep in the
applled to sections 1 and 2 as,

q’ g* )
B Ly‘ J"(”*ﬁ) T

jump is obtained by the energy.e"*

* 2 2
g _NY (1 + ﬁ)
2. Also 7 2 5
3. From eq. (3.6.1) and eq. (3.6.2), we get
' g, - Qo0 B Qi af
43,5, N 4 (y, !/ y,)
4. The relative energy loss, -5 (—L) / [—1) and B cad 20
£ R/ Vi noouAe
So, . EL/El 4 (yz /y1 & 1)3 '
4y, /y) A+ F%/2)

5. From Belanger momentum equation, Y _ —( 1+41+ 8E2,) d
Y1

_ (_3+W)s i

8(2+F2) (-1 +/1+8F%)

e I

ues. f 1A honzontal rectangular channel of constant Wid 1
fitted with a sluice gate. When the sluice gate is opened, water’s ot

" 1

with a velocity of 6 mlsec and depth of 0.5 m at the vena .,on -

3-8 B (CE-Sem-4) Rapidly Varied Flow and Open Channel Surge

Determine whether a hydrauhc;ump wﬂ]fom or not. "m’ calculat
the energy dluipated. ————

- " 6
2 =) =2.71
' Jo, JoBlx05
Here, the value of ¥ 1 varies between 2.5 to 4.5. Hence, the jump is
oscx]]atmg Jjump. '

2. Sequent depth ratio is given by, 11 =1 [_ 1+ JZH—_BR',;]

Y. 1
0— 5 1+J1+8x(2.71'] = y,=168m
3
(-») _ (1.68-0.5° ~049m

3. Dissipated energy, E, =
4y, T 4x05x1.68

@’5 ﬁfi A spillway dlscharge aflood flow at a rate of 7.75 m%/sec
per metre width. At the downstream horizontal apron the depth of
flow was found to be 0.50 m. What tail water depth is needed to form
a hydraulicjump ? If a jump is formed, find its (a) type, (b) length, (¢)
head loss, (d) energy loss as a percentage of the initial energy, and

[AKTU 2015-16; Marks 16|

(e) profile,

1. Veloc1ty of flow at upstream, v, = 7—;—2 =15.50 m/sec

15.50

J581x050

3. Froude number at upstream, F, =

4. Sequent depth ratio,
2 —n(-1+ 1+8F,’,)=-—( 1+\/1+8x7’)'941

Required tallwater depth ¥,=05x941=4T1m
Type : Since F,, = 7.0, a ‘steady’ jump will be formed.

Length of Jump :Since F | > 4.5,

qp o
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’ achines
Engineering and M
L =61x 4.71=28.73m

Hydraulics
[_,136.1)': =&y

Length of the jurP:
d Loss : . :
8 Ber Ly_:.!ﬁ’— - (4.71- 0.50/(4 x 0.5 x 4.71) =,-.-.9'z1r
Headloss,  Bi® "4y, "

tq gl by, 5
Loss : Energy is 81V€1 2 8

v ;
E|=.)’,+'§'z,—=05+2><9-81 :f!
E 792 _0621=621% 7
kg e S -~ A
E, 12.76 :

10. [l::) ‘:lse;ssume coordinates of the jump profile are (x, &) with o

i ; a
dary condition. '

i 'l;'gl:;u;z profile can be expressed in a non-

dimensional manner gg..

1 =N
A I R
where, N= 07BGg-y) 0.75x(4.71-05) 316
A =a/X .

7.82

and .
t: XV = 5'08 Fr -
We know tha A 1 7.82 = 27.74 = X=1387

X/05=508xT—

A=x/13.87 e

fi Thejump profile is obtained in terms of x and h.‘N oting that the d?lfﬁl
y=h+y,, the jump profile y = f (x) is now obtained from the A =):\ )

profile.
iv. Table 3.8.1 gives the details of the profile calculation. B
Table 3.8.1. R
e 0 5
e 0.10 0.245 0.77 1.39 1278
[3 o3 | 0405 1.28 416 1781
[« [ os0 | o510 1.80 6.94 2301
[ s 0.70 0.736 2.33 9,71 283 %
["6 [ o090 | o082 291 12.48 341 '31‘
| 7 1.20 1.105 3.49 16.64 3.99 -”
| s 1.60 1.245 3.93 22.19 443
[ o 2089 | 1333 421 2870 | y,=40

tNhZ:(; v Z}l:e‘;.alue of \.and & are fixed by practical analysis, kindly mvé
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urge

R

i 5'-' -7 .
s.ﬁ;--f-usgl A horizontal rectangular channel 4 m wide carries
discharge of 186 m¥sec. Determine w .

jump.

7 Gliven T Widih of Sl B T T . Dlachzres
i . Ioitial depth, yjm05m 11 |
gy TO mnd :Jge’gm‘%migamlw

[ SR SEREVEL PR

1. Velocityinchannel,y= & = _18 _ _
A " Txop " oue

v 8
‘ 2. Froude number, F, = H = TETT =3.61

Hence the value of Froude number is 3.61, the jump will be formed.
3. Sequent depth ratio,

1
%,_ = 21+ BFA + 1= %1—1+ Bx (3617 +1]
J

y210.5 =463 = Y3 = 231m

4, The energy loss is given by, E =(.72-fo)’= (2.31-0.5° _ 198
By L= S, 4x231x05 o

| Deduce the relations of sequent depths and energy loss

'Que 3.1
FARSNER SR
in a hydraulic jump occurring in horizontal non-rectangular

channel.

At
If the side walls of a channel are not vertical, e.g., in the case of a
trapezoidal channel, the flow in a jump will involve lateral expansion of
the stream in addition to increase in depth. The cross-sectional areas
are not linear functions of the depth of flow. This aspect introduces not

only computational difficulties in the calculation of the sequent-depth
ratio but also structural changes in the jump.

1. Basic Equation:
i Consider ahorizontal frictionless channel of any arbitrary shape. For

Va hydraulic jump in this channel, the general momentum with the
assumption of Py = B, = 1.0 reduces to
PI—P2= MQ_M]. -..(3.10-1)
1 pQ:I
i.e., YAF, - YA = PRV — PRV = -'3—;’- - =k .(3.10.2)




fc
where A=area®
of theare’ f’g:‘ (t.'l;’.m. v, Pyt M1 =

i Rearranging [T Q*/ gA] = Constant
ie., PM:'[ ; s5+@ ! gA = Constant
p+M/y=

Le.,
' P+M ) is the gpecific force. ‘
The term Pl= ”

due to & jump in 8 non-rectangular h°1'120nt

1t The Energy loss EL Q2 ( 1 1 ]

)t =TT

tio:
2 Sequent-del’th Ra _Jepth ratios in channels of regular g
i Expressions for sequentaggng the term in eq. (3.10.3) to get equah

can be obtained by rearr
force as
of specific ‘;:c o ps = A y i 91 { y
7 = —+AY, 2 —é4h = TR
gA, +A% gA1 4 A?

A% [2;2'1] g [Ai :)

E 2,
ii. Notethat Fj= @ T , and on re-arranging

G J-m(w .

channel.
3. Jumps in Exponential Channels : "
i  Exponential channels represent a class of geometric shapes w1th bhe
arearelated to the depthas A =k, y* in which £, and a are characteris o}
constants, For example, values of 1.0, 1.5 and 2.0 for a represe_
rectangular, parabolic and triangular channels respectively. )
ii. Inthe case of an exponential channel (Fig. 3.10.1).
|l —T _|

-
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fii. Top width, T = ﬂa
T dy ke -43.10.6)

- 1
=bla)> 5 = —I’Hy-mdh

where, £ = Top width at any height, 4 = 1 i k ah™ (y - hidh
iv. Snbstltutmg for T, (AIT) and y in eq. (3. 10 5),

we get
/a
NHie
| \y“ ” J (yl T 1)]\1 J .(3.10.7)
*+1
e, |22 _1_z2(a+l oy
ie., (3’:) 1=F; [ . ) 1- (-;L) J (3.10.8)
x “ ; 2

Using this equation the ratio Yo/, can be evaluated as a function of F,

and a.

v. The energyloss E; due to a jump in a horizontal exponential channel
can be expressed by using equation (3.10.4) as

E, _20-y,/y)+F? 1-(y, 1y}
(2a + F2)

-(3.10.9)

L‘ff In an open channel, the Froude number F remains

constant at all depths. If the specific energy E is constant show
that

1.9
T _ E)(?] ; —
B- [ Ey [AETU 201718, Marks 07|
2
1. Specificenergy, E-= y+2— =y % = %[%)
AFZ
E-y=5r

2. Differentiating with respect to y and noting that F'is constant,

dA dT]
T—-A—
iE_ _F a5
dx ) Y i
dE dA
= — =T
3. Since E is constant, — 4 0, Also dy

F? A dT
Al P L RO
Hence, 2 (1 T dy)

2
42)-0:9
2T T dy 2

R Y,




hines g
o inceringand M 2

Hydraulics B8 (1 dT] ( P
] —_—— | = 1 4 ) B

4 suhsﬁtﬂﬁﬂgror 4
F')_%
é}=(1**{]ﬂ
5. On'inu’rg""m:m'wegEt

9
mT= (1+%’J[‘m(E—y)] +C

Fling
henceC=1“B+(1+_2_) 8
F’ _E_J
=[1+"2—)]n[E_y
E }14—';-]

all the salient elements of hydraulic jump g, g

Aty:O,T‘gBand

In

Wi Wi

| Evaluate

b
v

g

l:_- The de:‘;,nt;tion sketch of a jump on a sloping floor in a rectangular
frictionless channel is indicated in Fig. 3.12.1. The momentum F
correction factors p; and p, are assumed equal to III?_ity.

9 A unit width of the channel is considered with g = Discharge per unit
width, y, = Depth before the jump and y, = Depth at the end of the

3 Jg:g.[s,ider a control volume as shown by dashed lines and the momentum | *
equation in the longitudinal direction would be, s
Py-P,+ Wsin 0= M,— M, (312.1)

4 Assuminghydrostatic pressure distribution at sections 1 and 2, o

1
P1=§7yfmseandP2=%yyfcose _
5. Ifthe water surface were a straight line joining y, and y,, then the area ‘:.

ofthejump:l(yld—yz)—L’— 1
2 cos O M

(Note that the length of the jump L, is defined as a horizontal '}

distance between ¥, and y‘), J ;

6. Introducing a coefficient to acco . !
unt fi the jump
profile and cos 0 term, gtk ittt

1 X
W= 2 KiL; (v, +3) ..(3.12.2) b

8-14 B (CE-8em-4) " Rapidly Varied Flow and Open Channel Surge

The momentum flux, M, = and M, =
7. Eq.(3.12.1) can now be rle-m?eln as Hamret

1
b om0t ens (21
(] 1

L
O e - P .J —
EFig.8.12.1. Definition aketeh for a jump o & als
" Re-arranging this equation,
2
[L] _1__1“1_““‘9[“&): 2_1‘3.(1_'1;:_1.)
J’l y] J’; cos e yn ’ y:,
where, F; = v,/ JgTrl ;
[Note that F | is not the exact Froude number of the inclined flow at

section 1= F, but is only a convenient non-dimensional parameter.
8. The Froude number of flow in channels with large © is given by, for

a=10,F, =v,/ ./lg(AIT)cos 0)

Le., [l] -~ Btad [’—] _[1 0 N 3-5] [!a] 20 _o 3123
N »n N B cos.9 b N cos ©
Eq. (3.12.3) can be used to estimate the sequent-depth ratio by a trial-
and-error procedure if the term (KL ) is known.
B. Sequent Depth,y,:
i  Defining, y, = Equivalent depth corresponding to y,in a horizontal

floor jump = %(-1+ J1+8F,."’1 ), the sequent depth y, is found to be

related to y, as y/y,=f(0)

2. The variation of (y,/y,) with tan 6 is shown in Fig. 3.12.2. By definition
lyg) =1.0 when tan 6 =0 and it is seen from Fig. 3.12.2 that (y, /y,)
increases with the slope of the channel having typical values of 1.4 and
2.7 at tan 6 = 0.10 and 0.30 respectively.

3. Thus the sloping-floor jumps require more tailwater depths than the
corresponding horizontal-floor jumps.

The best fit line for the variation of (y, /y;) with tan 8 shown in
Fig. 3.12.2, can be expressed as

(v, /y;) = 10071 exp (3.2386 tan 6) .(3.12.4)
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where, H = Total energy at a section. £
B =

gt g g et =341

3,00 3 :
. ; (E;+L;tan0)-E
3 . vz £,
2.604 1 b y B cox TR
2 402 1 - 3 i . . 1 + 26 +Lj tan 0-y, mg_%{_ 312D
i ] i ; where, y, = ‘ ]
2 20_ o Data ﬁ'om.Ref. [§81] E 4 1 2. Itis foﬂ‘x‘ad tt?gt‘;l :ll:te ‘ll-?;;g :'e' ‘; :Lopmsl; channel at um,,.,i
T D-143T & 1 i ' increase in the value of 8, being hi;gatozgs tfﬁ' é f{Cll iir;:regs with an
Sy : . of Ey is a function of 0, being least when 8 = 0 =0. The absolute value
S . o ‘ i | =u.
: : % i Jor 13. | A rectangular channel carrying a super critical stream

is ‘f:o be provided with a hydraulic j

\ . : . Jump ¢ f "

s !t is desired :to have an energy loss of Ep u:yilr::ehoyd‘m,.m,m.gy lic .d'"i‘::::';
B inlet Froude’s number is 8.5, What are the sequent depthspuf this

3
p . N [AKTG 2017.18; Marka 07
C. Length of the Jump, L.: ) ) N
1. The length of thejump L is defined as the herizontal distance ‘between W‘A
the commencement of the jump and a point on the subcritical flow &
region where the streamlines separate from the floor or to a pointon -~ ' : ; . 1
. mmediately downstream of the roller, - : 1. We know, e e [ 211 +
the level water surface immediately i a 0 m 2[ 1+m]_ = —1+,1+8x85 l

whichever is longer.

2. The length of the jump on a sloping floor is longer than the % _q1e8 st

corresponding L; of a jump on 2 horizontal floor. In the range of | : ¥
4.0<F, <13, Ljly,is essentially independent of F,; and is a function 3

of 0 only. 2 2. We know E - (ﬁfl'_-_l)_

3. The variation can be approximately expressed as : J ’ % 40y, / 3)
‘ “Lily,=6.1+40tan® . ..(3.12.5) % ' 5 (11.53-1¢

= Ax1153 = »;=01975m

in the range of 4.}5' <F  <13.0. ' . ?
4 Elevatorski’s analysis indicates that the jump length can be expressed 3. Fromeq. (3.13.1), =4 et
as: : ‘
L= ";s(yt -1 ...(3.12.6) ?y;— = 11.53

6 Lj=ms 0 =71 4. Sequentdepth, .y;= 11.58 x 0.1975 =2.28 m
£ 4 i Quie 8.14. | A rectangular channel is laid on a slope of 1 H: 0.15 V.
2t - When a discharge of 11 m¥/sec/m width is passed down the channel
ol il at adepth of 0.7 m, a hydraulicjump is known to occur at a section.
0 0102030 Calculate the sequent depth, length of the jump and energy loss in

rgy loss if the slope was zero ?

tan 0

i T S Wi Y b S B S o Sl i
 [Fig:3123 Lengih of jumps on'sloping floor.!
in which m, = f (0). The variation of m, with tan'0 is shown in
Fig. 3.12.3. It may be seen that m, =6.9 for tan 6 = 0 and decreases with
an increase in the value of the channel slope,
Energy Loss, E; :
Knowing the sequent depths y, and j

¥, and the length ump, the
energy loss E, can be calculatéd as, EI,'L =H,-H, gl e

.the jump. What would be the ene

" GivensSlops = 1H: 0.5V, Discharge
- Depthof flow, y. 207 £ 5 oy ey
" o Find  Sequent depth; Length of the Juh
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4 Ggueehel 3'3&_1,\1.9""1
b |
(lf| ‘.\1.{33-6‘\] =56m
B Bl -
desc? ‘!F_&gnauhrdunﬁ Q1S
4a N .‘l@"i“ whinlheindimdﬂgorjllmp
"‘:;.gs.ssgs,nm
x“idw:t -s8 i
: “"""""Tf::.:"ygs_&als-u.):sgmm
ﬁz‘t ls-l""me‘ _
R "=-5_:Gxi&1+410.15)=3’7.a2m
Awernge vaboe of f:=3‘-5=
Energy Lass = . )
: mﬁg.c:&m%r.g:,,me«ﬂ
cnszt 0 Tx095593) + (15.71)2/2x 9.81=13.278 1
z L:ﬂf=3{ﬂ:0.15=522?1 )
z < HI=Tﬂ1EBE’atsm1ﬁthbedleve]a_t2as‘_
= -‘-L-t.zn9=1’3,278+5_22=18_498m
= H,= =J,'rcnse+vl-f2g :
: a1/924y
%:492&:0.58&3)4-%_9’21:1]1
= Smepriess,  E;=H,-H,
ie. Zl=d£!+LJtamG)—E!=13_493_9_21=9.238m ]
E, 9.285
. —r10= 100 = 5021%
= A 16495
7 Fer a Berizemtal Flow Jump : If the slope is zero.
. ,2=5‘6m"1'=0_7m
2 -%? (6-077
E = 4 )
) £ 45y, 4-07x56 7.503 m
= v 157147
= Ey=y,+ 2=074 22114 _13986m
e 2,981
: E
. _L,mz 7” zlm‘wA»,%

;TR
Natnrt -~-~———--~—~---..“\%‘\

E, 12256
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se 8.18, Esplain the use of the hydravlie jumps ss an enerxy
,un--ll““" below & hydraulie strueture,
On
jiydravticjump la sometimes used as energy disaipator at the toe of

‘h. lp"l'“ of a dlm- Why T zl[:: -
[Anawer l

P

1 he high enorgy loss that aceurs in a hydraulie jump has led to its

adoption ns a part of the energy-dissipator system below o hydraulic
structure,

g The downstream portion of the hydraulic structure where the energy
Aissipation by dallberataly allosved 0 occur o shat Lhe sulgoing stream can
safely be conducted to the channel below is known as a stilling basin.

g It is a fully-paved channel section and may have additional
appurtenances, such as baffle blocks and sills to aid in the efficient
performance over a wide range of operating conditions.

4. Stilling basins are so designed that only a good jump with high energy
dissipation characteristics is formed within the basin but it is also stable.

5. The simplest type of basin utilizes just the hydraulic jump to dissipate
the energy and it should have a minimum length equal to the length of
the jump.

6. Hence it converts the kinetic energy into the potential energy of water
whereas surge occurs whenever there is a sudden change in the
discharge or depth or both.

Que 3.16. I Discuss the different ways for obtaining the hydraulic
jump.

Answer | '

Conditions for Obtaining the Hydraulic Jump :

L A hydraulic jump occurs when a supercritical flow (high velocity and

small depth) meets a subcritical (low velocity and large depth) flow
causing a jump in flow depth.

2. Some examples are given as:

L At the toe of a spillway, where the high velocity flow over the spillway
meets the larger flow depth downstream. .

ii  Downstream of a sluice gate, the supercritical flow under the gate meets
the uniform flow depth in the downstream channel.

iii When the bed slope of a channel changes from steep to mild, the
supercritical depends onthe steep channel jumps to the subcritical depth
on the mild channel.
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r;':w:"?'f '-' ' .
g e Tl S : e Gravity Wave, Deep and
n Channel Surge, Celerity of the Gravity Wave, Deep
£ Shallow Water Waves, Rectangular Free Ouverfall:'

Sk SE ‘=
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L CONCEPT OUTLINE

Open Channel Surge : A surge or surge wave is a moving wave
front which brings about an abrupt change in depth of flow. Surges
are usually of two types :

1. Positive surge. 2, Negative surge. .
Celerity : The velocity of the surge relative to the initial velocity in
the canal is known as the celerity of surge.

For downstream surge, celerity, C = v~V

For upstream surge, celerity, C = v, v,

Free Overfall : It is a situation in which there is a sudden drop in the
bed causing the flow to separate from the stream bed and move down
the step with a free nappe. .

PRt Questions-Answers

| Long Answer Type and Medium Answer Type Questio

e s
; ) 2

Sue 317

Anewer

What do you mean by surge ? Give its classification.

Surge : . ;
A surge or surge wave is a moving wave front which brings about an
abrupt change in depth of flow. ;

A surge is also referred to as moving hydraulic jump and is caused by

sudden increase or decrease in flow. Flow, such as that caused by sudden '

opening or closing of a gate fixed in the channel.

A surge can travel either in the upstream or downstream direction.
Classification of Surge : Depending upon movement it can be
classified into four basic types:

Positive surge moving downstream,

Positive surge moving upstream.,

Negative surge moving downstream.

Negative surge moving upstream.

A Positive surge is one in which results in an increase in the depth of
flow and negative Burges causes a decrease in the depth of flow,

l

CE-Sem-4) Rapi :
3,20B ( Pldly vﬂl’ler.l Flow

fnd %Chnnel Surge

5, Fig. 3.17.1 shows two type, of positiye ——
0 types of

negative surges,
Type (1)

Type )

Que 3.18.. Describe positive surge moving upstream and
downstream.

OR
Derive the relation between velocity and depths of flow where

 [ARTU 201718, Marks 7]

positive surges nioving upward.

A - Positive Surge Moving Downstream :

L Consider asluice gate is suddenly raised to cause positive surge moving
downstream. Sections 1 and 2 refer to conditions before and after
passage of surge.

2 The absolute velocity v,, is assumed to be constant and let v, and v, be
the velocities and y; and y, be the corresponding depths at sectivns 1
and 2 respectively. ; . ;

3. Inorder to make it a case of steady flow, apply velocity v, in opposite
directions of to the velocities v, and v, and the surge. Thus the velocities
at sections 1 and 2 becomes (v, —v,) and (v;—v,) respectively.

4 Then fror continuity, we have

Yolvg=v,) =y, vy = v,) Ry b
- Vi~ 2 'w
: 1 :

5. Further due to the surge developed there is a change m;he momen:uuﬁ

caused between the sections 1 and 2 and hence the momen

€quation may be given as
L
2

a1 2 Yy o —vy) [(v=v,) ~ (Vg = V)]
2wyl Loy 17V
Y: 273’1 g2 27w

e i e
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g
yﬂ p— V ) (V Vz) L5
or 'l'(y i —y;) 3 1 \ w
Substituting the value oF vz’ wedt fﬁJ
5 8Y» rag

or v, =(y, + W

(Vu."vl)s_ %, (yz+y1) [ 2, N yz)]ﬂ.x &

t
.o 40 o the value of v, W€ BE i
Substituting . (3, + s e . 4 "

_V2)2=()’1"y2) 2}’1 Yo €
This equatmn shows the relationship among the initial anq 511!1‘
velocities and depth of the surge. |

Gate @

~ =413
{
II_,: Yo vi—lv-
(302)

B. Positive Surge Movmg Upstream

1L Consider sluice gate is suddenly closed to cause the positive surer
moving upstream. Sections 1 and 2 refer to condition before and aft
passage of surge. q by

2. The unsteady flow is converted to equivalent steady flow by usinf
relative velocity concept w.th absolute velocity of surge v,,.

3. Consider unit width of horizontal frictionless rectangular GI-'“”m"L
Applying continuity equation, we get

yl(v +V1) yz(v +v2) = V — yl L]‘ J

—
3 Vz__. y2

.)’1"‘*\,'1 I

Fi;:-gg WB Pﬂﬁin Sk .

°B; n: e (Ads )G F :
4 e g vancing u gtream > 4
pplymg momentum equat:on \Ev‘: get B ’ )

= Y
2”2 ”"“3’1(" +vy) v, +v2) (vy +V1)1

2_ o 2y
N-y, ==L ’
1=); P Wy +v)) (V= vy)

v

3998 CESemd)  Rapidly Vared Pl s Ope Chasne Srge

6. Substituting the value of v,, we get
2
Gutv) llz(é’z ) 1]
g 2\
A Derive the expression for the following :

A. Negative surge maving downstream.
B. Negative surge moving upstream,

A Negative Surge Moving Downstream :

1. Consider the negative wave moving downstream in a wide rectangular
channel due to partially closure of sluice gate.

2. Let initial velocity and depth be vy and y; and final be vy and y,. The
velocity v and depth y at any position x from gate is obt.amed by
integrating differential equation

E_JE-
dy ¥

v,
— V9 e Vo
Y=V I
Fig. HE" € * Negative st surge (Retreating downstream) (v, = C 4 v,
3. Onintegration, v= 2\/5 + Constant --(3.19.1)
Applying boundary condition, v =v,, y =y
we get vy = 2/gy; + Constant or Constant =v, — 2\[&_,1

e v=2Jgy -2/, +v,
4. Wave travel downstream, C=v, -v= /gy

) v,=v+ gy .(8.19.2)
5. Putting the value of v in eq. (3.19.2), we get

v, = 3y - 2y +v,
8. If surge v, move x distance in time ¢ then,
' x=v,t (3.19.3)

1. Putting the value of v, in eq (3.19.3), we get

x=v+ oy -2/

B. Negative Surge Moving Upstream :
L Consider negative wave produced by instantaneously raising a sluice
gate located at downstream end of channel. The basic differential

equation of negative wave is
dv g

dy y



) s == before passage of waqy, 04
integration: v=_ and degth S , i)
I?:t v, andy; b z:‘v?atvye Applying boundary condition, ~ "28ng
ssage t
aher e P = - 2, +.0omstan
atv="Vyp y=71 i I”“.‘
Constant =V + 2\/?:}’1 ) -J

or t
. .19.4) we ge
Putined: @ v= —2\13’*‘2\/33’1 Vi oot :

2

Vi—e )1 £,

B

e vw 1 ; r
= fall

Y3 —» Vg == S

. _,\Aﬁw&x"ﬂr:f“’#’f:’?f%*?‘l“ S T ‘5,".» Foee h
-ﬂﬁ\rx "%‘#g surge (Retreating Bhps‘iﬁamg?g% o

MW# C=Vw+V=\/£.'_y ﬁ

3mAs negative wave moving upstream,
Yo = ey =V . "'(3'19.&/‘_‘
Substituting the value of v in eg. (3.19.5), we get _

4. .
Yy = 3\/5—2 gy, — V3
. ; . i locity v,, and moves x distano:
nsider surge is moving W‘lq’l vel = distangy
5. ij’::i:::? Then, x=-V,t[negativesign shows upstream directioy
‘ : «(3.196).
6. Substituting the value of v, ineq. (3.19.6), we get s

—x=W,0) = @3Jay - 2gy, —vi)t <ol

'gug 3.20. | What are back water and celerity ? Prove that ce[erit;_{

C= /gy, where symbols have usual meanings. u

fv‘l-;,-. AR

gl et L a
A.  Back water : Back water refers to the water backed up in its cansfg‘

by an obstruction (or, sometimes, by an opposing current). e
B. Celerity: 5
L The velocity of the surge relative to the initial velocity in the m‘mq

known as the celerity of the surge.
2. Thus for the surge moving downstream, C = v, — v, and for the sm“.

moving upstream, C = W, Vi )

i

3.  For both the cases, C = J-gﬁ + =
: 2, 2+3) C 2y,

|
[where, & = height of surge =2 f-‘:

- '

Y 2\»n

R3O

.24 B (CE-Sem-4) Rapidly Varied Flow ang Open Channel Sur
N

4 Ifhislessthany,, theterm .1.(!‘_

2
4 2 J’,] Becomes much small and hence it
can be neglected.

ey
g Again when the ratio [J’il] is very small, the term [:"_ A) P
neglected and then - 4 y,J
C= gyl.

¢z

v Explain celerity of the gravity wave, deep and shallow
water waves.

A Celerity of the Gravity Wave : -
1. The velo.city of the surge relative to the initial velocity of the surge in
channel is known as celerity of the gravity wave. It is represented by C .
2. For surge moving upstream, C,=v + v, ‘
3. For surge moving downstream, C=v,—v,
' 1 ¥
C = |—g==(y+y9)
2%y, 1+Y2
4. If ¥;=y, thenC, = /gy,
B. Deep and Shallow Gravity Wave :
1. Deep Water Wave : In deep water wave d > (1/2) A, particlgs near the
surface move in cireular paths, making wind wave combination of
longitudinal (back and forward) and transverse (up and down) wave

motions.

when, d > (A/4)

C= g _ \/E , longer wave mf.-ve faster.
2n K .

C.= %J%: % C, group speed ishalf of phase speed.

2  Shallow Water Wave : In shallow water wave d < /2 particles near

the surface compressed and move in the form of ellipse.
d = Water depth, and ) = Wave length.

C = \gd , phase speed independent of wave length.
C,= [ed = Cg, group speed same as phase speed.

where,

When, d <<a
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jtal motion

- water the Ofb‘ \ asing
moteL A ::;::EES rapidly with l?:::emen
B = Atshallow wat 2.

of fluid particles
depth below the gyyy,

a
2 tis elliptical. ce,
er wave,

T
BT v e '
Oue 322. | The depth and velocity of flowin @ rectangular chanpg
9,?0_ ozt e : ectively. If the rate of inflow at the |
ec resp what will be the height and |

y doul')led, d the celerit: |
v of the resulting surge an ¥ of the :

are lmnnd 1.5 m/s
upstream end is suddenl
absolute velocit
wave 7

Answer . o EaLETE T - Velocity of flow, v; = 1.0 m
3 s en » Depth of flow, y; = 1 1m;3Vel0Csy BLA 01 1

;s g;v;‘i.;:ﬂ'?l"eight and ahlso'lﬁté velocity of surge, celerity of
i o : Herght an A it 5

1 Discharge per unit width, ¢, = 1x15=15m /sec_:lm

ischargeis doubled, -
b gy =ygxVp=15x2= 3 m%sec/m
YgVg =3 :

In this case a positive surge of upstream flow is produced.

vin-vyy,  A5x1D-3 15
2 AR 1-y, ¥y -1
3. Also, V:-u;'l: %0’2*3’1)]“"’1
Y1
15 [ [98Lxyy, o
= +1 T il
yz-l 1:V 2x1 2 )|+1.5 &

Solving this equation, we get y,=1.284 m

Height of surge, b= (y;—y,)=1.284-1=0.284 m ‘
Absolute velocity of surge, v, = 1.5/1.284 — 1 = 5.282 m/s O
Celerity of the wave, C = v, —v, = 5.282 — 1.5 = 3.782 m/sec o

!
J
i
i
i
i
{
i

|

|
|

ﬁ“ﬁ%’zs Write short note on free overfall through rectangulé!

LA

1. Afreeoverfall is a situation in which there is a sudden dropin the

causing the flow to separate from the stream bed and move dows
step with a free nappe,

¢ B (CE-Sem-4) Rapi i
5‘_‘:?___f MW and Open Channel Surge
The situation is analogous to

.2

omte o adiny _,__E_DErgy_line
E 0 4
~ 1
1 ; F Ye ¥
Y N

=

Atypical free overfall is schematically illustrated in Fig. 3.23.1. The flow in the

nappe emerging out of the overfall is abviously affected by gravity.

With the atmospheric pressure existing above and below the nappe,

the water-surface profile is a parabola.

Due to the need for continuity of the water-surface profile, the gravity

effect extends a short distance on the water-surface profile behind the

edge, causing an acceleration of the flow.

Also, at the brink, the pressure should necessarily be atmospheric at

points Fand F. This causes the pressure distribution at section FF * to

depart from the hydrostatic-pressure distribution and assume a pattern
as shown in Fig. 3.23.1,

At sections upstream of the brink, the water-surface curvature
gradually decreases and at a section such as 1, at a distance x, from F,
the full hydrostatic pressure is re-established.

The result of this effect of the free overfall is to cause a reduction in
the depth from Section 1 in the downstream direction with the minimum
depth y, occurring at the brink. This depth y, is known as the end
depth or the brink depth.

The critical depth y, based on hydrostatic pressure distribution will
occur upstream of the brink. In Fig. 3.23.1, section 1 can be taken as
the critical section with y; =y,. Thenx, = x_. In supercritical flow, y, will
be equal to the normal depth, y, =y,.
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. jon usl :
Sﬁt;ﬁziﬁ ::lt‘l :5ch variable are 8s follows ~
Loy o len .\
- V‘ﬂ".blg ; L [er2] Lojpere
:Dimension -
ibi henomena is, n = §
. ble describing the p ‘ .

’IT‘E‘éaln?Jn\:nmb::‘r:g ;r::da:nfental dimensions required to descripg the
;ﬂﬁabl_e, ”;,:Bzu . ham ntheorem, the number of t:limensi(m_le88 By

ccording cking j
term=n-m=5-2=1% m the problem can be ex %
Now by using Buckingham 7 theore Presgeq
as: .

=0 . ...(3_24-
Using D antcti,;'aﬂs‘z;gap)eating variables, n-terms can be written ag 1))
n = D"g" V,m=D"g" H,m=D"g"Q

= _ o1 B Vv "'(3.24 :
First n-term : = D%8 ) . 2)
The variable in eq. (3.24.2) can be express.ed in term of their fundamenty]
dimensions.

LeTe = [LI* [LT2PLTT] |
al+b1=—1 b].:_]j?'
then, sy=—1+1/2==1/2
‘Substituting these values in eq. (2), we get
ﬂ:l = V , -\ng
(3249

Second n-term: m,= D% g% H
The variable in eq. (3.24.3) can be expressed in term of their fundamental
dimensions.
LeTe = [L]* [LT*1* [L]
~2b,=0 | az+by+1=0
bZ = O 02 = - 1
Substituting the above values in eq. (3.24.3), we get
n,=H/D
Third n-term :
my= D" g% Q

dimension.
L°T° = [L)™ [LT?P (2T
-2b;—1=0 az+by+3=0 )
.63‘=—1[2 a3=~3+ 1/2=—5/2
Substituting the above values in eq, (3.24.4), we get
my=Q/(DVixgl?)

= Qu, / (x,D*[zD) (Multiple and divide term™)

Sem.‘, v W

ines
Hydraulice Engineering and Mo =
. > above relation.

s Wi S e ;
Ko b ik = e e

ol A o

Moo —afiad’ |

i
b L
A e ey U T

. (3244
The variable in eq. (3.24.4) can be expressed in term of their fundamental

Ji‘_ -
SR T
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=
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Rapidly v

e

10. Valueof n}, r; and ; putting in eq. (3‘34 1
f(V/VeD.HID.Qr,IVDY) g

Then we get,

———— 20 Fle a0 Open Channel Surge
%y = Qn, / VDR

) [ 'l"V’JEB]
we get
QulVD: = f(VID,H/D) .
Q=vo/[V1eb.11p]

=, = Constant)

Q.2
Q.3.

Q. 4.

. What do you understand b i
o . ¥ term hydraulic jump ? Discuss
- the classification of hydraulic jump andpp'ractlcll

applications of hydraulic jump.

Refer Q. 3.1, Unit-3.

Derive the mox_nentum equation for hydraulic the jump.
Refer Q. 3.3, Unit-3. .

A spillway discharge a flood flow at a rate of 7.75 m*/sec per
metre width. At the downstream horizontal apron the depth
of flow was found to be 0.50 m. What tail water depth is
needed to form a hydraulic jump ? If 2 jump is formed, find
its (a) type, (b) length, (¢) head loss, (d) energy loss as a
percentage of the initial energy, and (e) profile.

Refer Q. 3.8, Unit-3.

A horizontal rectangular channel 4 m wide carries a
discharge of 16 m¥sec. Determine whether a jump may occur
at an initial depth of 0.5 m or not. If a jump occurs determine
the sequent depth to this initial depth. Also determine the
energy loss in the jump.

Refer Q. 3.9, Unit-3.

Explain the use of the hydraulic jumps as an energy
dissipator below a hydraulic structure.

Refer Q. 3.15, Unit-3.

What do you understand by surge ?
of surge.

Refer Q. 8.17, Unit-3.
Derive the relation between velocity and depths of flow

where positive surges moving upw

Refer Q. 3.18, Unit-3.
©00

Give the classification
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CONCEPT ouTLINE

Impact of Jet: It is the force ; .
be stationary or moving, exerted by the jet on a plate which may

Formula of Dynamic Forc e Exerted
Plates and Moving Plates : by Fluid Jet on Stationary

Condition ) Stationary ) Moving

1. When plate is normal
2. Flat plat inclined to jet | F, = pav?sinZ g

3. When plate is curved

4. When plate is curved

F, = pav? F, = palv-up?

to jet

F, = palv-u) sin® 8

F_= palv—u) ain 8 cos 0

| F, = palv-u/{1+cos 8)
F, = palv-ul {(-sin 9)

F = pav?3in B cos 6
n plate + = pav (1+cos 0)
and jet impinges at the| F, = -pav?sin §

centre of plate.
F_= pav®(c03 0+ cos §)|F = (v ,+v,,)
and jet impinges at  |F, = pav® (sin 6-sin ¢) | P Tar ¥ Yz
one end

Ui = Questions-Answers

- Long Answer Wpﬂanduedlmiu'ﬂmt Questions

Queddis

Derive linear momentum and impulse momentum

equation.

The fundamental principle of dynamics is the Newton's second law of
motion which states that “the rate of change of momentum is proportional
to applied force and takes place in the direction of the force.”
Momentum is the product of mass and velocity. Let m be the mass of fluid
moving with velocity v and let the change in velocity be dv in time df.
Change in momentum = mdv
mdv

dt
According to Newton's second law,

Rate of change of momentum =



4-3B (CE-Sem.y,

.o ond Machines
Hydraulics Engineering 8 i Rate of change of momentuy in
d in X-direc

Dynamic force applie
X-direction ,”L@_-'— (4. Ly
F.=—g o Ee |
i< known as linear momentum equaii:on. 9 (4.1.1) cap
5. This equation 1s Kno

also be written a;l -{4.1.9)

dt = mav. ce.

3 is impulsfe of aPPlied for! sation. Accordings
Product of (F, x dt)i jmpulse momenturn eq . gto

6. This equation is known as1m,

It:i;glga:}‘g;namic forces = Resulting chang

e in momentum of body,

Que42." | Define

. ion fa
correction factor (b) Momentum correclii ,

P

ctor.

01718,

B stz r g . i
Kineti ergy Coirection Factor : o
f.- The‘l?:ilr(:eﬁ:engefgy correction factor at any section 1s defined as the

ratio of kinetic energy of flow based on actua_l velocity to the kinetie
energy of flow based on average velocity and is found as follows : .

Vz 1 3
ev _ — |pv'dA
2{9

axpdv, x 2

jpv“ dA . .
a=A e h -.(4.2.1)
p vav
2. - For a constant density flow, eq. (4.2.1) reduces to
jv’ dA
a= AA - _ ..(4.2.2)

B. Momentum Correction Factor :

1. The momentum correction factor at any section is defined as the ratio
of momentum of flow based on actual velocity to the momentum of
flow based on average velocity and is obtained as follows

BxpAv,  x Vo= j,{)\v'2 dA
A

= A (42.3)

the following with formula (a) Kinetic energy | :

————

- y
RSl o vt e e e

e S B S ol WUy o1 |

B (CE.Sem"‘)
ﬁ—.—_ N
fvaa
p=4
‘“Z'VT'— ...(4-2-4)
? T Derive the formula ford

s e i Ynamic force exerted by fluid ; t

on stationary plate for the follnwing cases : £ 8
When plate is normal tg Jjet. )

B. Flat plate inclined to jet,

g\’?"igw g B j .wex ST S R R A D

1. Consider ajet of water coming out from the nozzle, strike aflat vertical
plate as shown in Fig. 4.3.1.

v = Velocity of jet. d = Diameter of jet. .
a = Area of cross-section of jet = /4 d2, p= Density of water.
€ = Discharge of water (m%¥sec).

2. Plateis at 90° to the jet, and jet after striking will move along the plate.
So, velocity component of water after strike, in direction of jet will be
Zero.

3. Dynamic force exerted by the jet on the plate in the direction of jet is
calculated as,

F_ = Rate of change of momentum in the direction of force.
= Mass striking the plate/sec x [Change in velocity in
direction of jet]

Mass i . . .
= itial velocity — Final velocity]
— [Initial velocity ty.

[+ [-e0]

[~ Discharge (Q) = av]

-'tﬂlv—01=pQIv—0]

=pavxv
F_= pav?
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B. Flat Plate Inclined to Jet:

BT D Em!n’.gﬁ g
the jet and plate.

%: !ie between

;: II};E:te is smooth and there is 0o loss of eﬂeri’é ;henjet will move over.
the plate with a velocity (v) as e

= is calcufated as,
Now, normel force?t; ;ﬂass of jet striking the plate/sec x [Change i

velocity in normal direction to the plate]

= —?[VSine—0]=PQ [v sin 6]
_—,pavxvsixlfi:pavzsine [* @=ay

4. Horizontal component of force, ) ] )
F,=F, sin 0= pav?sin 6 x sin 0 = pav sin? 6

5. Vertical component of force,
Fy=FncosB=pav2 sin 8 x cos 6 = pav? sin B cos §

6. Let discharge along the plate in upward directionis @, and in downward

directionis @,
7. So component of @ in downward direction is & cos 6. 1
Qeos0+Q,= @, =Qcos0=Q,—-@Q, ..(4.3.1)
Total discharge is given as, @ =@, + @, ..(4.3.2)

8. After solving these two equations, we get

Q= % (1+cose)ansz=% (1 -cos 6)

C. When Plate is Curved and Jet Impinges at the Center of Plate:

Fixed curved Plate

BB N e i e SR
i, 433, Je piriking n B0 cuirved plafa it conter..

L . Asshownin Fig. 4.3.3.

e TSR CE SR SRR - T EETSING S SR S oA S =

e

AR e

4-6B (CE-Sem-4)

Component of velocity in dj Purps

recti ji
c ompol:lent of velocity in perpe:gx}c‘t’:l.ﬁtdj i
g, Dynamic force exerted by the jet in X—direre'mon ey
F, = Mass of jet striking the pla::wn'

direction of the plate] /s x [Change in velocity in

m
== [V-(—vwse)]=lev+vcasB] ["'El‘:pQ:p‘"]
= pav [v+vcosB]=pav2(1+coae) t

3. Dynamic force exerted by the Jet in direct; i j
Fy = Mass of jet striking/s x [Cl::npge:;_)e ndlcul.art_OJemt.
direction to plate] AR o
= —m- [0 (V 1 I
. sm9)1=p?(—vsin9)=puv(-vain9)
= — p(zV2 Sin 0

(Negative sign indicate that force acting in d irecti
. ownward direct
D. When Plate is Unsymmetrical and Curved and Jot Stvitin gat

One End :
I Here, 8 = Angle made by jet with X-axis at inlet tip of the
curved plate, and
wt * ¢ = Angle made by jet with X-axis at outlet tip of
the curved plate.

2. Components of velocity is resolved as at inlet of curved plate,
In X-direction = v cos 8 In Y-direction = v sin
3. Similarly, at outlet of curved plate,
InX-direction = —v cos ¢ and In Y-direction = vsin ¢
4. Now, force exerted by jet of water in X-direction,
F_ = Mass of jet striking the plate/s x [Change in velocity in
X-direction]

= -’?-[v cos 8 — (- v cos )] [ L:‘-=pq=pav]

= pQIlv cos 6 + v cos §] = pav (v cos B + v cos ) -
F_ = pav?® (cos 8 + cos ¢)
4. Force exerted by jet of water in Y-direction,
F,= Mass of jet striking the plate/s x [Change in
velocity in Y-direction] .
= Mass  1nitial velocity of jet in Y-direction

e -
—TFinal velocity of jet in Y-direction]

= [v sin 8 — v sin ¢] = pav [v sin 8 — v sin §]

= pav? (sin 8—sin ¢)

Note : When the plate is symmetrical, 0 =¢
So, F_= 2 pav?cos B, and F, =0




7] A jet of water of 40mm diameter strikes a hinged square

3 ; i  The plate is deflected

i tre, with a velocity of 20 m/sec.
rhl::‘:l:;ll:snc::gle of 30°. Find the weight of the pla}te. If the plate ig
pot allowed to swing, what will be the force requ_n:ed at the lower
edge of the plate to keep the plate in vertical position.
AKTU 201819, Marks 07

*’Givenﬁnlin{éféﬁftﬁéﬁt,
© ' Velocity of jet, v= 20 m/s, Angle 0
To Find : Wei%ht‘of the plate an

a=nd?/4d=nx0042/4=12566x 10-°m?

L
2. Angle of swing is given by, sin 0 = paV2/ W

or sin 30° = 1000 x 1.2566 x 10~3 x 202/ W => W= 1005.28N
3. [Ifthe plateis not allowed to swing, a force P will be applied at the lower

vertically downward through the CG of the plate.

0 Hing
. ![I [
F_v.---=.=.| h
ljﬂ [ P

F = Fore by Jjet of water

Let,
h = Height of plate = Distance of P from the hing®

edge of the plate as shown in Fig. 4.4.1, The weight of the plate is acting

'y

=

"h."l‘f!, e e o

-4)
48 Pumps

The jet strikes at the centre of the plate and hence distance of the
o centre

4 fthe jet from hinge = A/2.
in moments about the hin e, O -
R
’ F = pav?)

= 1000 x 1.2566 x 10~ x 20’/2:!(?;;1.321\‘

5.4/ Derive the formula for dynamic force ted by fluid jet

lQ!"ﬂ-wW"*

‘; moving plate for the following cases :
" when plate is normal fo jet.

Flat plate inclined to jet.

. When plate is curved and jet impinges at the center "
p. When plate is curved and jet impinges at nne::.nd. of plate

the Plate is Normal to Jet :
v = Velocity of jet,
a = Area of cross-section of the jet, and
u = Velocity of the flat plate.
Mass of water striking the plate/sec = p x Area of jet x Relative velocity
=pxax(v-u) ..(4.5.1)
(v—u)

A e
1 Let,

2.

- Ve ———

et

- - ——

-

(v—u)
FFig 450 Jetpiriiing a fat vertical moving plate]
3. Force exerted by the jet on the moving plate in direction of the jet,
F, = Mass of water striking per second x Change in velocity of jet

= gj:s x [Initial velocity with which water strike — Final velocity]
ime
= pa(v —u) [(v —u) - 0) = pal(v - u)?
4. Inthis case, plate is also moving, so we can calculate the workdone per

second,
Distance in direction of force

= Force x Tome
' = Force x Velgcity of plate=F, x u
Workdone/sec = pa(v —u)? x u
Flat Plate Inclined to the Jet :
Here, u = Velocity of plate in direction of jet, and
8 = Angle between the plate and jet.
2 Relative velocity of jet with respect to plate = (v—-u)
[. This isthe velocity by which jet strike on plate]

-
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" =pxax(v-u)

5, Force exerted by the jet of water on the curved plate in direction of jet
' E, = Mass .Of water strike the plate/s X Change in velogit i
direction of jet . ge in velocity in

1

|

‘

j = pxa x(v—u) [Initia] velocity - Final veloeity]
- =pxax(v—u)[(V-U)-f-(v-—u)cosﬁll
|

= palv = u) [(v ~ &) +(v - u) cog 61 = pa(v - u) (1 4 cos 0)

Fig. bt ey e Force exerted by the jet of water in di e .

e s the plate per second g [Force ; Perpendicular direction of jet,
3. Massof water Stzrﬂz’angf jetr,)( Relative velocity = p x g x (vou), 4 F, = Mass of' water _stnk_e the Pla_te/sec x Change in velocity in

| =px atiae velocity ofjet striking normal to the plas, | perpendicular dlrecthn tothe jet
4 Component t()f Te ﬂ) pig 4 = pal()v :hu) .[0 - (v; u)Ism 0] =~ pa(v - u)? sin g
=y —u : s aals c Workdone by the jet on the plate in direction of jet
ot in normal direction of plate, 5 L jet per second,

5. Force e‘x;‘arted byst:fe v}';ter ike per second x Change invelociy normi' = II;orce (F,)  Distance travelled per second in direction of X

- = Mas =F, Xu

to plate ‘ = pa(v —u)* (1 + c05 6) x 2 = pa(v — u)? (1 + cos 0)

= Mass of water strike per sec_ond % [Imtlal velocityin | g : .
direction with Whif:hjet strike — Final velocity] . W{ i) K‘;‘;\:ﬁ‘?ﬂp Fl‘?gt.e 4‘; g“""e‘i and Jet Impinges at One End :
. = pa((V = uizlgn —Bu) sinf-0] ‘ At inlet of the plaf: f:lll;)wing terms are represented as,
=pa(v—u . - v, (represent ) = Velocity of jet at inlet,
6. Force exerted in X-direction by zthf!.)eh ) 4 i . ull (regresent b;rAC') = Velocitz of i)late,
F_=F, sin 0= pa(v —u)*sin 6 x sin 6 = pa(v — u)? sin’%p v,, (represent by CB) = Relative velocity of jet and plate,
Vv, (represent by AD) = Component of velocity of jet v, in X-direction
also known as velocity of whirl at inlet,

7. Force exerted in Y-direction by the jet,
va (represent by BD) = Component of velocity of jet v, in Y-direction,

F,=F, cos 0 =pa(v-u)?sin @ x cos 8 = pa(v —u)? sin § ¢
When the Plate is Curved and Jet Striking at the Centery

C.
Plate : . A% also known as velocity of flow at inlet,
1. Relative velocity of jet with respect to plate or velocity of jet with whij » « = Angle between the direction of jet and
jet strike on the plate = (v - u). : direction of motion of plate also known as
2. Ifthe plateis smooth and there is no loss of energy due to impact ol guide blade angle, and
then the jet will leave the plate with same velocity by which jet striby 6 = Angle made by relative velocity (v,,) with
the plate. : : direction of motion at inlet, also known as
So, velocity of jet leaving the plate = (v — i) ; | vane angle at inlet,
(v—u)y 4 (v—y)sin 6 g & Y20 Vws |-
G 0 H
(v—u)cos 8 W 3
%) ‘| !
1y -
| S — el .,'. IL .- 3
SN
Jet of water ; ,';' 4 u
4y '
} 7,
Y
rrmren . Movingturved plate
(Eig 3.t iking o orved miing
3. Now, component of velocity in direction of jet = (v —u) cos 0 ) ' ;
Component of velocity Perpendicular to the direction of jet = (v—4)52 ﬂh‘"l’i )
4, MaSS ofwater Stl‘iking the p]ate per second te‘ p S @‘;ﬁx o g g
= p x Area of jet x Relative velocity by which jet strike ple ! Lgiﬁﬁaﬂ?efrﬁmkﬁ@%ﬂﬁng cmﬂg%ﬁm&&%‘ﬁ
il
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following g of jet at outlet.

te
2. Atoutlet of the plates '])l.—: Velocit,
v, (represent ) = Velocity of plate. e |
u,, (represent bY ) = Relative velocity ofjet leaving the p),
v :(repmsent - t of velocity ofjet v, in X g; >

= m! onen 3 2 .
Voo (represeﬂt b}’ 8(31‘;0 Enown as VelOClty Of Whlr] at °utll}t OQE

_ onent of velocity of jet voiny gy =
= f;;’;’ﬁnown as velocity of flow at Dﬁf:f_hon
ade by velocity of jet Vg, and | [
ade by relative velocity v_
les at inlet and outlet,

A SN - P TRt

vﬂ (represent by EH)

p = Angle M

= Angle made

AABD and AEGH are called velocity (g |

From Velocity Diagram : » |

Mass of water strike the plate/sec ity o ‘I

= p x Area of jet x Rela;;ye h\ireh? : O’; ‘;;,te at:ﬂ:’,

Relat gyt o e e |
wevelocity at mleth-dJred.:log y W tofs : g

Relaﬁviv:eloc?ty at outlet in X-direction by'Wh.lch jet 1 saving= (v:; » 1;

Now., force exerted by the jet in the diréction of motlon,. :
" F_=Mass of water strike/sec x Change in velbeif] \

¥ X-direction {45

F.=pxaxv, x [Relative velocity at inlet in ‘
x x-djrectiron _Relative velocity at outlet in X-dire ctior]

=pxaxv,yX (v, —up) — =y + v )] [y = y!

Fx =pa vy (le + vw2)

Special Cases: : o
If at outlet § > 90°, then exerted force is given as, F.=pav, v -v M

If at outlet p =0°, thenv_, =0
Exerted force is given as, F,_ = pav,; X'V,
So, in general, we can write the expression for force as,
Fx = pavrllvwl + VWZ] .
Now, workdone per second on the vane by the jet is given as,
Workdone = Force x Distance per second in direction of force |
=F xu=pav, v, v, ] xu ' '"(4'5'3’i
: [Here u = u, =t),
7. Workdone/sec per unit mass of fluid striking the plate per second,
= pavrllvwlivwzlxu = pavrl[vwliv;2]xu Nm/ sec
Mass of fluid striking/sec pav,, - kg/sec

|

@

% B R

SR

®

=(v,; £V,,) xu Nm/kg : (454 .

8. Workdone/sec per unit weight of fluid striking the plate per second -
o POVAVG Ve lxu _ pav, [V, E Vel XY {
Weight of fluid/sec ~ (Mass of fluid x g)/sec

= pavrllvwlivwzlxu (Vo1 £ Vo)l |
= = —wl = Vw2 /W (458
pav, xg F Nm/N

25 = A:] et of water from a fixed nozzle has a diamet®’ i
mm and strikes a flat plate at an angle of 30° to the normal t0 b

% Pumps
] \—
te. The velocity of jet is 5 m/sec and
ggculate the force exerted norma] “’Tulea of plate is frictionless.
; Iftheplate is stationary, and © plate :
if the plate is moving with +
il direction as the jet. a velocity u of 2 m/sec in the same

&

AT e RS L T

Jet:

Cross section are of jet, @ = Zdz - 2‘5(0_025)2 =0.00049 m?

When plate is stationary, Normal force, F_ = pav?gin §
= 1000 x 0.00049 x (5)2 x sin 30° = 6.125 N
When plate is moving with u = 2 m/sec

Normal force, F, = pa(v —u)? sin §
= 1000 x 0.00049 x (5 — 2)% x sin 30° = 2.205 N

CONCEPT OUTLINE

Pump : It may be defined as a mechanical device which when
interposed in a pipeline, converts the mechanical energy supplied to
it from some external source into hydraulic energy and transfer the
same to the liquid through the pipeline, thereby increasing the energy
of the flowing liquid.
Types:
1. Positive-displacement pumps.
2. Rotodynamic pumps (or dynamic-pressure pumps).
Reciprocating Pump : If the mechanical energy is con\.rerted_ into
hydraulic energy by sucking the liquid into a cylinder in which a piston
is reciprocating, which exerts the thrust on the liqu}d and increase its
hydraulic energy, the pump is known as reciprocating pump.
Slip of a Reciprocating Pump:
It is defined as the difference between the theoretical discharge and
actual discharge of the pump.

Slip = Qm = Q"l

—




and working of a reciproca

Explain the working principles of recip!

=0

pump ? Describe the Princip),
th a neat sketch,

J 2018-10; Mazks]

7] What is reciprocating
ting pump W1

OR .
rocating pump.

Reciprocating pump : If mechanical energy is converted into pressure
energy by means of reciprocafing motion of a piston into a cylinder,
then pump is known as reciprocating pump.

Components : Main parts of a reciprocating pump are :

Cylinder with piston, piston rod, connecting rod and a crank. °
Suction pipe. 3. Delivery pipe.

Suction valve. 5. Delivery valve.

Delivery pipe

Delivery valve

B o o g
‘ 8- 4.7.1, Main parts of a reciprocating. -
Working SEA LD 12 parks ofn reciprocating pump; |
A r'ecxprocating pump consists of a
reciprocating motion inside a cyling
A..s thg crank moves outwardg from &
gght in the cylinder causing
ue to the pressure differen ]
ce b ®
pressure) and the cylinder, liquid iset';rwaeen e
the non-return suction (or inlet) value "
During this outward stroke :

piston .or a plunger executing

(from A to C), the piston moves towards
8 vacuumin the cylinder.

s the delivery valve remains closed.

e

into the cylinder through |

3 CE-Sem-4)
| 4-14B (
| Pumps
puring the return stroke of the crapk (fr .
R
| opens theddel?rery ‘;ralve and closes the inlet valve e cylinder which
{ The liquid is forced into the delivery n; ive.
f 6 height. ery pipe and is raised to a required
RV b e 9 .
QQue48; | Differentiate between single acting and Double acting
reciprocating pump.

e i T Rl i g S TSN v Ba , T ey -
‘S.:No-} k S{nﬂh Af:ﬁng P"ml’,f . Double Acting etin Pump

1. ':[‘he liquid bemg pumped is | The liquid being pumped is in
in contact with one side of | contact with both side of piston/
piston/plunger of pump. plunger of pump.

2. |It has only one delivery | It has two delivery stroke for one
stroke for one complete | complete revolution of the crank.
revolution of the crank.

3. |Dischargeis less. - Discharge is more.

4. |Power required isless. Power required is more.

5. |Work saved by fitting air | Work saved by fitting air vessel is
vessel is 84.8 %. 39.2 %.

B

Differentiate between single stage

i#| Differentiate between single stage and multistage

[AETU 201819, Marks 07 |

and multistage pumps :

AN

head needs to be quipped
with two motors.

_ SingleStagePump | | MultiSagePump |\
1. |Single stage pumpistheonly | Multistage pump refers to two or

one impeller pump. more than two of the pump

impeller.

2. |The maximum lift is only | The maximum lift more than 125

125 meter, meter.

It have Low cost. It have high cost.
4. |Incaseof single stage pump | Incase of of multi stage Pump.

Can increase the number of
impeller to equipped with four
motors, which can improve the life
of the pump and reduce unit noise.
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lain the jq
m and also exp ea]
TAA0 indicator diagra
i -fﬂp‘;ineﬁne ‘ . gasses will be liberated from the ]:);111,0:;2; C‘:vl:ot:tl: pressure, dissolved
indicator diagram. The.continuous flow of liquid will not exit whish zzsa::ns:ﬂ::t?:zc&
. liquid takes place. ' P
. i i : i i | The pressure at which separation takes . .
A Indicator Diagram : the pressure head in the cylinder ang 2. . place is called separation pressure
1. Itisdefined asthe gfap]_l hetween innir dead center for one completo and head corresponding to the Separation pressure is called separation
) distance travelled by piston from ‘ pressure head.

revolution of crank. <tance travelled by piston s stroke 3, 'This phenomenon occurs in suction

. ; and delivery pipes of reciprocating
9. In recipmcatiﬂg pu_mp, maximum di G

; ) 5 h between pressure head ap ! pumps. z

length. So indicator diagram i$ 2 grap d _ 4 Tht? speed at which separation may take place can be increased by
3 ;?:ke leziil;is taken as ordinate and stroke lengthistakenas abscissa, | fittiggen air vessel.

s ssure 2 ‘ =
i i : : .| Showt i inerti 3 i i
B. Ideal Inﬁ:;:t::;l&if;ismé head and stroke length of the piston : 0?7 hat the maximum inertia head in a reciprocating
t gemg;::gmplete revolution of the crank under ideal conditions is known pump without air vessel is given by,
ideal indicator diagram. ' ‘ ' _1l A = ez

2. :sslslfow‘: inc;‘ig. 4.;3.1;[, different notations are taken as< H,= E 3 a or rmﬂmﬁ-ﬂ;mml

H__ = Atmospheric pressurehead =103 m, L =Length of stroke,

atm

ﬁ.,=swmhead,mdﬁg=ﬂeﬁ“mh’3:{i s ot it o
3.  During suction stroke, the pressure head in the cylinder is constant and ; . : 5 .
. equal fo suction head (k) which is below the atmospheric pressure head L Let us consider the displacement of the piston, after a time ¢ from its
(H_, )by a height of 2 T inner dead centre (IDC) be x (as shown in Fig. 4.12.1). Then one can
. atm s : . . ite x=r—-rcosb
4. This pressure head during suction stroke is represented by a horizontal wnie, . ; 2 :
line AB which is below the line EF by the height &_(suction head). Where, ris th(.e radius ?f th.e crank and 0 is the angular displacement of
5. During the delivery stroke, pressure head in cylinder is constant and theprei Al
equal to delivery head (h,) this is represented by line CD. This line CD '
_ is above the line EF (atmospheric pressure) by a height of .

5

Delivery stroke

o
o

as: v'= %x; = @r sin of .(4.12.1)

{ IDC
8=180""*"g_go° | <=
£ Clo=g !
3 ]
'g hd A iy ,-'?--;
: ool B ! FFig 4121
E T A | 0=90° p h, i 2. Let o be the angular v_oilocity of th(z c:a:)t;k. Then we have, 0 = ot
®, = | Therefore, one can write, x =7 —r €0S . .
T Hmf|“."° Suction stroke 8=180°4 103 m 1 3. The velocity of piston is obtained by differentiating the above equation
- ]
| Stroke length (L) l _ ]

%“ﬁ ——> Stroke lengft}}_T 4.  From continuity equation, we havg T
wikrzaithils ldeal in IG%JWTﬂF/’?":W@‘k e e e fcylinder -

cator diagy 1}3 . ea of cylinde e x ik oth\i_ld}n mi?e' |
What do you unde § - .+ Velocity of liquid in cylinder = Velocity of piston!
by semaration of reciproeating 1 8 : :{’he?: 1; :.;d a [a:.re :hz crf)ss-sectional area of the cylinder and the

suction or delivery pipe, respectively and vis the velo_city of flow in the*
pipeline.

s o e 5

pump ?
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10.

11.

A

v=—V

ue v’i or sin ot from €d: (4.12.1), we have

or
Substituting the val

1Tyv=

(4.12.2)

Eq. (4.12.2) providesan jon for the velocity of iquid in the pipeline,
Th-e acce.leration of liquid in the pipeline 18 obtained by dlﬂerentlaung

eq.(4.12.2)as:

émr sin of
a

av _ —‘i(—{‘-mrsmmtJ = -ém’r cos of

4t dt\a y a

Mass of liquid flowing in the pipe is given by _
o mg - Density x Area of pipe x Length Of_‘ pipe = pal

Where, p is the density of liquid and | is the length of t-:he pipe.

: the liquid in the pipe is given by,

The force required to accelerate , ° Sgiven by
; F = Mass of liquid in pipe Acceleration of liquid in pipe

..(4.12.3)

F=pal x —éo)’rcosmt
a - . -
the acceleration of liquid in pipe,

The intensity of pressure due to
_ Force required to accelerate liquid

Pa Area of pipe

A 2
pal x —w"r cos ot A
a 2
= pl x aw r cos of

or P, =
The pressure head (also kno

acceleration is given by,
_ Intensity of pressure due to the acceleration

e Specific weight of liquid

a
wn as acceleration head) due to the

plxém"'rcosmt
a I A,
pg —g—x;ﬂ)rmsmt

1

or H = —x A otpcos 0
g a

It is evident from Eq.(4.12.4) that at the middle of the stroke (6 = 90°),

the acceleration head is zero and at the beginning (9 = 0°) and end of a

stroke (6 = 180°), it becomes maximum and minimum, respectively.

The magnitude of the maximum and minimum acceleration head are

given by,

(4.12.4)

Ve,

gy

— \
—_—
C
L ONCEPT QUTLINE
Rotodynamic Pump : A rotodynamic Pump is a kinetic machine
m

of a rotating impeller, pr
: » Propeller or rotor
Centrif s
e ugal Pump : If the mechanical energy is converted i
into

pressure energy by means of centr;
-
then the hydraulic machine is can:;liiiat]rirff;;mxnz on the fluid,
pump.

13 What is rotodynamic pump ? Explain the classification

of rotodynamic pump.
_ . OR
There are three main categories of dynamic pumps. List and define

A Ro.todynamip Pump : A rotodynamic pump is a kinetic machine in
which energy is continuously imparted to the pumped fluid by means of
a rotating impeller, propeller or rotor.

B. Classification : Dynamic pump can classified as :

1. Radial flow pump. 2. Axial flow pump. 3. Mixed flow pump.

1

L

Radial Flow Pump or Centrifugal Pump :
ted into pressure energy by means

If the mechanical energy is conver
uid, then the hydraulic machine is

of centrifugal force acting on the fl1
called centrifugal pump.

ii. Centrifugal pumpisan outward flow machine. It acts as a reverse of
an inward radial flow reaction turbine.

i, Centrifugal pump works on the principle of forced vortex flow i.e.,
when mass of fluid is rotated by external torque, then pressure head

y wéxt

may be raised by 7

2. Axial Flow Type Pump: _ ‘

i The axial flow or propeller pump is the converse of axial flow turbine
and is very similar to it in appearance. _ . .

i, The impeller rotates within a cyl-mdncal casing with fine clearance
between the blade tips and the casing walls.
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Stationary inlet guide vanes Stationary outlet guide vanes
tion
X
N E= v
= ?

[

g A 1314 propeller of Ko

i Fluidparticles, in course of their flow through ta¢P p, do not change

their radial locations. . Iy direct the fluid to the rotor
i i ide vanes are provided to property direct the flu ;
LV . %ﬁ ﬁ:lif;lui?i: :nanes are provided to eliminate the whirling component

ity at discharge. . _

vi. ;‘fl;?fxosig :fxmb?;a:fgfmpeller blades lies between 2 and 8, with a hub

diameter to impeller diameter ratio of 0.3 to 0.6.
3. Mixed Flow Type Pump: ] ) .
i Atypeof pum:‘{ll:at mixes features of radial flow and axm} flow pump is

called mixed flow pump.

From penstock
Speed ring or stay ring |
Stay vane %
Guide vane ‘ ﬁ\

PR F Tl B o e
Selized fowminip

pipe and turns, but the turning mechanism
is essentially diagonal, using centrifugal force to move the water along
while accelerating it further with the push from the axial direction of
the impeller. This creates enough force to generate high rates of flow.

i The specific speeds (V,) lie between 35 and 80 rpm for low-speed mixed
flow pumps, and between 80 and 160 rpm for higher-speed mixed flow
pumps (in special cases even higher). '

v, Mixgd flow pump cover the transition range between l.-adial flow
pumps and axial flow pumps (e.g,, propeller pumps).

V.  The impellers of mixed flow pumps with a low specific specil sre:compined.

with an annular or volute casing, those of mj i
: . ; mixed flow pum th a
higher specific speed are combined with a diffuser and a tll:btﬂ:rsxmg-

Z] Define centrifugal pump. Explain the classification of
centrifugal pump. ,

e e S S e e Mot S
=
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Céntrifugal Pump : Refer Q.4.13.p .

; » Fage 4-20A, Unit-4.
Types of Centrifugal Pump : These can be claamﬁ'mez:s follows :
According to the Type of Casing Provided : 8:

Volute Pump : In avolute pump the impeller is .
shaped casing known as volute chamber. surrounded by a spiral
Impeller

i T

3 . A 1) ,:ﬂ
ii. Diffuseror Turbine Pump : The impeller is surrounded by aseries of
guide vanes mounted on a ring called diffuser ring.

B Guide '
2NN ]
&

[Fig 4142 Diffiser o tirhive) pump]

er of Impeller per Shaft :
Single Stage Centrifugal Pump : It has only one impeller mounted
on the shaft. )

ii. Multi-Stage Centrifugal Pump : Ithas two or more impeller connected
in series which are mounted on the same shaft and are enclosed in the

o
»
o]
8
2
=)
-
N

same casing.
According to Relative Direction of Flow of Impeller :

Radial Flow Pump : In these pump liquid _ﬂows through the impeller
in the radial direction only. Ordinary centrifugal pumps are generally
radial flow type. : ) ) .
ii. Axial Flow Pump : It these pump liquid flows through the impeller in
the axial direction only. These are designed to deliver very large quantity
of liquid at relatively low head. o )
iii. Mxxzd Flow Pump : In these pump the liquid ﬂov_v through the 1.mpe]ler
axially as well as radially. It is combination of radial flow and axial flow.
According to the Number of Entrances to the Impelle.r P
Single Suction Pump : Init, liquid is admitted from a suction pipe on

one side of the impeller.

o -

LS
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Pump : In it, liquid enters f‘mtm [boél; side of the
b e til;sc?;enm'al thrust on the impeller is neutralized and g “itahln
i er . = . s .. '
;ﬁp;]l]mpins Jarge quantity of liquids.
5 According to Disposition of the Shaft: -
Horizontal Disposition of the Shnft : Generally these PUmpg o,
provided with horizontal shaft. .
- ical Disposition of the Shaft: For deep wells an mines pyp,
i v-?hh rtical]s:g!ﬂis are more suitable because the pump with verticaly
with vertic
disposed shaft occupy less space.
6. According to Working Head : . ‘
i Low Head Pump : This type of pump 18 capable of working against 5
total head upto 15 m.

ii. Medium Head Pump: This type of pump is capable of working againg

a total head more than 15 m but upto 40 m.

iii. High Head Pump : This type of pump is capable of working against ,
total head above 40 m. Generally high head pumps are multistage pumps,

and working principles of a centiifugal pump.
[ARTU 20167, Marks 1o

A Construction : .
A centrifugal pump consists of the following main components :
1. Impeller: An impeller is a wheel (or rotor) with a series of backward

curved vanes (or blades). It is mounted on a shaft which is usually
coupled to an electric motor.

The impellers are of following three types :

i Shrouded or Closed Impeller : In this type of impeller vanes are
provided with metal cover plates or shrouds on both the sides. It is

;mbﬂoyed when the liquid to be pumped is pure and relatively free from
eDT18.

fi. Semi-Open Impeller : A semi-open impeller is one in which vanes -

have only the base plate and no crown plate. This impeller can be used
even if the liquids contain some debris. ¢

iii. Open Impeller ; In this type the vanes have neither the crown plate
nor the base plate i.c., the vanes are open on both sides, Such impellers

are employed for pumping liquids which contain suspended solid matter:

Que 4.15. | Explain with & neat sketch, the construction detajls ¥

e
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PR *15._‘791““,”??‘%‘@??1 PUIp-tompanent parts. |
Casing : The casing is an airtight cham i

impeller. The essential purposes of the casing are :

To guide water to and from the impeller, and

To partially convert the kinetic energy into pressure energy.

The following three types of casing are commonly empolyed :

Volute Casing : In this type of casing the area of flow gradually
increases from the impeller outlet to the delivery pipe so as to reduce
the velocity of flow.

Vortex Casing; If a circular chamber is provided between the impeller
and the volute chamber, the casing is known as vortex casing. The
circular chamber is known as vortex or whirlpool chamber and such a
pump is known as volute pump with vortex chamber.

Vortex
chamber
Wlﬂ-
&N
)
Impeller

[Pl 53 Vortoe iy, iaATB o g e
Casfngw{th Guide Blades : In this type of casing 1mpeller_ is
surrounded by a series or guide blades (or vanes) mounted on a ring
Wwhich is known as a diffuser.

Suction Pipe )

The pipe which connects the centre/eye oi: the _unpeuef to sump from
Wwhich liquid is to be lifted is known as suction pipe.

To Drevgnt the entry of solid particles, debris etc. into the pump the

suction pipe is provided with a strainer at ts lower end.
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Delivery Pipe:
The pipe which is co_nm?c
and it delivers the liquid

ted at its lower end to tlfe outlet of th,
to the required height is known ag deliyg r?

pipe. X i ipet :
A regulating valve is provided on the delivery pipe to regulate the Supply

of water. i
Working Principle : el t wh i
3 ks on the principle that when a certain ma
A centrifugal pump wor it is thrown away from the ce: ohi

id i d by an external source, 1L15 | ]
S;‘Sdo‘?:g:::;n :nd a centrifugal head is impressed which enah]eg itt,

rise to a higher level. . . . ) )
The working/operation of a centrifugal pump 1}s explained step-wige .

follows : o L . .
The delivery valve is closed and the pump is primed that is, suctiop, Pipe,

casing and portion of the delivery pipe upto the delivery valy, A

completely filled with the liquid (to be pumped) so that no air pocke; is
Ilgt;pmg the delivery valve still closed the electric motor is started ¢,
rotate the impeller. The rotation of the impeller causes strong suction o,
vacuum just at the eye of the casing. '

The speed of the impeller is gradually increased till the impeller Totateg
at its normal speed and develops normal energy required for Pumping
the liguid.

After the impeller attains the normal speed, the delivery valve is openeg
when the liquid is continuously sucked (from sump well) up the suction
Pipe, it passes through the eye of casing and enters the impellers at s
centre or it enters the impeller vanes at their inlet tips. .
This liquid is impelled out by the rotating vanes and it comes out at the
outlet tips of the vanes into the casing, Due to impeller action the Ppressure
head as well as yelocity heads of the liquid are increased.

From casing, the liquid passes into pipe and is lifted to the required height (and
discharged from the outlet or upper end of the delivery pipe). 7
So long as motion is given to the impeller and there is supply of liquid to
be lifted the process of liquid to the required he ight remains continuous.
When pump is to be stopped the delivery valve should be first closed,
otherwise there may be some backflow from the r'eservoir.

Que 4.16. | What are the advantages of centrifugal pump over
displacement pump ?

Its discharging capacity is much greater than that of a reciprocating
pump.

It is compact and had smaller size and weight for the same capacity and |

energy transfer.
Its performance characteristics are superior,

',
3'.

,f
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, Itcan be employed for lifting highly v; . Pz
" muddy and sewage water, oil, sugar mom[a:hqmd Sich 28 paper py;
1t can be operated at very hig), speeds Withoul etc. P,
and cavitation. tany dangey of
The torque on the power source is unif,
ig also uniform. T, the output from, the pump

Tet D and é\f = Speed of impeller,
yand D,= Diamete_r of impeller at inlet
u, and u, = Tangential velocity of !'mpeﬂe?:f ;Tel: :nd outlet
i _ aD,N D, N
= 17 and
60 60

v, and v, = Absolute velocity at inlet and outlet,
v,; and v, = Relative velocity at inlet and outlet,
Vg and v, = Whirl velocity at inlet and outlet.
vy and v, = Flow velocity at inlet and outlet.

p ()

i

Tangent to
impeller at

inlet Ry

(Fig- 4171 Velocity triangleqatinklandouthe]
A centrifugal pump is reverse of a radially inward flow reaction nxrhm:
So workdone by the impeller on the water per second per unit weight
of water striki r second ' .
s Rsnn e = — [workdone in case of turbine]
1 -
= -[% (vw1 Uy =V, u_a)] = E [(V.’ u, V'l u].)]

Vary 42

If water enters radially at inlet, then v, = 0=

FUR 0ot 2k 4 v W S N QOey o e
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7 Why it is necessary ?

What is priming

L :

S : ump is an operation ip which suctioy, ..
1 i‘;ﬁ?&:{: ;‘:Eﬁit;l:ungzl l?ortion of deliverytplpet. 111,&1 completely ﬁné";l;e,.
with water by an outside source pefore starting the pump, By doing sup
air is removed from these parts. o ;
9. The workdone by impeller per unit 'weight of liquid per secomfl is kng
as head generated by the pump- This means that when pump is Py,
in air, the head generated is in terms of meter of air. |
3. If pumpis primed with water, then head will generate in term of Metey !
of water. But as density of air islow, so head generated by pump g e
low even negligible and hence water may not be sucked by the pumy

To avoid that difficulty priming of centrifugal pump s necessary, ,

- S Te It AN

-4,
Que 4.19. | At what height from water surface a centrifugal pup
BN e i : D i

may .be installed in the following case to avoid cavitation ;
atmospheric pressure 101 kPa; vapour pressure 2.34 kPa; inlet anq |
other losses in suction pipe 1.55 m; effective head of pump 52.5 m

L Given: ;;tniq'éphérfc‘Tpfés"éﬁfe,‘:lﬁ';101 kPa . S
~ Vapour pressure, P, =2.34 kPa, Inlet and other losses, h, =1.

' Effective head (Manometric head), H,_,, = 52.5 m

i Cavitation parameter, c=0.118".
“To Find 5_.}1§§ghtfpf W ;

s por

% ¥ RSN ,‘,ralj s
1. Atmospheric head, H, = l‘ll_"l%_ =10.296 m
2.34x10°
Vapour head, H=——7##—=0.
p al o 9810 0.239 m

Cavitation parameter is given by,

o H-H-H _H-0+h)H,
H - H

mano mano

0.118= 19296 —(h,5+ 156)=0:238 _ 5 28120
25 -

4. Installation beight above water surface, k_=2.312m

0
Qo

A g | Eg el

Head of Pump : The head of pump can he

3 Statichead.
Efficiencies of Pump : The efficiency of Pump can be classified
as:

2: Mechanical efficiency (n_),
3. Overall efficiency (n ).
Cavitation in Pump : If the pressure at th 7

e suction si
pump drops be]OW't!Je Vapour pressure of the liquid :lhg:, ;]:1 : 2 o "he
may occur. The cavitation in a pump can be noted by a sudden dro in
efficiency and head. pin

expressed ag -

Suction head. 2. Delivery head.

4. Manometric head,

Manometric efficiency (nt)_

MR AR Ay

=i

SRR R

1.

L

3. Static head.

T

* is to be lifted. It is denoted by A,.

2. Delivery head.
4. Manometric head.

o

Suctloz; Head : It is the vertical height of the centre line of the
centrifugal pump above the water surface in sump from which water

Delivery Head : It is the vertical height between the centre line of the

pump and the water surface in the tank to which water is delivered. It

is denoted by A,

Static Head : It is total ve

lifted. It is denoted by H. ,
H, =h+hy . : .

Manometric Head: It is defined as the head against ‘:h{zh;eie;m

pump has to work. It is denoted by H,. Manometri

calculated by three ways. . St

Hm =Total head at delivery point — Total head at suction po

2\ ( P. V2
- Pg Yd | [Z,+ 2+

rtical height through which water has to be
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Pressure heads at delivery and .

’ =
where, p,/ pg and Ps al to b and Ay . )
points ,egpeczt,velyva;ﬁ:‘; heads Bt .deli\’zery and suction pointg,
T2 e v ol height of elivery and SuctioR POIRE from dagyy

g 8nd &, =

line. 2

o 5l s h) +v 128 : .

* fma;t(ihl; ' f %L:cgfﬂal l'gsses idn suction and delivery pipe.
=

v, = Velocity of water in delivery pipe.

ine Bernoulli’s equation : B
%{J:li:iﬁe/sec per unit weight of water = H, +losses

Ve, 2]
m~ g

—losses *

Vg Uy

f losses are negligible, then H,, = o

total suction head at the pump inlet above the head corresponding to

the vapour pressure.
NPSH = Absolute pressure head at inlet — Vapour pressure head +

Velocity head

i_.P_V+v'

. pg pg 28
B. . P P [v” J
—isgivenby, —t=-L-|—-t+h +h
PE pg pg \2g ° F
So, NPSH:ﬂ-fV——h,-hﬁ
Pg pg .

Thoma'’s cavitation factor is given by, A
o= I.In —HVI;H' Lot = H, - H. —M

From eq. (4.21.1), we get
- NPSH
H

In order to have cavitation'}ree 0 i i ump,
) peration of centrifugal p
available NPSH should be greater than the required NPSH.

L Net Positive Suction Head (NPSH) : It is defined as the available |

(421

H,
(wHy=h,h; = hy, and H = H, for pumpl

the |

b i 5 . - 3
=i tric Effi : Th i
s Manometric Efficiency: The manometric efficiency is defined as the

ratio of the manometric head developeq by the pump to the head
e he

Manometric head
Head imparted by impeller to liquid
- —Hn _ _eH,
Vo, 2/ 8) ™ (v, 5u)
Hm
+ Losses in the pump
Mechanical Efficiency : The mechanical efficiency is defined as the
ratio of the power actually delivered by the impeller to the power

rlmano =

or Nisara=
H
m

. supplied to the shaft by the prime mover or motor.

_ Power delivered at impeller
Tmech = Power supplied to the shaft
Power delivered at impeller (in kW)
Workdone by impeller per second
= 1000
W Tt
g 1000
w (vwz uﬂ\
£\ 1000
Naech = SP(shaft power)

C. Overall Efficiency : The overall efficiency of the pump is defined as

Give the necessary precautions ;gﬂi“‘t
(0]

Que'd.23,

the ratio of the power output from the pump to the power input from
the prime mover driving the pump.

_ Power output
o= “Power input
_ Weight of water liftedx H,,
_ Power output = e
Power input = Shaft power
M = EE‘%!PLO_@_ orn, = “mnnox Nmech

s of cavitation ?

Define cavitation. What are the effect:
cavitation.

AN



2. We know that,

3. Tangential velocity is given as,u = nDN

, i 4-29B (CE.
Hydraulics Engineering and Machines - - % SQ“H)
what precaution_s taken against caviy,

ARTU 2017-18, My

Define cavitation. And

A Cavitation :
1. Cavitationis defined as the phenomeno
wing liquid. o o
of aflo q the pressure at any point in the liquid DDroac,
3

2. Ifin any flow system, X o
the vapour pressure, vaporization of liquid starts, resulting ;, th
e

formation of the vapour. e
The bubbles of vapour thus formed are carried by flowing liquig oo

region of high pressure where they collapse, giving rise to high impge
pressure. . )

The pressure developed by collapsing bu}:l.ules is so high that the Materigy
is subjected to pitting action. Thus cavities are formed on the metal},
surface. :
Effects of Cavitation are the Effect of Cavitation :

The metallic surfaces are damaged and cavities are formed op the
surfaces. i

Due to sudden collapsing of vapour bubbles, considerable nojse and
vibrations are produced.

The efficiency of pump decreases due to cavitation.

Precautions : Following precautions can be considered :

Pressure of flowing liquid in any part of the pump should not be alloweg
to fall below its vapour pressure.

2. Cavitation resistant material should be used.

n of formation of vapour buhb]
oy

~

S

Mo

Que 424. | Define specific speed of a centrifugal pump. Derive an

R s

expression for the same.

Answer;

A.  Specific Speed : The specific speed of a centrifugal pump is definedas
the speed of a geometrically similar pump which would deliver one
cubic meter of liquid per second against a head of one meter. Itis
denoted by N, 4

B. Expression:

1 Discharge @ for a centrifugal pump is given as : '

@ = Area x Velocity of flow = nD) x B x v .(4.241)

D = Diameter of impeller and B = Width of impeller.

B« D
From eq. (4.24.1),Q « D® x v, (4242
(4,243

where,

= ux DN

4. Tangential velocity (z) and velocity of flow (vy) are related to the

manometric head (H, ) as

4-30B (CE-Sem-4)

T T v
V,z J‘ﬁ,:

b.

6.

7.

8.

Put the value of uin eq, (4.9 -{4.24.4)

4.3), we get

’ VHM « DN >Da JHM
Put the value of D ip 4. (4.24.2), e ‘:et

H H
Qax Tv—"g-xv, K-ﬁm’-'m

ey

e JH, 1

--(4.24.5)

H 2
Qe R Q-xta’
N N7

K = Constant of proportionality,
I Hm=1m’Q=1m31'sec,goN=N
Substitute these values in eq. (4.24 5) we get »

®*2

N.z = N.I = K

Put the value of K'in eq. (4.24.5), we get

1=Kx

Write a note on characteristics curves for rotodynamic
| AKTU 201415, Marks 05 |

{,:)
S e N
Following are the characteristics curves of rotodynamic (centrifugal)
pumps: .
1. Main Characteristics Curves :
i i isti ifugal pump consists of
i. The main characteristic curves of a centrifug ) y
variation of head (manometric head, H,), power and discharge with

respect to speed.

ii. Tor plotting curves of man
kept constant.

iii, For plotting curves of disch
is kept constant and for pl
manometric head and discharge re

: istic curve
iv. Fig. 4.25.1shows main characteristic curv

ometric head versus speed, discharge is

arge versus speed, manometric head (H )
otting curves of power versus speed, the
kept constant.

s of a pump.
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o PQ and H constants)
S5's Hax N
b
Egg = Constant)
S A H(@ = Constan
s o
q‘Q
(H_ = Constant)

—= Speed (N) .

e T

g 3817 Main Characterietics Curvee,

e A T I =5

2. Operating Characteristics Curves :

=

3

Ifthe speed is kept constant, the variation of head, power and efficiency
with respect to discharge gives the operating characteristics of pump,

i  Different characteristics curves are shown in Fig. 4.25.2.

= y Head, H
E‘n‘- x Efficiency, 1
D =
257
1
Input
Power, P / Speed = Constant
Qutput Power
. ] —#= Discharge, @
“Fi mb"ﬂwcggﬂﬂwmsng-gwwrg
{¥ig4.25.2. Operating characteristics curves of a pump.

Constant Efficiency Curves:
e
5 }\9‘4 0.5
< = Hpano Vs Q
----- Constant
. efficiency
04 CUWES
N\,
N Ns
NN
(a +
&
-
i
£ N
&= /1
A/ \\ Constant
1 M/ / efficiency
T ABC line
) : NN, NaN 4
> Di -
f G s.:f"‘,(.-- - ﬁf:h&rge, Q -y

[SLan

.r::f' 35 o R !
V88,018 pump.]
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= e o Pumpm
i These curves can be drawn from i ps

Corresponding to a particular “lu::ng'?u Qand nversus Q eurves.
are c!btamed when these data transferred
efficiency curves. QL0 H o, veTsuS Q. cONSLant

«  The curve of best efficie :
il is ece
these curves. g7 12 chtained 00 joining the peak points of all

4. ‘| Explain briefly multistage centrifugal pump.

.

Multistage Centrifugal Pum
or more impellers, the pump is
pump is having two important functions :
To produce a high head.

fa:l H“’mﬁf“sﬂ pump consists of two
led multistage pump. A multistage

To discharge a large quantity of liquid.
Multistage Centrifugal Pump for High Head :

If a high head is to be developed, the impellers are connected in series
or mounted on the same shaft.

ii. Water enters at inlet of first impeller and discharged with increased
pressure at outlet of first impeller.

jii. Thiswater with increased pressure enters in second impeller and thus
increases the head by increasing the pressure.

LR -

:'2:': \'{‘o delivery pipe
\

13!

From suction pipe

Shaft

Impeller' ,“,' f
number 1 \l:\:siz" Impeller number 2

outlet of 1st impeller to inlet of 2nd impeller

&

Pipe conn

g4 7

2. Multistage Centrifugal Pump
i,  For discharging large quantity ¢
parallel.

il. Each of the pumps Lift the
into a common delivery pipe:

ecting

e

PRy

tor High Discharge :
f liquid, impellers are connected in

the water from common sump and discharge
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/Comm.on delivery pipe

Delivery
pipe 2

Delivery
pipe 1

‘N&m%“& A centrifugal pump is running at 1000 rpm. The outlet
vane angle of the impeller is 45° and velocity of flow at outlet is

2.5 m/sec. The discharge through the pump is 200 lit/sec when the
pump is working against a total head of 20 m. If the manometnc
efficiency of the pump is 80 %, determine :

i. Diameter of the impeller (outside diameter).

ii. Width of the impeller at outlet. | AKTU 2015-16, Marks 09'

' Given: Speed,N - 10001, rpm ut’fﬁﬁsﬁzmgle%'

 Velocity of flow at outlet, V. =25
Discharge, @ =200 lxtres/sec 0.2
/. Manometric efficiency, n. =80%=0.80 =
- To Find:ADiax_{xg@ef_ofnnpgller vidth of impeller -

(v )

1. From outlet velocity triangle, we have

tan¢=—&—:>tan45°=—2'—5——:v = (u, — 2.5) (4.27.1)
Uy~ Vy, Uy v, w20 R
2. Manometric efficiency is given by, .
_ gH, 9.81x 20
M= 22 50,80 = 2:21% 20 - ;
Vi, Ug Vi, U =V, U, =245.25 ..(4.212)

Substituting the value of A\ from eq.(4.27.1) in (4.27. 2), we get
(u, - 2.5)u, = 245.25
-2, 5u — 245, 25 0
u, = 16.96 m/sec

I P H i S

. impeller is constant and is equal is 2.5 m/sec.

4-34 B (CE-8em-4)

—
4 D;ameter of lmPW
as,
We know that, u, = —‘_ = 1696 