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Energy Depth
Relationship
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3.1 Specific Energy

Specific energy is the total energy at a section w.r.t.
the channel bed as datum and is expressed as summation of
flow depth and velocity head.

2
E=y+ oc~V—
29
. . . Channel bed
where o = Kinetic energy correction factor
Since, channel flow will always be turbulent flow and for turbulent K.E correction factor is approximately
unity.
= 29 L
e Specific energy at section 1-1, %9 | v; Energy line
0 \g\ 2g
_ ME ¥ . ™ Water surface
E1 =¥+ 2g _— Q Yo
Specific energy at section 2-2, z, Channel bed
2 %2
f .

For uniform flow, specific energy will be constant.

For varied flow specific energy may either increase or decrease in the direction of flow. But total
energy will always decrease in the direction of flow.

e Forfrictionless and horizontal channel specific energy will be constant.

3.1.1 Relationship between Specific Energy and Depth of Flow Specific Energy Curve

Itis a plot between the specific energy on abscissa (x-axis) and depth of flow on ordinate (y-axis).
e Consider arectangular channel having bed width ‘B’ and depth of flow y.

v _
V2 Q2 =
E=y+—=y+ 5
29 2gA y
Q2
E=y+—55 -(1) . .
ZQB y I B 1

If y—>0,E>o
Yoo, Eoy
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The curve obtained is valid for one particular discharge as discharge increases the curve shifts to the
right.
The curve would be different for different cross-section however its nature would be same.
From equation (1)
Q2
" 2g.82)2
The specific energy depth relationship is cubic in nature hence, we get ‘3’ (three) value of depth for a
particular given discharge one of them is negative and other two are positive, these two positive

depths of flow y, and y, are called alternate depth of flow one of that depth (y,) is corresponding to
subcritical flow and other (y,) is corresponding to supercritical flow.

E=y

The depth of flow obtained at the tip of curve is

called critical depth of flow and the corresponding g ,
energy is called critical specific energy. / Q= constant
Y. ¥ — Alternate depth
E, - Critical specific energy Al Ry
y, — Critical depth P
Hence, minimum specific energy (E,) for a particular }}Z :::::: .
discharge 'Q’ corresponds to the critical state of P
flow. Hence at the critical state of flow the two “ E, E o

alternate depths apparent becomes one, which is
known as critical depth (y,.).

2
As, E=y+

2gA2
For E to be minimum at constant ‘Q’

dE
ay
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= Now, =1

F=1

For any channel (condition for critical state of flow)

Thus, when the specific energy is minimum for a given discharge flow will be critical flow and depth
of flow will be called as critical depth of flow (y,,) and velocity of flow will be called as critical velocity.

Wheny >y V<V,
= Subcritical flow
y<ys V>V,

= Supercritical flow

02
2g A®

Also, E=y+

Q=29A(E-y) ..(1)

.
.
.
Y <
___________
c ’
.
’

Subcritical flow (y > y,)

Superecritical flow (y < y,)

For a given E, (specific energy) Qis maximum when

aQ
E
- a
ady
dA
A +2A-ZZ(E-y) =0
dy( Y)
From equation (1)
Q2
(E-y) =
Y 2gA2
Put this value in equation (2)
2
_2eoaT Y o
2gA2
2
O—Z =1 Condition for critical flow
gA

. Also we can say that for a given specific energy discharge is maximum, flow will be critical flow.
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A NOTE >
=
é:
Z QT

gAd

= 1 is a condition for critical state of flow such that

(a) for a given discharge, specific energy is minimum.

(b) for a given specific energy, discharge is maximum.

3.1.2 Computation of Critical Depth
1. Rectangular channel:

At y =Y, Vi
QT _ =
gA®

@B .
g-(Bxy,)® 5
@B _ s
3 C
9B
2
Q _yo
g% °°
2
T _ p(q-8
> 1/3
yc ] [q_]
g
Critical specific energy:
Q? .
E. =Y+ 5 ; for critical flow
29A
T _
S
= & _A
grz T
A
E,6 = yc+§ — for any channel
ForaR.C E =y +%=y + e
(o] C 2'B C 2
3
Ec = Eyc
v, = \/g'yc

Ye
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2. Triangular channel:

027- ; . T=2zy,
.
@-zy,) _,
g-(z5)
oo 2@
c g22
1/5
(e
Cc QZZ
E = Y -I-i =Y Zyg = +y_c
e = Vel or T T oxozy, TV
5
Ec = Zyc

NOTE: Section factor (2): It is a function of depth ‘y’ for a given channel geometry.

z = AD

- E I Example - 3.1 The term ‘alternate depth’ in an open channel flow refers to the

(a) Depths having the same specific energy for a given discharge.
(b) Depth before and after the passage of surgue.

(c) Depths having same kinetic energy for a given discharge.

(d) Depths on either side of hydraulic jump.

Ans. (a)

-j Example-3.2 In a rectangular channel, the ratio of the specific energy at critical depth
(E,) to critical depth (y,) is

(a) 2.0 (b) 1.0
(c) 1.5 (d) 1.25
Ans. (c)
We know that for a rectangular channel,
3

Ec = Eyc

Eo = §=1.5

Ye 2

-j Example - 3.3 Which of the following represents the critical velocity for the discharge
per unit width of g(m3/s/m) from the wide rectangular channel



1/3
(a) (3)
g
(c) (gg)'?

Ans. (b)
Critical velocity

For rectangular channel
We know that
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(b) (qg)'®

(d) None of these

Vc = \39Yc

5 \I3
V, = 9-(%] = J(gg/?®
— (gq)2/3 x1/2 _ (qg)1/3
V, = (qg)"®

EI Example - 3.4 Which of the following expression represents the critical state of flow in

non-rectangular channel?

w - i1/3
‘g

Q3 ~ A2
(c) ?— T
Ans. (b)

2 3

(b) Q_A
g

Q> A

@ =%

- j Example-3.5 What is the specific energy (m-kg/kg) for 1 m depth of flow having velocity

of 3 m/s?

(a) 0.54
(c) 5

Ans. (b)
We know that

Specific energy,

E=y+

(b) 1.46
(d) 7.62

V—2 =1+ ®°

2g 2x9.81

=1.458 ~ 1.46m

- j Example-3.6 If the froude number of flow in a rectangular channel at a depth of flow of
Y, is Fy, then what is y_/y, equal to?

(a) Fg/S
(c) F5"

(b) S’
(d) F61/2
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