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» 11.5 HYDRAULIC GRADIENT AND TOTAL ENERGY LINE

The concept of hydraolle gradient line and total encrgy line is very usclul in the study of Mow of
Muids through pipes. They are delined as :

11.5.1 Hydraulic Gradient Line. [tis defined as the line which gives the sum of pressure head

[£J and dawm head (2) of a Mowing Nuid in a pipe with respect 10 some reference line or it is the line
W

which is abtained by joining the top of all vertical ondinates, showing the pressure head (pfw) of a
Mowing fluid in a pipe fram the centre of the pipe. [t is briefly written as H.GLL. (Hydraulic Gradient

Line).

11,5.2 Total Energy Line. 11 is defined as the line which gives the sum of pressure head, datum
head and kinetic head of a flowing Aukd in a pipe with respect to some reference line. 1 is also defined as
the line which is obtained by joining the tops of all vertical ordinates showing the sum of pressure head
arul kinetle hemd from the centre of the pipe. 11is briefly written as T.E.L, (Total Energy Line).

Problem 11.22 For the problem 11.16, draw the Hydraulic Gradient Line (H.G.L) and Toral
Energy Line (T.E.L.).
Solution. Given :
La50m,d=200mm=02m
H=4m, f=.009
Velocity, V through pipe Is calculated in problem 1116 and jts value Is V= 2.7 m/s
Now, #i, = Head lost ar entrance of pipe

1 |
=[5 L;,M:u.l'?m
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_AxxLxVE_4x0009 %50 x(27M)
dx2g 0.2 x2x98|
{a) Tolal Energy Line ('T.E.L.). Consider three points, A, B and C on the free surface of water in
the tank, at the Inlet of the pipe and a1 the outlet of the pipe respectively as shown In Fig. 1 1.8, Let us
find total encrgy at these points, taking the centre of pipe as reference line,
H

= 3428 m.

. Total energy at A = L+]".— +r2l+Dedll=dm
PR 28
2. Total energy at fi = Toal cnergy A -h,=40-0.19= 38 m
1 l."= - 4
3. Totnlenergy i C= Loy L7 +2. =204+ +0= 21H = (038 m.
pe 2 2 2 x 941

Hence total encrgy line will colnclde with free surface of water In the tank. At the Inlet of the pipe,
it will decrense by h) (= 0.19 m) from free surface and at outlet of pipe otal energy Is 0.38 m. Hence
In Fig. 11.8,

() Point £} represents tolal energy at A

(i) Point E, where DE = i, represenis tolal energy at Inlet of the pipe
(i) Point F, where CF = (138 represents total energy al outlet of pipe.
Join 810 E and £ o F, Then DEF represents the ttal energy line.

() Hydraulle Geadlent Line (FLG.L.). H.G.L, gives the sum of {(pfw + 7) with relference to the

datum-line, Hence hydraulic gradient line s obiained by subtracting :— from total encrgy line. Al
=K

2 ?
outlet of the pipe, tolal energy = l;— Ny subtracting :— from total energy al this poinl, we shall gel
R R

point C, which lles on the centre line of pipe, From C, draw a line CG parallel 1o EF, Then CG
represents the hydraulic gradient line.

Problem 11.23 For the problem [ 1.17, draw the hydraulic gradienr and total energy fine.

Solutlon. Refer 1o problem 11,17,
Cilven: Li=25m, d;=0.15m
Ly=15mdy=03m, f=.0l,H=8m
The velocity V, as calculated In problem 11,17 Is
Vo= LI mis
VisdVy=d x 1113 = 4452 m/s

0.5 x Y _ 05x44s2’

= (.
28 2x098]| 0 m

The various head losses are A =

_ AL x Vi 4x01x25x(4.452)°
AT %2y 0.1%5%2 x981

=673 m

y o =) _as2 -y’

= 0568 m
‘ 2e 2 % 9.81




Ax flyxVi  4x.01x15%(L113)
=

'ﬁf: = =0.026m
dyx2g 03x2x981

1 1

n‘l.,:lﬁ—-n L1 = 0.063 m
2y 2x981
4452

Also v, 0
e Ty T

Tutul Energy Line
(Y Point A lies on free surface of waler,
(if) Take Al =M, =05m,.

(4} From B, draw a horizontal line, Take BL equal to the length of pipe, Le., L,. From L draw a
vertical line downward.

(v Cut the line LC = hf. = (.73 m.

(v} Join the point 8 10 C. From C, 1ake a line CD vertically downward equal 1o A, = 0.568 m.

{vl) From D, draw DM horizontal and from point F which is lying on the centre of the pipe, draw a
vertical line in the upward direction, meeting at M. From M, take a distance ME= &, =0.126.

Join DE.
Then line ABCDE represents the 1otal energy line.

Hydraulic Gradlent Line (I1.G.L.)

:
() From B, take BG = %1— = 1.0m.
g

(i} Draw the line GH parallel to the line BC.
{(fii) From F, draw a line FI paralicl to the line ED.
{iv) Join the point /f and I,
Then the line GFIF represents the hydraulie gradient line {(H.G.L.).
Problem 11.24  For Froblem [1.18, draw the hydraulic gradienr and rotal energy line.
Solution. Refer to Problem 11.18,
Given: d=30mm=03m
L =400 m, () = 300 litres/s = 0.3 mYs
f= .08



Let H, =50 m. But H, - H, = 40.537 m (Calculated in Problem 11.18)
Hy =350 -40.537 = 9463 m.
The calculated Josses are ;
() h;=0459m (i) by, =39.16 m
(i) b, =0918m
{z) T.E.L.
(i1 Point A is on the free surface of water in 15t 1ank. From A, take AR = b, = 0,459 m.
(i7) Draw a horizonial line BF, Take BF equal 1o the length of pipe. From F, draw a2 vertical line in
the downward direction. Cut FC = hﬂ = 39.16 m.

(4if) Join BC. From C take CD = h;=0.918 m. The point D should coincide with free surface of water
in 2nd tank. Then line ABCD is the wotal energy line.

: A | j,:uasnm

_::_..:_T_ B
E™=

H‘trﬁf
L — _v_ -
—
Fig. 1110
{#) H.G.L.From D, draw a line DE parallel to line BC. Then DE is the H.G.L.
Or
2
From B, take 8E = — = 0.918 m and from E draw a line ED paraliel 1o BC. The point D should

p
2z
colncide with free surface of water in the 2nd tank. Then line ED represcnts the H.G.L.
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17.2.2 Force Exerted by a Jet on Stationary Curved Plate

(A) Jet strikes the curved plate ot the centre, Let a jet of water strikes a fixed curved plate at
the centre ns shown in Fig. 17.3. The jet after siriking the plate, comes out with the same velocity if
the plate is smooth and there is no loss of energy due 10 impact of the jet, in the tangential direction of
the curved plate. The velocity at outlet of the plate can be resolved into two components, one In the
direction of jet and other perpendicular to the direction of the jet.

Component of velocity In the direction of jet = = Vcos 0.

Plg. 17.3  Jel striking a fixed curved plate at centre,

(=ve sign Is taken ns the velocity at outlet is in the opposite direction of the Jet of water coming out
from nozzle).

Component of velocity perpendicular 1o the Jet = V sin 0
Force exerted by the jet in the direction of jet,
F, = Mass per sec x [V, =V5,]
where V|, = Initlal velocity in the direction of jet= V
V,, = Final velocity in the direction of jet =~ Vecos B



F.=paV|V = (= Vcos 0)] = paV[V + V cos 8]
= paV’[l + cos 0] .(17.5)
Similarly, Fy = Mass per sec x [V, - Vy, ]
where V), = Initial velocity in the directionof y =0
V:j,- = Final velocity in the direction of y = V sin 0

F,= paV[0 - V sin 8] = - paV? sin @ ..(17.6)
=ve sign means that force Is acting in the downward direction. In this case the angle of deflection
of the Jet = (180° - @) w176 (A)]

(B) Jet strlkes the curved plate at one end tangen-
tlally when the plate Is symmetrical. Let the jet sirikes
the curved fixed plate at one end tangentially as shown in
Fig. 17.4. Let the curved plate is symmetrical about x-axis.
Then the angle made by the tangents at the two ends of the
plate will be same. ¥

Let V= Velocity of jet of water, Fy

0 = Angle made by jet with x-axis at inlet tip of the '
curved plate.

If the plate Is smooth and loss of energy due to impact is
zero, then the velocity of water at the outlet tip of the
curved plate will be equal 1o V. The forces exerted by the
Jet of water in the directions of x and y are

F. = (massfsec) x [V, - V3]
= paV[V cos B - (- V cos 0)]
paVlV cos B + V cos 6]
2paV? cos 6 W(17.7)
Fy= paVlV), - Vyl Fig. 17.4  fet striking cwrved fixed plate at one end,
=paV[ VsinB8-Vsin@]=0

{C) Jet strikes the curved plate nt one end tangentlally when the plate Is unsymmetrical.
When the curved plate is unsymmetrical about x-axls, then angle made by the tangents drawn at the
inlet and outlet tips of the plate with x-nxis will be different.

Let 8 = angle made by tangent at Inlet tip with x-axis,

$ = angle made by tangent at outlet tip with x-axis.
The two components of the velochy at Inlet are
Vie=Vcos Band V,, = Vsin 0
The two components of the velocity at outlet are
Vae= = Vcos ¢ and Vo = Vsin ¢

VEind

The forces exerted by the jet of water in the directions of x and 8 a
F.=paVlV|, - Vy,] = paV[V cos 8 - (- 33/1129 ¥
= paV[V cos 8 + V cos & | = paV? [cos o+ v gy (17,8,

Fy=paVlVy, - V3| = paV]V sin 0 - Vsin ]
= paV? [sin O - sin 0]. W (17.9)



