=3
.

Hydraulic Grade Line (HGL) and Energy Grade Line (EGL)
* The difference between the heights of EGL and HGL is equal to the dynamic head, V */2¢.
* For stationary bodies such as reservoirs or lakes, the EGL and HGL coincide with the free surface of the liquid.

These two curves approach each other as the velocity decreases, and they diverge as the velocity increases.

In an idealized Bernoulli-type flow, EGL is horizontal and its height remains constant, This would also be the
case for HGL when the flow velocity is constant.

For open-channel flow, the HGL coincides with the free surface of the liquid, and the EGL is a distance V*/2g

above the free surface.

And okay, we are not discussing about open channel flow heads, but in case of open channel
flow, the hydraulic gradient lines coincides with the free surface of the liquid okay. Because
there is no pressure head. So, whatever the water surface free surface, that what will be
hydraulic gradient line and the energy gradient lines will have a included the velocity head

above the free surface. That means, if you consider a open channel flow, this is the free surface.

This free surface will be representing us hydraulic gradient line and V?/2g of this, adding this
velocity head, will get energy gradient line, okay, in case of open channel flow because there
is no pressure head. But in case of the pipes, we can have a piezometer to measure it, what
could be the hydraulic gradient lines. Energy gradient line to measure it we need to have a
pitot tube to compute what will be these things.

(Refer Slide Time: 35:17)

Hydraulic Grade Line (HGL) and Energy Grade Line (EGL)
At a pipe exit, the pressure head is zero (atmospheric pressure) and thus the HGL coincides with the pipe outlet.

I'he mechanical energy loss due to frictional effects (conversion to thermal energy) causes the EGL and HGL to
slope downward in the direction of flow.

The gage pressure of a fluid is zero at locations where the HGL intersects the fluid.

The pressure in a flow section that lies above the HGL is negative, and the pressure in a section that lies below
the HGL 1s posttive
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Now very basic things we should understand it, whenever a pipe exit, that means flow is going
out. The pressure head becomes atmospheric pressure, no doubt about that. And that is the
reason, the hydraulic gradient lines coincidence with the pipe outlet. So, when the pressure
head becomes zero, that is what we said it, in case of open channel flow, when there is no

pressure, 1s pressure is atmospheric pressure, that the surface becomes hydraulic gradient line.

Exactly same way, when you exiting, a pipe is exiting the flow to the atmosphere, that means
your hydraulic gradient line should coincidence with the pipe outlet. Mechanical energy losses
due to the frictional effects, which is converting from thermal energy, the causes the energy
gradient line, hydraulic gradient line, to a slope downwards in the directions of the flow, that
is what I try to explaining to you. That there will be energy losses whenever you have the flow

systems, okay.

So, there will be a slow downward 1n the direction of flow of energy gradient line and also the
hydraulic gradient lines. But energy gradient lines should have this, but sometimes maybe
hydraulic gradient may not have the slope downward in direction of the flow. The gauge
pressure of the 1s zero at the locations when the hydraulic gradient line intersect the fluids. The

same things I think we are repeating it whatever we have said it in the first point.

This is the same point what we are talking about here, that it happens it, if there is a gauge
pressure, okay. Pressures in a flow sections lies above the hydraulic gradient line is negative.
Pressure in a section when the lies below the hydraulic gradient line is positive and the negative
that is the difference what we get it. Pressure in a flow section that lies above the hydraulic
gradient line is negative and pressure in a section that lies below the hydraulic gradient line

will be the positive value.
So whenever will solve the pipe flow problems, will show it how the pressure it changes

negative to positive directions in respect to the hydraulic gradient line.

(Refer Slide Time: 37:48)
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MECHANICAL ENERGY.

* Mechanical Energy is defined as the form of energy that can be
converted to mechanical work completely and directly by an ideal
mechanical device such as an ideal turbine.

* Pump: It transfers mechanical energy to a fluid by raising its pressure,

* Turbine: It extracts mechanical energy from a fluid by dropping its

pressure,

* Pressure itself is not a form of energy; rather, it can be thought of as a
measure of stored potential energy (flow energy) per unit volume,

The mechanical energy of a flowing fluid can be expressed on a unit-

mass basis as;

+ l)‘.'.- Z )

mechanical energy change

Now, let us consider is the problems when we generally use as a engineer having a pump and
turbine systems. As you know it, the pump is transfer from mechanical energy to fluid by
rising pressures, okay. Transfer the mechanical energy to a fluid. So, fluid gains the energy
because of the pumping systems by rising its pressures, that is the. Similar way, the turbine
does opposite things, that it takes out or extract the mechanical energy from the fluid by

dropping it pressure.

So, this 1s what the (()) (38:27) turbine. So, when you have a flow systems and a pipe network
of your campus, you can see there is a series of pumps are there to increase the energy in the
flow systems, the mechanical energy in the flow systems. And the turbines are there wherever
you have a hydropower projects. So you need to have a turbine, they extract the energy from
the flow systems by dropping its pressures. So increasing the pressure and dropping the

pressure.

Pressure itself is not a form of energy as we all say that, it is just a flow energy or storage
potential energy per unit volume that is the pressures. So, if I look it this, again coming back
to the Bernoulli equations, I have the three terms which will be define us as an energy term,
okay. And if I have a two points, I am differentiating between these two energy, the difference
part will show me the net energy difference will come it. That means, for example, I have a

these systems.

There i1s a dam, the reservoir, water is going through a turbine and generators, coming out at

the three, then it is related to the tail end reservoir. So, we have upstream reservoir, I have a
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tail end reservoir, there is a connections between the pipes and in between, I have the turbines
and the generators. If you look it, if I take a flow streamlines, assuming the flow is comes like
this and coming to this point, okay. So, I can find out what is the mechanical energy difference

between these two part, just differentiating this energy at the one end flow level locations.

P V2
emech=;+7+gz
P, — P V2 —VZ2
Aepech = 2P 1+ : 2 : +g(Zz—Zl)

Similar way, two and three locations we can find out. And this is a very simple pumping
arrangement you can know it that we use a pumping to enhance the mechanical energy in the
fluid flow systems by rising its pressures and because of that we have a lifting the waters in a
water head tank as you know it.

(Refer Slide Time: 40:43)

* The transfer of mechanical energy is usually accomplished by a rotating
shaft, and thus mechanical work is often referred to as shaft work.

Pump: It receives shaft work (usually from an electric motor) and
transfers it to the fluid as mechanical energy (less frictional losses).

[urbine: It converts the mechanical energy of a fluid to shaft work.

Mechanical energy of a fluid does not change during flow if its pressure,
density, velocity, and elevation remains constant,

* The maximum (ideal) power generated by a turbine is

"

max

= Mdemacy = MY(2y = 2,) = mgh || Woax =

since Py = P, = Pymand Vy, =V, = 0

atm |

This mechanical energy what we get it and if [ multiply with a mass rate, I will get the work
done part, okay. How much of work done we are getting it or how much power we are getting
it, maximum ideal power generated by turbines will be m dash and the energy part, mass flux
part which we will be talk about work per unit time is the power. So, basically, we are looking
for the power part, which will be, since this energy per unit mass, so we have multiplied with

the mass rate to find out what will be the power will be there.

For example, if [ take it the same problems, I need to know it what is the maximum ideal power

generated by this turbine. Assuming it that all are 100% efficient systems that maximum power
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generated from these one and two four points. As you know it, the pressure at these two points
will be atmospheric pressures and both are the same. The velocity at one and four, the velocity
becomes zero, only this elevations difference, the potential difference what will be get it, that
what i1s maximum ideal power generate by the turbine, okay.

Winax = Mlemecn, = mg(z; — 24) = mgh

since P, = P, = Pyypand V; =V, = 0

p p

since V, =V; and 2z, = z3

, . . (P,—P3) AP
Whax = Mlepecp =mg——— =

But if I consider the two and three, this before turbine and after turbine. At that locations, I
haveal, = V3 and z, = z3. Substitute this value, I will get it the power generated by the
turbine will have a mass flux and AP, the pressure difference between P, and P by the p value.

So, these are very simple calculations, you can do it.

(Refer Slide Time: 42:44)

-

=

EN = -
MECHANICAL EFFICIENCY

* Mechanical energy cannot be converted entirely from one mechanical form to another due to, and the
mechanical efficiency of a device or process is defined as:

Mechanical energy output — Eypon out

Nmech = S s

Mechanicalenergy iput — Eoch in e htn

Useful
Pumping
Mechanical power increase of the fluid ~ AEmech W, Power
i powe . 2 i mech, fluid _ Y pump, u

M= : : : = —
FATE Mechanical power input W
shaft,in

* Pump Efficiency:

* Turbine Efficiency:

Mechanical power output
Murbine = n T AT
WOME T Mechanical power decrease of the fluid \E

| mech ]l‘.'lxl|

. . .
|Abmmh (Iuid' = bmmh,m 2 hmr’x.iuuu[

Now, whenever we have a system, there is energy losses. We cannot convert total mechanical
energy entirely from mechanical pump or pump. There will be some heat energy losses, the
sound energy losses, will have the energy losses from that. Because of that, there is an
efficiency looped to that.

Mechanical energy output  Epecn, out

Nmecn = - m——— =1-
mech ™ Mechanical energy input Erech, in Erech, in

Emech, loss
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If efficiency equal to 1, that means whatever input that what we get the output. Like we are
quantifying what is the mechanical efficiency of the systems. If mechanical energy input and

output, the ratio, that i1s what is efficiency of that.

Or in terms of loss, we can also quantify it, like this, very simple. Similar way, pump efficiency

and the turbine efficiency, input and output.

Mechanical power increase of the fluid B AEmech, fluid _ Woump, u

Wsha ft,in vaump

Npump = Mechanical power input

AEmech, fluid — Emech, out — Emech, in
The ratio is between output to input, that is what is the efficiency of the pump or the turbine.
The mechanical power increases of the fluid, by mechanical power input, turbine mechanical
power output by mechanical power decreased by of the fluid. That is what will gives the

turbine, the efficiency of the turbine systems.

Mechanical power output _ Wsnartout  Wiwrbine

Teurbine = o chanical power decrease of the fluid

|AEmech, fluid | Wturbine, e

|AEmech, fluidl — Emech, in — Emech, out

And these are the basic powers, in terms of powers also we have defined them as a efficiency
components.

(Refer Slide Time: 43:59)

MECHANICAL EFFICIENCY

* Motor Efficiency:

.
Mechanical power output  Wenare ot

Nmotor = . : .
RO Electric power input W

elect, In
* Generator Efficiency:

Electricpower output ~ Weyeer, our

Ngenerator = ——————— =
lgenerator Mechanical power input W
Wshaft, in
* Combined or overall efficiency:
”.’Ill’(‘!“:f» generator = ”“1."171“1(' ”lll'lll"ﬂ[v"-“ 3 .

I!,’-‘U«‘H;‘ motor =

Similar way, you can have a motor efficiency and the generator efficiency. Electrical power
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input for the motors, what is the mechanical power output. Motor generates from electric to
the mechanical power. That is the reasons you have a input is electrical power, output is

mechanical power. That ratio we get it.

Mechanical power output  Wenare out

nmotor -

Electric power input
p p Welect, in

Similar way, generators we have the mechanical power to electrical, but when you have a
combined systems, pump on motors, then you have a efficiency of the both the systems you

have to input.

Electric power output Welect, out

ngenerator -

Mechanical power input Wh o
snajt,in

Pump and the motors, that is what we will define it. Similar way, if you have a turbine and
generator, you have efficiency up to the things which are independent, you need to know the
combined efficiency, that means you have to have a multiplication factor for that and that what

1s given here.

. . ]/Vpump,u . Emech, fluid
Npump—-motor = Npump-Nmotor = = — e
Welect, in Welect, in
_ _ Welect, out Welect, out
77turbine—generator - nturbine-ngenerator — e -

Wturbine, e |AEmech, fluidl
Now let us come it to the example problems, okay, which are GATE and engineering service
problems.

(Refer Slide Time: 45:00)

Example |

A constriction in a pipe will cause the velocity to rise and the pressure to fall at section2 in the throat. The
pressure difference is a measure of the flow rate through the pipe. The smoothly necked-down system shown in
figure is called a venture tube. Find an expression for the mass flux in the tube as a function of the pressure
change

Flow classification

One dimensional

Incompressible flow
Steady flow
Frictionless flow

Control Volume

Fixed control volume

Assumption

flow along a streamline ; control volume
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These are very easy problems, here we will apply mass conservations and Bernoulli equations,
that is all. We are not going to do much here. Mass conservations and the Bernoulli equation
what will be use it. But I always encourage you gauge the control volumes as well as draw
streamlines. After the drawing the streamlines, the apply the Bernoulli equation for the two
points, okay. That to be looked it this part and always highlight it, what are the assumptions
behind that.

[A constriction in a pipe will cause the velocity to rise and the pressure to fall at section2 in
the throat. The pressure difference is a measure of the flow rate through the pipe. The smoothly
necked-down system shown in figure is called a venture tube. Find an expression for the mass

flux in the tube as a function of the pressure change |

What are the assumptions you have put it, that should be highlighted before solving any fluid
flow problems. Now, look at this example one, which is a constrict in a pipe will cause the
velocity to rise it definitely. Okay, there are, just like a venturimeter, here there is a converging
zones and the diverging zone, okay. And because it is converging zones, the velocities to rises,
pressure to be fall it. That is what we know it very beginning of Bernoulli equations.
Flow classification:

One dimensional

Incompressible flow Steady flow

Frictionless flow

The pressure difference is a measured of flow rate through the pipe. The smooth neck down
system shown in the figure is called venturi tube. Find an expression for the mass flux in the
tube as a function of the pressure and the pressure change, which is very simple things. Will
just highlight it how to use mass conservation equation and Bernoulli equations. Now, let us
gauge it, what are the flow classifications. Here we can assume it one dimensional flow

because incompressible, steady and frictionless.

That 1s what is our strength is, because we are directly applying the Bernoulli equations as there
1s no energy loss component, we are not including that. Fixed control volumes and we need to
apply this Bernoulli equations along a streamline. The streamlines could be like this. There
will be converging zones and the diverging zones, streamlines will be the converging and the

diverging. Or you put the virtual fluid balls you can have the track of the flow path.
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The path lines of the virtual fluid balls also could be like this, okay. They will converge it,
more or less parallel in these regions. So, there will be no curvatures of streamlines in this
regions. Then they will be the divergence on the streamlines, okay. So that the flow structures
what we get it in venturi tube.

(Refer Slide Time: 47:47)

Example |

Pressure Distribution

different Pressures at both section

Veloeity Distribution

Considering average velocity Vi,

y Lonservation

I} + 7, = const along a streamline

And we need to compute it in terms of average velocities. So, we are not considering is
turbulent or laminar velocity things. We are not putting any kinetic energy correction factors,
which supposed to be done it, but in this case we have not done it. We just apply the mass
conservations and the Bernoulli equations assuming that there is a uniform flow distribution, it
does not happen like that. We use the average velocity here.

AV, = AV,

1
P +—VE+z = P2 + —V} + z, = const along a streamline
pg 29 P9 29

(Refer Slide Time: 48:19)
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Example |

[f the tube is horizontal z, =z,

R
Vi =V = e o=p=p
!

From continuity equation

A -)A.lp »
2= - =)

]

In practical we measure  Myepyar = Co Mideat

And applying this, as the tube is horizontal, z1 = z2, you can write in terms of velocity
difference in terms of pressure and you apply the continuity equations to get it V2 in terms of
pressure difference and the beta which the ratio between the d2 and dl, representing the
diameters and the sections 2 and the diameter at the sections 1, respectively. That is what we
will get it and finally, the mass flux will be rho AV, rho AV. So, area at the sections 2 you
know it, V2 you know it, then we can compute it what will be the mass flux.

If the tube is horizontal z1 =z

Vi—VE = 2A_p
p
Ap =p1 — P2
From continuity equation
V= .BZVZ
D,
2
24p 1/2
i [p(l - B
1/2
m = pA,V, = A, ( f’i A[i)

In practical we measure

Mactual = CaMideal

But please remember, as we have not considered energy losses, we need to incorporate a Cd

value, which is the coefficient of discharge to these computations to find out what will be the
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actual value. This is what 1s m dot theoretical value. And this Cd comes from experimental
study. The Cd comes from the experimental study.
(Refer Slide Time: 49:37)

Example 2

A body moving through still water at 6m/s produces a water velocity of 4m/s at a point Im ahead. The
difference in pressure between the nose and the point Im ahead would be:

Flow classification
One dimensional
Incompressible flow
Steady flow
Frictionless flow
[rrotational
[nviscid

Control Volume
Moving control volume

Let us have another examples very, interesting examples that a body is moving with a still
waters of 6 meter per second produces water velocity 4 meter per second at 1 meter ahead.
That means there is a distance between these two points is 1 meters, this is what 6 meter per
second, the flow is, there is a reservoir type of conditions where the still waters are there and
the velocity at this point is 4 meter per seconds.
[A body moving through still water at 6m/s produces a water velocity of 4m/s at a point 1m
ahead. The difference in pressure between the nose and the point 1m ahead would be:]
Flow classification:

One dimensional

Incompressible flow Steady flow

Frictionless flow

[rrotational

Inviscid
Now, we have to compute it, what could be the pressure difference between the nose and the
point 1 meter ahead could be. So, we can assume, draw the streamlines, which is passing
through this point 1 and point 2, incompressible flow, steady, frictionless, irrotational, inviscid,
okay. It is a moving control volume, but we are not looking it as a moving control volume, we

are just looking the pressure difference, we are not looking at the mass fluxes here.

So, we will just apply the Bernoulli equation between one and two, because they are at the
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same horizontal levels.

(Refer Slide Time: 50:50)

Example 2

Applying Bemnoulli's equation between point ‘1" and point 2,

poow L) P v
w0ttt = e

we gel

_1000, -
Py~ P2 = —— (=20) = -1000 N/m

The z1 = z2 only will have the pressure difference will be equate with the pressure head is
equate with the velocity head. And by substituting the pressures and the velocity, we will get
it what will be pressure difference. It is very simple problems, but only you have to visualize
the problems, how it looks like this. We have to sketch for that.

Z, = Z, assumed

Applying Bernoulli's equation between point ‘1° and point ‘2° , we get :

2 2
P1 Vi P2 V3
— 4+ —+z=—+-"+
pg 29 ' pg 29 °?
p=p,_vi-vi_ 4 -6
Pg 29 29
pl - pz _ 16 - 36
pPg 29

P — P2 = 5= (—20) = —1000 N/m?

(Refer Slide Time: 51:17)
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Example 3
Venturimeter having a diameter of 7.5 em at the thioat and |5 em at the enlarge end is installed in horizontal
pipeline of 15 cm diameter. Rate of fluid in pipe is 30 lit/sec. The difference of pressure head measured between
enlarged and the throat is 2.45 m. Find coefficient of discharge of venturimeter,
(GATE 2014 CE Set I)
‘low classilication

One dimensional

Incompressible flow
Steady flow
Frictionless flow
[rrotational

Inviscid

Control Volume
Fixed control volume

Assumption

flow along a streamline

Third problems, which is very easy. The similar way as we discuss for the venturimeter
problems in example one, where in this, this is the GATE 2014 questions, where we have a
venturimeter having a diameter 7.5 centimeters at the throat levels and 15 centimeter at enlarge
is installed in a horizontal pipelines of 15 centimeter dia. Rate of the fluid pipe flow is 30 liters
per second. The difference of presser head measure between the enlarged and the throat
locations 1s 2.45 meters. Find the coefficient of discharge of venturimeters.
[ Venturimeter having a diameter of 7.5 cm at the throat and 15 cm at the enlarge end is installed
in horizontal pipeline of 15 cm diameter. Rate of fluid in pipe is 30 lit/sec. The difference of
pressure head measured between enlarged and the throat is 2.45 m. Find coefficient of
discharge of venturimeter. ]
Flow classification:

One dimensional

Incompressible flow Steady flow

Frictionless flow

[rrotational

Inviscid
If you look at this problems, we already discussed in example one, the same problems only,
the numerical values are given for us to solve it. So, I will not take much time for this, only
you can see the same streamline you have to draw it and you apply mass conservation equations
and the Bernoulli equations to solve it to find out because here, the actual discharge is given to
us, we have to compute theoretical discharge. Once you know this theoretical discharge, you

can compute the coefficient of discharge.

(Refer Slide Time: 52:35)
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Example 3

[f the tube is horizontal z, =z,

R e g -y

29 3 control

| (g2 volume

Given:
In practical we measure . = ¢,0ppes = 30 lit/sec
15 em
g = 095 5 = 7.5¢cm
30 lit/sec = 30 % 10~ m¥s

AV, = A,V, = Qtheoritical

'Z—; + % Vi+z = 5—; EVZZ + z, = const along a streamline
Given:
di = 15 cm
d2 = 7.5 cm
Qact = 30 lit/sec = 30 x 107 m¥/s

If the tube is horizontal z1 =2z

Pr—P2 _ v — v?

P9 29
1 2 2
2.45 = 4 > — QZ
29\4; Aj

2.45A% A%

Qrheoritical = m X g
In practical we measure
Quctual = €aQtheo = 30 lit/SeC
Ca = 0.95

So, this is a very simple things. Again, we are putting the mass conservations equations and
the Bernoulli equations, which is a energy conservation equations and by just putting the
substituting these will get a theoretical discharge and we will get the actual discharge you know

it, so you will get the Cd value, which comes out with 0.95.
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(Refer Slide Time: 52:58)

Example 4

The sudden enlargement of a water pipeline from 200 mm to 400 mm. The hydraulic gradient rises by 10 mm.
Estimate the discharge in the pipe.

OW classitication
One dimensional
Incompressible flow
Steady flow
Frictionless flow
[rrotational
Inviscid

Control Volume

Fixed control volume

Assumption:

flow along a streamline control volume

Another problems, we are very interesting problem, here there is sudden enlargement of
pipeline from 200 millimeter to 400 millimeters. The hydraulic gradient raises by 10 mm okay.
It 1s just given, their hydraulic gradient lines has increased by 10 mm. Then, we can estimate
what will be the discharge in the pipe. So, again we will apply same mass conservation
equation and the energy conservation equations around the streamlines. You can see that
mostly the streamlines will have a divergent.
[The sudden enlargement of a water pipeline from 200 mm to 400 mm. The hydraulic gradient
rises by 10 mm. Estimate the discharge in the pipe.]
Flow classification:

One dimensional

Incompressible flow Steady flow

Frictionless flow

Irrotational

Inviscid
And there will be energy distributions on these systems, but let us, we do not know how much
of energy distribution, but we know it from data, there is the hydraulic gradient rise by the 10
mm.

(Refer Slide Time: 53:54)
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Pressure Distribution

different Pressures at both section

Veloeity Distribution

Considering average velocity vu\‘g

control volume

Given:

200 mm
400 mm

So, you have a mass conservations equations and considering the average velocity not
considering kinetic energy correction factors, so you can know it. This mass conservations
equations as you know it, A, V; = A,V,

n 2 n 2
Zlel - ZdZVZ

Given:
d+ = 200 mm
d> = 400 mm

Vl - 4‘V2
substituting this diameter we can get it the relationship between V1 and the V2.
(Refer Slide Time: 54:17)

Example 4

Bernoull equatio

ly + 2, = const along a streamline

-
o) o
A4 Given:

, 1l 1c oradie )
6 12 |0'mm hydraulic gradient rise cantrol voltme

0.01m =

V, =4V, from conlinuity cquation

20

v, = 0.1808 m/s

Discharge

Q = Ay, =0.0227 m3/sec

And then if I substitutes the Bernoulli equations, okay, along this constant lines. So basically

if you look it, these two head, the pressure head and the z1 z2 is not given to us, but that is what
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will be reflect in terms of piezometric head.

P1 1 P2 .
il _Vz = — —Vz = t l t l
Py + Zg 1 + Z4 g Zg 2 + Zy const atong a streamitine
2 2
P~ P2 _ v-vf
pg + (Zl ZZ) - zg

That is what 1s given the difference between the piezometric head is 0.01 meters. So we are
substituting directly on that. We know this, the velocity and their relationship, we can compute
the velocity. And once you know the velocity, we can compute the discharge. Given:
10 mm hydraulic gradient rises
6 v?
29
v2 = 0.1808 m/s
Q = A2v2 =0.0227 m3/sec

0.01m =

So this way, it is very easy problems, only you have to look it, it has given the hydraulic
gradient rise, that means it is representing us the pressure head and the elevations head. These
two are we are including it when you put the two piezometers, what will be the raise, because
of that, that is what we have of 10 mm hydraulic gradient raise and that is what we have
substitutes.

(Refer Slide Time: 55:30)

Our sense of balance:

The ear is a sensory organ that uses sound Semicirculas “'A:';no,
waves, allowing us to hear, Ear canal Lateral

Middie ear Poseir |}
Essential to our sense of balance: the organ ioner our {

3 : . | nefve
of balance (the vestibular system) found

Cochlear

inside the inner ear. PR BAE s Py nerve

Whenever turning head, the inner ear turns
along with it. But it takes a very brief
movement of the fluid in the semicircular
canals and sends signal to the brain.

Ear bones (ossicles)

*Source: https://www.ncbi.nlm.nih.gov/books/NBK279394

Let me conclude this lectures with the sense of balance of a organ systems. If you know it,

many of, we know it this ears is for the acoustic sound waves. That is the reasons we can hear
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it. And whatever I am speaking you can hear because of the ear, which i1s sensory organ to
uses the sound waves allow us to hear it. But this ear also have a composition organ of balance

inside the ear, which gives up the sense of balance.

Like, if I tilt 1t, I can get it from my brain, I am tilting it, okay. That is what the sense of
balance. I'm not going to talk much details, but I am just telling you that the nature has given
so beautiful arrangement of our body structures and the brain, which we cannot replicate it and
this 1s what it happens all in the fluid flow sensorial organ systems. So, that way, we look it
very smaller components what we teach in the fluid mechanics, but the human body 1is the
structure still give us lot of lessons to be learnt about the fluid, about the sensing organs and
all.

(Refer Slide Time: 56:56)

Summary of the Lecture |

3 o
1. Kinetic Energy Correction factor = : j ( ") i .
& 1

/'/’-

i — av

2. Static, Dynamic a 1};»“_\.‘55:;; nation F’Nil_:r»:
f VZ

‘.\ P+p 7 + pgz\F Total Pressure

3. Hvdraulic and Energy Grade Lines e e '
[ -I Nergy Lra n ] H chanica F"l"l;f,'_\":}‘\l.] FH ier
vz i 72 y
—+—+ 2z = H = const along streamline P,=P, Vi=V
pg 29 depoen = ——+ +9(z,-2)
21X ;2
\\\x Mmeche Mpump: Niurbines Mmotor: and Ngenerator
\ Gl
/"

(e

And that is the same things and this times we talk about the kinetic energy corrections factors,
how we need to be compute when you have the velocity distributions is uniform. And we also
seen Bernoulli equations, we can represent it in terms of the pressures, static pressures, dynamic

pressures and hydrostatic pressures and two of the components that can represent us the

—1j(u)3d/1
“=al\y,

stagnation pressures.
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P+ P + pgz = Total Pressure
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— + — + z = H = const along streamline
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Pz - P1 sz - V12
Aemech = P + 2 + g(Zz —z1)

And we also discussed about the hydraulic gradient line and the energy gradient lines and the

mechanical energy and the efficiency. With this, let us thank you all for this presence here.
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