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HYDROSTATIC

Hydrostatic is the branch of fluid mechanics that studied about the
fluid at rest where the fluid are at rest or in equilibrium condition. Here the pressure
exerted by liquid at rest.

PROPERTIES OF FLUID &THEIR USES
DENSITY : -

Density is the amount of matter in a given volume and is defined as
mass per unit volume. It is denoted as ‘f’. And it's unit is kg/m® or gm/cm?®,

mass M

f= Yolume ~ V

SPECIFIC GRAVITY : -

The ratio of a material density with that of'water at 4°C. It has no unit.

And is denoted by ‘g’ .

_density of anyfluid > P
9= density\of waterat4°C _ f,,

SURFACE TENSION : -

Surface tension is-the elastic tendency of a fluid surface which
makes it acquire the least surface area‘possible’ At liquid air interfaces surface
tension results from the greater attraction‘ef liquid molecules to each other (due to
cohesion ) than to thedmolectles-ifthe air'(due to adhesion). It is represented by ‘I’
and it's unit is KN/m .

For Droplet; 0= %

L .
(a) Water droplet (b) Pressure forces (c) Surface tension

Fig 1.4 Forces on droplet.

. T ;
Pressure force cxerted on the area Zdz 18 = p x %dl

pd

For Soap bubble, [ = ry

[Type here]
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For liquid jet, [0 =
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U% ;’U
L , _ 20 ]
L PR ]
U% . é’U
I |

N|-8_

-

—

Q.
YR % b AR Ay

y
A

\L&\\\\\\:/g

I d

¥ig 1.6 Forces on lignid jet J

herical droplet 5

defined as the tendency of a liquid in a capillary tube or ]
rise or fall as a result of surface tension. ]

4 [lcoso I
h=>1"

wd |

Where [ = surface tension ]

w = weight of liquid [

@ = contact angle J

d = diameter of capillary ]

i [Type here] H



ﬂ% (a) (b) (c) H
ﬂ% 0 <90°;h = +ve 0=90°h=0 0 >90°;h =-ve H

Capillary with respect to angle at centre

ﬂ (a) (b) H

I ]
L L
L L
I VISCOSITY : - j

q
: . , . s
° The viscosity of is a measure of it's resistance to gradual ]

deformation by shear str

resistance to flow. A

Water Honey }

o

\) There may be two types of viscosity. i

ol

1) Kinematic viscosity (v) 1

I

ol

v= b !

f

J

Where v = kinematic viscosity ]

J

|

ﬁ?’ [Type here] h
i amm I



I u = dynamic viscosity ]
ﬂ% T = density of fluid H
l 2) Dynamic viscosity(p) I
I du ]
I C=y— ]
l Where T = shear stress |

L u = dynamic viscosity ]

Xy du . oo
L W = rate of shear deformation o

. SPECIFIC WEIGHT : - !

l It is defined as the ratio of total weight of fluid by unit velume. I
i denoted as ‘W'. It's unit is KN/m® or N/m®. I

| Weight [
W=—"7""+——
i Volume I

SPECIFIC VOLUME : -

| It is the inverse of i.e the ratiojof volume of fluid to it’s J
mass. It is denoted by V' . It's uniti

ﬂ% [Type here] H
































































































” PRESSURE AND IT'S MEASUREMENT ]
-~ PRESSURE: ]

l Pressure is defined as the force per unit area that a fluid exerts on it’s J
| surrounding. It is denoted by ‘P’ & it's unit is pascal(N/m?). l

P = fgh !
| INTENSITY OF PRESSURE:- ]

H Intensity of pressure can be defined as the pressure at a point. H

ﬂf Intensity of D pressure _ P 1
i ntensity of pressure= p = ———— = =~ .
. yore area A 1

. TYPES OF PRESSURE:- |
“ 1) Absolute Pressure ”
ﬂ% 2) Atmospheric Pressure H
I 3) Gauge Pressure i

l 4) Vaccum Pressure |

ABSOLUTE PRESSURE:- ]

The clearestireference pressure is the zero pressure, which exists in ¥
the air free space of thewniverse. Apressure which is related to this reference ¥
pressure is known as absolute pressure. )

ATMOSPHERICRRESSURE:-

The atmospheric pressure exerted by the weight of atmosphere. )

GAUGE PRESSURE:- ]

Gauge pressure is zero referenced against ambient air pressure. So i
it is equal to absolute pressure minus atmospheric pressure. )

A gauge is often used to measure the pressure difference between
a system & the surrounding atmosphere.



) VACCUM PRESSURE:- ]

I The pressure is measured below standard atmospheric pressure. I
[ That is called vaccum pressure. 7

i RELATIONSHIP BETWEEN ATMOSPHERIC PRESSSURE, ABSOLUTE [
L PRESSURE, GAUGE PRESSURE & VACCUM PRESSURE:- 1

| Types of Pressure |

o :
H ' ‘ J

) Gauge pressure = ‘
Artmosphearic

U% I (positive) presgure ‘

| 2 | 1

E ] Gauge pressure S

H £ Absociute Barometdc {(vacuum or negative) H

lo pressure pressure o

| * ]

e ! Absotlute B
H pressure H

o o
o o
H° 3 E {' OH
o o

Absolute zero pressure

U% * Pressure may be measured with Reference to arbitrary Datum. H

U% . i) Absolute zero Pressure H
| . ii) Local atmospheric pressure |
[ . iii) Gauge pressure or Vacuum pressure l

Pgauge = Patsglute — Patmospheric

Pvaccum = Patmospheric - Pabsolute ]

PRESSURE HEAD:= ]

I
Il

I

Il

I

Il

I

Il

I

Il

I

Il

I

Il

I

Il

I

Il

I

I

H In fluid mechanics, pressure head is the internal energy of a fluid due ¥
H to(the pressure exerted on it's container. )
4
I
Il
I
Il
I
Il
I
I
Il
Il
I
Il
I
I
Il
I
I
Il

PRESSURE GAUGE:- i

Pressure measurement is the analysis of an applied force by a fluid on a i
surface. Instruments used to measure & display pressure in an integral unit are H
called pressure gauge or vaccum gauge. i




. PASCAL LAW:- 1

H This law states that the pressure is acted on a body is equal in all H
| direction. i.e, Px=Py=P: ]

l Ay P,Sin® :

NU

O __P,cose )

—pe I |

I
H dy I gU
! I )s [
H S T = u
” o
” &
u p |
- B

I > By |
I e dx T c ]
PY

H Let the thickness of membrane is a unity. H

in Z-axis. )

(<) (where dy = dz.cos®) ]
dz*1 = Pz.dx (1) (Where dx = dz.sin®) +

By equilibrium condition, J
Upward pressure = Downward pressure H
Pvdx = Pz.dx L
Py = Pz ]



[ Leftward pressure = Rightward pressure
U Pz.dy = Px.dy

I Pz = Px

I Px =Py =Pz
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. PRESSURE EXERTED ON AN IMMERSED SURFACE
: TOTAL PRESSURE (F):-

i It is defined as the force exerted by a static fluid on a surface

ﬂ% either plane or curved when the fluid comes in contact with the surfaces. This force
ﬂ% always acts normal to the surface.

l F = fgAh

| RESULTANT PRESSURE:-

7
[
|
|
|
|
|
|
|
|
|
|
|
|
I

! The center of pressure is the point where the total sum of a o
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
|
|
|
|
|
|
|
H
|
|
H
|
|
H
|
|
|
|
|

l pressure force acts on a body, causing a force to act through that point The total
force vector acting at the center of pressure is the value of resultant\pressure.

I TOTAL PRESSURE EXERTED ON HORIZONTAL ANDERTICAL
i SURFACE:-

g 1. Mon2urdally bwmersed Sorlece Fig 1 - Vertcadly beswernad surtace

TOTAL PRESSURE:-
F = fgAh
Where
f = Density
g'="Accelefation due to gravity in m/sec?
A ='Area of surface

W = Distance of C.G from free surface of liquid

CENTER OF PRESSURE:-

[ Edit with WPS Office



H Where

l h* = Distance of center of pressure from free surface of liquid

I lc = Moment of Inertia about C.G parallel to free suface of liquid
A = Area of Surface

l h = Distance of C.G from free surface of liquid

A®
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KINEMATICS OF FLUID FLOW
[ |
I BASIC EQUATION OF FLUID FLOW & THEIR APPLICATION ]
. ]

! KINEMATICS:- ]
| J\
| It is defined as the branch of science which deals with the motion of fluid particle with Il
H: considering the force causing the motion. ]
| |
I ENERGY OF A LIQUID IN MOTION:- Il
I ]
H ® The energy in general may be defined as the capacity of a body to do work. Though the H
| energy existing in many form. I

B
o‘
So
So

H ® There are three types of energy.
% 1. Potential Energy

e 2. Kinetic Energy -
ﬂ% 3. Pressure Energy H
POTENTIAL ENERGY OF LIQUID PARTICLE IN MOTION
U% ® |[tis the energy possessed by liquid particle by virtte,of its positien. H
2 ® |f the liquid particle is ‘Z’ above the horizontal datum, the petential energy of particle will be s
“’f’ Z of liquid. H
H ® The potential head of the liquid at‘a-peint will be Z of thediquid. H
Il |
B

KINETIC ENERGY OF LIQUID PARTICLE IN MOTION ]

b

B

® [tisthe energy possessed by liquid partiele by virtue of its motion or velocity. )

® [faliquid particle i§ flowihg with.a mean vélocity of ‘V’ m/s’, then kinetic energy of particle }

2 .

will be — ofliquid. Il

Zg K

|

v?2 -

® Then kinetic head,of the liquid at a point will be E of the liquid. )

I

B

PRESSURE ENERGY\OF LIQUID PARTICLE IN MOTION ]

|

J

I

i
ol aliquid particle is under the pressure of P KN/m?, then the pressure energy of particle will :
P

be < of liquid, where W is the specific weight of liquid. |

i

P

® Pressure head of liquid under that pressure will be w of the liquid. OH
9
|
I
]
I
]
b
| ]
I ]

Il
Il
I
Il
[l
Il
I
Il
[l
Il
I
Il
I
Il
I
Il
I
Il
I
Il
Il
u
U% ® |tis theenergy possessed by a liquid particle by virtue of its existing pressure. J
Il
I
Il
Il
Il
I
Il
Il
I
Il
I
I
Il
Il
[
Il
Il
[
Il



TOTAL ENERGY OF LIQUID PARTICLE IN MOTION:-

® The total energy of a liquid in motion is the sum of its potential energy, kinetic energy &
pressure energy.

vZ P
® Total Energy (E) = (Z+ — + — ) metre of a liquid.
2g W

TOTAL HEAD OF LIQUID PARTICLE IN MOTION:-

e The total head of liquid particle in motion is the sum of its potential head, kinetic head &
pressure head.

V2 P
e Total Head (H) = (Z+ — + —) metre of a liquid.
2g W

BERNUILLIES EQUATION:-

® |t states that for a perfect incompressible liquid flowing ifia contintousistream) the total
energy of a particle remains the same while the particle’'moves from one'point to another.

® The statement is based on assumption that theresare no loss duéito friction in the pipe.

vZ P
z+ — + —=K

2g w

Vi¢ Py 7% 2 A .
ny Gt W o ty (Berntillies Equation)

PROOF:-

e Consider a perfect
incompresSible liquid
flowing through non-
uniform pipe.

e Let us considentwo
section of the pipe.

e Weknow that,

) weight W
Specific weight=———, w=—
volume A"/
w w
W= 2> —=Aix1
A1x1
w w
= ->—=AxX;
Aoxxo w
w
Aixy = Axxa = —
w



L WORKDONE 1
I |
I Workdone at Section 1 = Force*Displacement I
l J\
‘T = F*S = P1A1x1 H
1y Workdone at Section 2 = Force*Displacement -
I = F*S = - P2A2x ]
l J\
W Total Workdone = P1A1x1 + (- P2A2x2) H
L = P1A1x1 - P2A2x2 =
. W W P
. =P1——-P2— d
| wooow |
l 74 ]
L = (P1—P2) W J

w
Total Workdone = (P1 - P2) W

“’f’ POTENTIAL ENERGY(P.E) H
3 P.E at Section 1, P
I P.E1= mgh = Wh: (W=mg &h=h) ]
I ]
W P.E at Section 2, 3
I A
H% P.E2 = mgh = Wh2 (Wi=mg & h =h2) :
b Pl
L Losses due to P.E = Wh1 — Wha,= W(h1 = h2) ]
I |
L ]
W KINEMATIC ENERGY(K<E) }
Ir A
H% K.E at Section 1, :
I3 Pl
I 1 We w |
b =—Fv2 = —\/y2 = J
i K.Ez Sy 2gV1 (m 5 ) }
I I
H% K.E at Section 2, :
I3 Pl
I |
5 L L W, 4 Pl
I K.Eo> = SV = 2sz (m= 5 ) ]
I |
i |
2 w w w L
I - 2 2 = 2 2 ‘
Il Losses due to/)K.E = —V22 - —V12=— (V2" - V1 )
i 29 29 2g ( ) i
Q% Losses due to K.E = Workdone + Loss due to P.E U
I3 Pl
\ w 4 \
1‘ 20 (V22 = V12) = (P1—P2) — + W(h1 - h2) s;‘
5 9 w a
I |
I w Py P *
! —(V22—V12)=W(—1-—2+h1—h2) d
H 29 w w H
‘0‘%



= —=-—=+hi—h
[ 29w 1
I 2 2 I
o% V¢ vE P P -
I 2. L1 Z24h—-h |
I vV P vZ |
H Z4+24hy= 2+ = +h i
2g w 2g w
I |
v:i p Vi P :
“ Ly lihi=2+2+h (proved) !
| 2 w 2g w J|

I LIMITATION OF BERNAULLIES EQUATION:- 1

H e The bernaulies equation has been derived under the assumption that velocity H
U of every liquid particle across any c/s of pipe is uniform. But in actual practice H
I it is not so. l
H e The velocity of liquid particle in the center of pipe\is maximum and gradually H
| decrease towards the wall of pipe due to pipe frictiopThus whil@ using the Jl
| bernaulies equation only the mean velocity’ofliquid is taken into account. H
e The bernaulies equation has been derived under the assumption that no

ﬂo external force except the gravity forcelisaeting on theliguid . But in actual H
U practice it is not so. There are always an\extesnakforce such as pipe friction H
U etc. acting on the liquid which affect the flewing of liquid. Thus while using H
\T the bernaulies equation,alhksuch external force should be neglected. H

e The bernaulies equation has beenderived under the assumption that there |
is no loss of energy of\liquid particleswhite flowing. )

e |[f the liquid is flowing in a*curved path the energy due to centrifugal force :

should alsobe.taken into,account. :

5

PRACTICAL APPLICATIONOF BERNAULIES EQUATION:- i
ol

e Thebernaulies equation or theorem is the basis equation which has the i

widest applicationin hydraulics and applied hydraulics. Since this equation is pl

applied forthe-derivation of many formula.

e The application of bernaulies equation on the following hydraulic device. R
1. Ventury meter ]

27 Orifice meter 1

3. Pitot tube ]

VENTURVMETER:- i

e Aventurimeter is an apparatus used for finding out the discharge of liquid flowing in ’
a pipe. A venturimeter consists of following three parts. |

i. Convergent Cone ]

ii. Throat H

iii.  Divergent Cone J
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Converging  Throat Diverging
cone

Upstream__p__

'

Downstream

-

Manometer

CONVERGENT CONE

e lItis ashort pipe which convergent fromma diameter/D’ to a smaller diameter ‘d’. The
convergent cone is also knowh,as inlet of vénturimeter.
e The slope of converging side is beétween 1 in 4and 1in 5.

THROAT
e ltis a small portion.of pipe\in which diameter ‘d’ is constant is called throat.

DIVERGENT CONE

e |t j§a pipe'which'diverges from a diameter ‘d’ to a large diameter ‘D’ . The divergent
cone is also known as outlet of venturimeter.
e “Theilength of divergent cone is about 3 to 4 times than that of convergent cone.

DISCHARGE THROUGH A VENTURIMETER

\/a%—aﬁ

Where

Cq — Coefficient of discharge



L ai1— Area of Inlet

a2 — Area of Throat

hm — Pressure Head

C as

e [f the differential manometer contains liquid which is heavier than the liquid flowing
U through the pipe, The value of hmis

I hm =x (S_h - 1)

| w0

| CASE 2

¢ If the differential manometer contains liquid which is ghter{&@)
H through the pipe, The value of hmis

hm=x(1-— o

| o ! >

H Where

X —reading of manometer

% Sh — Specific gravity of heavier liquid

H So — Specific gravity of lighter li

ORIFICE METER:-

° te of flow of a liquid through a pipe.

° sist of plate having a sharp as circular whole
inside a pipe.

° d to know the difference of pressure between the

Urdice plate

Orifice diameter (d,)

Pipe dlamaoter (0)

|

contracta
diamater

Pressure drep
acrosa the orifice (h)




I DISCHARGE THROUGH AN ORIFICE METER ]
l I
i Q=412 \/75h I
. Va%}-a} ®
l Where A

H Cq — Coefficient of discharge H
i a1— Area of Inlet i
a2 — Area of Throat
U h — Pressure Head H

H PRESSURE HEAD OF LIQUID THROUGH AN ORIFICE METER H

I _P1 P i
I r9 r9 ]
I I
‘T Where H
i h — Pressure Head Pl
H P1—Inlet Pressure H
I I
‘T P2 — Pressure at Orifice H

f - Density of liquid in kg/m?3

g — Acceleration due to gravity,in.m/s? )

PITOT TUBE:- ]

e A pitot tube’is an insteument used to determined the velocity of flow or used for j
measuring‘the velocity-of flow’at any point in a pipe or a channel. }

e Itis based on the principle that if the velocity of flow at any point become zero, the )
préssure there isinerease due to convergent of kinetic energy into pressure energy. J

e Pitot tube consists of glass tube bent at right angle towards lowered and which is
bentithrough 90° is directed in the upstream direction.

e__Then tiquid.rises up in the tube due to convergent of kinetic energy into pressure f
energy, 1

VELOCITY,OF LIQUID THROUGH PITOT TUBE 3

e The velocity is determined by measuring the rise of liquid in the tube. H



— Y
I
W —

—_ >

! ’ 2 |
£ &
| I
| I
I |
I Consider two point @ and @ at same level in such a way that the point is just I
I at the inlet of pitot tube and point @ is far away from the inlet. I
I 1
! |
b Let, Pl
i P1— Intensity of Pressure at point 1 I
£ &
I . . |
ﬂ% P2 — Intensity of Pressure at point 2 T‘
£ &
U% P1— Intensity of Pressure at point 1 <U
I |
% . . S
| V1 —Velocity of Flow at point 1 |
I ]
ﬂ% V2 — Velocity of Flow at point 2 H
Qg, H — Depth of tube in the Liqui U
L ]
I I
L ]
I I
L )
I b
L )
I b
L )
I I
L )
I I
L )
I I
L )
I I
L )
I I
L )
I I
L )
I °l
L )
I °l
L )
I °l
L )
I °l
L )
I °l
L )
I °l
L J
| I
]
! I
I 1
* )
ﬁ% Vi=+V2gh ( Theoritical Velocity) E
T\%
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Where

V=CvV2gh ( Actual Velocity)

V — Velocity at any point

Cv — Co-efficient of velocity

EQUATION OF CONTINUITY OF LIQUID FLOW:-

If an incompressible liquid is continuously flowing through a pipe or a channel
(whose cross section are may or may not be constant) the quantity of liquid-passing
per second is the same in all direction.

This is known as equation of quantity of liquid flow.

It is the first and fundamental equation of flow.

7 . ~N - r

Consider a tapering pipe through which same liquid is flowing .
Let,

A1— C/S Area of Pipe at section-1=1

V1 — Velocity of Liquid.at section 1-1

A2 — C/S Area of Pipe at seetion 2-2

V2 — Velocity®filiquid at\section 2-2

We know that thetetal guantity of-.the liquid passing through the section 1-1,

QumAlVT NN N eq(1)
Similarly total'quantity ofiliquid passing through the section 2-2,
QAN /0 eq(2)

Fram the law of conservation of matter, we know that the total quantity of liquid

passing through the section 1-1 and 2-2 is the same.

Therefore,
Q=Q
Ai1V1 = A2V2



| FLOW OVER NOTCHES & WEIR l

I NOTCH:- ]
! |
U% ® A notch may be defined as an opening in one side of a tank or a reservoir, like a large orifice, H
b with the upstream liquid level below the top edge of the opening. o
ﬂ% ® Since the top edge of the notch above the liquid level serves no purpose therefore a notch H
ﬂ% may have only the bottom edge & sides. H
U% ® The bottom edge over which the liquid flows, is known as sill or crest of the no he H
U% sheet of liquid flowing over a notch ( or a weir) is known as nappe or vein. H
\ \
® ® A notch is usually made of a metallic plate & is used to measure the discharge of -
TYPE OF NOTCH:-
U% There may be of following types of notch. H
u A H

% &
I ; e
© B

V-notch.

* Consider a triangular notch, in
one side of a tank, over which
water is flowing.

* It gives more accuracy when
discharge charge is small,

® For 9o® notch, the equation is
simple.

\ ® It requires only readings of H, to

f find discharge.

i # The equation of Discharge over a H

triangular notch

Q=8/15.Cd.V (2g) tan(8/2).H (5/2) B

Ho FRAASGAIL AM MO T B TAMNCUM AN POTUN OH
l ]
| = — I
\o 0‘0
L q
\o 0‘0
; ‘ THAMNE FOMAL MOTOM BERR L NI (jo
‘ »
i e Triangular N})tch i
| %
} o __“_,,-"' ;L
- Discharge over a triangular Notch
; ® Atriangular notch is also called a :
|
|
|
|
|
|
|
|
|
|
|
|




e Rectangular Notch

F-‘-‘-’ v ——— ——— — i —
Discharge over a Rectangular notch
® Consider a rectangular notch

in one side of a tank over
which is flowing.

® It gives less accuracy.

® The equation of Discharge
over a Rectangular notch

Q=%.Cd. L.V(2g).H (3/2)

e Trapezoidal Notch

% RN
"’6 P ——

ischarge over a Trapezoidal notch

® A trapezoidal notch is a combination
of a rectangular notch and two
triangular notches as shown in
figure. | | -

® Hence discharge over a trapezoidal
notch  will be the sum of the
discharge of rectangular notch and L
triangular notches.

® Discharge over Trapezoidal notch=

discharge over rectangular notchs
discharge over triangular notch

Q=%.Cd. L.V(2g).HA(3/2) + 8/15.Cd.

V(2g).tan(®/2).HA(5/2)
- ﬂ
e Stepped No&h

Discharge through a stepped notch

A stepped notch is a co
rectangular notches . The disct
stepped notch is equal to the :




Q = Discharge

Cq = Co-efficient of Discharge
H = Head of Liquid

L = Length of Notch

© = Angle of V-notch

g = Acceleration due to gravity

A weir is made of cement concrete or masonry.
A weir is used to measure large discharge of rivers or big canals.

TYPES OF WEIR

According to Shape
1. Rectangular
2. Trapezoidal
According to Nature of Discharge
1. Ordinary
2. Submerged
According to Width of Crest
1. Narrow Crest
2. Broad Crest
According to Nature.of Crest
1. Shafp Crest
2. Ogee

DIFFERENCE BETWEEN-NOTCH & WEIR

A weir may be defined as a structure constructed across a river or canal te(store waterion the
upstream side, Water flows over the crest of weir.
The top of a weir over which water flows is known as crest.

NOTCH

WEIR

A notchumay b€ defined as an opening
provided in one side of a tank or
reservoir, with u/s liquid level below
the top edge of the opening.

A weir may be defined as a structure
constructed across a river or canal to
store water on the upstream side.

The bottom edge of notch over which
water flows is known as Sill or Crest.

The top of the weir over which water
flows is known as Crest.

A notch is usually made of a metallic
plate.

A weir is made of cement concrete or
masonry.

A notch is used to measure small
discharge of small stream or canal.

A weir is used to measure large
discharge of rivers and large canal.

Notchs are of small size.

Weirs are of bigger size.
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TYPES OF FLOW THROUGH THE PIPE
UNIFORM FLOW:-

e The flow in which velocity at a given time does not change with respect to space (
length of direction of flow ) is called as uniform flow.

dv_
ds

NON-UNIFORM FLOW:-

0

e The flow in which velocity at a given time changed with respect to space (Jdength of
direction of flow ) is called as non-uniform flow.

dv

—z0
ds

STEADY FLOW:-

e Steady flow is the flow whose properties doesn’t chahge with respect to time.
e For steady flow all fluid flows properties (e.gwelocity, temperature, pressure &
density) are independent of time.

UNSTEADY FLOW:-

e Aflow in which quantity of liquid flowing per second is not constant is called
unsteady flow.
e For unsteady flow all fluid flows propertiés are dependent on time.

LAMINAR FLOW:-

o The flow of a-fluid when each particle of the liquid follows a smooth path, paths
which,never interfere with one another, the velocity of flow is constant at any point
is calleddfaminar flow.

o Thefluid layers mave parallel to each other & do not cross each other.

TURBULENT FLOW:-

o _TFhe flow of a fluid when the particle of liquid follows a zigzag path, the velocity is
not constant is known as turbulent flow.
e |The fluid layers cross each other & do not move parallel to each other.

REYNOLD’S NUMBER:-

e The Reynold’s number is the ratio of inertia forces to viscous forces.

Inertia force

e — .
Viscous force



e
I 1
I ]
I °°J
I VD °°J

— J
H e = H
I H ]
; VD :
: Or R.=— d
u“:, :\:‘
L‘ ;-U

H" Where

Ue, f = Density of Fluid (kg/m?3) °U

H V = Velocity of Flow (m/s) I\
I ]

\T D = Characteristic Linear Dimension

H H = Dynamic Viscosity (Ns/m2)

| |
U% v = Kinematic Viscosity (m?/s) = ! oU
| g |
| Re < 2000 ( Laminar Flow ) ]
| |
ﬂ" Re > 4000 ( Turbulent flow) oﬂ



: LOSS OF HEAD OF A LIQUID FLOWING THROUGH A
I PIPE

U% e Apipeisaclose coduct or channel which is used for carrying fluid under
U% pressure.

ﬂo e Pipes are commonly circular in section.
W’ e As the pipe carries fluid under pressure, the pipe always run full will be consider.

i LOSS OF ENERGY DUE TO FRICTION

e The loss of energy due to friction is classified as measured loss because inithe
W case of long pipe lines it is usually much more than the loss of energy incurred
U be other causes.

I e Darcy’s formula

| 4FIV?

@; h= 752

Where,

hf =Head loss due to friction
H F = Co-efficient of friction

| | = Length of pipé

V = Velocity of,flow

g = Acceleration due to gravity
d/= Diameterof pipe

e When Re¢< 2000

16
F=20
Re
® //"When 4000 < Re<.10°
0.079
E =
1/4_
e
VD
And Re = —
%

Where
Re = Reynold’s Number
V = Velocity
D = Diameter of Pipe
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H v = Kinematic Viscosity
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MINOR ENERGY LOSS

e The minor losses of energy are those which are caused on account of the change
in the velocity of flowing fluid. (Either in magnitude or in direction)

e In case of long pipe these losses are usually quite small as compared with a loss
of energy due to friction, which may even being neglected without serious error.

e However in short pipe these losses may sometime more than friction losses.

LOSS OF ENERGY DUE TO SUDDEN ENLARGEMENT : -

2
(V)
-

LOSS OF ENERGY DUE TO SUDDEN CONTRACTION : -

he

2 1 V)2 V,2
he= = |—— 1)2=L*0.5 =0.5 =
2g ‘Cc 29 29
LOSS OF HEAD AT ENTRANCE OF PIPE : -
V- 2
hi=0.5 =
29

LOSS OF HEAD AT THE EXIT OF PIPE : -
V2
ho - Z
Where
h = Head loss
V1 = Velocity at sectioh-1

V2 = Velocity atisection-2

V 5 Velocity

HYDRAULIC GRADIENT LINE & TOTAL ENERGY LINE ( HGL & TEL )

&, The hydraulic gradient line & total energy line are the graphical
representation of the longitudinal variation in total head & piezometric head
at salient point of a pipe line.

e The total head with respect to any arbitrary datum is described by the total

2
pressure head (fig), velocity head (Z—g) & datum head (Z).
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| FLOW OVER OPEN CHANNEL ]
| Q=AvV ]

ﬂ% Where H

L Q - Discharge of Fluid flow (m?3/s) ]
H A — Area of Open Channel (m?2) H

“’f’ V — Velocity of Flow (m?/s) H

. CHEZY’S CONSTANT: - 1
I :
| ymeTm °:°
° MANNING’S CONSTANT: - :

I V= (m*3)(i2) !

U% Where H

I |
! N — Manning’s Constant |
l ]
W m — Hydraulic Mean Depth H
" s
- i —Bed Slope :
B

1 \1 i

C - Chezy’s Constant_, C = ym 76 >

3

A ]

"= ]

w o}

Where Il

A s/Area-ofiOpen'Channel at Depth of Flow ;

Pwi= Wetted Perimeter J

Il
u
u
|
|
|
u
|
|
|
|
I
g% MOST ECONOMICAL SECTION OF CHANNEL |
.
|
|
I
[
|
[
|
[
I
[

e \\A section of channel is said to be most economical, When the cost of J
construction of channel is minimum . J

e The condition to be most economical for the following shape of channel will
be considered.
1. Rectangular Channel H

Rectangular Channel will be most economical, When Pl

d
B =2d and ms=>- E



i 2. Trapezoidal Channel Il
| . . . |
“’f’ Trapezoidal Channel will be most economical, When H
I d b+2nd ]
i m=Eand . =dvnZz+1 i
I ]
‘T 3. Circular Channel H
i In case of circular channels for most economical section, two conditions are obtained. Pl
H 0 Condition for maximum Velocity H
U% 0 Condition for maximum Discharge H
l J\
| Condition for Maximum Velocity:- ]
| |
| Velocity of Flow, V = C Vmi I
| |
‘T € Velocity of Flow(V) is maximum, When hydraulic mean depth(m) is maximum. H
ﬂ% € The depth of flow for maximum Velocity , d = 0.81D H
I Where D= Diameter of Circular channeh& d = Depthjof Flow l
L € Hydraulic mean depth For maximum Velocity , m = 0.3D )l
l J
I Condition for Maximum Discharge:- I
I |
i Depth of flow for maximum discharge ,'d = 0.95D 5
| Where D= Diameter-of:Circular chanhel & d = Depth of Flow H
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