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IMPORTANT FORMULAS TO REMEMBER

CHAPTER 1: FLUID PROPERTIES

Introduction : Fluid is a substance that deforms continuously under the application of
shear (tangential) stress no matter how small the stress may be.
Fluid properties

Mas s densi:fttisdefined as mass per unit volume.

M 3
r =—|kg/m
v g
Weight density or specific weight ( w): Itis defined as weight per unit volume.

_weight m*g ,
W_volume \ (—g)

Specific gravity or (relative density S): Itis defined as ratio between density of fluid

and density of standard fluid i.e., water

Specific gravity of Hg is 13.6.

Specific volume ( T:)Itis defined as volume per unit mass.

vV 1
n =— = (m3 /kg)
m r
Viscosity (l): The viscosity of a fluid is a measure of its  resistance to deformation at a

given rate. Viscosity can be concept ualized as quantifying the frictional force  that arises

between adjacent layers of fluid that are in relative motion.
Causes of viscosity

1 intermolecular force of cohesio n.

1 molecular mome ntum exchange

Kinematic viscosity (1)

n

r
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Newt onés Law of: Viscosity

L du
dy

K = dynamic viscosity of fluid
Fluid Flow Behaviour

=}

Ideal Solid

0 dw/dy Ideal Fluid

1 General Relationship between shear stress and velocity gradient is given by:

d

Qo

t = Bl

c
Jo:or

&

¢

I The fluids in which the apparent viscosity increases with increases with velocity

gradient(n>1) the fluid is termed as dilatant (shear thickening) flui d.
I The fluids in which the apparent viscosity decreases with increases with velocity
gradient(n<1) the fluid is termed as pseudoplastic (shear thinning) fluid.
Sur face Te ns Buwface téngion is the apparent interfacial tensile stress (force per
unit length of interface) that acts whenever a liquid has a density interface, such as when
the liquid contacts a gas, vapour, second liquid, or a solid. Surface tension is due to
interm olecular force.

Gauge pressure inside a water droplet

2s
%auge:E N/n?

Gauge pressure for soap bubble

4s
%auge:E N/nf

Gauge pressure inside a jet of water

S
Puae= —| N/t
gauge™ o

Capillarity : This phenomenon is due to interplay of terms of cohesion and adhesion.

_4scosq

Capillarity rise  |h
rgd
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Forwater : & =°, Qapillary rise : h=+ve .
ForHg: @ = 1,Z&pillaryfall : h= T ve.
Vapour pressure and Cavitation: The vapour molecules execute a partial pressure in

the space above liquid, known as vapour pressure. Cavitation is formation of vapor
bubbles in the liquid flowing through any Hydraulic Turbine.
Compressibility and Bulk Modulus:

1 Bulk modulus of elasticity

(1)= DP  _adp |
(V1Y) cdr |

1
Bulk modulus of elasticit

1 Compressibility & of fluid

I
Xk
\';
8

[ERN
g
<

-O:Ot

Isothermal Bulk Modulus :

Adiabatic Bulk Modulus DKy = g F{"y
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CHAPTER 2: FLUID STATICS

Introduction . Fluid statics deals with fluids at rest. The fluid can be either gaseous or
liquid.
Pressure : Pressure is defined as normal force per unit area and its Sl unitis N/m 2 or Pascal
(Pa).

Normal force
Pressuree ———
Area

Hydrostatic law . The variation of pressure in a fluid in vertical direction is directly

proportional to specific weight.

—=r
an "9

Psauge= 7 9N N/ nf or Pascg

T As we move vertically down is a fluid the pressu
vertically up in  a fluid the pressure decreases as 1T0gh.

9 There is no charge g pressure in horizontally same level.

Pascal 6 sActoadingto Pascal 6s Law in a static fluid, the pr

distributed in all the direction. Ex: hydraulic lift, hydraulic break etc .

Pressure measurement

5] Simple Piezometers
simple U-tube manometers
Inclined tube manometers
Types of R R . )
pressure | [ Differential —EUtube differential
measuring Inverted U-tube manometer
devices
—>1 Mechanical gauges Bourdon tube
Diaphragms
Bellow tube
Piezometers : A Piezometer is a simple glass tube that is open at both the ends.

Piezometers candt be used to measured very high pre:

Simple U -tube manometer : It consists of a glass tube with one end open to the

atmosphere and other end connected to a point at which pressure is to be measured.
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P+ &0 (H + xgyo+Omgy o Omgx=0

Differential Manometer: A differential manometer is used to measure the difference in
pressures in two pipes or two points in the pipeline.

Upright U-tube differential manometer

Specific gravity (S,)

_______ Specific gravity (S,)

=
NEERERE
HHHHHH
=
.,”_.l

Mercury
=2

Specific gravity (S,,)

Pa-R =,0h (%1 )gh r gh |

Inverted U-tube differential manometer

— Specific gravity (S)
(Light liquid)
- | Z--- - z
| Specific
iy gravity (55)
=

|PA - R =.0h ol 9h'|
When both the pipes are at the same level i.e. h 1 =h2:

|PA‘ R =(,r z)oh, gh-|

Inverted U -tube manometers are used when the pipelines are underground and in these
manometers the density of manometric fluid is&s | ess
<0) .

The Hydrostatic Paradox:

The pressure at any point depends only upon the depth below the free surface and unit

weight of the liquid. It is independent form the size and shape of the container.
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Hydrostatic forces : When a fluid is in contact with a surface is exerts a normal force on

the surface which is termed as the hydrostatic force.
Hydrostatic forces on submerged plane surfaces

Plane inclined surface at angl e ée:

Force on the surface is given by: F= |gAﬁ

Centre of pressure for the vertical submerged surface is given by:

. lasin®qg -
_lesin’a
Ah

h

h = vertical distance of centre of Pressure from free surface

| = moment of inertia at centroidal axis.

Pl ane vertical surface (& = 90A)
F= gAh
h*:IGsin_zq_ﬁ

Ah
Pl ane horizont al surface (& = 0A)
F = gAh
h" =h

Hydrostatic forces on curved surfaces

WATER
SURFACE C

_ 1A

\ﬂﬁ

dF 59

dF

o \AREA dA

(S
Horizontal component of force on curved surface : Hydrostatic force on the vertical
projection area and this force will act at center of pressure of the corresponding area.

Horizontal force:  |F, = gh

Where,
A = Projected Area

h= depth of centroid of an area.
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Resultant Force:  |F, = h:x2 2

The angle from the  horizontal at which this force will act:

F
tan a =\
H
Vertical component of force on curved surface . The vertical component of force on

a curved surface is equal to weight of the fluid contained by the curved surface till the
free surface and this force will act at the center of gravity of the corresponding weight.

Buoyancy & floatation

Center of buoyancy (B) . Center of buoyancy is defined as the point of application of
buoyancy force and this force will act at the centroid of volume of fluid displaced.
Principal of floatation

Weight of Body = Buoyant Force (F B)

Obody. 9. A. hg.Ax 0O

(a) . pdy # Bthen body will be submerged totally in the fluid and will rest at the body

of the container.

( b) . vodk £ sBthen body will be submerged totally in the fluid. In this body will float in
the liquid and remains at rest at any point in the fluid if given slight displacement from

original position.

( c) . ot} € s@then body will be partially submerged in the f luid and will float.

For floating bodies:

=W

Vsub _ I’ave,body
Vi it

otal

Stability conditions of a completely submerged bodies under angular deflection
(i). Stable Equilibrium -B above G .
(ii). Unstable Equilibrium -B below G .

(iif). Neutral Equilibrium -B and G at same point.

7
/
7
(a) (b) (<)
STABLE EQUILIBRIUM UNSTABLE EQUILIBRIUM NEUTRAL EQUILIBRIUM

Stability conditions of partially submerged bodies under angular deflection
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Metacenter (M) it is defined as the point of intersection of normal Axis and new line of
Action of buoyancy force.
(). Stable Equilibrium -M above G .
(ii). Unstable Equilibrium -M below G .
(ii). Neutral Equilibrium -Mand G at same point.
Metacentric height ( GM):
Metacent ric Height (GM) . itis defined as the vertical distance between center of gravity
i Gand met ac e nt alichi% tMeintersection point of the lines of action of the buoyant
force through the body before and after rotation.

I

I
BM). = and( B =
( )XX disp ( I\/)y-y Vdisp
(|3|\/|)Xx>(|3|\/|)yy

(BM)pitching > ( BM) rolling

46 +G 4G6M 16
1M

B B B B
Stability decrease —>

Determination of the metacentric height:
Experimental Method:

Consider a ship is floating in water, let w be a movable weight placed centrally on the

deck of the ship and W be the total weight of the ship including w.
M= "X o
w d

If | is the length of the pendulum and d is the distance moved by it on the horizontal
scale.

Theoretical Method:

M= BV BG)

In the above expression:
(i). Positive (+Ve ) sign is used when the metacentre M lies above the G.

(ii). Negative (- Ve) sign is used when the metacentre M lies below the G.

Where: B_M — Ibody,freesurafce
Vdisp

Time period of Oscillation of the floating body:
The time period of the oscillation is given by the following expression:
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2
T=2p &_
gGM

Since (ﬁ/l) > (a/l)

pitching rolling

Increasing the metacentric height gives the greater stability but reduces the time period
of the roll so the ship will be less comfortable for the passengers.
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CHAPTER 3: FLUID KINEMATICS

Fluid kinematics . It describes the motion of fluid and its consequences without any
consideration of the forces invaded.

Flow field : It is the region in which the flow parameters i.e. pressure, velocity, etc. are
defined at each and every point at any instant of time.

Approaches to study fluid motion

Lagrangian approach . In the Lagrangian description of fluid flow, individual fluid par ticles
are "marked," and their positions, velocities, etc. are described as a function of time.

Eulerian approach . In the Eulerian description of fluid flow, individual fluid particles are
not identified. Instead, a control volume is defined

Types of flui  d flow

Steady & Unsteady flow

awv o 0 a 0
For steady flow : aﬁ_‘\% 3 =0, A 3 23 _H 2 ¢
¢ X5Y0Z0o ?Xoy 0 e o o
apv o 0 a 0
For unsteady flow : s o . 0, A 3 .0, _H 2 o6 0
¢ X5Y0Z0o TEXOVSZO e 7 o
Uniform & Non  -uniform flow
For uniform flow : |V = V(t) | and ‘;‘;l 8 =0
CUS t=constant
For non -uniform flow : g%l 8 , 0
¢US =constant
Laminar & Turbulent flows
Laminar flow is the flow in which the fluid particles move along well -defined paths or steam
line & all the streamlines are straight & parallel.
Turbulent floe is the flow in which the fluid particles mo ve in a zig zag which results in
eddies formation which results in energy loss.
Compressible & incompressible flow
Compressible flow |r ,constant |
Incompressible flow |r =constant |
Rotational & Irrotational flows . Rotational flow is the flow in which the fluid particles

while flowing along streamlines also rotate about their own axis.

Irrotational flow is the flow in which the fluid particles while flowing along the streamlines
do not rotate about their own axis.

Flow pattern description

Streamlines :ltis defined as an imaginary curve or line in the flow field so that the tangent

to the curve at any point represents the direction of the instantaneous velocity at that point.

10
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dx_dy 02 equation of streamline in 3l
u v w
dx dy d%

Streak line : It is the focus of all fluid particles which at same instant of time all of which
had passed through a common point

Path line : It represents the path traced by an inert tracer fluid particle over a period of
time.

Note :

For steady flow, Streamlines, Streak lines & path lines are identical.

Timeline: A timeline is a set of adjacent fluid particles that were marked at the same
(earlier) instant in time

Continuity equation

By continuity equation:

Mass flow rate at inlet = mass flow rate at outlet

Fluid in compressible : 01A1V1 = ®RA2V2

If fluid is Incompressible i.e. O = constant
A1V1 = A 2V2

Continuity Equation for Steady and 3 T D Incompressible Flow:
&+_M 4_\,\"[ &

X M zp

Continuity Equation for Steady and 2 i D Incompressible Flow:
%+_“ =3

X M
Acceleration of fluid flow

Du u u
a, = SNV YL

Dt X W Zut

Similarly, acceleration in y and z directions is given by:

- AV AT D
Dt IX il Zp t
a =W LB W WH W,
Dt IX W zZp t
D() _ &) ) o() o) _ 6()
T w Uy e T w V)
/\ b T ¢ because of non — uniformity
ecause o
Total unsteadiness (convective acceleration)

acceleration  (|gcal / temporal
acceleration)

11
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(). The total differential D/Dt is known as the material or substantial derivative with

respect to time.

(ii). The firstterm il intheright -hand side ofis knownas  temporal or local derivative
which expresses the rate of change with time, at a fixed position.
(iii). The last three terms in the right -hand side of the equation, are together known as
convective derivative which represents the time rate of change due to change in
position in the field.
Total acceleration: The total accele ration is given by the following vector:
A=akfF ajEayE
Thus, magnitude of the total acceleration is given by:
A = \/axz _eyz a2
- DV W o sl
A=V Vg i
Dt i
Angular velocity . Angular velocity is given by:
W= 4 JF

T

Vorticity (1) : Vorticity ( , ) in the simplest form is defined as a vector which is equal to two
times the rotation vector. It is given by:
Circul at i:irculatioa Js defined as the line integral of tangential component of

velocity vector along a closed curve.

Circulation ()= Vor t isci |

Velocity potential( ): ltisa scalar function of space & time such that its negative derivate

with respect to any direction gives the fluid velocity in that direction.

u= ui andv =t

KX M

The continuity equation is given by

12
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a 2 2,0
w+_“ 2“.4._“60::
oou g w 2
p%f ©

1 For flow to be possible vel ocity potential function must satisfy Laplace equation and

velocity potential function only exists for irrotational flow.

. - ady 0o
1 Slope for equipotential line: %% 8 = \Lj—
"=

Stream function( N): Itis defined as the scalar function of space and time, such that its
patrial derivative with respect to any direction gives the velocity component at right angles

to that direction

u= By andv = p_yuu where, y streamfunctio.
1Y By
1
In cylindrical polar co  -ordinates : |U; =—|J'—yarldq1 = _U
ruq r

91 For flow to be possible stream function must exist.

1 For irrotational flow stream function must satisfy Laplace equation.

E BYJU'S

ady

\Y
al

91 Slope of equistream line g
¢

<lLo:on

B

For 2 1 D compressible steady flow . Discharge per unit width between two points in a

flow = absolute difference between values of stream function through those two points, i.e.

Q- Q _ :
ey
Relation between equipotential line and streamline
&y 6 , dd Ov ,u & =
0 0~ —&e
aﬁ iT= (@ ye= U V¢ '

Hence, equipotential lines and stream lines are orthogonal to each other everywhere in flow

V=0.

field except at stagnation point where

13
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CHAPTER 4: FLUID DYNAMICS

Introduction : The dynamic behaviour of fluid is analysed by
motion, which relates acceleration with the forces.

Equation of motion for fluid flow

m BYJU'S

Newt onods Second I

According to newtonb6és second | aw:
= i(mv) m d_V ”dﬂ
dt dt dt

. dv

For uniform flow: —
dt

|E =v d_m

dt
1 Netforce F x=Fg+Fp+Fv+F1+ Fc
T Reynol dés equat:iFerFgtoFfy+ fReE1 on
1 Navier - Stokes equation of motion k= Fg+Fpt Fy,
91 Euler equation of motion  : Fx=F g+ F p,
Euler's Equation . This is the equation of motion in which the forces due to gravity and
pressure are taken into consideration.
Assumption  s:
(a). Flow is non -viscous, F v=0 i.e., viscous forces are zero.
(b). Flow is ideal.
d
9P 4 vav gdz O=

r

This equation is known as Eulerdés equation of moti ol

Bernoulli's Theorem
Assumptions:

(i). Fluid is Non -viscous .
(ii). Steady flow .

(iiif). incompressible fluid
(iv). ideal fluid .

(v). irrotational flow

P
—+— 49z w©onsi
r 2

Where,
P

—— = Pressure energy of fluid per unit weight of fluid.

2
Vv
— = kinetic energy per unit weight or kinetic head.

29

14
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Z = potential energy per unit weight or potential head

Cl assical Bernoulli's equation is also known as O0me:
theorem state that for a non -viscous, steady and incompressible flow along a streamline

the summation of kinetic energy, potential energy and Pressure energy is a constant.

i +z =Piezometric hea‘(
rg

Applications of Bernoulli's equation

Venturi meter . Itis a converging -divergin g device that is used to measure discharge.

81 [To avoid cavitation]

al
Geometric details: Oy = o—g_—g’to
¢
Angle of convergence ( U¥20 & 22°
Angl e of divergence (&) = must be below 7A (To avoi

Qactual = Cd Si 2gh

VA A

Cd - Qactual
cheoretical
Calculation of h: The value of h is calculated with the help of the deflection of the

manometric column.

| _y h= xS
Case 1: Sm > S (flowing fluid ), then : h—Xégg 1 :

a
Case 2: Sm <S( flowing fluid), then : (h= X%
¢
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Orifice -meter : An orifice meter is essentially a thin circular plate with a sharp edged

concentric circular hole in it.

DIRECTION ¥
OF FLOW

¥ DIFFERENTIAL MANOMETER

Actual Area at vena-contracta _A,
Theoretical Area atvena-contracta ,#

Coefficient of contraction (C c): Cc =

Discharge: Q:Cd.i 3/2gh

VA A

Pitot tube : Aright -angled glass tube, large enough for capillary effects to be negligible,

is used for the purpose. One end of the tube faces the flow while the other end is open to

the atmosphere

Dynamic
pressure

Piezometer .
Stagnation

pressure, P,

Static 2 .
pressure, P Pitot

Y, ._J/ —
/

Stagnation
point

V; =./2gh :«/ 29( stagnationhead - static hep

e
h= xéi 1

é S
Momentum equation:

F.dt = d(mv)

[

which is known as the impulse -momentum equation and states that impulse of a force F

actingon a fluid of mass m in a short interval of tim e dt is equal to the change of

momentum d(  mv) in the direction  of force .

16
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,COS 0
p.A.sin 0 Y E
p.A.cos 0
— | 0 v X
(a) (b)
\ Fx=rQ(Vi1- Vz2cos q)+p 1A1 - p2A2 cos
\' iR =rQ(- Vzsin g) - p2Az2 sin q
. - 2 =2
Resultant force : |Fz = JFX )
The angle made by the resultant force with horizontal direction is given by
F
tanq =~
FX
Moment of momentum equation: It statesthat the resulting torque acting on a rotating

fluid is equal to the rate of change of moment of momentum.

According to moment of momentum principle :

Resultant torque = rate of change of moment of momentum

T=rQ[Var2 - Viri]

Applications:

1. For analysis of flow problems in turbines and centrifugal pumps.

2. For finding torque exerted by water on sprinkler

Vortex flow: Vortex flow is define  d as the flow of fluid along a curved path or the flow of
a rotating mass of fluid is known as vortex flow.

Equation of Motion for Vortex Flow

2
dp = rv—dr gde
r

Plane vortex flows: Itis the flow where streamlines are concentric circles.
; \V
Vi=0andV 1 0 arﬂeﬂ:o
Hq

Forced Vortex Flow . In this type of flow, external torque is required to rotate the fluid

mass.

I a \ o Vo= W
P-BP =82 v ¢
2" T &% 1u§1§fz21'@% V1:"‘i‘:
where r = Radius of fluid particle from the axis of rotation .

17
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For f ree surface of the liquid, then P1 = P2

NI 1l 42 2
g2 %0658/241

—_——

Note: In case of forced vortex, the rise of liquid level at the ends is equal to the fall of

liquid level at the axis of rotation

volume of paraboloid = %(rga of cros s -section Hgei ht of parabola (

Examples:  Flow of liquid inside the impeller of a centrifugal pump , Flow of water through
the runner of a turbine

Free Vortex Flow: Total mechanical energy remains constant in the entire flow field i.e.

does not vary from streamline to streamline. There is neither any addition nor any
destruction of energy in the flow field.

r = —Constant €on stan t

m
Examples : Flow of liquid through a hole provided at the bottom of a container , Flow of
liquid around a ¢ ircular bend in a pipe , A whirlpool in ariver , Flow of fluid in a centrifugal

pump casing.

18
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CHAPTER 5: LAMINAR FLOW THROUGH PIPES & PLATES

Introduction: Laminar flow (streamline flow) occurs when a fluid flows in parallel
layers, with no disruption betwe en the layers.
rND _ VD

Reynol uba: R =——=—

Where, V=mean velocity of flow in pipe

dynamic viscositiwm3dj the |iquid (N

1
I = Kinematic viscosis)y of the liquid (m

D= diameter A for pipe, D = length A for plate

Hydraulic Diameter: For the flow through non T circular pipes characteristic dimension

is given by:

— 4AC
P

Dy,

Where,
Ac = Cross 1 section area of the pipe

P = Perimeter of the pipe

Pipe Plate
Re < 2000 laminar Re <5x10 ° Laminar
2000 < R e <4000 Transient Re >5x 10 5 turbulent
Re > 4000 turbulent [transient is small so neglected]

Hagen -Poiseuille flow [ Laminar flow in a pipe]

Assumptions:
(1) . steady flow .
(2) . flow is fully developed

Velocity profile is constant w.r.t length in the fully developed flow.
_ \) \)
— ) )
— — )/

-
Entrance length

W
X

constant

Laminar flow through circular pipe:

19
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Shear stress :

SHEAR STRESS
DISTRIBUTION

)

VELOCITY

DISTRIBUTION

/

It varies linearly along the pipe and it becomes maximum at r=R.

Velocity variation:

Velocity varies parabolically along the pipe and it becomes maximum at r

Ran
ax 4m§;

Maximum velocity:

Pressure drop:

Friction factor

o RaPy ¢
4mc¢ % R

—— o~

Um

R-B

32mvL 8 mL

D?

R

coefficient of friction:

Laminar flow between two fixed parallel plates [with unit width]
PARALLEL PLATE
/

DIRECTION
OF FLOW

R ———
R ——

Ay
[T+gjy]_\xxl T
oy
1A —~D t
—_ X ( 5 \
Ay PXA jp$9Ax|Ayx1
T %(FC \ ox )
TXAXX1
X KT PARALLEL PLATE

Laminar flow between parallel plates when one of the plates is moving and other one is

stationary is known as

Ez_p
X

M

fiCouet flow.o

20
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Velocity Distribution

=25 By )

t2 auP
8uaﬁ&

Vavg :g Unax =Average velocit

— o~

Maximum velocity: Unax =

o - ,.,t o
Shear Stress distribution: t :?‘ae_ﬁ 8_2%/
CIx  2¢
[
u,..
—_—
(a) (b)
- 1 a A
Discharge per unit width: =— B
12uail_x g
12
Pressure difference:  |R - #
{

Correction factors
Momentum correct i on Itfisaefibted as the a )ratio of momentum per second
based on actual velocity to the momentum per second based on average velocity across a

secton.l't i s denoted by a.

1,
— fPdA
V20

Kinetic energy corr ecltisdefinedfasitioetratio of ( URinetic energy of flow

per second based on actual velocity to the kinetic energy of the flow per second based on

average velocity across a same section

3dA
Av3 ﬁj
Correction -factor Laminar Turbulent
U 2 1.33
a 1.33 1.2

21
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CHAPTER 6: TURBULENT FLOW

Introduction . In case of turbulent flow there is huge order intermission fluid particles
and due to this, various properties of the fluid are going to change with space and time.

(VAT

U = mean or average component of velocity

Any parameter = Average component + fluctuating component

u=u

Shear stress in turbulent flow

Shear stress due to turbulence: t, = ghu— (Boussinesqg Hypothesis).
Yy
Kinematic eddy viscosity: e A
r
Total shear stress: |t =t .+ t@= mdi
dy dy

Reynol dds h:ypuaeh he sG subd v O

._ ., ,du
According to Prandtl Mixing length hypothesis U=V :|d—
y
I = Prandtl 6s mixing | ength
o 2,
P Irzadu C
turb. — o"‘?tl (
¢y -
Negligible
Ttotal b.
Relation of Shear Stress with Coefficient of friction Clf = Zt_(;
rv
Velocity distribution in turbulent flow
Shear or Fictitious velocity: u = to
r
« ay
U=Upy +25ulog . R
&L
The above equaton i s known as O6Prandtl 6s universal velocit)

turbulent flow in pipes.

22
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max
u

" —575109 R 1Y)

The difference between the maximum velocity

(Umax -u) i s known as

6velocity

u max, and local velocity u
defect .

Logarithmic distribution

(

of velocity

\

)

Hydrodynamically smooth & rough pipes

LAMINAR SUBLAYER

LAMINAR SUBLAYER

{a) Smooth boundary

K = average height of roughness

(b) Rnugh boundary

m BYJU'S

at any point i.e.

a’ = height of Laminar subl ayer
Ni kuradsebs conditions for .smooth & rough boundary
Ni kuradseds con AU’k
In terms of roughness Reynolds number &
n
¢
K
F <0.25 - smooth [ L < 4 , boundary is considered smooth.
n
0.25<F <6 -Transitior If 4 <=2 400 ,boundary is in transition stage
K u k .
7 >6 - Rougfr If > 100 , the boundary is rough
n
. _ ,1l.ay
Laminar sublayer thickness: d= v
S

shear friction velocity or hyp

and V is the average velocity

Velocity distribution for turbulent flow

othetical velocity

Velocity distribution in rough pipes:

O
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Average velocity in Rough pipes:

Velocity distribution in rough pipes:

Average velocity in smooth pipes:

[

U &R ©
— =5.75log #. 75
. 10 8 g*
o * 6
U 575109 , Y B+
u v 2
0 3R O
U —57510g ,, o~ 875
u Fgv 2

u-u

*

Now:

=5.75log {y /R) 35

Velocity distribution for turbulent flow with average velocity in

power law
u ay g 1 u ay 'y
= 5 and n=2= Y = 6
0 0
Unmax 8’%5 s 7 U max _§ =

Resistance of smooth and rough pipes:

The term of the right

s k |
f= R, —
%eol

This equation shows that

where k is the average height of pipe wall roughness protrusions.

-hand side is called co

smooth pipes for

- efficient of friction f. Thus:

friction co -efficientis a function of Reynolds number and k/D ratio,

Friction factor in turbulent flow

(). F or Smooth pipes:

The value of o6f6 for
by the relation
f = .0791
- 1/4
(Re)
v 0.221
When,Re=10 5to4x10 7Y |f =0.0032 +———
Ré).232
(b). F or rough pipes:
1 aR &
— =2Iogloa 8+1.74L When, Re>6x10 8
AT 8?2 s
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CHAPTER 7: LOSSES THROUGH PIPES

Introduction : Major loss is due to friction and calculated by Darcy Weisbach equation
and Chezydés formul a

Minor loss into five types of losses i.e., sudden expansion loss, sudden contraction loss,
exit loss, entry loss and bend losses.

Major loss es:

_fLV 4LV

Darcy Weisbach equation: hf
29D 2gD
Where, fis friction factor
f=4f 06,
where fo6 is friction coefficient
V is mean velocity of flow in the pipe, D is diameter of the pipe, L is length of the pipe

Chezybds formul a

i1
w
V=G/m
Where, C = Chezybs constant
V = Average velocity

i = hydraulic slope

P
4 _

_ _ Area of cross sec tion D
Hydraulic mean depth = wetted perimeter = oD _Z
Minor losses

2
S i . — (Vl B VZ)
udden expansion loss (h Dse: |Ng = 2
g
2 2 2
a
Sudden contraction loss : (h| )SC = L -1 % I*"r'\i
C 29 29
V2
Entry losses : (hl)entryzo'sz
V2
Exitlosses : |(N)exit :2—
g
V2
Bend losses : |(h )Bend: K2—
g

Hydraulic gradient line (HGL) & total energy line (TEL)
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(). The line that represents the sum of the static pressure and the elevation heads P +Z
rg
is called the hydraulic grade line.
p ,V?
(ii). The line that represents the total head of the fluid — + 2— 4z is called the energy
rg g
grade line.
V2
(ii). The difference between the heights of EGL and HGL is equal to the dynamic head 2
g

(iv). For stationary bodies such as reservoirs or lakes, the EGL and HGL coincide with the
free surface of the liquid. The elevation of the fr ee surface z in such cases represents both
the EGL and the HGL since the velocity is zero and the static pressure (gage) is zero.

(v). A steep jump or droop occurs in EGL and HGL whenever mechanical energy is added

to the fluid (by a pump or mechanical ene rgy is removed from the fluid (by a turbine)

respectively .

...~ HGL
Pump __ Tutbine
=)
wpump wlurhim:
Pipes in series & parallel
(a). Pipesinseries :
|Q1: Q +Q Q »»K B GOHIS*.
h=h ), Re.h
Equivalent length igiven by Dupit s formla):
eohik B
D O O O
(b). Pipes in Parallel
Q=Q:1+Q2+Qszééé. n Q
h|l =h2 =i‘|3 = hn
For fn oA pDisechasge through each p’ang
n

26
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;-L;D(i; = r;;_(j[f YTIZ:‘ =ﬁ_L|j:’ (When all pipes are similar ).

5 5
\/E :\/E + i \][E I (When pipes are different & head loss is same ).
L Vb Vi Vs

Power transmission through pipes
Rh. = r 9QH
Re= 79Q(H  hj

Efficiency is given by:

_Ra H- Ny
Rh. H

Condition for maximum power transmission

H H- h
hf :§ and hmasz H66.67%
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CHAPTER 8: BOUNDARY LAYER THEORY

Introduction . Itis a narrow thin region near the solid boundary where velocity gradient
exists.

Growth of boundary layer over a flat plate

Free stream

Y/

velocity _/
d = Boundary
u 3 BLR Layer
® —_— Thickness
e S g AT ERIEEEEER SR
E—

Solid object rest

No slip condition
at Boundary

The flow region adjacent to the wall in which the viscous effects (and thus the velocity
gradients) are significant is called the boundary layer.

Growth of boundary layer over a flat plate

Boundary conditions:

(i).aty=0,u=0

(ii). vy = 4, u = u
du
(iii). =& u,
dy
(iv). x = 0, U4 = 0
Boundary | ayer t hitis#efinedas the varical distance from boundary up

to the point where velocity becomes 99% of free stream velocity.
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