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Fluid Statics ( ) :-

 fluid rest condition 

:- ( )

Fluid Kinematics ( ) :- 

Velocity (v) 
ds

dt

Acceleration (a) 
dv

dt

Angular velocity ( ) 
d

dt



Fluid Dynamics ( ) :- 

Fluids (Liquid and gas):- 

( ) 

Note ( ) :-

• (stress) (strain) 

• fluids (stress) (strain rate) 

• solid deform 

fluid deform 

Difference between solid as well as fluid (Liquid or gases)

:-

Solid Fluid

•  Elastic limit ls T;knk cy yxkus

    solid ij LFkk;h :i ls 

    deform gks tkrk gSA     fd yxk;s Li'khZ; cy dh ek=k 

  fdruh gSA

•  Fluids ij ,d ckj cy yxk ysus 

ds ckn og viuh izkjfEHkd voLFkk

     esa dHkh ugh vkrh gSA

•  Elastic limit ls de cy

    solid yxkus ij viuh iwokZLFkk

    esa iqu% vk tkrk gSA

CHAPTER - 1
(PROPERTIES OF FLUID)
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Types of Fluid

( )
1. Ideal Fluid ( ) :-

• (surface tension) (viscosity) 

• fluids 

2. Real Fluid ( ) :-

• (Real fluid) 

• fluids real fluids 

Some properties of fluid

( )
(1) Density ( ) ( ):-

• fluids   

 
 
m

v
 

• Unit
In MKS kg/m3

In CGS gram/cm3

3

gram
1

cm


3

6 3

10 kg

10 m



 103 kg/m3

• Dimension  :-

M'L- 3T°

Note:-

water 
3

gram
1

cm


3

kg
1000

m
, Hg   13.6 × 103 kg/m3

• 4° density 

• liquid 

•

(2) Specific Volume ( ) (V):- fluid specific

volume 

Specific Volume 
(V)

(M)

  V 
1

M

V


1



Unit:- In MKS m3/kg
CGS cm3/gram

Dimension:- M-1L3T°
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(3) Specific Gravity ( ) (s):-

•

•

s 

For liquid:- Standard fluid water, w 1000 kg/m3

For gases:- Standard fluid Air  air 1.21 kg/m3

• Dimension:- M°L°T°
• Unitless

• dimensionless 

• For Hg:-

S
Hg 

Hg

s tandard fluid






3

3

13.6 10

10


13.6

For Water :-  S
Hg 

water

s tandardfluid






3

3

10

10
1

(4) Relative Density ( ) (R.D.) :-

• fluid (1) fluid (2) 

•

R.D. 
Density of fluid1

Density of fluid 2

• Dimension- M°L°T°
• Unitless

(5) Specific weight or weight density ( ) (w):-

• specific weight 

w 
mg

V

w g

Unit:- 3 2

Kg m

m sec
  or 3

N

m

 2 2

Kg

m sec
,

Dimension M'L-2T-2

w
water 103 × 9.81 N/m3 39810 N /m

w
Hg 13.6 × 103 × 9.81 N/m3

(6) Compressibility ( ) ( ) :-

• fluids 

• bulk modulus of elasticity 

• Bulk modulus 

•   
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Cylinder

Piston

PGas

Initial condition

v

P + dPGas

Final condition

v-dv

Change in pressure Final pressure - Initial pressure

P + dP - P dP

Change in volume  (V - dv) - V  - dV

Volumetric Strain  
change in volume

Volume


dV

V



K 
dP VdP

–
dV dV

V


 

 
 

....(1)

We know that  
1

k
,  

1 dV

V dP
 ....(2)

In general,

m  v

differentiate it

0  dv  + vd dm 0

- vd  dv 
d
 

dV

V



Put in equation (1)

K 
dP

d


 K 
dP

d


 ....(3)

So  
1 d

dP


 ....(4)

For liquid

incompressible 

d 0

K   ....(5)

 0 ....(6)

For gases

compressible 

d  0

K   ....(7)

  0 ....(8)
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(a) Isothermal compressibility of a gas ( ) :-

•

PV constant

differentiate it

vdp  + pdv 0  pdv  - vdp

dV

V
 

dP

P
 P 

dP

dV

V

 
 
 

P Bulk modulus of elasticity (K)

K
iso P P  RT

or K
iso  RT  and iso  

1

P


1

RT

Unit of K is Pascal

(b) Adiabatic compressibility of a gas ( ) :-

•

PV constant

1V dp V dV P     0

 1V VdP PdV   0

VdP  -  PdV

 P 
dP

dV

V

 
 
 

K  P

K
adiabatic  P

Adiabatic bulk modulus  P Adaiabtic Index × Pressure

adiabatic 
1

P

Viscosity ( )

( ) ( )

• (viscosity) 

Direction of flow
u du

x

y

du
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Cause of viscosity ( ) :-

• Viscosity molecules attraction force cohesive force 

Definition ( ) :-

• fluids layer fluid 

fundamental property viscosity 

• (viscosity) 

• Viscosity fluids 

• (cohesive force) 

• viscosity praticle random motion 

Note :-

• water dynamic viscosity air dynamic viscosity 50 

2H O >>>>> air

Shear strain:-

Direction of flow
u du

x

y

du

dy

In time interval dt

dudt

dy

udt

udt

d

Shear strain

tan d  
dudt

dy

If   is very small tan d   d

d 
dudt

dy

where d Shear strain or angular deformation

d

dt




du

dy

where
d

dt




du

dy 
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Newton's law of viscosity ( ) :-

• y layer shear stress (shear

strain) 

y

y
Direction of flow

 
d

dt



By defination d

dt




du

dy

 
du

dy

 
du

dy


  ( ) 

oil

water

air

du d
or

dy dt



• curve viscosity ()  = 
du

dy


•  slope ( ) 

• 
oil 

> 
water

 > 
air

Unit of viscosity ( ) ( ):-

Dynamic Viscosity ( )

In SI

2

N

m
× sec or Pa × sec

In MKS

kg
2 2

m 1

sec m
 × sec

kg

m sec
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In CGS

1 CGS 
gram

cm sec

1 Poise 
gram

cm sec 
kg1

10 m sec  2

1 N

10 m
× sec 0.1 pa sec 

Dimension :- M1L-1T-1

Kinematic viscosity (  ) :-

• fluid 

•  

 



Unit of kinematic viscosity :-

In MKS

3

kg /m sec

kg /m




2m

sec

In CGS

1 CGS 

2cm

sec

1 stoke 
2cm

sec


2

4

1 m

sec10

Dimension :-  M0L2T-1

Effect of different conditions on viscosity of fluid

(Fluid )

1. For Dynamic Viscosity or Absolute viscosity ( ) :-

(A) Effect of temperature ( )

• Liquids ( ) :- increase 

T   

T

• Gases :-

• random motion 

rms

3RT
V

M


• temp increase molecule random motion increase 

T   
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(B) Effect of pressure ( ) :-

• Liquids ( ) :- Liquids liquids

 (P  Remain same)

• Gases :-

•
1

P
V

 PV = constant

• PV 

rms

3RT
V

M


PV = RT

3PV

M
  = constant

• random motion 

Note :-

•

2. For Kinematic Viscosity ( ) (  )

(A) Effect of temperature

• kinematic

viscosity 

•   



kinematic viscosity  (T    )

(B) Effect of pressure ( )

• kinematic

viscosity 

P Reamin same

•
P


 

• kinematic viscosity 

Note :-

20°C 15.2 
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Linearisation of Newton's law of viscosity

( ) :-

•

 
du

dy


Shear stress at the wall is w or 0

w 
Y 0

du

dy




u velocity profile (variation of velocity)

Velocity Profile

External flow

h
h1

w 
Y 0

du

dy




where
Y 0

du

dy


Slope of tangent at Y 0

So

  tan  
u

h

If   is very small tan   

w  

So  
u

h

 w 
u

h


where u Relative Velocity (u - 0)

h Very small gap

Note :-

(small gaps) 
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Newtonion Fluid ( ) :-

• (fluid) 

n

du
B

dy

 
    

 

• n = 1 B = 0 

du

dy

 
   

 

du d
or

dy dt

 du d
or

dy dt



(), fluids

netonion fluid 

Rheology :- fluid flow 

(non newtonion fluids) 

Non-Newtonion Fluid :-

fluid 

Power law  A

n

du

dy

 
 
 

Where

A consistency Index

n Flow Behaviour Index

apparent

n 1

du du
A

dy dy

  
  
   

Slope  apparent
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Classification of non-newtonian fluids

•

(a) Purely viscous

(b) Visco elastic fluids

• Purely viscous fluid 

(a) Time independent

(b) Time dependent

(a) Time indepedent fluids or deformation dependent

 A

n

du

dy

 
 
 

apparent

n 1

du du
A

dy dy

  
  
   

du d
or

dy dt



app 

app 

n < 1    pseudo plastic
n >1    Dilatant fluid

du d
or

dy dt



Pseudo plastic

Dilatant fluid

• Pseudo plastic fluid apparent viscosity deformation shear

thining fluid 

, paper pulp and molasses

• Dilatant fluids apparent viscosity deformation shear

thickning fluid 

(honey), saturated solution of suger, starch solution

Bingham Plastic or Ideal Plastic Fluid:-

• fluid 
y
 (yield stress) bingham

plastic or ideal plastic 

gel, cream

 
du

B
dy

 

B + ve
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du d
or

dy dt



B

where B  Initial yield stress (B  0)

 

n 1

du du
A B

dy dy

  
   
   

(b) Time dependent fluids

 A

n

du

dy

 
 
 

+B

apparent

n 1

du du
A

dy dy

  
  
   

+B

du d
or

dy dt



n < 1, B   0 Thixotropic

n > 1, B   0 Rheopectic

• Thixotropic fluids, constant applied shear stress apparent viscosity 

, Paints, Ink, 

• Rheopetic fluids, constant applied shear stress apparent viscosity 

(increases) 
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Ideal fluid:-

du d
or

dy dt

 du d
or

dy dt



• (non -viscous) (incompressible ) (ideal fluid) 

 = 0 Invisid fluids  viscous force = 0  cohesive force = 0

• (incompressible) 

•

• fluid pratical purpose 

Ideal solids ( ) :-

du d
or

dy dt



Surface Tension ( ) ( ):-

•

•

At the surface of liquid

Inside the liquid

A

B

A

B

A

F 0net cohesive force

B

F 0net cohesive force

Surface

F     Net cohesive force Net
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Mathematically:-

 
F

l

2H O 0.073 N/m 
1

15
th of 1N Air water interface

Hg 0.48 N/m   Air-Mercury Interface

•

• Net downward force liquid 

curvature 

• increase 

Cubic Cuboid Cone Cylinder Sphere

Surface area is minimum


•

(1) Pressure inside a droplet of liquid ( )  :-

Water drop:-

P

Radius   R

 2 R    2P R 

P 
2

R


 

4

D



(2) Pressure inside soap bubble ( ) :-



P
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• interface film 

Hence    2 R 2 R      2P R 

P 
4

R


 

8

D



(3) Pressure inside liquid jet or jet of water (iquid jet jet of water ) :-

Liquid Jet

Nozzle

dia   d

2R

PL

   L L    P 2RL

   2L   P 2RL

  P 
R


  

2

D



Surface Energy ( ) :-

• store store energy surface energy 

E  A A surface area


E

A


equation surface tension unit 2 

1000's × r     
R

Small drop Big drop

1000 × 
4

3
 r3 

4

3
R3

10r R
E

1 1000 ×   × 4  r2

E
1 4000  r2 .....(i)

E
2   (4 R2)   [4  (10r)2]

E
2 400  r2  ....(ii)

E
1 
- E

2 3600  r2

E
1 
> E

2

Note :-

•

surface energy minimum surface energy stable
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Wetting and non wetting surfaces

1. liquid (cohesive force) 

2.

Case I :- Wetting surface

Adhesive force >>>> Cohesive force:-

Glass

 

If  < 90°   Angle of contact

For clean water  0°

Liquid wets solid surface

Case II :- Non wetting surface

Adhesive force <<< Cohesive force

Glass

Point contact Hg

  [130-140°] for Hg

If   > 90° Liquid does not wet the surface
Hg
   >90°

wetting non wetting liquid surface tension 

interface contact angle

(1) Water-glass 0°

(2) Mercury-glass 130°

(3) Kerosene-glass 26°

Capillary Effect or capillarity

( )

• 1cm 

•  reservoir 

capillary tube 

• Capillary tube liquid 
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d
h

Water



Capillary fall,    > 90°

d

 

 h Mercury

(a) Capillary rise,  < 90° (b) Capillary depression,  > 90°

h



d

cos 
cos  cos 

d

 cos 2 R   

 cos 2 R   mg

 vg

  cos 2 R    2R h g    

2 cos   ghR

 h 
2 cos

gR

 


 or 
4 cos

gd

 


  liquid glass Angle of contact

where

d glass tube 

h  tube liquid 

  surface tension of liquid

Note :-

• capillary rise ( ) tube 

• tube 1cm 

• (avoid) tube

10mm 
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Note:-

Angle of 
contact

1.

2.

Cohesion < Adhesion

Cohesion > Adhesion

Liquid wets 
solid surface 

Top surface of 
water is concave

Top surface of 
water is convex

Liquid rise in the 
capillary tube

Liquid falls in the 
capillary tube

Liquid does not 
wet the surface 

90  

90  

Capillary tube liquid rise :-

(1) Liquid 

(2) Tube 

(3) Liquid 

(4) Angle of Inclination (Angle of contact)



Fluid Mechanics21 ZONE TECH

Pressure:-

Non-Pressing 
component

Pressing 
component

Mathematically:-

 
F

A

F External Normal Force or External Thrust or Pressure force

Pressure is a scalar quantity.

Different types of pressure:-

Absolute zero pressure line

Pr P    P  -    vaccum atm 2abP

P     gauge      - Patm 1abP1abP

2abP

Atmospheric pressure (P )atm

(1) Atmospheric Pressure:-

level 1.013 bar barometer level 

10.3 m head 76 cm head 

CHAPTER - 2
(FLUID PRESSURE AND ITS MEASUREMENT)
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(2) Absolute pressure:-

• zero pressure level net pressure 

• Aneroid barometer 

(3) Gauge Pressure:-

•

• manometer Bourden gauge 

(4) Vaccum pressure:-

•

P
abs P

gauge
 + P

atm

P
vaccum P

atm
 - P

abs

(-ve) P
vaccum

 is called negative pressure.

Unit of Pressure:-

(1) SI:- N/m2

(2) Pascal:- 1 Pa 1 N/m2

(3) Atm:- 1 Atm 101325 Pa 1.01325 × 105 Pa

(4) Bar:- 1 bar 105Pa

(5) Kgf/cm2:- 2

kgf
1

cm
 4 2

9.81N

10 m 9.81 × 104 N/m2

Atm > bar > 2

kgf

cm

(6) psi:- Pound force per square inch

1 psi  2

1 bf

inch

l
  2 2

kgf0.4536

cm2.54

1 psi   2

0.4536

2.54
× 9.81 × 104 N/m2

1 psi 6894.76 Pa

1 Atm 101325 Pa

1 Atm 14.696 psi

psi pressure unit pressure 

Pascal's law :- 
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Pressure at a point:-

•  (

drive )

•

•

•

fluid 

(Pressure at a certain point in static fluid or Hydro-static pressure)

dA   Cross section area of fluid element

dh   Height of fluid element

h   Distance of fluid element from free surface

h
d(mg)

dA

Force balancing in vertical direction

PdA - (P + dP)dA + dmg 0

Because fluid is stationary (without any motion)

- dPdA  - d(mg)

dPdA  dvg {dv dAdh}

dPdA  dAdhg

dP

dh
 g

where 
dP

dh
Pressure gradient in downward direction

Integrate it

P

0

dP 
h

0

gdh

P  gh P fn(h)

dP

dh
+ g  for downward direction

dP

dh
 - g  for upward direction
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Case 1:- For incompressible fluid:- Case 2:- For compressible fluid:-

 constant  is not constant

dP

dh
 g

dP

dh
 g PV MRT

dP dz Linear relation
dP

dh


P
g

RT
  

P

R T

P  gz
abs

atm

p

P

dP

P 
h

0

g
dh

RT  ln
abs

atm

P

P

 
 
 


g

RT
h

P
abs P

atm
 

g
h

RTe
 
 
 

Note:-

Hydrostatic law :- 

Pressure in terms of liquid column height

h h Vertical height

For H
2
O:- For Hg:-

P  wgh P  Hggh

1 atm 103 × 9.81 × h 1 atm 13.6 × 103 × 9.81 × h

101325 103 × 9.81 × h 101325 13.6 × 103 × 9.81 × h

h 10.3 m of H
2
O h 760 mm of Hg

Torricelli

1 Torr 1 mm of Hg 133.3 Pa

Pressure Measurement

     

Conventional Modern

 Barometer  Mechanical gauge

 Piezometer  Strain gauge Transducers

 Manometer  Piezo-electric transducers
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Barometer :- 

Wooden Frame

Scale
Glass tube

{D > 1 cm avoid capillary effect}to 

H O or Hg2

Construction

A
B

h

V.P

Vaccum pressure

P
A P

B

P
A  Hggh  + P

Hg vapour

P
Atm  Hggh P

Hg vapour   0

In case of water

P
atm  2H Ogh  +

2H OvapourP  2.7 m of H
2
O

Note :-

 mercury (Hg) 

Piezometer
P

A  gh

•

•

• Piezometer 

• Piezometer 

Manometer :- Manometer vaccume pressure

• Manometers 

balance 

• Manometer manometric fluid 

• Liquid column balance manometer 

• Manometric fluid 
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Simple U-tube 
manometer

Differential U-tube 
manometer

Simple U-tube manometer :- U-tube manometer glass tube 

U 

For Gauge pressure:-

m

A

m Density of manometric fluid

P
A
 + g (x + y)  mgx

P
A   mg × - g (x + y)

P
A   +ve (pressure is high side of A)

For Vaccum pressure:-

P
A
 + gy + mgx 0

P
A  -  mgy gx  

P
A  -ve

Differential U-tube manometer:-

manometers 

1 2

A

m

B

A B
y

P
A
 + Ag (x + y + z) P

B
 + Bgy + mgx

P
A
 + Ag (x + y + z) - Bgy - mgx P

B

P
A
 - P

B  Bgy + mgx - Ag (x + y + z)
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Pressure force on inclined surface:-

h

O

dA z

CG
CP

y

Y

F

N
et

h

y

cp
y


cph

Let us consider a plane surface inclined at an angle   with the horizontal.
A = Total area of the surface

h  = Depth of C.G. of inclined area from free surface

h* or cph  = Distance of centre of pressure from free surface of liquid

  = Angle made by the plane of the surface with free liquid surface

y  = Distance of C.G. of the inclined surface from O-Z

y* or cpy  = Distance of the centre of pressure from O-Z

P  gh

dF PdA

dF  ghdA

Integrate it

F  ghdA  g hdA  h ysin 

  g y sin dA 
F  g sin ydA  1 2ydA Ay Ay .... Ay  

F   g sin yA  h y sin 

F  ghA F
Net

Location of Total pressure force:-
Taking moment about O

net cpF .y d F.y 
pdA .y 

gh dA.y 
CPh

ghA
sin




2g y sin dA  
CP

CP

h
y

sin

 
   



cph
hA

sin
2sin y dA 

cph 
2

xx

sin
I

hA


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By using parallel axis theorem


2sin

hA


2

Gxx 2

h
I A

sin

 
  

h
y

sin

 
   



cph
2

GXXI sin
h

hA

 
 

For horizontal surface  0

cph  h , F
gauge  ghA

For vertical surface  90°

cph  h + 
GxxI

hA

Physical significance of h  and CPh :-

(i) cph  h + 
2

Gx xI sin

hA

 

2
Gx xI sin

hA

 
 CPh  h  , (C

P
)

(G) 

(ii) cph  h + 
2

Gx xI sin

hA

 

cph - h 
2

Gx xI sin

hA

 

 cp
1

h h
h

   if h    cp
h h 

( h ) , 
2

GxxI sin

hA


 

(C
P
), (G) 

Centre of pressure :- Surface Centre of pressure 

Different Shapes:-

d d d d

bb

h h
h

h

Area bd
3

Gxx

bd
I

12


3

GXX

bd
I

36


3

GXX

bd
I

36


4

GXX

R
I

4


 4

GXXI 0.11R

d
h

2
 d

h
3

 2
h d

3


d
h

2
 4R

h R
3

 


bd
Area

2
 bd

Area
2

 2Area R 
2R

A Ar re ea a
2




h

h

 
2 2

3
GXX

a b 4ab
I h

36 a b

  
    

b

h

a

R
h

2a b h

a b 3

 
  

h 

 1
a b h

2
 
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Hydro-static force on a body or Buoyant force

Hydro-static force 

Body Top
h

hB

hA

Bottom

A AP gh 

B BP gh 

Body top surface P
A
A (A Area)

Body bottom surface P
B
A

Body upward direction net force (Buoyancy force)  (P
B
 - P

A
)A

  B Agh gh A 

  B AgA h h 

 ghA

 Displacedg V

 DisplacedV g

( DisplacedV Mass of displaced fluid)

mg weight of the displaced fluid

(Buoyancy Force   Net upward force = weight of liquid displaced = Upthrust)

Archimede's Principle ( ) :-

body fluid fluid body 

upthrust 

Force Analysis:-

Body

M gBody

FB

CHAPTER - 3
(BUOYANCY AND FLOATATION)
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Upthrust F

B

Down thrust M
Body

g

Different cases:-

Case I:- Submerged body

FB

MBody  g

M
Body

g F
B

Body BodyV g  DisplacedV g

Body  Fluid Displaced BodyV V

 Relative density 1

Case II:- Floating Bodies:-

FB

MBody  g

(a) M
Body

g F
B

Body BodyV g  DisplacedV g

Body  Fluid  body displacedV V

 Relative density 1

(b) M
Body

g F
B

FB

H h

Body BodyV g  DisplacedV g

R.D 
Displaced

Body

V

V

 Relative density < 1  displaced bodyV V

Condition of floation, relative density 1
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Depth of Immergence:-

h?

Body BodyV  DisplacedV

Body AH Ah

Body H h

    Relative density 
h

H

Note:-

Floating Body
Body

Displaced Fluid

Suspended body 
(neutrally buoyancy)

body f  

Sinking Body

body f  

Body   , f  Fluid Density

fluid Buoyancy force, fluid free surface 

solid body 

Center of Buoyancy:-

• buoyancy force 

• displaced fluid 

FB

B

Effect of disturbance on center of buoyancy (B):-

Center of buoyancy disturbance (B):-

Case I:- Submerged Body:-

Vertical Axis

B B
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Case II:- Floating body

B
BV

V

Note:-

Submerged body distrubance center of buoyancy 

floating body disturbance center of buoyancy,

vertical axis shift 

Stability

Stable Equilibrium :- body original position displaced 

original position stable equilibrium 

Stable

Neutral Equilibrium :- body original position displaced 

position neutral equilibrium 

Neutral

Unstable Equilibrium:- body original position displaced 

move unstable equilibrium 

 
Unstable

Time of oscillation
1

Stability

T  2  
2R

g GM

R Radius of Gyration

GM Metacentric Height
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Stability of submerged body:-

FB

B

Stable

B lies above G

G B

M gBody

G

FB

G

Unstable

B lies below G

B
B

M gBody

G

FB

B

Neutral

B, G coincide

G

M gBody

Case I Case II Case III

B, G

Stability of Floating body:-

Unstable

M lies below G

Neutral

M and G coincide

Case I Case II

Stable

M lies above G

Case III

Metacenter (M) :- body vertical axis body vertical axis 

Boyant force 

• Metacenter, body 

• point body 

Metacentric Height (GM):-

center of gravity metacenter 

GM + ve Stable

GM 0 Neutral

GM   - ve Unstable

GM Metacentric height
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In general

GM BM - BG

GM 
Displaced

I

V
- BG

I   Fluid free surface body MOI 

Note:-

• M above G
BM > BG
GM   MB - BG   + ve

• 
• 

• M at G
GM   0• 

• M below G
BM < BG
GM   BM - BG   - ve

• 
• 

Stable Equilibrium

Unstable Equilibrium

Neutral Equilibrium

Metacentric height

For (1) Passenger ship  (0.4 - 1.0) m

(2) War ship  (1.2 - 1.8) m

Real and Apparent weight

( ) :-

Real weight ( ) :- body  real weight 

Body

Reading 
weight

Fair MBodyg

T

T  B bodyF M g 

Since BF  air is zero due to low density

T M
Body

g
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Apparent weight ( ) :- fluid body 

apparent weight 

(F waterB)

MBodyg

T

Water

T
T

T + (F
B
)

water M
Body

g

Apparent weight Real weight - (F
B
)

water

Buoyancy force Real weight - Apparent weight

Condition of weightlesness

T 0

So real weight   F
B water

b bV g dispV .g

Relative density displaced

body

V

V

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(Fluid kinematics), fluid mechanics fluid particles 

consider fluid particles 

Different types of flows in fluid system

(Fluid system 

1. Steady and Unsteady flow   :- particular space fluid 

properties (steady) 

(unsteady) 

Mathematically

Steady flow:-
space

F

t




0 
P

t


 0

V

t


 0

t


 0

Unsteady flow:- 
space

F

t




 0

2. Uniform and Non-uniform flow  :- (particular

time) fluid properties 

(uniform) (Non-uniform flow) 

Mathematically

Uniform
time

F

s


 0

Non-uniform
time

F

s




 0

3. Rotational and Irrotational flow  :-

• fluid particles (center of mass) rotate 

(rotational) (irrotational) 

• flat plate consider boundary region 

(region) (viscous region) 

• Boundary layer (viscosity) (region) 

(inviscid region) 

CHAPTER - 4
(FLUID KINEMATICS)
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• (flow field) fluid particles (rotation) (viscosity) 

(viscous region) rotational 

(inviscid region) (irrotational) 

• flow field (viscosity) fluid rotational 

fluid flow field (rotational) 

Irrotational (Translation only)

Rotational (Translation + Rotation)

4. Compressible and Incompressible Flow :- fluid 

(density) 

For compressible flow 

d  0

For incompressible flow 

d 0

5. Laminar and Turbulent Flow  :- (Laminar flow) 

fluid particles (well-defined path) stream line 

stream line 

(laminar flow) particular plane fluid particle layer layer 

jump particles 

Turbulent flow :- fluid particles zig-zag way 

(turbulent flow) fluid particles layer layer jump 

particles vectors plane 

Random movement of the particles
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6. One, Two or three-dimensional flow with respect to space Space 

:-

One-Dimensional Flow  :-

• space flow parameters varies 

 i.e V  f(x, t)

• cross-section flow parameters 

vary 

• Flow field), stream line 

Two-Dimensional Flow :-

flow parameter, space very flow two-dimensional

flow  i.e. V  f(x, y, t)

Two dimensional flow , (flow velocity) fluid parameters 

vary 

Three-Dimensional Flow :-

flow parameters, space vary 

 V  f(x, y, z, t)

Flow properties vary 

(bent) fluid machine inlet 

Type of flow

1 - D

2 - D

3 - D

Steady Unsteady

V   f(x) V   f(x, t)

V   f(x, y) V   f(x, y, t)

V    f(x, y,z) V    f(x, y,z, t)

Note:-

•. (constant flow rate) 

(Steady uniform flow).

•   

(Unsteady uniform flow).

• tapering (constant flow rate)   (Steady non-

uniform flow).

• tapering    (Unsteady non-uniform

flow).

Rate of flow or discharge  :- pipe channel section 

fluid (flow rate) 

A = Cross-sectional area of pipe Pipe cross-section area

V = Average velocity of fluid across the section Section fluid 

(discharge) Q = A × V
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Continuity equation  :-

• Continuity equation 

• indicates 

• continuity equation satisfied 

fluid element consider 

in out storage(m m ) m   

x

y

dy

dx
dz

 3-D 

V ui v j wk   


 

u, v, w  x, y, z velocity component

V F(x, y, z, t)


in out x x x
m(m m ) m m dx
x

      


   

xm dx
x


 





 ( (dydz)u)dx
x


  


( dv dxdydz )

in out x(m m ) ( udv)
x


   


  ......(1)

Similarly,

in out y(m m ) ( vdv)
x


   


  ......(2)

in out z(m m ) ( w dv)
z


   


  ......(3)

equations 

in out(m m ) dv ( u) ( v) ( w)
x x x
              

 

 in out storage(m m ) m   

and          stm
( dv) dv.

t t t
  

  
  
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 dv ( u) ( v) ( w) dv.
x y z t

    
           


d( u) ( v) ( w) 0

x y z dt
   

      
  

3-D continuity equation 

(1) Steady Flow , 0
t






( u) ( v) ( w) 0
x y z
  

     
  

(2) Steady, Incompressible flow  constant 

u v w 0
x y z
  

  
  

(3) Steady, Incompressible, 2-D flow

u v 0
x y
 

 
 

(4) 1-D, steady flow

 in out x(m m ) 0   ˆv ui


( Au) 0
x


 


( v u )

  ( Av) 0
x


 


 1 1 1A v constant 

 1 1 1 2 2 2A v A v  

2
A2

v2

A1

v1

1

Case I:- If flow is incompressible 

  1 2  

  1 1 2 2A v A v

Case II:- If flow is compressible 

1 2  

 1 1 1 2 2 2A v A v  
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Representation of flow

 

Stream Line:-

flowing fluid curve tangent 

fluid particle velocity vector 

dr

V



Equation of stream line 

Stream line small position vector dr 

dr


 (dx) i


 + (dy) j


 + (dz) k


V


 u i v j w k
                     

velocity vector direction vector cross product 

dr


× V


0

i j k

dx dy dz

u v w

  

0

     i wdy vdz j wdx udz w vdx udy
  

    

  
0 0 0

dy

v


dz

w
, 

dx

u


dz

w
, 

dx

u


dy

v

Stream line 
dydx dz

u v w
 

x-y plane stream line 

dx

u


dy

v


dy

dx


v

u

Note:-

1. streamline streamline intersect 

2. Streamline space, streamline 

(discharge) Streamline space streamline 

space velocity 
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Path line

Fluid particle at t   tstart

Fluid particle at t   tend

Fluid particle at some 
intermediate time

• single fluid particle trace 

• path line 

• Path line stream line 

• Path line lagrangian concept 

• fluid particle 

path line 

t1
t2

t3

t4 t5 t6

Streak line or filament line:-

• flow field cross fluid particles 

line 

• movement track 

Streak Lines
Path Lines

Dye Injection 
Point

1
2

2

3

3
3

4

4
4

4

5
5

5
5

5

6
6

6
6

6
6

7
77

7
7

77
8

8
88

888
8 9999
9

9
9

99 10

10
10

10101010
1010

10

Note :- flow study same 
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Fluid dynamic fluid

motion 

Fluid flow (dynamic)  F


 Ma


 

(fluid flow) 

(a) (Gravity Force)  gF


(b) Pressure Force  pF


(c) (Viscous Force)  vF


(d) (Force due to compressibility)  cF


(e) Force due to turbulence  tF


(f) Minor forces like surface tension  F



• newton's equation of motion 

• (compressibility) Reynold's equation of

motion 

g p v tF F F F  
   

 Ma


• (compressibility), turbulence  minor forces 

(gravity), pressure (viscous force) 

(Navier-stock) 

g p vF F F 
  

 Ma


• (gravity)  pressure force considered Euler's

equation of motion 

g pF F
 

 Ma


• Dynamics of fluid motion 

(Euler's equation) (Bernoulli equation) 

• Bernoulli equation :- stream line steady, incompressible 

Euler's equation of motion 

CHAPTER - 5
(FLUID DYNAMICS)
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Euler equation :- (gravity) (pressure) 

fluid element stream line 

consider drive 

stream line s-direction 

dA ds 

(Assumptions)

1. streamlined  [ V 0] 


2. (invisid)  Viscous[F 0]

P + dP

d
M

g 
si

n

 

P  dMg

d
s



ds
dz

V ds

stream lined  s-direction  eqn 

(P.dA) - (P +dP)dA - dMgsin dM.a
s

 dPdA dA. dz g   sdA ds.a

sdP + dsa g dz  0

  a
s 

V V
v

S t

 


 

                                
V VdP .ds V g dz 0
S t

          ......(1)

Equation (1) stream lined Euler's equation 

steady  
V
t




0   and 
V
S


 

dV
ds

dVdP ds v g dz
dS

    
 

0

dP V dV g dz  0

    
dP VdV gdz 0  
 ......(2)

Equation (2) steady streamlined Euler's equation 
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Euler's Equation Bernoullis equation 

Euler's equation (integration) Bernoullis equation 

dP gdz vdv 
   constant

(incompressible)  


2P vgz

2
 


constant

or
2p vz

g 2g
 

 constant

or
2p v z

g 2g
 

 constant ... (1)

Equation (1)  Bernoullis' equation 

p
g

  Fluid pressure energy (pressure head)

2v

2g   Fluid kinetic energy  kinetic head

z   Fluid potential energy  potential head

derivation (assumption) 

• Fluid  viscosity 

• steady 

• (incompressible) 

• (irrotational) 

• strem line 

Different forms of Bernoulli equation

1. Ist Energy per unit volume  :-

21
P v gz

2
   constant

P Pressure energy

21
v

2
 

gz 

Unit  3

Joule

m
 3

N m

m


 2

N

m
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2. 2nd Energy per unit weight or Head :-

2P v
z

g 2g
 


constant

P

g 

2v

2g  kinetic head.

z datum head

3. 3rd Energy per unit Mass  :-

2P v
gz

2
 


constant

P

 

2v

2


g z

Bernoulli Theorem  :- (incompressible) fluid

steady (ideal flow) fluid (total energy) 

(total energy) (potential energy) 

datum energy 

Fluid 

Pressure  energy 
p

g

   Kinetic energy 
2

2g

v

    Datum energy   z

2

2
 

p v z
w g

Constant

:- (conservation of energy) 

Application

1.

Far away from the surface
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2.

Pipe Flow

3. Irrotational

A

B

C

D

E1

E2

E3

E
A E

B E
C E

D

E
1 E

2 E
3

4. Rotational flow:-

A

B

C

D

E1

E2

E3

E
A E

B
 E

C
 E

D

E
1
 E

2
 E

3

• (irrotational) bernoulli's apply

• (rotational) flow stream line point Bernoulli equation 

apply 

Total Head 
2P v

z
g 2g
 



Piezometric Head  

P

z
g
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• plate surface viscous force  energy loss Bernoulli equation

apply 

• Internal flow pipe flow center line bernoulli equation valid Pipe

surface (highly viscous zone) bernoulli equation apply

• External flow boundary layer valid 

Flow Measurement Devices

(1) Venturimeter

(2) Orifice Meter

(3) Pitot Tube

Arrangements:-

(1) With Piezometer

(2) With differential U-tube manometer

(1) Venturimeter:-

(discharge (m3/sec) 

Venturimeter

Throat

Coefficient of discharge (C
d
)

C
d
[0.97 - 0.99]

C
d 

Actual

theoritical

Q

Q

Construction Details

(i) (converging part)

(ii) Throat

(iii) (Diverging part)
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(20° - 28°)

1 2

(5° - 7°)

D
2


1 1D D
to

3 2

 
  

Convergent angle 20° - 28°
Divergent angle 5° - 7°
Length of Divergent part  (3 - 4) × length of convergent part
Converging Part

1
2

V  > V2 1

A2A1

V1

P1 P2

V2

dx

P  < P2 1

By continuity equation
A

1
V

1 A
2
V

2

A
1
 > A

2

V
2
 > V

1

So P
2
 < P

1

 dP P
2
 - P

1 -ve

dP

dx
< 0 Flow favourable condition

Diverging Part

A2

V2

P2

A1

1

1

2

2

V1

P1
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V

2
 < V

1

P
2
 > P

1
  dP + ve

dP

dx
> 0 Adverse condition of flow

flow separation venturimeter diverging 

diverging angle convergent divergent 

Veturimeter piezometer installation

Installation:-
With piezometer:-

1

2

Throat

z2

z1

x
Reading

y(Assume)

(z  - z )2 1



Inlet

D1

Theoretical Discharge

 
venturimeter meter fluid (water)

D
1   Inlet section (1) 

                                   D
2   Throat section (2) 

p
1   Section (1) 

p
2   Section (2) 

v
1   Section (1) fluid velocity

v
2   Section (2) fluid velocity

A
1   section (1)  2

1D
4




A
2   section (2)  2

2D
4




D
2
, p

2
, v

2
, A

2
 section (2) 

Section 1 2 (general equation) 

2
1 1

1

P v
z

g 2g
 




2
2

2

P v
z

g 2g
 



2 2
2 1v v

2g 2g
  1 2

1 2

P P
z z

g g

   
     

    

 Q
th A

1
V

1 A
2
V

2
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V
1 

th

1

Q

A
, V

2 
th

2

Q

A

2
th

2 2
2 1

Q 1 1

2g A A

 
 

 
h

2 2 2
th 1 2

2 2
1 2

Q A A

2g A A

 
 
 

h

Q2
th 

2 2
1 2

2 2
1 2

A A

A A
2gh

Q
th 

1 2

2 2
1 2

A A
2gh

A A
Actual Discharge :-

Q
actual   1 2

L
2 2
1 2

A A
2g h h

A A




Q
actual 

1 2 L

2 2
1 2

A A h h
2gh

hA A







C

d

Q
actual C

d
1 2

2 2
1 2

A A
2gh

A A

C
d 

Lh h

h



:-

1. Piezometer 

hx

2. Simple difference U tube manometer 

m > 

m

hx
m 1

 
  
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3. Inverted difference U-tube manometer 

m < 

m

h   x
m1

 
  

Orifice Meter :- (discharge in m3/sec) 

C

Highly turbulent flow

21

Vena contracta [Minimum cross 
section area where flow become 
in stream line (laminar)]

C21

0.5 D2(2 - 3) D2
D

2
[(0.4 - 0.7)D

1
]

• pipe (discharge) use 

• Discharge measurement concept venturimeter (orifice

meter) arrangement venturimeter 
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• space restriction venturimeter

 orificementer 

• Flow separation head loss disadvantage 

• flow area venna-contracta 

Stream linesa2a0a1

1 2

hPlate

1 2

Venna -contracta

a
1   section (1)-(1) 

a
0   opening 

a
2   venna-contracta flow 

(Coefficient of contraction) 2
C

0

a
(C )

a


a
2
 find out  difficult  2 C 0a C .a

Section (1) and (2) apply 

2
1 1

1

P V
Z

2g
 




2
2 2

2

V P
Z

2g
 


 g  

1 2
1 2

P P
Z Z

   
         


2 2
2 1V V

2g



h 

2

2 22 2
2 12 1

1 1
Q

a aV V

2g 2g

 
 

    1 1 2 2Q a v a v 

                                    
1 2

th 2 2
1 2

a a
Q 2gh

a a




 thQ  c 1 0

2 2 2
1 0 C

C a a
2gh

a a C

actualQ  is taken as

                                 
d 1 0

actual
2 2
1 0

C a a 2gh
Q =

a a

C
d orifice meter Coefficient of discharge [0.62 to 0.67]



E - Book54 ZONE TECH
3. Pitot Tube :-

Pitot tube pipe channel flow velocity 

(device) 

point flow velocity 

(right angle) tube

(kinemtic energy) (pressure energy) tube liquid rise 

Tube liquid rises velocity measurement 

1 2

h

H

Fig. Pitot-tube

(1) and (2) (2) pitot-tube inlet (1) 

figure 

Let p
1   (1) (pressure intensity)

v
1   (1) 

p
2   (2) (pressure intensity)

v
2   (2) 

H   liquid tube 

h   liquid free surface tube rise liquid height

(1) (2) 

2
1 1

1

p v
z

g 2g
 



2
2 2

2

p v
z

g 2g
  


But 1 2z z  as points (1) and (2) are on the same line and v
2
   0.

1p

g
  pressure head at (1)   H

2p

g
  pressure heat at (2)   (h + H)

values (1) 


2
1v

H
2g

   (h + H)
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  h
2
1v

2g
  or v

1
 2gh (theoretical) 

1 act(v ) vC 2gh (actual) 

where vC Co-efficient of pitot-tube

 Velocity at any point v vC 2gh

:-

1. Pipe inclined 

2v

2g 
   

     
    

2 1
2 1

P P
z z

g g

Kinetic Head Stagnation Piezometric Head - Static Piezometric Head

2. Pipe is Horizontal :-

z
1 z

2

2v

2g  
 

2 1P P

g g

Kinetic Head Stagnation Pressure Head - Static Pressure Head

Relation between C
d
, C

V 
and C

C

Coefficient of Velocity  (C
v
) :- vena conctracta liquid jet 

liquid jet C
v
 denote 

vC =
vena - contracta V

=
2gH

Where V =  Actual velocity

 2gH =  Theoretical velocity

0.95 to 0.99 

orifice shape, size (head) 

sharp-edged orifices 0.98 

Coefficients of Contraction (C
c
):- vena-contracta jet 

orifice C
c 

denote 

Let a =  Area of orifice and

a
c =  Area of jet at vena-contracta

Then C
c = cvena - contracta  jet  area a

=
orifice  area a

0.61 to 0.69 

orifice shape and size liquid head 

0.64 
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Coefficients of Discharge  (C

d
) :- orifice 

(theoretical discharge) C
d 

denote 

C
d 

th

Actual velocity×Actual areaQ
=

Q Theoretical velocity×Theoretical area

Actual velocity Actual area
= ×

Theoretical velocity Theoretical area

C
d

= C
v
 × C

c

C
d
 0.61 to 0.65 0.62 

Flow through Orifice orifice  :- velocity 

1

H

2

0.5 d

orifice area a

orifice jet velocity V

(1) (2) Bernoulli equation 

2
1 1

1

P V
z

g 2g
 




2
2

2

P V
z

g 2g
 



Because 2
1 2

1

A
V V

A
   but 2

1

A
0

A
  so 

1V 0

2V

2g
 (z

1
 - z

2
)

  
2
thV

2g H

V
th  2gH

  V
actual C

V
2gH

C
v Coefficient of velocity

Actual Discharge A
actual

 × V
actual

   C
c
a × C

v
2gH C

d
a 2gH
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Experimental Determination of the cofficient of velocity for an orifice

orifice experimental

xv v

yv 0

(Velocity in x direction)

(Velocity in y direction)

Velocity at orifice
y

x

h

x ut + 
1

2
gt2

x vt ....(1) (Because acceleration in x-direction 0)

y ut + 
1

2
gt2

y 
1

2
gt2 ....(2) (v 0)

From equation (1) and (2)

y 
1

2
g

2

2

x

v
 v 

2x g

2y


.....(A)

(A) vena contracta  jet represents 

(constant head) 

V
th  2gh

coefficient of velocity (C
V
)

C
V 

actual

th

V

V


2x g

2y

2gh




2x

4hy
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Device Measurement

1.  Venturimeter Rate of flow (Discharge)

Rate of flow (Discharge)

Rate of flow (Discharge)

Rate of flow (Discharge)

Rate of flow (Discharge)

Velocity

Velocity

Discharge

Discharge (open channel)

Rotational speed

Air and gas velocity

Submarine and ship speed

Specific gravity (Relative Density)

2.  Flow Nozzle

3.  Orifice Meter

4.  Bend Meter

5.  Retometer

6.  V-notch Weir

7.  Critical Depth Meter

8.  Pitot Tube

9.  Current Meter

10.  Hot wire Anemometer

11.  Pitometer logs

12.  Hydrometer

13.  Tachometer

Vortex Flow

Fluid mass fluid rotate vortex flow 

Note :-

• fluid mass rotate center of

mass rotate 

Fluid mass

Certain axis

Vertex flow 

1. Free Vortex
2. Force Vortex

1. Free Vortex :- fluid mass rotate torque 

ExtT


0

T   Rate of change of angular momentum

d
J

dt



0
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J


constant

Mvr constant

vr constant

So hyperbolic curves formed

 
1

v
r



(i) Flow irrotational 

(ii) Bernoulli's equation 

v

r

2. Forced Vortex :- flow fluid mass rotate 

torque 

fluid mass ( ) rotate 

ExtT


 0

 constant

 
v

r

v

r
constant

So linear curve formed

v r

(i) Flow rotational 

(ii) Bernoulli's equation 

v

r



 Ex:- Juicer
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CHAPTER - 6
(DIMENSIONAL ANALYSIS)

Different types of forces in a fluid flow system (

) :-

Pressure Force

Viscouse force

Gravity force

Surface Tension

Force due to compressibility (F )Elastic

Inertia Force

1. Inertia Force:- 2. Viscouse Force:-

F
i 
= Ma F

v 
= A

F
i 
= 3 V

L
T

 F
v
 =

du

dy
 A

F
i
= 2 L

L
T

 × V F
v 
=

V

L
 L2

F
i
= 2 2L V F

v 
= VL

3. Pressure Force:- 4. Gravity Force:- 5. Surface Tension:-

F
p

= PA F
g 
= Mg F  

= L

F
p

= PL2 F
g 
= L3g

6. Elastic Force:-

F
e
= KA

F
e
= KL2

Dimensionless Numbers:-

• Reynold Number

• Euler Number

• Froude Number

• Weber Number

• Mach Number
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(1) Reynolds Number (Re)

Re 
 
 

i

v

Inertia Force F

Viscous Force F


2 2V L

VL




Re 
VL


L Characteristic Dimension

Pipe Flow

VD
Re






Surface Flow

x

Vx
Re






x

Application:-1. Pipe Flow

2. Flow near the surface

(2) Euler Number (E
u
)

E
u 

 
 

i

p

Inertia Force F

Pr essure Force F


2 2

2

V L

PL



E
u

V

P /

Application:-1. Pipe Flow

2. Aeroplane in air

(3) Froude Number (Fr)

Fr 
 
 

i

g

Inertia Force F

Gravity Force F


2 2

3

V L

L g


 

V

Lg

Fr 
V

Lg

Application:-1. River Flow

2. Open channel flow

3. Spill ways

(4) Weber Number (We)

We 
 

 
iInertia Force F

Surface Tension Force F


2 2V L

L




We 
V

L




Application:- Capillary tube
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(5) Mach number (Mc)

Mc 
 

 
i

Elastic

Inertia Force F

Force due to compressibility F


2 2

2

V L

KL



   Mc 
V

K /


V

C

where V Velocity of flow

C  K /  Velocity of sound in fluid

Application:- Compressible flow

Note:-

If Mc < 0.3 Gases flow can be treated as incompressible.

If Mc > 0.3 Gases flow cannot be treated as incompressible.

If there is no heat transfer

Mc < 1 Subsonic

Mc > 1 Supersonic

Mc 1 Sonic

Mc >> 1 Hypersonic

Fluid Forces:-

•

•

Badminton, baseball, swimming, cycling, etc.

•

1. Buoyancy 

2. Drag

3. Lift perpendicular

Drag:-

•

Two types:-

(1)Surface Drag or Skin Drag:- 

(2)From drag (Pressure drag) :- 

Drag force:-

2

D DF C A
2


 

where C
D Drag coefficient

2

2


Dynamic pressure

A  body
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For sphere:-

C
D 

24

Re

F
D 

2 224 D

D 4 2

  
 



DF 3 DV 6 RV   

Lift:-

• net force represents 

•

Ex:- Airplane wing (Hydrofoil)

•

 

 

Lift Force:-

2

L LF C A
2


 

where C
L Lift Coefficient

Note:- 

Drag  0

Lift  0

Different types of bodies ( ) :-

Analysis of drag force (Drag force ) :-

1. Streamlined bodies :- Streamliend bodies

90  
Flow direction

U
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2. Bluff Bodies :- Bluff Body body 

 

Pressure Drag, Friction drag Bluff bodies 

Stagnation point

x

Wake

U

0  

Projected area in the direction of flow.

Wake :- wake 

Note :- sphere (front) 

total form drag 
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CHAPTER - 7
(PIPE FLOW)

Pipe:-

cross section 

Pipe Flow Open Channel

Air

Water

Viscous force is highly dominant

Re < 2000 Laminar flow

Re Number > 4000 Turbulent flow

Hydraulic Mean dia:-
4A

P

For circular pipe 

24 D
4
D




D

Hydraulic Mean Depth (m) 
 Wetted Area A

Wetted Perimeter (P)

For circular cross section, m 

2D
4

D






D

4

Entry length               Fully developed flow
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Head Losses :- 

1. Major Losses ( )

2. Minor Losses ( )

1. Major Losses ( ) :- 

Total Head 
2P v

z
g 2g
 



Darcy-Weisbach formula :-

D

L

21

h
f

2fLV

2gD
.....(i)

where V average velocity

f  friction factor

f4f'

f' Coefficient of friction

Coefficient of friction :-

For laminar flow For Turbulent Flow

f' 
16

Re
f'  1/4

0.079

(Re)

 f 4f'  f 
64

Re

Chezy's Formula



hf

1 2 D

L

V  C mi

C Chezy constant

m Hydraulic Mean depth 
D

4

i  slope tan   i  fh

L
Hydrualic gradient
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V  fhD
C

4 L


V2 
2 fhD

C
4 L

  
 

h
f

2

2

4LV

C D
....(ii)

From equation (i) and (ii), 
f

2g


2

4

C
 C 

8g

f

where C Chezy's constant

g gravitational acceleration

f  friction factor

Dimension of chezy's constant  (L)1/2T-1

2. Minor Losses:-

(i)

(ii)

(iii)

(iv)

(v) Losses due to bend in pipe.

(i) Losses due to sudden expansion :-

Recirculation zone (P')

1 2

Assumption:- P
1 P'

         h
L 

 2

1 2V V

2g



(ii) Due to exit:-

2V 0
A  

h
L 

 2

1 2V V

2g



h
L 

2V

2g
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(iii) Due to sudden contraction:-

C V

h
L 

 2

cV V

2g



h
L 

2

c

V
V

C

2g

 
 

 

h
L 

2
2

c

V 1
1

2g C

 
 

 

If C
c
 is not given

2
1

1
Cc

  
 

0.5

h
L 

20.5V

2g

(iv) Due to entry:-

V
h

L 
20.5V

2g

(v) Due to pipe bend:-

h
L 

2KV

2g
K coefficient of pipe bend

Effect of K:-

(I) Dia:-

D K
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(II) Angle


  K

(III) Radius of curvature (R
c
):-

Rc

R
c K

Head Loss in terms of discharge:-

h
f

2fLV

2gD
....(A)

We know that

Q AV

Q 
4


D2 × V

V  2

4Q

D
....(B)

By equation (A) and (B)

h
f

2

2

4Q
fL

D

2gD

 
  

h
f

2

2 5

16fLQ

2g D
2

16 1

122g

 
 

 


h
f 

1

12

2

5

fLQ

D
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Connection in Pipe

1. Series

2. Parallel

1. Series connection

Q1
Q2 Q3

BA
f1 f2 f3

D1 D2
D3

L1 L2
L3

V1 V2
V3

Q
1 Q

2 Q
3 Q Remain constant

ABfh  1f
h + 

2f
h +

3f
h

2. Parallel connection

Q

Q1

Q2

Q Q
1
 + Q

2

1f
h  2f

h  Remain constant

Equivalent Pipe:- (Discharge)

For Series Connection:-

D

L B

Q

A

BA

D2
D3D1

L1 L2
L3

f1 f2
f3

1 2 3
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eqfh  1f
h + 

2f
h +

3f
h

2
eq

5
eq

fL Q

12D


22 2
3 31 1 2 2

5 5 5
1 2 3

f L Qf L Q f L Q

12D 12D 12D
 

eq

5
eq

fL

D


3 31 1 2 2

5 5 5
1 2 3

f Lf L f L

D D D
 

If f
1  f

2  f
3  f

eq

5
eq

L

D


31 2

5 5 5
1 2 3

LL L

D D D
 

This is known as dupit's equation

For Parallel Connection :- Discharge 

D

L

Q d

d

d

Q

Q

Q' 3Q

Q' Q + Q + Q 3Q

Relation between D and d

We know that in parallel connection

h
f  eqfh 

2

5

fLQ

12d


 2

5

fL 3Q

12D

D5 9d5

D  (32)1/5d

D 1.55d

If number of pipe are 'n'

D
eq  (n)2/5d

Lines:-

1.

2.

1. Total energy line ( ) :-

• cross section total head value 

•

Ex:- 
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2. H ydrau l i c grad i en t l i ne ( ) :-

• cross section piezometric head value 

•

•

• pipe 

section vertical gap value 

HGL

TEL
2

1 1 1

1

f V L

2gD

0.5 v1

2/2g

2
1V /2g

2
2V /2g

V2V1

Power Transmission through pipe:-

1

V

D
L

H

At point 1
Energy (Joule) mgH

Power (watt) 
.

m gH m mass flow rate  A V

(Power)
Input

.
m gH

P
output 

.
m g (H - h

f
)

P
output  AVg (H - h

f
)

P
output AVg

2fLV
H

2gD

 
 

 

P
output Ag

3fLV
HV

2gD

 
 

 

For maximum power output

outputdP

dV
0

3d fLV
Ag HV

dV 2gD

  
   
   

0
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23fLV

Ag H
2gD

 
  

 
0

Ag (H - 3h
f
) 0

Ag  0

H - 3h
f 0

h
f 

H

3
33.33% minimum head losses to fixed maximum power output

(P
output

)
max H - h

f

H -
H

3


2H

3
66.67%

(P
output

)
max 

2H

3
66.67% maximum power output

Syphon:-

Outlet Pipe

Summit
C

h

Vacuum 
Pump

Syphon

C  A 

C C C 10.3 M of water

7.6m of water 10.3 - 7.6 = 2.7m

of water 

C 2.7m of water 

(summit) 

s vP P

g g


 
sP

g Pressure head at summit

s

min

P

g

 
 
 


vP

g
vP

g Vapour pressure head
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CHAPTER - 8
(LAMINAR FLOW)

Flow in between 
parallel flat plates

Laminar Flows

Laminar flow 
through pipe

Correction factors

1. flat plates :- t 

y fluid

element dx dy 

H
dy

dx

X

y

Width 1

 dy dx 1
y

 
    

 P
P dx dy 1

x

    

 dx 1 

dx

dy

 P dy 1

Momentum Equation in X-direction

F
PX

 + F
GX

 + F
VX F

iX

x

P
Pdy P dx dy dx dy dx dm.a

x y

                

No change in a
x 
due to uniform cross section and laminar flow a

x 0

P

x





dxdy + y


 dydx 0

P

x


  y



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For Newtonian Fluids

 
du

dy


u

y y

  
 

  


P

x




2

2

u

y



 

P

x




2

2

u

y


 

1 P

x


 

Integrate it

u

y


 

1 P

x


  y + C

1

Again Integrate it

u 
1 P

x


 

2y

2
 + C

1
y + C

2
.....(1)

Apply Boundary conditions:-

at y 0, u 0

C
2 0

at y H, u 0

C
1
H

21 P H

x 2

 
 

C
1 

1 P H

x 2

 
 

 u 
2y1 P 1 H P

. y
x 2 2 x

 


   

u  21 P
y Hy

2 x

    

u  21 P
Hy y

2 x

     
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Maximum velocity

at y 
H

2
 , u u

max

u
max 

21 P H H
H

2 x 2 4

  
     

u
max 

21 P H

2 x 4

 
 

u
max 

2H P

8 x

 
 

Mean velocity:- (Mass flow rate same at this velocity)

m 
H

0

.
d m

.
m   

H

0

dy 1 u 
dy u

dx
Width 1

 H 1  U
mean   

H
2

0

1 P
Hy y dy

2 x

  
    


 H U
mean   

H
2

0

1 P
Hy y dy

2 x

 


  

H. U
mean 

3 31 P H H

2 x 2 3

  
     

H. U
mean 

31 P H

2 x 6

 
 

  U
mean 

2H P

12 x

 
 

 maxU

1.5

  U
max 1.5 U

mean

Pressure Drop:- (Head Loss)

Pressure drop 

U
mean

2H P

12 x

 
 

1 2

L

Flow direction
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mean

2

12 U
dx

H


 - dP

Integrate it
L

mean

2

0

12 U
dx

H


 

2

1

dP 

mean

2

12 U L

H


 - (P

2
 - P

1
)

mean

2

12 U L

H


P

1
 - P

2

1 2P P

g


 

mean

2

12 U L

gH




In case of inclined:- 
mean1 2

1 2 f2

12 U LP P
Z Z h

g g gH

    
       

     

Shear stress distribution ( ) :-

 
du

dy


   2d 1 P
Hy y

dy 2 x

  
    

   1 P
H 2y

2 x

 
 

 

   1 P
H 2y

2 x

 




max  

0 

2. Laminar flow through pipe ( ) :- R 

r fluid

element dx 

dx

r

y

R
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Solid cylinder

dx

 2 rdx 

2P r  2P
P dx r

x

    

X- momentum equation 

 2 2p
r P dx r 2 rdx

x

         
dma

x

laminar flow  (a
x 0)

2P
dx r

x

 
  

 2 rdx 

   
r P

2 x

 


.....(1)

max  

0 

Velocity Profile ( ) :-

For newtonian fluid 
du

dy
   .....(2)

By equation (1) and (2)

du

dy
 

r P

2 x

 


u

y


 

r P

2 x

 
 

y + r R

dy + dr 0

 dy  - dr

 u

r





r P

2 x

 
 

Integrate it

 u 
2r P

C
4 x




 
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Apply Boundary condition
At r R, u 0

C 
2R P

4 x




 

u 
2r P

4 x


 

2R P

4 x




 

u   2 21 P
R r

4 x


 

 

u 
22R P r

1
4 x R

           

Maximum velocity ( ) :-

r 0

U
max 

2R P

4 x




 

U U
max

2
r

1
R

    
   

Mean velocity ( ) :-

2

max 2

r
U U 1

R

 
  

 r

dmu

dr

m dm  

dm  dA u 

 2 rdr u  

m
R

0

dm  

 2
meanR u   

R

0

2 rdr u  

meanU

R

2

0

2
urdr

R
 
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meanU

2R

max2

0

2 r
U 1 rdr

RR

     
   



meanU

R 3
max

2 2

0

2 U r
r dr

R R

  
   

  


meanU

2 2
max

2

2 U R R

2 4R

 
  

 

meanU

2
max

2

2U R

4R

 
  

 

U
mean

maxU

2

U
mean

2R P

8 x




 

Pressure Head Loss ( ) :-

L

D 21

U
mean

2R P

8 x




 

U
mean 

2D P

32 x




 

mean

2

32 U dx

D


 - dP

Integrate it

L
mean

2

0

32 U
dx

D


 

2

1

dP

mean

2

32 U L

D


P

1
 - P

2

1 2P P

g




 mean

2

32 U L

gD




 Hagen Poiseullie's equation

Darcy-weisbach & Hagen Poiseullie:-

h
f

mean

2

32 U L

D g




2
meanfLU

2gD
 mean

2

32 U L

gD




f
mean

64

U D



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f
64

VD


f
64

Re

We know that

f4f' f' 
f

4

f' 
64 1

Re 4


f'
16

Re


where f  friction factor

f' Coefficient of friction

equation 

Wall Shear Velocity (V*):-

R
1

2
D

 
r P

2 x






Shear at wall

At r R,   0

0 
R P

2 x






P

x



  02

R



2

1

dP 
L

0

0

2
dx

R




P
1
 - P

2 
02

R


L

1 2P P

g




 02 L

gR




h
f

04 L

gD




2fLV

2gD 
04 L

gD



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V2 
08

f




0
 

2fV

8
....(1)

V* 
0
 

f
V

8

       Wall Shear Stress

0


V2 f

8

0 
2f V

8



Correction Factor:-

M om entum  Correct i on  Factor (  ) :- momentum

momentum 

dm u

2

max 2

r
U U 1

R

 
  

 r dr

.
d m   2 rdr u 

 
Actual momentum /sec. through the pipe cross section

Momentum /sec. on the basis of mean velocity

through same cross sec of pipetion





 

R

0

mean

dmu

mU

 



dm   2 rdr u 

 
 

2R 2
2
max 2

0

2 2
mean

r
2 rdr.U 1

R

R U

 
   

 
 



 
2
max

2 2
mean

2 U

R U
  

2R 2

2

0

r
1 rdr

R

 
 

 


 
2
max

2
2 max

2 U

U
R

4

  
R 4 2

4 2

0

r 2r
1 rdr

R R

 
  

 

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  2

8

R
 

2 2 2R R R

2 6 2

 
  

 

  8

6
1.33

Energy Correction factor or kinetic energy Correction factor (  ):- 

 
Actual kinetic energy /sec. through the pipe cross section

kinetic energy /sec. on the basis of mean velocity

through the same cross sec of pipetion





 

R
2

0

2
mean

1
dmu

2

1
mU

2

 



 
 

 

3R 2
3
max 2

0

2 3
mean

r
2 rdr U 1

R

R U

  
    

  
 



 
3
max

2 3
mean

2U

R U

3R 2

2

0

r
1 rdr

R

 
 

 


 
3
max

3
2 mean

2U

U
R

8

3R 2

2

0

r
1 rdr

R

 
 

 


 

3R 2
2

2

0

r 1
1 dr R

8R

 
  

 


 
2

2

2 1
8 R

8R
 

 2.0

Laminar 2.0

1.2

1.33

1.33Turbulent




