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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 :  

Mass density (ȍ): It is defined as mass per unit volume.  

3M
kg / m

V
r =  

Weight density or specific weight ( w ) : It is defined as weight per unit volume.  

( )
³

= = = r
weight m g

w g
volume V

 

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

and density of standard fluid i.e., water  

r
=
rw

S  

Specific gravity of Hg is 13.6.  

Specific volume (Ȋ): It is defined as volume per unit mass.  

( )n= =
r

3V 1
m /kg

m
  

Viscosity (µ):  The viscosity  of a  fluid  is a measure of its  resistance  to deformation at a 

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

between adjacent layers of flu id that are in relative motion.  

Causes of viscosity  

¶ intermolecular force of cohesio n.  

¶ molecular momentum exchange .  

Kinematic viscosity (Ȋ):  

n=
r

µ
 

 

 

 

IMPORTANT FORMULAS TO REMEMBER  
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Newtonôs Law of Viscosity:  

t=
du

µ
dy

  

µ = dynamic viscosity of fluid  

Fluid Flow Behaviour :  

 

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

å õ
t=m +æ ö
ç ÷

n
du

B
dy

 

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

gradient(n>1) the fluid is termed as dilatant (shear thickening) fluid.  

¶ The fluids in which the apparent viscosity decreases with increases with velocity 

gradient(n<1) the f luid is termed as pseudoplastic (shear thinning) fluid.  

Surface Tension (ů): Surface tension 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 contac ts a gas, vapour, second liquid, or a solid. Surface tension is due to 

intermolecular force.  

Gauge pressure inside a water droplet :  

2
gauge

2
P N/m

R

s
=  

Gauge pressure for soap bubble :  

2
gauge

4
P N /m

R

s
=  

Gauge pressure inside a jet of water :  

2
gaugeP N/m

R

s
=  

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

Capillarity rise 
4 cos

h
gd

s q
=
r
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For water :  ȅ = 0°, capillary rise : h=+ve .  

For Hg :  ȅ = 130Á, capillary fall : h=  īve .  

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 Mod ulus:  

¶ Bulk modulus of elasticity :   

()
( )

å õD
= =ræ ö
D rç ÷

P dp
ƪ ς

V / V d
  

¶ () =
1

Bulk modulus of elasticity
Compressibility C  of fluid  

rå õ
= =æ ö

rç ÷

Då õ
= æ ö

Dç ÷

1 1 d
C

K dp

1 V
/ ς

V P

 

Isothermal Bulk Modulus : =rTK RT  

Adiabatic Bulk Modulus : ( )=g rAK RT   
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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 SI unit is N/m 2 or Pascal 

(Pa).  

=Pr
Normal force

essure
Area

 

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

proportional to specific weight.  

=
dP

g
dh

r  

= 2 /  GaugeP gh N m or Pascalr  

¶ As we move vertically down is a fluid the pressure increase as +ȍgh. As we move 

vertically up in a fluid the pressure decreases as īȍgh. 

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

Pascalôs Law: According to Pascalôs Law in a static fluid, the pressures at a point is equally 

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

Pressure measurement :  

 

Piezometers :   A Piezometer is a simple glass tube that is open at both the ends. 

Piezometers canôt be used to measured very high pressure and gas pressures.       

=P gHr  

 

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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PA + ȍo g (H + x) + ȍmgy ð ȍm  gy ð ȍm gx = 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 :  

 

A B 2 2 Hg 1 1 1P P gh ( )gh gh- = r + r -r -r 

Inverted  U- tube differential manometer :  

 

A B 1 1 2 2P P gh gh gh- =r -r -r 

When both the pipes are at the same level i.e. h 1 =h 2:  

A B 1 2 1P P ( )gh gh- = r -r -r 

Inverted U - tube manometers are used when the pipelines are underground and in these 

manometers the density of manometric fluid is less than the density of flowing fluid (ȍm  

<  ȍ). 

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 angle ȅ: 

Force on the surface is given by: F gAh= r  

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

2
* GI sin

h h
Ah

q
= +  

h = vertical distance of centre of Pressure from free surface  

I G = moment of inertia at centroidal axis.  

Plane vertical surface (ȅ = 90Á):  

2
* G

F gAh

I sin
h h

Ah

= r

q
= +

 

Plane horizontal surface (ȅ = 0Á):  

*

F gAh

h h

= r

=

 

Hydrostatic forces on curved surfaces :  

 

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 corresp onding area.  

Horizontal force: 
XF Ah= g  

Where,  

A = Projected Area  

h = depth of centroid of an area.  
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Resultant Force: 2 2
R X YF F F= +  

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

Y

H

F
tan

F
a =  

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 grav ity 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)  

ȍbody.g.A.h = ȍf.g.A.x  

 

(a). If ȍbody  > ȍf, then body will be submerged totally in the fluid and will rest at the body 

of the container.  

(b). If ȍbody  = ȍf, then 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). If ȍbody  < ȍf, then body will be partially submerged in the fl uid and will float.  

For floating bodies:  

B

ave,bodysub

total f

F W

V

V

=

r
=

r

 

Stability conditions of a completely submerged bodies under angular deflection :  

(i). Stable Equilibrium -B above G .  

(ii). Unstable Equilibrium -B below G .  

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

 

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.  

(i). Stable Equilibrium -M above G .  

(ii). Unstable Equilibrium -M below G .  

(iii).  Neutral Equilibrium -Mand G at same point.  

Metacentric height ( GM ) :  

Metacent ric Height (GM) :  it is defined as the vertical distance between center of gravity 

ñGò and metacenter ñMò which is the intersection point of the lines of action of the buoyant 

force through the body before and after rotation.  

( ) ( )
-

= =
yyxx

xx y y
disp disp

II
BM and BM

V V
 

( ) ( )xx yy
BM BM>

 

( ) ( )pitching rolling
BM BM>

 

 

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.  

wx l
GM

W d
= ³  

If l is the length of the pendulum and d is the distance moved by it on the horizontal 

scale.  

Theoretical Method:  

GM (BM 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: body,freesurafce

disp

I
BM

V
=  

Time period of Oscillation of the floating body:  

The time period of the oscillation is given  by the following expression:  

https://byjusexamprep.com/
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=
2

2 GK
T

gGM
p  

Since ( ) ( )>
pitching rolling

GM GM  

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 :  

For steady flow : 
x ,y ,Z x ,y ,Z x ,y ,Z0 0 0 0 0 0 0 0 0

V P
0, 0, 0

t t t

µ µ µrå õ å õ å õ
= = =æ ö æ ö æ ö

µ µ µç ÷ ç ÷ ç ÷
 

For unsteady flow : 
x ,y ,Z x ,y ,Z x ,y ,Z0 0 0 0 0 0 0 0 0

V P
0, 0, 0

t t t

µ µ µrå õ å õ å õ
¸ ¸ ¸æ ö æ ö æ ö

µ µ µç ÷ ç ÷ ç ÷
 

Uniform & Non - uniform flow :  

For uniform flow :  V V(t)=  and 

t cons tant

dV
0

ds =

å õ
=æ ö

ç ÷
 

For non -uniform flow :  

t cons tant

dV
0

ds =

å õ
¸æ ö

ç ÷
 

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 : cons tantr ¸  

Incompressible flow : cons tantr =  

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.  

Fl ow pattern description :  

Streamlines : It is 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.  

https://byjusexamprep.com/
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= =

=

dx dy dz
equation of streamline in 3D

u v w

i j k

dx dy dz 0

u v w

 

Streak  line : I t 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 :  ȍ1A1V1 = ȍ2A2V2      

If fluid is Incompressible i.e. ȍ = constant              

A1V1 = A 2V2                  

Continuity Equation for Steady and 3 ï D Incompressible Flow:  

µ µ µ
+ + =

µ µ µ

u v w
0

x y z
 

Continuity Equation for Steady and 2 ï D Incompressible Flow:  

µ µ
+ =

µ µ

u v
0

x y
 

Acceleration of fluid flow :  

x

Du u u u u
a u v w

Dt x y z t

µ µ µ µ
= = + + +

µ µ µ µ
 

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

y

Dv v v v v
a u v w

Dt x y z t

µ µ µ µ
= = + + +

µ µ µ µ
 

z

Dw w w w w
a u v w

Dt x y z t

µ µ µ µ
= = + + +

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

respect to time.  

(ii). The first term 
t

µ

µ
 in the right -hand side of is known as 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:  

x y z
ĔĔ ĔA a i a j a k= + +  

Thus, magnitude of the total acceleration is given by:  

2 2 2
x y zA a a a= + +  

DV V
A V. V

Dt t

µ
= = + Ð

µ
 

 

Angular velocity : Angular velocity is given by:  

x y z
ĔĔ Ĕi j kw= w +w +w 

ĔĔ Ĕi j k
1

x y z2

u v w

µ µ µw =
µ µ µ

 

Where x

1 w v

2 y z

å õµ µ
w = -æ ö

µ µç ÷
, y

1 u w

2 z x

µ µå õ
w = -æ ö

µ µç ÷
and z

1 v u

2 x y

å õµ µ
w = -æ ö

µ µç ÷
.  

Vorticity (ǹ) : Vorticity ( ‚) in the simplest form is defined as a vector which is equal to two 

times the rotation vector. It is given by:   

2W = w 

Circulation (ȩ): Circulation is defined as the line integral of tangential component of 

velocity vector along a closed curve.  

()Circulation ȩ Vorticity Area= ³  

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

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

µf µf
=- =-
µ µ

u and v
x y

 

The continuity equation is given by :  
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å õµ µ µ µ
+ = + f=æ öæ öµ µ µ µç ÷

Ð f=

2 2

2 2

2

u v
0

x y x y

0

 

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

velocity potential function only exists for irrotational flow.  

¶ Slope for equipotential line:  
c

dy u

dx vj=

å õ
= -æ ö

ç ÷
.  

Stream function( Ǹ):  It is 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 . 

µY µyû
= =- y­ü
µ µý

u and v where, streamfunction
y x

.  

I n cylindrical polar co -ordinates :  q

µy µy
= =-
µq µ

r
1

u andu
r r

 

¶ For flow to be possible stream function must exist.  

¶ For irrotational flow stream function must satisfy Laplace equation.  

¶ Slope of equistream line :  
c

dy v

dx uy=

å õ
=æ ö

ç ÷
.  

For 2 ï 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.  

-
= Y -Y2 1

2 1
Q Q

b
 

Relation between equipotential line and streamline :  

c c

dy dy v u
1

dx dx u vj= y=

å õ å õ å õ
³ = ³ - = -æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
  

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

field except at stagnation point where =V 0. 
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CHAPTER 4 : FLUID DYNAMICS  

Introduction : The dynamic behaviour of fluid is analysed  by Newtonôs Second law of 

motion, which relates acceleration with the forces.  

Equation of motion for fluid flow :  

According to newtonôs second law: 

d dv dm
F (mv) m v

dt dt dt
= = +  

For uniform flow: 
dv

dt
  

dm
F v

dt
=  

¶ Net force F x= F g+ F p+ F v+ F T+  FC 

¶ Reynoldôs equation of motion: Fx= F g+ F p+ F v+ F T 

¶ Navier -Stokes equation of motion : Fx= F g+ F p+ F v,   

¶ 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.  

dp
vdv gdz 0+ + =

r
 

This equation is known as Eulerôs equation of motion. 

Bernoulli's Theorem :  

Assumptions:  

(i ) . Fluid is Non -viscous . 

(ii).  Steady flow . 

(iii). incompressible fluid . 

(iv). ideal fluid .  

(v). irrotational flow . 

2

.
2

+ + =
r

P v
gz const  

Where,  

P

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

2

2

v

g
 = kinetic energy per unit weight or kinetic head.  
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Z = potential energy per unit weight or potential head  

Classical Bernoulli's equation is also known as ómechanical energy conservation Bernoulli's 

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.  

+ =
r

P
z Piezometrichead

g
 

 

Applications of Bernoulli's equation :  

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

 

Geometric details:  2 1

1 1

3 2
d to d
å õ
=æ ö
ç ÷

   [To avoid cavitation]  

Angle of convergence  (Ŭ) = 20 ð 22°  

Angle of divergence (ȁ) = must be below 7Á  (To avoid Boundary layer separation). 

1 2

2 2
1 2

2actual d

A A
Q C gh

A A
= ³

-
 

actual
d

theoretical

Q
C

Q
=  

Calculation of h:  The value of h is calculated with the help of the deflection of the 

manometric column.  

 

Case 1:  Sm  > S ( flowing fluid ) , then :  1
å õ

= -æ öæ ö
ç ÷

mS
h x

S
 

Case 2: Sm  < S ( flowing fluid ) , then : 1
å õ

= -æ öæ ö
ç ÷

mS
h x

S
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Orifice - meter : An orifice meter is essentially a thin circular plate with a sharp edged 

concentric circular hole in it.  

 

Coefficient of contraction (C c) : 
2

c
o

AActual Area at vena-contracta
C = =

Theoretical Area at vena-contracta A
 

Discharge: 
1

2 2
1

. 2= ³
-

o
d

o

A A
Q C gh

A A
 

 

Pitot tube : A right -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  

 

( )1 2 2= = -V gh g stagnationhead statichead 

1
è ø

= -é ù
é ùê ú

mS
h x

S
 

Momentum equation:  

F.dt = d(mv)  

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

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

momentum d( m v) in the direction  of force . 
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\ Fx = rQ (V 1 - V2 cos q) + p 1A1 - p2A2 cos q 

\ Fy = rQ (- V2 sin  q)  - p2A2 sin  q 

Resultant force : 2 2
yR xFF F= +     

The angle made by the resultant force with horizontal direction is given by :  

y

x

F
tan

F
q =  

Moment of momentum equation:  It states that  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 [V 2r2 - V1r1]  

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 :  

2v
dp dr gdz

r
= r -r  

Plane vortex flows: It is the  flow where streamlines are concentric circles.  

Vr = 0 and V ȅ Í0 and 0
Vqµ

µq
=  

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

mass.  

v
cons tantv w  

r
r Ý == ³ w=   

2 22 2
2 1 2 1 2 1

1 1

v r
P P v v g z z

2 v r

= wë ûr î îè ø- = - -r -è ø ì üê úê ú = wî îí ý
 

where r = Radius of fluid particle from the axis of rotation . 
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For f ree surface of the liquid, then P1 = P2:  

22
2 2

11
2

z  
1

vï z v
g
è ø-è øê =ú ê ú

 

Note:  I n 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 Area of cros g
1

2
s section  Hei ht of parabolaè øê ú= - ³   

 

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.  

Constant
tvr Con n

m
sta= =  

Examples :  Flow of liquid through a hole provided at the bottom of a container , Flow of 

liquid around a c ircular bend in a pipe , A whirlpool in a river , Flow of fluid in a centrifugal 

pump casing.  
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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.  

Reynoldôs number:  ==e
D

R
V VDr

m u
 

Where, V=mean velocity of flow in pipe . 

ȉ = dynamic viscosity of the liquid (N ï s /m 2)  

Ȋ = Kinematic viscosity of the liquid (m2/s)  

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

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

is given by:  

c
h

4A
D

P
=  

Where,  

Ac = Cross ï section area of the pipe  

P = Perimeter of the pipe  

Pipe  Plate  

Re < 2000 laminar  

2000 < R e < 4000 Transient  

Re > 4000 turbulent  

Re < 5 × 10 5 Laminar  

Re > 5 × 10 5 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.  

 

µ
=

µ
constant

P

x
 

Laminar flow through circular pipe:  
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Shear stress :  
-µ
= ³
µ 2

P r

x
t  

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

Velocity variation: 
å õ- µå õ

= -æ öæ öæ öµç ÷ç ÷

2 2

2
1

4

R P r
u

x Rm
 

Velocity varies parabolically along the pipe and it becomes maximum at r  = 0 . 

Maximum velocity: 
- µå õ
æ ö
µ

=
ç ÷

2

4
max

R
U

P

xm
 

= max
.

2
avg

u
u  

Pressure drop: - = =1 2 2 2

32 8vL vL
P P

D R

m m
 

Friction factor : =
e

64

R
f  

coefficient of friction: = =
16

'
4 Re

f
f     

 

Laminar flow between two fixed parallel plates [with unit width] :  

 

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

stationary is known as ñCouetteò flow.  

µ µ
=

µ µ

P

x y

t
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Velocity Distribution : ( )-µå õ
= -æ ö

µç ÷

21

2

P
u By y

xm
 

Maximum velocity: 
µå õ

=- æ ö
µç ÷

2

max
8

t P
u

µ x
 

= =. max
2

3
avgV U Average velocity 

Shear Stress distribution:  
-µå õå õ

= -æ öæ ö
µç ÷ç ÷2

P t
y

x
t  

 

Discharge per unit width: 
- µå õ

= æ ö
µç ÷

31

12

P
Q t

µ x
 

Pressure difference:  - =
.

1 2 2

12 avgµV L
P P

t
 

Correction factors :  

Momentum correction factor (ȁ): It is defined as the  ratio of  momentum per second 

based on actual velocity to the momentum per second based on average velocity  across a 

section . It is denoted by ȁ. 

= ñ
2

2
0

1
R

u dA
AV

b  

Kinetic energy correction factor (Ŭ): It is defined as the ratio of kinetic 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 . 

= ñ
3

3
0

1
R

u dA
AV

a  

Correction - factor  Laminar  Turbulent  

Ŭ 2 1.33  

ȁ 1.33  1.2  
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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.  

 

u = mean or average component of velocity  

Any parameter = Average component + fluctuating component  

= +'u u u  

Shear stress in turbulent flow :  

Shear stress due to turbulence: t

du

dy
t = h           (Boussinesq Hypothesis).  

Kinematic eddy viscosity: 
h

e =
r

 

Total shear stress: v t

du du

dy dy
t = t +t = m +h 

Reynoldôs hypothesis:  ǵturbulent.  = ȍ uô vô 

According to Prandtl Mixing length hypothesis : = =' '
du

u v l
dy

             

l = Prandtlôs mixing length 

2
2

.turb
du

l
dy

t r
å õ

= æ ö
ç ÷ 

 

Relation of Shear Stress with Coefficient of friction : 0

2

2
f

V

t
=
r

 

Velocity distribution in turbulent flow :  

Shear or Fictitious velocity:  * 0u
t

=
r

 

*
max e

y
u u  2.5 u log  

R
=

å õ
æ ö
ç ÷

+  

The above equation is known as óPrandtlôs universal velocity distribution equation for 

turbulent flow in pipes.  
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max
e*

u u
5.75 log (R / y)

u

-
=  

The difference between the maximum velocity u max , and local velocity u at any point i.e. 

(u max  -  u) is known as óvelocity defectô. 

 

Hydrodynamically smooth & rough pipes :  

 

K = average height of roughness  

ŭ' = height of Laminar sublayer 

Nikuradseôs conditions for smooth & rough boundary.  

Nikuradseôs conditions 
In terms of roughness Reynolds number

*u kå õ
æ ö
æ önç ÷

 

0.25
'
< ­

K
smooth

d
 If 

*u k
4<

n
, boundary is considered smooth.  

0.25 6
'

K
Transition

d
< < ­  If 

*u k
4 100< <

n
, boundary is in transition stage  

6
'

K
Rough

d
> ­  If 

*u k
100>

n
, the boundary is rough  

Laminar sublayer thickness:  =
11.6

'
sV

u
d  

shear friction velocity or hyp othetical velocity : = =.
8

s
f

V V
t

r
=  

and V is the average velocity .  

Velocity distribution for turbulent flow :  

Velocity distribution in rough pipes:  
å õ

= +æ ö
ç ÷

10*
5.75log 8.5

u y

ku
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Average velocity in Rough pipes:  
10*

U R
5.75log 4.75

Ku

å õ
= +æ ö

ç ÷
 

Velocity distribution in rough pipes:
*

10
*

u u y
5.75 log 5.5

vu

å õ
= æ ö+

æ ö
ç ÷

 

Average velocity in smooth pipes:  
*

10
*

U u R
5.75 log 1.75

vu

å õ
= æ ö+

æ ö
ç ÷

 

Now: 10
*

u U
5.75log (y / R) 3.75

u

-
= +  

Velocity distribution for turbulent flow with average velocity in smooth pipes for 

power law :  

1/n

max

u y

u R

å õ
=æ ö
ç ÷

 and 
1/7

max

1 u y
n

7 u R

å õ
= Ý =æ ö

ç ÷
 

Resistance of smooth and rough pipes:  

The term of the right -hand side is called co -efficient of friction f. Thus:  

e

k
f R ,

D

è ø
= fé ù
ê ú

 

This equation shows that friction co -efficient is a function of Reynolds number and k/D ratio, 

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

Friction factor in turbulent flow :  

(a). F or Smooth pipes:  

The value of ófô for smooth pipe for Reynolds number varying from 4000 to 100000 is given 

by the relation :  

( )
1/4

e

.0791
f

R
=                 

When, Re = 10 5 to 4 × 10 7 Ý = +
0.232

0.221
0.0032

Re
f  

(b). F or rough pipes:  

å õ
= +æ ö

ç ÷
10

1
2log 1.74

4

R

Kf
 When, Re > 6 × 10 8 
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CHAPTER 7 : LOSSES THROUGH PIPES  

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

and Chezyôs formula.  

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:  

Darcy Weisbach equation:  = =
2 24 '

2 2
f

fLV f LV
h

gD gD
 

Where, f is friction factor  

f =  4fô,  

where fô is friction coefficient 

V is mean velocity of flow in the pipe,  D is diameter of the pipe, L is length of the pipe  

 

Chezyôs formula:  

 

=V C mi  

Where, C = Chezyôs constant 

V = Average velocity  

i = hydraulic slope  

Hydraulic mean depth :  ==
-

=

2

sec 4
4

DArea of cross tion D

wet
m

ted perimeter D

p

p
 

Minor losses :  

Sudden expansion loss (h l) se : 
( )

2

1 2
e

V V
h

2g

-
=  

Sudden contraction loss : ()
å õ
= - =æ ö
ç ÷

2 2 2
2 2

. .

1
1

2 2
l S C

C

V V
h k

C g g
 

Entry losses : () =
2

0.5
2

l entry

V
h

g
 

Exit losses : =
2

( )
2

l exit
V

h
g

 

Bend losses :  () =
2

2
l Bend

V
h K

g
 

Hydraulic gradient line (HGL) & total energy line (TEL) :  
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(i). The line that represents the sum of the static pressure and the elevation heads 
p

z
g
+

r

is called the hydraulic grade line.  

(ii). The line that represents the total head of the fluid 
2p V

z
g 2g
+ +

r
 is called the energy 

grade line.  

(iii). The difference between the heights of EGL and HGL is equal to the dynamic head 
2V

2g

.  

(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 .  

 

Pipes in series & parallel  

(a). Pipes in series :  

= + +

= + +

= + + »»» = =

+

l1 2

4

3 n

31 2
5 5 5 5

1 2 3

1 2 3

........

( ' ) :

...........

   .     .  

l l l l

e

e

n

h h h h h

Equivalent length is

Q

given by Dupit s form

Q Q Q Q Q cons

D

t

ula

L LL L

D D D

 

(b). Pipes in Parallel :  

Q = Q 1 + Q 2 + Q 3 ééé.  Qn  

l1 2 3 n
..........l l lh h h h= = =

 

For ñnò pipes Ą =    
n

Discharge through each pip
Q

e  

()=l le
h h  
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