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Fluid : - Tendency to flow

|deal Fluids

(Viscosity, Surface
Tension & it is

incompressible)

Real Fluids

(Viscosity, Surface
Tension and possess
Compressibility)

&



Fluid Mechanics : - Branch of science
that deals with behaviour of fluid at
rest as well as in motion.

Fluid Statics

(Study of fluids at
rest)

Fluid Kinematics

(Study of fluids in
motion without
considering the

forces causing the

motion)

_/

Fluid Dynamics

(Study of fluids in
motion with
consideration of
the forces causing
the motion)




Properties of Fluids

mass of fluid

volume of fluid

¢ Definition g =

Mass Density « Formula

¢ Value and units : density of water is 1 gm/cm3 or 1000 kg/m3

Specific Weight e Definition Ly _ Weight of fluid
e Formula: velume of fluid
or _mass of fluid * acceleration due to gravity W' QY y=p*g
- volume of fluid
We|ght Density e Value and units : w for water = 9810 N/m3, 9.81 kN/m3,

1000 kgf/m3 or 981 dynes/cm3

e Definition
e Formula :
specific volume =

Specific

volume of fluid  volume of fluid

weight of fluid  mass of fluid

. 1 1
e Units : m3/N or m3/kgf or cm3/dynes = =3

Volume




Properties of Fluids

¢ Definition
e Formula:

SDECifiC GraVity specific gravity = weight density of fluid

weight density of standard fluid

e Units : Dimensionless / No Unit

e Definition 3t = f
e Formula / Derivation : o .

T Layers of fuid u}‘i
du du ,[ L2
T {I T — "« Velocily profile |
dy JL‘.: dy — - - u e Surface
. . e Units : kg.f-sec/m2 or dyne-sec/cm2 or N.s/m2
Viscosity e 1N.s/m2 =10 poise
e Dynamic Viscosity : g =
. - . di
e Kinematic Viscosity : v u
Y oy = —

Newtons Law of Viscosity

P

Flud b _ 5 Newtonslaw  _refer | Newtonian fluids
Do not obey of viscosity .
Flud — — — P Newton’slaw = — = =P Non- Newtonian

of viscosity fluids




Properties of Fluids

Variation of Viscosity with Temperature : Vviscosity

of liquids decreses with increase in temperature while viscosity
of gases increases with increase in temperature.

Cohesive Forces

Molecular Momentum Transfer
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Viscous Flow Molecular Flow
(momentum transfer (molecules move
between molecules) independently)




Properties of Fluids

* Relation between viscosity and temperature :

1. Forligiuds : w= U, ( )
01 + at + Bt?

I = viscosity of liquid at t oC in poise. For water: po=1.79*10"-3 poise

lo = viscosity of liquid at 0 oC in poise. o =0.03368

a, B = constants for liquids/gases. B =0.000221

2. ForGases: = Wy + at— Bt?

For air : po =0.000017 poise
a=5.6*10"-8
B=0.1189*10"-9



Properties of Fluids

¥ 1
¢ Types Of F|UIdS : ThiXOtI’OphiC Bingham plastic

F=seudo

Shear plastic
Stress

Mewtonian
fluid

Dilatant

....

Rate of Shear, du/dy

Bingham plastic : resist a small shear stress but flow easily under large shear
stresses, e.g. sewage sludge, toothpaste, and jellies.

Pseudo plastic : most non-Newtonian fluids fall under this group. Viscosity
decreases with increasing velocity gradient, e.g. colloidal
substances like clay, milk, and cement.

Dilatants : viscosity decreases with increasing velocity gradient, e.g.
quicksand.

Thixotrophic : non-linear relationship between the shear stress and the rate

of angular deformation, beyond an initial yeild stress



Properties of Fluids

‘il e Defination
Compressibility vty
e Definition ;
e Formula - __ compressive stress —dp
Bulk modulus = . — =
volumetric strain dv
BU|k MOdUIUS . EffectofT&P:dpf K4+ andT ¢ K & (liquids) v
. ™ P4 K f (gases)
e |sothermal Process : p =K
e Adiabatic process : K = pk
Definition
Su rfa ce Formula : 1. Liquid Droplet : p = 40/d M"”bo
. 2. Hollow Bubble : p = 8c/d <Dz
TenS|On 3. Liquid Jet : p = 20/d P> >1]§<
Units : N/cm?2 i i O o




Properties of Fluids

« Expression for capillary Rise: . ,| ko
4a

¢ Definition l ......
h

Ca pl | Ia rlty * Expression for capillary Fall : pgd

4agcost

Capillary nise
p g d Adhesion>cohesion Adhesion<cohesion
Liquid wets the surface Liquid stays away
from the surface

Vapour Pressure S Epomion 7 e
" sl |27 2L S

& \RANIFA B KPRV Ed

i5 said 1o

Cavitation




Dimensional Analysis

Method of Dimensions.

Mathematical Technique used in research work for design and
conducting model tests.

Deals with the dimensions of physical quantities involved in the
phenomenon.

All physical quantities are measured by comparison with respect to
an arbitrarily fixed value.

Length L, Mass M and Time T are three fixed dimensions which are
of importance in fluid mechanics.

These fixed dimensions are called as Fundamental Dimensions or
Fundamental Quantities.

The quantities those are derived from these fundamental
guantities are known as Secondary or Derived Quantities. They
possess more than one fundamental dimensions.



Dimensional Analysis
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Physical Quantity
Area
Volume
Density

Speed or velocity
Acceleration

Momentum
Force
Pressure

Work
Energy
Power

Gravitational constant (G)

Impulse
Surface tension

Coefficient of viscosity

Angle

Moment of inertia
Angular momentum
Torque or couple
Frequency

Relation with other physical quantities
Length x breadth

Length x breadth x height
Mass

volume

distance
time

velocity

time
Mass x velocity

Mass x acceleration
force

area
Force x distance

Work
work

time
force x distance®
2

mMass
Force x time
force

length

force

area x velocity gradient
arc

radius
Mass x distance?

Moment of inertia x angular velocity
Force x perpendicular distance
1

second

Dimensional formula
[L] x [L] = [Mm2 L2 T°]
[L] x [L] x [L] = [M®° L= T9]

M)
m=MLeT
m=IMeLTY
LT}
s MeLT

M) x [LTY]=[M LT
[M]x[LT3]=[M LT3
DT ML T
IL*]
[MLTX[L]=[ML2T
[M L2 T2

MLET ™
- = M L—i T—i
=ML

[M e E T—Z]

[MLTZ] x [T] = [M LT
MLT™
MLT (M LoT2]
i

[M LT

Dimensionless

[M L2 T9]
[M L2 x [T4] = [M L2 T4]
MLTx[L]=[ML2T7
[T]

SI-Unit

Kg ms?
N (Newton)
N mZor Pa

(Pascal)

1 {Joule)

J
W (Watt)

N m? kg2

MNs
N mt

daP
(decapoise)
rad

Kg m?
Kg m? st
Nm
Hz



Dimensional Analysis

* Dimensional Homogenity : It means the dimensions of each term

in an equation on both sides are equal.

e Dimensions of L.H.S = Dimensions of R.H.S
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Rayleigh’s Method

* To define relationship among the variables.

* This method is used for determining the expression for a variable
which depends upon maximum three or four variables only.

Methodology:

Let X is a function of X, X,, X, and mathematically it can be written as

X100 X

This can be also written as
X=K(X;&, X,*, X;¢) where K is constant and a, b and c are arbitrarily powers

The values of a, b and ¢ are obtained by comparing the powers of the fundamental
dimension on both sides.

* Thus the expression is obtained for dependent vriable.




Rayleigh’s Method

Problem : Find the equation for the power developed by a pump if it depends on
head H discharge Q and specific weight y of the fluid.

Solution:

P=f(H.Q.v) Power = L2MT3

P=K’H.'Qb"{c Hcad =LM°T°
. O 1

(P]=[HF- [QF° - [ eI

[LIMT.3] = [LM°TP - [} i . [L’zMT'z]c Specific Weight =L"MT

Equating the powers of M, L and T on both sides,

Power of M, l=c
Power of T, -3=-b-2 OF b=-2+30r b=1
Power of L, 2=a+3b—-2c Or 2=a+3-2 Or a=1

Substituting the values of a, b and ¢
P=K-H'.- Q'.¥

P=K-H- Q-y When, K=1 P=H-Q-y



Rayleigh’s Method

Problem 3: Find an expression for drag force R on a smooth sphere of diameter D
moving with uniform velocity V in a fluid of density p and dynamic viscosity p..

Solution:

R=f(D,V,p, n Force =LMT"
R=K-D*- V*.p" p* Diameter =LM°T®
[R]1=[DJ- V- [p - [u]* Velocity =LM°T"
[LMT?] = [LMT°}* - [LM°T']° - [LMTF - [L'MT)¢ | Mass density = L'MT®

Equating the powers of M, L and T on both sides,

Power of M, 1=c+d or c=1-d
Power of T, 2=-b-d or p=2-d
Power of L, I=a+b-3c-d or l=a+2-d-3(1-d)-d

=a+2-d-3+3d-d or a=2-d
Substituting teh values of a, b, and ¢

R=K.D*. v¥.p'9 =K—-—-£-p"

d
2 2 M << =9
=K - pV'D|—]| = pV' Db | —
v [pVD] ¥ ¢[pVD]



Buckingham’s m -Theorem

This method of analysis is used when number of variables are more.

Theorem:
If there are n variables in a physical phenomenon and those n variables contain m dimensions,
then variables can be arranged into (n-m) dimensionless groups called rterms.

Explanation:
If (X, Xy, Xsy e X,) = 0 and variables can be expressed using m dimensions then
f (T, Ty, Ta, e m,_n) =0 where, m,, m,, T, ... are dimensionless groups.

Each 1 term contains (m + 1) variables out of which m are of repeating type and one is of non-
repeating type.
Each 1 term being dimensionless, the dimensional homogeneity can be used to get each term.

T denotes a non-dimensional parameter



Buckingham’s m -Theorem

Method of Selecting Repeating Variables :

1.

U1

The dependent variable should not be selected as repeating
variable.

. Repeating variables selected should not form a dimensionless

group.

. Repeating variables togethes must have same number of

fundamental dimensions.

. No two repeating variables should have same dimensions.
. Repeating variables should be selected from each of the

following properties
i. Geometric Property : Length, height, width, area.
ii. Flow Property : Velocity, Acceleration, Discharge.
iii. Fluid Property : Mass density, Viscosity, Surface tension.



Buckingham’s m -Theorem

Problem 12.11 The pressure difference Ap in a pipe of diameter D and length | due to viscous
flow depends on the velocity V, viscosity u and density p. Using Buckingham's n-theorem, obtain an
expression for Ap.

Solution.
Apisafunctionof D, LV, w,porAp=fiD, 1, V, i, p)
or S, Qp. D, [V, 1, p)=0 ()

Total number of variables, n=6

Number of fundamental dimension, m =3

Number of n-terms =n-3=6-3=3

Hence equation (i) is written as f,(x,, %,, %) = 0 (i)

Each m-term contains m + | variables, i.e., 3 + |1 = 4 variable. Out of four variables, three are
repeating variables.

Choosing D, V, u as repeating variables, we have n-terms as

R = D% .V" .p(' Ap
n, = D vh TR |
Ry =D .VP 0% .p



Buckingham’s m -Theorem

First m-term x,=D%.Vh.u%. A
Substituting the dimensions on both sides,

ML =1 . LT . (ML'T ) MLT'T
Equating the powers of M, L, T on both sides,

Power of M, O=¢; +1, s =-1
Power of L, O=a,+by~c¢; -1, SaqpE=brerl=l-1+1=1
PowerOfT. 0=—b,—C|-2. Ag b|=“C|-2=l- =“l

Substituting the values of a,, b, and ¢, in x,,
1t,=D| % i .u".Ap:D;‘p.

Second ®-term m,=D%. Vo pe |
Substituting the dimensions on both sides,

ML°T® = % . (LT . (ML'T ™) . L.
Equating the powers of M, L, T on both sides

Power of M, 0=cy, S 0=0
Power of L, O=ay+ by~ +1, o ay==~by+cy~1=~1
Power of T. 0=-b2-C2. O bz--"'Cz:O

Substituting the values of a,, b, and ¢, in 7,

|
t=D'. V. u.1=—.
. p D



Buckingham’s m -Theorem

Third n-term =D .V us.p
Substituting the dimension on both sides,

ML =1 . (LT™D . (ML'TY" . ML,
Equating the powers of M, L, T on both sides

Power of M, O=cy+ 1, S ==
Power of L, 0=03+b3-('3—3. os 03=-b)+C3+3=-|-l+3=|
POWCforT. 0="b3-C3. o b;:-c;:-(-l):l
Substituting the values of a4, by and ¢ in m,,

my=D'. V. put, p-%

Substituting the values of x,, %, and %, in equation (i),

5 L pDV) 0 or _Qg___oi’_PDV or =ﬂ¢ l.pDV
W'D’ uv D pu

Experiments show that the pressure difference Ap is a linear function —;- Hence —;— can be taken

out of the functional as

uv pDV]
Ap = -
p= D —X 0[ m Ans.



Model Analysis

For predicting the performance of the hydraulic
structures (such as dams, spillways etc.) or hydraulic
machines (such as turbines, pumps etc.) before
actually constructing or manufacturing, models of the
structures or machines are made and tests are
conducted on them to obtain the desired information.
Model is a small replica of the actual structure or
machine.

The actual structure or machine is called as Prototype.
Models can be smaller or larger than the Prototype.
Model Analysis is actually an experimental method of
finding solutions of complex flow problems.



Model Analysis

Advantages of Dimensional and Modal Analysis :

Performance of the hydraulic structure or hydraulic machine
can be easily predicted, in advance from its model.

With the help of D.A, a relationship between the variables
influencing a flow problem in terms of dimensionless
parameters is obtained. This relationship helps in conducting
tests on the models.

Merits of alternative designs can be predicted with the help
of model testing. The most and safe design is finally
adopted.

The tests performed on the models can be utilized for
obtaining useful information about the performance of the
prototypes.

This can be obtained only if similarity exists between the
model and prototype.



Similitude or Similarities

» Similitude is defined as the similarity between the model
and prototype in every aspect, which means that the
model and prototype have similar properties.

» Types of Similarities:

1. Geometric Similarity : Length, Breadth, Depth, Diameter,
Area, Volume etc.

2. Kinematic Similarity : Velocity, Acceleration etc.,

3. Dynamic Similarity : Time, Discharge, Force, Pressure
Intensity, Torque, Power



Similitude or Similarities

1. Geometric Similarity : The geometric similarity is said to
be exist between the model and prototype if the ratio of
all corresponding linear dimensions in the model and
prototype are equal.

L. B. D
L. B. D.

A2 Ve ;3
A, L V., L

:Lr

where Lr 1s Scale Ratio



Similitude or Similarities

2. Kinematic Similarity : The kinematic similarity is said to be
exist between model and prototype if the ratios of
velocity and acceleration at corresponding points in the
model and at the corresponding points in the prototype
are the same.

Vi_y, a_,
V].'[l I aﬂl r
where\/, 1s Velocity Ratio where g..18 Acceleration Ratio

Also the directions of the velocities in the model and prototype should be same



Similitude or Similarities

3. Dynamic Similarity : The dynamic similarity is said to be
exist between model & prototype if the ratios of

corresponding forces acting at the corresponding points
are Equal.

F,
F.

:FI‘

where Fr 1s Force Ratio

* It means for dynamic similarity between the model and
prototype, the dimensionless numbers should be same
for model and prototype.



Types of Forces Acting on Moving Fluid

1.

Inertia Force (Fi) : It is the product of mass and acceleration
of the flowing fluid and acts in the direction opposite to the
direction of acceleration.

It always exists in the fluid flow problems.

Viscous Force (Fv) : It is equal to the product of shear stress
due to viscosity and surface area of the flow.

Gravity Force (Fg) : It is equal to the product of mass and
acceleration due to gravity of the flowing fluid.

Pressure Force (Fp) : It is equal to the product of pressure
intensity and cross sectional area of flowing fluid.

Surface Tension Force (Fs) : It is equal to the product of
surface tension and length of surface of the flowing.

Elastic Force (Fe) : It is equal to the product of elastic stress
and area of the flowing fluid.



Dimensionless Numbers

* Dimensionless numbers are obtained by dividing the
inertia force by viscous force or gravity force or pressure
force or surface tension force or elastic force.

Inertia Force  oVL e £VD
Viscous Force yzi yzi

1. Reynold’s number, R,

InertiaForce V

Gravity Force B \/Lg

2. Froude’s number, F_, =

\/ InertiaForce =V
’ PressureForce \/p_'p
3. Euler’'s number, E, =
J InertiaForce Ny
4. Weber;s number, We ol SurfaceTensionForce o/ pL

Inertia Force . V
Flastic Force C

5 Mach’s niimbher M




Model Laws

 The laws on which the models are designed for dynamic similarity
are called model laws or laws of similarity.

1. Reynold’s Model Law : Model law in which models are based on
Reynold’s number.
Models based on Reynolds’s Number includes:
a) Pipe Flow.
b) Resistance experienced by Sub-marines, airplanes, fully
immersed bodies.

2. Froude Model Law : Model law in which models are based on
Froude’s number.
Froude Model Law is applied in the following fluid flow problems:
a)Free Surface Flows such as Flow over spillways, Weirs, Sluices,
Channels etc.
b) Flow of jet from an orifice or nozzle.
c) Where waves are likely to formed on surface.



Reynold’s Model Law

* |fthe viscous forces are predominant, the models are designed for
dynamic similarity based on Reynold’s number.

— L Velocity, V = Length/Time = T = L/V
[ E]m - [ E]p .= TmeScaleRatio = —

T

pm V‘“ Lm - pP VP LP q,= Acceleration Scale Ratio = &
“, M4 L

Acceleration, a = Velocity/Time 2 L=V/T



Froude Model Law

 If the gravity force is predominant, the models are designed for
dynamic similarity based on Froude number.

[ e]m:[ e]p = \/gv;_‘ = \/gvi = Vr:VelocityScaleRatioz\/E

], =ScaleRatiofor Time = \/Z. F. =Scale Ratio for Force = | 3

T, =Scale Ratio for Accele ration =1

A

F, =Scale Ratio for Pressure Intensity = |

2.5

Qr =Scale Ratio for Discharge = Lr Pr _ Scale Ratio for Power = Lr

35




Summary

10 properties of fluids with numerical.

Effect of temperature and pressure on all the properties
of fluids.

Rheological diagram and types of fluids.
Fundamental and secondary quantities.
Dimensional Homogeneity.

Rayleigh’s method and Buckingham's t — theorem.
Model Analysis and 3 types of similarities.

5 types of forces and 5 dimensionless numbers.

2 model laws and scale ratio of different quantities.
Near about 30 formulae's.



