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FLUID PROPERTIES

FLUID

A fluid is a substance which is capable of
flowing under the action of shear force, however
small the force may be for e.g., liquid, gases and
vapours.

For a static fluid there is no shear force.

Since there is no shear force in static fluid hence
the Mohr’s circle is a point.
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Ideal Fluid (Perfect Fluid)

Non-viscous, friction less & incompressible.
Does not offer shear resistance against flow.

Bulk modulus is infinite

Used in mathematical analysis and flow problems.

Real Fluid

e Possess the properties such as viscosity,
surface tension and compressibility.
e Offers resistance against flow.

Specific Gravity (G or s)
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Density of substance

Gors= Density of water at 4°C

Specific gravity for water is 1.0 at 4°C and mercury
is 13.6

Specific gravity varies with temperature therefore
it should be determined at specified temperature
(4°Cor27°C).
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e Shear stress, T = M(—j

Specific Weight (unit weight)

Y=pg
p = mass density
g = acceleration due to gravity

Newton’s Law of Viscosity

du

dy
p = mass density
g = acceleration due to gravity
w = dynamic viscosity

du . . .
d_y = rate of shear strain or velocity gradient or
rate of angular deformation

Type of Fluids

|
I ]

Newtonian Non-newtonian
Time independent Time dependent
(i) Dilatant (i) Thixotropic
(i) Bingham Plastic (i) Rheopectic

(i) Pseudoplastic

Non-Newtonian Fluids
e These do not follow Newton’s law of viscosity. The

relation between shear stress and velocity gradient

is
n
T= A(%] +B
dy
where A and B are constants depending upon type
of fluid and condition of flow.

The study of Non-Newtonian fluid is knows as
Rheology.
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() For Dilatant Fluids: n >1 & B =0,

Ex. Butter, Quick sand, Rice starch, Sugar in
H,0

For Bingham Plastic Fluids:n=1&B #0
Ex. Sewage sludge, Drilling mud, Tooth paste,
Gel.

These fluids always have certain minimum
shear stress before they yield.

(i)

(i) For Pseudoplastic Fluids: n<1&B=0
Ex. Paper pulp, Rubber solution, Lipsticks,

Paints, Blood, Polymetric solutions, milk, etc.
For Thixotropic Fluids:n <1 & B #0
Viscosity increases with time.

Ex. Printers ink and Enamels.

For Rheopectic Fluids: n > 1 & B =0
Viscosity decreases with time.

Ex. Gypsum solution in water & Bentonite

(iv)

solution.
[ S AC
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/\Ki\\"ox 4/Ideal plastic
¢— Rheoplastic
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Dilatant
r Ideal fluid
du
dy
Viscosity

e |tisthe internal resistance offered by one layer of
fluid to the other layer. It is due to cohesion and
intermolecular attraction.

(i) Dynamic Viscosity ():
Its Sl unit is pascal-second or N-sec/m?
Its CGS unit is Poise = Dyne-sec/cm?
1 poise = 0.1 N-s/m?
(i)  Kinematic Viscosity
Dynamic viscosity (1)
Mass density (p)

Its S| unit is m?/s.
Its CGS unit is cm?/s or stoke.
1 stoke = 104 m?/s
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e Viscosity of liquids decreases with temperature
whereas viscosity of gases increases with increase
intemperature.

e Fluids with increasing order of viscosity are air,
gasoline, water, crude ail, castor oil.

e Viscosity of water at 1°c is 1 centipoise.

e Viscosity of liquids is due to cohesion and
molecular momentum transfer.

Surface Tension (o)

e Surface tension is due to cohesion only.

e Surface tension decreases with increase in
temperature.

Opaier = 0-0736 N/m at 20°C
Ormercury = 491 N/m
(i) Pressure inside a liquid drop.
46
T d

where o is surface tension
d is diameter of drop
(i) Pressure inside a soap bubble
_ 8
T d
Note: At critical point of a liquid its surface tension
is zero.

Capillary Action

e (Capillary action is due to adhesion and cohesion,
both.

e (Capillary rise is due to adhesion being greater than
cohesion and capillary fall is due to cohesion being
greater than adhesion.

_ 4ocose
= 7Yd
where,
h = rise in capillary
o = surface tension of liquid
d = diameter of tube
06 = angle of contact between the liquid
and the material.
g = Specific weight of liquid
6 — 0° for, Pure water and glass
6 — 128° for mercury and glass
For capillary action diameter of tube should be less
than 3 cm.
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e When a liquid surface supports another liquid of
density “p,”, then rise in capillary is given as.
4c6Ccos0

(p—pp)od

Compressibility

e |trefersto change in volume/density due to change
in pressure.

e The compressibility coefficient is inversely
proportional to bulk modulus of elasticity (K),

_dp dP
~ —dv/V = dolp

1
Compressibility Coefficient, B = K

e |ncompressible fluids the velocity of sound is given
by

C= =
p

C = velocity of sound in fluid
K = Bulk modulus of fluid
p = Density of fluid

Practice Questions : Level-1

,

The pressure inside a soap bubble of 50 mm
diameter is 25 N/m? above the atmospheric
pressure. What is the surface tension in soap
film?

(a) 0.156 N/m
(c) 0.624 N/m

Q.1

(b) 0.312N/m
(d) 0.948 N/m

Practice Questions : Level-2

Q.2 Consider the following statements:

1. Gases are considered incompressible when
Mach number is less than 0.2

2. A Newtonian fluid is incompressible and
Nnon-viscous

3. Anidealfluid has negligible surface tension

Which of these statement(s) is/are correct?

(@) 2and 3 (b) 2 only

(c) 1only (d) 1and 3
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Q.3 Match List-1 (Physical properties of fluid) with
List-Il (Dimension/Definitions) and select the
correct answers:

List-I

Absolute viscosity

Kinematic viscosity

Newtonian fluid

Surface tension

List-II

oo wp»

1. du/dy is constant

2. Newton per meter

3. Poise

4. Stress/Strain is constant
5. Stokes

Codes:

A B C D
(@5 3 1 2
b)y3 5 2 4
(c)5 3 4 2
d3 5 1 2

The relations between shear stress (1) and
velocity gradient for ideal fluids, Newtonian
fluids and non-Newtonian fluids are given below.
Select the correct combination

(@) =0, T = u(du/dy)? T = w(du/dy)3

(b) T =0, T = w(du/dy); T = u(du/dy)?

(c) T =wdu/dy); T = w(du/dy)? T = u(du/dy)?
(d) T = u(du/dy); T = u(du/dy)% =0

T =
T =

1. (a) 2. (d) 3. (a) 4. (b)
1. (a)
For soap bubble
8o
P= H; P = Excess pressure
o= %:6.156N/m
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