stress may be.”
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With a modcst change to the above, desc mbmg the nature of the force, we still use this simple deﬁmtlon A ﬂ{‘
 defined as

‘a substance that deforms continuously under the application of a shear (tangential) stress no matter how smal

1
ittt |
r i m
18 Ll Hu a !

L




m N ‘

‘\‘ i
‘ ﬁﬁ:ehlmgmﬁautﬁmntuty of a fluid at the length scale of observation.
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I w“ \\
ntinuum.

31{" <0. l :’-MU)O?« < L < 10\, rarefaction effects start to influences the properties.

0 1, the assumption that a liquid is a continuum starts to break down,

re looking at molecules at a length scale smaller than their mean free path; the con!



'

bottle would weigh more when filled with water than olive mll Agﬂim, ytm might
" slower than water. Fluids differ from one another due to the dlfferences of the inherent pmpe
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to consider when learning mechanics of fluids are

1. Density
2. Viscosity and
3. Surface tension

There are jother properties such as boiling point, freezing point that are not considered here.

1.3.1 Density
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Figure 1.2. Variation of density with temperature and pressure
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‘ 1‘3‘1 Tahlke 1.1 Properties of common gasses and liquids at 20 C and 1 atm pressure.

.2 Viscosity

;;s‘ialready‘ ‘pointeﬂ out, different liquids flow at different rates given all other conditions remains same. This m

1e property that affects the way fluids flow. This property is called viscosity.

f a fluid originates from the nature of molecular interactions. Liquids, unlike gasses, have




= Viscosity

N = Avogadro number

h = Plank’s constant

P = Volume of a mole of liquid
Tw = Boiling point of the liquid
T = Temperature

force F is applied to the upper surface at time t=0. During a small period of &t, upper surface moves a small distance & :“3

deforming the rectangle to its new position shown in (b).

For the proof and an informative discussion see Bird, R.B., Stewart, W.E. and Lightfoot, E.N., Transport Phenomena, 2 1|

Edition, John Wiley, 2002

ox F
e

dy.

Figure 1.3. Deformation of a rectangular fluid element under applied shear stress




The angle 80 is given by

Ox

tandl = E;

For small angles tand6 = 0

Therefore,

Ox
o
by 6t

Since limg; 0 % — du, where du is the velocity induced by the applied force.



dy ot

Since limg; o é —» du, where du is the velocity induced by the applied force.

Newton postulated that proportionality constant is the viscosity. This gives

T=p—
“ (1.7)

This equation achieves dimensional homogeneity only if jt has units Pa s (Pascal seconds). However, it is common practice

to give the viscosity in Poise (P) or centipoises (cP), a unit named after French physicist Jean Marie Poiseuille.
IP-—_lpan's

i . ,
The term 2L is called the velocity gradient. A\ )
d)v o £ e

Above equation shows that the shear stress is linearly proportional to the velocity gradient. Fluids that show this linear

relationship is called Newtonian fluids. Water, air, and crude oil are some examples of Newtonian fluids. However, there

ationship. They are called non-Newtonian fluids. Polymer melts, xanthan gum

are fluids that do not show the linear rel

E— —— e —— Ty
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is consxdered the molecule will be in the close vicinity of its initial location as the force exerted by the“ hﬁﬂ
molecules acts on all directions.
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Figure 1.5. Intermolecular forces acting on liquid molecules.
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) Jit = 2X2nr0
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~ For a surface with difference curvatures in the two mutually perpendicular directions (like that of an ellipsoi

equation can be written as

Ap=0(1+i)

5y 2

- This equation is known as the Young-Laplace equation.

as the contact line. Equilibrium is achieved when the forces acting at the contact line balances each

w. Diploma in Mech.




Figure 1.7 shows the forces acting at the contact line.

o liquid-air interfacial energy (surface Eeﬁsion)
0, : liquid-solid interfacial energy

o : solid-air interfacial energy
5,8

Like surface tension the other two are also defined as energies per unit area or forces acting on a unit length of the con

line. The force balance gives

= 0y + 04,C086.




na fi d‘volume of § gas in the second edition of his book” “New Experiments Phys:co-MechamcaIl, Touchmg ,
:-:tke Alf, pubhshed in 1662. He observed that for a fixed amount of an ideal gas maintained at a constant te!

the volume (V) is inversely proportional to the pressure (P).

- 1
«._
P

Change of volume in a unit volume per u]nit change of pressure is defined as the compressibility. If the change of a
volume is Ov for an increase of pressure by a 8p amount, the compressibility can be defined as

sV

7 .
V&P (1_11}'

1/K is called the bulk modulus and is a measure of resistance to the change of volume under pressure. K itself is a function

of pressure.

I, Touching the Spring of the Air and its Effects (Made,

2 Boyle, R., 1662, “New Experiments Physico-Mechanica
Charles Lord Vicount of

\ ,for the Most Part, in a New Pneumatical Engine) Written by Way of Letter to the Right Honorable
D ngarvar, Eldest Son to the Earl of Corke”. 2nd Ed., Oxford
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Figure 1.9. A broad classification of fluid mechanics




an essential body of knowledge to design hquld storage tanks con31der1ng forces acting on viewing gl

mqmred wall thicknesses etc.

The force acting on the fluid element due to the gravity is given by the product mg where m and g are the
 element and the acceleration due to gravity respectively. Such forces appear in fluids due to external fields such as
 electromagnetic fields are called the body forces. Body forces acts on the whole volume of the fluid particle: hence th

The stresses appearing at the boundary could be divided into two categories; (1) pressure and (2) viscous stress
us stresses arise due tc;[ the relative motion of neighbouring fluid molecules. Viscous stresses on this fl d |

e locally depending on the relative velocity of the surrounding fluid. Therefore, for fluids at rest it is

tand the role of the pressure.




/ could be divided into two cat

2.1 Pressure

In weather reports, you might have heard of “high pressure” or “low pressure” regions that make clouds

refers to the force air mass above the ground applying on a unit area on the ground.

Pressure is defined as the total force applied normal (perpendicular) to a unit surface area.

Total static force exerted normal to the area
Area on which the force is applied

Pressure —

Consider a force F applied on an area A as shown in Figure 2.1.

[F
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Figure 2.2. Pressure acting on a fluid prism at rest.
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iﬂy This is shown in the Figure 23,

Pressure at a point dy distance to%*iihe right of the initially selected point is P+8p. Therefore, the variation of pressu"re

/8. Therefore, pressure at the centre of the surface —distance t

direction per unit distance can be defined as 6P

right of the selected point can be written as P + _-%31 Similarly, pressure at a point — y % 1o the left of the selected pmnt

P 8y
will be P — —— The sign convention assumed that the pressure increases in the positive directions of the Cartesian

coordinates. Figure 2.3 shows the pressures at the surfaces of the fluid element (values for the x-direction is not shown).
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Figure 2.4. Pressure variation in the direction of gravity
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Dividing equation 2.11 by pg, we get the head due to the height of a liquid column as

E w0y g 5
Py Py ‘

Energy per unit weight or the head at a point within a static fluid is simply given by the height of the fluid above the ph“ k|

Head is a concept we will encounter again when we discus dynamics in chapter 4 and pumping of fluids in chapter 7

2.5 Measurement of pressure

Pressure is a very important characteristic of fluids. As a result there are many measuring techniques used to mea

ure. As shown in equation 2.11, height of a liquid column could be used to measure pressure.
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Pressure level

/N

P gauge

y Atmospheric pressure

Absolute vacuum
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