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Fluid Mechanics
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4. Poiseuille’s Law

Density of mixture:
When two liquids with densities p1 and pz, masses m1 and mz, and volumes V1 and V2 are combined,
the resulting density of the mixture is determined as follows:

Ex.

Sol.

Pmix =

PRESSURE AND ITS MEASUREMENT

Density and Relative Density:

Density:

The density of any substance is defined as the mass per unit

volume.
Mass _ M

p= Volume vV
Imagine two spheres with densities p1 and p2,
In which, p2 < p < p1, are immersed in water of density p.
As illustrated in the diagram, it's evident that the sphere with
a density lower than that of water floats, while the one with a
greater density sink.

Relative density:
[t represents the proportion of the substance's density to that

of water at 4°C.

. . Density of substance
Relative density = ——— " 220¢
Density of water at 4°C

Key points regarding relative density:

1) Relative density is dimensionless, indicating it has no
units.

2) Itis synonymous with specific gravity.

3) Inthe CGS system, the density of water at 4°C is 1 g cm3,
serving as a reference point.

_ my+m,
Vi+Vy

When two liquids with densities p and 3p, volumes 3V and V, respectively, are blended together,
determine the density of the resulting mixture.

Consider the following:

In which,

Pmix =

m1+m2
Vi+V,
my = p(3V) and m, = 3pV.
p(BV)+3pV 6p
Pmix ==, T4

3
Pmix = Ep

1
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Density of a Mixture of Two or More Liquids:
Scenario 1: Two liquids with densities p1 and p2, possessing identical masses, are combined.

_ mi+my
Pmix = V4V
In which, V, = ™ and Vv, = Iz
P1 P2
m;=m;=m
o _2m__ 2p1pp
Pmix Srtos Pitee
Situation 2: Two liquids with densities p1 and pz, having identical volumes, are blended together.
_ mq+my
Pmix = Vi+Vy
In which, my; = p,Vand m, = p,V
o PaVHpaV _ patp
Pmix = 2V - 2

Put differently, if the volumes of both liquids are identical, the density of the mixture equals the
arithmetic mean of the densities of the individual liquids. This principle extends to situations
involving more than two liquids.

Pressure and its variation with depth:

Pressure refers to the force applied perpendicular to the surface of an object per unit area. It is a
fundamental concept in physics and fluid mechanics, crucial in understanding various phenomena
like buoyancy, fluid flow, and atmospheric conditions.

When considering pressure variation with depth, it refers to how the pressure exerted by a fluid
change as one moves deeper into the fluid. This relationship is governed by Pascal's principle,
which states that pressure increases with depth in a fluid due to the weight of the fluid above. This
means that the deeper one goes into a fluid, the greater the pressure exerted on an object
submerged within it. This principle is essential in various fields such as hydrodynamics,
engineering, and geology.

Torricelli's Experiment:
In line with the notion of atmospheric pressure,

Pp = Pc = Patm
Nonetheless, the pressure remains constant at all points along the same .’ R
horizontal line. .

p 760 mm

Pa=Pp=Pc P, ip
Define P' as the pressure of the vacuum. : - :

Ps =P’ + Pgh A
= Pg =0 + pgh

Pg = ppgg X(760mm)
One atmosphere of pressure is also characterized as the pressure exerted by a column of mercury
measuring 760 mm in height.
At sealevel, latm=0.76 X 13.6 X 103 x 9.8
=1.013 X 105 Nm~2

Relation between Atmospheric, Absolute and Gauge Pressure:
Atmospheric Pressure:

Pressure 4

T
(Positive gauge pressure) '
* (Negative H

- ' 3 (Poss)

gauge pressure) | + (ot
Be H '
(Pec) H
(Pats) : H

¥ ¥ Ab:
o solute zero pressure

The pressure measured from a zero-reference point is termed absolute pressure.

From the graph,
At A, Pups = Pypm + Rgauge
At B, Paps = Popm — Pgauge
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Ex.

Sol.

Ex.

Sol.

The force exerted by the air's weight over the Earth's surface is termed atmospheric pressure.
Pressure measured in relation to atmospheric pressure serves as a reference point, known as
gauge pressure.

Gauge pressure = Absolute pressure - Atmospheric pressure
The pressure measured from absolute zero is referred to as absolute pressure. The graph
illustrates pressure variation in direct correlation with altitude. P

P =pgh+ P,

When comparing the provided equation to y = mx + ¢, it's evident
that pressure P exhibits linear variation with height h. The
primary purpose of gauge pressure lies in determining absolute P,
pressure. In everyday scenarios, all pressure measuring
instruments gauge pressure.

Based on the provided figure, what is the

A E A
accurate observation? h . “Water hi a Water
The water column’s height in both containersis  {{_ vLe
identical. b
According to the equation, P =P, + pgh ok Tank

The pressure, P, is influenced by the height within a stationary fluid and the atmospheric pressure
at the specified location.
Thus, the pressure at the bottom of tank a and tank b is the same.

What is the pressure experienced by a swimmer located 20 meters beneath the surface of water
at sealevel? (Assume g = 10 m/s?)

Given,
h=20m,g=10ms™2,p = 1000 kgm™3
P = Py +pgh
P = (1 x 10%) + (1000 x 10 x 20)
= P =(1x10%) + (2 x 10%)
P =3 atm



