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Unit-I

Introduction: Basic Concepts and Definitions

(Thermodynamic Systems, Properties, States,

Processes, Cycles, Thermodynamic Equilibrium,

Quasi-Static Process), Pressure and its

Measurement, Zeroth Law of Thermodynamics,

Temperature and its Measurement.



PRESSURE

•Pressure is defined as a normal force exerted by a fluid per unit

area.

•We speak of pressure only when we deal with a gas or a liquid.

• The counterpart of pressure in solids is normal stress.

•Since pressure is defined as force per unit area, it has the unit of

newtons per square meter (N/m2), which is called a pascal (Pa).

•The pressure unit pascal is too small for pressures encountered in

practice. Therefore, its multiples kilopascal and megapascal (are

commonly used.

•Three other pressure units commonly used in practice, especially in

Europe, are bar, standard atmosphere, and kilogram-force per square

centimeter.

In the English system, the

pressure unit is pound-

force per square inch

(lbf/in2, or psi),

and 1 atm =14.696 psi.



Pressure

•Pressure is also used for solids as synonymous to normal stress,

which is force acting perpendicular to the surface per unit area.

•For example, a 150- pound person with a total foot imprint area of

50 in2 exerts a pressure of 3.0 psi on the floor.

•If the person stands on one foot, the pressure doubles.

• If the person gains excessive weight, he or she is likely to

encounter foot discomfort because of the increased pressure on

the foot (the size of the foot does not change with weight gain).

•This also explains how a person can walk on fresh snow without

sinking by wearing large snowshoes, and how a person cuts with

little effort when using a sharp knife.



Pressure-Terminology
 Absolute pressure: The actual pressure at a given position. It is

measured relative to absolute vacuum (i.e., absolute zero pressure).

 Gage pressure: The difference between the absolute pressure and the

local atmospheric pressure. Most pressure-measuring devices are

calibrated to read zero in the atmosphere, and so they indicate gage

pressure.

 Vacuum pressures: Pressures below atmospheric pressure.



Variation of Pressure with Depth

•The pressure in a fluid at rest does not change

in the horizontal.

Pressure in a fluid increases with depth

because more fluid rests on deeper layers, and

the effect of this “extra weight” on a deeper

layer is balanced by an increase in pressure.

Thus, we conclude that the pressure difference

between two points in a constant density fluid is

proportional to the vertical distance z between the

points and the density of the fluid.

In other words, pressure in a fluid increases linearly 

with depth.

Eq. 1 



Pressure

For a given fluid, the vertical distance z is sometimes used as a measure

of pressure, and it is called the pressure head.

We also conclude from Eq. 1 that for small to moderate distances, the

variation of pressure with height is negligible for gases because of their

low density.

The pressure in a tank containing a gas, for example, can be considered

to be uniform since the weight of the gas is too small to make a significant

difference.

Also, the pressure in a room filled with air can be assumed to be constant.

If we take point 1 to be at the free surface of a liquid open

to the atmosphere (Fig. 2), where the pressure is the

atmospheric pressure Patm, then the pressure at a depth h

from the free surface becomes

Fig. 2



Pressure

Liquids are essentially incompressible substances, and thus the

variation of density with depth is negligible.

This is also the case for gases when the elevation change is not very

large.

The variation of density of liquids or gases with temperature can be

significant, however, and may need to be considered when high

accuracy is desired.

Also, at great depths such as those encountered in oceans, the

change in the density of a liquid can be significant because of the

compression by the tremendous amount of liquid weight above.

The gravitational acceleration g varies from 9.807 m/s2 at sea level to

9.764 m/s2 at an elevation of 14,000 m where large passenger planes

cruise. This is a change of just 0.4 percent in this extreme case.

Therefore, g can be assumed to be constant with negligible error.



Hydrostatic pressure distribution

 Pressure in a continuously distributed uniform static fluid

varies only with vertical distance and is independent of the

shape of the container.

 The pressure is the same at all points on a given

horizontal plane in a fluid.


