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3 Laws of Thermodynamics

There are four laws which relates the thermodynamics of substances.

3.1 Zeroth Law of Thermodynamics

If an object with a higher temperature comes in contact with a lower temperature object, it will transfer
heat to the lower temperature object. The objects will approach the same temperature, and in the absence
of loss to other objects, they will maintain a single constant temperature. Therefore, thermal equilibrium

is attained.

dlaalipa o A1) (il 8 3
gl 1S3alind go iy pSai () i Ay ) 22 53
\Ssalipa o Al 6 huall ¢y ilBY 3.1

Canps 5685y da)d 8 AT s ae (i o e T80 5a A )3y s @l (IS Lo 13
8l adl glada s s Baal 53 ) a A )3 () OBlass Glavad) 3 )) s da )3 JBY) sl (13 ) 5o
a3 38 (gl Y1 (S s 5 ol pall A yd (pty (laing (i gusd Clls
The “zeroth law” states that if two systems are at the same time in thermal equilibrium with a third

system, they are in thermal equilibrium with each other.

Figure 3.1: Analogy of the Zeroth Law of Thermodynamics.
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If A and C are in thermal equilibrium with B, then A is in thermal equilibrium with B. Practically this
means that all three are at the same temperature, and it forms the basis for comparison of temperatures.

The Zeroth Law states that:-

“two systems which are equal in temperature to a third system are equal in temperature to each other”.
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3.1.1 Methods of Measuring Temperature

The Zeroth Law means that a thermometer can be used to assign a label to any system, the label being
the value shown on the thermometer when it is thermal equilibrium with the system. We call the
label “temperature”. Temperature is a function of state which determines whether a system will be in

equilibrium with another.
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To put this into practice we need a thermometer, which is a device that has some easily measured property,
X, that varies with temperature. This might be the length of the mercury column in a mercury-in-glass
thermometer for instance, or the pressure of a constant volume gas thermometer. We then require easily
reproduced calibration temperatures. For instance, the Centigrade temperature scale assigns temperatures
of 0 and 100, to the temperature of ice in equilibrium with water (known as the ice point) and to the
temperature of boiling water (the steam point). Letting the values of X at these two points be X and

X, then the temperature in Centigrade,
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Therefore, measuring temperatures may be based on one of the following properties:-

a) Expansion of materials due temperature variations, e.g. gas thermometer, liquid-in-glass
thermometer, bi-metal strip.

b} Electrical resistance of materials.

c) Electro-motive force induced within a circuit made up of two dissimilar materials.

d) Radiative properties of surfaces.
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31.2 International Temperature Scale

This scale is used to calibrate temperature measuring devices. It consists of a number of fixed points of

known temperature which can be reproduced accurately (Table 3.1).
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Units of Temperature

The Kelvin (51 units) is the fraction

of the thermodynamic temperature of the triple point of

water. Generally, conversion of Celsius to Kelvin: T(K) = T(°C) + 273.15

Fined Point Temperature (deg C)
lce Point 0.01

Steam Point 100,00

Solidification of Antimony 630.74

Solidification of Gold 1064.43

Table 2.1 Example of Thermodynamic fived temperatures

3.2 First Law of Thermodynamics

The first law of thermodynamics is the application of the conservation of energy principle.

3.2.1 First Law of Thermodynamics Applied to closed Systems

consider a closed system where there is no flow into or out of the system, and the fluid mass remains
constant. For such system, the first law statement is known as the Non-Flow Energy Equation, or NFEE

abbreviated, it can be summerised as follows:
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AU =Q-W (25)

The first law makes use of the key concepts of internal energy (AU}, heat (Q), and system work (W).

3.2.2 Internal Energy

Internal energy is defined as the energy associated with the random, disordered motion of molecules. It
is separated in scale from the macroscopic ordered energy associated with moving objects; it refers to the
invisible microscopic energy on the atomic and molecular scale. For example, a room temperature glass
of water sitting on a table has no apparent energy, either potential or kinetic. But on the microscopic
scale it is a seething mass of high speed molecules traveling at hundreds of meters per second. If the
water were tossed across the room, this microscopic energy would not necessarily be changed when we

superimpose an ordered large scale motion on the water as a whole.
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During a non flow process the change in internal energy is calculated assuming the closed’s system

volume remains constant, the following equation is used

AU = m.CuAT (26)
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Where Cv is the specific heat capacity of the fluid, and AT is the temperature difference during the process
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323 Specific Heat

Heat may be defined as energy in transit from a high temperature object to a lower temperature object.
An object does not possess “heat”; the appropriate term for the microscopic energy in an object is
internal energy. The internal energy may be increased by transferring energy to the object from a higher

temperature (hotter) object — this is properly called heating.
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In order to heat or cool a given quantity of a gas in a given time, the following equation is used:
Quantity of Heat (Q) = mass(m) = specific heat capacity (C) x temperature difference

Since this heat exchange may take place
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Either at constant pressure: Q=mCp(T,-T) (27)
Or at constant volume: Q= rﬁCv[T_, - T.-} (28)
Where:

Cp specific heat at constant pressure (k]/kg K), see Table 3.2

Cv specific heat at constant volume (k]/kg K), see Table 3.2
Note that for a perfect gas Cp=Cv+R and n=Cp/Cv (29)

Specific Heat at Constant Volume Cv

Consider a closed system of unit mass, the first law of thermodynamics applied to this system is:-

qg-w=du
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If the volume is constant, then w =0, it follows that q=du
But q=CvdT

Hence du = CH_dT

Or Cv = du/dT

This is known as Joule’s Law of internal energy which states that “the internal energy of a perfect gas
depends upon its temperature only”
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Worked Example 3.1

A closed rigid container has a volume of 1 m® and holds air at 345 kPa and 20°C. Heat is added until

the temperature is 327°C. Determine the change in Internal Energy:-

a) Using an average value of the specific heat.

b) Taking into account the variation of specific heat with temperature.

Solution:

a) AU=mC_ AT

Cv= 1644718

= 741J | kgK
ma PV 380
RT  287x293

Therefore

AU = 41026 x 741 (327 - 20) =932 k]
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Worked Example 3.8
Air at 27°C receives heat at constant volume until its temperature reaches 927°C. Determine the heat

added per kilogram? Assume for air C,r, =0.718 k] /kgK.

Solution:

Closed system for which the first law of Thermodynamics applies,
Q-W=AU
W = 0 No work transfer at constant volume process.
Q=AU
AU=Q=mC, (T, ~T,)
=1 x 0.718 (927 - 27)
= 646.2 k]/kg
hence Q = AU = 646.2 k]/kg.

MNote that the CT used is an average value.



