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Module 2: Thermodynamics of Combustion

Lecture 7: Thermodynamic Laws

The Lecture Contains:

B Enthalpy and Internal Energy

B Effect of Temperature on Heat Capacity

B Thermodynamic Laws

B First Law

B Second Law
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Lecture 7: Thermodynamic Laws

Enthalpy and Internal Energy

Specific internal energy of the mixture, Ymix = ZXE'”E
i

Mass specific internal energy of the mixture, —Ymix = Z Yiig;
i

Specific enthalpy ofthe mixture, Amize = ZXaha
i

Mass specific enthalpy of the mixture, Rz = Z Yih;
i

Enthalpy of a species,
h?r(ﬂ = h?,gs-s.m + j Cpidl
x' 28815

.

Heat of formaiion Sewsibile crffaly
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Internal Energy of a species, ugr(T} = uﬁzgglm + j C,;dT
298.15
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Effect of Temperature on Heat Capacity

Specific heats, {p and C,, are functions of temperature

for both ideal and real gases ] DL L B R L B B
Sonntag et al (2003)

g
of
C [
7 Sf
4 r
Variation in sp. heat with temperature is caused by L
i 3ip r
= Vibrational energy i Ar, He, Ne, Kr, Xe
= Rotational energy [
5p. heat of mono atomic gases does not vary with temperature, ) SN S N
why? 0 500 1000 1500 2000 2500 3000 3500
Their internal energy is contributed by translational energy TIK]

(Figure 7.1)
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Lecture 7: Thermodynamic Laws

Thermodynamic Laws

: Two bodies have the same temperature as
AT third body, when placed in thermal contact

_ During a cyclic process, the algebraic sum
First Law of work is proportional to heat

. - Heat cannot itself transfer from lower
SISGLGE VAR temperature to higher temperature

_ Entropy of perfect crystal is zero at
Third Law absolute zero temperature
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First Law of Thermodynamics

First law applied to a closed system:
50 — W =dE
Where, 8 — Heat added to the system (Path Function)
& — Work done by the system (Path Function)
dE - Total energy change in the system (Point Function)

First law applied to an open system:

dE e Ve .
E=ﬁli[hi*T‘+gzi - 1h, hn+£+gz., + 30Q-5W
[ T ] L v F i z AL ]
Rate of accumulation of Met change of Heat interaction Rate of work done
total energy in Shaft total energy efflux across control by Shaft
surface

Where, h — Specific enthalpy
V' — Velocity of flow
Z — Height of inlet and outlet port
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Second Law of Thermodynamics

Clausius For any system undergoing a cyclical process, the ratio of the sum of all heat
inequality: interactions to its temperature is equal to or less than zero.
&
§22 <o
T
Increase in entropy Q5. 81
principle: wEET
Second law of thermodynamics for control
volume:
s : 50
— = ms; —ms, + — + gu
dr 1
L,,.,_r,..,.l 1 I 1 Ji I
/ - ! l‘\\ ! -
Rate of Met change of Entropy flow due to  Rate of entropy
accumulation of total entropy heat interaction generation in CW
entropy in W effiux across control
surface
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