
2.43 ADVANCED THERMODYNAMICS 

Spring Term 2024
LECTURE 18

Room 3-442
Friday, April 12, 11:00am - 1:00pm  

Instructor: Gian Paolo Beretta
beretta@mit.edu

Room 3-351d

© 2024 Gian Paolo Beretta     @MIT 2.43 Advanced Thermodynamics Slide 18.01

mailto:beretta@mit.edu


Systems with chemical reactions

energy and entropy balances
notation and stoichiometry

properties of reaction
properties of formation
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Energy and entropy balances for closed and open

systems with chemical reactions
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Notation and stoichiometry:

proportionality relations, reaction coordinates
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Properties of reaction
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Enthalpy of formation of H and H-H bond energy
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1p
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1p
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van der Waals forces vs covalent bonds
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Bond 

parameters

Lennard

Jones H-H O=O H-O

Strength ɛ kJ/mol 432 494 459

Length r_min 10-12 m 74.1 120.8 95.8
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Enthalpy of formation and bond energies
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Properties of formation and Hess relation
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Properties of formation and Hess relation

Adapted from Table 29.4 of Gyftopoulos, Beretta, Thermodynamics. Foundations and applications, Dover, 2005
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Systems with chemical reactions

what determines the direction
of spontanueos reaction

and
how temperature affects it

Exergy
Maximum work obtainable

Minimum work required
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When is an isothermobaric reaction product- or reactant-favored?
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When is an isothermobaric reaction product- or reactant-favored?
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When is an isothermal reaction product- or reactant-favored?

Adapted from Figure 30.1 of Gyftopoulos, Beretta, 
Thermodynamics. Foundations and applications, Dover, 
2005
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When is an adiabatic reaction product- or reactant-favored?
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Exergy / Maximum work obtainable / Minimum work required
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Systems with chemical reactions

Oxidation of hydrocarbons
Heating values of fuels

Exergy of a fuel
Adiabatic flame temperature
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Oxidation of hydrocarbons
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Properties of the reaction of oxidation of hydrocarbons

Adapted from Figure 31.7 of Gyftopoulos, Beretta, Thermodynamics. Foundations and applications, Dover, 2005
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Heating values of fuels

Adapted from Figure 31.1 of Gyftopoulos, Beretta, Thermodynamics. Foundations and applications, Dover, 2005
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Lower and higher heating values of fuels
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Heating value and Exergy of a fuel / Adiabatic flame temperature
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Adapted from Table 20.2 of Gyftopoulos, Beretta, Thermodynamics. Foundations and applications, Dover, 2005

Adiabatic flame temperature calculations
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E18-AdiabaticFlameTemperature(withEquilibrium).xlsx

Adiabatic flame temperature calculations
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Adiabatic flame temperature and pressure in a closed bomb
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Adiabatic flame temperature

Adapted from Figures 31.8 and 31.9 of Gyftopoulos, Beretta, Thermodynamics. Foundations and applications, Dover, 2005
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Summary on an energy vs entropy diagram
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Is a reversible combustion possible?

Figures 3 and 4 from G.P. Beretta, A.M. Lezzi, A. Niro, and M. Silvestri, On the concept of a reversible flame, in Energy for the Transition 
Age, FLOWERS '92, Edited by S.S. Stecco and M.J. Moran, Nova Science Pu. Inc., New York, Additional Proceedings, pp. 165-177 (1992).

The question was first raised and discussed in Keenan (1941) and Obert (1948,1973), and later also by Richter & 
Knoche (1983), Dunbar & Lior (1994).
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https://gianpaolo-beretta.unibs.it/Beretta-papers-online/ic22-BerettaLezziNiroSilvestri-Flowers92-165-1992.pdf
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