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THIS LECTURE

• Equilibrium, state, properties, two-property rule

• Processes and the First Law

• Specific Heat, Ideal Gas, Perfect Gas
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THERMODYNAMIC EQUILIBRIUM

• Thermal equilibrium

• Mechanical equilibrium

• Phase equilibrium

• Chemical equilibrium

𝑃1 𝑃2 𝑃3

H2OH2+O2
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STATE AND PROPERTIES
The state of a system defines all properties of that state:

State 1 State 2

𝑃1𝑇1

h1
𝜌1

𝑠1
𝑐𝑃1

𝑢1 𝑃2

𝑇 2

h2

𝜌2
𝑠2

𝑐𝑃 2

𝑢2

Which, and how many properties do we need to define a state?
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TWO-PROPERTY RULE (STATE POSTULATE)
“The state of a simple compressible system is completely specified by two 
independent, intensive properties.”

𝑷𝟏𝑻 𝟏
State 1

h1
𝜌1

𝑠1
𝑐𝑃1

𝑢1 Note that for an ideal gas:

𝑢=𝑢(𝑇 )

h=h(𝑇 )

T, u, and h are not independent!



6

INTENSIVE, EXTENSIVE, AND SPECIFIC PROPERTIES

𝑣=
𝑉
𝑚 ,𝑢=

𝑈
𝑚 ,…Extensive properties depend on the amount of material, with
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PROCESSES AND THE FIRST LAW
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PROCESSES AND THE FIRST LAW: EXAMPLE
• Air in state 1 has a temperature T1 = 300 K.
• During an adiabatic process, 100 kJ/kg of work is done on the air.
• Find the temperature in state 2.
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SPECIFIC HEATS, IDEAL AND PERFECT GAS
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SPECIFIC HEATS, IDEAL AND PERFECT GAS

Dashed lines: perfect gas assumption
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REAL FLUID PROPERTIES
CoolProp example Jupyter notebook on Blackboard:
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SUMMARY + 10 MINUTE BREAK

• Use the two-property rule to calculate the state of a fluid

• Processes and First Law of thermodynamics

– Isothermal, isobaric, isochoric, adiabatic/isentropic, isenthalpic

• Specific heats

– Definition, real fluid, ideal gas, perfect gas
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THIS LECTURE

• Mass fractions and molar fractions

• Partial pressure and partial volume

• Properties of mixtures
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MASS FRACTIONS AND MOLAR FRACTIONS
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EXAMPLE: HYDROGEN AND OXYGEN MIXTURE
(From problem sheet 1) For complete combustion, for each kg of hydrogen, 7.94 kg 
of oxygen needs to be supplied…
Find the mass and molar fraction of hydrogen in the mixture

Data book on Blackboard
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PARTIAL PRESSURE AND PARTIAL VOLUME

𝑃𝑎 𝑃𝑏 𝑃=𝑃𝑎+𝑃𝑏

𝑉 𝑉 𝑉
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PARTIAL PRESSURE AND PARTIAL VOLUME

𝑉 𝑎 𝑉 𝑏 𝑉=𝑉 𝑎+𝑉 𝑏

𝑃 𝑃 𝑃



19

EXAMPLE: HYDROGEN AND OXYGEN MIXTURE PART 2
(From problem sheet 1) For complete combustion, for each kg of hydrogen, 7.94 kg 
of oxygen needs to be supplied…
Find the partial pressure of the hydrogen and oxygen if the gas mixture is at 20 
bar.

Data book on Blackboard
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PROPERTIES OF MIXTURES
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EXAMPLE: FIND THE CP VALUE OF AIR
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SUMMARY
• Mass and molar fractions

– Convert between xi and yi using molar mass

• Partial pressure and partial volume

– Relation to molar fraction

• Properties of mixtures

– Add extensive properties

– Use mass fractions for intensive properties
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THIS LECTURE

• Steady Flow Energy Equation (SFEE) reminder, common assumptions

• SFEE for a turbojet

• Entropy definition and calculations

• Isentropic efficiency for compressor and turbine
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STEADY FLOW ENERGY EQUATION
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SFEE FOR A TURBOJET ENGINE
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TURBOJET EXAMPLE
A turbojet engine is operating at a velocity of 200 m/s, with a local temperature of 
250 K and pressure of 50 kPa.
What is the inlet temperature and pressure of the compressor?
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ENTROPY
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CHANGES IN ENTROPY
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ISENTROPIC EFFICIENCY
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TURBINE EXAMPLE
Air at p = 30 bar and T = 1500 K enters a turbine with an outlet pressure of 1 bar 
and an isentropic efficiency of 85%.
What is the outlet temperature and the work done by the turbine?
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SUMMARY
• Steady Flow Energy Equations basics

– Turbojet engine component analysis

• Entropy

– Definition

– Finite changes in entropy

• Isentropic efficiency

– Compressor and turbine
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