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FIRST LAW IN OPEN SYSTEMS
Steady Flow Energy Equation
Open, steady flow thermodynamic system - a region in space
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4.233 An adiabatic air compressor is to be powered by a direct coupled adiabatic steam 
turbine that is also driving a generator.  Steam enters the turbine at 12.5 MPa and 500 C at a 
rate of 25 kg/sec and exits at 10 kPa and a quality of .92.  Air enters the compressor at 98 
kpa and 295 K at a rate of 10 kg/sec and exits at 1 MPa.  Determine the net power delivered 
to the generator by the turbine.
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4.65 Steam at 3Mpa and 400 C enters an adiabatic nozzle steadily with a 
velocity of 40 m/sec and leaves at 2.5 MPa and 300 m/sec. Determine (a) the exit 
temperature and (b) the ratio of inlet to exit area.
Open thermodynamic system - a region in space 1
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Steam at 3Mpa and 400 C enters an adiabatic nozzle steadily with a 
velocity of 40 m/sec and leaves at 2.5 MPa and 300 m/sec. Determine (a) the 
exit temperature and (b) the ratio of inlet to exit area.
Open thermodynamic system - a region in space 1
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FIRST LAW IN UNSTEADY SYSTEMS
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im
A 200 cubic ft tank contains
2. lbm carbon dioxide and .1
mole helium at an initial 
temperature of 70 F.  3 lbm
of air at 14.7 and 70 F are 
admitted to the tank.
What is the final temperature of the tank?
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boundaryW8 kg liquid water and 2 kg vapor at 300 kPa are 
contained in an insulated piston cylinder.  Steam
at .5 MPa and 350 C are admitted until the piston 
cylinder contains only vapor.  Determine the final
temperature and the amount of steam admitted.
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Problem Set Up Strategies
System

- open, closed, unsteady
- schematic at each system state

State Point
- property diagram
- locate points 

Properties
- property values – tables, Ideal Gas Law
- what properties remain constant ?

Cycle
- what remains constant ?

Mass Balance
Identify Energy

- Forms
- Sources
- Uses

Energy Balance
- general  equation 
- from schematic
- specific for open system    
- specific for closed system     
- specific for unsteady system  

From Chapter 1
Concepts

System
Properties
State Point

Process
Cycle
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