
Review of materials covered in 
ENGR 251- THERMO I



Unless specified, the final exam includes everything 
you have learned and covered in class

EXCEPT

Unsteady control volume energy analysis 
Isentropic efficiency (last lecture – Monday 26th, 2018)



Properties of pure substances

Look at the midterm review slide and your midterm exam

http://users.encs.concordia.ca/~hoing/Teaching/ENGR251/midterm_review.PDF

Highlights:

Phase change processes and basic definition (quality, enthalpy, different 
phases, etc.)

Property (phase-change) diagram 

How to use thermodynamic tables
- Saturation table, superheated table and compressed liquid table (if 

available)
- determine the system state after a thermodynamic process



Application of ideal gas equation of state

Compressibility factor and the chart

Example 7



For an ideal gas:



1st law analysis for a closed system

Sign Convention!



1st law analysis for a closed system

The most common work in thermodynamics (boundary work)



1st law analysis for a closed system



1st law analysis for a closed system



1st law analysis for a closed system

Electrical power

In the exam, be careful 
with the units!!!



1st law analysis for open systems



1st law analysis for open systems

• Mixing chamber



Integration of open system components

Thermodynamic cycles:
- Rankine cycle
- Brayton cycle
- Otto cycle

Combination of few open-system components (e.g. 
compressor + heat exchanger, turbine with a nozzle, etc.)



2nd law of thermodynamics



2nd law of thermodynamics



2nd law of thermodynamics



2nd law of thermodynamics



Increase in Entropy Principle

Entropy

Entropy balance for a cyclic device system

2nd law of thermodynamics

For a cyclic device:



Evaluation of Entropy for a system undergoes a 
thermodynamic process





2nd law of thermodynamics



Superheated table

Isentropic
Saturated water 
pressure table at 
10 kPa



1

2

3

4

Idea Rankine cycle



Unless specified -> Ideal Rankine 
cycle: Constant pressure P2 = P3; 
P4 = P1 across the 
condenser/boiler, respectively

Pump raises the 
energy



𝑊̇𝑊𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚̇𝑚 𝜔𝜔𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝜔𝜔𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑊̇𝑊𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚̇𝑚 (ℎ1 − ℎ2) + (ℎ3 − ℎ4 )

7.8 ((3521.8-2179.65)+(191.81-201.81)) = 10390.8 kW



Ideal Brayton cycle



Assume both the compressor and turbines are isentropic devices. Cp = 
1.0035 kJ/kg-K for air (Ideal gas).

Ideal Brayton cycle

Isentropic relationships 



Assume both the compressor and turbines are isentropic devices. Cp = 
1.0035 kJ/kg-K for air.

Ideal Brayton cycle

= -169 kJ/kg

For an ideal gas



Assume both the compressor and turbines are isentropic devices. Cp = 
1.0035 kJ/kg-K for air.

Ideal Brayton cycle

max.

Unless specified, Ideal Brayton: 
constant pressure across 
combustor/heat exchanger



Assume both the compressor and turbines are isentropic devices. Cp = 
1.0035 kJ/kg-K for air.

Ideal Brayton cycle



Given:

Volume ratio

m3/kg

Unless specified, for ideal Otto cycle: Ideal gas / isentropic process / closed system analysis



kJ/kg

Constant Volume 
heat addition process



m3/kg



η= 𝜔𝜔𝑛𝑛𝑛𝑛𝑛𝑛/𝑞𝑞𝑖𝑖𝑖𝑖
η = [cv (T1-T2) + cv (T3-T4)] /1800 kJ/kg

η = 0.565

η = 1 – r (1-k) = 0.565   with k = 1.4 for air 

Isentropic 
compression

Isentropic 
expansion



Question:
A room is heated by a baseboard resistance heater. When the heat losses from the 
room on a winter day amount to 6500 kJ/hr, the air temperature in the room remains 
constant even though the heater operates continuously. Determine the power rating 
of the heater in kW.



Question:
Let’s say, someone proposes to you that he develops an actual heat engine (through a 
series of different processes within the engine) that produces a power of 80 kW by 
absorbing heat at a rate of 500 kW from a geothermal site at 40 °C and rejects heat to 
the environment at 10 °C. Do you believe it?

Change to Kelvin unit!!
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