Review of materials covered in
ENGR 251- THERMO |



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 26", 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
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Application of ideal gas equation of state

PV = mRT

Fro a process from (1) to (2), we can relate the
ideal gas equation at two states for a fixed mass
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For an ideal gas: PV = mRT
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15t law analysis for a closed system
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15t law analysis for a closed system
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The most common work in thermodynamics (boundary work)
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15t law analysis for a closed system
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15t law analysis for a closed system

Poh.;\'ﬁ:,f::_ chﬂéﬁ
o pd‘h Yrer dinks the o Shdes
n m%‘ﬂ
fP_‘j_ V;L z /P-:u. AV _ Vi ) A . T,
i - il ﬁ —_— : \5
I mRsTl 1U Tl _G
AR VY |
™ \v ) | | T Y:‘)h_l
: | x : | T Vs
usig Py = mRsT | AL n-1 |
- ar
[ * AT = =\ |
Flji -(vl 1r\‘.l I.’-'Eé-h " F}i)
rP] vl) Ii




15t law analysis for a closed system
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15t law analysis for open systems
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15t law analysis for open systems

Main components of the above cycle are:
* Boiler (steam generator) — heat exchanger
* Turbine — generates work
» Condenser — heat exchanger
* Pump
» Others components include:

- nozzles, diffusers, throttling devices

* 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.)



2"d Jaw of thermodynamics

The Second Law of Thermodynamics

Clausius Statement
* It is impossible for a system to operate in such a way that the
sole result is the transfer of heat from a cold to a hot body \

Kelvin Planck Statement Equivalence
* It is impossible for a system that operates in a cycle to _—
generate work while transferring heat with a single reservoir
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2"d Jaw of thermodynamics

Irreversibilities include:

- dry and fluid friction

- heat transfer through a finite temperature difference
- rapid compression and expansion of a fluid

- unrestrained expansion of a fluid

- rapid mixing of different gases

- efc.

* All real processes include some irreversibility



2"d Jaw of thermodynamics

Carnot cycle is the most efficient cycle consisting solely of ideal reversible
processes.

Carnot cycle consists of the following 4 reversible processes:

R
1-2>2 Adiabatic compression

2->3 Isothermal expansion
3—->4 Adiabatic expansion
4->1 Isothermal compression

Carnot Principles

1. The efficiency of an irreversible heat engine is always less than the
efficiency of a reversible one operating between the same two reservoirs.

2. The efficiencies of all reversible heat engines operating between the same
two reservoirs are the same.



2"d Jaw of thermodynamics

Thermodynamic Temperature Scale
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The thermal efficiency of a reversible heat engine is
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2"d Jaw of thermodynamics

For a cyclic device:
§§ <0
T

— This is the Clausius Inequality which is valid for
all thermodynamic cycles, reversible or irreversible.

Entropy balance for a cyclic device system

Entropy AS. = AS +AS. >0

total system surr

>0

Increase in Entropy Principle as

universe



Evaluation of Entropy for a system undergoes a
thermodynamic process

Tds = du + Pdv
Tds = dh—vdP

Assuming constant
specific heats:
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Isentropic relationships

Special class of idealized processes of whichdS =0
- adiabatic

- Reversible

Can derive these relationship
1) using 18t and 2" |aw with ds = 0 (isentropic condition)

2) combining the polytropic process equation pv" =constant with n = k and Ideal
gas equation of state EOS
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2"d Jaw of thermodynamics

Isentropic Efficiencies of Steady Flow Devices

We have been considering the performance of an ideal compressor, ideal turbine
or ideal nozzle, i.e. one which operates both adiabatically and reversibly.
However, no real equipment can operate quite so efficiently. We define the

efficiency of these components as:
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18! law balance for isentropic
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Rankine cycle

Water is the working fluid in an ideal Rankine cycle. Superheated vapor enters the isentropic
(adiabatic and reversible) turbine at 8 MPa, 550°C with a mass flow rate of 7.8 kg/s and exits at
10 kPa. Saturated liquid enters the isentropic'pump at 10 kPa. The specific steady flow work input
required for the pump is 10.0 kJ/kg. Determine:

a) Specific enthalpy at each state

b) the net power developed, in kW

c) the thermal efficiency of the cycle /
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Idea Rankine cycle
Rankine cycle

Water is the working fluid in an ideal Rankine cycle. Superheated vapor enters the isentropic
(adiabatic and reversible) turbine at 8 MPa, 550°C with a mass flow rate of 7.8 kg/s and exits at
10 kPa. Saturated liquid enters the isentropic' pump at 10 kPa. The specific steady flow work input
required for the pump is 10.0 kJ/kg. Determine:

a) Specific enthalpy at each state

b) the net power developed, in kW

c) the thermal efficiency of the cycle
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Rankine cycle

Water is the working fluid in an ideal Rankine cycle. Superheated vapor enters the isentropic
(adiabatic endreversible) turbine at 8 MPa, 550°C with a mass flow rate of 7.8 kg/s and exits at
10 kP4, Saturated liquid enders the isentropic pump at 10 kPa. The specific steady flow work input
requireﬁ forthe-pump s 0.0 kJ/kg. Determine:

a) Specific enthalpy at each state

b) the net power developed, in kW

c) the thermal efficiency of the cycle
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Rankine cycle

Water is the working fluid in an ideal Rankine cycle. Superheated vapor enters the isentropic
(adiabatic and reversible) turbine at 8 MPa, 550°C with a mass flow rate of 7.8 kg/s and exits at
10 kPa. Saturated liquid enters the isentropic'pump at 10 kPa. The specific steady flow work input
required for the pump is 10.0 kJ/kg. Determine:

a) Specific enthalpy at each state

b) the net power developed, in kW Q W
c) the thermal efficiency of the cycle 0= L+ (hm - hou,)
m m

I/i/net = m(wturbine + wpump)
W, o = m((hl — h2) + (h3 — h4))
7.8 ((3521.8-2179.65)+(191.81-201.81)) = 10390.8 kW
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Example |deal Brayton cycle

Air enters the compressor of a gas turbine at 100 kPa and 15°C. The pressure at the outlet

of the compressor is 0.5 MPa and the maximal temperature of the cycle is 900°C.
Determine:

1- The work of the compressor,
2- The work of the turbine,
3- The thermal efficiency.
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Example |deal Brayton cycle

—————

( _ Air @th the compressor of a gas turbine at 100 kPa and 15°C. The pressure at the outlet

~ofthe compressor is 0.5 MPa and the maximal temperature of the cycle is 900°C.
Determine:

1- The work of the compressor,
2- The work of the turbine,
3- The thermal efficiency.
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Example |deal Brayton cycle

Air enters the compressor of a gas turbine at 100 kPa and 15°C. The pressure at the outlet

of the compressor is 0.5 MPa and the maximal temperature of the cycle is 900°C
Determine: :

1- The work of the compressor.,
2- The work of the turbine.
3- The thermal efficiency.
Assume both the compressor and turbines are isentropic devices. Cp =

1.0035 kJ/kg-K for air.
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Example |deal Brayton cycle

Air enters the compressor of a gas turbine at 100 kPa and 15°C. The pressure at the outlet

of the compressor is 0.5 MPa and the maximal temperature of the cycle is 900°C
Determine: :

1- The work of the compressor,
2- The work of the turbine,
3- The thermal efficiency.

Assume both the compressor and turbines are isentropic devices. Cp =

1.0035 kJ/kg-K for air. o . 6
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Example |deal Brayton cycle

Air enters the compressor of a gas turbine at 100 kPa and 15°C. The pressure at the outlet

of the compressor is 0.5 MPa and the maximal temperature of the cycle is 900°C
Determine: :

1- The work of the compressor,
2- The work of the turbine,
3- The thermal efficiency.

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



Example Volume ratio

anidealﬂttoc le is 8. At the onset o i
the pressure is 0.1 MPa and the lemperany;e is 15°C. e comprestion sioke,
The heat supplied to air, per cycle, is 1800 kI/kg. Determine:
1- The pressure and the temperature for each state.
2- The thermal efficiency
3- The mean effective pressure.
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Unless specified, for ideal Otto cycle: Ideal gas / isentropic process / closed system analysis



Example

The compression ratio of an ideal Otto cycle is 8. At the onset of the compression stroke,
the pressure is 0.1 MPa and the temperature is 15°C.
The heat supplied to air, per cycle, is 1800 kJ/kg. Determine:

1- The pressure and the temperature for each state.

2- The thermal efficiency

3- The mean effective pressure.
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Example

The compression ratio of an ideal Otto cycle is 8. At the onset of the compression stroke,
the pressure is 0.1 MPa and the temperature is 15°C.
The heat supplied to air, per cycle, is 1800 kJ/kg. Determine:

1- The pressure and the temperature for each state.

2- The thermal efficiency

3- The mean effective pressure.
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Example

The compression ratio of an ideal Otto ¢
the pressure is 0.1 MPa and the tempera

The heat supplied to air, per cycle, is 1800 kJ/kg. Determine:
1- The pressure and the temperature for each state.

2- The thermal efficiency
3- The mean effective pressure.
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n = 0.565

n =1-r@k=0.565 with k= 1.4 for air



Question:

A room is heated by a baseboard resistance heater. When the heat losses from the
room on a winter day amount to 6500 klJ/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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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?
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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?
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