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I. Wwils 7|2 (Course Overview)

TRNE
The course will consider the fundamental science of classical thermodynamics and its practical
applications. Problem solving will be emphasized, including problem formulation and analytic solutions.
Topics include:
« Some introductory comments: some definitions, some history, some philosophy, relevance of
thermodynamics to engineering applications,
» Concepts: property, state, system, process, temperature, pressure, density, volume, energy, units,
zeroth law of thermodynamics,
« Properties of a pure substance: vapor/liquid/solid phase equilibrium, independent properties, thermal
equation of state, tables of properties, ideal gas limit, interpolation,
» Work and heat: some mathematics, simple compressible systems, work, heat,
« The first law of thermodynamics: classical formulation of the first law, internal, kinetic, and potential
energy, enthalpy, constant pressure and constant volume specific heats, tables of energy and enthalpy,
constant and temperature-dependent specific heats for ideal gases, time-dependency,
« First law analysis for a control volume: detailed derivations, control volume mass conservation, first
law formulation for control volume, steady-state processes, transient processes, devices,
» The second law of thermodynamics: statements of the second law, heat engines and refrigerators,
reversible processes, absolute temperature scale, Carnot cycles
 Entropy: theoretical development, second law in terms of entropy, the Gibbs equation, entropy for
ideal gases, entropy change for reversible and irreversible processes, tabulation of entropy, adiabatic
reversible processes for ideal gases, entropy of mixing, probabilistic approach, and
» Second law analysis for a control volumes: irreversible entropy production, Bernoulli's principle, steady
state and transient formulation, efficiency of components.
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IO. Wi}=H(Course Objectives)

o K| Al
1. Students must understand the closed system and open system/control volume concepts and be able
to describe engineering problems in terms of these concepts.
2. Students must understand the concepts of an equation of state and be able to use such an equation
to describe pure substances. This includes understanding and being able to apply various property
tables.
3. Students must understand the first and second laws of thermodynamics and learn how to apply
these laws to both open and closed systems.
4. Students must understand how materials store energy and the relationship between the energy

storage and phase changes in materials.
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1. Students must know how to use all the thermodynamic tables, e.g. steam tables, property tables for
different types of refrigerants.
2. Students must know how to use computerized software, e.g. computer-aided thermodynamics table
(CATT3).
3. Student must know how to analyze practical devices from the thermodynamic point of view.
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1. Students must be prepared for the thermodynamic applications including power plants, refrigeration
systems, heat pumps, pumps, compressors, turbines, nozzles, diffusers, internal combustion engines,

gas turbine engines.
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V. 85 U H7IE S (Course Requirements and Grading Criteria)
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- 30% penalty within 24 hr
- 50% penalty within 48 hr
- 70% penalty within 72 hr
- No point after 72 hr

V. =117 (Course Policies)
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o 7ok &2l M Z0f CiTh penalty
- 30% penalty within 24 hr

- 50% penalty within 48 hr

- 70% penalty within 72 hr

- No point after 72 hr
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VI. ux{f % 2% (Materials and References)
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- C. Borgnakke and R. E. Sonntag, "Fundamentals of thermodynamics," 8th edition, John Wiley and

Sons, Inc.
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- T. A. Cengel and M. A. Boles, “Thermodynamics: An Engineering Approach,” 7th edition in Sl units,
McGraw-Hill.
- M. J. Moran and H. N. Shapiro, "Fundamentals of thermodynamics," 6th edition, John Wiley and Sons,
Inc.

- S. R. Turns, "Thermodynamics: Concepts and Applications,” Cambridge. -
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- 352 H: To be exposed to the science of thermodynamics

- FR35E: The basic concepts of thermodynamics are introduced and discussed.
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Thermodynamics is the science that primarily deals with energy. Interesting examples of thermodynamic
systems are described, e.g. power plants, fluid machinery, refrigeration systems.
- =Yg 22 100%
AT

- =" X}=E: Chap. 1 of Borgnakke and Sonntag

- I}A|: Assigned Readings and Preparation for Answering Pre-Asked Questions

23X} (03" 13Y, 038 159)

- S5 5 H: To be exposed to the terminology and concepts of thermodynamics and several basic
thermodynamic properties

- FRSELHE: A system of fixed mass is called a closed system, or control mass, and a system
that involves mass transfer across its boundaries is called an open system, or control volume. The
mass-dependent properties of a system are called extensive properties and the others intensive
properties. Density is mass per unit volume, and specific volume is volume per unit mass. The normal
force exerted by a fluid per unit area is called pressure.

- THYY: 0|2 Z2of A X 20

- =YXtE: Chap. 2 of Borgnakke and Sonntag

- ItX|: Assigned Readings and Preparation for Answering Pre-Asked Questions (1A} ItX2 SX|-
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- =" X}E: Chap. 3 of Borgnakke and Sonntag

- IbA|: Assigned Readings and Preparation for Answering Pre-Asked Questions
43X} (039 279, 03 29Y)

Any relation among the pressure, temperature, and specific volume of a substance is called an equation
of state. Work is the energy transferred as a force acts on a system through a distance. The most
common form of mechanical work is the boundary work, which is the work associated with the
expansion and compression of substances.
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- =YXtE: Chap. 3 and Chap. 4 of Borgnakke and Sonntag (roughly first half)

- 1tA|: Assigned Readings and Preparation for Answering Pre-Asked Questions Xt 1tA|Z SX|-
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- &5 5 H: To further understand the concept of heat and to summarize the progress at this point
- FR3ELE: Energy can cross the boundaries of a closed system in the form of heat or work.
For control volumes, energy can also be transported by mass. If the energy transfer is due to a
temperature difference between a closed system and its surroundings, it is heat; otherwise, it is work.
- ey 0|2 2o 92X 20|
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tAl: Assigned Readings and Preparation for Answering Pre-Asked Questions
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- 855 H: To understand the first law of thermodynamics
X OSEA

- F23tE L8 The first law of thermodynamics is essentially an expression of the conservation of
energy principle, also called the energy balance. The amount of energy needed to raise the temperature
of a unit mass of a substance by one degree is called the specific heat at constant volume for a
constant-volume process and the specific heat at constant pressure for a constant-pressure process.
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- =»X}=Z: Chap. 5 of Borgnakke and Sonntag
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- 1tA|: Assigned Readings and Preparation for Answering Pre-Asked Questions

7T KAE (04¥ 18Y, 04E 20Y)

- St& = H: To apply the first law of thermodynamics to control mass and to be exposed to the first

law for control volume

- F23tE&: Control mass examples of the first law applications are introduced. The
conservation of mass principle states that the net mass transfer to or from a system during a process
is equal to the net change (increase or decrease) in the total mass of the system during that process.
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- =fX}=E: Chap. 5 and Chap. 6 of Borgnakke and Sonntag

- I}A|: Assigned Readings and Preparation for Answering Pre-Asked Questions (3%} IHA|2 SX|-
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- S5 = H: To further understand and apply the first law for control volume
- FR3ELE: In the analysis of control volumes, it is convenient to combine the flow energy and

internal energy into enthalpy. Control volume examples of the first law applications are introduced.
_ AO-H:IH:H: o|§ 7I-9| |:|| —'?—X-” %0|

=@ XtZ: Chap. 6 of Borgnakke and Sonntag
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tAl: Assigned Readings and Preparation for Answering Pre-Asked Questions

«10

52 08¢, 052 10¥)

Kt (
S=H: To be exposed to the second law of thermodynamics
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L§&: The second law of thermodynamics states that processes occur in a certain
direction, not in any direction. A process does not occur unless it satisfies both the first and the second
laws of thermodynamics.
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- =8 Xt&: Chap. 7 of Borgnakke and Sonntag
- I}A|: Assigned Readings and Preparation for Answering Pre-Asked Questions (3Xt ItA|& ZX|-
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- = H: To understand the concept of heat engines and refrigerators and the Kelvin-Planck and
Clausius statements

- FR3%&LE: Work can be converted to heat directly, but heat can be converted to work only
by some devices called heat engines. Refrigerators and heat pumps are devices that absorb heat from
low-temperature media and reject it to higher-temperature ones. The Kelvin—Planck statement of the
second law of thermodynamics states that no heat engine can produce a net amount of work while
exchanging heat with a single reservoir only. The Clausius statement of the second law states that no
device can transfer heat from a cooler body to a warmer one without leaving an effect on the
surroundings.

- ey 0|2 2o % BH Zo|

+XE: Chap. 7 of Borgnakke and Sonntag
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tAll: Assigned Readings and Preparation for Answering Pre-Asked Questions

«12F Kt (05€ 229, 05€ 249)
- &5 5 H: To understand the Carnot cycles and the concept of entropy
- FR3ELLE: A heat engine that operates on the reversible Carnot cycle is

called a Carnot heat engine. The Carnot cycle efficiency is the maximum efficiency a heat engine

operating between two reservoirs. The second law of thermodynamics leads to the definition of a new

property called entropy, which is a quantitative measure of microscopic disorder for a system.
+ouE: 0/2 ol Y 2H Zo|
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- &=QXtE: Chap. 7 and Chap. 8 of Borgnakke and Sonntag
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- ItA|: Assigned Readings and Preparation for Answering Pre-Asked Questions

«13F At (05€ 29Y, 05¥ 319)
- &5 5 H: To understand the second law in terms of entropy and to learn how to calculate entropy
St&LHE: The inequality part of the Clausius inequality combined with the definition of
entropy yields an inequality known as the increase of entropy principle. The entropy-change and
isentropic relations for a process are given in the analytical forms.
- YUY 02 Zo| ¢ 2 20|

T YXtE: Chap. 8 of Borgnakke and Sonntag
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tAl: Assigned Readings and Preparation for Answering Pre-Asked Questions
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&=H: To learn how to apply the second law to real engineering systems
[stE

thermodynamics. Various engineering systems are analyzed in terms of the first and second laws of

44 19 4

= Li-&: Various engineering systems are analyzed in terms of the first and second laws of

thermodynamics.
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T YXtE: Chap. 9 of Borgnakke and Sonntag
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FAl: Assigned Readings and Preparation for Answering Pre-Asked Questions
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- 352 H: To understand the concept of isentropic efficiencies of a process
St& L& Various engineering systems are analyzed in terms of the first and second laws of

thermodynamics. Most steady-flow devices operate under adiabatic conditions, and the ideal process
for these devices is the isentropic process. The parameter that describes how efficiently a device
approximates a corresponding isentropic device is called isentropic or adiabatic efficiency.
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- =®XtIZ: Chap. 9 of Borgnakke and Sonntag

- IbA|: Assigned Readings and Preparation for Answering Pre-Asked Questions

163K} (06 19Y, 06 21Y)
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