MECH 337
Thermodynamics 
Class Notes - Page: 1

Introductory Concepts and Definitions
Text Reading:  Ch.1, 2



Technical Objectives:

· Explain the difference between a thermodynamic process and transport process. 

· Explain the difference between a closed system and a control volume/open system and determine which system model is appropriate for a given system. 

· Identify an appropriate system boundary and describe the interactions between a system and its surroundings.

· Explain the concept of a thermodynamic property and identify whether a property is an extensive property or an intensive property. 

· Describe the difference between a thermodynamic state, a thermodynamic process and a thermodynamic cycle.

· Describe the concept of a quasiequilibrium process.

· Develop a qualitative understanding of the concept of temperature for a gas and a solid. 

· Convert between Rankine, Fahrenheit, Celsius and Kelvin temperature scales.

HW (Due Wednesday, Sept. 1):  1.2, 1.19, 1.29, 1.37, 1.40, 1.43, 1.55 
1.  Introduction:  What is Thermodynamics?

Etymology: Thermodynamics is from the Greek therme, meaning "heat" and dynamis, meaning “force”.   

Student Definition(s): 
My Definition:
1.1 Examples of Practical Systems and Energy Conversion:

Steam Power Plant

Rocket Engine

1.2 The Laws of Thermodynamics: What Thermodynamics Can Tell Us.

The laws of thermodynamics are very powerful.  That is why we get to call them laws!  The laws of thermodynamics set limits on how well (if at all) we can convert energy from one form to another.  

First Law of Thermodynamics
Second Law of Thermodynamics

Example 1.1
Known:  A tank filled with 2000 lb of liquid oxygen, and another filled with 1000 lb of kerosene is hooked up to a liquid rocket engine.  The fuel is burned in the engine in 10 seconds.

Find: The thrust of the rocket engine.

Example 1.2
Known:  An air conditioning system is operating on a hot summer day with an outside temperature of 100 ( F and the temperature inside your house is 68( F.

Find:  What is the maximum possible EER?

Example 1.3
Known:  A cup of water is left in this classroom.

Find:  If the classroom were perfectly sealed, would it completely evaporate?  

1.3 Limitations of Thermodynamics: What Thermodynamics Cannot Tell Us!
Thermodynamics vs. Transport. What thermodynamics can never tell us is how fast a process will occur.  To determine how fast a process will occur we have to employ the principles of transport phenomena.  Courses such as fluid mechanics (momentum transport) and heat transfer (energy transport) deal with these issues.

Air Conditioning Example

Evaporating Water Example

2. Thermodynamic Systems 

2.1 System, System Boundary and Surroundings

System – 

Surroundings –

System Boundary –

Example 1.4  The human being as a system.
2.2 Closed Systems. Systems can be modeled as closed systems or control volumes (i.e. open systems).  A closed system is defined as a fixed mass bounded by a closed surface (called the system boundary).  By definition, there is no mass transfer in or out of a closed system.  However,  heat and work can cross a system boundary and the system boundary can change shape (i.e. expand or contract)
Note:  an isolated system is one where no heat, work or mass is exchanged with the surroundings.
Example 1.5  Model a can of hair spray as a closed system, before and during spraying
2.3 Control Volumes (or Open Systems).  It is often more convenient to keep track of a fixed volume in which mass flows in and out.  Such a system is called a control volume, or an open system.  In control volume analysis, mass, heat and work can cross the system boundary (also called a control surface). 
Example 1.6  Model a can of hair spray as a control volume, before and during spraying
2.4 Choosing the Appropriate System Model (Closed System vs. Control Volume)

Most real engineering systems are quite complicated and consist of many sub-systems.  Each of these sub-systems (as well as the entire system) can be analyzed as either control volumes or closed systems.  Choosing the appropriate system model is one of the most important tricks of the trade! 

Example 1.7
Consider an internal combustion engine, such as the engine in your car.   Should this be modeled as a closed system or a control volume?

3. Thermodynamic Properties, States, Processes and Cycles

3.1 Thermodynamic Properties

Much of thermodynamics is concerned with identifying the properties of a system.  In fact, an entire chapter in your book (Ch. 3) is called evaluating properties?

What is a thermodynamic property?

Examples of thermodynamic properties:

3.2 Thermodynamic State

Once two (or sometimes three) properties of a system are known, it is possible to figure out all other properties of that system.  We call this situation a thermodynamic state.  

In solving thermodynamics problems, identifying the thermodynamic state is often a key step.

Example 1.8  Identify the thermodynamic state for the air in this room

3.3 Thermodynamic Process

When a thermodynamic system undergoes a change from one state to another, it is said to be undergoing a thermodynamic process.

To better understand a thermodynamic process, we often draw a process diagram.

Example 1.9  Thermodynamic Process
What if we somehow cooled the air in this room from 70° F to 50° F?  How would we capture this process on a Pressure vs. Volume diagram?  (don’t worry, you’ll learn more about this in the upcoming weeks…).

3.4 Thermodynamic Cycle

A thermodynamic cycle is a sequence of processes that begins and ends at the same state.  

Example 1.10. Thermodynamic Cycle.  
In the previous example, what if we were to heat the room back up to 70° F?
3.5Steady State

When the overall properties of a system are not changing with time, the system is said to be at steady state.

3.6 Extensive vs. Intensive Properties

Extensive properties –

Intensive properties –

Converting from an extensive to an intensive property-

3.7 Thermodynamic Equilibrium 

Recall from Statics, that equilibrium referred to the following situation for all of the forces acting on a system:

If the above conditions were not met, what would happen to the system?

For a system to be in a true thermodynamic equilibrium state, not only do all of the forces need to be balanced, but nothing else can be changing with time either.   

Definition of thermodynamic equilibrium.  A system in thermodynamic equilibrium with its surroundings has a specific temperature, pressure and chemical composition.  If left alone, this system will have these same properties for all of eternity.
3.8 Actual vs. Quasiequilibrium Processes

In many process, we may not be able to quantify any of the properties while the system is undergoing the process.  

Example: shock tube

Many processes occur slow enough to that they can be modeled as quasiequilibrium processes.  In a quasiequilibrium process, we can quantify the entire process as a series of thermodynamic equilibrium states.    

Example:  Fuel-air mixture in your car engine during the compression stroke.

Is the engine really slow enough to be a quasi-equilibrium process?  

4. Thermodynamic Properties: Density and Specific Volume

Three of the most fundamental thermodynamic properties are Pressure, temperature and specific volume (reciprocal of the density).  These quantities are defined and measured as described below.

Density (  )

The density of a material is defined as the mass per unit volume.  Mathematically, this can be expressed as follows:

(1.6)

Density has units of kg/m3 or lbm/ft3.

To determine the mass of an entire thermodynamic system, it is necessary to integrate the density over the entire volume according to the following relationship:

(1.7)

Specific Volume (v)

The specific volume is the reciprocal of the density and is defined as follows:

Specific volume has units of m3/kg or ft3/lbm.

Molar vs. Mass Basis

Thermodynamic properties can be identified on either a mass basis or a molar basis.  To convert from a mass basis to a molar basis, we can multiply by the molecular weight.

Recall that the number of moles of a given substance is related to the mass of the given substance by the relationship:

(1.8)

Molar Specific Volume 

To convert from mass specific volume to molar specific volume

(1.9)

where molar specific volume has units of m3/kmol or ft3/kmol. 

Example 1.12  What is the density of the air in this room?  What is the mass of air in this room?

5. Thermodynamic Properties: Pressure

Pressure is the amount of force that a fluid exerts on an object per unit area.  Mathematically, this can be expressed as follows:

(1.10)

Pressure has the following units:

SI Units

English Units

Note:  Generally, I will use SI units as much as possible in this course.  However, for pressure, I will often use PSI because I have a good physical feel for it.

5.1 Atmospheric Pressure

It is always good practice to remember standard atmospheric pressure in as many units as possible:

Example 1.13.   Calculate the total force (lbf) that is acting on your body due to the pressure of the atmosphere.

5.2 Gage vs. Absolute Pressure

Most pressure gages actually measure the difference between the pressure inside the vessel and outside the vessel.

Mathematically, we can use the following equation to relate gage pressure to absolute pressure:

(1.14 – 1.15)

Example 1.13.  Using Process Diagrams
A closed  system consisting of 5 kg of a gas undergoes a process during which the relationship between pressure and specific volume is Pv1.3 = constant.  The process begins with p1 = 1 bar, v1= 0.2 m3/kg and ends with p2 = 0.25 bar.  Determine the final volume and plot the process on a Pressure vs. specific volume plot.

6. Thermodynamic Properties: Temperature 

6.1 What is temperature?

Although we have a feel for how hot and object is or how cold an object is, it is actually quite hard to define temperature. From practical experience, we know that certain objects are hotter than others but what is this hotness?

For a gas - 

For a solid - 

.

Thermal Equilibrium - 

6.2 Temperature Scales

The Kelvin Scale

It will be shown later in the course that there exists a lowest possible temperature, called absolute zero.  In the Kelvin scale, absolute zero is defined as 0 K.

Other important temperatures on the Kelvin scale are shown below in the following table:

	Temperature
	(K)
	(°C)
	(°R)
	(°F)

	Absolute Zero
	
	
	
	

	Ice Point at 1 atm
	
	
	
	

	Boiling Point at 1 atm
	
	
	
	


The Celsius Temperature Scale (°C)

Each degree of Celsius has the same magnitude as 1 K.  The only difference is that the 0 °C point is shifted to the ice point of water.    Thus to covert from Kelvin to Celsius:

(1.19)

The Rankine Temperature Scale (°R)

The Rankine temperature scale (°R) is the English version of the absolute temperature scale.  To convert from Kelvin to Rankine:

(1.20)

The Fahrenheit Temperature Scale (°F)

Each degree of Fahrenheit has the same magnitude as 1 K.  The only difference is that the 0 °C point is shifted to the ice point of water.    Thus to covert from Rankine to Fahrenheit:

(1.21)

Finally, to convert from Celsius to Fahrenheit:

(1.22)










