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Background of the Author
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Welcome to Weber’s Thermodynamics notes
As an engineering student back when slide rulers were popular, I struggled to grasp
thermodynamics. One reason for the confusion is the terminology used in thermodynamics:
Entropy - the measure of disorder or the unavailable energy. Pretty confusing.
Free energy – the amount of energy one can extract from a system. In thermodynamics you
will learn quickly that nothing is free.
Carnot cycle – the most efficient thermodynamic cycle developed by Nicolas Leonard Sadi
Carnot while using two constant temperature processes.

So how is this book different than all the other books on thermodynamics?
This book is based on two statements:
“All energy has two components: “work energy” and “heat energy”
“Work can create heat… but heat can not create Work.”

So now, what is required to understand this new concept on thermodynamics?
With an engineering background, I might offer a ton of calculus equations with integrals and
derivatives to explain it. However, the purpose of this book is to look beyond equations and
formulas to develop a common sense, systematic method for someone to follow.

Who are the targets of this book?
Anyone who has been challenged to calculate a thermodynamic problem. It could be an
engineer who is reviewing the performance of a process at their plant. Or the reader might be a
journeyman mechanic who suddenly finds himself in charge of reviewing the performance of
HVAC equipment. In short, this book is designed for any person interested in just finding an
easier approach to thermodynamics.

So why did I write this book? Three reasons:
One…to provide a simple format that can be implemented to help you and I grasp the
fundamentals of thermodynamics.
Two… to understand energy, the demands and abuses.
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Three… to challenge you to think outside of the Carnot cycle box

Does my approach work?
I don’t know, because I still have a lot to learn about this subject. This book is simply an
accumulation of some of my handwritten notes I put together. Because this book is a new
concept on thermodynamics, the information is just one person’s view on Thermodynamics.
Therefore, the information in this book has:
No peer review
No test of data to support the information
Not been edited, so there will be errors
And for these reasons the information in this book is to be used:
“for educational use only”
Please confirm the results using industry standards.

Finally, if nothing else the book gets you thinking about thermodynamics.
To quote Eleanor Roosevelt…
“Great minds discuss ideas; average minds discuss events; small minds discuss people.”

Acknowledgement:
ʺThe IAPWS Formulation 1995 for the Thermodynamic Properties of Ordinary
Water Substance for General and Scientific Use,ʺ

Physical and Chemical Properties Division
National Institute of Standards and Technology
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1.1 Introduction to Thermodynamics
The word thermodynamics can be defined by Webster’s dictionary as “the science that deals
with the relationship of heat and mechanical energy and the conversion of one another”. The
Weber definition of thermodynamics is “the science that deals with work and heat energy
within a medium and the interaction of heat and work between two mediums”.
Regardless of which definition you use, thermodynamics can typically be described why things
get hot or become cold. The applications of thermodynamics and the transfer of heat and work
can be numerous, which can include boilers, air conditioning system and refrigerator, you get
the idea.
The rules for why things get hot and cold are defined by the laws of thermodynamics.
Discussion of the laws typically starts with the definition of three key words from Webster’s
dictionary:
Energy… “capacity for performing work”
Work… “ the transference of energy when a force produces a movement of a body”
Heat… “ a form of energy that causes a body to rise in temperature, to fuse , to evaporate or to
expand.”
For the last century the laws of thermodynamics looked like this:
The 1st law of Thermodynamics is typically defined as the Conservation of Energy which states:
“that energy can neither be created nor destroyed but only converted from one form to another”

The 2nd law of Thermodynamics deals with the decay of available energy to an unavailable
condition. This law is defined by the statements of three distinguished men of science.
Rudolf Clausius statement…”It is impossible for a self-acting machine unaided by any external
agency to convey heat form one body to another at higher temperature”
Lord Kelvin statement…” It is impossible by means of inanimate material agency to derive
mechanical effect from any portion of matter by cooling it below the temperature of
surrounding objects”
Max Planck statement… “It is impossible to construct an engine which will work in a complete
cycle and produce no effect except the raising of a weight and the cooling of a heat reservoir.”
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2nd law summary….Simply no perpetual machines allowed. “The work effect can’t be greater
than the energy supplied.”

The equation used to describe the 1st law is:

∆U = Q-W

∆ U = change in internal energy
W = (p ∆ V) = net work done by the system
Q = net heat added to the system

The Wrench Time approach to the Laws of Energy and Thermodynamics is based on one simply
concept: All Energy has two components: Work Energy and Heat Energy
This approach starts by redefining three words…Energy, Work and Heat and adding two other
words… Work Energy and Heat Energy.
Energy (E )… capacity available and unavailable for performing work. (Btu)
Work ( W )… change in work energy ; change in energy available for performing work (Btu)
Heat ( Q )… change in heat energy ; change in energy unavailable for performing work (Btu)
Work Energy ( Ew ) … capacity of energy available for performing work (Btu)
Heat energy ( Eq ) … capacity of energy unavailable for performing work (Btu)
Specific Work Energy ( ew ) … capacity of energy available for performing work (Btu / lbm)
Specific Heat energy ( eq ) … capacity of energy unavailable for performing work (Btu / lbm)
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Apply these new terms to develop the Wrench Time approach to Energy and Thermodynamics.

The laws of energy and thermodynamics are typically defined by one medium and one
equation. The problem is the 1st and 2nd law of thermodynamics talk about the transfer of
energy between two mediums. Therefore, the wrench time approach requires…two mediums,
two equations, two sets of data and a different block diagram to show both mediums.
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The next tool required for understanding the transfer of energy between two mediums is a
common sense sign convention:
( + ) = added or in….energy in, energy added, work in, work added, heat in, heat added
( - ) = removed or out…energy out, energy removed, work out, work removed, heat removed
( 1 ) = initial condition
( 2 ) = final condition

Weber’s 1st Law of Thermodynamics
“Energy can’t be created or destroyed”. This statement is a copy of Newton’s Conservation of
Energy and the First Law of Thermodynamics written by Rudolf Clausius, William Thomson
and Lord Kelvin. Please take the time to read about these scientific legends. This law can be
represented by the top portion of the Wrench Time System Diagram

The equation that represents the 1st law:
∆ Ea + ∆ Eb = 0 : energy can’t be created or destroyed

Change in energy medium “a” = ∆ Ea
Change in energy medium “b” = ∆ Eb
Total change in energy is zero = ∆ Ea + ∆ Eb = 0
Energy is removed from medium “a” (- ∆ Ea) and transferred to medium “b” (+ ∆ Eb) = 0
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Weber’s 2nd Law of Thermodynamics
“Work can create heat… but heat can not create Work.” This statement represents the energy
available to do work transferred out ( - ) from medium “a” must be greater than or equal to the
energy available to do work transferred in ( + ) to medium “b”. This statement can be
represented on the bottom portion of the Wrench Time System Diagram below:

Change in work energy medium “a” = ∆ Ewa = Wa
Change in heat energy medium “a” = ∆ Eqa = Qa
Change in work energy medium “b” = ∆ Ewb = Wb
Change in heat energy medium “b” = ∆ Eqb = Qb
Total change in work = (
Total change in heat = (

- ) = ( ∆ Ewa + ∆ Ewb )

= ( Wa + Wb )

+ ) = ( ∆ Eqa + ∆ Eqb ) = ( Qa

+ Qb )

The second law states that the interact of two mediums “can not” increase the available work of
the system then ( net work ) is equal to or less than 0…( - ) therefore ( net heat ) = 0 or ( + ).

Weber’s 3rd Law of Thermodynamics
Energy moves from a higher level to a lower level, therefore:
The specific energy of medium “a” is greater than or equal to medium “b” (ea > eb )
The specific work energy of medium “a” is greater than medium “b” ( ewa > ewb )
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While the focus of this book is on thermodynamics, the Weber’s Laws of Energy can be applied
to all energy such as Thermal, kinetic, potential and etc. :

This approach could be used to explain the energy change of a bouncing ball or the effects of
friction but for now focus of this book is thermodynamics. Therefore the Weber’s Laws of
Thermodynamics are focused on the thermal energy and its changes.
Change in Energy equal to change in thermal energy…∆ E = ∆ TE
Change in Work Energy equal to change in thermal work energy … ∆ Ew = ∆ TEw
Change in Heat Energy equal to change in thermal heat energy … ∆ Eq = ∆ TEq

The following example below of the interaction between two containers of water can be used to
get an understanding of the Weber’s Law of Thermodynamics
Medium “a” … mass 2 lbm @ 580 (°R). ( 120 °F)
Medium “b” …mass of 2 lbm @ 540 (°R). ( 80 °F)

© Wrench Time Inc.
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Before we go into detail discussion of Energy, Work and Heat we need to do a little
Thermodynamics housekeeping.
1. Define terms and units used throughout the book.
2. Thermo-diagram, a graphic representation of the properties and data.
3. Graphs and Data recommended when solving thermodynamic problems.
4. Discussion of the terms property, state, process, cycle and system
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1.2 Definitions of thermodynamics
The following is a brief list of terms used though out the book.
Cycles… a series of processes of a medium forming a closed loop. One requirement for a cycle,
the medium returns to its initial state. Properties return to (T1, P1, S1, H1 and mass flow)
Density (ρ … lbm / ft3 ) the property that defines the mass per unit volume
Enthalpy (H…Btu) the total energy of a medium H= U + (0.185)PV at defined by the sum of the
(mean temperature times entropy) along a constant pressure line. The total energy of a medium
available and unavailable to work ( hw + hq ) specific enthalpy (h… Btu / lbm)
Enthalpy heat…. enthalpy in a medium unavailable to do work.
( HQ… enthalpy heat (Btu) and hq… specific enthalpy heat (Btu / lbm)
Enthalpy work…enthalpy in the medium available to do work.
( HW… enthalpy work (Btu) and hw… specific enthalpy work (Btu / lbm) )
Entropy (S… Btu/ °R) … property that relates temperature to enthalpy and internal energy
Heat (Q… Btu) the energy transferred from a medium unavailable to do work.
( Qin… heat added to a medium. Qout… heat removed from a medium )
Heat capacity… the linear change in enthalpy divided by the change in temperature (Btu/°R)
Internal Energy (U…Btu) …kinetic energy of molecules of a medium
Internal heat energy … internal energy in the medium unavailable to do work.
( UQ… internal heat energy (Btu) and uq… specific Internal heat energy (Btu / lbm) )
Internal work energy …. Internal energy in the medium available to do work.
( UW… internal work energy (Btu) and uw… specific Internal work energy (Btu / lbm))
Isentropic… a process the medium remains at a constant specific entropy (s1 = s2) (Btu/lbm-°R)
Isobaric… a process the medium remains at a constant pressure ( P1 = P2) (psia)
Isothermal…… a process the medium remains at a constant temperature ( T1 = T2) (°R)
Isovolumic … a process the medium remains at a constant specific volume (v1 = v2) (ft3/lbm)
Pressure ( P… lbf / in2 absolute) (psia)… is the force per unit area from a medium.
Process… the change of a medium’s property value at a particular time
Property… a particular or calculated attribute of a medium.
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a. Extensive property…is a property of a medium effective by the mass. (Enthalpy… h (Btu))
b..Intensive property…is a property of a medium not effective by the mass (Temperature)
State… properties and their values of a medium at a particular time
System…. the energy interaction between two different mediums. The transfer of energy, work
and heat between medium.
Temperature… property related to the kinetic energy inside the medium.
Work (W… Btu) the energy transferred from a medium available to do work.
( Win… work added to a medium. Wout… work removed from a medium )

Misc. Definitions
Units
Throughout this book we will be using the English units to keep the focus on thermodynamics
instead of spending time doing unit conversions. (Examples…psia, °R, (ft3/lbm and Btu )

Sign Convention
( + ) = added or in….energy in, energy added, work in, work added, heat in, heat added
( - ) = removed or out…energy out, energy removed, work out, work removed, heat removed
( 1 ) = initial condition
( 2 ) = final condition
Note: This common sense convention is different than most thermodynamics books.
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1.3 Thermo-diagram
The thermo-diagram is a graphic snap shot of a thermodynamic process of a medium. The
purpose of the thermo-diagram is to show the thermodynamic properties and their value of a
medium as the process changes. Examples of this could be the inlet and outlet property values
of a heat exchanger, compressor or a turbine.
A thermo-diagram can take any shape but should display the following:
1. Properties and units of interest (including calculated properties)
2. Defines the medium
3. Initial values of the medium’s properties (including assumed values)
4. Final values of the medium’s properties (including assumed values)
5. Change in the values of the medium’s properties (Final value – initial values)
6. Define the process
7. Mass or mass flow (value and units)
8. The energy or energy flow entering or leaving the medium due to the process
Here is what a thermo-diagram could look like:

The function of a thermo-diagram is to display:

1. Properties and units of interest (including calculated properties)
The properties used on a thermo-diagram are the user choice but I do recommend you have the
standard properties Temperature, Pressure, Volume, Entropy and Enthalpy. Calculated
properties can be added or removed from the thermo-diagram depending your application. For
now we will use uq/hq, hw, Pv, and Tmh and define them later in the book. Also notice the
units for each property is listed. In this example we are using English units (psia, Btu/lbm).

© Wrench Time Inc.
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2. Defines the medium
Know the medium. This example it is H2O (water/steam). Other medium could be ammonia,
134 or propane.

3. Initial values of the medium’s properties (including assumed values)
These are the initial values of the medium’s properties shown along the row labeled “1-Initial”.
In our example we did not assume any property value but if would have we need to highlight,
circle or by changing the text font. Use any method, just so the person looking at the data
knows that the property value was assumed.

4. Final values of the medium’s properties (including assumed values)
These are the final values of the medium’s properties shown along the row labeled “2-Final”.
Remember if the data for a particular property value was assumed let the observer know it.

5. Change in the values of the medium’s properties (Final value – initial values)
These values represent the change in property value from the initial (“1-Initial”) and final (“2final”) state along the row labeled “( 2-1 )” .

6. Defines the process.
What process the medium is goes through is important. The process is defined by which
property has no change between the initial and final state…“( 2-1 )”. In our example the
property with zero change is pressure therefore the process is at a constant pressure (isobaric).
If another property changes were zero the process would be:
A. Zero temperature change would be constant temperature (isothermal)
B. Zero pressure change would be constant pressure (isobaric)
C. Zero volume change would be constant temperature (isometric)
D. Zero entropy change would be constant entropy (isentropic)
E. Zero enthalpy change would be constant enthalpy (throttling)
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7. Mass or mass flow (value and units)
This value is either the mass or flow of the medium being changed in the process. In our
example we had 5 lbm/hr. The value for mass needs to match the units of the specific property.
Enthalpy units are xxx/lbm then mass or mass flow must be lbm/yyyy.

8. The energy or energy flow entering or leaving the medium due to the process
This row of data is the results from (5 lbm/hr) times “( 2-1 )” the change in property value.
Example is the change in enthalpy is -112.7 Btu/lbm times the flow rate of 5 lbm/hr…gives a
result of 563.5 Btu/hr. Note “lbm” cancels.

Note:
Typically we would subtract 1-2 on most spread sheets but this is not a spreadsheet it is a
thermo-diagram. The reasoning for this configuration is:
A. Stacking data for analyzing a cycle or system. If we placed one thermo-diagram above a
second on the data at “2-final” of the first process becomes the data “1-Initial” for the second
process which allows the user to stack the information used in analyzing a system (multiprocess)

B. Using the results of “( 2-1 )” instead of “(1-2)” we can quickly see if energy is being added or
removed from the medium.

In our example we see a negative enthalpy change which

represents energy is removed from the process. If the results were positive then energy is
added to the process.

C. Easy to define the process by looking for zero in the results “( 2-1 )” .

D. User can easily add or remove properties. The properties and calculations selected are
user’s choice. If the information for the internal energy and density is important, then add it.

E. The ability today to access thermodynamic properties of a medium in a spreadsheet format
allows the user to compare and calculate any type of thermodynamic information

© Wrench Time Inc.
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While this is one approach to the thermo-diagram, the focus is to supply a snap shot of the
medium, its properties, the process and the flow of energy entering or leaving the medium.
Below are calculations for a thermo-diagram.
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1.3 Property, process, cycle and system

Property… a particular or calculated attribute of a medium.

Energy Transfer Properties
Notice that Temperature and Pressure are intensive properties of the medium. These properties
have no specific property associated to it. The other properties have a specific property, the
term “lbm” and are effective by the mass. These properties are the energy properties that affect
the state of a medium and describe what type of energy that is entering or leaving a medium.

Process… a change in the a property value at a particular time

Snap shot of gauge and instrument readings within a particular time frame (hour) across a
device such as a heat exchanger or turbine.
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Record the medium’s properties before and after a process to understand the energy changes of
the medium. By doing this we are to define the heat and work energy of a medium such as
enthalpy heat and enthalpy work later in our discussion.

Examples of some processes in

industry today are heat exchanger, AC compressor or a steam turbine.

Cycle… multi-processes of the same medium
A cycle is a loop of processes interconnected together. The medium starts a state “X” goes
through series of processes, transferring heat and work but return to the initial state of “X”.
Below is an example a cycle of a medium.
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The cycle which is the multi-process that interfaces between processes within the same
medium. Example of a cycle is the feed water / steam cycle of a power plant. The water / steam
cycle:
1. feed water pump
2. Boiler
3. Turbine
4. Condenser
5. Back to feed water pump

System… an interface between two mediums
A system is defines how work and heat energy is transferred between two mediums. Examples
of energy transfer:
1. HVAC evaporator to chilled water line
2. Steam condenser to circulating water
3. High pressure steam to turbine
Or simply the energy transfer from a hot glass of water in contact with a cold glass of water.
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1.4 Data and Diagrams
What information, data and diagrams are required to analyze a thermodynamics problem?
The tools required for a Wrench Time approach to thermodynamics. As you analyze any
problem in thermodynamics you need to ask yourself:
1. What units of measurement to be used? ( Metric or English ) Be consistent, select only one.
Temperature readings need to be in Rankine or Kelvin.
2. What is the sign convention? Establish a sign convention, though out the book it is:
( + ) = added or in….energy in, energy added, work in, work added, heat in, heat added
( - ) = removed or out…energy out, energy removed, work out, work removed, heat removed
( 1 ) = initial condition
( 2 ) = final condition
Note: This convention is different than most thermodynamics books.
3. What design of a thermo-diagram is being used to display the data?
4. What is the medium being analyzed? Air, water or R134
5. What is the mass or mass flow rate medium? Be aware of units ( Metric or English )
6. What process is the medium going though? Constant pressure or entropy
7. What are the initial properties the medium? T1, P1, or H1
8. What is the final properties and energy the medium? T2, P2, or H2
9. What energy is transferred into and out of the medium? Qin, Qout, Win and Wout
10. What data is unspecified / assumed?
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What data is required?
Most processes in industry operate at a constant pressure or between two pressures. Define a
temperature range…locate Reference temperature (example 491.69 R) to maximum temperature
to be analyzed. Obtain constant pressure data of the medium such as 2, 14.7, 100, 800 and 2400
psia. Below is an example of constant pressure reading of water / steam for 14.7psia.
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Below are the latent properties of the medium.
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What diagrams of each medium are required?
1. Temperature – specific entropy diagram (don’t analyze a thermodynamics problem without it)
2. Temperature – specific enthalpy diagram with hq data
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Heat and Work
inside the medium
2.1 Entropy
2.2 Enthalpy work and enthalpy heat
2.3 Internal Energy work and heat

ʺEnergy has two components work energy and heat energy ʺ
Fred J. Weber
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2.1 Entropy
The purpose of this module is to discuss entropy, heat energy and work energy inside of a
medium. So what is entropy? On a typical water/steam table it may look like this:

Or maybe we need to rephrase the question “What is entropy?” to “How is the value 1.7577
(Btu / lbm-R) calculated ?”
Before we go any farther with the discussion of entropy we need to understand a little math.
Assume we have a collected the data from two cars traveling along two different paths. The
data and graph below shows the speed and distance recorded for each car. The data for car #1 is
contained in curve #1 and the data for car #2 is record on curve #2.

© Wrench Time Inc.

for educational use only

Heat and Work inside the medium

31

The questions:
1. What property relates distance to speed? Time
Using the equation Distance (miles) = Speed (miles / hours) x Time (hours)
Time (hours) = Distance (miles) / Speed (miles/hr)
2. What is the Time required each car to travel along the two different paths?
One approach to calculating the Time both cars traveled is to plot the data on a graph. To
calculate the Time we need to determine the “area under the curve” of each path.
Let’s calculate the time required by Car 1 (curve #1) to travel 28 miles with speed change
between 4 to 10 miles/hour.
First sketch out the graph using:
Speed (miles / hour) as the y-axis
Time (hours) as the x-axis
Distance (miles) as the area under the curve
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The area under curve can be calculated two ways:

Notice the same time with either approach: 4 hours. Using the mean value calculate the time
for the different interval of both cars:
Car 1 (Curve #1):
Time ( 0 to 1a ) = 28 / 7 = 4 hours
Time (1a to 1b ) = 120 / 10 = 12 hours
Total time… 4 + 12 =16 hours
Car 2 (Curve #2):
Time ( 0 to 2a ) = 36 / 6 = 6 hours
Time ( 2a to 2b ) = 90 / 9 = 10 hours
Total time…6 + 10 =16 hours
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Enter the calculated time values into the charts and modify the graph by replacing “???” with
time (hours) values on the x-axis.

What is the area between Curve #1 and Curve #2 ?
The difference in distance travel between Car #1 and Car #2… ( 148 – 126 = 22 miles )
So how does this relate to entropy?
Let’s go back to our origin question?
“How is the value 1.7577 (Btu / lbm-R) calculated ?”
Start by collecting the temperature and thermal energy data along two different paths of a
medium like water. The data should look like the data from the previous automotive example
(the distance and speed data from two cars). One set of data is collected along a constant
pressure path while the other is collected along a constant volume path.
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As “time” relates distance and speed together we need to ask.
What property relates temperature to thermal energy? Entropy
Now substitute the automotive information from the previous car traveling example with the
thermodynamics information as shown below

As the property Time is the property that relates distance to speed.
Entropy is a property of the medium that relates temperature to thermal energy.
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The new set of equations for thermodynamics becomes:

Before we use the new equations calculate the entropy value for each curve we need to add
three more thermodynamics terms.
Enthalpy is the medium property that represents the thermal energy along a constant pressure
path. ( Curve #1…constant pressure @ 14.7 psia)
Internal Energy is the medium property that represents the thermal energy along a constant
volume path. ( Curve #2… constant volume @ 26.795 ft³/lbm)
Pv work represents the thermal energy between the constant pressure path and the constant
volume path. ( Pv work = Enthalpy - Internal Energy )
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Entropy and Enthalpy
Enthalpy is a medium property that represents the thermal energy along a constant pressure
path.
Replacing the term “Thermal Energy” with “Enthalpy” a new set of equations can be
established for a constant pressure path. Let’s take our example above of Car 1 and change the
variables around.
Area under the curve…distance with Enthalpy
Change the y-axis labeled speed with Temperature
Change the x-axis time with Entropy
The equation would be
Enthalpy (area under the curve) = Mean Temperature x Entropy
( along a constant pressure path)
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Using the equations calculate the entropy for the constant pressure data.
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Take the calculate entropy and update table. Also plot a graph showing the information

Reviewing the data from both tables we notice that the actual entropy data (∆s) and the
calculated value in the constant pressure table are almost the same. The lines between each
data points are linear (straight) for the calculated ∆s values.
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Entropy and Internal Energy
Internal Energy is a medium property that represents the thermal energy along a constant
volume path.
Replacing the term “Thermal Energy” with “Internal Energy” a new set of equations can be
established for a constant volume path.
Let’s take our example above of Car 2 and change the variables around.
Area under the curve…distance with Internal Energy
Change the y-axis labeled speed with Temperature
Change the x-axis time with Entropy
The equation would be
Internal Energy (area under the curve) = Mean Temperature x Entropy
( along a constant volume path)
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Using the equations calculate the entropy for the constant volume data.
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Take the calculate entropy and update table. Also plot a graph showing the information
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At this time take a look at the entropy data in the table above constant volume of 26.795 ft³/lbm.
Looking at the data you may ask, “why is the calculated entropy different than the actual
entropy in the constant specific volume table?”. I’m glad you asked. Remember earlier we
assumed the line between two data points to be linear (straight) to calculate ∆s. Reviewing the
data from constant pressure table we notice that the actual entropy data (∆s) and the calculated
value were almost identical. While the data ∆s in the constant volume table doesn’t match.

Conclusion, the data in the constant volume table needs to be broken down into smaller lines to
find an accurate ∆S change in entropy. Therefore to increase the accuracy of the data we need to
calculate the entropy for each degree of temperature. Instead of going from 600 to 672 we
should have collected data from 600 to 601, 601 to 602 and etc. Below is data and calculation of
entropy between 600 R and 605 R at a constant specific volume of 26.795 ft³/lbm.
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Collect all the ∆U and ∆T value between the temperatures 600 R and 672 R in one degree
intervals to obtain an accurate value of ∆S.

Pv Work = Enthalpy - Internal Energy
Enthalpy is the medium property that represents the thermal energy along a constant pressure
path. ( Curve #1…constant pressure @ 14.7 psia)
Internal Energy is the medium property that represents the thermal energy along a constant
volume path. ( Curve #2… constant volume @ 26.795 ft³/lbm)
What is the area between the two lines?
Pv work represents the thermal energy between the constant pressure path and the constant
volume path. ( Pv work = Enthalpy - Internal Energy )
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Looking at the complete picture…
To illustrate this point lets look at a typical water / steam data points. Update the data collected
at a constant pressure of 14.7 psia and at a constant volume of 26.795 ft³/lbm. Plot the data
points from the two curves on the same T-s diagram.
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Observation from the data and graph:
1. Both lines started at 492 R and S=0
2. Both ended at 672 R and S= 1.7577.
3. One curve follows a constant pressure of 14.7 psia
4. The other curve follows constant volume of 26.795 ft³/lbm

Updating the two tables:
Note one other item about entropy. The intersection of the two curves intersect at a
Temperature of 671.64 °R and entropy of 1.7577 Btu/lbm-°R. Therefore, by knowing the
temperature and entropy along the constant pressure and constant volume curves that intersect
the point we are to define the properties of the medium.

FYI… you just did an integral in calculus, by solving the area under a curve.( trapezoid rule)
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2.2 Enthalpy work and enthalpy heat
The terms and “enthalpy work” and “enthalpy heat” are new terms in the study of
thermodynamics and represent the available and unavailable enthalpy to do work of a medium
along a constant pressure.
Enthalpy = enthalpy work + enthalpy heat
Enthalpy = enthalpy available to do work + enthalpy unavailable to do work
The terms enthalpy work and enthalpy heat came from the study of “exergy” and the famous
equation “G = H –T S” called the Gibbs function. This function on free energy was developed by
Willard Gibbs in the 1870’s. Please take the time to read about Willard Gibbs, an American
mathematical physicist and a legend in the field of thermodynamics. The only problem I had
with the explanation of the Gibbs function was the term “free energy”. Anyone studying
thermodynamics soon realizes there is no free energy.
The best way to explain the terms “enthalpy work” and “enthalpy heat” is with an example.
From our definition of enthalpy work and enthalpy heat let’s use the same data and graph from
our previous water and steam example.
.
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Take the constant pressure data and apply it to the Gibbs function “G = H –T S” is defined as:
Free energy = Enthalpy – (Temperature x Entropy)
By rearranging the equation to define the enthalpy “H = G + T S” :
Enthalpy = Free energy + (Temperature x Entropy)
By redefining the variables G = Hw and TS = Hq.
The equation “H = G + T S” becomes “H = Hw + Hq” to obtain the terms “enthalpy work” and
“enthalpy heat”.
Enthalpy = Enthalpy Work + Enthalpy Heat
Enthalpy = (mass) x (specific enthalpy)
Specific enthalpy = specific enthalpy work + specific enthalpy heat
From the last section we defined “Enthalpy” as the area under a constant pressure curve on
a T-s diagram.
The term “Enthalpy work” is defined as the part of enthalpy that is available to do work.
The area of the curve above the reference temperature ( 491.69 °R ). The symbol for enthalpy
work is “Hw” and units of “Btu”. And the symbol for specific enthalpy work is “hw” and units
of “Btu / lbm”.
“Enthalpy heat” is the part of enthalpy unavailable to do work The area of the curve below
the reference temperature ( 491.69 °R ). The symbol for enthalpy heat is “Hq” and with the
units of “Btu”. The symbol for specific enthalpy heat is “hq” and with the units of “Btu/lbm”.
The “enthalpy work” and “enthalpy heat” are the available and unavailable enthalpy of a
medium.
Enthalpy = enthalpy available to do work + enthalpy unavailable to do work
Enthalpy = enthalpy work + enthalpy heat
Enthalpy….H = Hw + Hq = (m) (h) (Btu)
Specific enthalpy… h = hw + hq (Btu/lbm)

Note the reference temperature 491.69 °R is different for each medium. At this temperature the
entropy, internal energy and enthalpy are zero. If look though any thermodynamic book you
may see a reference temperature for ammonia at 351.89 (°R) or 420 (°R). The refrigerant R 410
may be at 360 (°R) or 420 (°R) depending on book.
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Using the previous constant pressure graph, enthalpy work and enthalpy heat can be displayed
on the T-s diagram below:

From the graph:
1. The enthalpy is equal to the total area under the constant pressure curve # 1.
Next divide the enthalpy (area under curve) into two sections:
a. The “enthalpy heat” is the area of under the curve below the temperature 491.69 °R.
Enthalpy Heat is simply Entropy times Reference Temperature
b. The “enthalpy work” is the remaining area under the curve or simply:
enthalpy work is equal to enthalpy (total area) – enthalpy heat (area below 491.69 °R)
Looking at the graph above the calculation for the enthalpy heat is simply entropy times
Reference Temperature. Again the reference temperature is 491.68 °R. From Table below
calculate hq and hw using the following equation:
1. Enthalpy…“h” supplied by table
2. Enthalpy heat “hq = Tr x s” = Reference Temperate times entropy
3. Enthalpy work “hw = h – hq” = enthalpy minus enthalpy heat
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Observation from this data:
1. Verify the data Point 4… hw = 286.5 (Btu/lbm) using:
hw = Mean Temperature times the entropy change minus enthalpy heat
hw= h- hq = (Tm x s) - hq = (0.5)( T1+ T2) (s) - hq
hw = (0.5)(671.6 +492) (0.3124) + (671.6 )(1.4453) - 864.5 = 288.0 (Btu/lbm
hw = Area of triangle and rectangle
hw= 0.5 (T2 –T1) (s) + (T2 – T1) x s
hw = (0.5) (671.6 -492) (0.3124) + ((671.6-492)(1.4453) = 287.7 (Btu/lbm)
2. The reference temperature 491.69 °R used for the calculation of enthalpy work and enthalpy
heat is the temperature where the enthalpy and entropy data starts or when entropy and
enthalpy are “0” … zero.
3. Latent heat ( 671.64 °R water to 671.64 °R steam)
Take a glance at the latent energy change in enthalpy, enthalpy work and enthalpy heat:
The change in enthalpy is… 1151 – 180.3 = 970.7 (Btu/lbm)
The change in enthalpy heat is… 864.24 – 153.59 = 710.65 (Btu/lbm)
The change in enthalpy work is… 286.76 – 26.71 = 260.05 (Btu/lbm)
Notice for an increase in enthalpy of 970.7 (Btu/lbm) we only gained 260.05 (Btu/lbm) of energy
to do work.
Energy is not free
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Here is data collected at a constant pressure and assume the entropy data was not in hand, how
would hq and hw be calculated ?
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2.3 Internal energy heat and internal energy work
The terms “internal energy work” and “internal energy heat” are also new terms in the
study of thermodynamics and represent the available and unavailable internal energy to do
work of a medium along a constant volume.
Internal energy = internal energy work + internal energy heat
Internal energy = internal energy available to do work + internal energy unavailable to do work
The terms internal energy work and internal energy heat came from the famous equation “F = U
–T S” called the Helmholtz function. This theory on free energy was developed by Hermann
von Helmholtz in the 1870’s. Please take the time to read about Hermann von Helmholtz, an
American mathematical physicist and a legend in the field of thermodynamics.
The best way to explain the terms “internal energy work” and “internal energy heat” is with an
example. Remember the previous data from a typical water steam table at a constant volume
of 26.795 ft³/lbm. Notice the data below starts from a reference temperature of 491.69 °R which
is typical for water and steam tables. At this temperature the entropy, internal energy and
enthalpy are zero.
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The Helmholtz function “F = U –T S” is defined as the
Free energy = Internal energy – (Temperature x Entropy)
Or the equation can be changed to define the internal energy “U = F + T S”
Internal energy = Free energy + (Temperature x Entropy)
Redefining the equation “U = F + T S” to “U = Uw + Uq” obtains the terms “internal energy
work” and “internal energy heat”.
From the last section we defined “Internal energy” as the area under a constant volume
curve on a T-S diagram. The terms “internal energy work” and “internal energy heat” are the
available and unavailable internal energy of a medium.
Internal energy = internal energy work + internal energy heat
Internal energy work is defined as the part of internal energy that is available to do work.
The symbol for internal energy work is “Uw” and units of “Btu”. The symbol for specific
internal energy work is “uw” and units of “Btu/lbm.”
Internal energy heat is the part of internal energy unavailable to do work The symbol for
internal energy heat is “Uq” and with the units of “Btu”. The symbol for specific internal energy
heat is “uq” and with the units of “Btu/lbm”.
Internal Energy….U = Uw + Uq = mu (Btu)
Specific internal energy… u = uw + uq (Btu/lbm
From the graph the internal energy is equal to the total area under the constant volume curve.
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Next divided the internal energy (area under curve) into two sections
1. The “internal energy heat” is the area of under the curve below the temperature 491.68 °R.
Internal energy Heat is simply Entropy times Reference Temperature
2. The “internal energy work” is the remaining area under the curve or simply:
internal energy work is equal to internal energy (total area) – internal energy heat (area below
491.68 °R).
Looking at the graph above the calculation for the internal energy heat is simply entropy times
Reference Temperature. Again the reference temperature is 491.68 °R. From Table below
calculate uq and uw using the following equation:
1. Internal energy…“u” supplied by table
2. Internal energy heat “uq = Tr x s” = Reference Temperate time entropy
3. Internal energy work “uw = u – uq” = internal energy minus internal energy heat
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Assume the entropy data was not in hand, how would uq and uw be calculated ?
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2.4 Summary… medium work and heat
Every point on a T-s diagram has two unique points… (P and v) or (T and s)

Enthalpy is the medium property that represents the thermal energy along a constant pressure
path. ( Curve #1…constant pressure @ 14.7 psia)

a. The “enthalpy heat” is the area of under the curve below the temperature 491.69 °R.
Enthalpy Heat is simply Entropy times Reference Temperature

b. The “enthalpy work” is the remaining area under the curve or simply:
enthalpy work is equal to enthalpy (total area) – enthalpy heat (area below 491.69 °R)

Internal Energy is the medium property that represents the thermal energy along a constant
volume path. ( Curve #2… constant volume @ 26.795 ft³/lbm)

1. The “internal energy heat” is the area of under the curve below the temperature 491.69 °R.
Internal energy Heat is simply Entropy times Reference Temperature

2. The “internal energy work” is the remaining area under the curve or simply:
internal energy work is equal to internal energy (total area) – internal energy heat (area below
491.68 °R)

Pv work represents the thermal energy between the constant pressure path and the constant
volume path. Also Pv work area is above the reference temperature 491.69 °R. Therefore
Pv work = Enthalpy - Internal Energy = Enthalpy work –Internal Energy work
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Summary of data and graph.
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Below is a list an equation summary:
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Calculate hw and hq for the example below:
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Here is a different way to look at energy using a T-s graph with mass as the z-axis:

Image using “time” as the forth dimension. If the volume from the graph above represented
one minute of time then image stacking each volume along a time stamp axis in a one minute
intervals. The four axes…Temperature, specific entropy, mass and time.
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What is a Process ?
Constant Pressure
Constant Volume
Constant Entropy
Constant Enthalpy
Constant Temperature
Constant Internal Energy
Constant PV work
Constant Enthalpy Work
Cycle… the multi- processes

“The Carnot cycle limits our thinking”

Fred J. Weber
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What is a Process ?

A process is a change in the medium’s property value at a particular time. This chapter is a
glimpse of the various processes in thermodynamics. The data describing each process is from
a typical water / steam table. This medium was selected because of the many applications in
industry that operate between all three phases (liquid, liquid- vapor and vapor phase). The
reference temperature 491.69 °R will be used in the calculation enthalpy work, enthalpy heat,
internal energy work and internal energy heat. Three items will be used in the discussion of
each process:
1. Data about the medium at the constant variable such as constant pressure, entropy or
enthalpy.

2. T-s diagram ( Temperature – specific entropy). To understand any process it is important to
locate the initial and final data point for a process and the path the process took.
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3. Thermo-diagram that shows the changes in properties values. Imagine taking a picture of
the gauge and instrument readings on a piece of equipment at a particular time. Then wait a
hour and take the same pictures of gauges. Understanding the changes of a medium before and
after a process defines the change in energy, the change in energy available to do work (hw)
and the change in energy unavailable to do work (hq).

And within the thermo-diagram we need to know the medium, mass and time.
The first factor we need to identify is the medium. Compare the thermodynamic properties of
water/ steam vs. ammonia at 1 lbm @ 600 (°R) and 14.7 psia.

Display the medium’s reference temperature, the temperature when the entropy and enthalpy
are zero. Next is to display the mass of the medium and the time frame the process occurred.
The time frame is a specific time (one minute, one hour or one day) between the initial and final
readings. For example a non flow process may have a mass of 5 lbm with a time frame of one
minute or a flow process at 5 lbm per minute. The time frame is required for a “system” where
the transfer of energy of both processes need to be in the same time frame.
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This section contains several processes of the medium (water) while holding one of the
medium’s properties constant. In the real world a piece of equipment typical doesn’t follow at
constant variable like enthalpy, pressure or entropy but a combination of processes. The key is
to understand what processes are causing the deviations. Example of this is the turbine. An
ideal turbine typical is defined as a constant entropy process but in the real world the turbine
could be a combination of processes:
Constant specific entropy and constant pressure.
Constant specific entropy and constant specific enthalpy.
Constant specific enthalpy work, and constant specific entropy and constant specific enthalpy.
The answer will come from a closer analysis of the turbine. For now we will be concerned with
the constant property process (i.e. constant pressure, volume and etc.) and a combination of
processes to achieve the same.

While reviewing this section identify which process is a source, sink or neither.
A source is a process that releases energy (-∆H) and work (-∆Hw)
A sink on the other hand is a process that acts like a sponge and absorbs energy. The sink soaks
up the energy (+∆H), the work (+∆Hw), the heat (+∆Hq) and converts any left over work to heat
(+∆Hq). There are more restrictions that define a source and sink but for now simply identify
the change in energy, work and heat of each process.
.
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Constant Pressure…P1 = P2 (psia)

The thermodynamic process frequently applied in industry today is the Constant Pressure
process. Every time you see a heat exchanger you are typically looking at a constant pressure
process application. Examples of this are a car radiator, air conditioner’s evaporator or a power
plant’s condenser.

Besides defining the relationship between temperature, enthalpy and

entropy as discussed earlier, it is the cornerstone in the study of thermodynamics.

To begin the discussion let’s look at the constant pressure data of steam/water.

Observations:
1. Pressure is constant
2. Properties have an increasing value... T, p, v, s, and h
3. Two readings at the same temperature of 1121.8 degrees R which represents the liquid to
superheat phase of the medium (latent heat).
4. The data starts from the reference temperature 491.69 degrees R. This allows the user to see
the change in property values from liquid, liquid-vapor phase to superheat state
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Lets look at constant pressure process as energy is added (+).
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Here is an example of another constant pressure process with energy removed (-) from the
medium.
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In the previous example we assumed a constant pressure process based on the initial and final
pressure were the same. But what if the path of the medium did not go though a heat
exchanger but went though two unknown devices that gave the appearance of a constant
pressure process? Below is an example of the medium moving through two different devices.
One process is at constant entropy and the second one is at a constant volume.
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3.3 Constant Specific Volume…v1 = v2
This Constant Volume process is another well known thermodynamic process applied in
industry. Every time you see a reservoir of a medium you are typically looking at a constant
volume process application. Also remember the important contribution the constant volume
process made in defining the relationship between temperature, internal energy and entropy.
As discussed earlier, it is the second cornerstone in the study of thermodynamics.
To begin the discussion let’s look at the constant volume data of steam/water.

Observations:
1. Volume is constant
2. Properties have an increasing value... T, p, v, s, and h
4. It is difficult to determine the liquid, liquid-vapor and superheat phases of the medium
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Here is an example of a constant specific volume process with energy removed (-) from the
medium. Notice the work removed from a constant volume process.
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Here is an example of another constant specific volume process with energy added (+) to the
medium.
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Below is the medium from the previous constant volume process moving through two different
processes to achieve the same final results. One process is at constant entropy and the second
one is at a constant pressure.
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3.4 Constant Specific Entropy…s1 = s2
The title for this section should have been labeled:
3.4 Constant Specific Entropy s1 = s2 , Constant Specific enthalpy heat hq1 = hq2 and
Constant Specific internal energy heat uq1 = uq2
But there was a space limitation so it is condensed.

This powerful process only adds or removes work energy from the medium and is labeled the
“work horse”. Any time you see a mechanical device such as a turbine or compressor adding or
removing energy from a medium you are looking at an application of a constant specific
entropy process was involved. If the change in specific entropy (s) is constant then the change
in specific enthalpy heat (hq) and specific internal energy heat (uq) are constant. Therefore the
heat added to or removed from this process is zero (Q = 0). .

To begin the discussion lets look at the constant entropy data of steam/water. Remember that
hq = uq = 491.69 R x s.

Observation from the table
1. Entropy is constant = 1.55 (Btu / lbm-R)
2. Hq / uq is constant = 762.1 (Btu/lbm) = 491.69 x 1.55 = 762..1 (Btu/lbm)
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Example below is a constant specific entropy process with energy removed (-) from the
medium.
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Observations: Results of ( 2 – 1 )
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Using constant pressure and constant volume processes to achieve the same initial and final
results.
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3.5 Constant Specific Enthalpy… h1 = h2
The constant enthalpy process is considered the “throttling” process and one of the most
confusing processes in thermodynamics. At first glance the constant enthalpy process looks like
no energy is released from the medium because the enthalpy change is zero. As the medium
passes through an orifice the pressure decreases but the enthalpy stays the same. It was like
nothing happened to the energy level of the medium. It looks like the perfect “environmental
friendly” process. This process destroys more available energy to do work than any process in
industry. The constant enthalpy process takes work energy from the medium and converts in
to heat energy. The overall energy seems unchanged but this process destroys the work energy
added to the medium such as a steam turbine cycle or a refrigeration system. Another name for
the constant enthalpy process is “zero percent efficiency nozzle”. The “orifice effect” may not
seem obvious but it is a key component in the inefficiency in other processes. Below is data at a
constant enthalpy.

Observations:
The specific enthalpy is constant @ 1345.0 Btu / lbm
The specific enthalpy work increases with pressure.
The specific enthalpy heat decreases with pressure.
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Example below is a constant specific enthalpy process with no energy removed from or added
to the medium. The work energy is converted to heat energy.
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Using constant specific entropy and constant pressure processes to achieve the same initial and
final results:
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3.6 Constant Temperature… T1 = T2
The constant temperature process is the most overrated and confusing process in
thermodynamics. This process is sometimes called the isothermal process and is used in most
books for the understanding of thermodynamics. A closer look at the constant temperature
process shows a work energy consuming process similar to the constant enthalpy process. This
process converts work energy to heat energy but also requires more energy to maintain a
constant temperature.

Below is a table of constant temperature data:

Observations:
The constant temperature data:
1. The temperature is constant
2. Increase the pressure and the specific enthalpy decreases
3. Increase the specific enthalpy work and the specific enthalpy heat decreases
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Letʹs take a closer look at the data between two constant temperature points.
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Using constant specific entropy and constant pressure processes to achieve the same initial and
final results
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Using constant specific enthalpy and constant pressure processes to achieve the same initial and
final results:

Notice how the constant enthalpy process destroys available work and then it is required to add
energy from a constant pressure process. Maybe if the process was reversed it would be useful.

Energy and heat was removed from the process and it created work. Remember one of the
statements from the beginning of the book…
“Work can create heat… but heat can not create Work.”
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3.7 Constant Internal Energy… u1 = u2
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Using constant specific entropy and constant specific volume processes to achieve the same
initial and final results.

Below is data at a constant specific internal energy at 1180.1 Btu/lbm
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3.8 Constant Pv work… (0.185) P1v1 = (0.185) P2v2
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Using constant specific entropy and constant specific enthalpy processes to achieve the same
initial and final results

Below is data at a constant specific Pv work at 148.0 Btu/lbm
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3.9 Constant Enthalpy Work … hw1 = hw2
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Using constant pressure and constant specific entropy processes to achieve the same initial and
final results
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Below is an example of constant enthalpy work process adding energy with no change in work.

Below is a table with enthalpy work constant at 400 Btu / lbm.
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3.10 Cycle… the multi- processes
The “cycle” is a series of interconnecting processes of one medium that returns to its original
state. The cycle does not define the source that supplied the energy to or the sink that absorbed
the energy from each process that is defined by the “system”. One example of a water steam
cycle is the Rankine cycle which is made up of two constant pressure and two constant entropy
processes. Below is an illustration of a Rankine cycle.
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Below is an example of a reverse Rankine cycle using water / steam. This cycle is used in air
conditioning but typically not with water as a medium.

A cycle doesn’t show the work energy and heat energy transferred to each process.
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4.1 Introduction to Weber’s Thermodynamics Laws
The laws of thermodynamics were developed to explain the transfer of energy between two
mediums. The Weber definition of thermodynamics is “the science that deals with work and
heat energy within a medium and the interaction of heat and work between two mediums”.
The term used to describe this transfer of energy is called a “System”.
The process defines what energy, work and heat was added or removed. The system defines
where the energy, work and heat came from or went to. The laws of thermodynamics were
written for a “system” not for a process or cycle.
The system defines the energy balance. Below is a system diagram showing the energy, work
and heat being transferred between two mediums.

To understand these Weber’s Laws of Thermodynamics we need to first review the following
information:
Step 1
Recognize that all energy has two components and they are “work energy” and “heat energy”.
Step 2
Grasp the definition of these words:
Energy (E )… capacity available and unavailable for performing work.
Work ( W )… change in work energy ; change in energy available for performing work
Heat ( Q )… change in heat energy ; change in energy unavailable for performing work
Work Energy ( Ew ) … capacity of energy available for performing work
Heat energy ( Eq ) … capacity of energy unavailable for performing work
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Step 3
Establish a set of equations used to define these laws:
Weber’s General Energy Equations
E = Ew + Eq : all energy has two components work energy and heat energy
W = ∆ Ew : work is equal to the change in work energy
Q = ∆ Eq : heat is equal to the change in heat energy
∆ E = ∆ Ew + ∆ Eq = W + Q : change in energy is equal to work plus heat

Step 4
Understand the common sense sign convention for transferring energy between two mediums:
( + ) = added or in….energy in, energy added, work in, work added, heat in, heat added
( - ) = removed or out…energy out, energy removed, work out, work removed, heat removed
( 1 ) = initial condition
( 2 ) = final condition
Using a common sense sign convention:
( + ∆ E ) = Ein ( the change in energy is positive ( + ) then energy is added to the medium )
( - ∆ E ) = Eout

( the change in energy is negative ( - ) then energy is removed from the

medium)
( + ) W = Win = ( + ∆ Ew ) ( the change in work energy is positive ( + ) then work is added to the
medium (Win )
( - ) W = Wout = ( - ∆ Ew ) ( the change in work energy is negative ( - ) then work is removed
from the medium (Wout).
Using this same sign convention for heat:
( + ) Q = Qin = ( + ∆ Eq ) (the change in heat energy is positive ( + ) then heat is added to the
medium (Qin )
( - ) Q = Qout = ( - ∆ Eq ) (the change in heat energy is negative ( - ) then heat is removed from
the medium (Qout).
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Steps 5
Display the information. Develop a system that shows the path and data of the flow of energy,
work and heat. Remember the example of the isolated hot and cold container. By themselves
they are two separate mediums with nothing to change their original state. At the moment the
hot container comes in contact with the cold container the energy transfer begins. The energy
from the hot transfers to the cold container and is displayed below using a “Weber System
Diagram”:
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4.2 Weber’s 1st Law of Thermodynamics
Weber’s 1st law of thermodynamics is identical to the traditional first law of thermodynamics
that states “the energy can not be created or destroyed”. The Weber’s interpretation of this law
refers to the transfer of energy between two mediums and not on the change of energy within a
process or cycle. This law defines the energy interaction between two mediums which is
displayed at the top part of the system diagram.

This law states the change in energy medium “a” plus the change in energy medium “b” must
equal to zero. For this equation to be true one of the energy changes must be (-) and the other
one needs to be (+).
Assume medium “a” is the source (removing energy) then the change in energy will be (-).
This sets medium “b” to be the sink and the change in energy will be (+). Therefore the energy
removed from medium “a” plus energy added to medium “b” is equal to zero. In the
discussion of energy we are talking about all energy which includes thermal, kinetic, potential
and etc. The focus in this section is just the change in thermal energy as a result the change in
energy = change in thermal energy = change in enthalpy.
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Below are the equations that support the 1st law
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4.3 Weber’s 2nd Law Thermodynamics
The Weber’s 2nd Law of Thermodynamics is based on two statements:
“Work can create heat… but heat can not create Work.”
“The interaction of two mediums “can not” increase the available work of the system”
These statements are based on the assumption that…
“ all energy has two components and they are “work energy” and “heat energy ”

These statements can be represented on the bottom portion of the System Diagram below:

Assume medium “a” is the source and the change in energy is (-). Then medium “b” is the sink
and the change in energy will be (+). The energy available to do work removed from medium
“a” plus energy available to do work added to medium “b” must be (-). No work can be
created.
Therefore the net work is equal to or less than zero.
Total change in work = (

- ) = ( Wa

+ Wb )

As a result the net heat is equal to or greater than zero
Total change in heat = (

+ ) = ( Qa

+ Qb )

Because the net work plus net heat is equal to zero.
Total change in energy = (
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Below are the equations that support the Weber’s 2nd law of thermodynamics:
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4.4 Weber’s 3rd Law Thermodynamics
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4.5 Weber’s 4th Law Thermodynamics
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4.6 Example of Weber’s Laws of Thermodynamics
To understand these new concepts of work and heat lets go back to the example of two
containers of water. Below is the construction of a system diagram showing the process of the
two mediums and the energy, work and heat transferred.
Source… medium “a” …mass 2 lbm /hr @ 580 °R
Sink… medium “b” …mass of 2 lbm/hr @ 540 °R

Observations from the system diagram:
Two mediums, two process diagrams and two sets of equations that are linked together
Additional information on each process diagram.
Both mediums are “H2O” as displayed with a reference temperature “491.69 °R”
The medium mass “2 lbm / hr” represents the mass of 2 lbm and a time period of one hour.
One of the first requirements of a system is to determine if this is a spontaneous interaction
between the mediums.

Use the Weber’s 3rd Law of thermodynamics to check that the

prerequisite for a thermal self acting system between medium ʺaʺ as the source and medium ʺbʺ
as the sink have been met.

© Wrench Time Inc.

for educational use only

Weber’s Laws of Thermodynamics

120

1. ha1 > hb1 ( 88.425 > 48.465 ) check
Specific enthalpy of the source (ʺaʺ) is greater than the specific enthalpy of sink (ʺbʺ)
2. hwa1 > hwb1 ( 7.13 > 2.27 ) check
Specific enthalpy work of source (ʺaʺ) is greater than the specific enthalpy work of sink (ʺbʺ)
3. hqa1 > hqb1 ( 81.29 > 46.19 ) check

Note: sa1 > sb1 ( 0.16533 > 0.09394 ) check

Specific enthalpy heat of source (ʺaʺ) is greater than the specific enthalpy heat of sink (ʺbʺ).
4. Tmha1 > Tmhb1 ( 534.84 > 515.89 ) check
Mean enthalpy temperature of source (ʺaʺ) is greater than the mean enthalpy temperature of
sink (ʺbʺ)
The prerequisite for a thermal self acting system have been confirmed. Next is to determine the
equilibrium state between medium “a” and medium “b” using Weber’s 4th law.
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Determine if the 1st and 2nd laws are meet.
1. Weber’s 1st law of thermodynamics (“Energy can’t be created or destroyed”)
2. Weber’s 2nd law of thermodynamics (“Work can create heat… but heat can not create Work”
and “The interaction of two mediums “can not” increase the available work of the system”

Did the system meet Weber’s 1st Law of Thermodynamics ? check
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Did the system meet Weber’s 2nd Law of Thermodynamics ? check

Once the system data and calculations meet the Weber’s laws of thermodynamics it is required
that they are maintained from initial contact to equilibrium. Below are the calculations of
medium “a” reducing energy and medium “b” gaining energy at an interval of 3.996 Btu.
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Below are the “system” calculations of showing the net change in energy, work and heat
at an energy interval of 3.996 Btu.

Spontaneous interaction between two mediums “a” and “b”:
1. Energy moves from a higher level “a” to a lower level “b” ( ha1 >hb1 )
2. Specific work energy of “a” is greater than medium “b” ( hwa1 >hwb1 )
3. Specific heat energy of “a” is greater than medium “b” ( hqa1 >hqb1)
4. Mean enthalpy temperature of “a” is greater than medium “b” ( Tmha1 >Tmhb1)
5. Change in energy of “a” is plus energy of medium “b” is equal to zero
6 Work of “a” plus Work of “b” is less than or equal to zero ( Wa + Wb < 0 )
7. Heat of “a” plus Heat of “b” is greater than or equal to zero ( Qa + Qb > 0 )
8. Sum of the work and heat is equal to zero… ( Wa + Wb + Qa + Qb = 0 )
9. Items 1 thru 8 were maintained from initial contact to equilibrium. check

© Wrench Time Inc.

for educational use only

Work and Heat Applications

5.1
5.2
5.3
5.4
5.5
5.6

Applying Work and Heat
Heat and Work Exchanger
Nozzle and Orifice
Pump and Compressor
Cycle of Systems
Final Note and Thank you
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Weber’s Thermodynamics Notes

126

5.1 Applying Work and Heat
The following section is applying the work and heat energy to different applications such as a
heat and work exchanger. Also in many applications of thermodynamics there is a close
relationship between thermal energy and mechanical energy in such items as nozzle, turbine,
pump and compressor. The following is general energy with thermal and mechanical energy:
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Below are the calculations for kinetic energy and potential energy.

Keep in mind that

ME ( mechanical energy ) = KE ( kinetic energy ) + PE ( potential energy )
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With the addition of different types of energy there is a need for a process diagram that shows
these changes. Below is a process diagram with thermal and mechanical energy (kinetic and
potential).

The example above shows energy added to the medium at a constant pressure with an increase
in velocity and elevation.
This approach maybe used to describe what happens when a ball is dropped, hits the floor and
doesn’t bounce back to the same elevation. The ball starts at a maximum PE.. While falling the
ball’s PE is converted to KE. The ball hits the floor at a maximum KE. The KE is converted to
TE but some of the TE work energy is converted to TE heat energy due to the floor. The TE
converts back to KE and PE but the ball doesn’t reach the same elevation.

Before moving into different applications of heat and work energy obtain a Temperature and
specific entropy graph of water and steam. Follow each point on the graph.
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5.2 Heat and Work Exchanger
The “heat and work exchanger” is the replacement of the “heat exchanger”. The new name is a
reminder that heat and work are both transferred, not just heat. An example of this could be the
two containers of water from the previous section. A symbol is used to show the flow of energy
in and out of the exchanger. The symbol for a heat and work exchanger is:

The heat and work exchanger is the equipment used in industry to exchanger heat and work
between mediums. Two common types of exchangers are the plate and the shell and tube.
With a heat and work exchangers keep in mind…
Spontaneous interaction between two mediums “a” and “b”:
1. Energy moves from a higher level “a” to a lower level “b” ( ha1 >hb1 )
2. Specific work energy of “a” is greater than medium “b” ( hwa1 >hwb1 )
3. Specific heat energy of “a” is greater than medium “b” ( hqa1 >hqb1)
4. Mean enthalpy temperature of “a” is greater than medium “b” ( Tmha1 >Tmhb1)
5. Change in energy of “a” is plus energy of medium “b” is equal to zero
6 Work of “a” plus Work of “b” is less than or equal to zero ( Wa + Wb < 0 )
7. Heat of “a” plus Heat of “b” is greater than or equal to zero ( Qa + Qb > 0 )
8. Sum of the work and heat is equal to zero… ( Wa + Wb + Qa + Qb = 0 )
9. Items 1 thru 8 were maintained from initial contact to equilibrium
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Example of a heat and work exchanger.
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The heat and work exchanger is represented by the “system diagram” shown by the interaction
of two constant pressure processes.

Notice the equilibrium point doesn’t reach h @ 186.36 Btu lbm as shown in the system diagram.
The hw value of the source needs to be greater than the hw of the sink.
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The heat and work exchanger can operate in two different flow patterns. With a co-current flow
exchanger the source and sink flows are in the same direction across the exchanger. The cocurrent mode is seldom used in industry. The counter-current flow exchanger, the source and
sink flows are in the opposite direction across the exchanger. Notice the change in work and
heat for these two different flow patterns of operation.
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Below is data for a counter-current flow heat and work exchanger. Notice the net work and
heat differences compared to the co-current flow exchanger.
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Below is another example of a heat exchanger with the low pressure side at a higher energy
level than the high pressure side. Notice at an ideal equilibrium point of h= 186.36 Btu / lbm
the sink hw value (28.65) is greater than the source hw value of 28.32 Btu / lbm. Therefore the
new equilibrium points: source at h = 189.36 Btu / lbm and sink at h= 186.06 Btu / lbm.
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5.3 Nozzle and Orifice
The nozzle and orifice are simply mechanical devices that change the medium’s properties with
no outside energy source and sink. In the discussion of “system” there was an emphasis on the
source and sink but the nozzle and orifice are an application where the system is self contained
that is when no energy leaves the device.
The orifice destroys energy by converting the thermal work energy into thermal heat energy.
The orifice is a constant enthalpy process where the change in enthalpy work is equal to the
change in enthalpy heat. The orifice can also be called the “zero efficient nozzle”. A symbol for
the orifice is shown below:

Below is a system diagram with an orifice. The change in enthalpy is zero and there is no effect
from a source or sink. Note the change in kinetic energy is zero. The change in enthalpy work
(-88.5 Btu / lbm) is convert to a change in enthalpy heat (+88.5 Btu / lbm).
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The nozzle converts thermal energy to kinetic energy to be used for a turbine. The change in
thermal energy available for work is equal to the gain in kinetic energy available to perform
work. Below is a symbol for the nozzle.

The ideal nozzle operates as a constant entropy process. Below is a system diagram of a 100
percent efficient nozzle. There is no effect from a source or sink. The change in enthalpy (-88.5
Btu / lbm) is converted to the change in kinetic energy (+88.5 Btu / lbm) with a net change in
energy of zero.
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Below are the equations that support the nozzle design.
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One of the first steps in the design of a nozzle is to locate the maximum flow point. With a
known inlet source the maximum flow was determine to be between 0.5 to 0.6 pressure ratio
based on St. Venant’s equation. The pressure ratio is outlet pressure/ inlet pressure and from
the calculations below the maximum flow occurred at 54 psia / 100 psia equal to a 0.54 pressure
ratio.
.

The maximum flow point 12327 lbm /hr is located at 54 psia with a velocity of 2105.39 ft / sec.

Next is to determine the efficiency of a nozzle.
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The nozzle is designed for a maximum efficiency at a change in enthalpy work of ( – 88.5 Btu
/lbm) at a final hw value of 479 Btu/ lbm. The efficiency curve is a constant hw curve. As the
nozzle efficiency drops the change in enthalpy work of ( – 88.5 Btu /lbm ) is maintained and
enthalpy heat is added. The enthalpy heat is added until the change in enthalpy work ( – 88.5
Btu /lbm) and the change in enthalpy heat is ( + 88.5 Btu /lbm) at this point the nozzle is an
orifice.
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5.4 Pump and Compressor
The pump and compressor are devices that take mechanical energy and convert it to thermal
energy with the focus to increase the enthalpy work of the medium. The most efficient way to
increase the enthalpy work of a medium for any mechanical to thermal conversion is by a
constant entropy process. Any process outside the constant entropy process adds enthalpy heat
and reduces the effectiveness of the energy added to the medium. A symbol for a pump and
compressor is shown below:

The centrifugal pumps and compressors are widely used mechanical devices used to add
energy. Their design is based on taking rotation kinetic energy and transferring the energy to
the medium to be used later in the cycle. Without getting into the design of these devices the
next pages show the effect of the medium at various efficiencies when a constant energy source
is applied. Notice the change in enthalpy is constant due to a constant load being applied. As
the efficiency drops the enthalpy work transferred to the medium drops due to the increase in
enthalpy heat.
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Below is an example of a compressor’s efficiency. Notice the change in enthalpy is constant
144.40 Btu / lbm which is the energy supplied by the source ( motor /compressor ).

Notice at 50 percent efficiency that half the 144.4 Btu / lbm applied to medium is converted into
enthalpy work. The other half is converted to enthalpy heat.
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Below is an example of a pump’s efficiency. Notice the change in enthalpy is constant 4.15 Btu /
lbm due to the energy supplied by the source ( motor / pump ).

At 75 percent efficiency, 75 percent of the energy is converted to enthalpy work.
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5.5 Cycle of Systems
In thermodynamics there are discussions about the efficiency of a cycle. With a new
understanding of a cycle and system it becomes apparent that the energy sources and sink
determine the efficiency of a cycle. Without knowing the energy removed from and added to
the processes of a cycle is flawed. It is impossible to determine that one cycle is more efficient
than another without knowing the energy consumed by the cycle. Below is a simplified
Rankine cycle for a typical power plant with the energy transferred.
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As for a reverse-Rankine cycle, the energy source and sink are a compressor, two heat and work
exchangers, and an orifice. This cycle is used for refrigeration and HVAC.
A question…
How can a cycle with two inefficient constant temperature processes, a sink that absorbs an
unlimited amount of energy and a source that supplies an unlimited amount of energy be the
most efficient cycle? Or is the Carnot cycle is limiting our thinking.
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5.6 Final Note and Thank you
Final Note
This book covers a significant amount of information about a slightly different approach to
Thermodynamics. I will continue to update the book as I go though my notes. Because we just
touch the surface there is more to cover. Therefore, future editions of this book will cover:
1. Comments and correction of this book
2. New phases such as power work, power heat, and enthalpy temperature.
3. Different medium …Air, Ammonia (NH3), R134 and etc
4. Mixture mediums…Psychometrics (Air and Water), Absorption (Ammonia and Water)
5. Applications of different processes, cycles and systems (power plant, refrigeration and etc.)
6. Other applications of work and heat energy
Thank you
Thank you for support so we can continue supplying hands-on information to you. Next, I
hope with this information we were able to take care of your priorities:
“Take care of yourself and your family”… hopefully the book made life easier for you and
gives you more time to spend with your family.
“Take of your co-worker”… that you used something in this book to make life better for your
engineering and maintenance team.
“Operate the plant meeting safety and environmental requirements while achieving a
profit”... implementing information from this book increased the safety and environmental
awareness in your plant, while improving the overall plant performance.
If nothing else, the book gets you thinking about thermodynamics. To quote Eleanor Roosevelt
again … “Great minds discuss ideas; average minds discuss events; small minds discuss people.”
For Young engineers only…
One of the most important decisions a young engineer can make coming out of college is to
determine what company to choose to start your career. Don’t make a job decision based on
money, perks, or location. Instead, select the job based on the manager you will be working for
because this person will be your mentor and prepare you the best for the future.
For managers only…
“Delegating …giving a person the responsibility, knowledge and opportunity to do
something but supplying a net to catch them if they need it!”
Good luck in your career. Remember to take a break occasionally, grab a cup of coffee, and
get one for me. Take care of yourself and your family… Fred
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