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Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 3304 CHEMICAL ENGINEERING THERMODYNAMICS I1

Course number and name:

CHEG 3304 Chemical Engineering Thermodynamics II

Credits and contact hours:

3 credit hours; 3 contact hours

Instructor’s or course
coordinator’s name:

Dr. Irvin Osborne-Lee, Professor of Chemical Engineering

Text book: Title:

Introduction to Chemical Engineering Thermodynamics

Author:

J. M. Smith, H. C. Van Ness, and M. M. Abbott

Publisher, Year & Edition:

7th edition, McGraw-Hill, 2001, ISBN: 0-07-310445-0
(preferred); or more recent edition. Authors website:
http://www.mhhe.com/engcs/chemical/smith/

a. Other Supplemental material

1. LearnChemE.com (last accessed 1/18/2021)
http://www.learncheme.conm/. In particular, many of the
screencasts on thermodynamics,
http://www.learncheme.com/screencasts/thermodynamics
2. Devoe (last accessed 1/18/2021)
http://www?2.chem.umd.edu/thermobook/, open source
textbook.

Specific course information

a. Brief description of the content of the
course (catalog description)

Credit 3 semester hours. Properties of ideal and non-ideal
binary and multi-component mixtures. Studies of
equilibrium for single-and multi-component systems based
on methods of corresponding states, equations of state and
activity coefficients. Chemical equilibrium applied to both
homogeneous and heterogeneous systems.

b. Prerequisites or
Co-requisites

CHEG 2334 (2043) and MATH 2320 (2043)

c. *Indicate whether a required, elective, or
selected elective (as per definition
provided) course in the program

Required

a. Specific goals for the course specific
outcomes of instruction (e.g. The student
will be able to explain the significance of
current research about a particular topic.)

Students will be able to :

b. Explicitly indicate which of the student outcomes
listed in Criterion 3 or any other outcomes are
addressed by the course.

The specific goals for the course specific outcomes listed
on the left column will address the following student
learning outcomes:

1. Demonstrate knowledge of the 1st, 2nd and
3rd laws of thermodynamics

2. Apply knowledge of 1st and 2nd laws of
thermodynamics to identify, formulate and solve
problems in energy conservation, power cycles,
refrigeration cycles and liquefaction systems

Outcome 1

An ability to identify, formulate, and solve complex
engineering problems by applying principles of
engineering, science, and mathematics.




3. Apply knowledge of multi-component
mixture physical equilibrium, and chemical
equilibrium to identify, formulate and solve
problems in reacting and non-reacting systems

4. Demonstrate use of modern tools of the
profession in solving multi-component mixture
physical equilibrium problems in reacting and/or
non-reacting systems

Brief list of topics to be covered Review 1%, 2" & 3™ Jaws (chapters 1-5) (6 hours)
Ideal gas law (3 hours)
Thermodynamic properties of fluids:
states of matter, energy & entropy changes (6 hours)
Maxwell’s relations, equations of state,
property relationships (3 hours)
Residual properties (4 hours)
Power & refrigeration cycles (6 hours)
Vapor/liquid equilibrium (6 hours)
Solution thermodynamics (6 Hours)
Gamma Phi Formulation (3 hours)
Project activities (3 hours)

Total

(45 hours)




II STUDENT PERFORMANCE ASSESSMENT

Program Outcomes Assessed in this course: None

Program Outcomes Developed in this course: One outcome as shown below.

Outcome 1:
An ability to identify, formulate, and solve complex engineering problems (CEP) by applying
principles of engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Qutcomes

Not applicable

Student Performance Summary (Class Averages by Assignment Category)

Gradebook Summary
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Title of Assignment: UPLOAD LETTER REPORT FOR PROJECT 1
Refrigeration Cycle Design Project

TOPICS COVERED IN PROJECT 1
(Project Activity & Letter Report Weight Category 50%)

Project 1 covered the following topics:

1. Review of the 1% and 2™ laws of thermodynamics
2. Introduction of refrigeration cycle with application of
thermodynamic principles
a. Cycles and state properties
b. Isothermal, isobaric, reversible, and irreversible processes
c. Use of thermodynamic tables
d. Real vs. ideal gas behavior
3. Concept of efficiency: compressor efficiency, cycle efficiency and
coefficient of performance
4. Phase diagrams (p-H and T-S diagrams) and their use in
representing and analyzing a refrigeration cycle
5. Application of 2" law and concept of approach temperature ins
selecting condenser & evaporator operating pressure
6. Refrigerant selection based on operating pressure/temperature and
global warming potential (GWP)
7. Experience working in teams
8. Written communication



CHEG 3304 — Thermo I Project 1 September 3, 2021

Refrigeration Cycle Design Project

This assignment is a collaborative learning assignment. Work in teams assigned. Teams may
consult each other but each team must prepare a project results poster presentation in PowerPoint™
and submit a letter report done up in Word™,

Problem Statement

A refrigeration system is to be designed to maintain the temperature in the range Ty oy 10
Trowmax- While the outside temperature varies from Trighmn 10 Tricsmas. 5 iven in the team
assignment matrix below. The total thermal load on the storage unit is given as 33 kKW. Obtain an
initial design for the vapor compression refrigeration system shown in Figure 1. Choose a safe and
suitable refrigerant. For safe operation and other factors, such as additional energy transfer, design
the system using a safety factor of 1.3. The compressor efficiency could range from 60 to 80
percent.

In the course of your design you will need to specify or/and determine the temperatures and
pressures at the different states and show the cycle with the vapor dome on a temperature entropy
(T-5) diagram or pressure enthalpy (p-H) diagram, or both. Also, you must determine the
coefficient of performance value and the mass flow rate of the working fluid.

Further gnidance on the expectations for the presentation and letter report will be provided during
this week. The team assignments and design condition are shown in the table. The temperature
ranges for the LOW and HIGH operating temperatures for the cycle give the range of values that
may be expected for Tpow and Ticy. respectively.

Significant insight to the design strategy can be gained by reviewing the paper” published by
Mulaweh and Arfad. Thermodynamic data is a crucial requirement for success in this design
activity. There are various sources' of such data readily available. You may need to do some
searching to find data for a suitable refrigerant for your assigned conditions.

" Hosni [ Abu-Mulaweh & Abdulaziz A. Al-Arfaj. “Engineering design experience of an undergraduate
thermodynamics course.” World Transactions on Engineering and Technology Edueation, Vel 10, Ne.1, 2012, pp. 77-
Bl. Avalable af http:/www. wiste. com.au/journals WTE& TE Pages/ Vol 10.%20Mo. 1%620%28201 2%:29/12-12-Abu-
Mulaweh-H.pdf, last accessed August 31, 2020.

T ASHRAE Handbook - “Fundamentals, Thermophysical Properties of Refrigerants, “Product & Application
Handbook, Vol. V J191, 2013, pp. J191-J207. Available gi_http:/'www.baltimoreaircoil.com/english/resource-
library/file/ 1485, last accessed August 31, 2020,

I The Engincening Toolbox, Available at hitps:/www.enginceringtoolbox.com/refrigerants-

d_902 html#:~:text=Physical%20propertics%a20of%20some%:2 0common a2 Mrefrigerants %3 A % 20%20, %2 0%20-
252%20%203 1 %2 0more%e20rows%e20, last accessed August 31, 2020,

Osborne-Lee Page 1/1
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SAMPLE PROJECT REPORTS
AND GRADING RUBRIC FOR PROJECT 1

Rubric for Gradmg Letter Report

e e 0 0

Task Description: This assagnment isa collaboralwe learning asmgnment Work in teams assrgned Teams may consult each other
but each team must prepare a project results poster presentation in Powerpoint™ and submit a letter report
__done up in Word

Criteria

Format

Organization

Quality of
Information

Usage,
Mechanics,
Spelling

References

Neatness

Timeliness

Comments:

weight

10%

10%

25%

25%

[o

10%

10%

Excellent
4
Yes

O Directly relevant to letter
report style

0O Good organization;, points

are logically ordered; sharp

sense of beginning and end

Supporting details specific
to subject; figures and
tables captioned, called out
and well discussed

No errors

Citations are used wherever
needed and helpful, are
called out and organized
properly

Typed; clean; neatly bound
in a report cover,
illustrations provided

li Report on !ln';e

10%

(m]

o

=

o

o

Good
3
Yes, but

Somewhat relevant to letter
report style

Organized; points are N
somewhat jumpy, sense of
beginning and ending

Some details are non-
supporting to the subject,
figures and tables captioned,
called out and discussed

Only one or two errors

O More than two errors

Citations are used in most
places where needed; are
mostly called out and
organized properly

Legible writing, well-formed
characters, clean and neatly
bound in a report cover

Report one class period late

Fair
2
No, but

O Remotely ;eialed to letter
report style

Unacceptable
1
No
O Totally unrelated to letter
report style

O Some organization; points
jump around, beginning and
ending are unclear

O Details somewhat sketchy
do not support topic. Not all
figures/ tables captioned
called out and discussed

1
| O Citations are sometimes

used but are not
consistently called out and
organized properly

O Legible writing, some ill-

formed letters, print too small
or too large; papers stapled
together

EI Report two class periods late

O Poorly organized, no
logical progression; vague
beginning and ending

| O Unable to find specific

details. Figures and tables
not captioned, called out
and discussed

O Numerous errors distract
from understanding

O Citations are not used or
are used improperly

O lllegible writing; loose

pages

D Report more than one
week late
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Figure 1: Refrigerators Power Cycle Flow diagram

Objectives

We used the identify, formulate, and solve methodology to evaluate four main objectives for

this project.

Select a safe and suitable refrigerant for the design

Determine the temperatures, pressures, enthalpies, and entropies of each stream.

e (Calculate the refrigerant circulation rate, Coefficient of performance (COP), and
compressor efficiency.
o Complete a pressure-enthalpy (P-H) diagram and a temperature-entropy (T-5) diagram of
the cycle.
Assumptions

To successfully design this cycle, we must make the following assumptions based

off our problem statement.

® The four processes or devices operate as an open system. The cycle also operates as
steady-state, and steady-flow.

® The evaporator, condenser, compressor, and expansion valve operate as open systems.

® The compressor and the expansion valve behave adiabatically, meaning heat transfer 1s
negligible.

® The evaporator and condenser behave isobarically as constant pressure devices.
(Mulaweh and Al-Arfa, 2012)

Results

The first objective was to design a refrigeration cycle and to find a safe and suitable refrigerant

for this design. We used the identify step to determine our refrigerant, label our flow diagram,
and label our P-H diagram We selected R-22 Chlorodifluoromethane as our working fluid.
This refrigerant has been used for decades in homes around the United States. Although this

refrigerant is no longer produced or imported in the United states. 1t is still used in one choice

of air conditioner or a heat pump system and still available for purchase where there 1s R-221n

surplus.



The second objective was to determine the temperatures, pressures. enthalpies. and entropies
of each stream. All missing parameters can be found using the pressure-enthalpy (P-H)
diagram shown in figure 4, including the temperatures, pressures, enthalpies, and entropies of
each stream. Tables 1 and 2 below show all values we calculated based on tlus diagram. Key
equations can also be found below. The key equations used were retrieved and mamipulated
from the textbook, Introduction to Chemical Engineering Thermodynamics, 8th Edition. See
Appendix A for full detail of the calculations.

Within the formulate step, we needed to find key equations. The following equations were
obtained from both the Mulaweh and Al-Arfaj report. and the textbook Introduction to
Chemical Engineering Thermodynamics, 8th Edition found in references. The equations listed

below were used to solve key parameters of our refrigeration cycle.

¢ Second Law of Thermodynamics analysis:
Q
AS ==
T
o First Law of Thermodynamics analysis:

d{mU)cp/dt = —A[m (U +1/2 u? + zg)]fs + @ + work rate

. QL
® jH=—
AH

o W, = mAH (work into the compressor)
. QH = AH (heat rejected by condenser)

_%

e COP =W,
__HI-H?
" HI—HY

The final step of the 3-step methodology 1s solve. Using the P-H and T-5 diagram to
determine values of each state, allowed our team to calculate values such as mass flow rate,
heat rejected. compression work. and coefficient of performance. We were also able to
determine the quality (x) of each state. Tables 1 and 2 below list the thermodynamic
properties and design values we calculated.



Table 1: Thermodynamic Properties at the relevant states

State T P H S X
(°C) | (MPa) (kJ'kg) (kIkgK)
1 -26 02 385 1.79 1
2(Ideal) 60 12 445 1.79 N/A
2'(Actual) | 85 12 465 1.85 N/A
3 32 12 230 0.7 0
4 -26 02 230 1.13 0.26

The third objective was to calculate the refrigeration circulation rate, also known as the mass
flow rate, m'. The circulation rate of R-22 of this design. We also calculated the coefficient of
performance to be 2.38. We determined the compressor efficiency to be 75% based on the
range of compressor efficiency found 1n our Introduction to Chemical Engineering
Thermodynamics, 8th Edition textbook in references. Calculations for these values can be

found in Appendix A,
Table 2: Initial Design Values

QL (kW) 42.9
Qi (kW) 93
W, (kW) 16.6
ri(ke/s) 0.277

COP 2.58




The fourth objective was to design a pressure- enthalpy (P-H) diagram and a

temperature-entropy (1-5) diagram to show the cycle behaviors. Figure 3 and Figure 4 display
these diagrams.

Figure 3: Temperature-Entropy plot of Refrigerant-22
(Temperature in Celsius and Entropy in kl/kg K)
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Figure 4: Pressure-Enthalpy (P-H) plot for the Refnigerant cycle
(Pressure in MPa and Enthalpy in kl'kg)
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Figure 5: Refrigerators Power Cycle Flow diagram with known parameters



Discussion

To design this refrigeration cycle, we need to choose a safe and suitable refrigerant as our
working fluid. We selected R-22 as our working fluid. Chlorodifluoromethane 1s a colorless
gas better known as R-22. By constructing Figure 1, and labeling all the known and unknown
values, we can determine how the refrigeration power cycle operates.

Qur cycle operates as an open system and allows the transfer of energy throughout our
system. The cycle consists of 4 processes including an evaporator. a compressor, a condenser,
and an expansion valve. We began our design by using the given temperature ranges to
determine our low and high temperatures. The ranges for our low temperature were-10°C and -
20°C, while the range for our high temperature was 15°C- 25°C. We then used a temperature
approach of 53°C-10°C to determine our low and high temperatures. Tjgy for our cycle 15 -26°C.
Thish was found to be -32°C. These temperatures also form isobars. Isobars indicate constant
pressure which are shown in our P-H diagram in figure 4. In our problem statement we were
given a thermal load of 33 kW . Using the given safety factor of 1.3 will allow our system to
achieve the desired cooling. Therefore, we must multiply the thermal load by the safety factor.
This value was calculated to be 42.9 kW. Another term we call the thermal load 1s latent heat.
which means there 1s a phase change present. We can use this value to calculate various
parameters of our cycle.

To begin our refrigeration cycle, the working fluid (R-22) passes 1sobanically through an
evaporator. Qur refrigerant 1s on the saturated vapor line once 1t reaches state 1. The working
fluid 15 compressed adiabatically where it reaches a temperature of 60°C and a pressure of 1.2
MPa. The working fluid then continues to an isobaric condenser where heat 1s rejected, and
the working fluid has a pressure of 1.2 MPa and a new temperature T: (32°C). The working
fluid 1s then sent through an adiabatic expansion valve, or throttling valve, where 1t drops to a
new pressure of 0.2 MPa and a temperature, Ts of (-26°C).

In an ideal vapor compression refrigeration cycle the compressor would be an 1sentropic
process, however for our design we are considering our cycle to be an Actual refrigeration
cycle. Therefore, we were tasked with finding two wvalues for state 2. These two states have
been labeled 2 and 27 In the Ideal vapor compression cycle, the working fluid from state 1 to
2 follows a path of constant entropy, however for our actual cycle we will use our compressor
efficiency to calculate the actual value of entropy at state 2 and depict that point on our graphs
as well. These values for state 2 are shown in Table 1 and Figure 4. The compressor requires
power input to increase the pressure of our gas. The evaporator's purpose is to remove heat
from the imnterior of the refrigerator as 1t increases the heat of the refrigerant as it passes
through the device. The condenser 1s used to reduce the heat of the refrigerant and the
expansion valve controls the superheating of the refrigerant.

To calculate the mass flow rate of our working fluid we simply used a first law of

thermodynamics analysis to manipulate the equation Gy = mAH . The value for Qy or the



thermal load 1is 42 9kW. Therefore, after inputting all values for H, the mass flow rate 1s equal
to 0.277 kg/s. Since we assume our cycle 1s a steady flow process, we can assume that the

mass flow rate remains constant throughout the cycle. Work 1s supplied at the compressor.

This value was calculated using the equation Vl{.: = WAH _ where the mass flow rate is 0.277
kg/s. and the H values are 445 kl/kg and 385 kl/kg. The work added to the system 15 16.6 kW
Heat rejected from the system was found using the equation Q.H = mAHand this value equals
-39.5 kW Using the Thermodynamics textbook found in our references, we were able to
select an appropriate compressor efficiency of 75%. We used this efficiency to compute the
actual entropy of state two. The actual entropy of our cycle 15 463 kl/kg. With this actual
entropy we were able to extrapolate data from our P-H diagram to find other missing
parameters such as temperature, enthalpy, and pressure. The coefficient of performance, COP,
was found by dividing the thermal load by the compression work. This value 1s 2.38. The
coefficient of performance tells us how effectively our refrigeration cycle transfers heat versus

the amount of energy consumed. (Air. Adams)

Using our P-H diagram. we were able to determine all parameters at each state i the
cycle. The pressure, temperature, enthalpy. and entropy of each process as well as the quality
at each point were found using this diagram. The values for pressure at each state are as
follows: P11s 0.2 MPa, Pr1s 1.2 MPa. P> 15 1.2 MPA_ P3i1s 1.2 MPa. and P4 1s 0.2 MPa. The
temperatures of each state include Ty at -26C, T2 at 60 C, T2 at 85 C, Tz at 32 C, and T4 at -
26C. The enthalpies of each state are: Hi equals 385 kg/k], H2 equals 443 kg/k]. Hy equals
465 kg/kl. H3 equals 230 kg/k], and H4 equals 230 kg/k]. Also, the entropy of state 1 and 2 1s
1.79 kl/kg K, for state 27 15 1 85 kl/kg K. for state 3 1s 0.7 kl/kgK, and for state 4 15 1.13
kl/kgK. We were also able to find the quality. x. of each point as shown in table 2. The quality
represents the mass fraction of vapor in a liguid/vapor mixture. At state 4, we can say that
there 1s 26% vapor and 74% lLquid based on the quality 0.26.

We used the P-H diagram to find our missing parameters by labeling each state point and
the conditions given An isobaric process is a process that takes place at constant pressure and
1s illustrated by two horizontal lines representing latent heat in Figure 4. Latent heat 15 simply
heat being absorbed or given out by a substance as it changes its phase at constant
temperature. From state 3 to 4 an 1senthalpic process occurs. An Isenthalpic process 1s the
wrreversible adiabatic expansion in a throttling device. An isenthalpic process 1s one that
proceeds without any change in enthalpy. There will usually be significant changes in pressure
and temperature during the process as illustrated 1n figure 4.

An interesting observation we made was the difference in the actual and 1deal
refrigeration cycle. The entropy of state 2 actual 15 greater than the entropy of state 2 1deal
This 15 due to the heat added which caused a temperature increase. The compression work also
plays a role 1n this increase because energy 1s being added to the system. Irreversibality and the

transfers of energy increase the entropy.



Conclusion and Recommendations

In conclusion, the identify formulate, and solve methodology to successfully design our
vapor compression refrigeration cycle. The refrigeration cyele we have designed the working
fluid undergoes three-phase changes. These three phases are the vapor phase, liquid phase. and
a muxture of iqud and vapor. The types of processes that occur within the cycle are 1sobanc,
adiabatic. and 1senthalpic. The compressor and expansion valve operate adiabatically. This
causes the system at these streams to have no heat transfer. Based on the Second Law of
Thermodynamics, we can also say that isentropic compression occurs in an ideal refrigeration
cycle. However, we have designed an actual cycle and the entropies of state one and two are
not equal. The heat exchangers are isobaric, which means there is constant pressure.
Therefore, P1 1s equivalent to P4 and P2 1s equuvalent to P3. We venified the heat rejected
from the condenser by taking the sum of the evaporated heat and the compressed work, which
should be equal to the amount of heat rejected. This equation is expressed as 42 9 kW + 16.56
KW =595 kW of rejected heat. Since this 1s a closed system, we know that the working fluid,
R22. has a constant mass flow rate. The pressure-enthalpy (P-H) diagram was used to solve
many of our missing parameters. Once we were able to find the pressures. temperatures.
enthalpies, and entropies, we were able to calculate the mass flow rate, heat transfers, and
work of the power cycle. The First Law of Thermodynamics, the Second Law of
Thermodynamics, the coefficient of performance, and the compressor efficiency were used to
calculate parameters. These calculations are used in the real world with applications of
refrigeration systems. We were able to interpolate values from our diagrams and apply key
equations that we have learned thus far in this course.

itroduction to Nuc... ¥ DocuSign & Google » Reading li

25/26  84.62/100(85%) 5,94

Graded Average

L | " +/ Kennedy Dent

Assignment Comments

. Comments: X

references listed are not called out
references not completely or consitently
formatted

missing callouts on some figures & tables
missing captions on multiple figures &
tables

missing credits on borrowed figures

COP is reasonable

sound design process

good choice of refrigerant

Irvin Osborne-Lee, Dec 14 at 10:47am

"' Yes sir. Thank you for the feedback *

Kennedy Dent, Dec 14 at 10:52am

o

Y



AVERAGE



I.  PROJECT LETTER REPORT: Refrigeration Cycle Design
Memorandum

Date: September 17, 2021

To: Dr Irvin W. Osborme-Lee
From: Zenab Coulibaly-Diakite. Meibryth Salas, Jeffrey Sanders
Re: Project # 1 Analysis of a refrigeration cycle

INTRODUCTION

According to the requirements given, a refrigeration system needs to be designed in order to
maintain the temperature from -30°C to -20°C, when the outer temperature will be in the range
of 5°C to 10°C. The given storage umt will have a load of 33 kW. We need to choose a safe and
appropriate refrigerant. With safe operation and care such as additional power transfers, the 1.3
safety feature will be used. The efficiency of the compressor should be between 60 and 80
percent. We are required to specify temperatures and pressures at the different states and indicate
the permeable cycle in the temperature diagram of entropy (T-s). Also. the coefficient of
performance value and the mass flow rate of the working fluid must be determined.

Refrigeration cycle:

A general refrigeration cycle has four major components which mclude 1) an evaporator 2) a condenser 3)
a thermal expansion valve (TEV) and 4) a compressor (Zhao, L., Cat, et al., (2013)). The refrigerant
remains piped between these four components, and 1t’s contained 1n the refrigerant loop. The refrigerant

1s passed step by step through these four components. The refrigerant begins as a cool vapor and 1s
entered into the first component which is the compressor. The gaseous refrigerant is entered into
the compressor at a very low range of pressure and temperature. Then 1t 1s compressed with the
help of a compressor as a result this cool gaseous refmgerant 1s turned to a hot and high-pressure
vapor. Then this compressed gas enters the next component in the refrigeration cycle which 1s the
condenser. The refrigerant enters the condenser as a superheated high pressure gas where 1t will
be cooled down so that it turns from a gas into a liquid. This happens when the condenser
removes heat from the superheated refrigerant vapor gas until it condenses it into a saturated
liquid state. The refrigerant then leaves the condenser and enters the thermal expansion valve
(TEV) as a regular temperature, saturated high-pressure liquid. The main job of the expansion
valve 1s to create a pressure and temperature drop so that the refrigerant can evaporate more
easily. The pressure drop causes some of the refrigerant to boil, creating a two-phase mixture of

cold ligqmd and vapor. The refngerant now enters the final component of the cycle, the



evaporator. In the evaporator, the refrigerant enters as a cold, low pressure liqgmid where 1t begins
to boil and evaporate. As the refrigerant begins to evaporate it picks up the heat of the room and

carries it away towards the condenser after the compressor where the refrigeration cycle will

begin agam.
Q Condenser
High High temperature heat rejection
pressure High pressure
liquid wapor
Compressor
Expansion Wark input
Device =
me
@ Low pressure
vapor
Low pressure Evaporator

. ' Q i
two-phase mixture  Sevap | | ou temperature heat acquisition

Figure 1: Diagram of vapor compression refrigeration cycle.

OBJECTIVES

# The main objective of this project was to design a refnigeration system to mamtain the
temperature in the ranges of 30°C to -20°C. when the outer temperature will be in the
range of 3°C to 10°C.

Find a suitable refrigerant for the assigned conditions.
Determine the temperatures, pressures. entropies, and enthalpies at the different states of
refrigeration cycle.

# Develop a temperature entropy (1-5S) diagram or pressure enthalpy (P-H) diagram to
illustrate the cycle with the vapor dome.

® Determine the coefficient of performance value and mass flow rate of working flmud.



RESULTS

The first action before anything else was to draw a schematic Diagram of our vapor compression
refrigeration system. Figure I, in the introduction section, represents it.
Our next step was to choose a refrigerant considering several factors such as cost, accessibiliry,

environmental impacts. We picked R-134a.
The third objective 1s to determine the unknowns and calculate their values in the cycle. Those

are the temperatures, enthalpies. entropies. and pressures at each different stages of the cycle. For
that objective we will be using the P-H diagram of our chosen refrigerant R-134a, Figure 2.

Figure 2. Pressure Enthalpy for Refrigerant 134a
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Figure 3. Temperature Entropy for Refrigerant 134a
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Table 1: Parameters of the cycle
Phase 1 Phase 2 Phase 2° Phase 3 Phase 4
Temperature T (*C) -40 40 70 20 -40
Pressure. P (atm) 0.05 0.6 0.6 0.6 0.05
Enthalpy, H (kl'kg) 375 430 460 225 225
Entropy. 5 (kI/ 1.78 1.78 1.92 0.70 1.10
kg*K)




Next, the calculations necessary to find the coefficient of performance and the mass flow rate of
the fluid.

Table 2: Kev E .
1-2: Constant 5. Work done into Wip = m(hy — hy)
the system by the Compressor
2-3: Constant P. Heat released out Qour = 1 hy — hy)
of the system by the Condenser
3-4: Throttling in Expansion Valve hy = hy (AS=10, Wy = 0. Qpe =0
4-1: Heat entering the Evaporator Qi = W hy — hy)
Coefficient of Performance, COP COP = :E'i
i H ldeal Waork
Isentropic Efficiency e = m* 100%

Tahble 3 — Calculations

¢ Mass Flow Rate of the Working Fluid, 1
k]
o _ _ s R kW _3 s _
Qun = 1(hy — hy) = 33.0 kW B 7h = hy-h,  (375-228)kjfkg 150 XL _-

&
kg

* Heat rejected by Condenser, @, (negative because it is going out of the system)
Qoue = mhy — hy) = 0.02 kg's (225 kl/kg - 430 kIkg) =

*  Work done by the Compressor
Wiy = m(h, — hy) = 0.02 kg/s (430 kl/kg — 375 ki’kg) = 55 kIS

s Coefficient of performance

_ Qin _ 1(hi—ha) hy—hy _ (375-228) kf/kg .
COP = Win  Tilha—hy) > ha=hy, — (430-375) kI/kg

* Isentropic Efficiency.n,
Mo = A 0.65100%= 65%

hyi—h, 460-375




DISCUSSIONS

The refrigeration cycle 1s composed of several different components in which we listed in the
mtroduction, in this project we discussed the possibility of the use of the working fluid R134a
and how the refrigerant can be used throughout a refrigeration cycle. We were tasked to find the
unknown values of this fliid and determine whether or not the refrigerant was an 1deal working

fluid for a refrigeration system.

Figure 1 is the refrigeration cycle illustrated to give a depiction on how and in what equipment

the certain tasks take place and where the start of each phase exchange happens.

Figure 2 the Pressure enthalpy diagram shows 1s where we plotted our reference points for our
refrigerant this 1s where the imtial values of our graph are found that being the pressures and
enthalpies of our fluid in which will being working through our cycle. The Phase changes are
also depicted within this diagram.

Figure 3 The TS diagram has our liquid vapor region labeled which consisted of the temperatures
-40 and 20 degrees celsius. With a cnifical point which occurs at 40 degrees Celsms. It depicts
specific entropy within the following phase changes on the X-axis and the route in which the

cycle takes.

From Table 1 provided in the results section we determined the Phases 1-4 the cycle will take
followed by the variables in which each phase will consist of, through the serval operations that
will take place duning the cycle, which include the temperatures T(C), pressures P(atm),
enthalpies H(kI'kg) and entropies S(kl/kg*K). Thronghout the cycle you can see depicted on the
table the consistency of our refrigerant and that the results throughout the phases are constant.

Table 2 are the equations used to gather the information needed to evaluate our refrigerants
properties to ensure the performance 1s adequate enough for viable use. We use equations to find
the work done into the system of the compressor and the constant entropy, heat released by the
condenser, the throttling expansion valve, heat entering the evaporator and the coefficient of

performance to determine the use of the refrigerant can be seen as efficient.

Table 3 are the calculations which we determined from the equations shown n Table 2. The

values we gathered in Table 3 determine whether or not our refrigerant (R.134a) is an ideal



working fluid 1n a refrigeration cycle. Our calculations show that the major equipment inputs and
outputs are all ideal values for a viable refrigeration system. COP tells us that our refrigerant has

a moderately high energy efficiency (2.73).

CONCLUSION

In this project we were to find an adequate refrigerant which was viable and at the same time
friendly towards the environment. During this project we were tasked with finding the unknown
values of the specific parts of the refrigeration cycle according to a specified refrigerant and how
that refrigerant acts withmn the system. Our group tested the usability of the refrigerant R134a_ a
refrigerant 1n which 1s used 1n many refrigeration systems. Through the findings depicted 1n the
P-H and T-5 diagrams we plotted our initial temperature powmnts (in and out). With the initial
values found through those diagrams we then used the two reference temperatures in the
beginning Phases to begin our calculations. Through our findings we came to the conclusion that
the working fluid R134a. 1s not only safe for the environment but 1t's more than 1deal for a
refrigeration system. In future works, with the understanding of the steps i testing different
refrigerants, I believe that we will complete this project using several different options of
refrigerants and then compare them with one another and analyze the different findings and
choose out of the selected what will be the more 1deal fluid in that respect. We will have a deeper
understanding of how to read P-H and T-5 diagrams and what plots are needed in the 1mitial

readings of the refrigerants. Overall this cycle was a success.
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L Introduction

Refrigeration cycles use in many mechanical systems and are commonly used in
industrial facilities to create environments conducive to perseveration and safe storage of
products. This project will describe how a compression refrigeration system works, and the
primary components used to develop the refrigeration cycle. These components are highly
specialized to provide the desired effects. Four mam parts complete the process, such as

compressor, condenser, expansion valve, and evaporator.

/‘_\\ High pressure high
temp. Vapour
Refrigerant
Compressor g
_
Vapour W
Refrigerant
Dut

| REFRIGERATION CYCLE [2==

| High pressure
1 i H Low tem
quid Hestflcter Receiver i P
Refrigerant In AN Liguid
—I'er[-.Ilﬂg"'__ = Or Refrigerant
e ra =
Low pressure” Device ~ Stor_age .
Low temp. Device
Liquid
Refrigerant

Additionally. the fridge must use a refrigerant. This substance 1s used to provide a
cooling effect. And the cooling effect that undergoes phase transitions from fluid to gas and back

to fluid. In this refrigeration cycle project, we will use R134a that widely used in today’s times.



The structure of R134a

3D-image 2D-image

R134a1s also known as 1.1.1_2-tetrafluoroethane. The structure 1s CH2 FCF3 that consists

of two carbon atoms, two hydrogen, and four fluorine atoms. This refrigerant has no-toxic, non-

flammable, and non-corrosive. Also, it has zero Ozone layer depleting properties and hence

became popular as an ideal replacement for chlorofluorocarbons (CFC), hydrochloroflucrocarbons

(HCFC). and dichlorodifluoromethane (R-12). which were known to harm the Ozone layer and
global warming.

II. Objective

Qur goal 1s to design a vapor-compression refrigeration cycle to absorb heat from cold to

warm environments. This design bases upon the ideal vapor-compression refrigeration cycle. The

components of the refrigeration system are the compressor, condenser, expansion valve, and

evaporator. Additionally, to design the refrigeration system, the most important thing is we must

determine the suitable size of refrigeration needed, such as mass flow rate, work input, pressure,

coefficient of performance (COP). electric power mput. We are also evaluating the P-H diagram

or T-S diagram and selecting the refrigerant which will utilize



Temperature

Entropy

III. Calculation

Pressure

Enthalpy

A refrigeration system is to be designed to maintain the temperature in the range -

30°C-40°C, while the outside temperature from 0°C-3°C. The total thermal load on the

storage umit 1s given as 33 kW. Choose a safe and suitable refrigerant. Design the system

using a safety factor of 1.3. The compressor efficiency could range from 60 to 80 percent.

Grven: Tiow min =-30°C

Tiow max = -40°C
Thighmin = 0°C
Thighme = 3°C

Safety factor of 1.3

Total thermal load on the storage unit @, ,, ;, = 33 kW x (1.3) = 42.9 kW

P:=P3 Saturated
liquid
P1=Py
Expansion
Ti=Ts valve
he = hs

Saturated
liguid + vapor

Qu
Superheated
Condenser vapor
2
SE 1 Compressor
Saturated
Qu i vapar



#+ Based on the R-134a table properties of saturated liquid, saturated vapor. and superheated
vapor.

Refrigerant 134a (1,1,1,2-Tetrafluoroethane) Properties of Saturated Liquid and Saturated Vapor

. " Enthalpy. Entropy. Specific Heat Velocity of Viscosity,  Thermal Cond..

Tt hgnt by WS MK G WeK) e Sedme uhes Wik ol

C MPa  Liguid VYapor Liquid Vapor Liguid Vaper Liguwid Vapor Vaper Liguid Vapor Liguid Vaper Liguid Yapor mN/m  °C
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90 000152 15558 SRR BT23 34276 05000 LEST2 1180 0617 LIS 1081 1310 13390 T0d 1373 415 BN 0
L] 000367 15200 42682 990R 48R D56 LRSRO 19RO O LISI LN 1340 100R0 T4a 131S 0 495 MO0 R0
-1 0O0ME 15019 20590 L1130 35502 O6De:  LEIGE 1210 0667 L0148 952 1368 NI TE9 1260 35 X4 -T0
=60 001591 14743 L0790 (2336 36131 OGE46  LEDIO 1223 0692 1046 903 1394 66R] B30 1207 636 IMED 60
500 00E04S 14463 06620 1356T 36765 07410 LTEOE 1238 OTH LI46 R3S 1417 BEED AT lde T36 1IR30
40 008121 14177 036106 L4804 3TA00 0795 LTeEE 1285 0740 LI4E8 BOT 36 4TR2 LI Ll0s R17 1TsD 40

Refrigerant 134a Properties of Superheated Vapor

Pressure = 0.200 MPa
Saturation temperature = —10.07°C

f Temp.,* Density, Enthalpy, Entropy, Vel. of Te
/s o kga'm'i Klkg  kli(kg-K) Sound, m/s
- Saturated Sa
Liquid 132578  186.69  0.9506 672.8 L
Vapor 10,01 302,71 1.7337 146,9 Al
| —10 10,01 392,77 1.7339 147.0
o 954 40121 17654 150.6
10 913 40973 1.7961 154.0
State 1 2 3 4
Temperature (°C) -30 3 0 -50
Pressure (MPa) 0.02945 0.29280 0.29280 0.02945
Enthalpy (KI/'Kg) Hi1=36765 | H:=40547 Hs:= 200 Hs=200
Properties of state | Saturated Super-heated | Saturated Liguid/vapour
vapor, low High hgqmd, ugh | mixture, low
pressure, low | pressure, pressure, pressure, low
temperature | high medium temperature
temperature temperature

a) Determine the mass flow rate

QLorin = m(hl - Ifl-t-)

(33 kW) x (1.3) = 11(367.65 — 200)
1 = 0.2559 K8/,

b) Determine work done on the compressor




Win = m(hy — hy)
= 0.2559 x (405.47 — 367.65)

W, = 9.68 kW
¢) Determine the heat transfer in the condenser

Q4 or our = mlhy — hy)

= (0.2559) x (405.47 — 200)
Qllnrnut = 52.58 kW

#%+ Check the answer if it is correct. Rejected heat = Evaporated load + Compressor work

Qour = Qin + Win
52.58 kW = 42.9 kW + 9.68 kW
52.58 kW = 52,58 kW

d) Determine the coefficient of Performance (COP) for the refngeration

cop =% _22FW_ 43
W, 9.68KW
Iv. Table of Results
Total Thermo Load (KW) Q=429
Mass Flow Rate (Kg/s) m = 0.2559

Work Done on the Compressor (kW) Wi = 9.68 kW

Heat Transfer in the Condenser (kW) Qu=>5258

The Coefficient of Performance COP=443

V. P-H Diagram
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- Point 1 to 2: Refrigerant change in a compressor
- Paint 2 to 3: Refrigerant change in a condenser

- Point 3 to 4: Refrigerant change through an expansion valve

- Paint 4 to 1: Refrigerant change in an evaporator.

VI. Discussion

According to the result on the table, from state 1 to 2 1s a reversible, adiabatic. or
isentropic compression which saturated vapor of state 1 at low temperature T=-30°C, and low
pressure (P;= 0.02945 MPa) 1s super-heated to state 2 at high temperature T= 5°C and high
pressure Po=0.29280 MPa. From state 2 to 3 is reversible, constant pressure (P>=P:=0.29280
MPa) and condensed to a saturated liquid to state 2 at T=0°C. Durning this process, the working
substance rejects most of energy (Qu=32.58 Kw) to the condenser cooling water. From state 3
to 4 15 an irreversible throttling process which the temperature and pressure decrease at constant
enthalpy (hs=hs= 200 KI/Kg). The refrigerant enters the evaporator at state 4 in a low-quality

saturated mixture. Finally, from state 4 to 1 process is a reversible and constant pressure



(P4=P1=0.02945 MPa). Heat transfer (Qw= 42.9Kw) in the refrigerant of two-phase mixture 1s
evaporated to a saturated vapor at state 1.
VII. Conclusion
After research and design the refrigerant cycle, this project provides knowledges how
to choose the right and safe refrigerant and learn how to obtain the pressure and the enthalpy
using R-134a properties tables or graph. Understanding the processes of each state in detail
from the lowest to the highest temperature and identifying the formula of how to solve the
mass flow rate, the work done on the compressor. heat transfer in the condenser. the
coefficient of performance (COP) for the refrigeration system are necessary for this project to
draw a P-H diagram using those values from calculation. Therefore, this project is valuable to
learn and understand refrigeration cycle better. It not only helps students to review the old
material in thermodynamic I but also prepare us to work as a team at the company in the

future.
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Activity Coefficient Model Selection

TOPICS COVERED IN PROJECT 2
(Project Activity & Letter Report Weight Category 50%)

Project 2 covered the following topics:

1. Literature search to find published VLE data for binary systems

. Ideal solution behavior and departure from Raoult’s Law

. Activity coefficient models accounting for non-ideal solution

behavior

4. Generation of phase diagrams (Txy and Pxy) using ASPEN.

5. Comparison of model simulations of phase behavior with real data
obtained from the published literature

6. Selection of the best model based on visual observation of overlaid
data and theory plots

7. Experience working in teams

8. Written communication

w N
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Using ASPEN Simulation for T-x-y, P-x-y Diagram Generation and
Activity Coefficient Model Selections

This activity builds on what we have been learning in class about activity coefficients and how they can
be modeled. Tt introduces you to chemical process simulation through use of built in property packages,
which need to be specified in order to do a simulation with your particular set of components. A
leaming outcome will be that you will be able to calculate VLE data for a binary system and used it to
model separation (and other operations) of a process stream using a chemical process simulation
package from AspenTech, Inc. To help vou become experienced users of ASPEN, vou will use it to
create the phase diagrams that you have been working much of this semester. Also, you will gain some
experience with property method selection by comparing ASPEN simulation results with different
choices of method.

So, this project occurs in three phases including the following activities: literature search in which you
will select a binary system, acquire a table of published VLE data, and gain approval from instructor;
use of ASPEN to generate Txy and Pxy diagrams for the system and conditions you had approved: and
use of ASPEN to simulate your system using different property methods (such as Ideal Solution, Peng
Robinson, ete.) and make comparison of simulation results with published VLE data; and reporting.

Instructional Objectives — At the end of this exercise, students will be able to accomplish the following.
*  Use sources published information such as Perry’s Handbook and online sources including the

Internet search engines such as Google Scholar, and data base indexes such as Compendex.

Select a binary system with useful VLE data.

Reinforce knowledge of a simple flash drum separator

Generate phase diagrams wsing the ASPEN simulator,

Select a thermodynamics package to model a binary system.

Compare simulation results to published data on binary system VLE

Because of the scope of information that must be searched, and the different skills required to complete this
project, you are required to work in teams. Your instructor will allow you to form your team assignments.
Do so by selecting the same team in Canvas as your team mates do (use the People link, and the Project2 tab,
or send a message to your instructor with your teaming preference). When assigned, teaming will appear in
Table 1.

An overview of the procedure you will use in making a simulation is outlined below.
Phase 1
*  There are multiple sources of the data you will need. It will be best to use your team to “divide and
conguer” the territory. You must find a set of data for VLE of a binary system that includes a table
of P-x-y or T-x-y data. Each team will have a different binary system, so your selection is not final
until approved by the instructor. Ideal binary systems are not allowed.
*  Use the attached ASPEN Cookbook for VLE Calculation to practice generating T-x-y and P-x-y
diagrams.
Phase 2
=  Apply the technique learned in Phase 1 to use ASPEN for generating phase diagrams predicting
VLE behavior, for various activity coefficient models,,
=  Compare the results of the ASPEN model predictions for your system to the actual data yvou
obtained from your literature study in Phase 1. Find the model that best fits the data,
Phase 3
*  Submit results via eCowrses. All submissions will be via eCourses.
o No cover page.
o Deliverable is a letter report written in MSWord, with letter style formatting of address
block; message body explaining assignment and attachments, along with a quick
description of results; and signature block including all teammates who participated.

Osborne-Lee & Mcintyre lof3
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©  Files attached as an appendix: (1) report containing table experimental data; figures based
on ASPEN screenshots (with appropriate captions) or plotted data from ASPEN report
files; plots showing comparisons of simulation results to actual data; findings, conclusions,
and references; supporting literature, ASPEN simulation, and ASPEN report files.

WOTE: You will need a way to access ASPEN. It is available for vou to run from the Wilson 202

computer lab, which is the default access mode for this face-to-face course. If vou would like to access it
remotely, you will need to use VDI or VPN. Contact technical support if you need remote access.

Aspen Cookbook for VLE Calculations

1. Select blank simulation, OK.

2. Select local PC, OK.

3. Select the units: Click on Data, Setup, Input data;, Output results:, then close window.

4, Click on Separators, click on Flash2, place in the middle of the canvas.

5. Click on Material STREAMS, connect the required streams on the Flash drum (red), Feed,
Vapor, Liguid.

6. Rename the streams, select (left click) then right click, rename.

7. Data, Components, Specifications: type in names, e.g., Methanol, then propane, etc.

8. Data, Properties, Specifications, Base Method, select PENG-ROB or some other method.
MNote that a brief description appears in the bottom pane when your mouse is over a given
method.

9, Data, Setup, Report Options, Stream tab, select all items to be included in the report.

10. Select, right click on Feed stream, Input. Specify T, P, composition, flow rate and anything
else you need.

11. Select, right click on Flash, Input. Specify the Flash Temperature and vapor fraction
(change Pressure to Vapor fraction). Be sure that your temperature is below the critical
point of the mixture or you will not get a flash calculation.

12. Data, Properties, Prop-sets, New —* name it, find PHIMX, etc. and add as many properties
to that prop-set that you need. Then click on the Qualifiers tab, select liquid in one
column and vapor in the second column. You do not need to select a component.

13. Add the property set to the report: Data, Setup, Report options, Stream, Property Sets,
find the name and add it.

14, Do the calculation. You need to do this even though you are not interested in the results,
Run, Rum, or N —F.

15. You can now view the results of the calculation. Click on Check results in the Control Panel
(blue folder with blue check mark).

16. If you want to generate Pxy or Txy diagrams: Tools, Analysis, Property, Binary, generate
Pxy or Txy or Gibbs.

17. Select Analysis type: Pxy (or Txy)

18. Select temperature (or pressure).

19. Change the number of points or composition range, etec, @ if desired.

20. Click on Go.

21. To select a different property method (e.g., NRTL, etc.) go to step 8 and then re-run the
flash calculation.

22. View the results.

Osborne-Lee & Mcintyre 20f3
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Table 1. Teaming Assignments for Project 2

Team Set Project 2

Members

Team 1

lazmain Carter
Edgar Mendoza
Dynasty Stephenson

Team 2

Shelton Amaram
Kelby Smith
Isaiah Waters

Team 3

Zenab Coulibaly-Diakite
Yazmine Rincon
Meibryth Salas

leffrey Sanders

Team 4

Kayla freeman
laneria Perry
Erron Williams

Team 5

Kalaya Anderson
Kennedy Dent
Kiara Graham

Team 6

Ariel Kinsey
Alexis Rabb

Team 7

Byron Henderson
Maya Spears
Wesley Walsh

Team 8

Devin Luckett
Kennedy Meeks

Team 9

Nina Patthammavong
Vivian Patthammavong
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Memorandum

Date: December 4, 2021
To: Dr. Irvin Osborne-Lee
From: Isaiah Waters, Shelton Amaram_ Kelby Smith

Re: Project #2 (ASPEN Simulation for T-x-y and In y vs. x diagrams)
Introduction

In this report, we were tasked to demonstrate our implementation of technical skills by
using ASPEN+ to compare binary system activity coefficient models. These simulations were
comparative to experimental data that was investigated from online. Numerous online data have
been examned, and selecting the activaty coefficient model that best reflected the data from our
sources was the objective. Our project team resolved on choosing the Acetone/Methanol Binary
VLE (Vapor-Liqud Equilibrium) system which does not follow Raoult’s Law for binary
systems. It 1s for this reason activity coefficient models are necessary to begin with. to account
for deviations from 1deal solution behavior of chemical species. Below are the structures of our

two molecules.

o |
[ H—C—OH

L |
H3C CH3 H

Acetone (ketone) Methanol (alcohol)

Page 1



Ohjectives

# Choose binary VLE system of two chemical substances
# Research databases via Google Scholar and other reputable sources
o Use ASPEN PLUS to simulate VLE charts/data tables for different activity coefficients

¢ Compare simulated data to experimental data from literature

Results

The results of the assignment include a mynad of charts and plots that have been
compared with literature. To make comparnisons uncomplicated, plots were merged with the

expermmental data researched and tabulated through ASPEN Plus.

*The information below serves as a preface for the following graphs and data tables.

VLE Plots

Chosen System: Acetone/Methane Binary

All plots done at constant pressure 97.8 kPa ; mole fraction Acetone
- T-x-y plots (Compared with literature) @97.8 kPa
- Activity Coefficient vs. mole fraction

- Logarithmic Activity Coefficient vs. mole fraction (Compared with literature)

Activity Coefficient Models Implemented
- Redlich-Kwong-Soave
- Umversal quasichemical Functional groups Activity Coefficient (UNIFAC)
- UNIQUAC (Universal Quasichemical)
- Peng-Robinson
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Figure 1: T-x-v diagram for ACETONE/METHANOL RKS-experimental data
This diagram depicts the Redlich-Kwong-Soave T-x-y graph formed through ASPEN when
merged with the experimental data from the article.
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Figure 2: Activity coefficient diagram for ACETONE/METHANOL REKS
This diagram shows the Redlich-KEwong-Soave activity coefficient graph formed through ASPEN showing
the 'y vs x correlation for this binary mixiure.
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Figure 3: T-x-v diagram for ACETONE/METHANOL UNIFAC —experimental data
This diagram depicts the Unifac T-x-y graph formed through ASPEN when merged with the
experimental data from the article.
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Figure 4: Activity coefficient diagram for ACETONEMETHANOL -UNIFAC
This diagram illustrates the Unifac activity coefficient graph formed through ASPEN showing the vy vs x
correlation for the binary mixture.
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Figure 5: T-x-v diagram for ACETONE/METHANOL UNIQUAC —experimental
data
This diagram shows the Uniguac T-x-y graph formed through ASPEN when merged with the
experimental data from the article.
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Figure 6: Activity coefficient diagram for ACETONEMETHANOL -UNIQUAC
This diagram depicts the Uniquac activity coefficient graph formed through ASPEN showing the
v Vs x correlation for this binary mixture.
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Figure 7: T-x-v diagram for ACETONE/METHANOL
Peng-Rohinson—experimental data

This diagram depicts the Peng-Robinson T-x-y graph formed through ASPEN when merged with
the experimental data from the article.
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Figure 8: Activity coefficient diagram for ACETONE/METHANOL —Peng
Robinson
This diagram depicts the Peng Robinson activity cogfficient graph formed through ASPEN
showing the vy vs x correlation for this binary mivture.
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Introduction to Chemical Engineering Thermodynamics, SVNA 7th Edition
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Figure 9: Activity Coefficient Graph for Acetone/Methanol Binary System from

This plot from the class rext serves as a reference for our generated and experimental
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Table 1: Experimental data for Acetone/Methanol Binary with Activity Coefficient

parameters (}7)
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Figure 10: Activity Coefficient graphs for Redlich-Kwong-Soave and experimental
data
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Figure 11: Activity Coefficent graphs for UNIFAC —experimental data
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Figure 12: Activity Coefficient graphs for UNIQUAC —experimental data
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Figure 13: Activity Coefficient graphs for Peng-Robinson—experimental data
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Discussion

For this assignment. the task was to conduct research on a binary VLE system. simulate
ASPEN data plots for that system. and compare simulations with published data. The system
chosen was the Acetone/Methanol vapor liquid equilibrium (VLE) system. Literature review
indicates that this system does not follow Roault’s law. Because of their structures, the two
chemuical substances in question behave differently. Acetone [(CH;),CO] 1s a ketone whereas
methanol (CH;0) 1s an alcohol. When mixed, they do not form an 1deal solution where all
molecules behave similarly. For this reason Roault’s law does not hold. We must use activity

coefficients (}7) to modify Roault’s law to correctly represent the VLE data.

Four different activity coefficient models were selected: Redlich-Kwong-Soave (RKS),
Universal quasi-chemical Functional groups Activity Coefficient (UNIFAC), Universal
Quasichemical (UNIQUAC), and Peng-Robinson (Peng-Rob). By selecting the different
thermodynamic packages, ASPEN+ was able to generate T-x-v and activity coefficient diagrams
from information stored in its databases. These plots were then merged with experimental data to
compare their accuracies (Figures 1. 3. 5, 7). From these plots alone, it 1s possible to see how
each of the simulations generally correspond with the actual data; however, we furthered our
experiment by plotting logarithmic activity coefficient data through excel. This should give us a

finer comparison between activity coefficient models.

Loganthmic activity coefficient data were accessible through multiple sources, mcluding
the class text (Figure 9). This graph served as a basis for what we should expect when tabulating
data from online sources and simulated data. To plot the data in loganthmic form. we were
inclined to use both ASPEN and Microsoft Excel. ASPEN only allowed activity coefficient ()
data without logarithmic form. Taking the y tables from each of the thermodynamic packages
and placing them on Excel 15 what was necessary to move forward. Figures 2. 4, 6. and 8 show
the diagrams of i vs. x; the tables were derived from each of the simulations. To get activity
coefficient to compare the simulations with, we used a table from an article publication. This 1s
shown in Table 1 above. In Excel. the graphs of In } vs. x were supenimposed where each

thermodynamic model (i.e. RKS, UNIFAC, etc) was layvered with the data from literature. This
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is apparent i Figures 10-13. With these diagrams, we can accurately compare the behaviors of
simulated versus published data.

Each of the graphs follow a similar pattern, but UNIEAC and UNIQUAC are the lines of
best fit. When looking at the plots, it also seems that these two activity coefficients are 1dentical
with each other. Research shows that UNIFAC and UNIQUAC behave the same for mixtures of

unsubdivided molecules.

Conclusions and Recommendations

After completing the task, we acquainted ourselves with ASPEN+ and successfully
implemented activity coefficient models to compare different binary systems with their
corresponding t-x-v diagrams. In order to find out which method correlated most, we merged the
experimental data obtained from online publications onto the simulated data. It was concluded
that both the UNIFAC and UNIQUAC modules proved most consistent with outside sources.
From all this information being known. it 15 determined that the binary system for
Acetone/Methanol works very well under non-ideal conditions when looking for different
thermodynamic models to make a graph out of. One system that could be further explored 1s the
solid-liquid equilibrium system for this mixture due to its usefulness in designing industrial

separation and purification operations.
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Memorandum

To : Dr. Oshorne-Lee

From: Janeria Perry, Kayla Freeman. Erron Williams
Date: Dec. 1. 2021

Subject: ASPEN Simulation Model for Propyl- Acetate/ Methanol

Introduction: The objective of this memorandum 1s to correlate experimental data of the binary
system of Propyl-Acetate(1) + Methanol (2) to an ASPEN simulated model that portrays the
liquid-vapor equilibrium on a T-xv diagram using a activity coefficient model.  While
performing the Aspen model simulation of the TXY diagram of our binary mixture we decided to
use three different activity coefficient models. Each model was simulated at a constant pressure of
0.6MPa. The first model we decided to use was the Peng Robinson equation of state model. From
our published experimental data, we discovered that the Peng Robinson EOS usually works well
with polar components, which in this case 15 Methanol. We also used the SRK activity coefficient
model because we knew the equation was the same for the Peng- Robinson model but we wanted
to see how the graph would vary with different parameter functions. The last activity coefficient
model we used was the UNIFAC method. We used the UNIFAC method because we learned that
this method uses the various functional groups that are present in the liquid mixture to calculate
the activity coefficients. In this case the different functional groups that were present were an
acidic ester from the propyl acetate and a primary alcohol from the methanol.

The experimental data of Propyl-Acetate was determuned by using an ebulliometer to
determine the boiling points of the solution by measurning the temperatures of vapor-liqgmd
equilibrium 1sobarically at 0.6MPa.

Objectives:



¢ -Examine useful experimental data for a binary system that does not follow Rault’s Law

® -Generate T-xy and/or P-xy diagrams of the data using ASPEN simulator

e -Generate Aspen simulations of the chosen binary system using different property methods

¢ -Compare the simulation results to the published experimental data

Kev Concepts:

1) T-xv Diagram - Txy Diagrams display the liquid (x) and vapor ( y) mole fractions that
correspond with temperature values of the pure components for a binary system that 1s
isobaric.

2) P-xy Diagram: represent the molar liquid and vapor compositions on a VLE diagram in
corresponce with pressure values: which is used for an isothermal system

3) Activity Coefficient Model: shows the ratio of the chemical activity of any substance to
1ts molar concentrations. These models can be used to determune the magnitude of
deviation within a binary system in reference to ideal gas behavior (ex. SRK, Peng
Robmnson, Van Laar.. etc. )

4) (VLE)Vapor-Liguid Equilibrium - the state of coexistence of liquid and vapor phases

3) Raoult’s Law- a law that states that the pariial pressure of each component 1n an 1deal
solution of liquids is equal to the pure component of 1deal gas/vapor multiplied by its
mole fraction. This law can only be used for ideal Mixtures.

6) Modified Raoult’s Law- This law 1s used for non-ideal solutions that deviate from ideal
solution behavior

7) Fugacity - a thermodynamic property that measures the tendency of a gas to expand or
escape. Fugacity can also measure the reactability of a gas within a solution.

8) Binary System - a chemical compound containing two different elements

9) Isobaric - a thermodynamic process in which the pressure is constant.

10) Isothermal- a thermodynamic process in which temperature 1s constant

Equations:

: : _ _RT a(T)
> (PR) Peng Robinson Equation- P = v Wiem)ie)
RT a(T)

> (SRK) Soave- Redlich- Kwong - P = =——

V-b  (V+eb)(V+ob)
o PR & SRK share the same equation but differ with parameter
function of a(T), as well as different values for sand o.



Pt
> Antoines’ Equation - [n,gP*% = A — —
> Modified Roault’s law -y, P = x,y,P%
> Unifac - In'y = In'y© + In'y®
Key:

> Raoult's Law - y; =

P- Pressure

x;- Vapor Phase property (of species 1)

R- Gas Constant

Pf% _ Saturated Pressure

V- Molar Volume

T- Absolute Temperature

y; — Liquid Phase Property (of species 1)

A B.C - Parameters for for Antoine's equation (can be found on data
table)




Results:

Table 1-1 Eiror Calculations of Peng Robinson. SRK. and Unifac Activity coefficients

PG SRK UNIFAC
Error%o

X1 () Error%e T X1 Error%(y) |Error% T |X1 Error%(y) |Error% T

0.04 30.463 0.572 0.04 35.656 0.450|0.04 9.267 0.213
0.28 37.555 0.709 0.28 37.629 0.558|0.28 4.077 0.703
0.4 24 485 0.483 0.4 23.512 0.326|0.4 4.465 0.875
0.44 17.711 0.308 0.44 16.566 0.152|0.44 2.997 0.875
0.5 13.658 0.129 0.5 12.302 0.024|0.5 6.202 0.995
0.64 3.919 0.656 0.64 5.290 0.785|0.64 4.470 1.020
0.72 10.637 1.101 0.72 11.873 1.202\0.72 4.497 1.026
0.78 13.677 1.301 0.78 14.763 1.372(0.78 4.966 1.085
0.88 15.121 1.239 0.88 15.841 1.237|0.88 4.052 1.128
0.9 15.429 1.209 0.9 16.049 1.188|0.9 2.418 1.021

Table 1.1 Calculation of error within the y component and (T) temperature
- E. Williams

T-XY Diasram Propvl-Acetate/ Methanol using Peng- Robinson EOS at 0.6MPa




Txy diagram for PAPMEOH
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Figure 1.1 T-xy Diagram for Propyl-Acatate Methanol- this diagram was created using ASPEN Plus. using the Peng-Robinson method at 0.6MPa
- K Freeman

T-XY Diagram comparing the Experimental data to the Simulated Data of Propvl-Acetate/ Methanol
using Peng- Robinson EOS at 0.6MPa




TXY Experimental vs Peng- Robinson at 0.6MPa
450

PS

440

430
420 /

410

—@8— Experimental

—&—Peng-Robinson

400

390

380

Figure 2.1 T-xy Diagram comparing the experimental data to the simulated Peng- Robinson data for Propyl-Acetate Methanol: this diagram was created using Excel. - K Freaman

T-XY Diagram Propyl-Acetate/ Methanol using SRK EOS at 0.6MPa
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Figure 1.2 T-xy Diagram for Propyi-Acetate Methane: this diagram was created by ASPEN Plus using the SRK EOS method. - K Freaman

T-XY Diagram comparing the Experimental data to the Simulated Data of Propvl-Acetate/ Methanol
using Peng- Robinson EOS at 0.6MPa
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Figure 2.2T-xy Diagram comparing the experimental data to the sinmlated SRK data for Propyl-Acetate Methanol: this diagram was created using Excel. - K Freeman

T-XY Diagram Propyl-Acetate/ Methanol using SRK EOS at 0.6MPa
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Figure 1.3 T-xy Diagram for Propvi-Acetate Methanol: this diagram was created using the UNIFAC ASPEN Plus model. - X Freeman

T-XY Diagram comparing the Experimental data to the Simulated Data of Propvl-Acetate/ Methanol
using the UNIFAC Method at 0.6MPa
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Figure 2.3 T-xy Diagram comparing the experimental data to the simmlated SRK data for Propyl-dcetate Methanol: this diagram was created using Excel. - K Freeman

Activity Coefficients Diagram Simulated in Aspen of Propyl-Acetate/ Methanol using the UNTFAC
Method at 0.6MPa



Activity coelficients for PATMEOH
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Figure 3.1 Activity Coefficient diagram for Propyi-Acetate Methanol: this diagram was created using the activity coefficient model of UNIFAC in ASPEN Phus. - K Freeman

Activity Coefficients Diagram Simulated in Aspen of Propvl-Acetate/ Methanol using the Peng-

Robinson Method at 0.6MPa




Aty coeffcients for PATMEOH

MO0 025 0050 OOTS 0A0D OUR5 G130 OATS 0200 025 020 0Z5 03N 033 630 A5 0X0 0425 0450 04T 0N 0S5 050 ONS 06D 085 OS50 O 070 W5 070 O7S ONO AR5 00 G OX0 095 0950 0TS 140
Liguidhapor mok fration, Py

Figure 3.2 Activity Coefficient diagram for Propyi-dcetare Methanol: this diagram was created using the activity coefficient model of Peng Robinson in ASPEN Plus. - K Freeman




Activity Coefficients Diagram Simulated in Aspen of Propvl-Acetate/ Methanol using the SRK
Method at 0.6MPa
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Figure 3.3 Activity Coefficient diagram for Propvi-dcetate Methano!: this diagram was created using the activity coefficient model of SRK in ASPEN Plus. - K Freeman




T-XY Diagram of experimental data of Propvl-Acetate (1) + Methanol (2) at 0.6MPa

T-x-y Propyl Acetate(1) + Methanol(2) at 0.6 MPA
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Figure 4.1 TXY Diagram of experimental data of Propyl Acetate(1) + Methanol (2) at 0.6 MPa this diagram was made in excel. - K Freeman




Discussion: Looking at the ASPEN Results for the Peng-Robinson(PR) and Soave- Redlich-Kwong(SRK) equations of state we can
see that the Error for Vapor Composition (y) Decreases as the composition of Propyl Acetate Increases. From this we can determine
that Cubic Equations of State aren’t very accurate for predicting the polar behavior of Methanol Vapor in these conditions. Our graphs
help us understand this as the Liquid and Vapor curves are almost indistinguishable from X1=0-0.05 on all of our ASPEN Models.
The Average Error for the points used for the table above for PR and SRK were 18.3% and 18.9% respectively. What we can conclude
from this is that while these graphs give us a good visual of how our binary system behaves in Vapor Liquid equilibrium. It is not
reliable enough if precise calculations are needed. Our UNIFAC model showed a similar trend to the Cubic EOS as the error of the
vapor curve decreased and the composition of Propyl Acetate increased. However The UNIFAC Method only had an Average Error of
4.7% which is about 4 times more accurate then the other two methods. This is likely due to the fact that the UNTFAC method is based
on estimating the activity coefficients of a mixture rather than parameters such as Pressure, Volume and Temperature like an EOS.
Using this Knowledge we can look at the activity coefficient graphs and see that trends for Propyl Acetate are similar with the SRK
Model being a bit closer to the UNIFAC. However looking at the activity coefficient plots for Methanol we can see that the PR Model
GE
does not follow the other curves as x1 trends towards 1. With our understanding of the Gibbs/Duhem Equationﬁ

Z i X ln]/l Since our activity constant for Methanol has less of an effect on thermodynamic data of the system as its

presence decreases, the increasing error of the PR Methanol activity coefficients had a more negligible effect as the trend increased.
This also may explain why x 1=0.4, 0.44, 0.5 were the only mole fractions that PR had a higher Error as the inaccuracy of the
Methanol calculations were more relevant at these values.



Conclusion: This report consists of three chosen activity coefficients models that were simulated using ASPEN plus. We generated a
TXY diagram of the experimental data for Propyl Acetate/Methanol and excel spreadsheets and excel functions to show the variations
of VLE diagrams of each activity coefficient in reference to the experimental data. The activity coefficient models that were chosen
are the SRK equation, Peng Robinson equation, and the UNIFAC method. The VLE diagram that was chosen to determine the nature
and compositions of the liquid and vapor mole fractions of this binary system was the T-xy diagram. The T-xy diagram provided a
more convenient option for observing the relation of phase compositions at varying temperatures with a constant pressure value of
0.6Mpa. This pressure value demonstrated that in each model the binary system will form azeotropes (because there are points in
which (y; = x;) and concur that Propyl-Acetate/Methanol cannot be completely separated by distillation at this pressure.

To effectively nterpret the data from each diagram, the activity coefficient models were carefully chosen in order to fit the parameters
that correspond to the experimental data for Propyl-Acetate/ Methanol. Due to the fact we created a TXY diagram we need to hold a
pressure constant. We decided to hold pressure constant at 0.6MPa to best correlate with our experimental data. Furthermore. the
modified Raoutl’s law would be needed in order to conduct a better analysis of the VLE behavior. The modified Raoult’s law is
commonly used for binary systems at low pressure; and the experimental data of this binary system was held at a low pressure which
made the VLE analysis feasible.

The Aspen simulated TXY diagrams represent the activity coefficient models for vapor/liquid equilibrium of Propyl-Acetate/Methanol
at 0.6Mpa. The T-xy diagrams that were generated using ASPEN appear to complement the experimental data. The TXY diagrams
that were generated in Aspen are not an exact replica of the TXY experimental diagram because an ebulliometer was used to record
and distinguish the equilibrium of Propyl-Acetate/Methanol. The activity coefficient model diagrams will differ from the
experimental diagrams because of the degree of uncertainty placed on the ebulliometer, the parameters and their different functions of
the parameters from the EOS models(Peng-Rob and SRK).
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Memorandum

Date: December 1, 2021
To: Dr. Osborne-Lee

From : Mava Spears, Byron Henderson, and Wesley Walsh
Re : Project #2- Aspen Simulation of T-x-yv Diagrams and Activity Coefficient Models

Introduction

Raoult’s Law 15 a Vapor/Liquid Equulibrium model where 1deal solutions and ideal gas behavior
are assumed. The formula for this simplification is shown below!:

WP = x; Pl =1 cras Ny (13.16)

where x; is a liquid-phase mole fraction, y; is a vapor-phase mole fraction, and £ is the vapor
pressure of pure specics i at the temperatre of the system. The product ¥:P is the partial pres-
sure of species i in the vapor phase, Note that the only thermodynamic function to survive here
is the vapor pressure of pure-species i suggesting its primary importance in VLE calculations.

However, sometimes components will deviate from ideal gas behavior and Raoult’s Law.
Amnother law has to come into play and take this deviation mnto account. The law that takes this
into account 1s the Modified Raoult’s Law._ which 1s shown below:

Yo P = xp P =12 __. N) (13.19)

For this project, we had to choose a non-ideal mixture that deviates from Raoult’s Law. The
muxture we decided to go with for this project was a Benzene-Methanol mixture. We chose this
mixture because 1t has a positive deviation from Raoult’s Law and 1s not an 1deal solution. After
getting our mixture approved by our professor, we were tasked with calculating VLE data for a
binary system and using different models within various simulations in Aspen. This project
consists of three phases: first we select a binary system and use published VLE data. next we use
Aspen to generate our T-x-y diagrams for our system. and finally we use Aspen to simulate
different property methods and compare those simulations to our real data.

t smith, Joseph M., et al. “Chapter 13: THERMODYNAMIC FORMULATIONS FOR VAPOR/ LIQUID
EQUILIBRIUM." Introduction to Chemical Engineering Thermodynamics, McGraw-Hill Education, Dubugue, 2021.



Objectives

* Find a binary system

* Ensure binary system 15 not ideal and dewviates from Raoult’s

* Compare T-x-y diagrams that use different activity coefficient models generated within
Aspen.

*  Select the best activity coefficient model that fits within our real binary system data.

Results

After getting the Benzene + Methanol mixture approved by our professor. the first thing we did
was plot our real data onto an Excel sheet. This can be seen viewed as Figure 1 in our
appendix1''11233". Figure 1 includes the x-y, gamma, and natural log of gamma ponts. as well
as T-x-y, gamma vs x, natural log of gamma vs x plot. We used these Benzene + Methanol
plots from the Excel sheet to compare them to our Aspen simulations. After careful comparison
and analysis of the plots, we decided the best activity coefficient model for our mixture would be
the Wilson model.

Discussion

To start our project. we had to first find a binary system. The particular system we chose could
not be ideal and had to be approved by our professor to ensure no two groups would pick the
same system. After our professor approved Benzene + Methanol as our binary system. we were
able to begin our work. First, we had to uiilize Aspen so we could simulate T-x-y plots using
different activity coefficient models to compare to our original data. After deliberating on which
models to choose, we decided to select Wilson, Vanlaar, and Grayson. We originally chose 4
activity coefficient models with our fourth one being UNIQUAC. However, after simulating the
diagrams within Aspen, we realized that UNIQUAC and Wilson looked identical to each other,
so we decided to pick one and chose Wilson.

To plot the data points in Aspen, we specifically utilized Aspen Plus V9. Upon opening the
program, we created a blank simulation and entered Benzene and Methanol as our components.
After this step, we selected which method we would like to use for the T-x-y plot. The first
method we chose was WILSON-2 and we had to select a specific source within the program so it
could pull the necessary information about our components. Finally, the program could generate
our T-x-y plot and we were able to capture a picture of this diagram_ We repeated these same
steps for both the VANL-2 and GEAY SON-2 methods in Aspen.

After generating the T-x-vy plots in Aspen, we then used the data points from data from our
source to plot real experimental data to compare to the T-x-y diagrams created in Aspen. The
first diagram we attempted to plot our real data on was the Vanlaar T-x-v chart. However, the
windows of the Vanlaar diagram did not fit the numbers in our experimental data, so we could
not plot it. This immediately let us know that the Vanlaar activity coefficient model would not be
the best fit for our system and we were down to two models. After Vanlaar, we plotted the
expermmental data onto the Wilson and Grayson diagrams. Upon examining the diagrams with



both data points, we then deliberated on which model best fit our mixture. The activity
coefficient model we elected to choose was the Wilson model.

Figure 3 in the appendix shows our T-x-v diagram for the Wilson activity coefficient model
along with our experimental data plotted for comparison. Based off of our real data. which 1s the
purple and orange lines shown on the diagram. the Wilson activity coefficient model was the one
that best matched with our original Benzene-Methanol data. The other diagrams had similar
shapes, however none of the points matched as closely as Wilson. The other graphs will be
available to see in the appendix. labeled as Figures 2 and 4 respectively.

After we chose Wilson as the activity coefficient model. we chose to generate a plot for the
natural log of gamma vs X i Aspen with the Wilson model. After Aspen generated this diagram,
we plotted our points for the natural log of gamma and X to compare the two. We also chose to
create this plot for the other models for this particular type of diagram, but we did not plot our
points on there since we already chose Wilson as the activity coefficient model that best fit our
mixture. After putting our points on the Wilson diagram, we saw that once again our plots
followed a simuilar trend to the Wilson model and further solidified our decision to select Wilson
as the best fit model.

Conclusion

To summarize, we feel that this project was a success. This project introduced us to Aspen. and
as time went on, we were able to successfully navigate Aspen and become more familiar with the
program. In regard to the objectives of our project, the binary system that we chose within the
given parameters was Benzene-Methanol After picking our binary system. we plotted our VLE
data in T-x-y and activity coefficient diagrams in order to compare it to the different simulations
used within Aspen_ After doing trial and error with different property methods, we were able to
determine that Wilson was the activity coefficient method that matched the closest to our T-x-y
binary system data.
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CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

Title of Assignment: UPLOAD VIDEO PRESENTATION FOR

PROJECT 1 — Refrigeration Cycle Design Project

TOPICS COVERED IN PROJECT 1
(Video Articulation of Concepts Weight Category 25%)

Project 1 covered the following topics:

1.

Review of the 1% and 2™ laws of thermodynamics

2. Introduction of refrigeration cycle with application of

thermodynamic principles
a. Cycles and state properties
b. Isothermal, isobaric, reversible, and irreversible processes
c. Use of thermodynamic tables
d. Real vs. ideal gas behavior

. Concept of efficiency: compressor efficiency, cycle efficiency and

coefficient of performance

. Phase diagrams (p-H and T-S diagrams) and their use in

representing and analyzing a refrigeration cycle

. Application of 2™ law and concept of approach temperature ins

selecting condenser & evaporator operating pressure

. Refrigerant selection based on operating pressure/temperature and

global warming potential (GWP)

. Experience working in teams

Oral communication



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

SAMPLE ORAL REPORTS SUBMITTED AND
AND GRADING SCHEME FOR PROJECT 1



ABOVE AVERAGE



Thermodynamics Project 1 Video Link

Dr. Osborne-Lee

CHEG 3304

Kayla Freeman & Janeria Perry

Video Link: https://youtu.be/0I3VnvUWTbA

Project 1 Team 6 Video Grading

Rubric for Grading Video Presentations for Project 1 -
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Link to our Project 1 Video Presentation

Thermo2Project1iCloud Drive
https://www.icloud.com/iclouddrive/04cRifA3zjHcV3UzF9CIRFD-
A#Thermo2Project1
Isaiah Waters, Shelton Amaram, Kelby Smith

Project 1 Team 5 Video Grading

___ Rubric for Grading Video Presentations for Project 1 )
Criteria (Weight| A Expert 1 Proficient 1 Apprentice 1 Nowien Team 5
- Good use of 3-step method for problem solving

Cycle well represented on PH diagram
Quality of 0.4 does not match location on PH
diagram for state 4 (x~0.34)
Proper use of efficlency
Too many sig digs

= Video continuity problem {technical difficulty)
Waters - contributed most
Amaram - contributed much
Smith - contributed much less (1 min total screen time)
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Wednesday

Group 9 Project link
Zenab Coulibaly-Diakite
Meibruth Salas

Jeffrey Sanders

Link for Video Recording
passcode-6vBY6=qw
https://pvpanther.zoom.us/rec/play/EVmUVJO5yg5K-
8NZaxdhy2qCWHO3dDoE5kLnfg9zbjNLBHMrIPhXWpWV4BVYSqesKouQaZBgF7aW6AiW .4
cDzVLLMsdi2l_KW?continueMode=true&_x_zm_rtaid=K397YMk7Rd-vY897X-
KPsA.1632018461173.753537e12379a6582be56200b9d38129& x_zm_rhtaid=330

Project 1 Team 9 Video Grading

October 20, 2021 6:59 AM
CHEG 330 Project 1 Refrigerat
Oral Report {Vide ulation) Se
Rubric for Grading Video Pr tations for Project 1
Criteria (Weight) 4 Expert 3 Proficient 2 Apprentice 1 Novice
Content (30) Shows a full Shows a good Shows & good Does not seem 1o show
understanding of the understanding of the g of an g of the

topic. Thoroughty
explains and includes
readings from the texts,
terminology, key

questions & answers,

and outside mnr:-/

topec. Explaim and
includes readings
from the texts,
terminology, key
tions & answers,
and outside research

parts of the topic
Explaing and ncludes
a small bit of
readings from the
texts, terminology,
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answers, and outside
research

topic. Little to no
explanation; little to no
readings from the texts,
terminology, key
questons & answers,
and outside research

Use of Terms (15)
Vocabulary,
Pronuncistion,
Spelling

| Expertise (20)
Comprehension of
Concepts, Abilty to

Uses vocabulary
appropriate for the
sudience and does 50
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audience vocabulary
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Student is able to
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sccurately andwer
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Student is able to
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almost all gu

most que
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| Student is unable to

accurately anawer
aimost all questions

Team 9
- Used poster style presentation template
Coulibaly-Diakite
- Did not appear (face not shown) in video
- Contributed most
Salas
- Did not appear (face not shown) in video
- Volume very low
Sanders
- Did not appear (face not shown) in video

- Seemed to be reading a script

length.

e
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fluency, posture, Stands or ity erect, time. Stands or uts time. Sometime: and/or does not look at

eye contact looks retaned and erect. Estal .1 stands or sits erect people during the
confident. Establishes eye cont uring E leshes some eye | pr
ye good contact during | the p ation contact
the presentation.

Readiness (10) Student is completely Student seems. y | Student is somewhat | Student does not seem

Level of prepared and has prepared but mfght | prepared, but at all prepared to

Preparedness obviously rehearsed have need it rehearsal is clearty present

more rehearsal lacking

Teaming (10) Excellent Good Fair | Poor

Effective interaction

of teammates

[T P beganon | P begana | P began | P began late

Punctuality, Use of | time is the correct bit late and/or is late or was not the and was nat the correct

Tirme nearly the correct correct length. length.

Comments:
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CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

Title of Assignment: UPLOAD ORAL PRESENTATION REPORT FOR
PROJECT 2 — Using ASPEN Simulation for Txy, Pxy Diagram

Generation and Activity Coefficient Model Selection

TOPICS COVERED IN PROJECT 2
(Video Articulation of Concepts Weight Category 25%)

Project 2 covered the following topics:

l.

W N

)]

Literature search to find published VLE data for binary systems

. Ideal solution behavior and departure from Raoult’s Law
. Activity coefficient models accounting for non-ideal solution
behavior

. Generation of phase diagrams (Txy and Pxy) using ASPEN.
. Comparison of model simulations of phase behavior with real data

obtained from the published literature

. Selection of the best model based on visual observation of overlaid

data and theory plots

. Experience working in teams
. Oral communication




CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

SAMPLE ORAL REPORTS SUBMITTED AND
AND GRADING SCHEME FOR PROJECT 2



ABOVE AVERAGE



Group 4 Project link

Kayla Freeman

Janeria Perry

Erron Williams

Topic: thermo 2 project presentation

Date: Dec 5, 2021 12:00 PM Pacific Time (US and Canada)

Meeting Recording:

https://pvpanther.zoom.us/rec/share/g8_dCh2nbui8hl75s7ERGht12dglds2RNniNud_7ZUag5j169Xf9cGNF
ChzEZKdgh.Pa7maToTBCZdIdm-

CHEG 3304 ChE Therma Il
Oral Report (Video Articulation)

Project 2 VLE Simulation B Activity Coefficient Selection
November 19, 2021

Rubric for Grading Video Presentations for Project 2

Comments:

Total Score:

Criteria (Weight) | 4 Expert 3 Proficient [ 2 Apprentice .uﬁmn
18O ¥el i ©Q
Content (30) ¥ shows a full Shaws a good N Shows a good Does not seem 1o show
of the ding of the | understanding of N understanding of the
topic. Tharoughly topic. Explainsand | parts of the topic. topic. Little 1o no
explaing and includes includes readings. Explains and includes | explanation; ittle 1o no
readings from the texts, | from the texts, o small bit of readings from the bexts,
oy, key gy, ey s from the terminclogy, key
questions & answers, questions & answers, | texts, terminology, questions & answers,
and research. and outside research. | key questions & and outside research.
: | anvwers, and outside
research
Use of Terms [15) Uses vocabulary Uses vocabulary Uses vocabulary Uses several (5 or more)
bulk for the appropriate for the appropriate for the words of phrases that
Pronunciation, audience and does so sudience, with some | audience, but is are not understood by
Spelling cormectly. Extends familiarity. Includes | somewhat unfamiliar | the audience, or by the
audience vocabulary by | some words that may | with some. Does not | presenter,
defining words that benewto mostofl | include any
might be new 1o most of | the audience and vocabulary that
the aydience. mostly defines them. | might be new to
| sudience. Team 5
Expertise Student is able to Student is able to | Student is able t Student is unable 10
oosiarsior SR hossaocirsyuits N o dpcoiudifl] hesmover snsohdll pasast-semears - All are confident and demonstrate
Concepts, Ability 1o | almost all questions mast questions few questions posed | almost all questions knowledge
Explain jposed on the topic, such | posed on the topic, on the topic, such a1 | posed on the topic, such i i
25 meanipgof terms and | suchas meaningof | meaning of terms 25 meaning of terms and - Team benefitted from their research in
o eaturi aiiien.. | "“M"‘“’““"‘“ Importance results. knowledge of how their binary system
Articulation (10) | Speaks chearly and Speaks clearly and | Speaks cleariy and | Mumbles ¥ cannot be behaves and is usually modeled
Clarity of Speech, distincth b distinctly most of the | distinctly much of the | understood. Slouches Kiara Graham
fsency, posture, Stands o 515 erect, time. Stands of §ts thme. Sometimes and/or does not look at :
eye contact Iooks. relaxed and erect. Establishes stands or sits erect. | people during the - Introduction and background
. Establishes eye contact during Establishes some eye | presentation.
eye contact dufing | the presentation, contact, Kennedy Dent
L jon. - Objectives
operr s S rcvontrr~oore Bl brsomemrcypa o) pomnpeopll brematseoigeg - Identify, formulate and solve
Prepared rioushy d have neededabit | rehearsal is clearly | present. - Discussed use of activity coefficient model
more rehearsal. lacking.
to fit literature data
Teaming (10) Excellent Good Fair Poor
Effective interaction Kalaya Anderson
ol teammices - Described steps taken to get results and
T 4 e —t e = how the data look when presented
Punctuality, Use of | time and is the correct | bit late and/or is late or was not the | and was not the correct - Explained ideal solution model and how
A . he e iy
e ‘7"" mf A, | | Taiven e modified Raoult's Law is different

- Nice theoretical background given!
96
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CHEG 3304 ChE Thermo Il
Oral Report (Video Articulotion)

Rubric for Grading Video Presentations for Project 2

Project 2 VLE Simulation & Activity Coefficient Selection
November 18, 2021

Comments:

Criteria (Weight) 4 Expert 3 Proficient 2 Apprentice 1 Novice
Content (30) Shows a full Shows a good Shows a good Does not seem to show
understanding of the understanding of the | understanding of an understanding of the
topic. topic. Explainsand | parts of the topic. topic. Little to no
explaing and includes inchudes readings Explains and includes | explanation; little to no
readings from the texts, | from the texts, @ small bit of readings from the texts,
terminology, key terminology, key readings from the terminology, key
questions & anywers, questions & answers, | texts, terminology, questions & answers,
and outside research d outsid reh. | key & and i
answers, and outside
research.
Use of Terms (15) Uses vocabulary Uses Uses. ¥ Uses several |S or more)
Yo pOrop: for the appropriate for the appropriate for the words or phrases that
Pronunciation, audience and does w0 audience, with some | audience, but is are not understood by
Spelling correctly, Extends familiarity, Includes the audi or by the
sudience vocabulary by | some words that may | with some. Does not | presenter.
defining words that e new to most of include any
might be new to most of | the audience and vocabulary that
the audience. mosthy defines thern. | might be new to
audience.
Expertise [20) Student is able to Student ks able to Student is able to Student is unable to
Comprehension of | accurately answer ACEUTatEly answer accurately answer a | accurately answer
Concapts, Ability to | almost all most few posed | almost all questions
Explain posed on the topic, such | posed on the topic, | on the topic, such a3 | posed on the topic, such
as meaning of terms and | such as meaning of meaning of terms a1 meaning of terms and
importance results. terms. and and resulty.
importance results. results.
Articulation (10) Speaks clearty and Speaks clearly and Speaks clearly and Mumbles or cannot be
Clarity of Speech, d . I ctly most of the | distinctly much of the d. Slouch
fluency, posture, Stands. or Sits erect, time. Stands or sits time. Sometimes and/for does not look at
eye contact looks relaxed and erect. Establishes stands or sits erect. | people during the
confident. Establishes | eye contact during some eye
eye good contact during | the presentation, contact.
the
Readiness (10) Student s completely Student seems pretty | Student is somewhat | Student does not seem
Level of prepared and has prepared but might | prepared, but #t all prepared to
Preparedness obwiously rehearsed. have needed a bit rehearsal is clearty present.
more rehearsal. lacking.
Teaming (10) Excellent Good Fair Poor
Effective interaction
of teammates
1s) began on began a began began late
Punctuality, Use of | time and is the correct bit late and/or is late or was not the and was not the correct
Time length, nearly the corect corect length. length.
length.
Total Score:

Team 1 (7:15)
- Good team dynamics shown
- Method of analysis does not include direct overlay of plot of
model prediction versus published actual behavior, but
rather relied on side by side observation of shape of curve
of plotted data
Jazmaine Carter
- Intraduction
Dynasty Stephenson
- Discussed the method taken and the steps to model the
data in Aspen
Edgar Mendoza
- Discussed objectives
88
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Team 9: Nina Patthammavong

Vivian Patthammavong

# Zoom Link:

bittps:/ protect-us. mimecast.com. s JIDY CIRNTouRq 1 EXcRVEPK Mdomain=pypanther. zoom.us

Passcade: resyggs.

CHEG 3304 ChE Thermo II
Oral Report (Video Articulation)

Rubric for Grading Video Presentations for Project 2

Project 2 VLE Simulation & Activity Coefficient Selection

November 15, 2021

Criteria (Weight) 4 Expert 3 Profichent 2 Apprentice 1 Novice
Content (30) Shows a full Shows a good Shows a good Does not seem to show
g of the gof the | understanding of an undérstanding of the
topic. Thoroughly topic. Explains and parts of the topic. topic. Little to no
explains and includes includes readings Explains and includes | explanation; little to no
readings from the texts, | from the texts, a small bit of readings from the tests,
terminology, key terminology. ey readings from the terminology, key
& amywers, & angwers, | teats, terminology, questions & answers,
and outside research. and outside research. | key questions & and outside research.
answers, and outside
research.
Use of Terms (15) | Uses vocabulary Uses vocabulary Uses vocabulary Uses several (5 or more)
Ve for the appropriate for the appropriate for the words of phrases that
Pronunciation, audience and does s0 sudience, with some | audience, but is are not understood by
Spelling conectly, Extends familiarity. Includes the or by the
audience vocabulary by | some words that may | with some. Does not | presenter.
defining words that Ibe new to most of include any
might be new to mast of | the audience and vocabulary that
the audience. moatly defines them. | might be new to
audience.
Expertise [20) Student is able to Student is able to Student is able to Student is unable to
Comprehensionof | accurately answer accurately answer accurately answer a | accurately answer
Concepts, Ability to | almost all questions. most questions few questions posed | almost all questions
Explain posed on the topic. such | posed on the topic, on the topic, such as | posed on the topic, such
as meaning of terms and | such as meaning of meaning of terms a3 meaning of terms and
Importance results. terms and and results.
importance results. results.
Articulation (10) Speaks clearly and Speaks clearly and Speaks clearly and Mumbles or cannot be
Clarity of Speech, ¥ cor h mostof the | d wuch of the Slowch
fluency, posture, Stands or sits erect, Thme. Stands or sits time. Sometimes and/or does not look at
eye contact inoks relaved and erect. Establishes stands or sis evect. | people during the
confident. Establishes eye contact during Establishes some eye | presentation.
eye good contact during | the presentation. contact.
the tion.
Readiness (10) Student is completely $tudent seems pretty | Student is somewhat | Student does not seem
Level of and has prepared but might | prepared, but st all prepared to
Preparedness obwviously rehearsed. have needed a bit rehearsal is clearty present.
more rehearsal. lacking.
Teaming (10) Excellent Good Fair Poor
Effective interaction
of teammates
Is) beganon | P ion began a | Presentation began began late
Punctuslity, Useof | time and is the correct bit late and/or is Late of was not the and was Aot the correct
Time length. nearly the corect correct length. length.
length.

Total Score:

Team 9 (7:33)

Published data obtained does not include data in the
dilute x1 or dilute x2 region of the Pxy diagram

Did not find best fitting model or discuss how it would
be done

Did not overlay model results with published data

Vivian Patthammavong

Intreduction, including explanation of VLE
Showed and discussed molecular structure of methanol
and water

Nina Patthammavong

70

Discuss Pxy diagram, using NRTL model to create plot in
Aspen

Reading the slide

Table of data presented is very difficult to read due to
small font

Says that using the simulator is more accurate than
using real data (!1), because of gap in dilute region.



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

Title of Assignment Category: QUIZZES, NOTES AND EXERCISES

LIST OF ASSIGNMENTS IN THIS CATEGORY
(Quizzes, Notes and Exercise Weight Category 15%)

Samples of assignments with quiz grade are presented from those listed
here.

Upload Certificate of Completion of Academic Integrity Assignment
Thermo II Syllabus Quiz (Take in Canvas)

Upload Thermodynamic Concepts Inventory (TCI) Quiz

Upload Confidential Team Member Evaluation for Project 1
(Individual Assignment)

Upload Quiz (Part A from Practice Test)

Upload Quiz on VLE Terms & Concepts

7. Upload Confidential Team Member Evaluation for Project 2
(Individual Assignment)

5 59 ) =

oh Al



CHEMICAL ENGINEERING THERMODYNAMICS II
FALL 2021

SAMPLE ASSIGNMENTS WITH QUIZ GRADE






Samples of notes are presented from those listed here.

S

=~ o

Upload Bullet Point Notes on BPR & BPN

Upload Bullet Point Notes (BPN) Explanation

Upload Bullet Point Notes (BPN) of Kelley’s Review

Upload BPN for Chapter 3 Sections 3.4-3.7

Upload BPN for Viewing of 2 Videos on Cubic Equations &
Corresponding States

Upload Bullet Point Notes on Chapter 13 in textbook (8¢) on VLE

. Upload BPN for Viewing of Screencast on Cubic Equations of State

by Dr. Patton-Luks

. Upload Notes from Early Consultation Meeting with Instructor (for

Project 1)



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

SAMPLE NOTES ASSIGNMENTS
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Upload Bullet Point Notes (BPN) of Kelley's Review a+ % Edit || :

Read the first 14 pages of Kelley's Review of Thermodynamics [available at this course site) while taking bullet point notes. To complete this
assignment, upload your BPN for this bullet point reading (BPR) assignment.

Points 100
Submitting a hle upload

Due Far Available from Unitil

Sep 1, 2021 at 11:59am Everyone Aug 25, 2021 at 12am Sep 2, 2021 at 11:59pm

+— Rubric

+ Previous Mext »
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Wesley Wolsn
.KE.HS'S Review of Therma (BPN) due : 4/1
Mapfoacnp'\.; d:b:,tipri:n o tﬁ(’_(‘h".ﬁdljf\aml(, Systerms
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teference  tn individual (odemic of subakomic) conStituents.
* compleke spesification reguites Enowledge of o syStems comtents AND Doundary
L boundories May e permiable
isolated system =+ NO exchange of energy or Mass
Closed syskem =b  edchange energy but Mot Mass
Open Systern =3 txchange Emergy onid  vAass
' thermadynamic  paramerers
intensive @ independent of moss
takensive * depdent on mass
* central problem of thermo — phot is the euilibrium Condition Naw that " X' external condition is different 7
*  tguakion af state  relates prameters (noon equilibriuem State
Eeversinle ond Irreversible Transformations
* redtrsiple = chonges to susteen Con e ondone ;. uncemenen, Usefal for  theary ,  Odinbatic

* irreversible — changes to System cont ke undene . e common cdue to rapidl Changes

M. Laws of Thermodynamics
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L transiofive
* gs¥ oboud O Low ¢ isobhermns
155 Lot -
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* internal energy (UWY) y state funceien
*oplere (W) o change in (UY Mot due o eok

* heat (005 change in (LY NOT due o wore

AU Qe
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Upload BPN for Chapter 3 Sections 3.4-3.7 a+

@ Published %, Edit

assignment, upload your BPN for this bullet point reading (BPR) assignment.

this purpose.

v svnal ch3 section 4-7.pdf 4,

Upload your BFN here.

Read the first 146 pages of Kelley's Review of Thermodynamics (available at this course site) while taking bullet point notes. To complete this

Do bullet point reading for this material from Thermo |, which appears in chapter 3. Attached are sections 3.4-3.7 for

Points 100
Submitting  a file upload
File Types  pdf, doc, t«t, ppl. docx, ppt, xlw, xls, and jpg

Due For Available from

Unitil

Sep 30, 2021 at 11:5%am Everyone Aug 25, 2021 at 12am

— Rubric

Ot 2, 2021 at 11:5%pm
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Upload BPN for Viewing of 2 Videos on Cubic Equations & : _
Corresponding States a¢ %, Edit

Complete the viewing of the two videos with links given below.

+ Zoom Class Meeting Recording - Cubic Equations & Corresponding States by Dr. Osborne-Lee - Access Passcode:
FS=Ayfug

e hittps: F'pvpanther zoom.usrec/share T2 cevA3le SHECIUNBmF suFDdubd Rg By hExhbdo)8Cnyij-
LMDUdFugFeMbbnl HulAry 19BngkUlz o

Arcess Passcode: FS="vi=5

» |nstructional Video on Generalized Correlations By Dr. Patton-Luks [No Passcode Meeded)
o hitps: fwwowcyoutube com/walch?v=siOMRzecx 1Y «

Upload bullet point notes here. One set should cover both videos, since the Osborne-Lee lecture discusses the Patton-

Luks lecture material.

Points 100
Submitting  a file upload
File Types pdf, doc, tt, ppl. docx, ppix, xlw, xls, and jpe

D For Awvailable from Unitil

Oct 1, 2021 at 11:59am Everyone Aug 25 2021 at 12am Oct 3, 2021 at 11:59pm

— Rubric
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Samples of Exercises are presented from those listed here.

l.

Upload Exercise 1 — Review of Thermo 1

2. Upload Exercise Pxy Plots at 3 Temperatures with Flash and Activity

N

0 %0

Coefficient Plotting

. Upload Preliminary Calculations for Project 1 — Identify and

Formulate

. Upload Exercise on Deriving Maxwell Relations from UHAG

Generating Functions

Upload Exercise on Partials and Maxwell Relations

Upload Exercise on calculating Z for Project 1 Working Fluid
(Teams)

Upload Exercise (Part B — Problem 1 from Practice Test)

Upload Exercise (Part B — Problem 2 from Practice Test)

. Upload Exercise on Understanding Phase Diagrams (Individual)

10 Upload Exercise on Estimating Tank Pressure and residual Volume
11. Upload Exercise on Calculating Z Values from Data, EOS, and TCS

for Project 1 Working Flud (Teams) — Part A&B

12. Upload Exercise on Calculating Z Values from Data, EOS, and TCS

for Project 1 Working Flud (Teams) — Part B&C



CHEMICAL ENGINEERING THERMODYNAMICS 11
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SAMPLE EXERCISE ASSIGNMENTS



Upload Exercise 1 - Review of Thermo 1 a+ N Edit ||

Complete the problems in this exercise as part of your review of Therme 1.

o 200821~ chepd053 review of thermo 1.pdf 4,

Points 100
Submitting  a file upload

Due For Available from Until

Aug 29, 2021 at 11:50pim Everyone Aug 23,2021 at 12am Aug 30, 2021 at 11:5%pm

- Rubric

« Previous MNext »
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Upload Exercise Pxy Plots at 3 Temperatures with Flash _ :
and Activity Coefficient Plotting a+ e

Complete the exercise started on Monday 15 November. Upload yours here.

v 211115 cheg 3304 pay plots at 3 pressures for pentane toluene binary.doc 4

Points 100
Submitting & file upload
File Types  pdf. doc, tit, ppl. docx, pptx, xlw, and xls

Due For Available from Undtil

Now 16, 2021 at 11:50pm Everyone Mo 10, 2021 at 12am Mo 17, 2021 at 11:5%pm

-+ Rubric

+ Previous Mext »
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CHEG 3304 Thermodynamies 11 Exercise

t Practicing hverse Lever Arm Rule (J’ﬂ
| : AR) fove
i November 15, 2021
I You may collaborate on this problem and may coach each other.
i Each must submit their own unique individual work,
i
r o ‘ r X r Al
| “;[E data for the binary system n-pentane (1) and tohuene (2) are shown in the graph below for tirce
difterent temperatures. Use the inverse lever arm rule s gl Gl T
I RS A O 200 6 T 5 iierl] cammpaein: (LAR) to determine the quality of the vapor-liquid
i Mureat 207 Cand 200 wrr loran overall composition of 37.5% n-pentane. Repeat for 30 C und 40 C.
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CHEG 3304 Thermodynamics 11
Practicing hwerse Lever Arm Rule (ILAR)
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November 13, 2021
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Upload Exercise on Calculating Z for Project 1 Working : _
Fluid (Teams) g

This exercise is given as a practice problem in class for the Monday 20 September class meeting. Upload here your completed calculation of
the compressibility factor for your working fluid between each of the £ stages in your refrigeration cycle. This is a team assignment.

¢ 210920 chep3304 p02 exercise - refrigerants how much fudge (z).doc 4,

Points 100
Submitting  a file upload
File Types pdf. doc, rtf, and docx

Due For Available from Unitil

Sep 22,2021 Everyone Sep 15, 2021 at 12am Sep 24, 2021 at 11:59pm

— Rubric

+ Previous Mext »
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Upload Exercise (Part B - Problem 2 from Practice Test) -
© Published %, Edit H

-

This is part of a practice test given in class Wednesday 3 November. Upload Part A here.

Points 100
Submitting  a file upload
File Types pdf. doc, rif, and docx

Due For Available from Until

Mow 3, 2021 Everyong Mow 3, 2021 at 12am Mov 4, 2021 at 11:59pm

—+— Rubric

+ Previous Mext »
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CHEG 3304 — Thermodynemics T
Problem 2 (30 points). [Jse the sxperimental d.alam thve table below to accomplish the following.

a}

b)

116.5

Plot the data pomts to create a phase
diagram showing mibaur: behavior
(a T=x-y disgrem}.

Label the important festures on the
diagram, including the pure

November 3, 2021
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CHEMICAL ENGINEERING THERMODYNAMICS II
FALL 2021
Title of Assignment Category: DISCUSSION

LIST OF ASSIGNMENTS IN THIS CATEGORY
(Discussion Weight Category 10%)

Samples of Discussion assignments are presented from those listed here.

l.

DN

Discuss Bullet Point Reading (BPR) & Bullet Point Notes (BPN)
from the Guaranteed 4.0 Plan
Discussion Recap - The Laws of Thermodynamics

. Discussion Week 2 - Reversible vs. Irreversible, Intensive vs.

Extensive, State vs. Path

. Discussion Week 3 P-H (versus the T-S) diagrams
. Discussion Topic_ Theorem of Corresponding States (Chapter 3)



Assignment

Student

Discussion Forum Grading Rubric

Date

25

20

15

5-0

1. Relevance of Post

Paosting thoroughly answers
the discussion prompts and
demonstrates understanding
of material with well-
Heveloped ideas. Posting
ntegrates assigned content
land makes strong connections
o practice.

Posting addresses most of the
prompts and shows mild
understanding of material
[with well-developed ideas.
Posting references assigned
leontent and may not make
leonnections to practice.

Posting fails to address all
components of the prompt.
Makes short or irrelevant
ramarks. Posting lacks
connection to practice

[No posting.

2. Quality of Post

Post accurate and meaningful
material to the community;
ttempts to motivate the

lgroup discussion; present

reative approaches to topic

Pt mistly accurate and/or
somewhiat meaningful
material to the commvunity;
latternpts to present relevant
viewpoints for consideration
by nithers

Post inaccurate and/or not-
so-meaningful material to the
commnity; minimal effort is
made to participate

Mo posting.

3. Quality of Response

I\ppropriate comments:
thowghtful, reflective, and
respectful of other's postings.

Inppropriste comments and
responds respectfully to
jothier's postings.

Fesponds, but with minimum
effort. (e.g- "I agree with
nlicia®)

[No response to anather
ktudant’s posting.

. Mechanics
Mo file attachment uploads
cept where stipulated in

W/ riting is free of grammatical

[Writing includes few

kpelling, of punctuation
errors. Mo unsolicited file
Juplaads.

ssignment statement)

rammatical, spelling, or
punctuation errors. Mo
unsolicited file uploads.

fvriting incledes more than a
few grammatical, spelling, or
punctuation errors. One ar

e unsolicited file uploads.

Mo posting ar, writing
contains many grammatical,
pelling or punctuation efrors.

Some typical feedback:

in the future, please remember to:

Study before your post!

Do assigned readings, screencast viewings, and

Review available office hour recordings on the topic

Encourage the good

Suggest ideas for improvement

Be sure to post on the correct topic!

Cover all the points raised in the assignment statement

You can respond to more than one colleague’s post

Respond to a colleague’s post with comments that are constructive

Check the assignment carefully, reading the assignment statement very carefully

Total:

Don't copy from sources verbatim, but instead to write in your own words (paraphrase)

J 100 points



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

DISCUSSION TOPIC 1

1. Discuss Bullet Point Reading (BPR) & Bullet Point Notes (BPN)
from the Guaranteed 4.0 Plan



105422, B:02 AM Topic: Discuss Bullet Point Reading (BPR) & Bullet Point Notes (BPN) fram the Guaranteed 4.0 Plan

This is a graded discussion: 100 points possible dus Aug 28, 2021
Discuss Bullet Point Reading (BPR) & Bullet Point Notes (BPN) from the Guaranteed 4.0 Plan =
Discuss the nature of (1) bullet point reading and (2) bullet point notes, saying what each is and the difference in the terms, plus the merits of each.
Suggest how it can be used to enhance leaming in this course.

Far full eredit you must pest (S0 points) AND comment (S0 points) on another student's post. Your comment should peint out stremgths and areas for
improvement. See grading rubric available at this site.

Di ion F Post - Grading Rubric by IWOL pdf

Search enfries or author Unread @ ® = ~_Subscribe
“Beply.
o
ffesy  Kiara Graham ia
ihitps: AL 1351 Susaral25a4]
Aerg 22,2001

Bullet point reading is a step-by-step approach used to make lzaming what you have read more effective and simple. It should be done 1-7 days
before class. To do bullet point reading, you should read section by section and stop when you see an important idea. Summarize what you have read
in 3-5 words. Bullet point notes is also a step-by-step approach to make note-taking easier to understand what you have leamed in class. This should
be done immediately after class and for every hour spent in lecture, it should take no more than 10 minutes of bullet notes. The difference between
bullet point reading and bullet point note-taking is that bullet point reading should be dene before class to ensure a preview of matenal about to be
taught. Om the other hand, bullet point notes should be done after class to help identify our level of understanding. The merit of bullet point reading iz
that it helps you organize the information you read in your own words also it is storing the information you read in your long-term memory. The ment of
bullet point notes is that, when it is time to review your notes, it will become a faster and easier process because you have clear explanations of what
you have leamed. Bullet point reading can enhance leaming in this course by becoming familiar with concepts before they are taught in class and your
brain does not have to work as hard. Bullet point netes can enhanee leaming in this course by reinforeing what has been taught in class. By doing this,
studying for quizzes and exams becomes easier because it does not take as much time. By using both of these technigues, you can ultimately help
you get a 4.0 GPA.

<~ B

Awg 24,20

Hello Kiara,

| agree with all the points you highlighted in your post. Your explanation was concise and comprehesive.

Aug 24, 201

Hey Kiara, Great Joby Highlighting the Differences Between BPR and BPN and how each can help us abscrb information. You covered all the
necessary information maybe just try breaking up this paragraph next time.

- Reply

Kennedy Mesks i
(hiip -
[ntipa-Tecoursss. pramu sdwcoursss/13615/uSarai4108]

Awg 24,2021

hitps:ifecourses. pvamu.edu/courses/13613/discussion_topics/ 75471 112



105422, 8:02 AM Topic: Discuss Bullet Point Reading (BPR) & Bullet Point Motes (BPN) from the Guaranteed 4.0 Plan

o

hitps:Wecourses pvamu.edu/courses1 3615/ discussion_topics/75471

This was a really great explanation Kiara. You were detailed about the BPN and BPR also you stated the differences with the advantages.

*Bullet Point Reading: allow the student to read the material easier, brain-friendly. The student sees an already organized hierarchy. The big concepts
of the materials are highlighted. To be done 1-7 days before the class.

*Bullet Point Motes: It is how a student organizes or takes his notes in his own words during the lectures to be able to bullst point read later on.
*How can those too enhance leaming in this course?

- study method that is brain-friendly

- less needed study time

- bettering comprehension

- Bamy

(http Kiara Graham
[htipe: Eamu 1361 Susaraiz584]

Aug 24, 2021

Great response! | didn't see anything about how they are merits of each other. Other than that, it was a good response.
&, Reply_

Aug 26, 201

hello Zenab, | would add that BPR reguires us to continue reading until we reach an important idea and BPN should be done immediately after
lectures. But | liked how you identified "Big concepts of materials™ and the material being "Brain-friendly”. Those 2 things resonated with me.

- Lanl

Aog 24, 2021

For Bullet Point Reading you should summarnze important points in 3-5 words on a separate sheet of paper and it should be done 1-7 days before
class. BPR helps you pay attention by putting info in your own words in a concise format. Bullet Point Motes should also be 3-5 words on a separate
piece of paper however, they need to be done immediately after class so that they can reinforce what was just taught in the lecture. For every hour of
lecture, there should be 10 minutes of notes so you should have 30 minutes of Notes at the end of the week for a 3-hour course. BPR can be used to
make sure that we are familiar with the material and help us form guestions prior to class. BPN can be useful by helping us retain the concepts taught
in class so that we can successfully complete our homework and tests.

“ Eemly

Aug 24, 2021

Hello Emmon!

Excellent joly in highlighting when we should start BPR and BPM, and why it is important. | like how you also reinforced in your last statement of
how it can be bensficial to us as students. | believe that is a crucial sentence to outline because that is how it will help us retain the matenal taught
in class.

Reply

212



1522, 502 AM Topic: Discuss Bullet Point Reading (BPR) & Bullet Point Notes (BPN) from the Guaranteed 4.0 Plan

HNina Patthammaveng ;
{hite -
[ntpe:Necoursss.pvamu eduicourses/13515iusera/TT 18]
Aug 25, 201
Hi Ermon

| alzo agree with you about the meaning and the differences between BPR and BPN. Both methods are really useful in leaming or reviewing the
material in class. Also, it is essential to help students prepare for the exam.

Bullet Point Reading and Bullet Point Motes are metheds used to reinforce what we have leamed during leciure. Bullet Point Reading should be a
summarization of points in 3 to 5 words and should be done within 1 to 7 days whereas Bullet Point Motes is paraphrasing information that you have
retained. Basically to create an understanding between the material and the student. By utilizing BPN and BPR, we will be able to identify and outline
the importance and become familiar with the concepis. These methods are feasible to create as they are effective in note taking and has proven to

make a student successful in class.
Edit=d by Yazmine RINGOD (bitpcieccurces ova

gai0n Aug 24, 2021 at B05pm

4~ Beply

{http Ariel Kinsey i

Aug 25, 201

Hi Yazmine,

| alzo agree with you that this is a creative and effective way to study the matenal. It definitely helps with being successful in the class and
understanding the course better.

<~ Reply_

Biipsl  Heopedy Mecks .
[hitpa-fiscoursss. pramu sdweoursss 361 Siusaraid 108

Aug 24, 2021

Bullet point reading is a method that helps students gain background knowledge of the material prior fo the lecture. Typically students take down 3-5
words when reading chapter(s) or sections of key points that will help them remember the topic in class. This alzo helps with stating points for class
discussions and joumnals/essays. The advantage of following the BPR steps is that you will know about the information that is about to be taught in
class days before the class. On the other hand, there is BPN, ( bullet point notes ), which is notes that are written during the lectures or right after the
lecture. This method should help the student reinforce the matenial they have leamed during the lecture. This alsc shows how well the student
understands the information that they were being taught. Some students that may have did the BPR will just elaborate more on the information they
had before the class to after the lecture. The advantage of BPN is key points will be remembered. The difference between BPR and BPN is BPR iz
leaming new information before class and going into a lecture with knowledge. The BPN is going into a lecture taking down major points or key details
thiat will show how well you understood the lecture after class.

Ang 25, 2021

hello Kennedy

You do a great job highlighting the difference between BPN and BPR and the meaning of each of them. Also, | agree with you that a note-taking
method will help you prepare before the lecture and review critical concepts after a class. you include all necessary information for us to know how
much is essential to do BPN and BPR

-, Reply_
https:/fecourses. pvamu.edu/courses’ 3615/ discussion_fopics/75471 M2



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

DISCUSSION TOPIC 2

2. Discussion Recap - The Laws of Thermodynamics



S22, 5:04 AM Topic: Discussion Recap - The Laws of Thermedynamics
4 Edit i

This is a graded discussion: 100 points possible dus Aug 27, 2021 at 2pm

Discussion Recap - The Laws of Thermodynamics

Summarize the laws of thermodynamics, saying what each means and giving an illustration (in words not by drawing). Reply to the post of at least one
ather student. The grading rubric is shown in the document linked below.

Search entries or auther Unread @ 7 = ~_Subscribe

“RBenly.

The Oth Law of Thermodynamics states that themal equilibrium is transitive.
Ex: When you leave a cup of hot tea and cold tea on the table all day, both cups will attain thermal equilibrium with the temperature of the room.
The 1st Law of Thermodynamics states that energy is conserved but can be fransformed.

Ex. A ball 10 meters high has cnly potential energy, and right before the ball hits the ground, it has very little potential energy and mostly kinetic energy.
The potential energy decreases while the kinetic emergy increases.

The 2nd Law of Thermodynamics states that the entropy of an isolated system that isn't in equilibrium will increase with ime, eventually reaching a
maximum value at equilibrium.

Ex: When putting an ice pack at 20 degress Fahrenheit on a fevered forehead that's 101 degrees Fahrenheit, the ice pack and forehead will eventually
reach the same temperature.

The 3rd Law of Thermodynamics states that entropy (disorder) vanishes at absolute zero (T=0K).
Ex: Vapor is the gaseous state of water at high temperatures, while entropy is increasing.

Aug 26, 2021

| like the examples you used.
e Regiy

(http

Hello Alexis,
“Your explanation is clear and very easy to grasp.

 Reply

ibifesl  Kiara Graham .
[hitpa-iscourses. pramu sdwicoursss] 361 Suserai25e4

Aog 25, 201

https:#ecourses. pvamu.edu/courses/ 3615/discussion_fopics/TS226 113



S22, 5:04 AM Topic: Discussion Recap - The Laws of Thermedynamics

The Oth law of thermodynamics summarizes that thermal equilibrium is transitive. This means that if two thermodynamic systems are each in thermal
equilibrium with the third system; then they are in thermal equilibrium with each other. An illusiration of this is if you had two glasses of water, one with
hot water and the other with cold, you then leave them out on the table for a few hours then they will cbiain the temperature of the reom.

The 1st law of thermodynamics can be summarized as energy is conserved but can be transformed. This means that emergy can neither be created
nor destroyed, only altered in form. An illusiration of this is a light bulb transforms elecirical energy into light energy.

The 2nd law of thermodynamics can be summarnzed as energy degrades when transformed. This means that the second law establishes the concept
of entropy as a physical property of a thermodynamic system. An illustration of this is if you place a hot object in contact with a cold object Heat flows
from het to cold, never spontanecusly from cold o hot.

Lastly, the 3rd law of thermodynamics can be summarized as entropy(disorder) vanishes at absolute zero. This means that the entropy of a system
approaches s constant value as its temperature approaches absolute zero. An illusiration of this would be vapors of water are the gaseous forms of
water at high temperatures.

- Reply ¢y

Aug 26, 2021

Hello Kiara,

great examples! Truly, | was able to comprehend the information a lot better because the examples you provided are things that we come across
on a daily basis. Especially the transfer of heat in the Oth law of thermodynamics. Heat fravels from hot objects to cold objects, leading to thermal
equilibrium.

Rem ¢

Aug 26, 2021

The Oth Law- If two systems are found to be in eguilibrium with a third system, then they are in thermal equilibrium to each other

If A Is in equilibrium with B, and B iz in equiltbrium with C, then A and C are in thermal equilibrium

The 1st Law: Energy can not be created nor destroyed. It can only change forms
AE=Q-W
The increase in the energy of a chocolate chip cookie in an oven is equal to the amount of heat fransferred fo it

The 2nd Law: In all spontaneous system, enfropy can either increase or siay the same however it can not decrease

When freshly bakesd hot cookies ares in contact with a cold plate, heat flows from the hot baked cookies to the cold plafe and never the opposite.

The 3rd Law: If the temperature were o reach absolute zero, then entropy nears to zero

All modes of motion stop ( no vibration, no rotation nor no fransiation)

o
The examples you used were easy to follow, also, the equation you added helped be visualize the law in a different way
 Bah. .

s}

https:/fecourses. pvamu.edu/courses’ 3615/discussion_fopics/7S226 213



W22, 5:04 AM Topic: Discussion Recap - The Laws of Themodynamics

Aug 25, 202

*0ih Law: Equilibrium is transmissible => if two systems are in thermal equilibrium with a third system, they are also in themal equilibrium with each
other. Ex: a cup of cold water and a hot cup of tea both are in the same room, after some time, they will both have the same temperature as the room.

*1st Law: In a closed system, energy can neither be created nor destroyed, it can only be transformed. ex: a sysiem of swing, the energy goes from
Potential energy to be kinetic energy, to potential energy, etc

*Ind Law: entropy or disorder of a system is always increasing. ex: Heat will flow from a hot cup of coffee to its sumoundings because the more itis
dispersed the more it is disordered.

*Ird Law: There iz no entropy at absclute zero (temperature), that is the point where every substance is solid.

Aug 26, 2021

These examples are great, and can be seen in everyday practices which is fascinating as well.

Aug 26, 2021

There are four different laws of thermodynamics; the 07, 151 2 and 3™ law.

@ The 0™ law states that the thermal equilibrium is transitive.

¢ 15! law states that the energy is conserved but it can also be transformed.
& 2™ |aw states that the energy degrades as it is transformed.

o Lastly the 3 law states that the entropy vanishes at absolute zero.

The D7 law can be described as two or mare systems at thermal equilibrium that is connected to another system, the third system will be at thermal
equilibrium too. For example, if you place two cups of water at different temperatures in a room at ambient temperature, the two cups will eventually be
in equilibrium with the room. As for the 15 law, this can be described as light energy changing into chemical energy through the photosynthesis
process. The energy is conserved however, it is transformed into another form of energy. Secondly, the 2™ law of thermodynamics is an example of
heat flowing from a hot to cold object. As the heat passes, the themmial energy degrades however is it still conserved when the object is cold. Lastly, the
3 law can be seen as gas expanding when heated in confined space. The molecules get smaller and the entropy would increase.

o
(httg  tenoedy Dent .
Ihtipa-Tecoursas. peamu adulcourses/1351 SAusara/a52)
Aog 28, 2021
Ariel,

| love you examples for each thermodymamic law. It allowed me to get another perspective of understanding each law.

(Oth law = When two objects of ifferent temperatures are touching both of the object tempertures will reach an equilibrium temperture resulting in
becoming the same temperture. Ex. One hot brick touching a cold brick would result in the hot brick heat flowing to the cold brick until both bricks
reach the same temperature.

1st Law = Energy can not created nor destoryed but can be converted fo another form of energy. Ex. When a cooking with a gas stove the chemical
energy is tumed into heat energy to cook the food.

https:#ecourses. pvamu.edu/courses/13615/discussion_topics/7T5226 33



CHEMICAL ENGINEERING THERMODYNAMICS 11
FALL 2021

DISCUSSION TOPIC 3

3. Discussion Week 2 - Reversible vs. Irreversible, Intensive vs.
Extensive, State vs. Path



/5022, 505 AM Topic: Discussion Week 2 - Reversible vs. Imeversible, Intensive vs. Extensive, State vs. Path
% Edit .

This is a graded discussion: 100 points possible due Aug 3, 2021

Discussion Week 2 - Reversible vs. Imeversible, Intensive vs. Extensive, State vs. Path Aog 25, 2021 at 235pm

=
Discuss these opposing pairs of terms, each pair in fum, explaining how the two items in each pair are different and giving examples in each case: (a)
reversible and imeversible processes, (b) intensive and extensive properties, and (c) state and path functions. Mo file uploads, please. Don't forget to
respond to another student's post.
Search enfries or author Unread @ K2 () ~_Subscribe

“Bepl.

Q

A reversible process is a process in which; the system and its environment can return to the states they were in by following the reverse path. On the
other hand, an imeversible process iz a process in which the system and its environment can not retum to the states they were in. An example of a
reversible process is an extension and compression of a spring and an imeversible process example is heat transfer.

Extensive properties depend on the quantity of matenial. Intensive properties do not depend on the quantity of material. An example of an extensive
property is the weight of money and an example of an intensive property is the density of money.

State functicns depend only on the initial and final states, not the path taken between states. Path functions depend on the path taken between two
states. An example of a state function is entropy and an example of a path function is heat.

o
Hecley Walsh :
{hitr fa
[nttpa-Tecoursss. peamu sdulcoursss 3615/usarars 111}
Aug 30,2021

Great job Kiara, | liked reading your reply because it's comect and you took a different approach than the one | used in my post.

a)  Areversible process is one in which both the system and it environment can retumn to exactly the states they were in by following the reverse
path. For example, slow compression of the gas in a cylinder is a reversible process as gas can be expanded slowly by decreasing the weight on the
piston to reverse the operation.

= An irreversible process is one in which the system and its environment cannot return together to exactly the states that they were in. For example,
the conduction of heat from a het bedy to a cold body.

b)  Intensive properties do not depend on the quantity of matter. Examples include density, state of matter, and temperature.
o Extensive properties depend on sample size. Examples include volume, mass, and size.

c) State functions do not depend on the path or process. A state function only depends on the cumrent state of the thermodynamic system and its
initial state (independent from the path). Examples include mass, energy (enthalpy, intemal energy, Gibbs free energy), entropy, pressure, and
temperature.
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o (On the other hand, path functicns depend on path or process. In other words, a path function depends on the path taken to reach a final state from
an initial state_ For example, mechanical work, heat, and arc length.

| enjoyed your examples, they were very clear and gave me more insight.
BRI

1. The basic difference between reversible and imeversible processes is that in the reversible process is a slow process which goes through various
smaller stages which maintains equilibrium between the system and the sumroundings. Also, it can be brought back to the iniial state without making
any change in the surroundings. For example, expansion or compression of spring.

in the imeversible process is a comparatively fast process. No equilibrium is maintained between the system and the sumoundings, and it cannot be
brought back to its initial state without making a ehange in the surroundings. For example, A hot cup of tea left on its own to cool down, an explosion,
producing heat by the passing of curment through an electrical resistance, and the conduction of heat from a hot to a cold body

2. Intensive properties are bulk properties, which mean they do not depend on the amount of matter that is present. These physical properties are used
for sample identification because they are the same under different condition and for all the sample sizes. Example of intensive properties include
boiling point, concentration, odor, magnetic permeability, temperature, and melting point.

Extensive properties do depend an the amount of matter that is present. An extensive property is considered addition for subsystems. While extensive
properties aren't useful for sample identification, they are great for describing it. example, volume, mass, size, weight, heat capacity, and length.

3. State function does not depend on the path taken to reach that specific value is known to as state functions or point functions. Also, it is the values
which depend on the state of the substance like temperature, pressure, volume, mass, or the amount or type of the substance. As a matter of fact,
state functions do not depend on how the state was reached or established. However, the path function is depended on the path taken to establizh the
property or value. It requires multiple integrals and limits of integration to integrate, and it is based on how the state of the system was established. For
example, heat and arc length.

Edited by Yl¥ian Patinammaeonn issources pvamy Hag1Ey JE204) DN Aug 2B, 2021 at 8:44pm

Ang 30, 202

Hi, | agree with your explanations and examples. It gives me a lot of imporiant detail and cleary undersiand of the differences.

ema

ihttp Edgar Mendoza i

Aug 30, 2021

| really grasped the concepts by the way you grouped your thoughts and the information which made it flow smoothly and made it easier to
comprehend. Good work!

 Regly_ %y
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Great examples and explanations.

Aog 30,2021

= A reversible process is an ideal process used to make predictions and ease calculations. Using formulas and calculations for a reversible process
allows a person to gauge the best possible outcome of a process. An example of this would be using an ideal gas EQS to determine the amount of
work produced by a system. The imeversible process is a process more like what happens in the real world. Not all energy is converted to the
desired form, some will be lest or trapped in the process. An example of this would be using an efficiency formula to figure out how much of the
ideal process work done would be produced in real life.

= Intensive properties are properties that only depend on the type of material being studied. These could include color, melting/boiling points, and
density. Extensive properties depend on the amount of material being studied like, volume, mass, and enthalpy.

= Path functions such as work and heat, depend on how the system armives at those values. State functions like enthalpy and internal energy could
be the same in two different processes because they only depend on the current thermodynamic state of the system.

Repht

o

(hitp  MavaSpears

(hitpa: peamu 1351 Stusaraiisds)

Aug 30, 201
Great definitions and response Wesley! | really like how you gave muliiple examples for the different definitions.
- REply

[»]

Wboiiesi  Alexis Rabb
[hifpa-fecoursss. pramu sdwcoursss 36 15usaraid175)

Aog 30,2021

(&) A reversible process allows for the system to retumn to its previous siate, while an imeversible process does not allow for the system to retum to it
previous state. An example of a reversible process is a spring that can be stretched and returns back to its original state. An example of an imeversible
process is the conversion of fuel into heat in vehicles.

{B) An intensive property does not depend on the amount of substance, but an extensive property does depend on the amount of a substance.
Examples of an intensive property include temperature and color, while examples of an extensive property includes velume and weight.

({C) State functions properiies solely depend on the initial and final state of the system, whereas path functions properties depend on the "path” taken.
Examples of state functions include temperature and density, while examples of path functions include work and heat.

“You gave great explanations Alexis | | liked the examples you used for each process as well, | didn't think of a spring being a reversible process
until you mentonesd it.

Aug 31, 20H

These are all great examples! This was very clear and easy to understand.
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WEdit il
This is a graded discussion: 100 points possible dus Sep E, 2021
Discussion Week 3: P-H (versus the T-S) diagrams Sep 3, 2024 ok 7:50am

43

Holiday Discussion: P-H (versus the T-5) diagrams

‘What is a P-H diagram? What is it's importance? With respect to the assigned design project, how is it's importance different from that of the T-5 diagram?
How can it help you identify the proper refrigerant for your design? Use the assigned readings and resources to assist you with this. Post at least once on
this topic and respond at least cnce to ancther student's post for full credit. (Mo file uploads, please.)

Search enfries or author Unread @ M = ~_Subscribe

“Beph.

S 52021

The P-H diagram is a graphical that represent of the refrigerant as it travels through the refrigeration system. The pressurs-enthalpy (P-H) diagram is
an important tool for refrigeration engineers, designers, and service technicians. It can use to predict several system conditions, such as the pressure
and temperature for the refrigerant at vanous location within the system. In order to draw this process on a P-H diagram, some system conditions must
be known: saturaticn pressures of the refrigerant in the evaporator and condenser, pressure and temperature of the refrigerant entering the
compressor; and pressure and temperature of refrigerant entering the metering device.

 mey

Kalava Anderson :
ihite -
(hitpa eamu 1361 ShuSaraTT55)

2ep 2021

Hi %ivian. | think you did a very good job of explaining the purpose of a P-H diagram. | like how you added what system conditions must be known
in order fo illusirate the process of a P-H diagram. | think you may benefit from outlining specifically how a P-H diagram will help identify the proper
refrigerant to use for your design. Otherwise, very good job!

| love how you put what needs to be known in order to use the P-H diagram.

The P-H diagram is a figure with a vertical axis of absolute pressure and a horizonial axis of spedfic enthalpy. On the other hand, T-S diagram is used
to visualize changes to temperature and specific entropy during a thermodynamic process or cycle. Both are an important diagram used frequently for
a performance calculation of a refrigerating machine. P-H diagram can be used to predict the approximate discharge temperature of the refrigerant
leaving the compressor. It can demonsirate how an excessive suction line pressure drop and excessive retumn vapor temperature can cause an
increase in the discharge temperature.
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“Your description of a P-H diagram gawe me more insight on how the diagram works. | never thought of a PH diagram demonstrating suction line
pressurs.

Helle Nina, | leamed additional information on P-H diagram through your explanation. Thank you

Ra ¢

A P-H diagram is a figure depicting pressure and enthalpy. The horizontal (x) axis is the enthalpy, H, and the vertical (y) axis is the pressure. A P-H
diagram is freguently used to analyze refrigerants. Furthermore, each refrigerant's P-H diagram will be different from cne another. In this project, a P-H
diagram will help my group to find a refiigerant that is suitable for our temperature restraints. A T-5 diagram visually depicts the change in temperature
and specific enfropy, ulimately viewing the energy fransfer of a system’s cycles.

“Be

A P-H diagram is a way to illustrate the process of a refnigeration cycle in terms of pressure and enthalpy. You can also determine if phase changes
occur and if constant temperaturs is occurting within the cycle based on this diagram. The importance of a P-H diagram is that it helps you identify
what is taking place at specific points of the refrigeration cycle more specifically where heat is extracted and where heat is discharged in the process. It
also helps you identify where constant entropy and enthalpy are occurring within the process. The importance of a P-H diagram is different than that of
a T-5 diagram because it will be much easier to find a comesponding P-H diagram for the refrigerant we want to use for the design process of the
refrigeration cycle than it will be to find a T-5 diagram. A P-H diagram is also important because it shows the changes in pressure and enthalpy for the
process whereas a T-S diagram shows the changes in temperature and entropy for the process. A P-H diagram will help us identify the proper
refrigerant because based on the minimum and maximum temperatures given to us, we can see where those temperatures lie on the comesponding P-
H diagram for the refrigerant. If the temperatures that are given aren't within the range of the liguidigas mixture phase on the P-H diagram for the
comesponding refrigerant or the given temperatures are too close to the critical point, then you know that specific refigerant wouldn't be proper for your
design.

Hi Kalaya
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Hi Kalaya, you provide enough important details of P-H and T-5 diagram. “our description help me which diagram | should use for my refrigerant
design.

Hey Kalaya, Great description of the P-H graph and how it can be used to find the proper refrigerant. Mot sure if it was a typo but | believe you
meant to say that the P-H graph can be used to find constant enthalpy in the process and the T-5 diagram can be used to find constant entropy.

A P-H diagram is a diagram that shows the pressure versus enthalpy of a working fluid. This diagram is imporiant because you can see the
calculations of the pressure along with enthalpy values. Not only are pressures and enthalpies values on this diagram, but also temperatures and
enfropy lines. This importance is different from a T-S diagram because a T-5 diagram shows the temperature versus the entropy. This diagram can be
much harder to find versus a P-H diagram. The P-H diagram can be helpful in identify the proper refrigerant for the design because; if our TLow, min or
THigh, meax are not represented on the diagram the group chose, then we know we need to look at another refrigerant diagram with these represented
values.

 Rapl

Sap 7, 2021
| agree. You made some great points on how the P-H diagram helps us select the correct refrigerant. | would also like to add that under the curve
on a P-H diagram, phase change occurs which also helps select the cormect working fluid.

A P-H Diagram is a Graph that helps you visualize the Phase Changes of a Substance with respect to Pressure and Enthalpy. In these Diagrams, you
can also use the isotherms which are lines of constant Temperature to see your bubble and dew Peints at different pressures. Although the cycle
Refrigeration cycle would look slightly different on a T-5 Diagram you can use either one to find your Pressure and Temperature values for each
process becauss both Pressure and Temperaturs are constant during a phase change. It is just important to note that a T-S Diagram is shown with
respect to temperature and entropy and uses isobars which are lines of constant pressure to show the dew and bubble points. That being said you
would find a refrigerant that is capable of having a boiling point that is lower than the temperature of your cold reservoir at a reasonable pressure and
also capable of having a bailing point hofter than your Hot Resivour at a higher pressure.

Hi, Emon
Good joby for pointing out that both P-H and T-5 diagrams can be used to find the pressure and temperature values for each process rather than
having us look at the cycle as a whele. It helped me not only see the big picture but details needed within the process.

e Rely ¢

o
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% Edit .
This is a graded discussion: 100 points possible due 2ep 28, B2
Discussion Topic: Theorem of Comesponding States (Chapter 3) Sep 22, 2021 at 25spm
48
Discuss the Theorem of Comesponding States. What is it? How does the theorem relate o real gases in connection with an ideal gas. How can we as
engineers make use of this theorem, in practice. Post and respond to another student's post, for full credit.
Search enfries or author Unread & K3 =1 ~_Subscribe

“Reply_

The theorem of Comresponding States is a theorem that is stated by “an der Waals and reads: substances behave alike at reduced states. This
theorem relates real gases to ideal gases by saying: all fluids, when compared at the same reduced temperature and reduced pressure, have
approximately the same compressibility factor, and all deviate from ideal-gas behavior to about the same degree. We as engineers can make use of
this theorem when we are determining the degree of depariure from ideal gas behavior. We know that when calculating the compressibility factor, as
the value approaches 1, the gas behaves like an ideal gas. But, when calculating the using the Theorem of Comesponding States, we take into
account the volume and molecular interactions and we can then take the ratio of Z, ideal, and Z, actual to find out if the gas behaves ideally or not.

e

o

(http Kennedy Dent

| agree. You made great points regarding the comparison of reduced temperature and pressure to observe that fiuids will behave similarly. | also
agree that engineers use this value to determine if gases are ideal or not, just as we have done in this course.

e Re (Y

o

Halaya Anderson
Ihite
(httpe:Metoursss. pvamuLA0WEOUrses 361 SAUSEraTT5S)

Bep 27, 2011

Hi Kiara. | agree with your statement on the definition of the thecrem of comesponding states. | like how you broke down the explanation of how
engineers are able to make use of the theorem by determining the degree of departure from ideal gas behavior. Great explanation!

The Theorem of Comesponding States is the idea that all fluids have approximately the same compressibility factor, Z, when compared at the same
reduced temperature and reduced pressure. Real gases that are compared at the same reduced temperature and same reduced pressure must also
depart from ideal gas behavior by the same amount. Therefore, we can assume these fluids behave alike. Engineers can use this theorem to
determine if a specific fluid can replace another, for instance in a refrigerator. Many refrigerant fiuids have been replaced due to high global-warming
potential, however they are replaced with refrigerants that behave similary.

hitps:ifecourses. pvamu.edu/courses/1 3615/discussion_topics/75220
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o

Sep 24, 201

Love your response. | like the refrigerator example you use.
- Reply_ %

The theorem of comespanding states is a theorem that states the compressibility factor of any substances are the same, based on if the
thermodynamic properties(Tr and Pr) of the substances are the same, regardless of the type of substances in question. The said substances in
question also depart from ideal gas behavior to the same degree in order to be considered for this theorem. The theorem relates real gases fo ideal
gases because for whatever fluids are being considered to have the same compressibility factor, we assume that they deviate from ideal gas behavior
meaning that at high temperatures and low pressures, real gases tend to showcase ideal gas behaviors more approximately. The reduced temperature
and pressure equations(Tr= T/Te, Pr=P/Pc) are used to measure the amount of deviation from the critical temperature and pressure of the associated
fluids. Engineers are able to make use of this thecrem by using refrigerants for refrigeration cycles that behave similarly to ideal gases. Engineers are
also able to replace poor refrigerants based on their global warming effects on the environment.

Hello Kayla,

“fou are absolutely right in regards o why we use this theorem and our jobs as engineer to make sure our society and environment is safe from
any potential harm such as the poor refrigerants as you mentioned in your statement. It is crucial to find an economical refrigerant as soon as
possible.

Sep 28, 201

Hi Kalaya, | did not even think of using the theorem to replace poor refrigerants. | like how you thought outside of the box providing the example.

The Law of Comssponding States tells us that at the same values of reduced pressure and temperature will indicate the fluid to be near the same valus
of compressibility factor and these fluids may exhibit relatively close degree of deviation from the ideal gas behavior. This is achieved by using the Van
Der Waals Equation. Reduced pressure and temperature measures the amount of deviation from the fluids erifical pressure and temperature. This
theorem is crucial to us as it is a method to study the behavior of different types of fluids.

Sep 28, 201

Hi Yazmine! | really like your definition and example of real life practice. Great work!
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o
Sep 28, 2021
The theorem of comesponding states implies that all fluids with the same reduced temperature and reduced pressure have the same compressibility
factor. They also all deviate from the ideal gas law. The cleser the compressibility factor is o 1, the closer the gas is to an ideal gas. On the other hand,
the farther the compressibility factor is from 1, the closer the gas is to being a real gas. With this knowledge, we as engineers can quickly complete
tasks involving reduced temiperatures and pressure to deteming whether the gas is ideal or not. When dealing with refrigerants in the superheated and
saturated vapor phase, this theorem can come in handy.
o
Evron Henderson .
(hitp
‘Zep 28, 20H
Hi Alexis, | loved your explanation and the example you gave when using the theorem in hand with a P-H Diagram !
o
The theorem of comesponding states, says that all fluids that have the same reduced temperature and reduced pressure, will in turn have the same
compressibility factor and depart from ideal gas behavior at the same degre= as well. It relates to real gases because the further the compressibility
factor is to 1, the further it is from being an ideal gas and the closer it is to being a real gas. Vice versa, the closer the compressibility factor is to 1, the
more ideal that gas is. As engineers we can use this by applying it to refrigerants or refrigeration cycles that behave similarly/ closely to ideal gases.
&, Reply_ %
o
Sep 28, 201
Hi Byron, | really like how you explained the difference between the compressibility factors of a real and ideal gas!
& Reply_ A,
o

Hi Byron

| am agree with you that this theorem can apply to refrigeration cycles. Also, it could helps the understanding and calculating of thermodynamic,
transport, and surface properiies of substances in varous states

The Theorem of Comesponding States is an assumplion made by van der Waals about real gases. He stated that all gases at comesponding states
should behave in a similar manner and the comesponding state he used is called the reduced state. This reduced state is badges on the deviation of
the substance's critical conditions. This theorem relates to real gases in connection with ideal gases because all the fluids will have approximately the
same Z factor. This number for the compressibility factor will deviate from ideal gas behavior to the same degree. The closer to 1 this value is, the
more ideal the fluids be gave. As this value gets further from 1, it can be assumed to be a real gas. Engineers can make use of this theorem in the
process of creating refrigeration cycles.
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