PRAIRIE VIEW A&M UNIVERSITY
ROY G. PERRY COLLEGE OF ENGINEERING
DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 2334- Chemical Engineering Thermodynamics I
FALL 2021

COURSE DESCRIPTION IN ABET FORMAT

ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course

Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

TESTS
Summary of Topics covered by Test
Original Test Questions & Master Solution/grading scheme used
(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

IV. HOMEWORK ASSIGNMENTS
Summary of Topics covered by Homework
Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

MIDTERM EXAM

Summary of Topics covered by Midterm Exam

Midterm Exam Questions & Master Solution/grading scheme used
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

VI. CLASS PROJECT
Summary of Topics Covered by Project
Project Problem Statement and Grading Scheme
Above Average (Graded original work)
Average (Graded original work)
Below Average (Graded original work)

[Include any other evaluation used and omit any method above method (Test, Quizzes,
Homework, Laboratory and Project reports) that was not used]




Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 2334 Course Syllabus

Course number and name:

Credits and contact hours:

Instructor’s or course
coordinator’s name:

Text book: Title:

CHEG 2334 CHEMICAL ENGINEERING
THERMODYNAMICS |

3 credit hours; 6 contact hours

Dr. Kazeem Olanrewaju

INTRODUCTION TO CHEMICAL

THERMODYNAMICS
Author: Smith, J. M, Van Ness, H. C., Abbott, M. M., and
Swihart, M. T.
Publisher, Year & Edition: McGraw Hill Education, New York, 2017, 8" Edition
a. Other Supplemental material 1. Perry's Chemical Engineers' Handbook, Edition 8, by
Don Green, Robert Perry, Robert H. Perry Introduction to
Chemical Engineering Thermodynamics. ISBN13: 978-0-

07-142294-9

2. Fundamentals of Engineering Thermodynamics, 8th
edition, M.J Moran, H. N. Shapiro, D. D. Boettner, M. B.
Bailey, Wiley, 2014 ISBN : 978-1-118-41293-0 (US)

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

CHEG 2334. Chemical Engineering Thermodynamics I.

(3-0) Credit 3 semester hours.

Introduction to Chemical Engineering Calculations. PVT

Properties of Fluids. Equations of State. First and Second

Law of Thermodynamics. Applications to Heat Effects

and Flow Processes.

b. Prerequisites or CHEM 1403 (or 1304) and PHY'S 2325
Co-requisites

c. *Indicate whether a required, elective, or
selected elective (as per definition

provided) course in the program

Required

a. Specific goals for the course This
course prepares engineering students

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



with the following outcomes.

Students will be able to :

1. Define the concept of energy and entropy.
Identify work and heat as the two forms of
energy transfer. Describe the first and second
law of thermodynamics with applications to real
processes and cycles.

2. Explain carnot theorem derivation and
efficiency concept. Discuss equations of state of
pure substances such as van der Waals, general
cubic, and Virial E.O.S.

3. Describe and discuss in detail the applications
of efficiency and laws of thermodynamics to
turbines, pumps, refrigerators, automobiles and
combined cycle power plants.

4. Describe sensible heat as heat transfer to a
system in which there no phase changes, no
chemical reactions, and no composition except
temparture change in the temperature of the
system. Use Gibbs Phase Rule to fix intensive
properties of a close system.

Brief list of topics to be covered

addressed by the course.

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

Outcome D1**

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

Introduction (3 hours)
The First Law and other Basic Concepts (20 hours)
Volumetric Properties of Pure Fluids (12 hours)
Heat Effects (5 hours)
The Second Law of Thermodynamics (5 hours)

*Required courses are required of all students in the program, elective courses (often referred to as open or free electives)
are optional for students, and selected elective courses are those for which students must take one or more courses from a

specified group



Il ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome D1:
An ability to identify, formulate, and solve fundamental engineering problems (CEP) by applying
principles of engineering, science, and mathematics.

Assessment Summary of Class Semester Averages for Outcomes
(Should be provided for Spring 2018 through Fall 2021 Assessment Period)

Qutcomes D1
Semester Class Average
Semester
(%)
Spring 2018 76.75
Fall 2020 73.78
Fall 2021 °6.5

The outcome for the current semesters show that

CO mm entS on Tren d students’ performance significantly fall below the

. expected class average and also, the % of students
Of Data (| m p rovin g meeting expected average is observed to be lower
. . than the expected average. The last two years show a
or deterioratin g) better performance both on the class average and
percentage of students meeting expected average
*Expected Semester Class Average = 70% (or as defined by the program)

Ideal Semester Class Average =75% (or as defined by the program)




End of Semester Course Assessment Reports
Fall 2021 and Last Three Assessment Periods.

Each summary contains the following Information

. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

. Implementation Summary

e Brief summary of plans implemented during the semester based on last
assessment report

. Perceived Problems

e Instructor’s critical evaluation of perceived problems that affected students’
performance. Realistic problems should be identified throughout the semester
and summarized in this section of the report.

. New Plans for Addressing Problems

¢ Instructor’s plans for addressing the perceived problems the next time the
class is taught. These should be specific enough for another instructor to
Implement. Most of these should be things that, you, the instructor can
iImplement to help students to improve. Be creative.

. Overall Trend over last three assessment periods

e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

. Were Expectations Met?
e Answer YES if the class average was above the expected average and the

stated percentage of students scored at or above the expected average, else
answer NO.



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CHEG 2334-P01: CHEMICAL ENGINEERING THERMODYNAMICS |

FALL 2021 SEMESTER
Report Prepared by: Dr. Kazeem Olanrewaju
Report Date: December 19, 2021
Outcome 1
Number of An ability to identify, formulate, and solve complex
Analysis Type Students engineering problems by applying principles of engineering,
Semester science, and mathematics.”
Expected Percent % Students
Expected Class of students at or meeting
Average above average Class Average Expected
Average
Spring 2019 Direct 10 75 70 76.75 60.50
Fall 2020 Direct 18 75 70 73.78 61.11
Fall 2021 Direct 12 75 70 56.5 41.67
Sufficient time was spent explaining the relevant and the

Implementation
Summary

> )

physical meaning of common thermodynamics parameter
and the differentiation equation (accumulation terms) and
other terms describing the flow process in an open system.
Instructor spent time explaining how objective function is
use to solve problem that requires iteration both analytically
and computationally.

Perceived
Problems

Students show little or no interest in coming to class due to
the discouraging influence of over a year-long online class
necessitated by COVID-19. Students don’t spend much
time solving homework problems and as result they find it
difficult to do well in test, quiz, and exam.

Plans for
Addressing
Problems

The following is recommended for implementation:

1. Face-to-face class should be significantly
incentivized by attaching one-tenth of the total
percentage point to attendance

2. Instructor should encourage students to do their
homework by testing their understanding on
some of the equation given to them in homework
during test, quiz, and exam

Overall Trend over
Periods

The outcome for the current semesters depict student
performance falls below the expected class average and also,
the % of students meeting expected average is observed to
be lower than the expected average. The last two years show
a better performance both on the class average and
percentage of students meeting expected average

Were Expectations

Class Average >75% and >70% of
Students Performed at or Above

No

Met?

Expected Average.




CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

Title of Assignment: TEST 1
TOPICS COVERED IN TEST 1
Test 1 covered the following topics:
1. Dimensions and Units
2. Force
3. Work, Energy, Heat

4. First Law of Thermodynamics
5. Energy Balance for Closed Systems

Page T1




CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 1



Prairie View A & M University, CHEG 2334: Thermodynamics I; Fall 2021: Test 1,
Wednesday, September 22, 2021, Instructor: Dr. Kazeem Olanrewaju
Part 2: Open Book (only hard copy of the Textbook)

Name of Student:

Problem 1 (80 points)

Neon gas contained in a vertical piston—cylinder assembly on which rests a weight. The mass of
weight and the piston are respectively 70lbm and 200Ibm. The piston-cylinder’s diameter is 1.45
ft. The local acceleration due to gravity is 32.170 ft/s? and the atmospheric pressure is 14.7psi.
Electric current passes through the heating element, and the volume of the neon gas slowly
increases by 0.071 m® while its pressure remains constant. The mass of the neon gas is 0.45 Ibm,
and its specific internal energy increases by 25 Btu/lom. The neon gas and piston are at rest
initially and finally. The piston—cylinder material is a ceramic composite and thus a good
insulator. Friction between the piston and cylinder wall can be ignored, and the local acceleration
of gravity is g= 32.0 ft/s®>. Neon gas is consider to be the system.

a) Determine the work done by the neon gas in BTU ?

b) Determine the heat transfer from the heating element to the neon gas, in Ibsft.

c) Estimate the value of an external force F in N applied to the system to recover 30% of the
heat input in (b) of which part of it was lost to work. This external force F reduces the
final volume of the gas in (b) by 1.5 ft*.
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Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall 2021: Test
1, Wednesday, September 22, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books
Name of Studcent:
Terms (A) Concept (B)
1 System Quantity of heat which when transferred to one pound mass
water raised its temperature one degree Fahrenheit
2 Specific Volume The summation of the change in system energy and the chan
in the energy of the surrounding is &
3 Potential energy Energy added to a fluid as work is later transferred from the
fluid as heat. Where is this energy between its addition to and o
transfer from the fluid? A
4 Vacuum pressure The units of force in centimeters-grams-seconds system of ;mits
is y o
5 Closed systems Energy can neither be created nor destroyed, but rather
transformed from one state to another [
6 Kinetic energy The real or imaginary surface that separates the system from its
surroundings 1A
7 Dimensions A system where neither matter nor energy cross its boundarie
is said to be TE—
8 Work Adjustable piston head of a closed system is consider : [ 3
9 Heat The principle of energy conservation for all purely mechanical
processes is aflirm by
10 Temperature There is transfer of energy across the boundary but no mass
transfer 5
11 First law of Energy in transition across the boundaries of a system due to a
thermodynamics driving force other than temperature, and not associated with
mass flowing across the boundary 7
12 Pressure This is one of the encrgies associated with the system besid%
internal energy
13 Movable boundary | The difference between the absolute pressures of the
atmosphere existing outside the measuring device and the 4_
absolute pressure of a system
14 Zero A measure of the tendency of an object to spontaneously give
up energy in form of heat to its surroundings is:
15 1
Isolated E, = Emvz 6
16 Dyne The reciprocal of the density of a liquid is 7
17 AK.E + AP.E=0 Foot-pound force (f*1by) is one of the units used to describe
thermodynamics quantity and that parameter is: &
18 Boundary Measurable properties in thermodynamics are refer to as
19 BTU A quantity of matter or a region in space chosen for study
20 Internal energy This thermodynamics variable is a measure of equivalent heighty;
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Above Average Student Original Graded Assignment



Prairie View A & M University, CHEG 2334: Thermodynamics I5 Fall 2021: Test 1,
Wednesday, September 22, 2021, Instructor: Dr. Kazeem Olanrewaju =
Part 2: Open Book (only hard copy of the Textbook)

Name of Student: &= v oo f

Problem 1 (80 points)

Neon gas contained in a vertical piston-cylinder assembly on which rests a weight. The mass of
weight and the piston are respectively 70lbm and 2001bm. The piston-cylinder’s diameter is 1.45
ft. The local acceleration due to gravity is 32.170 ft/s? and the atmospheric pressure is 14.7psi.

* Electric current passes through the heating element, and the volume of the neon gas slc;\i']; .
increases by 0.071 m* while its pressure remains constant. The mass of the neon gas is 0.45 Ibm,
and its specific internal energy increases by 25 Btu/Ibm. The neon gas and piston are at rest
initially and finally. The piston—cylinder material is a ceramic composite and thus a good
insulator. Friction between the piston and cylinder wall can be ignored, and the local acceleration
of gravity is g= 32.0 ft/s>. Neon gas is consider to be the system.

a) Determine the work done by the neon gas in BTU ?

b) Determine the heat transfer from the heating element to the neon gas, in 1b-fi.

¢) Estimate the value of an external force F in N applied to the system to recover 30% of the
heat input in (b) of which part of it was lost to work. This external force F reduces the
final volume of the gas in (b) by 1.5 fi’.
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Prairic View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall 2021+
1, Wednesday, September 22, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books
Name of Student: =crv o Lo s

Terms (A)

Concept (B)

N

A

System

Quantity of heat which when transferred to one pound mass o
water raised its temperature one degree Fahrenheit T.~1 =

X

Specific Volume

The summation of the change in system enerW change
in the energy of the surrounding is 2.

X

\

2\

Potential energy

Energy added to a fluid as work is later transfe m the
fluid as heat. Where is this energy between its-addition to and
transfer from the fluid? 2-C g

\

Vacuum pressure

The units of force in ccmimctcrs-grams-sWn of units
is 1o =

A\

Closed systems

Energy can neither be created nor destroyed. bW
transformed from one state to another 2 -

Kinetic energy

s
The real or imaginary surface that scpmateim/esymeﬁ from its
surroundings

Y

//

N N § N YN ¥ S

5

\

'Y

A quantity of matter or a region in space chosen for slhdfl /

Internal energy

Dimensions A system where neither matter nor energy cross its boundaries
is said to be = “/undar L
Work Adjustable piston head of a closed system is consider : 1_}/
Heat The principle of energy conservation for all purely ijnai/
processes is affirm by 2.7
Temperature There is transfer of energy across the boundWass
transfer =
First law of Energy in transition across the boundaries of a syste ¢loa
thermodynamics driving force other than temperature, and Wim
mass flowing across the boundary =
Pressure This is one of the energies associated with the system\b_e/sﬁde(
internal energy =
A Movable boundary | The difference between the absolute pressures of the —
atmosphere existing outside the measurWhe
absolute pressure of a system ~+
B Zero A measure of the tendency of an object to spontaneously giv
up energy in form of heat to its surroundings is: 7 O S
Isol 1
’)6 A Ey = Emvz V) L_//
6 Dyne The reciprocal of the density of a liquidis - "
Py AK.E + AP.E=0 Foot-pound force (f-1bg) is one of the units used to deW -
thermodynamics quantity and that parameter is: < ]
A8 Boundary Measurable properties in thermodynamics are refer to as
A9 BTU
20

This thermodynamics variable is a measure of equivalent heigy_
s B




AVERAGE

Page T5




Average Student Original Graded Assignment

Prairie View A & M University, CHEG 2334: Thermodynamics I; Fall 2021; Test 1, ——_

Wednesday, September 22, 2021, Instructor: Dr. Kazeem Olanrewaju 5 \
Part 2: Open Book (only hard copy of the Textbook) / %6

Name of Student: ‘lz;o&f L\)rgj.‘.b ( ﬁ'—
Problem 1 (80 points) \/

Neon gas contained in a vertical piston—cylinder assembly on which rests a weight, The mass of
weight and the piston are respectively 70lbm and 200ibm. The piston-cylinder’s diameter is 1.45
fi. The local acceleration due to gravity is 32.170 fUs” and the atmospheric pressure is 14.7psi.
Electric current passes through the heating element, and the volume of the neon gas slowly
increases by 0.071 m* while its pressure remains constant. The mass of the neon gas is 0.45 lbm,
and its specific internal energy increases by 25 Btu/Ibm. The neon gas and piston are at rest
initially and finally. The piston—cylinder material is a ceramic composite and thus a good
insulator. Friction between the piston and cylinder wall can be ignored, and the local acceleration
of gravity is g= 32.0 ft/s>. Neon gas is consider to be the system.

a) Determine the work done by the neon gas in BTU ?

b) Determine the heat transfer from the heating element to the neon gas, in lbg-ft.

c) Estimate the value of an external force F in N applied to the system to recover 30% of the
heat input in (b) of which part of it was lost to work. This external force F reduces the
final volume of the gas in (b) by 1.5 ft’.
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Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall 2
1. Wednesday, September 22, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books -
Name of Student: | Jut]  WriHd-
Terms (A) Concept (B)
N System Quantity of heat which when transferred to one pound mass of
water raised its temperature one degree Fahrenheit
3\ Specific Volume The summation of the change in system energy and the change
Fuing in the energy of the surrounding is
3 Potential energy Energy added to a fluid as work is later transferred from the
fluid as heat. Where is this energy between its addition to and
transfer from the fluid?
EN Vacuum pressure The units of force in centimeters-grams-seconds system of units
is
N Closed systems Energy can neither be created nor destroyed, but rather
transformed from one state to another
B Kinetic energy The real or imaginary surface that separates the system from its
surroundings
N Dimensions A system where neither matter nor energy cross its boundaries
is said to be
3\ Work Adjustable piston head of a closed system is consider :
B Heat ‘The principle of energy conservation for all purely mechanical
processes is affirm by
N Temperature There is transfer of energy across the boundary but no mass
transfer
\{ First law of Energy in transition across the boundaries of a system due to a
thermodynamics driving force other than temperature, and not associated with
mass flowing across the boundary
12 Pressure This is one of the energies associated with the system besides
internal energy
S Movable boundary | The difference between the absolute pressures of the
atmosphere existing outside the measuring device and the
absolute pressure of a system
N Zero A measure of the tendency of an object to spontaneously give
up energy in form of heat to its surroundings is:
N Isolated - -;-mvz
16 Dyne The reciprocal of the density of a liquid is
™ AK.E + AP.E=0 Foot-pound force (f*1by) is one of the units used to describe a
thermodynamics quantity and that parameter is: E
™ Boundary Measurable properties in thermodynamics are refer to as
19 BTU A quantity of matter or a region in space chosen for study
24

Internal energy

This thermodynamics variable is a measure of equivalent height
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Below Average Student Original Graded Assignment



Prairie View A & M University, CHEG 2334: Thermodynamics I; Fall 2021: Test 1,——~
Wednesday, September 22, 2021, Instructor: Dr. Kazeem Olanrewaju \
Part 2: Open Book (only hard copy of the Textbook) ‘/Z//Z/

Name of Student: _FDCU\CL La (AT /
t t ) j) ,go

Problem 1 (80 points)
Neon gas contained in a vertical pmorH,\ lmder assembly on which rests a weight. The m,

weight and the DlSlOn are rupcctm.l\ 70lb m and QOOlbm\l he piston-cylinder’s diameter l&\l 45

) The | vity is 2 170 fv/s”and the a;mosphcrlc pressure is (4. Zﬁ;iS
Electric currsm passes through the heating element, and the volume of the neon gas slowly

increases hst 071 !;i 3 while its pressure remains constant. The mass of the neon gas is(0.45 lbm)
and its specific internal energy increases by @5 Btuflhn} The necon gas and piston are at rest
_initiaty-and finally. The piston-cylinder material is a ceramic composite and thus a good

insulator. Friction between the piston and cylinder wall can be ignored, and the local acceleration
of gravity i§g=32.0 fU'sﬁNcon gas is consider to be the system.
—————————

a) Determine the work done by the neon gas in BTU ?

b) Determine the heat transfer from the heating element to the neon gas, in Ibp-fi.

¢) Estimate the value of an external force F in N applied to the system to recover 30% of the
heat input in (b) of which part of it was lost to work. This external force I reduces the
final volume of the gas in (b) by 1.5 f°.
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Prairic View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall

1. Wednesday, September 22, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books e T
Name of Student: \ Lb\ WO u ays
Terms (A) Concept (B)

1 System Quantity of heat which when transferred to one pound may}/
water raised its temperature one degree Fahrenheit |14

2 Specific Volume The summation of the change in system energy a;lg the change
in the energy of the surrounding is \ :

3 Potential energy Energy added to a fluid as work is lmeW the
fluid as heat. Where is this energy between jts-addition to and
transfer from the fluid? 2.0 -

4 Vacuum pressure The units of force in centimeters-grams-seconds Wnits
is |{p sl

5 Closed systems Energy can neither be created nor destroyed, bW
transformed from one state to another | | L~

6 Kinetic energy The real or imaginary surface that separates the syslv@}fpnn‘g
surroundings

7 Dimensions A system where neither matter nor energy cross its MS
is said to be

8 Work Adjustable piston head of a closed system is consider : L&/

9 Heat The principle of energy conservation for all purMnical
processes is affirm by | 1 "

10 Temperature There is transfer of energy across the boundary bwmag
transfer .

11 First law of Energy in transition across the boundaries of W(’ a

thermodynamics driving force other than temperature, and not ated with

mass flowing across the boundary

12 Pressure This is one of the energies associated with the ss'icm besides
internal energy

13 Movable boundary | The difference between the absolute pressures of the
atmosphere existing outside the measuring deﬁe and the
absolute pressure of a system | A

14 Zero A measure of the tendency of an object to spontancously give
up energy in form of heat to its surroundings is:

15 Isolated E, = Emvz ‘ 2 7(

16 Dyne The reciprocal of the density of a liquid is ‘f e

17 AK.E + AP.E=0 Foot-pound force (f*1by) is one of the units used to describ)e(a
thermodynamics quantity and that parameter is: | (o

18 Boundary Measurable properties in thermodynamics are refertoas |

19 BTU A quantity of matter or a region in space chosen for study ‘ LA

20 Internal energy This thermodynamics variable is a measure of equivalent height ]

ZDN




CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

HOMEWORK 1

TOPICS COVERED IN HOMEWORK 1

1. Dimensions and Units
2. Force

3. Temperature

4. Pressure

5. Work



CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

SAMPLE HOMEWORK QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR HOMEWORK



CHEG 2334: THERMODYNAMICS |

HOMEWORK 1 (Due Date: 9/16/2021)

Name

Problem 1

A gas is contained in a 1.75(ft)-diameter vertical cylinder assembly by a piston on which a shaft
whose mass is 20lby, is attached. The mass of the piston is 255lby,. The local acceleration of
gravity is 32.169 fts and the atmospheric pressure is 30.12 inHg. An external force F, is applied
on the shaft to cause equilibration of the piston against the pressure exerted by the gas in the
cylinder.

a) Given that the gas pressure is 18.5 psia, estimate the magnitude of the applied force F on the
shaft.

b) Determine the work done in BTU, if the magnitude of the external force in (a) is increased
by 25%, and the volume of the gas in the container decreases by 0.75 ft°.

Problem 2

i. Helium gas enters an expander that provides a pressure ratio (exit pressure to inlet pressure)
equal to 0.125. If a gauge indicates the gas pressure at the inlet is 49.5 psig, what is the
absolute pressure, in psia, of the gas at the exit? Atmospheric pressure is 14.5 Ib¢/in®.

ii. Prove the following relationship by Interpolation
a.T(°F)=18T(°C)+32
b.T (R)= T (°F) + 459.67
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Above Average Student Original Graded Assignment



CHEG 2334: THERMODYNAMICS 1

HOMEWORK 1 (Due Date: 9/16/2021)

Name © . L. 1) {Tagu

Problem 1

A gas is contained in a 1.75(ft)-diameter vertical cylinder assembly by a piston on which a shaft
whose mass is 201lbm is attached. The mass of the piston is 2551bm. The local acceleration of
gravity is 32.169 fis? and the atmospheric pressure is 30.12 inHg. An external force F, is applied
on the shaft to cause equilibration of the piston against the pressure exerted by the gas in the
cylinder.

a) Given that the gas pressure is 18.5 psia, estimate the magnitude of the applied force F on
the shaft.

b) Determine the work done in BTU, if the magnitude of the external force in (a) is
increased by 25%, and the volume of the gas in the container decreases by 0.75 ft*.

Problem 2

i.  Helium gas enters an expander that provides a pressure ratio (exit pressure to inlet
pressure) equal to 0.125. If a gauge indicates the gas pressure at the inlet is 49.5 psig,
what is the absolute pressure, in psia, of the gas at the exit? Atmospheric pressure is 14.5
Ibg/in’.
ii.  Prove the following relationship by Interpolation
a. T(°F)=1.8T(°C)+32
b. TR)= T (°F) +459.67
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Below Average Student Original Graded Assignment



HOMEWORK 1 (Due Date: 9/16/2021

Name l\ﬁ

Problem 1
A gas is contained in a 1.75(ft)-diameter vertical cylinder
assembly by a piston on which a shaft whose mass is 201b,, is

attached. The mass of the piston is 255Ib,. The local

acceleration of gravity is 32.169 fts* and the atmospheric
pressure is 30.12 inHg. An external force F, is applied on the
shaft to cause equilibration of the piston against the pressure
exerted by the gas in the cylinder.

a) Given that the gas pressure is 8.5 psia, estimate the
magnitude of the applied force F on the shaft.

b) Determine the work done in BTU, if the magnitude of the
external force in (a) is increased by 25%, and the volume of
the gas in the container decreases by 0.75 ft*.

Problem 2

1. Helium gas enters an expander that provides a pressure ratio
(exit pressure to inlet pressure) equal to 0.125. If a gauge
indicates the gas pressure at the inlet is 49.5 psig, what is
the absolute pressure, in psia, of the gas at the exit?
Atmospheric pressure is 14.5 1b/in’.

11. Prove the following relationship by Interpolation

a. T (°F)=1.8 T(°C) + 32
b. T (R)= T (°F) +459.67
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CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

MIDTERM EXAM

TOPICS COVERED IN MIDTERM EXAM

1. Dimensions and Units

2. The First Law of Thermodynamics

3. Energy Balance for Closed Systems

4. Constant Volume and Constant Pressure Processes
5. Enthalpy

6. Heat Capacity

7. Mass and Energy Balance for Open Systems

8. Volumetric Properties of Pure Fluids



CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

SAMPLE MIDTERM EXAM QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR MIDTERM EXAM



Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics | Fall
2021: Mid-Term Exam, Monday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju

You should not reference to or have access to your class notes, laptop, tablet, cell phone, smart
phone, and any other electronic gadgets. Open Book

Name of Student:

Problem 1 (30 points)

Nitrogen gas (N>) is confined in a cylinder by a piston, and the atmosphere exerts a pressure of
14.7 Ibf/in? on the top of the piston, which has a mass of 225 Ibm and a face area of 1 ft*. The
mass of N is 1.5 Ibm and initially Nitrogen gas occupies a volume of 0.0045m®. The volume of
Nitrogen gas slowly decreases to 1 liter as energy with a magnitude of 2.4 kJ is slowly removed
by heat transfer. The piston—cylinder material is a ceramic composite and thus a good insulator.
Friction between the piston and cylinder wall can be ignored, and the local acceleration of gravity
is g= 32.0 ft/s*. Nitrogen gas is consider to be the system

a) Determine the work done by the Nitrogen gas in Btu
b) Determine the change in specific internal energy of the Nitrogen gas, in Btu/lbm.
Problem 2 (30 points)

Steam enters a turbine operating at steady state at 2 MPa, 350 °C with a velocity of 100 m/s.
saturated vapor exits at 0.1 MPa and a velocity of 50 m/s. The elevation of the inlet is 3 m higher
than at the exit. The mass flow rate of the steam is 15 kg/s, and the power developed is 7 MW.
Let g = 9.81 m/s°.

Inlet specific enthalpy=3138.6 kJ/kg Outlet specific enthalpy =417.511 kJ/kg
Inlet specific volume= 0.1386 m®/kg Outlet specific volume = 0.001043 m*/kg
Determine:

a) The area at the inlet, in m?,
b) The volumetric flow rate at the outlet, in cm®/s, and
¢) The rate of heat transfer between the turbine and its surroundings, in lbsft/h.

Problem 3 (20 points)

In the following, take Cv = 35.4 and Cp = 44.5 Jmol™°C™ for carbon disulfide (CS,) gas: 264 g of
carbon disulfide at 300°C is contained in a piston/cylinder arrangement. How much heat must be
extracted from this system, which is kept at constant pressure, to cool it to 50 °C if the heat
capacity of the piston and cylinder is neglected?

C=12, S=32.



Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics | Fall
2021: Mid-Term Exam, Wednesday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books
Name of Student:

Terms (A) Concept (B) Answer
1 Isotherms The units of force in American Engineering System (AES) of units is :
2 Internal energy A mathematical model that relates pressure, temperature and volume is
called
3 zero In a constant pressure closed process, quantity of energy transfer as

heat is equal to change in

4 Continuity

In energy balance, the difference between enthalpy and flow work is

equation describe by a term called
5 Length An example of a control volume that includes shaft work in its energy
balance
Frictionless An example of a supercritical fluid is
Dimensions The mass balance for an open system is describe by :

Equation of state

au

ar is a mathematical model for depicting the specific heat capacity of

what type of closed process

9 Gibbs Phase Rule

An increase in the energy of the system will result in a corresponding
decrease in the energy of the

10 | Boundary

The conditions of the mass within the control volume and at the
boundary do not vary with time. The process is said to be at

11 | Turbine

An extensive property is transform into intensive by dividing the value of
the property with

12 | Steady state

macroscopic characteristic of a system such as mass, volume, energy,
pressure, and temperature of the system

13 Constant volume

Heat transfer into the control volume of an open system is

14 | Enthalpy

The real or imaginary surface that separates the system from its
surroundings

15 Environment

All additive terms on both sides of the equation must have the same

16 Pound force

The thermodynamic concepts responsible for determining the number of
properties needed to fix a thermodynamic system

17 Positive

One of the features of a reversible process is that it is

18 | Property

The change in internal energy of a reversible process is

19 Amount

What is the property by which temperature is calibrated in thermometer

20 | Air

The line of proportionality between pressure and volume of fluid as
depicted on a PV-phase diagram is describe as
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Prairic View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall 2021: Mid-Term
Exam. Wednesday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books
Name of Student:
Terms (A) Concept (B) Answer
1 Isotherms The units of force in American Engineering System (AES) of units is :

16

2 Internal energy

A mathematical model that relates pressure, temperature and volume is
called

2

3 Zero

In a constant pressure closed process, quantity of energy transfer as heat
is equal to change in

4 Continuity

In energy balance, the difference between enthalpy and flow work is

3

equation describe by a term called
5 Length An example of a control volume that includes shafl work in its cnergy l I
balance
Frictionless An example of a supercritical fluid is 20
Dimensions The mass balance for an open system is describe by : (_{.—
- . - au o . . 4
Equation of state —- 1s a mathematical model for depicting the specific heat capacity of

ar
what type of closed process

15

9 Gibbs Phase Rule

An increase in the energy of the system will result in a corresponding
decrease in the energy of the

&

10 | Boundary The conditions of the mass within the control volume and at the boundary
do not vary with time. The process is said to be at l 2
11 | Turbine An extensive property is transform into intensive by dividing the value of

the property with

L]

12 | Steady state

macroscopic characteristic of a system such as mass, volume, energy,
pressure, and temperature of the system

[3

13 | Constant volume

Heat transfer into the control volume of an open system is

3=

14 | Enthalpy

The real or imaginary surface that separates the system from its
surroundings

(O

15 | Environment

All additive terms on both sides of the equation must have the same

16 | Pound force

The thermodynamic concepts responsible for determining the number of
properties needed to fix a thermodynamic system

|

17 | Positive

One of the features of a reversible process is that it is

18 | Property The change in internal energy of a reversible process is
19 | Amount What is the property by which temperature is calibrated in thermometer
20 | Air

The line of proportionality between pressure and volume of fluid as
depicted on a PV-phase diagram is describe as §

7
9
£

e
S

l




ABOVE AVERAGE



Above Average Student Original Graded Assignment
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Prairie View A & M University, CHEG 2334: Chemical Engineering 'l'hcmud}'mmkfw iy
2021: Mid-Term Exam, Monday, October 20, 2021, Instructor: Dr, Kazeem Olanrewaj %

You should not reference to or have access to your class notes, laptop, tablet, eell phone, §mart

phone, and any other electronic gadgets. Open Book ":?6
Name of Student: &

Problem 1 (30 points)

Nitrogen gas (N2) is confined in a cylinder by a piston, and the almosphere exerts a pressure of
14.7 bffin® on the top of the piston, which has a mass of 225 lbm and a face area of 1 fi%. The
mass of Nz is 1.5 lbm and initially Nitrogen gas occupies a volume of 0,0045m*. The volume of
Mitrogen gas slowly decreases to | liter as energy with a magnitude of 2.4 kJ is slowly removed
by heat transfer. The piston—cylinder material is a ceramic composite and thus a good insulator.
Friction between the piston and cylinder wall can be ignored, and the local acceleration of
gravity is g= 32.0 ft/s*. Nitrogen gas is consider to be the system

a) Determine the work done by the Nitrogen gas in Biu
b) Determine the change in specific internal energy of the Nitrogen gas, in Buu/lbm,

Problem 2 (30 points)

saturated vapor exits at 0.1 MPa and a velocity of 50 m/s. The elevation of the inlet is 3 m higher
than at ihe exit. The mass flow rate of the steam is 15 kg/s, and the power developed is 7 MW,
Let g =9.81 m/s.

Inlet specific enthalpy=3138.6 kl/kg Outlet specific enthalpy =417.511 kl'kg
Inlet specific volume= 0.1386 m*/kg Outlet specific volume = 0,001043 m*/kg
Determine:

a) The area at the inlet, in m?,
by The volumetrie flow rate at the outlet, in em’/s, and
¢} The rate of heat transfer between the turbine and its surroundings, in Ib-fi/h.

Problem 3 {20 points)

In the following, take Cv = 35.4 and Cp = 44.5 Imol'°C"! for carbon disulfide (CS:) gas: 264 g
of carbon disulfide at 300°C is contained in a piston/eylinder arrangement. How much heat must
be extracted from this system, which is kept at constant pressure, 1o cool it to 50 *C if the heat
capacity of the piston and evlinder is neglected?

=12, §=32.
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Prairie View A & M University, CHEG 2334: Chemical Engineering Therm
Exam, Wednesday, October 20, 2021, Instructor: Dr. Kazeem Olanrewaj
Closed Books

I Fall 2021:-Nid-

Name of Student: Foivcow Lowuvs

Terms (A) Concept (B) T Ansyf
A" | Isotherms The units of force in American Engineering System (AES) of units is : \4
2 [nternal energy A mathematical model that relates pressure, temperature and volume is )
called =
3 | zero In a constant pressure closed process, quantity of energy transfer as heat V/
is equal to change in A4¥ |,
A Continuity In energy balance, the difference between enthalpy and flow work is .
equation describe by a term called <
5" | Length An example of a control volume that includes shaft work in its cnergy .-
balance k¥
6 | Frictionless An example of a supercritical fluid is 2{ |-
7 | Dimensions The mass balance for an open system is describe by : G
i ) . X . , .
¢ Faation of stats %1:’ is a mathematical model for depicting the specific heat capacity of :'/%//
what type of closed process = =
] Gibbs Phase Rule | An increase in the energy of the system will result in a corresponding X M
decrease in the energy of the e )
J0 | Boundary The conditions of the mass within the control volume and at the boundary :,z.//
do not vary with time. The process is said to be at . |
N | Turbine An extensive property is transform into intensive by dividing the value of N e/
the property with .
J2 | Steady state macroscopic characteristic of a system such as mass, volume, energy. - al
pressure, and temperature of the system e
A3 | Constant volume | Heat transfer into the control volume of an open system is 1
¥4 | Enthalpy The real or imaginary surface that separates the system from its
surroundings et
15 | Environment All additive terms on both sides of the equation must have the same
16 | Pound force The thermodynamic concepts responsible for determining the number of -
properties needed to fix a thermodynamic system P
¥ | Positive One of'the features of a reversible process is that it is e
)/ﬁ Property The change in internal energy of a reversible process is 3/
)4 Amount What is the property by which temperature is calibrated in thermometer 5/ :
20 | Air The line of proportionality between pressure and volume of fluid as /
depicted on a PV-phase diagram is describe as
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Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamies 1 l'.y
2021: Mid-Term Exam, Monday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju 4‘ LJ ]

You should not reference to or have access to your class notes, laptop, tablet, cell phone, sm it
phone, and any other eleetronic gadgets. Open Book T

MName of Student: ?BT'E‘DHT']G Nlcmiaﬁ—
Problem 1 (30 points)

Mitrogen gas (N2) is confined in a cylinder by a piston, and the atmosphere exerts a pressure of
14.7 Ibffin® on the top of the piston, which has a mass of 225 Ibm and a face area of 1 fi?. The
mass of N2 is 1.5 [bm and initially Nitrogen gas occupies a volume of 0.0045m’. The volume of
Mitrogen gas slowly decreases to 1 liter as energy with a magnitude of 2.4 kI is slowly removed
by heat transfer. The piston—cylinder material is a ceramic composite and thus a good insulator.
Friction between the piston and cylinder wall can be ignored, and the local acceleration of
gravity is g= 32.0 fi/s®. Nitrogen gas is consider to be the system

a) Determine the work done by the Nitrogen gas in Biu
by Determine the change in specific internal energy of the Nitrogen gas, in Btu/lbm.

Problem 2 (30 points

Steam enters a turbine operating at steady state at 2 MPa, 350 °C with a velocity of 100 m/s.
saturated vapor exits at 0.1 MPa and a velocity of 30 m/s. The elevation of the inlet is 3 m higher
than at the exit. The mass flow rate of the steam is 15 kg's, and the power developed is 7 MW,
Let g =981 m/s®,

Inlet specific enthalpy=3138.6 kl/kg Outlet specific enthalpy =417.511 kl/kg
Inlet specific volume=0.1386 m*/kg Outlet specific volume = 0.001043 m¥/kg
Determine:

a) The area at the inlet, in m,
b} The volumetric {low rate at the outlet, in em'/s, and
¢} The rate of heat iransfer between the turbine and its surroundings, in lbeft'h.

3

Problem 3 (20 points)

In the following, take Cv = 35.4 and Cp = 44.5 Jmol'°C for carbon disulfide (CSz) gas: 264 g
of carbon disulfide at 300°C is contained in a piston/cylinder arrangement. How much heat must
be extracied from this system, which is kepi at constant pressure, to cool it to 50 °C if the heat
capacity of the piston and cylinder is neglected?

C=12, 5=32,
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Vo= Uyt
\Fi’l \

Vor .
Ry= 14.7"9¢/n2 +1-55 Wl it = Vo.35 / 1})

Vor . ‘fma):
W:-va = — .23 /""l (0059

Ar=Q+W




'Prc:’bit_m ;”!.

laluﬂ’!:

H,=3133.0 ”/Kq w,= . 1380 ™/kg v, = 100/

Hl:' L,“-"l*;j” Kjf"ﬁ% Wy= 001043 l"'"-s'_.'lk.(} \fi: 50
q= 32 Ft/st = V. 8Im/s? g

A+

ocumuwlat on = mief-outier ¥ aenepiion - CoNSUME ton
2 i

foreaowl lales © @
ok (mnifle U3 W ﬂm +{§+w
"“;ﬁ—" : ‘_((H H)T( - “)er 5@
Jr ¥ > LT & w
' [[(41?.5|n~3\5%.m}+{'°°‘°‘*3 13:« )+ 0 Ltj"m Q-+

U( alal. oq%’\w(.ﬁﬂ%’p%




- - — —
Problem 2
C(S&J S=3a
/,

(‘S.} - 2(0‘43

a:veh: Cv=354 Cp=44.5 dmol
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Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall 20!

Exam, Wednesday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju
Closed Books

Name of Student: Dreanine.. Nicihola

Terms (A)

Concept (B)

Isotherms

The units of force in American Engincering System (AES) of units is :

Internal energy

A mathematical model that relates pressure, temperature and volume is
called

Z€ro

In a constant pressure closed process, quantity of energy transfer as heat
is equal to change in

Continuity
equation

In energy balance, the difference between enthalpy and flow work is
describe by a term called

\

Length An example of a control volume that includes shaft work in its energy
balance

Frictionless An example of a supercritical fluid is

Dimensions The mass balance for an open system is describe by :

Equanion’of state ™ is a mathematical model for depicting the specific heat capacity of )45'
what type of closed process

Gibbs Phase Rule | An increasc in the energy of the system will result in a corresponding ’"5/
decrease in the energy of the =

Boundary The conditions of the mass within the control volume and at the boundary _ e
do not vary with time. The process is said to be at 2

Turbine An extensive property is transform into intensive by dividing the value of \%X
the property with

Steady state macroscopic characteristic of a system such as mass, volume, energy,

pressure, and temperature of the system

Constant volume

Heat transfer into the control volume of an open system is

Enthalpy

The real or imaginary surface that separates the system from its
surroundings

Environment

All additive terms on both sides of the equation must have the same

R I I I I AR

Pound force

The thermodynamic concepts responsible for determining the number of
_properties needed to fix a thermodynamic system

Positive One of the features of a reversible process is that it is
A8 | Property The change in internal energy of a reversible process is
/W Amount What is the property by which temperature is calibrated in thermometer
}0 Air The line of proportionality between pressure and volume of fluid as

depicted on a PV-phase diagram is describe as
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Below Average Student Original Graded Assignment



Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall
2021: Mid-Term Exam, Monday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju

You should not reference to or have access to your class notes, laptop, tablet, cell phonc. \
phone, and any other electronic gadgets. Open Book g,é? \

Name of Student: (L\(’M\LL D&L\S\
J :
Problem 1 (30 points)

Nitrogen gas (N2) is confined in a cylinder by a piston, and the almosphcrc excrts a pressure of
2

@7 1bf/in“)on the top of the |sloqLML@nd al am_qWe
mass of @nd G'ﬂi'liailz Nitrogen gas occugie?ﬁW 0f 0.0045m™ The volume of
Nitrogen gas slowly decreases to | liter as energy with a magnitude of 2.4 kJ is slowly removed
by heat transfer. The piston-cylinder material is a ceramic composite and thus a good insulator.

Friction between the piston and cylinder wall can be ignored, and the local acceleration of
gravity is@g= 32.0 f/s?) Nitrogen gas is consider to be the system
—

a) Determine the work done by the Nitrogen gas in Btu
b) Determine the change in specific internal energy of the Nitrogen gas, in Btu/lbm.

Problem 2 (30 points)

Steam enters a turbine operating at steady state at 2 MPa, 350 °C with a velocity of 100 m/s.
saturated vapor exits at 0.1 MPa and a velocity of 50 m/s. The elevation of the inlet is 3 m higher
than at the exit. The mass flow rate of the steam is 15 kg/s, and the power developed is 7 MW.
Let g = 9.81 m/s’.

Inlet specific enthalpy=3138.6 kl/’kg Outlet specific enthalpy =417.511 kJ/kg
Inlet specific volume= 0.1386 m*/kg Outlet specific volume = 0.001043 m’/kg
Determine:

a) The area at the inlet, in m>,
b) The volumetric flow rate at the outlet, in cm?/s, and
¢} The rate of heat transfer between the turbine and its surroundings, in Ibg-ft/h.

Problem 3 (20 points)

In the following, take Cv = 35.4 and Cp = 44.5 Jmol™'°C™ for carbon disulfide (CS>) gas: 264 ¢
of carbon disulfide at 300°C is contained in a piston/cylinder arrangement. How much heat must
be extracted from this system, which is kept at constant pressure, to cool it to 50 °C if the heat
capacity of the piston and cylinder is neglected?

C=12, S=32.
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Prairie View A & M University, CHEG 2334: Chemical Engineering Thermodynamics I Fall ZOzi/Mld
Exam, Wednesday, October 20, 2021. Instructor: Dr. Kazeem Olanrewaju

Closed Books

"T/cxf\f’» TDous

—

Term

3)

X N

Name of Student: 1
Terms (A) | Concept (B) N wer
1 Tsotherms— The units of force in American Engineering System (AES) of units is : V(,G
2 Internalenergy- A mathematical model that relates pressure, temperature and volume is [’K
called >
3 ZeTo- In a constant pressure closed process, quantity of energy transfer as heat 44_/
is equal to change in :
4 Continuity- In energy balance. the difference between enthalpy and flow work is
equation describe by a term called
5  |dength— An example of a control volume that includes shaft work in its energy "H/
balance
6 | Frietiontess An example of a supercritical fluid is ’246:
7 | Dimensions The mass balance for an open system is describe by : A
8 | Bquation of state = is a mathematical model for depicting the specific heat capacity of 7)<
what type of closed process y
9 Gibbs-PhaseRule~ | An increase in the energy of the system will result in a corresponding 45/
decrease in the energy of the
10 Boeundary The conditions of the mass within the control volume and at the boundary
do not vary with time. The process is said to be at
11 | Furhine. An extensive property is transform into intensive by dividing the value of BX
the property with ?
12 | Steady-state” macroscopic characteristic of a system such as mass, volume, energy, 4_8/
pressure, and temperature of the system
13 | Constant volume | Heat transfer into the control volume of an open system is \C‘L)( A
14 | Enthalpy The real or imaginary surface that separates the system from its "I{
surroundings
15 | Envirenment. All additive terms on both sides of the equation must have the same l L?(
]
16 | Pound-force— The thermodynamic concepts responsible for determining the number of ‘e(
properties needed to fix a thermodynamic system =54
17 | Pesttive Onc of the features of a reversible process is that it is "(C/
18 | Property The change in internal energy of a reversible process is [“}‘{k
19 | Amount What is the property by which temperature is calibrated in thermometer \3
20 A The line of proportionality between pressure and volume of fluid as l
depicted on a PV-phase diagram is describe as \/




CHEMICAL ENGINEERING THERMODYNAMICS | SEMESTER
PROJECT
FALL 2021

PROJECT TITLE: Matlab Project
TOPICS COVERED IN PROJRCT
Project covered the following topics:

1. Virial Equations of State

2. The ldeal Gas

3. Application of the Virial Equations
4. Cubic Equations of State

5. Generalized Correlations for Gases



CHEMICAL ENGINEERING THERMODYNAMICS |
SEMESTER PROJECT
FALL 2021

DETAILED PROJECT PROBLEM STATEMENT

AND REQUIREMENTS
CHEG 2334: THERMODYNAMICS |

MATLAB PROJECT (Due Date: 11/23/2021)

Prototype A

PROBLEM STATEMENT

Use MATLAB to Calculate Z and V for Ethane at 50 °C and 15 bar by the following equations:

a) The truncated virial equation with the following experimental values of virial coefficients:
B =-156.7 cm® mol™; C = 9650 cm® mol

b) The truncated virial equation, with a value of B from the generalized Pitzer correlation.

¢) The Redlich/Kwong equation

d) The Soave/Redlich/Kwong equation

e) The Peng/Robinson equation.

Deliverables

1)Write a MATLAB code to solve for Z and V in the problem statement

2)Use Excel Spreadsheet to solve for Z and V in the problem statement

3)Calculate Z and V from Generalized Compressibility factor Chart

4)Obtain the value of V from the Thermodynamic Properties of Species in the Problem
Statement and use the V obtained to estimate your Z

5)Write a report on the values obtained from Thermodynamic Properties Table of the Species,
Generalized Compressibility Chart, and all the Equations of State indicated under problem
statement. Compare the values from these different methods (The method with most
accurate values are the ones obtained from the Table).

Structure of the Report (4 pages)

Introduction

Methods (Source Code and Description of the different Method used)
Result and Discussion

Conclusion

Reference



CHEMICAL ENGINEERING THERMODYNAMICS |
FALL 2021

DETAILED PROJECT GRADING SCHEME

Structure of the Report (4 pages)

e Introduction :15 points

Methods (Source Code and Description of the different Method used): 25 points
Result and Discussion: 30 points

Conclusion: 20 points

Reference: 10 points



ABOVE AVERAGE
PROJECT REPORT



Above Average Student/Group Original Graded Assignment
Including Rubric Showing Grading



CHEG 2334 Project /%/
Iniroduction: J @
t

To appropriately gauge the behavior of gases that are not acting ideal. it is necessan culate
the compressibility factor (£) of these real gases. It becomes possible to calculate ths
compressibility factor by using either the vinal equation of stafe or the c equation of state.
By following their respective parameters, both equations shpuld td

pressure. This was done by utilizing the virial and cubic equations of state through the
computational tools MATL AR, and Excel.

Method:

Truncated Virial Equation Using B and C:

% The goal of this project is to calculate V and Z
Mame = Value
T=27T3+25: ! 85000
=10+ E
B=82.14:% unie of R i m*2 /mal K 1 C 1330
% Fir=t we ne=d to ¥ for ideal gas | P 10
%Ideal Equation is EV T
Tig=(R4T) /P: o R 831400
um| 293
% To =olve for ¥ E |.|r|g 2477 oe+03
t Tw=(RT/D) (
- 1 Vv 2 46365e-03
E=-EB.6: —
C=1550; 11 Iv 1.0032
BESE (V) ((RYT 2)3-
Vr=fzero (B(V) ({E*T) /P+{B*T*E) A{P*V]+{R¥T*C) J {P¥V~2) ) -V, Tig) ¢
Zw= {RYT) / (VWP s
Truncated Virial Equation Using the Pitzer Correlation:
¥ To =olve for Z and irial Marnz = Value
TI=L+ ~02P_247_7 + 1?2 _ mal -nosy
T=2%8: il 01334
=10 He 0
w=0.047 o Pc 4,500
Te=laz Her 02058
Pc=24.88 He
R=82.14 4 £3.1400
Tz=T/ T 298
r=T/Ic =
Fr=E/EFc T 132
) T 22575
BO= 0.0B3-(0.422,/Tr~1. j::t ;ﬁ'm
El= 0.13%-(D.172/Tr"4. | '

Ze=1 + BO*{(PrfTri+ (w*BL*{Pz/Trl)s i 00953
VE={Ze*R*T) /P7



Part &

Virial ED5 VS[RT/P1+8/ W+ 2))

VE=Ni

W=Vl

B 2.6

1550

v 1469.57381%
-1_A9R34E-03

z 0,596771766

Relich Kwong:

% To solve for 8 amd ¥V nsing Redlich/Ewong esguatiom
TI=14+ FIA0T_T4T_7 +TTALT ST 7

T=2T73+25
F=10:%conwvert to bar

w=0.048;

Tc=132.9;

Pc=34.55;

B=83.14:

Tr=T/Tec:

Er=E/Fz:

ilata obtain from Table 3.1 in the Power poj
a=];eata

=1z T=igma

omega= D.DBEE:
phi=0._42748;

E= (omaga)* (BxfTx):
a=Tx*-{L/Z):
g=(phi*a) f (omega*Tr)] 7
V={R*T) fPs

slide from chapter 3

[Z+{c*B)) 1)+

Zrk=foero{@{Z) {1+B-i{g*B)* ({Z-B) /{ (Z+{=*B) ) * (Z+{c=*B) ) 1)) -E, 1)
Vrk=(Zck*R'T) /P

Soave/Relich Kwong:

% To solve for 8 and V msi Soawve ich Kwo! egquation
T?=L+ 2°07_277_7 +72°12 T2

T=2T73+25;

F=107 fconwert to bac

w=0_048;

Tc=132.9;

Pc=34.55;

A=i3.14;

Tr=T/Tec:

Br=F/Pz:

ilata obtain from Table 3.1 in the Fower
a=l:teata

c=1l; %=igma
ocmega= D.DBEEL:
phi=0_42748;
2a=Tr~-{1/2):
a=(1l+0.480+{1.574
E=(omega) * (PrSTx)
g=iphita) f {om=ga

int slide from chapter 3

Etw2 ) ¥ {L-Tz~{1l/2)))~2z

Part B

T

P
wr=0.048;
Te=132;
Pr=34.99;
R=E3.14;
Tr=T/Tc:
Pr=R/Pg;
BO

Bl

z

)

Mama =

298
10
0.048
132
34.99
83.14

2257575758
0.2857595542
-0.03 1679217
0133273599
0.336E00043
400 HaETe

132,900
22423
24776+ 03
2465403
Q450
09951

53250
21,1400
i
132.0000
L2423
LATThe 02
1.3552e+03
Qe
00506



V=I(RTH/Ps

{Z+{c*Bil )]+

Esrk=frero (g (Z)
Vark=|I=ck'R'T) /P

Relich Kwong:

[raamim: =1
P=10; %corvert ta bar 17
w0038 LR
Te=132.3 132.3
Pc=34,9% 34.5%
R=H1.14; ELid
Te=TiTe; &7
Pr=pifec 1L.205756
a={l;Hasta [
o=1; Esigma 1

| P ga=0.0B56; 00865
phi=04272E; 042743
He=Tr ({112}, 1867812
&= Lm0 1T D17 w2 | *|1-TreLf2}} 1" 2; 4207
B={ orre=ga) *[PriTr); 0.001043
n=l pha=a)f{omegs™Tr}; 1.46%459
Le Cadi e W75
E=L e[ B 71 2- B T2 (e =B {2 HCT B 10.39517
Cuessvabiais Tl 1

Peng/Robinson:

% To solve for Z and ¥ using The Peng/Robinson Equation
% I=128-gf (I-B)/(I+eE)(I=cf]

% f=0 Pr;Tr

% g=W(Tr;w)/(0TT)

%t @ PR (T_r;w)=[1+(8.37464+1 5432608 2600202 )(1-Tr~{1/2) 112

T=293;

P=18;

Tc=132.9;

Pc=34.9%9;

0=8.87788; % omepa
Pr=P/Pc;

Tr=T/Tc;

B=0*(Pr/Tr); % beta
W=@.45724; % phi
S=1+sgqrt{l); ¥ sigma
E=1-sqrt{2); % epsilon
R=83.14;

A=(1+(.37464+1 54226 (W) -8 26992+ (W 2) ) *(1-Tr~(1/2)))2;
Q=(W*a)/{0*Tr];

%7=148- (Q*B)*{{Z-B)/{ (Z+EB)*(Z45B)));
I=fzero(@(Z)(1+B-(Q*6)* ((I-B)/((Z+{E*B))*(Z+(5*6)}}))-,1);

(L+B-{g*B) *{ (Z-B) f ({Z+ (e*B) ) * {Z+(c*B) ] )] )-Z, 1}

Soave/Relick/Kwong:

T=XTI425
P=lEHConverT 10 har

wi=llL s

Te=1329

Pe=34,99;

R=03,14;

Tr=T/Tez

Pr=piag:

a=lieats

=1 Esigva
peega=aG6d;

pha =0 42748;

w= 1H0 AR08 1, 574 5] [0 1"
s 1040081, 574 %) [0,
B=[ommega} ™ PrTr];
|a=iprizaifia

SL-Ter L2

I=L+g-{q B M[z-a {2+ o B *[Z+(c Bl ]} |

Guezz value iz 2 i3 1

¥Ipr=fzero(B(Z) (14B-(q*B)*((Z-B)/((Z+(e*B))*(Z+(c*B)}}})-I, 1)

V=(Z*R*T)/P;

wetd PL-Tra (12102

008662
0.42748
142037
142037
elesh i
5315036
AT

553515

1

Value

02410
0.00%9
-0.4142
0.0778
10
34,9500
0.2838
0.E31T
B3.400
24142
298
1325000
2.2423
PAAT e+03
04572
1.003%



T 298

P 10
Tc 1329
Pe 3499
0 [omega) Q0778
B=0r*{ PriTr) 00099161 7%
W (psi} 045724

Sigma=1+sqrt(2) 2414213562
Epsilon=1-sqrt[2) -0.41421356

Tr=T/Tc 2. MIIET43
Pr=P/Pc 0LFB5795942

A= 14{00. 370844 1 S4226% [ W)-0.2 *[1-Tra[ 1/2)] 42 0.241012
C={W*A)/[0*Tr) 0631722
T=1s8-00*B*{|Z-8)/([Z+E*B) *[Z+5*B)]) 1003834

LHODHIE*CO*[[Z-CO)/ (|20 12%00) *{ Z+C11%Ca)))

R g3.14
Guess Value s Zis1 1
V=[Z*R*TYP 2487.071

NIST Webbook (Thermodiynamics Properties):

Fluid Data

Isathermal Data for T = 108.00 K

Temasrature | Preassre | Dsraity | alems | imiemalCresgy | Onthalpy | s | o | cp Sourdied. | Sosle-Thamucs | iacasty | Them. ceed. [
o] (Bar) ] ) [Rdimed} (adimed] mial"H] el | el Imix] bt | (aFa'E] K] -

...... FYTor e prn) wal peve " W o

Volume = 2460 6 cm™3/mol

According fo Z=PV/RT= (10 bar *2469.6 cm"3/mol)/(83.14 bar cm™3/mol K*208 K) = 0.9968

Generalized Compressibility Chart:
Z =1 2 According to V=ZRT/P = (1*83.14 bar cm"3/mol K * 298 K/ 10 bar) = 2477.57 cm"3/mol

In order to find Z and V in MATLAB and Excel for the virial and cubic equations of state for
carbon monoxide at P=10 bar and T=298K_ it w essary to name the vanables such as B, C,
B1 and B0 for the virial equation and ome 51, beta, sigma, and epsilon for the cubic equation
and solve for those values. 1, V was sdlved for first for the vinal equation using B and C, and
Z was solved for without using iterafidn for the Pitzer correlation The compressibility factor was
solved for using the Relich/ Elwong, SoaveRelichKwong, and Peng/Robinson equations by
tteration. After finding either Z or V by iteration (shown by using the firalue function in
MATLAB and Data 2 Solver in Excel) the equation Z=PV/RT was used to find the missing
variable.




Eesults and Discussion:

% Error B&C Pitzer FK SEK PR GCC
Z 0.35 1] 0.17 1] 0.71 0.2
Vv ] 0 0.32 0.32 0.71 0.32

Chart vielded results that varied little
volume. Overall. the using the percent laub-r_r fith/the results shown in the table above,
we are able to see that none of the di ifted away from the NIST Chemustry
Web Book over one percent. This verifies that the equations are precise and accurate enough to
calculate the behavior, general compressibility. and volume of real gases as they deviate from
their ideal state.

Conclusion:

The results obtained from the virial and cubic equations and their variations are considerably
more accurate when compared to the result gamed ﬁ the NIST Chemistry Web Book. It is
observed that there are very small '..aluﬂs obtained from MATLAB and
Excel and it 1s clear to say that based l‘]1 res e equations are precise and accurate.
The results showed that the codes we had were 3bje to bfjmn on MATLAB worked. Also we
were able fo get calculations working in'the CE] wﬂh right equations. In conclusion, we

we're able to use a multitude of equan ltal:ion tools to resulf in the same
value.
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The goal of this project is to calculate the values Z {compressibility factor) and V (Volume) under
the following conditions: Temperature T = 250 C and Prassure P = 1800 kPa ; using 5 different
methods:

A) The truncated Virial Equation with coefficients B=-132.cm3 mol-1 and C=-5800 cm6& mol-2.
B) The truncated virial equation with a value of B from Generalized Pitzer correlation. C) The
Redlich /Kwong equation .

D) The Soave fRedlich/Kwong equation.

E) The Peng/Robinson equation.

For the purpose of this project, Matlab and Excel will be the two major tools used.

First, we used Matlab to calculate the values of Z and V using the five equations mentioned
above. See below the codes and the answers we came up with:

SOLUTION TO Question a for Prototype C
%The goal of this project is to calculate V and Z
T=523

P=18

R=83.14; % unit of R is pa.cm”3/mol.K
%First we need to calculate V for ideal g
%ldeal equation is PV=RT
Vig= [R*T)/P

% To solve for V for the Virial E
%\Vv=(RT/F) ((1+B)/V + C/v~
B=-152.5;
C=-5800;
%f=@(V) ((R*T)/P+HR*T*B)/(P*V)+ (R¥T*C)/ (P*V"2))-V
%f=@(V) (R T)/PHR T*B)/(PVIHR T*C)/(P*VA2))-v




Vv=fzero{@(V) ((R*T)/P+HR
Z=(P*Wv)/[R*T)

ANSWERS: V = 2.415
Vv=2.24%9e+03
Z=0.9310 —~

B)/(P*VIHR*T*C)/(P*V"2))-VVig)

cm?/ mol
mol

SOLUTION to Question b for Prototype C
% To solve for Z and V using Truncated Virial
967=1+ PAQP PP 7 HIPALY T 7

T=523;

P=18;
w=0.345;
Tc=647.1;
Pc=220.55;
R=83.14;
Tr=T/Tc;
Pr=p/Pc;

BO= D.DBl—{U.d
B1=0.13 .
Z=1 + BO*(Pr/Tr)+ (w*BL1*(Pr/Tr))
V=(Z*R*T)/P

AMNSWERS: V = 2.2675e+03 cm?/ mol
Z£=0.9387

SOLUTION to Question ¢ for Prototype C

% To solve for Z and V using the Redlich/Kwong
aquation %7=1+ TA07_7/7 777017 77 7
T=523;

P=18;%convert to bar

w=0.345;
Te=647.1;
Pc=220.55;
R=83.14;
Tr=T/Tc;

Pr=p/Pc;

%Data obtain fro
e=0;%esta’,
c=1; %sigma
omega= 0.08664;
phi=0.42748;

able 3.1 in the Power point slide from chapter 3



B=(omega)*(Pr/Tr);
a=Tr-(1/2);
a=(phi*a)/{omega™Tr);
V=(R*T)/P

% Redlich/Kwong Equatio
T=147777 (PP?) 2+ 7T+

Zrk=fzero(@(Z) (1+BAq*B)*((Z-B)/((Z+e*B))* (ZHc*B)))))-Z 1)
Vrk=({Zrk*RAT)/P
ANSWERS:
Zrk =0.9472

Vrk= 2.2881e+03 cm?/ mal

SOLUTION to Question d for Prototype C
% To solve for Z and V using Soave/Redlich/Kwong equation

%7=1+ P07 27 47PN PR 7
T=523;

P=18;%convert to bar

w=0.345;
Tc=647.1;
Pc=220.55;
R=83.14;

%Data pbtai m Table 3.1 in the Powerpoint slide from chapter 3

c=1; %asigma

omega= 0.08664;

phi=0.42748;

B={omega)*(Pr/Tr);

a=(1+(0.480+ 1.574*omega-0.176%omega™2)*(1- (Tr -(1/2)))*2);
q={phi*a)/{omega*Tr);
V=(R*T)/P

% Soave/Redlich/Kwon
WT=14+7FYT (PPT)/[ TP
Istk=fzero{@(Z) (¥+B-{q*B)* ((Z-B)/((Z+(e*B))*(Z+(c*BIN)-Z 1)
Vsrk=(Zsrk*R*T)/P

ANSWERS:

Vsrk= 2.30292+03 cm®/ mol

Zsrk =0.9533




SOLUTION to Question e for Prototype C

% To solve for Z and V using Peng/ Robinson equation
%T=14 PAQP TP T HIPALY P 7

T=523;

P=18;%convert to bar

w=0.345;
Te=647.1;
Pc=220.55;
R=83.14;

obtain from Table 3.1 in the Powerpoint slide from chapter 3
e=1-2M).5;%eeta

c=1+2*0.5; Ysigma

omega= 0.07780;
phi=0.45724;
B={omega)*(Pr/Tr);

a=(1+(D,574564+ 1.54226%omaga-0.26992*omega”2)*(1- (Tr™-{1/2)))"2);
q={phi omega*Tr);

V=(R*T)/P

Zpr=0.9487



The second method used to calculate Z and V is Excel. Please refer to the attached Excel sheet

provided.

T 523
P 18
w 0.34%
Te 6471
Pe 22055
R=8314; 8314
Trs1/Te; 0.808221295
Pr=R/Pc; 008161414645
BO -0.5102858473
81 02816309578
z
v

3 "

w 0.345

T 6471

.3 12058

LEL ST LERE)

Teal/%; Q808221245

PreffPc. 00161414645

. o

3 3

cmaga 008664

phi Q4748

] 000874890292

- 02990112875

4 3485220852

v 3415 670889

Random 0%

parta

Virial EOS V={RT/P(1+BAV+C/VA2))
V=i
v2=vi

<1525

5800

v 2469.573819
<1606.003561

z 1.022310469




The third method used to calculate the values of Z and V entail using the Generalized
Compressibility factor chart. We marked the around area where Z is based off of our
calculations.
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Reducad prassure, D

Therefore, V=10.9319*83.14*523)/ 18 = 2251.47 cm*/ mol



The fourth method used to calculate V and Z utilizes the Thermodynamic Properties table of
Species. The following values were obtained from the tablas:

Auxiliary Data

Reference States, default for fluid

Enthalpy H=45295719] kJ/mol at 3000 K and 0.010 bar.
Entropy 5=164.005224 J/mol"K at 300.0 K and 0.010 bar

Additional fluid pregerties

Critical temp (Te) 647.006 K
Critical pressure (Pg) 220.640 bar
Critical density (D) 17.873726 mol/l
Acentric factor 0.3443
Normal boiling point 373.0243K
Dipole moment 1.855 Debye

Using these numbers, we
and b to calculate V. Then we

Equation

Tr=T/Tcand Pr= P/Pc and then come up the values a
calculate Z from V.

P = (RT/{V-b]}- a/v~2)
V =2279.81 cm®/ mol
Z=(P*V)/ (RT) = 0.9311

Interpretation

We can observe from comparing the different results obtained that the values for Z and V are
roughly the same for all methods used. However, the most accurate method is the fourth one,
which utilizes the Thermodynamic Properties table of Species.

Introduction: The goal of this project was to solve for the virial equation given using various
methods to solve it and to see which one is the most aceurgte. We used four methods to
solve the equation. The first one we were fequjred to use was Matlab. The second method
was using Microsoft excel. The third method was solvi uafion using the
compressibility chart given to us in the grojec thermodynamic properties
found by going to the chemistry webbogk.




Method: Each method provided good results. The Matlab took the longest amount of time
but each was close but only of the codes lead to it being the closest towards the exact answer
by inputting a code to solve the virial equations given to us . Next we used Excel to solve a
formula which roughly matched the matlab we did by putting in the formula to solve in the
axcel and also input other numbers given from the appendix to help us solve the equation .
We then used the compressibility chart by getting Tc and Pc to then get Tr and Pr then graph
where our Z would be to then solve , which roughly gave the same numbers as the previous
methods. The final method we used thermodynamic properties to help us find 2 and V which
was the easiest to do since we just did simple calculations and put them in and had it solve it
for us. | would say the method that works the best is Excel since the compressibility chart
does not give you exact measurements so it isn't the best way to get data, the
thermodynarmics does not allow you to do other equations like Redlich/Kwong, and the
Matlab takes forever to download and code.

Results/Discussion:

Estimated Values True Values  Percentaga Error
225117 227981 1.2
0.9319 | 0.9311 0.09%
In the table above we are comparing the estimated and tr s of WV and Z to formulate

the percentage error. The percentage error was calculated by subtracting the gttimated value
from the true value, divided by the true value then multiplied by 100. The estimated values
were within a very close range of the true value due to the accuracy of the data found with
the multiple methods used throughout the project.

ciant in getting us an estimated value as closa
thod 3, we used the Generalized
le

Conclusion: The method that was t o
to the true values was in method 3L Dufin
b see the p-v-T relation for gases. The chart

Compressibility factor chart where we jwer
was a necessary tool to predict the\properties of gases as well as mixtures with accuracy.
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MATLAB Mini Project Lab Report / : 2_\
Prototype D /
i

Introduction

Group 1 will be using MATLAB and other calculative resources to
understand Prototype D. Our Prototype has been identified as methane, a hydrocarbon.

Methane contains 1 carbon and 4 hydrogen atoms (CH,) and can sometimes also be

~

|
known as “natural gas”. We will be using the information given to provide the f -l 3 l'

calculations of the V and Z for methane using the truncated virial equation,

Redlich/kwong equation, the Soave/Redlich/Kwong equation and the Peng/Robinson

equation, to solve the non-ideal gas.

_—
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Methods
MATLAB Source Code:

Matlab was used to calculate V and Z using different equations, we entered the values
and equations into Matlab as depicted in the source code below. Matlab then calculated our true
and estimated values of V and Z using the various equations..

% MatLab Mini Project Group 1 Prototype D
% The goal of this project is to calculate W and 2

T= 273; %Kelvin

P=20; %Barr

R=83.14; % pa.cm"3/mol K

% Calculaye V for ideal gas

% ldeal Gas Equation PV=RT

Vig=(R*T)IP i i Ez]b
% To solve for V for the Viral EQS

% Vv=(RTIP){ 1+B/V + CIV2)

B=-53.8;

C=2620;

Wf=@(V) ((RTIP+{R*T*BN(P*V)+(RET*CNPVA2))V

Vy=fzero(@(V) ((RATWP+{RAT*BIP*V )+ (RT*C(P*V"2))-V Vig)

% Part B: Solve for Z and V using Tru ed Virial
T=273;
P=20;
w=0.012;
Te= 190.6;

Pc=45.99;



R=83.14;

Tr=TiMc;

Pr= P/Pc;

B0= 0.0683-(0.422/Tr"1.6);

Bi= 0.139-(0.172Tr"4.2);

Zt=1 + BO*(PriTr)+ {w*B1*{PrTr))

Vi=(Z*ReTIP

% Part C: Solve for Z and V' using Redlich/Kwong equation
T=273;

P=20;

w=0.012;

Te= 190.6;

Pe=45.99;

R=83.14;

Tr=Tfe;

Pr= P/Pc;

% Data obtained from Table 3.1 in the Powerpoint slide from chapter 3

e=0; %eeta

c= 1; %sigma
omega= 0.03664;
phi=0_ 42748;
B={omega)*(FriTr);
a=Tr-{1/2);
g=(phi*aj}{omega*Tr);

V=(RTYR;

Aric Haynes
Breanna Nicholas
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% Redlich/Kwong Equation
% Z=1+B-(q*B)*((Z-B)((Z+{e*B))*(Z+(c*B))));
Zrk=fzero(@(Z) (1+B-{g*BJ*{(Z-BW{(Z+({*B)*(Z+(c*BI))-Z, 1)

Vrk=(ZricR* TP

Solutions -

Vig = 1.1349e+03

Wy = 1.0809e+03

Zt= 09535

Wt= 1.0820e+03

Zrk= 0021

Vrk = 23.9682

Excel:
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Another method used was excel, we entered the values and equations to
compute values for V and Z.

T= 273
P= 0
R= 83,14

Calculatz v for ideal
Vig= =(BA*B2)/B3

Solve for ¥ for Virial
B= -53.8 (
C= 2620

Vv = =({B4"B1)/B3+(B4*B1*B10)/(B3*B7]+(BA"B2*B11)/{BI*BT~2)|-C7

solve for T and W using Truncated Virial

W= 0.012

Tc= 190.6

Pc= 45.99

Tr= =B2/B17

Pr= =B3/B18

B0 = =0.083-(0.422/B191.6)

Bl= =0,139-(0.172/B194.2)

Ft= =1+821*%(B20/B15)+{B16*B22*[B20/B15))
wi= =(B21"B4*B2)/B3

solve for 7 and V using Redlich/Kwong equation

2= o
C= 1
omega = 003654
phi = 0, 42748
= =Ra0*(R20/819)
a= =B15"-(1/2]
= =(B31*B33)/{B30*B19)
= =|BA*B2)/B3
|
Irk= 0.951
Wk = =|BI7*BA*E1)/B3

Compressibility Chart:
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finding reduced pressure (p/p.) and
Ibility factor, to finally graph the dot on the

We used the Compressibility Factor Cha
solving PV/RT to find Z for the compre
chart.

P,= PIP.

P, =20/45.99 [ Z=20"1134.86/83.14*273

Pr=0.434877 (,

Z=1
Discussion / Results :
W z Percent Difference
W
Ideal Gas 1134 861 - | -
Virial EQS 1083.37 \ 4 54%
[ &
Truncated Virial 1062.046 | JZ [1}534%1 465%
[ !
Redlich/Kwong 1079253 | ( J-J{__s?i 4.90%
\_/

The value of V was obtained using the ideal gas equations and this was used as
our true value. Each of the following values for V were then compared to each other.
They were precise but could have been more accurate. The percent difference for each
of the equations was 4% or less.

Conclusion:

truncated virial and Redlich/Kwong equations are still precise, but are not the most

accurate equations. f g |
| /
N

The virial EOS was the most accws\; equation used to solve for V. The
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