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Above Average (Graded original work)
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Original Homework Questions & Master Solution/grading scheme used
Above Average (Graded original work )
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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 Il

Credits and contact hours:

3 credit hours; 3 contact hours

Instructor’s or course
coordinator’s name:

Dr. Ernest Carl Mclntyre, Adjunct 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.com/. 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

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



CHEMICAL ENGINEERING THERMODYNAMICS 11
SPRING 2022

Title of Assignment: UPLOAD LETTER REPORT FOR PROJECT 1

Refrigeration Cycle Design Project

TOPICS COVERED IN PROJECT 1

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
. 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 gymis 10
Trowmax. While the outside temperature varies from Tiigrm 10 ThHicHma. 85 gIven in the team
assignment matrix below. The total thermal load on the storage unit is given as 33 kW. 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 transter, 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

coefticient 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 Tpgw and Tigy. 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.

" Hosmi I. Abu-Mulaweh & Abdulaziz A. Al-Arfa). “Engineering design expenience of an undergraduate

thermodynamics course,” Warld Transactions on Engineering and Technology Edueation, Vel.10, Ne.1, 2012, pp. 77-

Bl. Avalable g http://www. wiete.com.awjournals WTE& TE Pages Vol. 10, %20No.1%20%28 201 2%28/12-12-Abu-

Mulaweh-H.pdf, last accessed August 31, 2020.

T ASHRAE Handbook - “Fundamentals, Thermophysical Properties of R.eﬁ-lgerantnh}rodml & Applmnln:m

Handbook, Vol. V J191, 2013, pp. J191-J207. Available
library/file 1485, last accessed August 31, 2020,

L The Engineering Toolbox, Available at https:/www.engineerin oolbox. com/refrigerants-

d_902 html#:~:text=Physical%20propertics%a2 lof*20some %2 0common a2 Orefrigerants®e3A % 20%20, %2 0%20-

252%:20%203 1%20more%e20rows%e2 0, last accessed August 31, 2020,

Osborne-Lee Page 1/1
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REFRIGERATION CYCLE DESIGN
LETTER REPORT

Date: Mareh 4, 2022

To:  Professor Meintyre

From: Laury Mengue, Ruesl Wright

Re:  Project#1 Design of 3 Refngeration cycie

INTRODUCTION

Refrigeration cyces are conceptual and mathematical models for heat pumps, air condiioning
and refrigeration syslems. The purpose of 3 refrigeration system IS to ransmik heat from one
Incation at a higher temperature to another location at a higher temperatune.

PROBLEM STATEMENT

A refrigeration system Is to be designed o maintain the temperature in the range TLOWMIN to
TLOWmax, while the outside temperature vanes from THIGHmIN 1o THIGHmMaX, a5 given In the
ieam assignment mairl below. The total thermal load on the storage wnlt Is gheen as 35 KWL
Obtaln an Initlal design Tor the vapor compresskon refrigeration system shown In Figure 1.
Choose a safe and sultable refrigerant. For sa'e operation and other factors, such as additional
enengy transfer, d2slgn the system using a safety factor of 1.25. The compressor eMciancy
could range from &0 fo 50 percent.

In the cowrss of your design you will need to specify orfand determine the temperatures and
pressures at the diferent states and show the cycle with the vapor doms on a temperature
entropy (T-5) diagram or pressure enthalpy (p-H) diagram, or bath. &lso, you must datermine

the coefficient of performance value and the mass fiow rate of the working fuld.

OBJECTIVE

There were 4 majors focal points for this project:

- Deslgn of the refigeration sysiem to maintain the folowing temperature ranges. T-Low
imin} = -20°C , T-Low[max) = -10°C, T-High{min) = 15°C and T-Highimax) = 25°C and talk
about Its components and Bs process.

- Choose arefrigerant with @ safety factor of 1.25 and a compressor eMciency that ranges
from G0-30% and show the formuias that wil b2 used for owr calculations.

- Determine the temperatures and presswas at the dfferant states and show the cyce
vapor dome on an T-3 diagram or 3 P-H diagram.



Oeterming the coefMcient of Performance I:['.IZIF':I'l'HIJE- and the mass Now rate of the
working fuld.

DESIGHN METHODOLOGY

Rafrigeration procasa
A refrigeration cycle has 4 major componenis:

Compressar; Its purpose s to circulate the refrigerant In the system. The refrigerant Is
compressad from 3 cool gaseous state to @ hot high pressure vapor. Then, the
refrigerant moves to the condenser.

Condenser: Its purpose Is to change the hot gas Into a liguid. The condenser doas 50 by
alowing the high pressure and decrease In temperature to condense the vapar which
elects heat.

Thesmal Expansion Valve: i maln purpose Is to prowide an environment Mat allows for
the refrigerant to decrease In pressure.

Evaporator: The purpose of the refrigerant Is to remave heat which allows for the
refrigerant to copd down. Inskde the evaporator, the liguld refrigerant ks expanged and
Evaporated.

Azzumptions
For the purpase of this praject , assumpiions need to be made In order to faciitate the
calculations:

The four componsnts pperate under s1eady-state, steady-Tiow PTOCEES.
Both the compressor and the expansion davice are considered adiabatic
Enthalpy H3 = H4

Pragsure P3 = PressuUre P2

Efficiency used = T0%

Procedurs and Formulas

For the efectiveness of our design, we utiized a vapor compression refrigeration cycle. Also,
wa applied the first and second Laws of Themmodynamics while taking In consideration the
assumptions mentioned abowe. See below In table 1, the formulas used:

Tabds 1

Compressor Work done In the comprassar | Wy, = mdHz - Hi)

Condensar. Heat releasad out of the sysbem | Qo= MiHz -H:)
by the condenser




Thiratile {Expansion Walve): Hy -H,y dF =0, Wog=0and Qo =10

Evaporator : Heat entering the evaporator Q= mh{Hs -H4)

Cpafficlent of Performanca(CoP) COp -E_:
Isentroglc: E -
Lolc Entrogy = % 100%
Uinear Interpolation ¥= Y1+ [E-xa){ ¥z W R[]}

Wi = Power entering the compressor
m = Mazs flow rate of the refrgerant
@y~ Heat absorbed by the evaporator
Q.. = Heat gjectad by the condenser

H = Enthalpy

Afer stating the formulas utlitzed for our Project, we are gaing 1o select our refrigerant.

Rafrigerant aalaction

Afier considering many refrigerants , we chose R-1344 also known 35 1,1,1,2-Tetranworoethane
becauwse 's safe for the environment, easly accessible, It's not highly Nammaile, safe for
humans and convenlent to operate at our temperatures.

For the purpose of our project, we will operate within the following glven temperatures | T-Low
{min) = -20°C , T-Low{max] = -10°C, T-High{min} = 15°C and T-High{max) = 25°C. We also
assume an Isentrople efficiency of 70% and our refrigerant has a safety factor of 1.25.

The third objective Is to show the refrigeration schematic diagram with values for P {Pressure),
T (Temperature), H [Enthalpy). S (Entropy) and V | Volumetric Denshy)at each stage. We wil
be using the Properties of Saturated table for R-134A and The P-H diagram.

See below Figure 1 representing a schematic diagram of the refrigeration cycle. It shows the
malor companents, the difierent states{Vapor andior Liguid), the direction of the refrigerant and
Sressura and tEI'I'IPEIE'lIlI'E at differant 513?!& It 1= alsm mF}EII'IEI'I'I o underline that we usad
Lingar Interpodation o calculate these values.



Figure 1: Diagram of Vapor Comgpression Refrigeration Cycle

Flgure 2: Pressure Enthalgy Diagram For R-134A

TR S



RESULTS

As previously mentioned abowe the values for T, P, H, V and 5 were obfained from the P-H
Hagram and the Properties of Saturated table for R-1344 from PYAMU Canvas course
Modules. S2e below 3 swmmary of these values at differant stages.

Stage 1 Stage 2 Stage ¥ Stage 3 Stage 4
T("C) 10 25 41 15 20

P [MPa) 0.2005 06556 0.6655 0.6856 01327
HiKl]ikg) |39268 412.33 £30.85 79048 390,48
S K) KgK) | 1.7334 1.7334 1.7812 1.0724 [.0002
vim¥Kkg) |0.0996 003043 0.0306 0.0421 014739

Finally, wa have to calculate the CoefMclent of Performance and the Mass flow rate of our
refrigerant.

Calcylation of COR

cOF

Qin _ m{H1-H4) _ H1-H4 _ 392.66—22048 _
Win thiH2:-H1) H2/-H1 430.85- 39266

Calculation of mass fow rate

We know - Qin = m(H1 — H4) | Therefore
= i = e = R
M= Hi—Ha  39266—272048

MECUSSION

Figure 1 shows the refrigeration cycie and the states with the comesponding temperartures and
pressurs.

Figure 2 shows a pressure-enthalpy diagram for R-134a. Based on the diagram, the refrigerant
Is a saturated vapor at state 1, a superheated gas at siate 2, a liguld at state 3, and a liquid-gas
miziure af siate 4.

Table 1 shows the diferent components In a refrigeration cycie and thelr respeciive eguations.



Al state 1, the fluld 15 at a temperature of -10C 3 It comes out the evaporator a5 a saturated
wapor, with a pressure of 0.20060 mpa, enthalpy of 302.57 KJKg, entropy of 1.7334 KUKg'K
and a volume of 0L09959 m=3Kg.

At state 2, the fluld Is at a temperature of 25 C as It comes out the compressor as 3
superheated gas; with a pressure of 0.565505 mpa, enthalpy of 412.33KJ/Kg, entropy of
1.7334 KJ/Kg"K and a volume of 003093 m*3Kg.

At state 3, the fluld Is at a temperature of 15 C as It comes out the condenser as a liquid; with a
pressure of 0.655605 mpa, enthalpy of 220,48 K.MKag, entropy of 1.07245 KJ*g"K and a
wolume of 0.042115 m* g

At state 4, the fluld Is at a temperature of -20 C a5 It comes out the condenser as a liquid; with a
pressure of 0.13273 mpa, enthalpy of 220 48 K.1Kg, entropy of 0.9002 KMKg"K and a volume
of 0.14739 m*3/Kg.

COMNCLUSHON

R-134a akso knoam as 1,1,1,2-Tetraflworetheane s a hydroffluomcarson that 5 mainly
usad In aviemobles. Its versatliny can e seen throughout the diferent themodynamlic states.
We were tasked with finding the Pressure (P}, Enthalpy {H), Entropy (S}, and Violume (V) for
2ach state of the refrigeration cycle. We were able to design our refrigeration cycie using the
vapor compression dlagram and make It work efficiently by applying the first and second Law of
Thermodynamics and setting some assumptions. Overall, our refrigerant operated wall.

Rafersncas

Lidclin, Kufuh. SPOF] Ensironmental Assessment and Charsclersics of next Generation Refrigerants *
ResearchGate, June 2016

WWW FESESTCIalE NebiDubVEatond2027 2160 Envimnmental Assessment_and Charsclenstics of Next
_ Genarmtion_Refigersnts. Accessed 5 Mar. 2020

Ahu-Muiaweh, Hosni [, and Abdutaziz A A-ARS]. Enginesring Design Experence of an
m Courza.
Wi Transactions on Engineering and Technology Education, 1 Nov. 2018,
Smith, J M, &f al. Inroguction 53 Chemical Engineening Thermodynamics. C, 2018,









REFRIGERATION CYCLE DESIGN
LETTER REPORT

Dabe.  March 4, 2022

T Professon Micintyre

Fram. Hillary Mdongo, Breanna, Michaal

R Frigect #1 Design ol a Relngeralbon cycle

INTRODUCTION

Refrigeration cydes are conceptual and mathematicsl models for heal purgs. air condilioning
and refrigeraion systems, The punposa ol a relrigeralion sysbem s b ransmil haal om ane
localion al a higher lemperalure fo analher lecalion @l a higher lemperalure

PROEBELEM STATEMENT

A relrigeralion System S 1o be dessgred (o mamntain he Eemperalune e rangs TLOW T 1o
TLOWmasx, while the outside ernperabure vanas from THESHmin o THIGHm:a:, &5 given e
tearm assagniment malix beiow. The lalal thenmal bad on @e Slorage unil = geen as 36 B
Oblain an inilial design Tor he vapor compression relrgeration sysbem shown in Figura 1.
Choorse a sale and suitable refiigeranl. For sale operalion and ofler fachors, such as addisoonal
energy lransfer, design Ihe syslem usng a salely Tactor of 1.25. The comprassor allicency
couild range roem B o BY pencent.

I e conarss of wour degion you will need 1o specaly onfand delemns Be Ernperalumes and
pressunes &l he dillerent stabes and shors e cyche wallh e vapor dome on a emperalune
enlropy (T-5) diagram or pressune enthalyy (p-H) diagram, or bolh. Also, you must deberming

ihe coefficien] of performance value and e mass Now rabe of e working Muid.

OBJECTIVE
There were 4 majors Tocal ponls for this progect:
= Desgign of the redigeraion sysiam bo mainan e folowing lemgersion rangeas. T-Low
{min) = -20°C , T-Low{max) = -10°C, T-High{min) = 15°C and T-Highimasx) = 25°C and Lk
aboul s components and ils process.
- Chioose a relrigerant wilh a salely Tactor of 125 and a comprassor eflicency thal ranges
from G0-80% and show the Tomulas Bal will b usad Tor ow calculations.
- Delenmin: the lemperalures and pressanes al the dillerent stales and shivw he cypcke
vapor dome on an T-5 diagram or a P-H diagram.



- Delemrene the coellsEn of Perlommance I:I'.‘l:lpll'-.'Eﬁ.lt'l and e mass Now rale of the
wirking Muid,

DESIGN METHODOLOGY

Rafrigeration process
A relrigeralion cycle has 4 major components.

- Compressor (1 purpese & 1o drealale e efigerant n e system, The relrigerant is
comprassed from a cool gaseous slale 1o a hol high-prassure vapar. Then, tha
redrigerant moves Lo e condenses.

- Condensers I purpose is ko changs e hol gas inlo a liguid. The condenser doas 5o by
abowing the high pressure and decreass in lemperalure o condense the vapor which
ejects heal.

- Thesral Expansion Valve: s main purposs is 1o provide an environmenl ihal allows for
the religerant lo decrease in pressure.

- Ewvaporalor: The purposs af e refrigerant is 1o remdve heal which alows lor the
rerigerant 1o cool down. linssde Be evaporstos, he liguid religerant is expanded and
evaporaled.

Assumplions
For the purpase ol ths propscl, assurgons rsed o e made in order 1o lacililale @
Calculations:

= The Tow componenls operale under sleady-stabe, sleady-iow procass.

- Balh e compressor and Me axpansion devioe are considensd adiabalic

- Enthalpy H3 = H4

- Pressure P3 = Pressure P2

- EMicmncy used = 7RG

Procedury and Forrmulas

For the efleclivensss of owr design, we ulilized a vapor compression refigerabon cycle. Also,
we appled the red and second Laws of Thesmodyramics: while taking in considerabon e
assumplions menlionesd above. Ses balow in lable 1, e iormulas usesd.

Talble 1

Corrgressor: Work done in the compressor | Wi = fiifHz - Hy)

Condenser: Heal released oul of the sysbam | Oae ™ rfiifHy -Hz)
bry the condanser




Thialike {Expansaon Valse): Hy -Ha A5 = 0, W = 0 and G = 0
Evaporabor - Heal enbering the evaporabor Oy = i[Hy -Hy)

Coaflicient of Peformance] COP) COP .;%

Isnilregic Enlrogy fle ™ %x 1005,

Linear InlerpolalEon ¥yt ok (s (e e - )

Wi = Prorever enleng Be oompresson
i = Mass Now rale of B relrigeran
Oy = Heal absorbed by ihe evaporalor
Qe = Heal epacied by the condenser

H = Enihalpry

Aller staling the formulas ulilized Tor our Project, we are going 1o sales our refrfigerant

Rufrigeran selection
Afler consadenng many refigerants. we chose R-134A also Bnown a3 1,1,1,2-Telrabuonelhans
becauss il's sale for he environmenl, easily accessible, iU's nol highly Nammatie, sale lor
humans and convenien lo operale al our lemperalures.

For the purpase ol our project. we will operale within the lalowing gren lemperalures: T-Low
{Fir) ™ -20°C, T-Low(max) = -10°C, T-High{min) = 15°C and T-High{max) = 25°C. We aleo
assurme an isenlropic elicency of T0% and our religerant has a salely facior of 1.25

The third obeclree i o show the refrigeration schemalic diagram with values for P (Fressura),
T [Terrgearalura), H [Enthalgy]. S (Enlrogy b and W (Valumelic Density) &l asch slage. We wil
Bz using e Propedies af Salurated lable Tor R-1348 and the P-H diagram.

See below Figure 1 representing a schemalic diagram ol the refigeralion cyche. 1| shows the
major components, the dilferent states (Vapor andior Liguid), the direction of the eligerant and
Pressure and lemperalure al diflerent slages. |1 is also important o wndedine thal we used
Linear Inberpolation b calculabs ihese vahies,
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Figure 2 Pressure Enthalpy Disgram For R-1348

RESULTS

A praviously menBoned aboee the values for T, P, H, V ad S were obilaned from the P-H
Ceagrarm and the Propesies of Saluraled labée for B-1344 from PYAMU Canvas courss
Modubes Sea below 8 sumrmary of Ihese values al diffenan] slages.
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DISCUSSION
Fegure 1 shows the mifmgarabon cyde and the slabes wilh the comasponding lemparaturas and

ErEShue




Figqure 2 shows & pressure-enthalpy disgram for R-134a. Based on the disgram, the relrgeran
is @ salurabed vapor al stale 1. a superhealed gas al stale 2, a liguid al slale 3, and a Bgusd-gas
fridure al slale 4.

Table 1 shives e different components in & refmeraion cpde and hesr respeclive equalions.

Al stale 1 the Mud i al 8 temperature of -25C 8% il comes oul the evaporalor a8 & salursld
vapor, with a pressure of 005843 mpa, enthalpy of 530,99 KUK, antiopy of 2 3048 KKK
and & volume of 059062 r3Kg.

Al alale 2_ e Muid i 8l 8 lemperature of 25 C as il comes oul Te coMmpressor as a
supemested gas, with a pressure of 03507 mga, enthalpy of AT 90K.NKg, entropy of

2 304BKIKG K and a vohame of 0.109579 m3Kg. Al stale 3, the fid is al & lamperalure of 15
C as il comes oul Ihe condenser as a Bquid, with a presswe of 025809 mpa, enthalpy ol
234845 KJ/Kg, entropy of 1.12385 KNKg'K and a volume of 014648 m*3iKg.

Al stale 4 the Muid i al a temperature of -15 C as il comes oul the condenser as a bquid; with a
pressune of 0089050 mpa, enthalpy of 166,29 KUKg, enlopy af 08735 KNKg K and a volime
o 0.30004m*3kg.

CONCLUSHON

R-Fi0a leobulane isa hydrofluoroearbon thal is mainky used in aulomobiles. [l
versaliily can be seen throughoul the diffsent hermodyrarie stales. We were Lasked wilh
finwding the Pressure (P), Enthalpy (H), Enbropy (S). and Vilurme (V) for sach slale of Be
relrigaralion cycle. We were able to design our religeration cycle usng e vapor compression
diagram and make L work, elicenlly by applying Be fret and seccnd Law of Themodynanics
and seling some assumrgbons. Overall, our relrigerant operaled wel.

Liddin, Kituh SPOF) Emamnmantsd Assossmond and Chamcienstios of naxf Ganoralion Rafrgaranis ®
Rossanchiabn, June 2018

www. rnsoarchpaln nebpubicobonA 262 F 260 Erdronmantal_Assessmant_and Chorsctenstios of sl
Gonemiion_Refigemnts. dooassed § Mar. 022

A by-pMulnweh, iHosni 1L, and Abdulnziz A of
. Aldrinj Enginsanng Design Expariance of an
Word Transactions on Enginesnng and Techmology Education, 1 Now. 2018,

Smith, J M, of @l Infroduction do Chomical Enginoavdng Thermodymamics. G, 2074
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Date: Manch 04, 2022
To:  Professor E. Carl McInbyre
From: Wilimed Zagre

THE REFRIGERATION CYCLE
ABSTRACT

The refrigeration cycle is a thermedynamic proces: where a fuid abserbs thermal enerey from the
surmrmmnding at a low temperabore but gjects the same thermal enstey to the sumounding at a higher
temperatare. This project will clarify the reffigermton cvcle desipn whils meeting the desirsd
needs For this project to be successfol, some thermodynamsic lawes wonld be used such as the first
and second laws of thermodynamics, isemiropic compressor efficiency and coefficient of
performance, etc. We have been exposed with few requirements fo accomplish the preject the
following stafes:

Ciesign a refrizeration sysiem fo mamiain given temperafure ranges fom -23°C to 25°C
Choose a safe and suifable refmzerant given a coofingency factor of 1.3

Cietermine temperatures and pressurss at different states

Show the cycle on a pressurs-enthalpy tempemture-eniropy (P-H or T-5) diagram
Cietermine the coefficient of performance (D02) valus

Cietermine the mass fow rate of the working fhoid.

INTRODUCTION

There are gensrally four components in a refriperation cycle, and they are an evapomater, a
Compressor, & condenser, and a thermal expansien valve For coeoling to ocour, the reftigsrant
pas:es through all 4 components. As enginesrs we know that heat Tansfer eoours Tom areas of
high temperatores o arsas of low temperahmes, this is also troe and applies for the refngeraton
cycle. To explain what bhappens in each component of the refiigeration system, we came up with
a hapdmade skeich below with detail temperatures and few states established that we would
implement better in the recorded video:



The Refrizeration Cycle

Group Il 2

Far our project, we choose o operate with (R~407C). This refrigerant i= a zeotropic blend mads
from a mixmre of hydrofiocrocarbons oo the likes of diflosromethane, pentafhusro-ethane, and
1.1L1. 2-tetraffnoromethans.

The Evaporator

We picked this compopent frst becanse it iz the first stage that the blend zoes through its Grst
transformation. As the name implies, an evaperator is a device used m the comwersion of a
substance from its Bgoid phase to its comesponding paseous phase 5o, afr cannot leak imto the
refrizeration svstem, the vapar pressure of the refrizerant at the evaporator femperatore should be
preater tham atmespheric pressure. The Evaporator remoses heat fom the imterior of the
refrizerator compartment by exchansing heat between the air mside the refrigerator and the
refrizerant passing through the tobes of the evaporator. In the refigeration oycle, a two-phase fasd
comtaining Liquid, and vapor makes its way imto the evaporator and at the injection of heat into the
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EVApIAInT, A safurated vapor is rzleased to the condsnser. It is imporant to know that the process
io the evapomtor is an isobaric process becmrse it eoours af constant pressane (AP=0).

The Compressar

The cycle requires input of power to iocreass the pressurs of a gas. The refriperant enters at ow
pressure and low temperatore i a gaseous form. It cannod operats on 1iquids; the warking fuid
mast leave the evaporator and enter the compresser at least as sanmrated vapor. This &5 an adiabatic
process and is [seniropic, thersfore the change in entoopy is zero (AS=0). Another zoal we
considered in this project was the isentropic efficiency(p) of the compresser which we woald
discuss below. An epartant conoept inthe operaton of a compressar is the comversion of saturatsd
vapar to superheated zas

The Condenser

This device is also a heat exchange device and trapsfers heat betwesn two different fhods. The
condenser is used to remove heat pined fom the refrpermt thoongh the evaporator and the
compresser. The transfer of heat to the ambient air pmest be at a lower temperabare than that of the
refrigerant exiting the condenser. The copdemser ooours in ao isobaric condition and in this
condition, it converts superheated gas to satarated ligosd

The Thermal Expansion Valve

Copirols the ameunt of reffigerant flow o the evaporator and conmols the superheating af the
autlet of the evaperator. Two phaszes oooor hers: saturated liquid and sanmated vapar. There's no
changs in enthalpy and pressure is constant

Wow with our knowladze of the refrigeraton cycle, it"s fime o start the project.

PROELEM STATEMENT:

A refrizeration system is o be desiened fo maintain the femperabare in the ranze -25%C @ -15°C,
while the eutside temperature varies from 15°C to 25%C. The total thermal load en the storage unit
is given as 33EW. Obin an mital design for the vapor compression refigeradon system shown
in Figore 1. Choose a safs and suitable refrigerant. For safs operaton and ether factors, such as
additional ensrgy ansfer, design the svstem using a safety factor of 1.3, The compressor
efficiency could range from &0 to 80 percent.
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R urated Spebemes
ligad Condenser '

Expansios
YLyE :{

a8 = A;

Salurmel Eix
ligaid + vopar

ASSTUMFTIONS

Here are gur assumptions:;

This is an open system hecanss there's a tofal exchanze and insipnificant loss of ensrgy
It operaies under steady-state and steady-flow processes

Finetic and Petential energies across each device is neglighle

Compressar and expanzion devices ars adisbatic,

Evaperater and condenser are considered constant pressure devices ie., isobanc

The isentropic efficiency of the compressor was selected to be §0%:.

Far this project, we choose fo operate with (F-207C). This refrizerant is a zeomopic blend made
from a mixture of hydrofoorecarbons to the bkes of diflooromethane, pentafhuoro-ethane, and
1.1,1, 2 -etraflnoromsthans. Some of the factors that made B207C a wiahle option is that B-407C
has zero ozome depletion potental making it less harmfal to our envirooment, it is relatively cheap
copsideming ot market value iz at 34-37 per pound aod it works @ omediom temiperatare
refrizeration systems like most air condifioners. The freering pomt of Difluaremethans is -160°C
which means if's less than oor T-Low (min), -25%C. It has a oifical temperanme (B86.0%C) that is
higher than the atmaspheric temperatire of the earth and has a beding point of -43.6%C.
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Table 1: Thermadynamic valuss:
State T(*C) P (kPa) Pibar) HkIkg) | 5(keE)
1 =30 148 2 £l 182
2g 30 2012 15 -4 182
2a 30 20,12 15 474657 141
3 30 20,12 15 132 i
2 -3 148 2 132 118

Using the P-H dizeram we were able to ioput the vales in Table 1. Using the table above, we
calculated the vakoe for hs, a5 shown below:
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hsa= 308 = 476.67 ElkE

Tahle 2- Diesipn valoes.

Qia 429
o §3.12
W, 20,20
mikg's) 25
COP 2,02

T fill out Table 2, we usad the following fommulas:

From the problem statement we were given that our thermal load &5 33KEW and a factor of safety
of 1.3. If we nmlaply 33 by 1.3, we et a cooling load of 42 9k

We kpow the formola for an open system is:
AH+E+E, =Q+W
For our refnperation system the kinefic and potential energies across sach device is negliethle.
ie E,=0.E,=0
S0, our formula now is:
AH=G+W
We now apply this formala ower each component.

Evaparatar: AH = () + W (thera"s no work done here becawse of constant pressure, so W=100
So, we use this forpmla- AH = (.,

LEn
I = =—————
(h—hy)

C LT

m =

i =I5
= 18 g
m= 2§ kgs

Compressor: AH =) + W, this is adiabatic, so0 G =10)
So, we nse this formuala; AH = W]
m (s, -f) = W,
26 (476,67 - 395) =21.23]
Condenszer: AH= Q)+ W[ thiz is an sobanc process, W)
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S0, we use this forpmla- AH=0)
m [k.'u - '13} = [Ell.lul
26 (476,67 - 232) = 63,611
C0F: Coefficient of Perfonmance
COP=2i
CoOp= 202

&£I1
—
J1.I

I chose toase $0% for eor efficiency tut having all this dats let's prove the isentropic efficiency
of the compreszor. The formmala is;
_ my=dh;y
= i
- e ]
AW=4TRAT

=60 = 60%

CONCLUSION

This project was given to test our mmdsrstanding of the concepts and principles of what we've
covered so far in Thermodynamics I and Thermedynamics IT I believe this project will allow us
to understand the concepts of thermaodynamics IT while covering the class. With all the resoarces
offered by Dr McIntyre, we were able to follow the process of the refrizerant chosen and their
efficiency in the project The paper by Al-Arfaj and Abu-Mulawsh and Chemical Engingering
Thermodynamics, S editton book offered was a biz belp ivward accomplishing this project.

This conchides the assiznmen.
Respectfolly sobmuitisd
Wilfried Fagre

Student of the Chemical Engineering Dlepartment
Spring 222

Beferences
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INTRODUCTION TO CHEMICAL ENGINEERING THERMODYNAMICS, EIGHTH
EDITION Smith, J. M. (foseph Mauk), 1916-2009, authar. | Van MNess, H. C. (Hendnick C),
auther. | Abbott, Michael M., author. | Swribart, Mark T. (Mark Thomas)

210207 example design project in refrigeration 12-12-Abu-Mulaweh-H.pdf
210207 c v b refrigerant thermophysical properties 51 FO9 Ch30.pdf

210405 zample reporting guidance.docx




CHEMICAL ENGINEERING THERMODYNAMICS 11
SPRING 2022

Title of Assignment: UPLOAD LETTER REPORT FOR PROJECT 2
Using ASPEN Simulation for Txy, Pxy Diagram Generation and
Activity Coefficient Model Selection

TOPICS COVERED IN PROJECT 2
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. It introduces vou 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 caleulate 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 you become experienced users of ASPEN, you 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, etc.) 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 using 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 vour teaming preference). When assigned, teaming will appear in
Table 1.

An overview of the procedure vou 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
conquer” 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 VILE 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
WVLE behavior, for various activity coefficient models,,
*  Compare the results of the ASPEN model predictions for your system to the actual data you
obtained from your literature study in Phase 1. Find the model that best fits the data.
Phase 3
*  Submit results via eCourses. 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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O 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 you 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.
Mote 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.

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, Run, or N —*,

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, etc.@ 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 & Mclintyre 20of3
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USING DWSIM SIMULATION FOR T-x-y. P-x-y DIAGRAM GENERATION AND

ACTIVITY COEFFICIENT MODELS SELECTION FOR BINARY MIXTURE:
TOLUENE AND 1-BUTANOL

Date: May dth, 2022
To: Professar Mcintyre

From: Laury Mengue

Re: Project #2 Pxy- Txy diagrams for Toluene and 1-Butanod

INTRODUCTHON

In matesials chemistry, a binary phase or binary compound Is a chemical compound containing
two diTerent elements. For the purpose of our project we will usa the following binary system:
Toluene and 1-Butanol. Simulating the T-xy and P-xy diagrams of this mixure akow us o
know the nature and composition of each phasa of the mixture that Is present.

PROBLEM STATEMENT

This @ttty bullds on what we have been lkeaming In class about aciviy coefMclkents and how
they can be modeled. It Introduces you fo chemical process simulation through use of bult In
property packages, which need to be specified In order 1o o a simulation with your particular
et of components. & learming outcome Wil b= that you wil b2 abke 1o calewlate VLE data for 3
binary system and use It 10 model separation {and other operations) of @ process stream uEing a
chemical procass simulation package from DWSIM To help you become experiencad users of
DWSIM, you will use It to create the phase diagrams that you have been working much of this
semester. Also, you will galn some experience with property method selection by comparing
DWSIM simuiation reswts with difereni chodces of method.

So, this project occurs In three phases Including the Tollowing activities:iterature search In which
you will salect a binary sysiem, acquire a table of published VLE data, and gain approval from
Instructor; wse of DW3SIM to generate Txy and Pxy dlagrams for the system and conditions you
had approved; and use of DWSIM 1o simulate your system using different property meathoos
{such as ldeal Solution, Peng Robinson, etc.) and make comparison of simulation results with
published VLE data; and reporting.

OBJECTIVES
The objectives for this project are as followed:

+ Use sources published Information such as Pemy's Handbook and onling s0Urces
Including the Intemet search engines such as Google Scholar, and database Indexes
such as Compendex.

Select 3 binary sysiem with useful VLE data.

Relnforce knowledge of a simple Niash drum separator
Ganerate phase diagrams using the DWSIM simulator.
Select a thermodynamics package to model a binary sysbam.



s Compare simulation results to published data on binary system VLE

GIWVEN CONDITHOMNS
For the purpose of this report, the following conditions are sat-

Temperaiure T = 363.15 K =190 *C

Pregsure P = T80 mmHg = 101.323 KPa

Modals usad anre: Wison Model, UNIFAC Model and Peng-Rodinson Moded
DWEIM simulation sofbware 15 wsed in lew of ASFEM

METHODS MSED
For the purpose of our project,the following 3 methods will be used:

Wiison - The Wilson equation |s usad to predict the activity coefMclents gamma? and
gammaz over the range of liquld compositions

UNIFAC: The UNIFAC method Is 3 seml-empirical system for the pradiction of non-
electrolyte activity In non-ideal mixtures

F'EI'I-g RobRson-The F"EI'E—HEIHHEEIH E'ql.lﬂ'thlﬂ af state can De wsed o datemmilne the
enthalpy and entropy of a fluld or fluld mixture provided that the specific heat of the pure
fuit{s) In the ideal gas state Is known as a function of temperature.

RESEARCH PAPER GRAPHS AND DATA

The research paper used a5 a comparison base for this project ks nitially analysls to the termary
vapor-iquid equillorium data of the system methyleyciohexane-tolens-n-butanal. However, the
ninary vapor- liquid equilibrium data of the system Toluene and -1-butanol have baen
determined. See below the VILE daia [ Also see afiached appendix A
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T-xy phot Dlagram for Teluens and 1- Butanol
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From the plot, we can estimate the Tsat for Butanal to be roughly 117 *c. Alsa, the Tsat for
Toluene Is roughly 110 *C.

Plot of X-¥ mols fraction of Toluens at the given conditions given above
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Plot of Activity Cosfficient Diagram



It's Imporiant to spectly that Margules equation parametars were used o cakculate the Actvity
CoefMcients 1 and yz.

See below a table of the Parametens Az and &5 and a plot of the Aciviy Coeflclient Diagram
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From the graph, both actvity coefMicient cunves meet roughly at X1{Moie fraction of Toluene
Liquid) is roughly DLS4. The curve frem 1 goes from roughiy 2.5 to 1 and the curve for 2 Qoes
from 1 to roughiy 3.7.

SIMULATION GRAPHS AND DATA USING DW SIM
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Using the Wilson Model , the P-xy graph shows that:

Psat]1-Butanol) = 34 KPa
Psat (Toluene) = 54 KPa
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Using the Wilson Mogal , the T-xy graph shows that:
Tsat[1-Butanol) = 391.2 K

Tsat (Toluene) = 33,6 K.

UNIFAC P-xy



mE
(i e

Telusars F 1-butanal
T=EELISK
[ 3
a e == 1
55 - . ) _.-"""-. -""-..\_\_'_- __é
s - 1
= L e E
E a _d_d--“"f 1
= L] -__'_'___;-"'-FF __:
Ex] '_--'_---F E
- ]
111} i [ 0nE 0 a5 s oy I E:] & i
Wiabs Fraction i Talasne
—— BRI Bakbly Prists —— (1] O P

Using the UNIFAC Mogel, although the P-xy graph looks different from the one obtalned by the
Wilson model, the results are stil the same.

Psat [1-Butanolj= 34 KPa

Psat (Toluene) = 54 KPa
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Using the UNIFAC Modal , the T-xy graph shows that:
Tsat[1-Butanol) = 3912 K
Tsat (Tolueng) = 383.6 K.

Peng- Rabinson Model T-xy
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Using the PR Model , the T-xy graph shows that:
Tsat[1-Butanol) = 391.2 K
Tsat (Toluene) = 383.6 K.

Peng- Robinson Model P-xy
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Using the PR Model , the P-xy graph shows that:
Tsat[1-Butanol) = 34 KPa
Tsal (Toluene) = 54 KPa



Simulation dala polalned In DSWIM

Aflached with this leller report, s2e appendl of Table data showing the valess for X and Y
found wsing 'Wilson, UNIFAC and Peng Robinson models. From thess data, we generated an

excel spreadsheet showing the calculations for ¥1 and 2.
Activity CoefMicient Diagram using Wikson Equations

See below the WIIson equations used to plot the Activity CoefMcient Diagrams:
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We usad the Margules Equations parameters to calculate 1 and ¥2. The values for A12 and
421 were obfained from the research paper. Refer to aftachaed appendix A.

Ln 3y = [(Xz*2) [Aaz = 2[Aze- A}y ]
Lny: = (X" 2) [Az + A4z Aze]X; ]
Bz =065

Bz mid

See cakculations In excel spreadshest (Activity Coefliclenis 1] attached.
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The curve from 1 goes from roughly 1.5 to 1 and the curve for ¥z goes from 1 to roughly 1.7.
Both curves meet roughly at 0.54.

X and ¥ vawes obizinad from DW:SIM Simuaton

See attached the “X vs Y values obtalned from DWSIM® spreadsheat for the 3 different models.
{ Wison, PR and Unifac). See below, graphs obtained from data.

Wilzon X vs Y
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X vs ¥ graphs using PENG ROBISON model
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COMPARISON BETWEEN SIMULATION AND RESEARCH PAPER

T-xy chans

When comparing data from both charts, the research paper shows that Tsat for Toluene Is 117
C And Tat for 1-Butanol Is 110 *C. Also, the T-xy charts from the DWSIM simulation, for all 3
maodeds, give roughly the same rasults:

Tsat[1-Butanolj=- 3912 K=11805C

Tsal (Tolwene) = 383.6 K. = 110,45 C

It ks Imipsartant by maote that the Wikson modal gives a Txy curve that resemblas the most o the
Txy curve from the research paper.

P-wy Charts
The P-xy charts obtained from DAWSIM for 3l 3 models show that :

Psat [1-Butanoll= 34 KPa

Psat (Toluene) = 54 KPa

The research paper doss not have a represeniation of the Pxy diagram. However, it s safe to
dssume that the values for both Peat would be the same ar rE'E"'!f cloge.

Activity CoefMdents charts

When comparing data from both charts, the research paper shows that the activity coefMclent
cunves meet roughly where X{Mole fraction of Toluene Liquid) s roughly 0.54. The curve from
¥1 goes from rowghly 2.5 to 1 and the curve for 2 goes from 1 to roughly 3.7. On the other
hand, the Activity coeMclent chart from the Margules equations shows that both 1 ana y2
cunves meet at X= 0.54. However, The curve from y1 goes from roughly 1.5 1o 1 and the curve
for y2 goes from 1 fo roughly 1.7. From the Wiison equations both y1 and 2 curves mest at X=



0.50. Howaver, The curve from 1 goes from roughly 3.9 to 1 and the curve for ¢2 goes from 1
10 roughiy 3.3.

&Y Charts

When comparing the charts, the ones obialned by the OWSIM {Wilson and PR models) and the
one ootained from the research paper are similar, with the excepiion that the chart obtalned oy
ihe UNIFAC modal 5 more |lke 3 Cincave curye and it & not insar like the other madels.

COMCLUSION
The goal of this project was to generate phase diagrams using the DWSIM simulator for
Toluene and 1- Sutanal mixiure, then Compane thie results abiained to the ones obsenved In the
regeansh papere attached. Both TI}' nla-grma gave the same resulis, which were, Tsal
{Toluene) was roughiy 110 C and Tsat (1- Butanol) was 118 C. The research papers did not
show 3 P-xy Diagram but the P-xy diagrams cbtalned from the DWSIM simulator (using 3
modeis) showed that Psat {Toluene) was 54 Pka and Psat (1-Butanol) was 34 PKa. Actvity
CoefMicient diagrams were similar, the curves for 1 and #2 meet where X | Mole fraction of
Toluene In Liquid ) = 0.54. However, they also had differences. On the reseanch paper, the
Acthity CoeMcients show that the curve from y2 goes from roughly 2.5 to 1 and the curnve for y2
goes from 1 to roughly 3.7. However, from the Wilson equations both ¢4 and §2 cunies meet at
X= 0.50. However, The curse from 1 goes from roughly 3.8 to 1 and the curve for 2 goss from
1 10 roughiy 3.3.

the cunsg from 1 §oes from moughly 1.5 to 1 and the curve for ¥2 goes from 1 to roughly 1.7.

Regarding the X-Y dlagrams, they all Iook similar naving a Inear shape , excapt for the Unitac
maoded that had a concave shaps.
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Memorandum

Date: May 2, 2022

To: DI Emest McIntyre

From: Wilfrisd Zagre

Re:  Project 2 — Aspen Smmlations of a binary system (CHLOROFORM & BENZENE)

INTRODUCTION:

This project is a study based on the vapor-ligaid equilibrmrom diapram of a binary compeund that
expresses the bubble point and the dew point of 2 miktore coDRININE fwe compensnts refemmed to
& a binary mixnurs. With the help of ASPEN sofferars, we wers abls to fnd a perfect mixvhire for
this chermadynamics project. Basic thermodynamic concepts like the VLE diagram activity
coefficient mode] selections and the program mentisned previcnsly ASPEN ars used in detadl
throughoat the project in order to anabyze the bmary mixhae chosen. Chlorofioom and Benzene i
the binary mixtare chosen fior this project. The main stady was accomphshed using the ATPEN
plus simulatien tool to obtain T-xy diagrams for differsnt local composition models 1ike Van
Laar. Uniquac, Unifac, and Wilsen Various guantties like pressure in kPa, mole fraction in
meal'me] essentially unitless, Antoine constants: A, B, C and temperaune measurs.

The fzume below shows a T-xy diagram for a binary composition confaining chleraform and
benzens in the Penz-Fobinson local composition modsl



Figll
CONCEFPTS:
All these concepts reviewed in class for VLE will be used m this project.

Binary System: A binary system consists of two compooents in ope mixture, In this case, the
components are in vaper and liguoid phase In this project, the binary system will be a mivhrs of
mwo non-idsal compensents: chloroform and benzens.

Vapor Liquid Equilibrinm: The vapaor 1iquid equilibobm is an impertant stage when Tying to
understand the characteristics of a substance between the vapor and liquid phase. Both stages
being the exireme side on the graph. By defimition the vapor-liquid equilibrimm phase is simply
defined as the phaze where vapor and liquid cosxizt, both s@ge o one mstant,
Eapunli’s law: This thermodynamic law states that the partial pressure of each component of a
bmary miwhmrs is equal to the vapor pressure of the component pultiplied by the mole facton of
the mirrure. It is represented mathematically by:

P =P

The bhmitation of the Famalt"s law iz that it only applies to species of known vapor pressure, and
this requires each species to be af a temperatmre below s cncal temperaure. In order words,
Raoult's law only applies to Ideal miwhmres. We can overcome this limiation with the use of the
modified Facalt’s Law.

Modified Raouli’s Law- The modified Faoult’s law is an extenzion of the Baoult's law used to
salve for poo-ideal compositions. In the infial Faoolt’s law, the valoes of (Gamma and Phi ane =t
to unity or one Bazically, the modifisd Baoult's law makes adjustment iv accommpdats the
deviation from an ideal solutions behavior. If is mathematically depicted as shown below:

yP=xyiP®* (i=12 ..., N}

Activity Coefficients: This is symbolically described as gamma y, The activity coefficient is
nsed to determine the deviation for the id=al state within a binary system.



T-xv Diapram: this diagram clearly shows the relagonship between the maole fraction of the
Irquid and wapoer and its comesponding temperatare as Qlustrated in Fig 1.1 abowe in this case the
Pressure is fixad

P-x¥ Diagram: Just like the T-xy diagram, the P-xy diagram illustrates the relationship between
the mole fraction of liquid and vaper and their comesponding pressure values. and this case the
temperabare is fixed m both systems the three phases are present but in different location of the
Eraph

(Other concepts that can be used m this project include some composition modals hke:

1. The Wilson Equation

Van Laar Equation

Peng Fobinson s Equation
Antoine’s Equation
Unifac

Uniigpuac

[

Lol

!.Jl

B

Wilzon Equation: The Wikson's equation 5 used to determine activity coefficients. It is
mathemadcally denoted as shown below:
BT = _I|1EI |_';'|."__1:1JJL |'_|:|_I: ]Il.{?i :_.:I.'|_"L:'_:|

Van Laar Equation: Ancther well-known equation results when the reciprocal expression
xR TGE is expressad as a linear function of x;:
Iy Xo

b
ET

= A"+ B'(x, —x,) = A"+ B'(2x, — 1)

Peng Robinson’s Equation: The Peng Fobinson eguation is expressed mathemartically as
shown:

RT a(T)
V—b (V+eh)(V+ab)

P =



Antoine’s Equation: The Antoine eguation is an equation describing the relationship betwesn
VAp pressure and temperaiure for pure substances.

B
InP™ =4 ———
T+C

UNIFAC: TINIFAC is an acronym for Universal quasi-chemical Funciional group Actvity
Coefficients. The UNIFAC model is a common mode] that nses the fumctional group of the
compivand to determins its activity coefficient. It is expressed marthematically as shown below:

In'y = In'y® + In'y®
UNIQUAC: This is an acrenym for Universal quasi-chemdcal Acovity Ceefficient. It iz an
actrvaty model nsed in description of phasa equilibrium.

Where:

P- Presoure

;- Vapor Phase property (of species i)
B- Gas Constant

Ppet - Satorated Pressure

V- Molar Velums

T- Absobats Temperature

¥: — Liquid Phase Property (of species 1)
ABC- Antoine's constants

Objectives:

The mam objectives of this projact are listed below:

= Use sources published information such as Perry’s Handbeok and ooline sounces inchading the
Infernet search engines such as Google Scholar, and data base indexes such as Compendex.

= Dievelop a binary system that doss not support Faoult s law with aseful VLE dasa.
= (renerate phase diaprams wsing the ASPEN or DWSIM smmulator.



» Salact 3 thermadynamics package to model a binary system.

» Comipars simulation resalts te published data on binary system VLE

Whils doing the praject. all of the objactives set by the professors wers met and they will be
addressed as you read through. ..

Bzmoalts:

Far my analyzs done during thiz project. some compesition models wers employed and they will

be shown below as well as the actoal wahaes shown in the reference literabore
The table of actoal valoes and T-xy diagram are shown below:

Table 1

TiC T/ ] ¥ F./EPR A B c P ¥ Y

77.77 | 230E 0.142 0.203 1013 | 13.7324 | 134874 | 21E332 | 1652113723 | 0.E76 | -0.13%139

731.458 | 34582 0.263 0.373 101.3 | 13.7324 | I34E.749 | T1E.332 | 1352940236 | 0503 | -0.05282

74.06 | 34711 0.247 0.458 101.3 | 13.7324 | 134874 | 2183532 131.728722 | 0.517 | -0.08683

73.IB | 34843 0.382 0.313 101.3 | 13.7334 | I348.74 | 215552 | 1483371792 | 0.5215 | -0.07353

71.16 | 34331 0.442 0.3E53 1013 | 13.7324 | 134874 | 218532 | 143 3324035 | 0.932 | -0.07042

7113 | 24415 0.455 0.£34 1013 | 13.7324 | 334874 | 218532 | 1389332315 | 0.545 | -0.03331

65.28 | 342 43 0.33 0.73 1013 | 13.7324 | 334874 | 218532 | 131 3543066 | 0.9657 | -0.03336

67.78 | 34053 0.632 0.731 1013 | 13.7324 | 134874 | 218332 | 1233430914 | 0.581 | -0.0L218

63.67 | 33552 0.768 D0.E7Z 1013 | 13.7324 | 134874 | 218332 | 1173275646 | 0.582 | -0.0L106

£3.9 | 33703 0.837 0.528 1013 | 13.7324 | 134874 | 218332 | 110913685 | 0.993 | -0.00702

61.38 | 33333 0.833 0.5E53 101.3 | 13.7324 | 334874 | 2158332 | 1035313733 | 0.552 =0.001




ELL

Ei )

T-xy diagram

Table of valmes and T-x¥ diagram for Van Laar composition model for the chloroform amd

benzenes

Table 2
T/C /K A ¥ F/kPa A E C Fum v In¥
7777 | 35052 | 0431 [ o239 | 2043 | 137324 | rmazva | 2isosaz | 1682134 | 1073531 | 0LOTL32E
7342 | zaz&2 | 0233 [ o039 2043 | 137324 | rmazva | zizosaz | 1322824 | possizss | -0u03sL7
7405 | 34721 | 0252 | 0432 | 2043 | 137324 | rmaz 4| zisosaz | 13i72s7 | oossveEs: | -0.0328E
73.22 | 34643 | 0335 [ 0473 | 2043 | 137324 | zmas 74| 2is992 | 1422371 | ooseEses | -0031%a
7245 | 34331 | 0352 [ 0837 | 2043 | 137324 | zmas 4| 2is992 | 1433324 | ooseEiTa | -0u03234
7113 | 34425 | 0442 | 05| 2043 | 137324 | rmas 4| 2issaz | 1389331 | oosv3zss | -o27os
5325 | 34243 | 0542 | 0583 | 2043 | 137324 | Imas 74| 2is.992 | 1312548 | oosvzasa | -0up2E4a3
57.72 | 34053 | 0624 | oo7s2| 2043 | 137324 | Imas 4| 213992 | 1283431 | 0oev3ssa | -00283E
5367 | 33282 | 0743 | p=an | 2043 | 137324 | Imas 74| 2issaz | 147328 | oosvansa | 002813
§3.% | 33708 | o.Bes | ousas | 2043 | 437324 | 2mas7a| 243592 | 1109486 | 0573TEL | -D.025%3




| 5232 | 33993 | 0sez | osve| 1013 | 137324 | 238278 | 205992 | 1096324 | 0i974s4s
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For the Wilzon model:

Table 2
T/C /K ® ¥ ?/kPa A 3 C Frs ¥ Iny
FLIF 3mSR 0.141 0.204 101.3 4137324 | 254874 212592 1692444 (DEGEL4E  -D.L437
Ti.43 34564 0.153 0.373 101.3 13.7324 | 234874 213372 1352541 0392421 011213
TAOE 34T 0.248 0.47 101.3 4137324 | 2%48.74 212592 1947287 1367223 (.233296
T7i.Z2 34543 0.388 0.312 101.3 13.7324 | 254874 212592 1452372 0212327 -0.0917E
7245 34n3L 0.448 0.925 101.3 137324 | 2%48.74 212552 1433324 [09244%3  -007ESS
7143 342s 0.3 0.64 101.3 13.7324 | 234874 213392 1335337 0533233 -0.06303
£9.22 34143 0.392 0.7 101.3 137324 | 2%48.74 212592 131.754% (0950099 -0.0%41%
5772 34053 0.565 0735 101.3 13.7324 | 234874 212592 12%.3431 0S6ELTZ  -0.03241
£5.57  33m.ER 0.768 0.27 101.3 4137324 | 2%48.74 212592 £47.32F (QSFE0SL  -0.0224E
£33  337.00 0.256 0.53 101.3 13.7324 | 254874 212552 1109465 (292233 -0.0077E
5232 333 0.233 0.57 101.3 137324 | 254874 2125%2 1006314 0297026 -0.0023E




The Unifac meodel and table of valmes is as shown below
Tahle 4

TiC TE X ¥ PEPa Psat T In¥

.
I
tal| 1o
i
==
=1
I
(]

5552 | 1603115 | 0.85765% | 0.15355

)

TTIT | 35082 | 0141 i.‘.'.]EI] 1013

)

7540 | 34864 | 0271 037 | 1013

::rl;al

2118552 | 158.294] | Q.BAS533T | 002154

)

0§ 34721 | 0347 | 0468 | 1013

::rl;al

218552 | 150.7287 | 0000447 | -0. 10484

—

7328 [ 32643 | 0389 (0318 | 1013

::Ijl_:

J15.352 | 1482372 | 0902081 | -0.00433

i=

)

T | 34531 | 0447 | 0382 | 1013 134874 | 218552 | 1433324 | 0920104 | -0.0B317

134874 | 2118.552 | 138.9331 | 0933402 | -0.05286]

i=

7113 | 32428 | Q400 | 0630 | 1013

| =

134874 | 2118.552 | 1312045 | 0932012 | -0.02018

i=

S02E | 32143 | 050 0,728 [ 1013

—

i~

§7.78 [ 32093 | 0661 | 0.792 | 1013 154874 | 218552 | 1253431 | 0968351 | -0.03214

)

134874 | 218.552 | 117.328 | 0982052 | -0.01811

i=

§5.67 | 33882 |07& | 085D | 1013

)

i=

630 337.05 | 0853 | Q02T | 1013 134874 [ 118552 | 1109166 | 090253 | -0.0073

134874 | 218.552 | 105.6314 | 090R138 | -0.001845

[¥¥]
i=
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G138 | 33553 | 0031 | 0060 | 1013




1 ko % 2 L

P,
(L - - F ol NE-E- R - R R ol B RN R R R R R Ry § R R X N
ol s e Ll AT




The graph of the activity coefficient against the vapor hgoid mole fraction is as shown for

Unifac. ..

g

it

e e

The Uniquac model and table of valoes is as shown below:

Table 5
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u7n
e
5.3
AR
H1 8
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EEvA:
EEdI
13558

014
0271
0346

a4
(.46
044

0653
0754
0,854
0931

07

FikPa A

013 1371M
i3 1371M
i3 1371M
013 13713M
i3 1371M
i3 1371M
i3 1371M
013 1371M
i3 1371M
i3 1371M

BT
BT
B
B
Fat
BT
B
B
BT
BT
B

117.338

afBR
OEETRE
0aMm
0860022
054N
086614
092012
097858
0.5E542
0193507
0.%a158

Inf
41113558

{.1188
[P
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Q0TS
06548
QL0413
LB
01467
4100851
{00083
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Dizcussion: This project is based oo the simvalation of T-xy diagram for a binary system
consizting of Chloreform and Benzens. The local compositon models inchidmz Wilsom,

Vao Laar, Upifac and Unigoac were used to simalate T-xy diagrams and activity cosfficient
against the liquid vapor male fraction with the help of ASPEN. The walie of pressore used for all
compositon models as shown m the vanous tables is 101 3kPa. The values for saturated pressurs
Psat were calrulared using the Anipine’s equation as siated above and the Anteine”s constant 4
B, C wers derived from the recommended book: Intreduction te Chemical Enginsering
Thermodynamics 8% by T M. Smith, H.C. Van Ness, MM Abbott and M T. Swihart. The vakues
of Temperafare, mole fractien of vaper and Bguid, % and v, were derved o by using the T-xy
diapram.

Conclosien: This report consists of four chessn activity coeffcients madels which wers
simulated using ASPEN. Multiple T-xy diagrams were developed for chloreform and benzene
and excel shests and fimctions to show the varatons of VLE diaprams of each activity
coefficient in reference fo the experimental dats. The local madals that were employed inchuds
the Wilson eguaton, Van Laar equation, Uniquac and the Unifac models. The WVLE diaztam that
was employed whils wsing the ASPEN phas system inorder to derive the activity coeffcisnt
eraphs. Also, by completing this project cur experience with aspen has increased dramatically
with zensrating systems izsumng different propery methods
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Memorandum

Date: May 2, 2022

To: Dr Mcnhre

From: Hillary Ndoogo

Be:  Project 2 - DW5SIM Smmulations of a binary system consisting of Toluene and Butanol

Objectives:

The main objectives of this project ars listed below:

= Use sources published information such as Perry's Handbook and online sources including the
Infernet search engines such as Google Scholar, and data base indexes such as Compendex.

= Develop a binary system that is not ideal with usaful VLE data.

= (rzperate phase diagrams using the DWSTM simulator.

= Select a thermodynamics package to model a binary system.

« Comipars simulation resalts to published data en bmary system VLE

INTRODUCTION:

The project centers around the vapar-liquid egodibrium diagram which is used to express the
bubble point and the dew point of a mkture containing two components mostly referred to as a
bimary mixnmre. Basic thermodynamic concepts like the VLE diagram activity coefficient model
selections and programs like DWSIM were emploved throughout the project to amalyze the
bmary mixhre consisting of Toluens and butanol. This project was accomplizhed usimg the
DWSIM simulation tool to obtam T-xy diagrams for different local compesition models like
UNIFAC, and Wilson and Peng Eobinson. Vanous quaniiies like pressure in kPa, male fracton
in mol'mol essentially unitless, Antomne constants: A, B, C and temperabore measure in Kelvin,
K. and Celsias, C.
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Table 1.1

Conc

The following are concepts that were employed during this project.

Vapor Lignid Equilibrinm: The vapor lquid equilibrinm iz an essential concept when Tying to

understand the characteristics of a substance befween the vaper and liquid phase. By definition,
the vapor-lignid equilibrrom phas=s is simply defined as the phass where vapor and liquid coexist.
Baonli's law: This lyw states that the pantial pressure of each compenent of a binary mixnire is

by:

equal to the vapor pressure of the component paltiplied by the mole fraction of the mixtare It is
P =xpP"

represented



The Limitation of the Baoult"s law s that it only applies to species of known vapor pressure, and
this requires each species to be at a temperatare below s cotical temperature. In order words,
Raoult’s law only applies to Ideal mixhmres.
Modified Eaounli’s Law: The modified Facult’s law is an extension of the Raoult’s law used to
solve for non-ideal compositions. In the erdinary Raoult's law, the values of pamma and phi are
sef to unify or one. Basically, the modified Facalt’s law makes adjostment to accommeodate the
deviation from an ideal solutions behavior. It is mathemarically depicted as showm below:
yP=xyiP® (=12 ....N)

Activity Coefhicients: This is symbelically described as gamma y, The activity coefficient is
used to determuine the deviation for the idsal state within a binary system.
Binary System: As the name implies, a binary system consists of two components. In this cass,
the compoments are m vapoer and liquid phase. In this project. the binary system will be a mixbare
of two non-ideal components: foluene and butanol.
T-xv Diagram: this diagram properly illustrates the relationship betwesn the mols Taction of the
Iiquid and vaper and its corresponding emperanire as Qusmated m Fig 1.1 above
P-x¥ Diagram: Just like the T-xy diagram, the P-xy diagram illustrates the relationship between
the mole fraction of liquid and vapor and their cormesponding pressure values.
Other concepts that can be used m this project inclode some compositon models ke:

1. The Wilsen Equation
VWan Laar Equation
Penp Robinson’™s Equation
Antoins's Equation
Unifac
Uniquac

bt

Lol

o bh

Wilson Equation: The Wilson's equation &5 used to determine activity cosfficients. It is
mathematically denoted as shown below:

G11'RT=_I|1EI|;1"_ +X3 A |2:|_Iz IJ].{I:+I|J‘I.2|::I



Van Laar Equation: Another well-known equation results when the reciprocal expression
XX RPGE is expressad as a linear function of x;:
XX
Er. =A +B(x;—x2) =A+B'(2x; — 1)
RT

Peng Fobinson's Equation: The Peng Fobinson eguation is expressed mathematically as
shown:
p_ BT a(T)
T V—b (V+eh)(V +ab)

Antoine’s Equation: The Anteine eguation is an equation descnibing the relationship befwesn
vapor pressure and temperanare for pure substances.

B

InfP*t =4 — ——
r+cC

UNIFAC: UNIFAC is an acronym for Universal quasi-chemical Functional group Activity

Coefficients. The UNIFAC model 5 a common mada] that uses the fumctional group of the

compound to determine its activity coefficient. It is expressed mathematically as shown below:
In'y = In'y® + In‘y®

UNIQUAC: This is an acronym for Universal quasi-chemical Activity Coefficient. It isan
actvity model used in description of phase equilibrium.

Where:

P- Pressure

x;~ Vapor Phase property (of species i)
B- Gas Constant

Pt - Satarated Pressure

V- Molar Volums

T- Absolate Temperaturs



¥y — Ligquid Phase Property {of spedes §)

AB.C- Antoipe's constants

RESULTS:

Thuring the precess of this project, some composition models were employed, and they will be

shown below 23 well as the actoal valaes shewn in the reference liferature

The table of actwal valnes and T-zy diagram are shown below:

Table 1

T/C /K K ¥ ?kPm 8, B C Fur ¥ In¥
77.77 | 3509z | o4z | op203| w013 437324 | 2saz7a| 2azwsz| 4692113729 | 0.875 | -Di32zs
7925 | zaz54| o265 | 0373 | #0i3| 437324 | 2sazva| 2z sz | isz.zoapsse | o.som | -oosss:
7406 | 38721 | ©3a7| o4ss| w013 | 137324 | 2sazva| 2izws2| 1%L 7eEvrz | o547 | -0.0BESS
7328 | 23643 | o384 | 0313 | w013 | 137324 | 2sazva| zizssa| 1ssz3vavsz | o.s2s | -Do7ass
7246 | 38331 | ©aas | o9s3| w013 | 137324 | 2sazva| iz %%z | 1433324099 | o537 | -0oToLz
7043 | 34428 | oase | oe32| w013 | 137324 | 2sazva| iz %92 | 13=s332318 | o.s4s | -0059m1
£5.28 | 32243 0.55 0.72 | =013 137324 | 2maz7a| zizo=sa| 131 7oa%066 | 0567 | -D033%E
£7.78 | 23023 | o | o7si| w013 | 137324 | 2mazva| zizwsa| 1233430914 | o521 | -DoisaE
£357 | 33282 | oovez | oEFr| w013 | 137324 | 2sazva| iz wma| 1173279546 | 0383 | -00ii08

g38 | 23705 | npeEsy| osgs| 10a3| 137324 | 2mss7a| zizws2| iinoigvsEs | o883 | -opoToz
£238 | 33993 | ©933| o05ss| w013 | 137324 | 2sazva| ziz w92 | 1095313733 | o.5sm -0.001

P-ay Wilson
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Discussions:
This project is based on the simulatien of T-xy diagram for a binary system consisting of
Tohiene and Butanol. The local compositon models inchuding Wilson,

Van Laar, Unifac and Uniguac were nsed to simulate T-xy diagrams and activity coefficient
agamst the liquid vapor mole fraction with the help of DWSIM. The valoe of pressure usad for
all composition models as shown in the vamous tables is 101 3kPa. The values for saharated
pressure Psat were caloulated using the Antoins’s aquation as stated abowve and the Anfoins s
constant A, B, C were derived from the recommended beok: Intreduction to Chemical
Enmneering Thermodynamdcs 5 by IM. Smith, H.C. Van Ness, M.M. Abbott and M.T.
Swihart The valoes of Temperature, mole facton of vaper and liquid, x and v, were denved oo
by usimg the T-xy diagram.

CONCLUSION:




This report consists of four chosen activity coefficients models which were simulated using
DWSIM. Multiple T-xy diaprams were developed for toluens and utanol and excel shests and
fonctions to show the vanatons of VLE diagrams of each activity coefficient m reference to the
experimental data. The local models that were nsed inchade the Wilson equarion, Peng Fobmson
and the Unifac models. The VLE diapram that was emploved while using the DWSIM plus
system to derive the activity coefficient praphs. Also, by completing this project our experience
with aspen ha: increased dramatically with penerating systems issuing different property
metheds.

REFERENCES:

= Introdoction to Chemical Enpineering Thermodvnamics 8% by TM. Smith, H.C. Van
Ness, MM Abbott and M T. Swihart

= Activity Coefficients from the Wilson Equation Saral K. Ghosh* and Sawaran J. Chopra
Engineers India Limited New Delhi-110001. india
» DWSIM.



CHEMICAL ENGINEERING THERMODYNAMICS 11
SPRING 2022

Title of Assignment: UPLOAD VIDEO PRESENTATION FOR

PROJECT 1 — Refrigeration Cycle Design Project

TOPICS COVERED IN PROJECT 1

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
SPRING 2022

SAMPLE ORAL REPORTS SUBMITTED AND
AND GRADING SCHEME FOR PROJECT 1
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Project 1 Team 6 Video Grading

§ Frafigient 1 Apprerun Team 6
| | | | | Well balanced team presentation
[ — ] [re———r [r———— [ DOr AT eem 10 yhowm - Both were confident and fluent
undertanding of the underitanding of the  ndervtanding of an urderst sndng of the . Both demonstrated excellent I:nn'wl!dg!
tope Thormaghiy g apiasrn prdd iy of Ehe g i Litihe ko o
DB Bl PR It TR Enplara, Bed inChalel | FRpAASSTaOn, BT 10 RO - Excellent presentation
readieg irom the teeti froen the bests o sl bt of roadengy froem he e, Freeman
SErTOIORy. by termanology. L FRBBAE PO tha nEi kY. by Perry
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Prowmur e llerr @ bl B0 e d i & @ St urilervtond by
Speiiong correctly. [xieedy wmewtal unfamibar | the sulerce or by the
e e v abealary by e wirth thil My with Wome (6@ ol | Eieulel e
e carehy, Eh gt o o 4 syt of iy gy
maghil e new bo Mok of | The sudeenoe and o atnatery that
g e ity defeury them. | maghl be new i
| | matience |
Espertns (101 Student 4 sbie 1o Student o able 1o Student 0 ahle v Student i nable to
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EFfa e 7L BT RINO T
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Project 1 Team 8 Video Grading

Wednesday, October 20, 2021 669 AM m cls g O

CHEG 3304 ChE Theqm

Project 1 Refrigeration Cycle Design Toara
Oral Report (Video Articulation) September 17, 2021 - No useofef‘ﬁl:iency
Rubric for Grading Video for 1 = TSdiagram shows
Criteria (Weight) 4 Expert 3 Proficient Ta 1 Novice incorrect cycle 2-3,
| 34
Content (30) Shows a full Shows a good Shows a good Does not seem 1o show - PH diagram is correct
g of the g of the ing an understanding of the except for 1-2.
topic. Thoroughly topec. Explaing and iparts of the topic. topic. Litthe 1o no - COP given in kW
explain and includes inchudes readings. [Explains and includes | explanation; little to no ST
readings from the texts, | from the texts, 2 small bit of readings rom the tests, - Too many sig digs
terminology, key terminology, | readings from the terminology, key Carter
questions B answers, qu & | teats, ' B andwers, Kinsey
and outside research and research. | key questions & and outside research Rabb
anvweers. and outuide
L | research.
Use of Terms (15) Ui vocabulary Uses vocabulary Uses vocabulary Uses several |5 or more)
Dl for the appropriste for the | appropriate for the | words or phrases that
Pronunciation, wudience and does 10 audience, with audience, but is are not understood by
Spelling correctly. Extends W vhat unfa the or by the
sudience vocabulary by | some words may | with some. Does not | presenter.
defining words that e new to of I-mm-n-r
might be new to most of | the and | vocabulary that
the audience. mast them. Imlhlucmho
Expertise (20] Student is able to Student is able to Student is able to Student iy unable to
Comprehension of | accurately snswer accurately aniwer by arswer a by answer
Concepts, Abibty to | almaost all questions mast guestions 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
s meaning of terms and | such as ingof | meaning of terms a3 meaning of terms and
importance results. t and imporance importance results.
pori results. ety
Articulation (10) Speaks clearly and Speaks clearty and Speaks clearty and Mumbles or cannot be
Clarity of Speech, frently d y most of the | distinctly much of the | understood. Slouches.
fluency, posture, Stands or time. Stands or sits time. Sometimes and/or does not look at
eye contact looks and erect. Establishes stands or sits erect. people during the
confident. Fstablishes eye contact during some eye | pr
eye good contact during | the presentation. contact
Shy peopentption |
Readiness (10) St s completely mewmiﬂumuw Student does not seem
Level of and has prepared but might | prepared, but at all prepared
Prep L of ¥ have needed a bit rehearsal is clearly present,
maore rehearsal lacking.
Teaming (10) 7&1 Good | Fair Poor
Effective interaction |
of teammates.
(5) beganon | Presentation began a | Presentation began | Presentation began late
Punctuality, Use of | time and is the correct | bit late andfor is late of was not the and was not the cormect
Time length nearty the correct correct length., length.
length.

Comments:

Total Score:
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Project 1 Team 9 Video Grading

‘Wednesday, October 20, 2021 6:59 AM

CHEG 3304 ChE Thermao Il Project 1 Refrigeration Cycle Design

Oral Report (Video Articulation)

September 17, 2021

Comments:

Grading Video P: ti Project Team 9
Chers (Weight) T m:m'“ 3 Pron " T 'u“ ‘1“ - Used poster style presentation template
Coulibaly-Diakite
Content (30) ey =y e o Tt S - Did not appear (face not shown) in video
ing of the v of the " - g of the - Contributed most
topic. Thoroughly topic. Explaimiand | parts of the topic topic. Little to no Salas
explains and includes includes readings Explaing and includes | explanation; little to no ) :
sl bioiyuckeiny o ool Bl of piniapseding Did not appear (face not shown) in video
terminology, key terminology, key readings from the terminology, key - Volume very low
questions & answers, ,questions & answers, | texts, terminology, | questions & answers, Sanders
and outside research #nd Dutside research. | key questions & #nd outside research - Did not appear (face not shown) in video
m‘w - Seemed to be reading a script
Use of Terms (15) Uses ¥ Uses Uses Uses several (5 or more)
b for for the for words or phrases that
Pronunciation, audience and does 10 audience, with some | audience, but is are not understood by
Spelling cormectly. Extends Includes nfamiliar | the audience, or by the
audience vocabulary some words that may | with some. Does not | presenter,
defining words that Ibe new to most of include any
might be new to of | the audience and vocabulary that e
the maostly defines them. | might be new to s
audience. _—
Expertise (20) Student is able to Student is able to Student is able 1o Student is unable 1o teat
Comprehension of | accurately snswer answes by arswer & by anvwer Py s e ok
Concepts, Abikty to | almost all questions most questions few questions posed | almost all questions et
Explain posed on the topic, such | posed on the on the topic, such as | posed on the topic, such enp—
s meaning of terms and | such as of | meaning of terms as meaning of terms and m"‘mm
importance results. terms and importance importance results. peosest cur st
" sy
Articulation (10) Speaks clearly and Speaks clearly and Speaks clearly and Mumbles or cannat be
Clarity of Speech, destinctly consistently. distinctly most of the | distinctly much of the | understood. Slouches
fluency, posture, Stands or sits erect, time. Stands or sits | time. Sometimes and/or does not look at
eye contact looks relaxed and erect. !nahrm stands or sits erect. | people during the
eye VA Establishes some eye | p
eye good during | the contact
the 5 U
Readiness (10) Student is completely Student seerms Student is somewhat | Student does not seem
Level of prepared and has prepared but prepared, but at all prepared o
B Y have rehearsal is clearty present
maore reh lacking.
Teaming (10) [Excellent Good Fair Poor
Effective interaction
of teammates
15 P began on begana | P began | P began late
Punctuality, Use of | time apld is the correct | bit late and/or is late orwas notthe | and was not the correct
Time nearly the correct cormect length. length
length.
Total Score:



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

Project 2 covered the following topics:

$0 g 2 B =

o

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
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