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Detailed Course  Syllabus

(Distributed to Students at the beginning of the Semester)

ABET Outcomes measured using course should be

explicitly listed in the syllabus

Course Description

in ABET Format 

Please use the following format for the course syllabi (2 pages maximum in Times New Roman 12 point font)

	1.
	Course number and name:
	MCEG 3023  Thermodynamics II  


	2.
	Credits and contact hours:
	3 credit hours; 3 contact hours



	3.
	Instructor’s or course 

coordinator’s name:
	Dr. Paul O. Biney



	4.
	Text book: Title:
	Thermodynamics: An Engineering Approach, 9th edition, 2018, McGraw Hill: ISBN 978-1-259-82267-2.

	
	 Author:
	Yunus Cengel, Michael A. Boles & Mehmet Kanoglu,

	
	 Publisher, Year & Edition:
	McGraw Hill, 2018



	 
	a. Other Supplemental material
	Fundamentals of Engineering Thermodynamics, 7th edition

M. J. Moran, H. N. Shapiro, D. D. Boettner and M.B. Bailey

ISBN-10: 0470495901

ISBN-13: 978- 0470495902 

	5.
	Specific course information
	

	
	a. Brief description of the content of the course (catalog description)
	Continuation of Thermodynamics I, including various power cycles, refrigeration cycles, fluid flow, combustion process, and advanced concepts of gas dynamic, such as shock waves..



	
	b. Prerequisites or 

Co-requisites
	MCEG 2013  Thermodynamics I, MATH 2024 

None

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


	Required

	6.
	a.  Specific goals for the course specific outcomes of instruction (e.g. The student will be able to explain the significance of current research about a particular topic.)  

Given a complex engineering problem, 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:

	
	i. Convert the problem into a well labeled thermodynamic diagram. 

ii.  Formulate  the CEP into an engineering and mathematical model using relevant thermodynamics and other laws and equations from engineering and science areas and  stating all relevant assumptions.


	Outcome 1
An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics

	
	iii.    Solve the resulting engineering/mathematical/science formulations analytically, numerically, experimentally or through the use of appropriate software or computer program.

iv. Evaluate and interpret the result.


	

	7
	Brief list of topics to be covered

Review of Thermodynamics I                                                                                                     2   hrs

Exergy,  irreversibility, Exergy balance, Second Law efficiency                                               6 hrs

Gas powered cycles: Otto, Diesel, & Brayton cycles                                                                 6  hrs

Steam powered cycles                                                                                                                 6  hrs

Vapor-Compression Refrigeration and Heat Pump Cycles                                                        6 hrs


Composition and properties of gas mixtures                                                                              4  hrs 

Properties of moist air and air conditioning processes                                                               5  hrs

Fuels, combustion, first and second law analysis of reacting systems                                       4  hrs

Detailed Design – Analysis and Refinement and application to project                                    5  hrs




*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. Please hide all of the row and column lines when done.
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End of Semester

Course Assessment Report

This summary contains the following Information

1.  Performance Statistics

· Total number of students in class

· The class average performance (stated as %) in each course outcome assessed in this class and the two previous times course was assessed. 
· The acceptable class average for the class in each outcome area as set by your Department. You cannot use any number of your choice
· Percentage of students who scored below the expected average in each outcome.

2.  Implementation Summary

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

3.  Perceived Problems

· 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.

4.  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 implement to help students to improve. Be creative.
5.  Overall Trend over last three assessment periods
· Instructors summary of overall performance trend for each outcome measured over the last three periods.
5.  Were Expectations Met?
· 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

MCEG 3023-001  THERMODYNAMICS II
FALL  2019 SEMESTER



Report Prepared by: Dr. Paul O. Biney



Report Date: December 20, 2019

	Semester
	Analysis Type
	Number of Students
	Outcome 1
An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics
(TESTS)
	Outcome 1
An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics
(Mini-Project Assignments)
	Outcome 1
An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics
AVERAGE

	
	
	
	Expected Class Average/
	Expected Percent of students at or above average
	Class Average
	% Students meeting Expected Average
	Expected Class Average/
	Expected Percent of students at or above average
	Class Average
	% Students meeting Expected Average
	Expected Class Average/
	Expected Percent of students at or above average
	Class Average
	% Students meeting Expected Average

	FALL 2019
	Direct
	22
	70
	70
	64
	31.8
	70
	70
	66.8
	0
	70
	70
	65.4
	50

	Spring 2019
	Direct
	17
	
	
	
	
	
	
	
	
	70
	70
	42.2
	23.5

	Fall 2018
	Direct
	30
	
	
	
	
	
	
	
	
	70
	70
	58.3
	30

	Implementation Summary
	Items implemented from previous report or after meeting previous instructor
	New Thermodynamics I review questions and new notes that emphasized fundamental knowledge were posted on e-course for students
	New Thermodynamics I review questions and new notes that emphasized fundamental knowledge were posted on e-course for students
	New Thermodynamics I review questions and new notes that emphasized fundamental knowledge were posted on e-course for students

	Perceived Problems
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Perceived problems are directly related to the PC and the sub items under them
	Many students did not have basic understanding of Thermodynamics II.

About 20 % of the students had such a poor background of science, mathematics and Thermodynamics I that even when the same quiz was given the second time after discussion, they were unable to do the quiz.  
	Many students did not have basic understanding of Thermodynamics II.

About 20 % of the students had such a poor background of science, mathematics and Thermodynamics I that even when the same quiz was given the second time after discussion, they were unable to do the quiz.  
	Many students did not have basic understanding of Thermodynamics II.

About 20 % of the students had such a poor background of science, mathematics and Thermodynamics I that even when the same quiz was given the second time after discussion, they were unable to do the quiz.  

	Plans for Addressing Problems
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Plans for address specific measures to address PC and their sub areas
	Thermal Science group should adopt collaborative learning and emphasize on students getting the fundamental.

With the new class of Thermodynamic notes completed and ready for student’s use,     the instructor should focus a little more time in presenting the fundamentals of Thermodynamics I during the first week using the Thermodynamics I review questions and exercised and drill students on the fundamental principle of mass and energy balance rather than equation memorization.  
	Thermal Science group should adopt collaborative learning and emphasize on students getting the fundamental.

With the new class of Thermodynamic notes completed and ready for student’s use,     the instructor should focus a little more time in presenting the fundamentals of Thermodynamics I during the first week using the Thermodynamics I review questions and exercised and drill students on the fundamental principle of mass and energy balance rather than equation memorization.  
	Thermal Science group should adopt collaborative learning and emphasize on students getting the fundamental.

With the new class of Thermodynamic notes completed and ready for student’s use,     the instructor should focus a little more time in presenting the fundamentals of Thermodynamics I during the first week using the Thermodynamics I review questions and exercised and drill students on the fundamental principle of mass and energy balance rather than equation memorization.  

	Overall Trend over Periods
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Ascertain if there were improvements over previous semesters
	9Fist time being measured
	First time being measured.
	The average has been below 70% for the past three semesters, but shows improvement in the Fall 2019 semester over the previous two semesters



	Were Expectations Met?
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Grade Sheet Showing

Student and Class Performance in Outcomes

The computed semester average in each outcome 

as stated in the Assessment report are 

highlighted in boldface 

Grade Sheet Showing Student and Class Performance
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OUTCOME SPECIFIC ASSIGNMENTS 

USED TO ASSESS OUTCOMES

(Provide at least two assignments used to specifically measure each outcome and justify the suitability of the assignments for the outcome being measured)
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6. Calculate the total trbine work taking into account the mass flow through each turbine stage.

Wr= L(hohe) 4 (y )b hs)
* L Gasg-atee) + (1= 0238 )(2768-236) |

= 973:5 I§]k s
i i ,,Jz(«m-r—q-/a)lu/“v = deg.z iy
e o e D i

9y - 1(h-ha) {3258 ~723-0) kg |
= 25344 lilly

5. Detnine he therma eiicneyof e ccle = lalks

Woneeop) o (4735 1-16)lks _ ) "

Ny, L?”—P = fm’q 0-38) w3)

5 ib st powr s ofpot 350 AW i o e f o s pig g s bl
inkgs P= m—ué:‘: 000 &N I%/

= = 20000 TV = 363k 2

W 104319l =

W N

W

&

as

N




[image: image83.jpg]MECHANICAL ENGINEERING DEPARTMENT
THERMODYNAMICS 11 FALL 2019
“TEST 2 OPEN BOOK, CLOSED NOTES. ANSWER QUESTION 1 and ANY OTHER
ONE QUESTION

wom_Matler  Zalulinn e
e O e e ot sttt sttt o
e o
ST

QUESTION 1 [S5 Points]
For th idel rgeneraive Rankine cycle shown below,th boiler pressure Py-9 MPa.,the extraction pressue i 1.2
MPs, and the condenser presure s 20 kPa. The superbeated seam enters the tubine at Pr-9MPa,T(~450..C. An
amount of stcam,y ki s extraced a stae 2 wher the pressure Py=12 MPa.. Assume a unit mass flows through the
boier,For the cycl, Po=PeP:~9 MPa. The specific enthalpies and othe propertcs at key staic poias ae given on the
ine diagram for th cycle. Stte 7 i  saursied liqud st 1.2 MPa. Sate 4 i 3 sfurated liquid ot 20 kP, The saturaed

9 MPa

it 0kPa, sat.lig

Lo e hes251.4 k/kg
e =0.00102 m'/kg.

1. Show the cycle on a well lbelled T diagram making mental mass balance, indicae the mass of sicam
fowing at cach sate point_given that | kg is lowing at sae | and y kg is extracted a state 2.





[image: image84.jpg]MECHANICAL ENGINEERING DEPARTMENT
THERMODYNAMICS 11 FALL 2019
TEST 3 OPEN BOOK, CLOSED NOTES. ANSWER QUESTION I AND ANY OTHR 1 QUESTION
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‘QUESTION 1 (50 Polnts]

“The mass composiion ofa gas mixture is 30 kg O3, 40 kg N2, and 20 kg CO. This gas i compressed i a steady sat, steady

flow process from Pi=120 KPa, Tr=300 K. 101 pressure P2-800 kPa. The effciency of the compressor is 70% ILis equired

o determine the work done by the compressor per kg of he gas mixure assuming constant specific heat forthe mixture. To

accomplish this the propertis ofthe gas mixture must firt be determined.

@) Determine the mass fractions s, the moe fractions ., the molecular weight Mo, the constant volume specifc hea ¢,
and the constantpressure speific heat cye of the gas mixture using preferably the Tabular approach. The tabl below
can be used i you decide 0 use the able approach.
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= 025 ki
(i) Drawa well lbeled T digra o the compresionprocss.
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MECHANICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

THERMODYNAMICS II
FALL 2019
Instructor:  Dr. Paul O. Biney
Title of Assignment

[image: image85.jpg]QUESTION 2 (50 Points]
A heat pump vapor-compression efigersion cycle with refrigerant1 341 asthe working fuid i being considered for
heating an offcespace. The at of heat input nceded to maintain th space at 20 °C s estimated tobe 17,6 kW. The
proposed refigeration system uses Refigerant 134a operating at condenser pressure of 1.6 MPa, and an evaporator
pressure of 200 kPa. The speciic enthalpy at the compressor xit i compression were iseniropic s h2s-287.9 K/kg

Vo

2. Grenthi it 154 smurmedvapor 200WP,
o st .4 et ol GV
eemine e et ambokies W13 404
(e b

h
wie 244 46 16 kg Wb ™ /zr.qz% e by = Igs’-ﬂh};(}

3. fthe compressor effcency is 0%, compute h2 (note: s has been provided)

Tos ko b= b thh 2
(= p .
hos g+ BLASH 4l . 29976 Wy Y

4. Calculate the heat transfer in the condenser in ki/kg. 3 )
Gom < by g - Azl < 12131 ly

2

=

5. Given the value of therateof heat output QH needed to heat the roorm 1o be 17.6 KW, calculatethe mass flow rate
of refrigerant needed n the system i kg/s

Quemty, = m> Q"/Qw ;

- (‘7‘6'4)/@2'31/@/@ & U‘/o?/q,é
6. Compute th power reqired 1o dive the compeesorn k. N l)
Ree A We = i (heh )= éxlu{’ I ) (25276~ 4y ) i
W= 586 I ’

7. Comput the COPfor this gk L2283 230
PN W T WI cu To= KRe 4

o ey eR e

8. What will e the COP if the cyce is used as  refrigerator

hi-hy :(NQ'%””'LS)M’:
Wy T Thow @we-9-w)

1g=s3_ g0l
g 4





Outcome Measured Using this Assignment

[image: image86.jpg]QUESTION 3 50 Points|

For the ideal regeneraive Rankine cycle with one open feedwater hester shown below, the boile pressure Py=10 MPa., the
extration pressur i | MPa, and the condenser pessure is 10 kPa. The superheated sicam entrs the trbine at Pi=10
MPa,T1-430 °C. A fraction of steam, y kg is extraced at sate 2 where the pressure Po=1 MPa. Assume a unit mass flows.
through the boile. Forthe cycle, P

propertis at key state point are|

| Tietso°C
wpa

X 2032 g
b i
he2110kkg

14107k ‘
he762.51 kg |

\yw’
)

f
[

Saturated Uquid
N stowea

Pump 2 Pump 1

1. Show the cycle on.a wel labelled T-s diagram making mental mass balance, ndicat the mass of seam flowing at
et opn st s e dingamivn ) g Boviag t ke | g it i

=
2424k /leg —

2 From your s bl ind the valu fth pcic ctalpy at s 1. By =

3. Compute the speific el bt he punp 1 cxit and he peiic gy 7 pamp 2 e 6
V= 0-00/017 ey Y= 0.00)127
hs < hys y( PPy M= hor G (BB b ls
by ashy 4 woojor] (rov0-2) = 12-51+ -oo11z7 (10000~ 10

= 2524 lofly =772 -bﬂu’/h7 §





    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
[image: image87.jpg]By making an energy balance on the open fecd water heater, detemine, y, the amount of seam extracted per kg of scam
passing through he boier. Do th algebra to solve for y before substiuting numbers.

Ve
Yo t-Phy = Thy =0

ylhs-hg) = hs=hs) ",
{

ye hche o TSI Z2DY 4 apg
hy-hr 2703-2 - 2504

Caleulate the totalpump work accouriing forthe mass flow through each pump.

Wp = We, + Wp, "

= () hs-hy ) + 20 h-h 2
_ ((,',?_ipg X ;2;,,, _( Py f){ (172+¢5=12-$)= /0'73/(1/&,

. Calculate the total turbine work taking into account the mass flow through cach turbine stage.

Nyw o S ,
= A(hih) + (P9 hahs, . g
= 4 (sayaey- ot 2y + (1 - 0-2(37052-2)
= 10058 /I

. Determine the speific het input 0 he stcam in the Woier, g

Gy > 1 (h-ha)
= A( 32y =772:65)

S 2464-8 /u/L,

Determine th thermal eficiency of the cycle

= Wt — Wy =Wy (0052 -5 ! -
.- % = g g sy 5
Ny = 0403w 4037,

the net power output of plant is 750 MW, what s the mass flow ra of the sicam passing through the boiler in ks

Wact = (Wi-wp) = (1005 g - 10.7;)3\{7: 97447% |

W, ot =0 Whet / - 5
» _ 70000kW - 7539 kyJg
R Ty 4





Test Questions, Master Solution and Grading Scheme
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Graded  Student’s Work
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TRERMODYRAMICS 1 FALL 201
‘TEST 3 OPEN BOOK, CLOSED NOTES. ANSWER QUESTION 1 AND ANY OTHR 1 QUESTION
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‘QUESTION 1 [50 Polnts]

“The mass compositon of a gas mixtur i 30 kg O, 40 kg N2, and 20 kg COs. This gasis compressed n a steady stat,steady
flow process from P1=120 KPa, T(~300 K 1o a presure P2-800 kPa. The eficency of the compressor is 70%. I is required
10 determine the work dooe by the compressar per kg of the gas mixture assuming constant specific heats for the mixtre. To
‘accomplishthis the properties ofthe gas mixture must irs be determined.

() Determine the mass fractions . the mole fractions y, the molecular weight Mo the constant volume specific heat .,
‘a0 the constant pressure specifc heat cm. of the gas mixture using prefrably the Tabular spproach. The tabl below
can b used f you decide {0 us th table approach.
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no With the G 30 S nhusnmywwwmmhvlbwiﬁcwmx.mﬂ the specific hest ratio k.

forthe it
(S g‘sl\k«hw— A (.h _gss Z i O -
\5}/’0 e " T - Fe

(i) Draw i wellabelled - dingram fo the compression process.

() Calculae T, and T for the compression process given =70 %

- Ten L T Ta ; \T, = “ﬂ
Tas ¥ oo\ T
E3=E) ) m
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MECHANICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

THERMODYNAMICS II
FALL 2019
Instructor:  Dr. Paul O. Biney
Title of Assignment

[image: image89.jpg]QUESTION 2 [50 Points]
A heat pump vapor-compression refigeration cycle with refrigerant-134a as the working fluid is being considered for
heating an office space. The rate of heat input needed to maintain the space at 20 °C is estimated 10 be 17.6 kW. The
proposed refrigeration system uses Refrigerant 134 operating at condenser pressure of 1.6 MPa, and an evaporaior
pressurc of 200 kPa. The specific cnthalpy atthe compressor exit if compression were iscntropic is h2s=287.9 ki/kg
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hag - hag S,
G, he dum
\ S e
(
/ \hl- 29836
te the heat transfer in the condenser in| ¥
PN
o ekl By it
: g
5. Given the alue ofthe rate ofheat mw«mmmulumwmm s fow e

o simipdsivaheatiss oy

%NL g, A
Y
e

(A ¥3lig- 2 40 4 Ve
" S 14.:(, -2 461

Fﬂ““’(&%\m“b rﬁ'}/ foins su i

e el

Coty, -





Outcome Measured Using this Assignment
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THERMODYNAMICS 11 FALL 2018, FINAL EXAMINATION 121072019
I QUESTION I Plus any other 2 Questions.
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1. Conpiet bt ity oo e 1 neiaio
inkt, o and the mass flow rate ofthe water vapor, b
g at state | in kg/s. 2

Roy= 4,8, = C4)(1-5KIR) = 0. 727 b Saligm

Te30°C
w,= G-szru. e

~ (0-622) (07274 ) 1257 kg 1
R A

w,= 0.004s| ]
w,= My Mg = W
”’ I
b aavle(sovlylx) = 2:08¢ ’.1/-‘

2"
2. Compute theabsolute humidity at the xit, 2 and the mass low rat ofthe water vaper, s at state 2 i ke/s

Proz ¢ B, =(1) (4 247k0) = 4 24 ThE

W, = 0622l | 06202 5 0
P — P, (lo1 — o 247 ) kPe

Wa= Moz = ny, = Walls
8 = (0-0373)(s209)

= /3-48 g/
3, Readth vluesof ol and I fo the most i at s | rom the paychrometic chart

o= 0- 0045 kvt lgaic b= 2745 16l

4. Read the values of 2 and h2 for the mst ai a state 2 from the psychrometic chat.





    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
[image: image91.jpg]0 =0-073 b= 100 1]y

5. By making  mass balance onthe water (for cooling tower shown in the figure) wsing the mass flow atesof the water iy,
et and the mass flow ates of the waer vapor 1, e computed i questions | & 2, compute (mhod) in ke/s and indicae

Wt epesents.
wom, =0

(s 4m7) = (moy #12) =0

My =My ) = (moa=m)
( = (it - 2-255)19/s

= 11-3§5 lgfs

the

6, Using the cquaion h-cue T+, for computing the specific enthalpy of moist i, calculate the specific cdhalpy h
moistair at sate 1 and the specifc enthalpy h2, of the mist ai at tate 2 and compare these with your answers

s
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9, Wriig et terms of m from your answer o question S and substiuting the esultng cquation o the encrgy blance
equation, determine th mass flow i ofthe wate,mas, i ks, Do the algebrsbefoe subsitting numerical valoes.
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Test, Master Solution and Grading Scheme
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SAMPLE GRADED STUDENT’S TEST AVAILABLE IN COURSE BINDER
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[image: image92.jpg]5. The COP for cycle when used asa refrigerator.
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OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

THERMODYNAMICS II
FALL 2019
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Title of Assignment

[image: image93.jpg]il

%
QUESTION 5 125 Points] Chapter 11
Consider the two stage cascade refrigeration system
shown inthe Figure operating between the pressures 1.2
MPa and 180 kPa with refrigrant 1343 as the working
luid. Heat reection from the lower cycle 10 the upper
cycle takes place in an adiobatic counerflow heat
exchanger where the pressure in the upper and lower
cyclesareat 0.4 and 0.6 MPA respectively. I bothcycles,
the refigerant is  saturated lquid st the condenser exit
and a saturated vapor at the compressor inlt, The mass 3
flow rate of efrgeran in the upper cycle is my-0.75
ks, To save time in solving tis problem, the specific
cathalpies in k/kg and th specifc etropy in k/Ag:K at
each state point are indicated in the figure and should be
used 0 salve the problem.
1. Show thecycle on a T- disgram

A i A/u
A

Weni7s

Expunsion A
e

2. By making an energy balance on the heat exchanger, determine
the mass flow rate through the lower cycle, m in kg/s

Mg he + tphy = myh o+ Mk, 4
mum»u)« m,( hs — he)

"""mk. )-075&
Determine

3. The total compressor work in kW

We =y Chy=hs) +-my( hy-he

255-6 - 1!

= 075( 26¥F-242-9) + 0-55¢ 4
=2l i
4. The heat removed from the cold rfiigerated space, Q1 inkW. |
Qe =my (hy-hy) |

= 0xss ((242-9-8l 2





Outcome Measured Using this Assignment

[image: image94.jpg]V.. Making an encrgy balance for this closed system, compute the totl work done during the iscntropic
compression process in K. 1
Cod = ety

Ut

=l ) |
W, - 12w ( so2-6-300) = 250 -81lly\—2
Asning ootk We =mw, = 050:88(Yok)= 10,033 1T

Colcuat the chang i aailabilty o the gas mixtureduring the compression proces fo this closed systemn. _
A= m(d,-9 Z

= m [t u) =7l + BV »J)J 7

»m[/;../l. ,,)-ar R(%k - & &
- yo 239 (026~ 200 4100 S *%;’)/.MQJ»‘!&M

Calculatethe Irreversibiliy f the actual compression work is 12,550 k1

Caltulate the second law efliciency of the compressor.





    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
[image: image95.jpg]QUESTION 4 28 Points] Chapter 13

A gas mixture n a istoncylinder arangement is composed of 20 kg CHand 20 kg No. The gasis compressed
isentropically in a closed piston-cylinder fom intal stat of P1=150 kPa, T1=300 K o Ps=1200 kPa  Assume the
o componenishave e following propertes: Miolecular wegh of CHe- 16 kg kmol, molccular weight of Ns-28
kekmol,c for CHa is 22537 kK. c for N5=1.039 kkg-K. The Universal gasconstant, Re=8.3145 ki/kmol K.
Assuming e mixurs behaes s des 3. (.

i Complete the Table below to compute the mass fractions, number of moles of cach companent, and the mole.
fractions of the componcnts of the mixture,the specific heat, G, and the molecular weight, Ma, of the

mivure
ons o o] ) | s |l | wete | e [ nen] o
[compenen " m n w | I | vaes b
BRI o | 1o [ o-cxyfio-92 [RESS
N 20 2 05 |o-y3 | 03632 10181 1.039|

5m, nen v

s 1 jeil-gep3le )

. Compute the specific gas constant, Rm, of the mixture from Ru and Mm and then compute the constant
volume specific heat. cyn for the mixture.

Rm= R

i, Compute theisentropic expanent, kn for the mixture.

v, Show the compression process on a P-v diagram and -
‘compute the temperature, T2, at the end of the isentropic





Test, Master Solution and Grading Scheme
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SAMPLE GRADED STUDENT’S TEST 
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[image: image96.jpg]5. Compute the total turbine work, WE14WE2, i in kW

Wy = My (b ) + Mea(. he-ha) 4
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Outcome Measured Using this Assignment
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    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	X
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
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Outcome Measured Using this Assignment
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    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
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Quiz Questions, Master Solution and Grading Scheme
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    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	X
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome
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MCEG 3023 Thermodynamics II
FALL 2019

Group Assignment Due November 15, 2019
CEP ASSIGNMENT 1 STATEMENT/QUESTION 

Exhaust gases from the turbine of a simple Brayton cycle are quite hot and may be used for other thermal purposes. One proposed use is generating saturated steam at 110°C from water at 30°C in a boiler. This steam will be distributed to several buildings on a college campus for space heating. A Brayton cycle with a pressure ratio of 8 is to be used for this purpose. 

1. What will be a reasonable highest temperature at the turbine inlet for such a Brayton cycle and how was this determined?

2. What will be the effect of the highest temperature and hence the rate of heat addition to the cycle on 
a. the power produced by the Brayton cycle, 
b. the flow rate of produced steam, and 
c. the utilization factor?
3. What is the optimum rate of heat addition and how do you define this optimum?
GRADING SCHEME FOR ASSIGNMENT

	Problem component
	%
	Score

	Determination of the reasonable highest temperature at the turbine inlet for such Brayton cycle and how was this determined.
	10
	

	Effect of  highest temperature on the rate of rate of heat addition 
	25
	

	Effect of highest temperature on flow rate of produced steam 
	25
	

	Effect of highest temperature on the utilization factor
	25
	

	Optimum operating temperature and rate of heat addition and definition of optimum.
	15
	

	Total
	100
	

	
	
	


SOLUTION FROM TWO STUDENT GROUPS  PROVIDED
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On 
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Exhaust gases from the turbine of a simple Brayton cycle are quite hot and may be used for other thermal purposes. One proposed use is generating saturated steam at 110°C from water at 30°C in a boiler. This steam will be distributed to several buildings on a college campus for space heating. A Brayton cycle with a pressure ratio of 8 is to be used for this purpose. 
Literature Review

The Turbine inlet temperature of a Brayton Cycle is crucial to the work output of the cycle. The net work output of the cycle increases as you increase the turbine temperature. Ultimately, the amount of heat a turbine can withstand depends on its material property. Most current gas cycle turbines are made from various metal alloys with aluminum and steel being the predominant metals. Innovations in material science and cooling methods have advanced the amount of heat the gas turbine can withstand over time. In 2011, Mitsubishi Heavy Industries created the world’s hottest inlet temperature gas turbine in their J-Series gas turbine (Mitsubishi). The turbine was able to withstand temperatures of up to 1600 degrees Celsius and outputted a net power of up to 320 megawatts. In terms of this assignment, 1627 degrees Celsius or 1900 K was a chosen realistic highest inlet turbine temperature due to potential advancements to Mitsubishi’s record from nine years ago.

Results Summary and discussion


Various temperatures underneath 1900K were tested in order to find a correlation between the inlet turbine temperature and factors such as power output, utilization factor, and mass flow rate of steam.


Power Output

· There was a positive correlation between T3 and the power output.

Utilization factor

· The utilization factor increased as you increased T3, meaning there’ll be a higher T4 suitable for the boiler for the steam.

Mass flow rate of steam

· The mass flow rate of steam increased as the T3 increased. 

The optimum rate of heat addition would occur at a temperature high enough where the turbine would still be able to perform without failing due to overheating. Per the results of this experiment, the optimum rate of heat addition would be very close the ideal T3 temperature of 1627 degrees Celsius. This a value that the utilization is closest to 1 while the turbine is still able to withstand the high temperature.

ABILITY TO ANALYZE EXPERIMENTAL DATA
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Detailed Sample Analysis 

This chapter contains a detailed same analysis using EES, results of the sample analysis, uncertainty (located in computed results), and the analysis results of the remaining data computed using the Solve Table feature
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Figure 1.1 Formatted EES Program Equation
Sample Solution w/ Units
The EES sample analysis solution is provided in Table 1.1 for all the raw and calculated variables. Units are shown on each variable.

Table 1.1: Solutions of Sample Analysis
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Table 1.2: Results of Detailed Analysis for Mass Flow Rate (Steam), Power Developed, Heat Addition, Utilization Factor
Presentation of Plots, Discussion and Interpretation of Results Presented by each Plot

Figure 2.1 shows the effects of T3 on the Utilization Factor

Effects of T3 on the Utilization Factor

As seen on Figure 2.1 below, the Utilization Factor showed a positive trend as Temperature at state 3 increased.

Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the Utilization Factor. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the utilization factor to increase as temperature increased.

[image: image46.png]0.9

0.8

0.7

0.6

0.5

0.4

4

500

1000

T3 K]

1500

2000





Figure 2.1: Effects of T3 on the Utilization Factor
Figure 2.2 shows the effects of T3 on the Heat Addition

Effects of T3 on the Heat AdditionAs seen on Figure 2.2 below, the Heat addition showed a positive trend as Temperature at state 3 increased.
Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the Heat Addition. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Heat Addition values to increase as temperature increased.
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Figure 2.2: Effects of T3 on Heat Addition

Figure 2.3 shows the effects of T3 on the Power Developed

Effects of T3 on the Power Developed
As seen on Figure 2.3 below, the Power Developed showed a positive trend as Temperature at state 3 increased.

Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the Power Developed. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Power Developed values to increase as temperature increased.
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Figure 2.3 Effects of T3 on Power Developed
Figure 2.4 shows the effects of T3 on the Mass Flow Rate of Saturated Steam

Effects of T3 on the Mass Flow Rate of Saturated Steam
As seen on Figure 2.4 below, the Mass Flow Rate of Saturated Steam showed a positive trend as Temperature at state 3 increased.

Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the Mass Flow Rate of Saturated Steam. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Mass Flow Rate of Saturated Steam values to increase as temperature increased.
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Figure 2.4 Effects of T3 on the Mass Flow Rate Of Saturated Steam
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MCEG 3023 Thermodynamics II
FALL 2019

Group Assignment Due November 17, 2019
CEP ASSIGNMENT STATEMENT/QUESTION 

Exhaust gases from the turbine of a simple Brayton cycle are quite hot and may be used for other thermal purposes. One proposed use is generating saturated steam at 110°C from water at 30°C in a boiler. This steam will be distributed to several buildings on a college campus for space heating. A Brayton cycle with a pressure ratio of 8 is to be used for this purpose. 

4. What will be a reasonable highest temperature at the turbine inlet for such a Brayton cycle and how was this determined?

5. What will be the effect of the highest temperature and hence the rate of heat addition to the cycle on 
a. the power produced by the Brayton cycle, 
b. the flow rate of produced steam, and 
c. the utilization factor?
6. What is the optimum rate of heat addition and how do you define this optimum?
GRADING SCHEME FOR ASSIGNMENT
	Problem component
	%

	Determination of the reasonable highest temperature at the turbine inlet for such Brayton cycle and how was this determined.
	10

	Effect of  highest temperature on the rate of rate of heat addition 
	25

	Effect of highest temperature on flow rate of produced steam 
	25

	Effect of highest temperature on the utilization factor
	25

	Optimum operating temperature and rate of heat addition and definition of optimum.
	15


1. The highest reasonable temperature that should be used for this turbine inlet in this specific Brayton cycle is around T3=1050[K]. Any temperature under 600[K] causes a power lose for the cycle and a negative mass flow rate for the steam. As you increase your temperature above 650[K] you gain a net Power which is desired, however your effectiveness decreases. When the temperature is above 1200[K], the effectiveness decreases flattens out and there is no need to increase the temperature any higher reasonably.
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This is work shown for the heat exchanger block that takes place between state 4 to 4 in the gas cycle and state 6 to 7 for the steam cycle. We can perform an energy balance equation solving for the equation to find the mass flow rate for steam. However, we must perform another assumption as to what the mass flow rate of the air is and we also need to find what the ideal highest temperature is. To have an easy to follow condition, we assumed that the mass flow rate for the air is 1 [kg/s] Solving for the h values of the known temperatures we can generate our mass flow rate of steam equation.[image: image53.png]Stae V=25 il S
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With all of our beginning conditions mentioned previously, we can solve for T2 and for the work for the compressor.
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Utilizing these equations that all depend on the value of the highest temperature, T3, we can use EES to solve for a range of temperature and conclude our highest ideal temperature to be 1050[K]. Of course, this all depends on what one wants to achieve. In this case we want high power output and this became our leading choice for our reasoning.

2a. 
The effect that the highest temperature would have on the power. The power produced by the Brayton cycle will be increased in relation to the highest temperature continuously until the cycle reaches it max output. This is supported by the figure below
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If T3 increases with the same power outlet, T4 should decrease, which would decrease the flowrate as well since the flow rate of the steam is dependent on the temperatures. Through EES we are able to prove this
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2b. 
This chart shows the overall change of net power, mass flowrate of the steam, and utilization. As the temperature increases, the need for a large mass of steam is needed.
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2c. If T3 is constantly increasing the W_net should also increase in relation. Since the utilization factor is dependent on T3, it should also increase on relation. 
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3. The ideal heat addiction defines the ideal highest temperature (T3) of the inlet of the turbine. A simple energy balance from state 2 to 3 shows this relationship
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qin = cp (T3-T2) = 1.005[KJ/kg*k] (1050K-506.2K) = 546.519[kJ/kg]
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[image: image118.png]Vapor-compression reffigeration system with R-12 as working fluid:

Due to non-availability of R-12 refrigeration table, obtain B, h.and s, of R12at —15°C (T;)
from “online sources”

P =1823kPa

Iy (h,) =346K)/ke

5i(s,)=1.5670k/kg-K

Obtain P, and h of R-12at 30°C (7) from “online sources”.

P =743.7kPa

iy (hy)=229K3/ke

For the isenthalpic process 3-4, specific enthalpy remains constant. Hence, (h, =/,)

For the constant-pressure heat refection process 2-3, pressure remains constant. Hence,
(P, =PR). Also for the isentropic process 1-2, specific entropy remains constant. Hence,
). Obtain b, at743.7kPa (P,) andat 1.5670kJ/kg (s, ). from “online sources".

Iy =37081kI/kg
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Outcome Measured Using this Assignment


    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	involves wide-ranging or conflicting technical issues,

	X
	has no obvious solution

	
	Addresses problems not encompassed by current standards and codes

	
	involves diverse groups of stakeholders

	X
	includes many component parts or sub-problems

	
	involves multiple disciplines

	
	has significant consequences in a range of contexts

	Assignment problem involves the application of the principles of 

	X
	engineering

	
	science

	X
	mathematics


Brief  justification of why this assignment is suitable for this outcome

MCEG 3023 Thermodynamics II
FALL 2019



Group Assignment Due December 3, 2019
CEP ASSIGNMENT 2 STATEMENT/QUESTIONS
Perform the analysis for the 2 stage cascade refrigeration system shown in the Figure. The condenser pressure is 1.0  Mpa and the evaporator pressure is 80 kPa. The refrigerant is refrigerant 134a. Heat rejection from the lower cycle to the upper cycle takes place in an adiabatic counter-flow heat exchanger where both streams enter at a pressure to be determined The mass flow rate of the refrigerant in the upper cycle mA=0.05 kg/s. Perform an analysis to determine the optimum pressure of the refrigerant, Phx,  passing through the heat exchanger.  Determine  the effect of Phx on mB, qL, QH, and COP of the refrigeration cycle. 
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GRADING SCHEME FOR CEP ASSIGNMENT

	Problem component
	%
	Score

	Analysis of Problem
	10
	

	EES Program sor optimizing Phx
	10
	

	Analysis to compare the effects of Phx on COP of systems 
	25
	

	Effects of Phx on MB, QH, QL, 
	25
	

	Optimum Phx determined 
	15
	

	Conclusion
	15
	

	Total
	100
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[image: image63.png]Calculate the COP for the proposed vapor-compression refrigeration system (COP)

Substitute 346kJ/kgfor k. 370.81kl/kg for h,,and 229kJ/kg for h,

346-229
370.81-346
=471

Therefore, the COP of the simple vapor compression refrigeration system with the given
temperature limits is [4.71]. This proposed vapor-compression reffigeration system with R-12 as

the working fluid removes about 5 units of thermal energy from the refrigerated space for each
unit of electric energy it consumes.




[image: image64.png]Vapor-compression refrigeration system with R-134a as working fluid:

Use "saturated refrigerant-134a temperature table”. to find 7, /., and s, of refrigerant-134a at
~15°C (T;)- Use interpolation method to find 7,

=157.38+(170.93-157.38) [

=164.15kPa

Use interpolation method to find s,

s ~Tareae

=240.90+(242.12 - 240.90) %:’::))]

=241.51kI/kg
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[image: image66.png]Use “saturated refrigerant-134a temperature table”, to find
30°C (7)
P, =770.64kPa
Iy (hy)=93.58k)/kg

nd h, of refrigerant-134a at

For the isenthalpic process 3-4, specific enthalpy remains constant. Hence, (=4, )
For the constant-pressure heat refection process 2-3, pressure remains constant. Hence,
(P, =PR,). Also for the iseniropic process 1-2, specific entropy remains constant. Hence,
(s,=s,)- Due to the non-availability of enthalpy data for 770.64kPa in the superheated
refrigerant-134a table, obtain 4, at 770.64kPa (P,) and at 0.94155kJ/kg (s,). from “online

sources”.

Iy =274kl kg





[image: image67.png]Find the COP for the proposed vapor-compression refrigeration system (COP)

Substitute 241.51kJ/kgfor /. 274kJ/kg for h,, and 93.58kJ/kg for h,

241.51-93.58

T274-24151
=455
Therefore, the COP of the simple vapor compression reffigeration system with the given
temperature limits is [4.55]. This proposed vapor-compression refrigeration system with
refrigerant-134a as the working fluid removes about 4.5 units of thermal energy from the
reffigerated space for each unit of electric energy it consumes.

cop

COP of the refrigeration system, with R-12 as the working fluid is almost equal to the COP of the
new system with R-134a as the working fluid, with the same temperature limits. So, the change
of the working fluid will not adversely affect the performance of the refrigeration system.
Replacement of R-12 working fluid with R-134a, will maintain the same temperature limits, and
also reduces ozone depletion rate.




T-S Diagram


What changes in the pressure levels would you suggest for the new system?

The pressures for R-12 from property table found online range from 182.3 kpa at -15 degrees Celsius to 743 kpa at 30 degrees Celsius. While the pressures for R-134a from the property tables A-12 range from 164.15 kpa at -15 degrees Celsius to 770.64 kpa at 30 degrees Celsius. For the vapor compression refrigeration system to operate efficiently, the compressor should be operated well within these specified limits, to keep the refrigerated space under the specified temperature limits. The R-134a System would have slightly wider allowable pressure range than the R-12. It could effectively withstand low pressures up to 18 kpa lower than R-12 and high pressures of up to 26 kpa higher than the R-12.

How will the COP of the new system compare with the COP of the old system?


The R-12 system produces a slightly higher COP at 4.71 than the -134a system at 4.55.

If the environment temperature varies between 0 oC  and 30 oC during the year, how will this affect the COP of the new system and the old system?



At lower heat rejection medium temperatures, the COP of both systems are higher. Therefore increasing the medium temperature to 0 would decrease the COP.

Apart from the environmental friendliness of the new system, are there any advantages in using the new system?

There are no significant advantages for using the R-134a system over the R-12. They are both very similar in terms of pressure characteristics and COP values. 
Presentation of Plots, Discussion and Interpretation of Results Presented by Each Plot

Figure 2.1 shows the effects of Pressure of Heat Exchanger on Heat Addition

Effects of Pressure of Heat Exchanger on Heat AdditionAs seen on Figure 2.1 below, the Heat Addition showed a negative trend as the Pressure of the Heat Exchanger increased.
Comparison of Experimental Results w/ Theoretical ResultsTheoretical analysis was not performed for Heat Addition. 
Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Heat Addition to decrease as the Pressure of the Heat Exchanger increased.
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Figure 2.1: Effects of Pressure of Heat Exchanger on Heat Addition

Figure 2.2 shows the effects of Pressure of Heat Exchanger on the Heat Removed

Effects of Pressure of Heat Exchanger on the Heat RemovedAs seen on Figure 2.2 below, the Heat Removed showed a mostly negative trend as the Pressure of the Heat Exchanger increased.
Comparison of Experimental Results w/ Theoretical ResultsTheoretical analysis was not performed for Heat Removed. 
Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Heat Removed to decrease as the Pressure of the Heat Exchanger increased.
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Figure 2.2: Effects of Pressure of Heat Exchanger on the Heat Removed

Figure 2.3 shows the effects of Pressure of Heat Exchanger on the Mass Flow Rate of “b”

Effects of Pressure of Heat Exchanger on the Mass Flow Rate of “b”As seen on Figure 2.3 below, the Mass Flow Rate of b showed a positive trend as the Pressure of the Heat Exchanger increased.
Comparison of Experimental Results w/ Theoretical ResultsTheoretical analysis was not performed for Mass Flow Rate of b. 
Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Mass Flow Rate of b to increase in value as the Pressure of the Heat Exchanger increased.
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Figure 2.3: Effects of Pressure of Heat Exchanger on the Mass Flow Rate of “b”

Figure 2.4 shows the effects of the Pressure of the Heat Exchanger on COP of Refrigerant and Heat Pump

Effects of the Pressure of the Heat Exchanger on COP of Refrigerant and Heat Pump
As seen on Figure 2.4 below, the COP of Refrigerant and Heat Pump showed both a negative and positive trend as Pressure of the Heat Exchanger increased. Both COP’s had a positive trend in values until they reached about 500 kpa; the values then slowly decreased after that point. COP of the Heat Pump possessed a higher COP value than the COP of the Refrigerant.

Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the COP Refrigerant and Heat Pump. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the COP of Refrigerant and Heat Pump to have a positive trend in values in the beginning then slowly decrease at a certain point.
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Figure 2.4 Effects of the Pressure of the Heat Exchanger on COP of Refrigerant and Heat PumpFigure 2.5 shows the effects of the Pressure of the Heat Exchanger on the Compressor Work

Effects of the Pressure of the Heat Exchanger on the Compressor Work
As seen on Figure 2.5 below, the compressor work showed both a negative and positive trend as Pressure of the Heat Exchanger increased. The compressor work had a positive trend in values until it reached about 500 kpa; the values then slowly decreased after that point. 

Comparison of Experimental Results w/ Theoretical Results

Theoretical analysis was not performed for the Compressor Work. 

Statement on the Accuracy of Results

Based on the formulas in multiple Thermodynamics books; one expected for the Compressor Work to have a positive trend in values in the beginning of the process; then slowly decrease at a certain point.
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Figure 2.5: Effects of the Pressure of the Heat Exchanger on the Compressor Work

ASSIGNMENTS FOR OUTCOME 1





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











TEST  1











Outcome 1


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








The questions in Test 1 tests the students’ ability to solve complex engineering problems by identifying relevant laws and equations,  formulating the solution methodology, and solving the resulting engineering thermodynamics equations.














TEST  2











Outcome 1


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








The questions in Test 2 tests the students’ ability to solve complex engineering problems by identifying relevant laws and equations,  formulating the solution methodology, and solving the resulting engineering thermodynamics equations.











TEST  3











Outcome 1


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








The questions in Test 3 tests the students’ ability to solve complex engineering problems by identifying relevant laws and equations,  formulating the solution methodology, and solving the resulting engineering thermodynamics equations.














TEST  4











Outcome 1


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











The questions in Test 4 tests the students’ ability to solve complex engineering problems by identifying relevant laws and equations,  formulating the solution methodology, and solving the resulting engineering thermodynamics equations.











Quiz 4











Outcome 1


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





The questions in Quiz 4 test the students’ ability to solve complex engineering problems by identifying relevant laws and equations,  formulating the solution methodology, and solving the resulting engineering thermodynamics equations.











Special Complex Engineering Problem #1











Outcome 1


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








This special complex engineering problem #1  tests the students’ ability to analyze and perform parametric studies for optimizing a thermodynamics system using a computer program such as the Engineering Equation Solver (EES)











Assuming constant specific heat for the gas cycle, we can attain Cp and K for air.


We also assume that the T1 is at atmospheric conditions and that the efficiencies for the turbine and compressor are 83% and 85% respectfully








Special Complex Engineering Problem #2











Outcome 1


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








This special complex engineering problem #2 tests the students’ ability to analyze and perform parametric studies for optimizing a thermodynamics system using a computer program such as the Engineering Equation Solver (EES)
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