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Summary of Topics covered by Test

Original Test Questions & Master Solution/grading scheme used

(Summary of topics can be a separate page or include on the assignment itself)
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

III. QUIZZES
Summary of Topics covered by Quiz
Original Quiz Questions & Master Solution/grading scheme used
Above Average (Graded original work )
Average (Graded original work )
Below Average (Graded original work )

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

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

(Note: All Pages shown in Yellow should be printed on YELLOW PAPER)




Course Description
in ABET Format

Course number and name: MCEG 2301 [2013] Thermodynamics I

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

Instructor’s or course

coordinator’s name: Dr. Paul O. Biney

Text book: Title: Thermodynamics: An Engineering Approach, 9" 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

Specific course information

a. Brief description of the content of  First Law, transformation of energy, theoretical limitations, Second Law,
the course (catalog description) absolute temperature, entropy, and available energy, properties of gases,
liquids, and vapors, and irreversibility.

b. Prerequisites or MATH 2414 [2024]* and PHYS 2325 [2513].
Co-requisites None
c.**Indicate whether a required, Required

elective, or selected elective (as
per definition provided) course in
the program

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 :

1. Identify and Formulate engineering/technical/computing problems using principles
of engineering/mathematics/science
Given an engineering problem, the students are able to:

i. Understand the given problem and identify the subject area and concepts involved.

ii. Convert the problem into a well labeled sketch (such as free body diagram, flow chart,
functional block diagram, schematic diagram).

iii. Formulate the engineering problem into a mathematical model [using basic,
intermediate and advanced mathematics ranging from algebra & trigonometry,
calculus, probability & statics, complex analysis to Fourier transform & LaPlace
transforms] or experimental framework stating all relevant assumptions.

iv. Fornulate the engineering problem into an engineering model [using relevant laws
and equations from engineering and science areas) stating all relevant assumptions.

2. Solve the problems
Given an engineering problem that has been formulated, students are able to:
i. Solve the resulting engineering/mathematical/science formulations analytically,

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:

Non ABET Outcome (8)
An ability to identify, formulate, and solve
engineering problems by applying principles of
engineering, science, and mathematics.




numerically, experimentally or through the use of appropriate software or computer

program.
ii. Evaluate and interpret the result.

Brief list of topics to be covered

Introduction and Basic Concepts 5 hrs
Energy, Energy Trans-fer, and General Energy Analysis 4 hrs
Properties of Pure Substances 5 hrs
Energy Analysis of Closed Systems 4 hrs
Mass and Energy Analysis of Control Volumes 7 hrs
The Second Law of Thermodynamics 5 hrs
ENTROPY & Principle of Increase of Entropy 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

*Course numbers in bracket are the old course numbers

**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.




II ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

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

Assessment Summary of Class Semester Averages for Qutcomes
(Should be provided for FALL 2021 through Spring 2022 Assessment Period)

Outcomes 3
Semester Semester Class
Average (%)
Fall 2021 536
Fall 2020 £g 7

Spring 2019 Not assessed

Fall 2018 Notassessed
Spring 2018 Not Assessed
Comments
on Trend of
Data Performance below expected average

(Improving or
deteriorating)

*Expected Semester Class Average = 70% (or as defined by the program)
Ideal Semester Class Average =75% (or as defined by the program)




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

Each summary contains the following Information

1. Performance Statistics

e Total number of students in class

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

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

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

2. Implementation Summary
e Brief summary of plans implemented during the semester based on last
assessment report

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

4. New Plans for Addressing Problems
e 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
e Instructors summary of overall performance trend for each outcome
measured over the last three periods.

5. Were Expectations Met?
e Answer YES if the class average was above the expected average and the
stated percentage of students scored at or above the expected average, else
answer NO.



Table 2.1 END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
MCEG 2013-P01 THERMODYNAMICS I
FALL 2021 SEMESTER

Report Prepared by: Dr. Paul O. Biney

Report Date:

December 20, 2021

Outcome 8
Number of An ability to identify, formulate, and solve engineering problems by applying
Semester Analysis Students principles of engineering, science, and mathematics
Type o
Expected Average Class Average 6 Students Above Expected
Average
Fall 2021 Direct 23 70 56,8 23,8
Spring 2021 Direct 26 70 58.6 26.9
Fall 2020 Direct 13 70 58.7 46.2

Implementation Summary

> >

Detailed Class notes were prepared from the Text book and made available through e-course.
Review questions were provided to students to answer as they read the notes to gain fundamental
understanding.

Frequent quizzes were given.

Perceived Problems

> >

The major problems were:

1. Students found it difficult to understand the fundamentals even though the course was taught at
the fundamental level. It appears that the students did not understand the fundamentals.

2. Students did not appear to learn from day to day because they were unable to answer the same
fundamental questions on several successive Formative QUIZZES.

Plans for
Addressing
Problems

> >

The following is recommended for implementation:

All of the Pre-Class reading assignments will be transformed to pre-class reading quiz that
is a multiple choice or numeric answer question that would automatically be graded on
Canvas as a pre-concepts evaluation and then discussed in the beginning of class to
reinforce understanding. Only about 40 % of the pre-class reading questions were
converted into pre-class reading quiz, but recommendation is to convert all the questions
to pre-class reading quiz in the Spring 2022 semester. Then at last 10 minutes of the class
will be used to test students’ post understanding of the same concepts in a formative quiz
to be conducted on Canvas each class day or at least once a week.

Adopt the new FASCIAL teaching approach developed and funced by NSF in this course
starting Spring 2022 semester

Overall Trend over
Periods

>>

Performance has been below 60 % in the past few semesters with not much improvement.
Assessed only on TaskStream in previous semesters.

Were Expectations Met?

Average>70%? and
>70% students avg.
>70%?

NO




THERMODYNAMICS 1
FALL 2021

Title of Assignment: TEST 1

THERMODYNAMICS 1
FALL 2021
TOPICS COVERED IN TEST 1

Test 1 covered the following topics:

1. Introduction and Basic Concepts
2.Energy, Energy Trans-fer, and General Energy Analysis
3. Properties of Pure Substances

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




FALL 2021 TEST 1 PART A
Master Solution & Grading Scheme

Test | Part A
Answer all Questions directly on the question sheets
Show all calculations directly on the question sheets
UPLOAD YOUR WORK ON E-COURSE BY 8:00 AM on 10/19/2021

Q1) Ifa system changed its state from state | to state 2, can we calculate the work and the heat
transfer if states 1 and 2 are completely known?

- Mo, because both states are known

Yes, because we know at least one state
G Yes, because we know the two states
© ANo. because we need to know the path

None ol the options provided is right

2) The initial temperature and pressure of a gas in a closed system are T,=100 °C, P,=250
kPa. The gas is compressed isothermally until its final pressure P,=500 kPa

Which of the statement below is true about the final temperature, T».

£ T> =200 "C (double T;) because the pressure doubled during the process.
W Ty=530"C (half of T,) because of the pressure increase.
P

T: cannot be determined because there is not enough information w determine it.
€./ T2=100 oC for this process

We need to know the volume before we can calculate the final temperature

Q3) The temperatures at locations A and B inside a system are 50 °C and 50°C respectively one
hour ago. The temperatures at locations A and B now are 80 °C and 80 °C respectively. Which
of the following statements is true about this systeh.

©  The system is uniform and steady
“ The system is not uniform and it is not steady
~

vAhe system is uniform but not steady
The system is steady but not uniform

None of the options provided is true




Q4) A gas in a piston cylinder arrangement undergoes a polytropicc process from P;=770 kPa,
V=0.25 m" 1o a final pressure P-=150 kPa. if the pnlylmplc index, n=1.22, what wﬂl be the

§ '- J"‘?
final volume in m S, I PV
iV, = 3

-11
._L_
ARG
Z

Q5) 5 kg of gas in a closed rigid vessel of volume 0.25 m’ is heated from P;=200 kPa, T,=
25 °C 1o a temperature of T;=500 °C. Determine the final specific volume, v, in m'/kg,

Sine we have r’r'g‘fuf Cosed  Sysiem

V=
_ _ 0'::'-5""" i Qb ""'3)‘?
But V= X = =3 0-05 "

Thas 4 - U = 0205 m3

Q6) 550 kJ of work goes into a closed system while the system loses 100kJ of heat from one
surtace and loses 150 kI of heat from a second surface. If the initial internal energy of the

system was 700 kJ, what is the final internal energy of the system? @ fﬂﬂ g
G = Eout = U‘_L}l ME =APE =0
W = CQ.*’CE’.&):‘ UZ'UJ w.:SW‘{” %T‘-f;ﬂk}.

Ull'-' - (@ f—g‘?.‘_):l'-'u!
Ug_: ssvlu —(fﬂﬂ‘*"lfb-]tu 1

Uy = Joo0 I

0015




Q7) A motor drives a pulley that hoists a mass of 1000 kg through a height of 80 m. if g=9.8
m/s2 and the efficiency of the pulley system is 77 %, what energy must be supplied to the

molor. ms= fﬂo{]hy H= 80 m -
Enpg = mJH = (tovokey )( 98 m/g?)ﬁé’amj: Y ,000 ]

?1 -——-—--E"'% = E':..Ef_“:’."'
E. e I 7

Eo s 284,000 ~ 1,018,180 T
o071
“  Ein = Lol [2 ki

Q8) Refrigerant 134a is at a temperature of 20 °C and a specific volume of 0.23373
m*kg. Determine the specific internal energy u, of the refrigerant in kJ/kg

At 20°%¢ V= 90008160 mily Uy = 0-036012 m*)lg
VoV, fhas W huve Supec heslad vepea
J

From Tl Supechandec Fble fn Rizge, o 0% §U= 55
U= 2yf - g} hlh}kj

Q9) For the steam at a Pressure of 10 MPa and specific volume of 0.0011200 m*kg, find the
specific intemmal energy, u, in kl/ke. 3 b M.
At P=IOMB, o 0,000 B VT 000 IMSARD Vg SO OB
V& Vy s T Wmprassed  ligaid
Frim | tom pressed liguief Tokles
ot P=tomp, V=0 o0ll200

U= 7548 m‘/}&y




Q10) Water is at a temperature of 200 °C and specific internal energy, u=1750 ki’/kg What is

the value of its specific enthalpy, h in kJ/kg?
- lex, - a9y -2 1 F
M T= 200% .’,fj_ -~ 850404 l"‘j,- : Uj = "f j

U s between U Uyt Swhrelid mixhng
X Uty (79- 2046 )0l _ 5. sy5
ufﬁ G T%3-7) M}}:‘? -
h= "f' +}:Eﬁ = 852 -25;3 E&.Qgg)(ﬁ}‘i»é?_) ]*Jﬂ‘;
h=' 152-9 liky
Q11) A gas in a closed system is heated from T,=150°C to a final state where T+=750°C

What is the iemperature change of this gas in "R?

A7 ‘e = (150 -150)°c = Loo°c
— op = 1-9 (AT %)= (I-2)(600) = 108D °F
AT °R= AT °F = 1080 “R

Q12)The pilot of an airplane reads an absolute pressure of 50 kP at an altitude of 7000 m above
a city. if the average density of air is 0.95 kg/m3, what will be the local atmospheric pressure on
the ground in the city in kPa. Assume g=9.8 m/s2

e, Pleg P +PIH= By,

H="T000 m E]'-H‘: &*PE'H

so 10, HoH ) fe-p)(79),

/000

Al

< 152 ke

—= _(‘__ F-—_'--‘\-__)‘-’

= .P‘:.I




PART BQUESTION 3
Waier is pumped from a lake 10 a storage tank located 25 meters above the lake as shown in the Figure. The
flow raie of the water pumped is 0.1 m’/s. Assume the density of water, p=1000 kg/m® and that g=9.81 m/s*

a) Calculare the mass flow rate of the water in kg/s.

Velums Flod rake @= O-Imh , p= 1000k fm™ [z
Mz P8 = (1000ks/w I o m¥fs )= 100 lgfs
b) Calculate the spevilic energy. ¢, delivered 1o the water by the pump in kMg,
Z£=9H
= gl it )(25) —l

= 94425 —%

¢} Caleulate the power output from the pump 1o the water in kW

P=E= me N oS =4
g'-? .---) = i e
~ (iotgh) (2415 ) Tao3 &
P-  a2y.s53 kW
d) Calculate the power input to the motor pump system in kW if the efficiency of the pump-motor system is
e ?':. Eu.l ___-; I?h - ___H'_"d__

P 1
2453 Ky [
P = 075 =

= 327 )w
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Sample Student Solution

] ik ¥ A Todn Soss, Nk T |
TestA Part A ok o
L{:\ Answer all Questions directly on the question sheets aCh Noylor

2
/ ; Show all calculations directly on the question sheets
U UPLOAD YOUR WORK ON E-COURSE BY 8:00 AM on 10/19/2021

\

Q1) If a system changed its state from state 1 to state 2, can we calculate the work and the heat
transfer if states | and 2 are completely known?

No, because both states are known
Yes, because we know at least one state

I
r .
é Yes, because we know the two states \/{
No, because we need to know the path
r

None of the options provided is right

Q2) The initial temperature and pressure of a gas in a closed system are T;=100 °C, P,=250
kPa. The gas is compressed isothermally until its final pressure Ps=500 kPa

Which of the statement below is true about the final temperature, T,.

2 T> =200 °C (double T,) because the pressure doubled during the process.

© Ty=500C (half of T;) because of the pressure increase.

© T, cannot be determined because thereAs n?&ﬂnugh information to determine it.
®  12-100 oC for this process 5

We need to know the volume before we can calculate the final temperature

QQ3) The temperatures at locations A and B inside a system are 50 °C and 50°C respectively one
hour ago. The temperatures at locations A and B now are 80 °C and 80 °C respectively. Which
of the following statements is true about this system.

© The system is uniform and steady .

©  The system is not uniform and it is not steady <
® The system is uniform but not steady 7
© The system is steady but not uniform

© None of the options provided is true




Q4) A gas in a piston cylinder arrangement undergoes a polytropice process from P,=770 kPa,
V,=0.25 m* to a final pressure Py=150 kPa. if the polytropie index, n=1.22, what will be the
final volume in m*?

A N AN

(170Y028)™ = wON™
gauke =N T
ASG =N ll-?—uj-— 2 \

03) 5 kg of gas in a closed rigid vessel of volume 0.25 m? is heated from P;=200 kPa, T,=
25 °C to a temperature of T>=500 °C. Determipie the final specific volume, v5, in mkg.

(6) 550 kJ of work goes into a closed system while the system loses 100kJ of heat from one
surface and loses 150 kJ of heat from a second surface. If the initial internal energy of the
system was 700 kJ, what is the final internal energy of the system?

70+ S50 V00 - h3e) =|x'mm*i._|
»
w“h i

4




Q7) A motor drives a pulley lhatd;n{ ists a mass of 1000 kg through a height of 80 m. if g=9.8
m/s2 and the efﬁcmncy of llie pulley system is 77 %, what energy must be supplied to the

motor, o | | W | g@m Tm 7
IR mz@o’ )Y ERcnay

= Yy LS _‘*-_E’ﬂ
1 = [OVE IgK. M
%\%{Mﬂ\ < o e T

Q8) Refrigerant 134a is at a temperature of 20 °C and a specific volume of 0.23373
m¥/kg. Determine the specific internal epérgy u, of the refrigerant in kl/kg

0.9
% L

\F-H..T ) m@u"—.dh\r

Q9) For the steam at a Pressure of 10 MPa and specific volume of 0.0011200 m3/kg, find the
specific internal energy, u, in kl/kg.

bt Mo, B0 twm'ﬂ.h/

5.00W100 p)

Ve ned
515G 46 ¥l \




Q10) Water is at a tem

ature of 200 °C and specific internal energy, u=1750 ki’kg  What is
the value of its specifi

enthalpy, h in kl/kg?

W= DA R W= W 2
V150 = 859 Vﬁ“ﬁ ) O b “5{-‘.1_1(}* pér‘iﬂmﬁ\)
d.llm: 'I.'IU.":.. * \ T
W = 165300/ Wl w
DSWs= % | %/ L(

is hpéi from T\=150°C to a final state where T,=750 *C
What is the temperature change bfjnis gas in “R?
el = V-1, = 750 -150=0%0

Ql1) A gas in a closed syste

(Q12)The pilot of an airplane reads an absolute pressure of 50 kP at an altitude of 7000 m above
a city. il the average density of air is 0095 kg/m3, what will be the local atmospheric pressure on
the ground in the city in kPa. Assupie g=9.8 m/s2

? = Pon? PCS"

¢ = 50 loasy ey uwndy
(P2 \S2BTWR| (7

rapeig
" & 5\ T




. 25
How '3@ALL 2021 TEST 1 PART B

?}j ANSWER ALL QUESTIONS K jﬁ_
PART B QUESTION 1 o <

A piston eylinder device contains 0.005 m® of liquid water and 0.8 m® of water vapor in ethbrm
kPa. Heat is transferred at constant pressure until the final te pemtum To=300 °C. Determine:

a) The initial temperature, T, in °C

Towove, = VA, %5;/,))4

ts  The initial mass of liquid, my, the initial mass of vapor, m,, a nd the initial total mass of the mixture. m;
~J

b o

I‘h‘fx-—j\}- _:_-niﬂ.}i E H,";ﬂ\(.ﬁ 1:\.1"(@1\ m;y«\
S X ' By
i o
mf‘rfffﬁw I’L”“"%' "‘1"' wes g
_'__———-_-_-
) 7T My 2 BNG LIS fﬁ-ﬁ'%:"‘fﬁ} /

¢) The quality, x, of the mixture at state 1
D805 _

SR = 0.00 “h.-: 2
b'a . " “"3"{3 Ny
= 220N - 0. 00T

“‘Ih S I
\r \ﬁ: L \rl “1 LT . ":hh‘%‘l,?:}-b
n:wi. amxxm v eednzs %

d) The specific volume, v, of the mixture at state |

¢} The final pressure, P; in kPa, and the final specific volume, v; in m?
wdeent, = V4= ¥, = ‘hm"@ml B

k .
o WP el B30Y( AN o =, . \\rm"ﬂ-'l—é?ﬁ'@\ m"lhll




fy The final total volume, Vs in m?

o
N
s

D500 T s g q,
2 A0 > = \1{/(

!
£) Show the process on a P-v diagram &Ié '
p! ‘
lno ]
= (




" PART B QUESTION 2

Steam is at a pressure, P=20 MPa and temperature T=500 oC. The specific gas constant for steam is R=0.4615
kikg-K. For water, the critical pressure, Pc=22.06 MP und the critical temperature Te=647.1 K

iﬂgym W/‘a »

JHE

2. Determine the specific vnm% team assuming the steam behaves as an ideal gas

=% SO = 713
L N (0apsYa1s)

"KE;--; o‘s."ﬁ—&l,'n‘s.:)\

1. Determine the specific volume of the amam

T
L:} AY] LA m“'],\u.l

3. Compute the reduce pressure, Pr and the redueéd temperature, Tr.

_‘_E},. -n“.ﬁ‘im"?b\
ks / 6
0 ;E__r,___-+§‘\\'i3\€‘\=~,\
b e

4. Using the values of Pr and Tr computed, use the compressibility chart to estimate the value of the
compressibility factor, 7

A5

5. Compute the specific volume of the steam based on the Z value obtained from the compressibility chart.

=N
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Score for this quiz; 60 out of 70 604_23

Submitted Oct 14 at 11:59pm =83%

Thes attempt took P47 minutes.

Question 1 5 lrses

If a system changed its state from state 1 to state 2, can we calculate the
work and the heat transfer if states 1 and 2 are completely known?

MNone of the options provided is right
Mo, because both states are known
No, because we need to know the path
Yes, because we know the two states

Yes, because we know at least one state

Question 2 5 |15 pts

The initial temperature and pressure of a gas in a closed system are
T1=100°C, P1=250 kPa. The gas is compressed isothermally until its
final pressure P2=500 kPa

Which of the statement below is true about the final temperature, T-.
T2 = 200 °C (double Ty) because the pressure doubled during the
process.

T2=50 °C (half of T4) because of the pressure increase,

+ T2=100 oC for this process

We need to know the volume before we can calculate the final
temperature

T2 cannot be determined because there is not enough information

trv etarming it




Question 3 s Jises

The temperatures at locations A and B inside a system are 50 °C and
50°C respectively one hour ago. The temperatures at locations A and B
now are 80 °C and 80 °C respectively. Which of the following
statements is true about this system.

MNone of the ophions provided is true

The system is not uniform and it is not steady
The system is steady but not uniform

The system is uniform but not steady

The system 15 uniform and steady

Question 4 |3 fapts

A gas in a piston cylinder arrangement undergoes a polytropicc process
from P1=770 kPa, V1=0.25 m* to a final pressure P;=150 kPa. if the
polytropic index, n=1.22, what will be the final volume in m3?

m
™ 09555

Correct Answers 0.956 (with margin: 0.02)




Correct Answers

Question 5 |5 jf3pts

5 kg of gas in a closed rigid vessel of volume 0.25 m® is heated from
P1=200 kPa, T1= 25 °C to a temperature of T2=500 °C. Determine the
final specific volume, v2, in m3/kg.

0.05

0.05 (with margin: 0.005)
0 (with margin: Q)
0 (with margin: O}
0 (with margin: 0}

Correct Answers

Question & {10 |/ 5 pts

550 kJ of work goes into a closed system while the system loses 100kJ of
heat from one surface and loses 150 kJ of heat from a second surface. If
the initial internal energy of the system was 700 kJ, what is the final
internal energy of the system?

1000

1.000 {with margin: 1)

Question 7 |10 Jiapts

5. A motor drives a pulley that hoists a mass of 1000 kg through a
height of 80 m. if g=9.8 m/s2 and the efficiency of the pulley system is
77 %, what energy must be supplied to the motor.




Question 8 3 i3t

Refrigerant 134a is at a temperature of 20 °C and a specific volume of
0.23373 m?/kg. Determine the specific internal energy u, of the
refrigerant in kJ/kg

248.81

Correct Answers 248.81 {with margin; 0.01)

Question 9 |5 |3 pts

For the steam at a Pressure of 10 MPa and specific volume of
0.0011200 m3/kg, find the specific internal energy, u, in kJ/kg.

S ..

Correct Answers 75648 {with margin: 0.1)

Question 10 |0 |/ 10pts

Water is at a temperature of 200 °C and specific internal energy, u=1750
kJ/kg What is the value of its specific enthalpy, h in kJ/kg?

Correct Answers 1,852.9 (with margin: 10)

Question 11 |§_| f 5 pts

A gas in a closed system is heated from T1=150 °C to a final state where
T,=750°C

What is the temperature change of this gas in "R?

1.080

Correct Answors 1,080 (with margin: 10)




Question 12 p /s

The pilot of an airplane reads an absolute pressure of 50 kP at an altitude
of 7000 m above a city. if the average density of air is 0.95 kg/m3, what
will be the local atmospheric pressure on the ground in the city in kPa.
Assume g=9.8 m/s2

Correct Andwers O (with margin: 0)
O {with margin: 0}
105.2 (with margin: 2]
O (with margin: Q)




PART B QUESTION 3
Water is pumped from a lake to a storage tank focated 25 meters above the lake as shown in the Figure, The
flow rate of the water pumped is 0.1 m¥s, Assume the density of water, p=1000 kg/m" and that g=9.81 mfs’

i) Caleulane the mass Mow vate of the wiiter in kgfs,
bi Culeulate the specific encrgy. e, delivered 1o the water by the pump in kg,
¢) Caleulute the power output from the pump o the waier in KW

d} Caleulate the power inpait 1o the motor pump system in KW if the efficiency of the pump-motor system is
T3% f

0\

u
S

H o #}t'& E = g HLL“I\HE /?"7“&1".

:
:
;
8
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30 +16=46 %

Score for this quiz: 30 out of 70
Submitted Oct 14 at 9:02am
This attempt took 47 minutes.

Question 1 o Jrses

If a system changed its state from state 1 to state 2, can we calculate the
work and the heat transfer if states 1 and 2 are completely known?

You Answered
Yes, because we know at least one state

Yes, because we know the two states
Mo, because both states are known

None of the options provided is right

Mo, because we need to know the path
Question 2 s £3pts
The initial temperature and pressure of a gas in a closed system are
T1=100 °C, P1=250 kPa. The gas is compressed isothermally until its
final pressure P»=500 kPa
Which of the statement below is true about the final temperature, T».
T2 cannot be determined because there is not enough information
to determine it.
We need to know the volume before we can calculate the final
i.L:.‘I]][J".-.‘T'L:Iilll'l.'
T2=100 oC for this process

T2=50 °C (half of T1) because of the pressure increase,

T2 = 200 “C (double T4) because the pressure doubled during the
process.




Question 3 3 (5t

The temperatures at locations A and B inside a system are 50 °C and
50°C respectively one hour ago. The temperatures at locations A and B
now are 80 °C and 80 °C respectively. Which of the following
statements is true about this system.

Sometioane. The system is uniform but not steady
The system is uniform and steady
The system is steady but not uniform
MNone of the options provided is true
The system is not uniform and it is not steady
Question 4 |: fore

A gas in a piston cylinder arrangement undergoes a polytropicc process
from P1=770 kPa, V1=0.25 m? to a final pressure P,=150 kPa. if the
polytropic index, n=1.22. what will be the final volume in m*?

| comct O

Corroct Answers 0.954 (with margin: 0.02)

Question 5 2 [/ 5 pts

5 kg of gas in a closed rigid vessel of volume 0.25 m? is heated from
P1=200 kPa, T1= 25 °C to a temperature of T2=500 °C, Determine the
final specific volume, vo, in m°/kg.

Correct Answers 0.05 (with margin: 0.005)
0 {with margin: 0)
O (with margin: 0)
0 {with margin: 0}




Question 6 10 |#5pts

550 kJ of work goes into a closed system while the system loses 100k) of
heat from one surface and loses 150 kJ of heat from a second surface. If
the initial internal energy of the system was 700 kJ, what is the final
internal energy of the system?

EE .

Correct Answers 1.000 (with margin: 1)

RSP question 7 o Jrses

5. A motor drives a pulley that hoists a mass of 1000 kg through a
height of 80 m. if g=9.8 m/s2 and the efficiency of the pulley system is
77 %, what energy must be supplied to the motor.

Correct Answer

Question 8 s |/ 5pts

Refrigerant 134a is at a temperature of 20 °C and a specific volume of
0.23373 m®/kg. Determine the specific internal energy u, of the
refrigerant in kl/kg

m
N 24681

Correct Answers 24881 (with margin: 0.01)




Question 9 B {5 pts

For the steam at a Pressure of 10 MPa and specific volume of
0.0011200 m3/kg, find the specific internal energy, u, in kJ/kg.

=

Correct Answers 75648 (with margin: 0.1)

Question 10 [o |/ 10pts

Water is at a temperature of 200 °C and specific internal energy, u=1750
kJ/kg What is the value of its specific enthalpy, h in kJ/kg?

Correct Answers 1,852.9 (with margin: 10}

Question 11 o |15 pts

A gas in a closed system is heated from T;=150 °C to a final state where
T2=750°C

What is the temperature change of this gas in °R?

153947

Correct Answers 1.080 {with margin: 10)




CGuestion 12 |75 pts

The pilot of an airplane reads an absolute pressure of 50 kP at an altitude
of 7000 m above a city. if the average density of air is 0.95 kg/m3, what

will be the local atmospheric pressure on the ground in the city in kPa.
Assume g=9.8 m/s2

Correct Answers O fwith margin: 0)
105.2 (with margin: 2)
O fwith margin: Q)
O {with margin: 0)
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THERMODYNAMICS 1
FALL 2021

Title of Assignment: TEST 2

TOPICS COVERED IN TEST 2

Test 2 covered the following topics:

1. Energy Analysis of Closed Systems
2.Mass and Energy Analysis of Control Volumes
3.The Second Law of Thermodynamics



SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 2



FALL 2021 TEST 1 PART A
Master Solution & Grading Scheme
Fall 2021 Thermodynamics § Test 2 Part A
Answer Al Questions

1. Airin arigid closed vesszel is initially at presmuwe P1=100 kPa V1=100 oC. The airis heatsd to a final
temperature T2=300 oC. What the wotk done i kJ7 Adr in a rigid closed vessel is indtially at presaure
P1=100kPa V1=100 oC. The ait is heated to a final temperature T2=300 ol. What the work donein
kI?

Ridojd™ ecml. Volun e is constsm
W=PdV=1 since i =0 forrigid vesst

2. RefrigerantR-134a at atemperature of 30 °C has a specific volume, v=0.12766 m kg, The pressurein
MPais

wf =ty R F R H0IE 3T = DT
K=ot R SR R o R
hirhe, this aperheatad vapor

P2=0.20 MFa

S

Air in angid closed vessel is imtially at P1=100%kPa T1=300K_V1=125 m3 The airis heatedtoa
firal temperature I2=770 K Asswme the air is an ideal g and thet R=0.257 Klkg avad ev=0. 718
Eliie-K Tie totel] heat trovsfared i &K is .

Qin -

Erseroy Balmce
Eavoom=E 8]
e ek
O=ngenny 7277
Fndm from ideat 3as equation
EI=RET! Thusw=PIvIART =000 0P ayl 28 m3n [0l 28 7 kiskz 050 0 =0 107 La
Enerzy Balarwe
Ein-Eoni==1-F1 Thaas Ciremf1e? i}
Caren o T T0=00 10 7 R b7 18 kil k-7 T 0-500, = 7.0 1ad
Care3, 7 0 W o Byvair Tables 37895 g, wi=0 3" 360 D501 D=0 6007
Cirempuly=11 18R 0N T8 5T = 00200 1Y
4. 250 &J of work goes into aclosed system while the system loses 30 kJ of heat. If the initial infernal

energy of the system was 300 kJ, what 1= the final infernsl energy of the system? Q
Enerzv Balanca il

FinEou=E Ei W ™~ N
Win—ag=E2F1 P &

T 3=Tin - (Jorm+s ]

=390 M2 AT 1T %

L



. A crane lifts a bucket of cement with a mass of 430 kg verticallv up with a constant velodty of 2 m/s.
Asmiming g=9 81 m's2, the mte of power in kW used by the crane is

a) 0.8 P=mgH/t=mgV

b) 442 g g

¢ 8.83 P=(450 kg)(9.81 m/s2)(2 m/s)/1000=8.83 kW
d) 8.2

&) 1.8

. Asa result of heat transferred to a gas in a system, the temperature changed by 700 E. What is this
temperature change in oR7
AT F=AT"R=18 AT K=(1.8)(700)=1260 "R
. If mis the mass and h is the specific enthalpy, then he total enthalpy of a system H is given by
a) H=h'm
b} H=mh
fy H=mh
g) H=h
h) None of the above is comect
. A cylinder’piston contains 2 kg of air at 100 kPa, 20°C. The air is compressed polytropically toa
pressure of 900 kPa. Calculate the absolute value of the work required if the polytropic exponent n=
125 Assume R=0287 kTkg-K. (Hint: First calculate V1, and then V2)
T1=20+273.13=203 13K,
PIV1=mRT1, thus V1=mRTI/P1=(2 kg)(0.287 kThg-EK 293 15 K)/(100 kFa)
V1=1.683 m3
PaVo=PIV1%, thus V=V [P1P: ]2
V2=(1683 m3)[100/000] 1 & V2=02001 m3
W=P2V2-PIV1Y(1n)=[900 kPa)(0.2001 m¥)-(100 kPa)(1.683 m3 ](1-1.23)= 3714 T
W=371.4 kJ into svstem or on systetn
. kg of refrigerant R-134a passes through the throttle vale shown. The properties at the inlet are provided
on the figure. The refngerant loses an amount of heat, Q=135 kJ as it flows through the valve Bv
making an energy balance on the system, the computed value of the enthalpy at the exit state 2, ha in

d Energy balance gives (s .
Ein=Eout R-134a ﬁ 2
mhil=mh2+Q m:ll;g_'l_._ Ay |, P:=200kF
h2=101.62 k/kg -15 kJf1 kg h,=101.62 kifkg
h2=86.62 ki/kg Q=15 ks

. Bymaking an energy balance on the turbine snown 11 e ngure, Gaicuiaie e power OULpuL Ol e
turbine in KW

m=4kgls

Energy balance gives P1=5 MPa

Ein=Eout ot
hi=3434.7 k) ke

mh1l=mh2+W 14

W=m(h1-h2)
W=(4 kg/s)(3434.7-2706.3)
W=2,913.6 kW

P;=200 kPa, Sat vap
—+2 h=27063 kifkg




THERMODYNAMICS 1 FALL 2021 SEFMESTER  TFST 2 Part B
ANSWER QUESTION 1 AND ANY 1| OTHER QUESTION
SHOW YOUR CALCULATIONS 111142021
MName of Student (PRINT) Me sler ':..-ﬂ-_..:.-llrkdl('a v
1 UNBERSTAND THAT CHEATING OR SEEKING HELP DURING THES QU2 WILL RESULT IN “F° GRADE

Noustenp 'y Kigwaarn e
QUESTION 1[25]
The 1.5 m' rigid tank shown below initially contains air at . The valve connected to the tank is opened allowing air ut
Pr=500 kPa, Ti=5(0K to enter the tank until the final condition in the tank 1= T=400 K, P:=350 kPa at which time the
valve is completely closed. For air, assume the gas constant R=0.287 klikg-K, Read all properties from the air tables.

T\ =300K,

.| Pi=150KPa
v=1.5m' | -

Te=400 K,
P=330 kFa

el

f"f Adr entering the tank
[ hen valve is opencd
Pi=500 kPa, Ti=500k

Figure 1

i Applying the ideal gas law, calculate the mass of air, my, initially in the tnk,
H': ."_'u{flfff{ g H.‘_i — 3{7{7;{' L:"I': !HF“] 4

PV < m LT,

(1504 ) (1S m*) y

Y= f"_'h.";'_ = [ f
' 127, - I TR 1)
( ,kj,-t_ j('gm |
m = 2413 ky -
ii. Cualculate the final mass of air, ma, in the tank. -
yook , Vo=V, =l5m” (gt hd)

1% = 3solbe , T =
) o = % = rgsa )’L'Hl J(;"' & 5) |
R - ,
- (0287 Yigs) (oK) 1
My = 4 5Tk




iti. Applying the law of conservation of mass, caleulate the wial mass of air, my, that entered the wank during
the process.
M = my, = M-, Hle=0
'r”t - J’ﬂl . F'ﬂ,r
L
= l-s72-2413)k Y

= 196 kg

iv. Determine the initial and final specific internal energy. uy and uz of the air in the tank. and the enthalpy hi at
the inlet wo the tank.s from the air Tables

T air o T= 300K, W= 31#,6.7,-"£fﬂ’?
Fe

f}
tir o Ty = seok , h = 503.02 kil
e aie of To= 400K, A, = 9861615 kg 2
vi. Muoking an energy Balance on the sysiem. Calculate the total hear transfer during the process
Ev, —Eng = E- E,
mq.‘h, o q = M u?. — M, I'-f} { ::
G = mh - ( Mald,—mildy) J
= (2 -51?*;)(553-632%1) = [f‘f'iu)@%'m)‘

zaz)2u )[R
|

= — 28% .y )g \

(-"‘1.

_,1] = 119 _4 !{I (Mjb 5‘!5‘1‘!&»1)




DUESTION 2 [15]

A hot water stream at 90 °C enters a mixing chamber with a muass flow rate of 1.5 kg/s where it is mixed with a
stream of cold water at 30 oC. After mixing, the mixed stream leaves the mixing chamber at 55 oC. Assume
kinetic energy and potential energy changes are negligible. The system loses 10 kW of heat. To the
surroundings.

Fugure 2

Q=10 kW
b

|

Hot water, m=1.5 kafs

e, T E 7 3 e
2l Mixing Chamber —| water. m,

Hot water, m;? —;!F . T«=35°C
T;=3ﬂ"(‘ 2

i.  Write the conservation of mass equation for the control volume and express the mass flow rate ms in lerms
of the mass flow rates my and ma

", = Me
—

[TFLS ’"”1’ m.-i.l‘Ir"I;

ii. Determine the specific enthalpies hy, hz, and ha at states 1, 2, and 3 respectively

v wilie b =005 ke - 37704 Jifky

fet 0%
— = 248 - lg
At H= 3 ﬁz:h;dm:.; T ,k’
At . =
=SS, hgwh, T 230 2 i,
feg 557

i, Applying energy balance on the control volume, determine the mass flow rate of the cold water, mx.im kg/s

EL - EIL ";':? ml‘ll"'mlhj "-ZMS L} +$

™, hy "'m!-l‘l {m;rm;iﬁs 'H'P
m{hi l‘! [h] "l"q) + CP i -__.I.P_I'_fi_ )
=71-¢ : [
Thas M, = m( ha-h _ﬁ__ I's ﬁﬂ) '#'E,,.m-ﬂd-ﬂv)]’;
(h-h3) h-hs)

My = 2.0l l4/s




QUESTION 3 [15]

Steam flows steadily through the turbine shown in Figure 3, The mlet conditions at state | and the outlet

conditions at state 2 are shown i the Figure | Assume the kinetic and potential energy changes are zem,
The turbine loses 230 kW of heat to the surroundings.

PiEdi P2 guspkw
=400 *C

Deteninine

(1) the specific enthalpy ot the inlet, iy

M P, = 20Mt:

=3 I Gt Ja f:i",
- 'i‘"ﬁi-f{ L. W8 A P\-"-‘{.ﬂ
hy= 2816+ 9 15 [l 2
Fizure 3 Staam Turkine
Figure 3 o |
1 the specific enthalpy at the exit h; T i '_ o
b, = zzs-aylafky, = 25723 B0
hy= hy, +Xahg, . 42 b, s, fs
hoe 20594 +[0+8)(2 y72:3) = 21238 1o ky g
5= l

e

{i}

By making an energy balance on the wrbine, caloulate the power outpat of the trbine in £V,
EI po - '-E-ﬁ\'- F

H’j‘r?: =

W

nrfq?_ +§ + W [

r

£
mi hy —hg \) - Cf _‘

{rzf{jh)(‘gﬂgn?r—- '2!23'?) — Sl L ‘I'fl
W= &,067 % ki
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feroi s Seull
21 Thermodynamics I Test 2 Part A 1 .., sovierr
Maavel R <Ves

Aﬂmﬂr All QIIEBHGIIS {‘“‘{' A B I Ial‘.-lﬁ?ff

. Air in a rigid closed vessel is initially at pressure P1=100 kPa, V1=100 oC. The air is heated to a final

temperature T2=500 oC. What the work done in kJ? Airin a rigid closed vessel is initially at pressure
P1=100 kPa, V1=100 oC. The air is heated to a final temperature T2=500 oC, What the work done in

Kt ﬁ L ;(ﬂﬁr‘i“la.a o 'Ir::*_': ;’{.’f‘ "G_I": —— T —
T, = oo (work 5 o kZ/beca € chunge in olume #0)
5 ¥ T [ .
[, =902
i

Refrigerant R-134a at a temperature of 50 "C has a specific volume, v=0.] 3?66 m'/kg. The pressure in
R

MPa is 7

Air in a rigid closed vessel is initially at  P1=100 kPa, T1=390 K. V1=12.5 m3. The air is heated to a
final temperature T2=770 K. Assume the air is an ideal gas and that R=0,287 kl/kg and ev=0.718 kJ/kg-
K. The total heat transferred in k1 is

joc # 2.8

Py _ SN Y
Ne R — = e = |Ye by

T, = 3% 27 Jse a8 o

= == Q:M‘L\-‘“-{" {
1 = 1iels o [T i s ¥ -;r/o‘] é
R@: 126 J¥E:

250 kI of work goes into a closed system while the system loses $0 kJ of heat. If the initial internal
f kJ, what is the final internal of the system? _. : 4{'
energy of the system was 300 kJ, what is inal internal energy Syst S }W 4 5 f 1

Jeo — K - :
, “—F. + -
+|'-5:‘; (] B ! MJ’#‘.
55 E, = 150~go tdoo
Al Lo ¥

- ar,-'

4
o r - n
Tow) ikl %},j

. A crane lifts a bucket of cement with a mass of 450 kg vertically up with a constant velocity of 2 m/s,

Assuming g=9.81 m/s2, the rate of power in kW used by the crane is
a) 0.9

; _ 5
b) 4.42 W= (Mgl e = Ulp 2 - 2
> @ 88 l/ V= Umg) = UYSo o f. 4 2 = /_,f“;?

P ]




7. Ifm is the mass and h is the specific enthalpy, then he total enthalpy of a system H is given by

a) H=h/m

b) H=m/h / i
M He=mh b

g) H=h

h} MNone of the above is correct

8. A cylinderfpiston contains 2 kg of air at 100 kPa, 20°C. The gir is compressed polytropically to a
pressure of 900 kPa. Caleulate the absolute value of the work required if the polytropic exponent n =

125, Assume R=0.287 ki/kg-K. (Hint: Fjrst calculate V1, and then V2) "
A e A
mevty bzlookta  fy AT 3 BU=p
T = 20% % N h“:; 1:Ro). | e v, = ATV
f 1.]-”15 _ " ' -E-'-'
H 1#7 FI ,-?ﬂﬂgf"{q‘ ’/ - {u‘_l - Tf r__f'___,_
i A P \weasakTlG) ) g e
0 lhgicezere2o- M) v =g,79

'1':.'! W "
S \ \?\J

9. kg of refrigerant R-134a passes through the throttle vale shown. The praperties at the inlet are provided
on the figure. The refrigerant loses an amount of heat, Q=15 kJ as it flows through the valve, By
making an ¢ne ance on the computed value of the enthalpy at the exit state 2, hy in kJ

15
= M
i 4

' i R ] 2 i
—W }UF . — *"Ial :f;ﬁ—*"q_f m :f:
\“L' b ;Xm.n:}.m

Ww=g

v "h,J

e e

hy=101.62 ki kg
=15k

10. By making an energy balance on the turbine shown in the figure, calculate the power oulput of the
turhine in k'W

m=4kgls
P1=3 MPa
Ti=500 *C




QUESTION 1 [25]

The 1.5m’ rigid tank shown below initially contains air at . The valve connected to the tank is opened allowing air at
Pi=500 kPa, Ti=500K to enter the tank until the final condition in the tank is T;=400 K, P,=350 kPa at which time the valve
is completely closed. For air, assume the Bas constant R=0.287 ki/kg-K, Read all properties from the air tables,

T,=
DR |
Py=150 kPa
ul=
T-=400 K,
Adir entering the tank
F———when valve is opened

Pi=500 kPa, Ti=500K

Figure 1

i Applying the ideal gas law, calculate the mass of air, m,, initially in the tank,

Pbr*:.”?r'l.t:.r_ o
M, =Fr "f/f L;
spelf — 7,6V .
M, = E-'.'l"ﬁ'ﬁ"‘-" L ? I

W _Zobl i e, ]
il. Calculate the final mass of air, my, in the tank. My == = orEl .5 ?/-r}- f[,JI[

K £ 287 » Yox




li. Applying the law of conservation of mass, calculate the total mass of air, m, that entered the tank during the
Process,

M= M=t > |
- [ 5T Lol '.f.‘?fr'“-?; / f

L—
[

T
I:‘.—‘T_ = _J,-HI- .":';,.-JI. s

-~

iv. Determine the Initlal and final specific internal energy, u, and u, of the air in the tank, and the enthalpy hi at the
inlet to the tank./ from the air Tables

L =7ZI i, o7 ffl?'f:'::,, / | .
M| = 503, ¥ 7 kg

Uy = 2861 Tf.’a}}/'

v. Determine the specific enthalpy, h, of the air entering the tank from the air Tabiles

wi, Making an energy Balance on the system, Calculate the total heat transfer during the process. Fhti _

L
(:‘2 ~ vfih;'f[ﬂhua_"‘@r"i’f &-
()= |36 50302 — (4513 206 — L, 13 * 2l0l)

Q=236 1 kT




QUESTION 2 [15]

A hot water stream at 90 °C enters a mixing chamber with a mass flow rate of 1.5 kg/s where it is mixed with a stream of
cold water at 30 oC. After mixing, the mixed stream leaves the mixing chamber at 55 oC. Assume kinetic energy and
potential energy changes are negligible. The system loses 10 kW of heat. To the surroundings.

Figure 2
= Q=10 kw

p

|
Hot water, my=1.5 kg/s 7
Ty=90°C 3 Mixed warm
E Mixing Chamber —;l water, my

Hot water, m,? ——# T+w=55"C

T=30°C ] I

\
-“'f.f.
F 4

1Fy

/]
f.,-" L—..
|7

F

. Write the conservation of mass equation for the contrel volume and express the mass flow rate m; in terms of the
mass flow rates m; and m;

fi. Determine the specific enthalpies hy, hy, and h, at iw‘f‘ 1, 2, and 3 respectively
h =t i) = 37052 Wigly |
hy = hp(30%) =157 Balsg -~

-




QUESTION 2 [15]

A hot water stream at 90 °C enters a mixing chamber with a mass flow rate of 1.5 kg/s where it is mixed with a stream of
cold water at 30 oC. After mixing, the mixed stream leaves the mixing chamber at 55 oC. Assume kinetic energy and
potential energy changes are negligible. The system loses 10 kW of heat. To the surroundings.

Figure 2
= Q=10 kw

p

|
Hot water, my=1.5 kg/s 7
Ty=90°C 3 Mixed warm
E Mixing Chamber —;l water, my

Hot water, m,? ——# T+w=55"C

T=30°C ] I

\
-“'f.f.
F 4

1Fy

/]
f.,-" L—..
|7

F

. Write the conservation of mass equation for the contrel volume and express the mass flow rate m; in terms of the
mass flow rates m; and m;

fi. Determine the specific enthalpies hy, hy, and h, at iw‘f‘ 1, 2, and 3 respectively
h =t i) = 37052 Wigly |
hy = hp(30%) =157 Balsg -~

-




iii. Applying energy balance on the control volume, determine the mass flow rate of the cold water, m,.im kg/s
Ei ] = E.:- .'.v{'
M, by, tmy by =My by 4 Qout o

" oo we) =11 e 408, ¢ 2R3 )4,
f.'f5,3'»’-‘.-.-'&)%"./”:_‘“f*”d (tr.544,) o« 230.20) tio

¥ i) .
iy =20l [5/s Wi

iv. How much heat is transferred across the mixing chamber boundary?
s
I - “I ";I .'_-.I
b, thy thy A --
b Myhy TG o
ole 25,78 1| :5:135.¢,Jf.

L,

"M-lh' +JH..‘;_£-’|-_._ k&

£1.5- 276 v2) X
- i
— i3y, 02T fiw

-— R S 5

l




QUESTION 3 [15]

Steam flows steadily through the turbine shown in Figure 3. The inlet conditions at state 1 and the outlet conditions at
state 2 are shown in the Figure 1. Assume the kinetic and potential energy changes are zero.

The turbine loses 250 kW of heat to the surroundings.

P=20 MPa
I=400°C
V=120 m's Q=250 kw

Determine

(i}  the specific enthalpy at the inlet, b,

1, =k L =,
P = 20MmFA h E29i,% &=

7
1'_‘.
1 +
£ 3
L —
Figure 3
e
hpk X 27 :
£ v } A -
.""I'J. - "I'ﬂ:‘" ® 4 : j ||,.\_,[]
h 1 {f;:n \2 I} } ¥
ii) the specific enthalpy at the exit h; b, h lsp X, =0.9 Via? thy : /
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49+28.5=77.5 %

Score for this quiz: 49 out of 60
Submitted Nov 11 at 8:48am
This attempt took 40 minutes.

Question 1 " 3pts

Air in a rigid closed vessel is initially at pressure P1=100 kPa, V1=100 oC. The air is heated to
a final temperature T2=500 oC. What the work done in kJ?

1
:

L Correct Answers  » 0 (with margin: 0)

Additional Comments:

Question 2 ”"‘5

Refrigerant R-134a at a temperature of 50 °C has a specific volume, v=0.12766 m®/kg. The
pressure in MPa is

1
02

L Correct Answers > (0.2 (with margin: Q)
—

Question 3 ”"‘5

Airin a rigid closed vessel is initially at P1=100 kPa, T1=390 K, V1=12.5 m3. The air is heated
to a final temperature T2=770 K. Assume the air is an ideal gas and that R=0.287 kJ/kg and
cv=0.718 kJ/kg-K. The total heat transferred in kJ is

| Correct Answers 3047 (with margin: 2)
—



Question 4 [« Jrams

l Correct Answers ).

250 kJ of work goes into a closed system while the system loses 80 kJ of heat. If the initial
internal energy of the system was 300 kJ, what is the final internal energy of the system?

470

470 (with margin: 1)

Additional Comments:

Question 5 o Jrses

l Correct Answer ,"'

A crane lifts a bucket of cement with a mass of 450 kg vertically up with a constant velocity of
2 m/s. Assuming 2=9.81 m/s2, the rate of power in KW used by the crane. is

8.83

B 57

‘ 18

Question 6 ’ 5pts

Correct Answers
—

As a result of heat transferred to a gas in a system, the temperature changed by 700 K.

What is this temperature change in oR?

1,260

1,260 (with margin: 5)




Question 7 / 5 pts Regraded Score: 5 / 5 pts

(1) This question has been regraded.

If m is the mass and h is the specific enthalpy, then he total enthalpy of a system H is given by

Additional Comments:

Question 8 s

A cylinder/piston contains 2 kg of air at 100 kPa, 20°C. The air is compressed polytropically to
a pressure of 200 kPa. Calculate the absolute value of the work required if the polytropic
exponent n = 1.25. Assume R=0.287 kJ/kg-K. (Hint: First calculate V1, and then V2)

Correct Answers 5 385 (with margin: 50)

S
I



Question 9

Correct Answers

R-134a

m=1kg L

P,= 900

Sat.Lig
h,=101.62 ki/kg

86.62

86.62 (with margin: 5)

| kg of refrigerant R-134a passes through the throttle vale shown. The properties at the inlet
are provided on the figure. The refrigerant loses an amount of heat, Q=15 kJ as it flows
through the valve. By making an energy balance on the system, the computed value of the
enthalpy at the exit state 2, hs inkJis

P,=200 kPa
Find h2

Question 10

l Correct Answers P,
—

m=4kgls
P1=5 MPa
T1=500 °C
h1=3434.7 ki/kg

By making an energy balance on the turbine shown in the figure, calculate the power output
of the turbine in kW.

<= P,=200 kPa, Satvap
2 h,=2706.3 ki/kg

2,913.6

2,913.6 {with margin: 50)




THERMODYNAMICS I FALL 2021 SEMESTER TEST 2 Part B
ANSWER QUESTION 1 AND ANY 1 OTHER QUESTION
SHOW YOUR CALCULATIONS 11/11/2021

-
U 282
Name of Student (PRINT)__\N00\  Wioccs ot
I UNDERSTAND THAT CHEATING OR SEEKING HELP DURING THIS QUIZ WILL RESULT IN “F* GRADE: W

Studeni’s Signanure

QUESTION 1 [25]

The 1.5 m’ rigid tank shown below initially contains air at . The valve connected to the tank is opened allowing air at
Pi=500 kPa, Ti=500K to enter the tank until the final condition in the tank is T»=400 K, P»=350 kPa at which time the
valve is completely closed. For air, assume the gas constant R=0.287 kl/kg-K, Read all properties from the air tables.

T1=300K,
3 Pi=150 kPa
V=1.5m ul=
T»=400 K,
P»=350 kPa
u2= y ) ;
T Air entering the tank /
i Q;,_»_thn valve is opened Z il
Pi=500 kPa, Ti=500K >
Figure |
i.  Applying the igeal gas law, calculate the myss of aéi;r;ﬁl,é}ﬂtially in the tank.

('

r 0

ii. Calculate the final mass of air,“Bu{,




iii. Applying the law of conservation of mass, calculate the total mass of air, m;, that entered the tank during
the process.
vy =0 Wy
i .ot %
[w;= -0 oslf)

iv. Determine the initial and final specific internal efiergy, u; and s of the air in the tank, and the enthalpy hi at
the inlet to the tank./ from the air Tables

0 guope = 1LVAOT ¥ / ,
196 \C XS\ .

Al

W e ugot

W eesx = S0I0L %'f.".\xa

V. Determine the specific enthalpy, hi, of the ajrertering the tank from the air Tables

vi. Making an energy Balance on the system, Calculate the total heat transfer during the process.

E=E K AN = 2 R AT\ (\mlu,_»m‘u} LN =\
vy WA ««f«(\ w k@\[\.gﬁ-mb.t%ﬂ%ﬁ
Q= Zwdnx bty P i TSV = v S

= suelensS (s N CORICREC \ W 5200

. WesSh




QUESTION 3 [15]

Steam flows steadily through the turbine shown in Figure 3. The inlet conditions at state 1 and the outlet

conditions at state 2 are shown in the Figure 1. Assume the kinetic and potential energy changes are zero.
The turbine loses 250 kW of heat to the surroundings.

PENMPE o ,
Ti=dg0e¢c ~ TPORW

/>

(i)  the specific enthalpy at the inle
‘&\qm‘““ '
o o F 16\ .,

@1oNp,, T ¢
e

Determine

Lo’
Figurs 3 S5zam Turbine
Figure 3
ii) the specific enthalpy at the exit hz /
Py ol
ISk W . 11500, \“‘f 43 .f:./
=9% .
ok W, = \\ L * H\‘Q 5

p
ATL.H
W, ® 1725 A0\~ Lo%-;, ../_35

\\” N l\m\

(i) By making an energy balance on the turbine, calculate the power out {put of the turbine in kW.

we 's\‘/a"f* MM Wﬁ/




BELOW AVERAGE




26+15.5=41.5 %

Score for this quiz: 26 out of 0
Submitted Mov 11 at 8:50am
This attempt took 41 minutes.

Question 1 "3"‘5

Airin a rigid closed vessel is initially at pressure P1=100 kPa, ¥1=100 oC. The air is heated to
a final temperature T2=500 oC. What the work done in kJ?

1
:

L Correct Answers 0 (with margin: 0)

Additional Comments:

Question 2 "4‘“5

Refrigerant R-134a at a temperature of 50 °C has a specific volume, v=0.12766 m3/kg. The
pressure in MPa is

D .

| Correct Answers 0.2 (with margin: Q)

Question 3 ’ Zpts

Airin a rigid closed vessel is initially at P1=100 kPa, T1=390 K, V1=12.5 m3. The air is heated
to a final temperature T2=770 K. Assume the air is an ideal gas and that R=0.287 kJ/kg and
cv=0.718 kJ/kg-K. The total heat transferred in klJ is

o

Correct Answers 3,047 (with margin: 2)
| |




Question 4 Mpts

l Correct Answers ,',-

250 kJ of work goes into a closed system while the system loses 80 kJ of heat. If the initial
internal energy of the system was 300 kJ, what is the final internal energy of the system?

470

470 (with margin: 1)

Additional Comments:

Question 5 “’ S[EE

A crane lifts a bucket of cement with a mass of 450 kg vertically up with a constant velocity of
2 m/s. Assuming g=9.81 m/s2, the rate of power in kW used by the crane. is

Unanswered

Question 6 o Jrses

l Correct Answers P,

As a result of heat transferred to a gas in a system, the temperature changed by 700 K.

What is this temperature change in oR?

1,260 (with margin: 5)




Question 7 :’ 5 pts Regraded Score: 5 / 5 pts

(T) This question has been regraded.

If mis the mass and h is the specific enthalpy, then he total enthalpy of a system H is given by

Additional Comments:

IS Question s -

A cylinder/piston contains 2 kg of air at 100 kPa, 20°C. The air is compressed polytropically to
a pressure of 900 kPa. Calculate the absolute value of the work required if the polytropic
exponent n = 1.25. Assume R=0.287 kJ/kg-K. (Hint: First calculate V1, and then V2)

L Correct Answers 5 385 (with margin: 50)
T




BT Question 9 CR—E

| kg of refrigerant R-134a passes througi uie unowe vaie snown. The properties at the inlet
are provided on the figure. The refrigerant loses an amount of heat, Q=15 kJ as it flows
through the valve. By making an energy balance on the system, the computed value of the

enthalpy at the exit state 2, h, inklJis

R-134a 1
m=1 kg ;
P;=900

sat.lig
h,=101.62 ki/kg

P,=200 kPa
Find hz

Q=15 k!

_ Correct Answers 86.62 (with margin: 5)

b o Jrioms

Unanswered Question 10

By making an energy balance on the turbine shown in the figure, calculate the power output
of the turbine in kW.

m=4kegls
P1=5 MPa
T1=500 °C
h1=3434.7 ki/ke

P,=200 kPa, Satvap
h,=2706.3 ki/kg

Correct Answers 2,913.6 (with margin: 50)



THERMODYNAMICS I FALL 2021 SEMESTER  TEST 2 Part B
ANSWER QUESTION 1 AND ANY 1 OTHER QUESTION

SHOW YOUR CALCULATIONS 11/11/2021 L
" 0\ | P
Name of Student (PRINT) \\;H‘- [ hhodex /(_, =
1 UNDERSTAND THAT CHEATING OR SEEKING HELP DURING THIS QUIZ WILL RESULT IN “F" GRADE MW '(; _{‘&
Stuclent’s Signature
QUESTION 1 [25]

The 1.5 m’ rigid tank shown below initially contains air at . The valve connected to the tank is opened allowing air at
Pi=500 kPa, Ti=500K to enter the tank until the final condition in the tank is T=400 K, P,=350 kPa at which time the
valve is completely closed. For air, assume the gas constant R=0.287 kl/kg-K, Read all properties from the air tables.

T=300K, /
N Pi=150 kPa iy
Vzlsm ul= -—(-:J‘J .:l; g E
To=400 K,
P»=350 kPa -

w= 08014 25’"’

Air entering the tank
f when valve is opened
Pi=500 kPa, Ti=500K

Figure |

-0 .;f 2 "/(_ i b
h"‘l]—,-.a!\f'.‘ll.l\_.l ) ?]Vn . 'S._G ,, .
= F- —) M T —

[E'g |

i. Applying the ideal gas law, calculate the mass of air, my, initially in the tank.

ii. Calculate the final mass of air, my, in the tank.

- Yo
R,
~




i pplying the law of conservation of mass, calculate the total mass of air, m;, that entered the tank during
/e process.

N‘d’“ m;—Me = MMy, % v,

iv. Determine the initial and final specific internal energy, u; and u; of the air in the tank, and the enthalpy hi at

the inlet to the tank./ e air Tables
T & S\ <% :

Ug = 28C LN W
hissog8 ) -

R .nv. Determine the specific en

, hi, of the air entering the tank from the air Tables

Ir; 1~ Eaut = Ey- B,

mu‘aﬁ-

lng nenergy Bawme system, totai heat Ira.ns er durmg the process.




QUESTION 2 [15]

A hot water stream at 90 °C enters a mixing chamber with a mass flow rate of 1.5 kg/s where it is mixed with a
stream of cold water at 30 oC, After mixing, the mixed stream leaves the mixing chamber at 55 oC. Assume

kinetic energy and potential energy changes are negligible. The system loses 10 kW of heat. To the
M@H@Egs- b i s

Fi 2
i P Q=10 kW 2
Hot water, m =1.5 kg/s ] / . /—,'/’
T,=90°C _ 3 Mixed warm

-

_: Mixing Chamber —| water, m,
Hot water, m;? ——4 T:=55C
T,=30°C ]

i.  Write the conservation of mass equation for the control volume and express the mass flow rate ma in terms
of the mass flow rates m; and

- i '|_ . }___ "M\]
i \
I Q’FV\- @"w

ii. Determine the specific enthalpieij\h and h; at states 1, 2, and 3 respectively

’
N
N

iii. Applying energy balance on the control volume, determine the mass flow rate of the cold water, m2.im kgls




THERMODYNAMICS 1
FALL 2021
Title of Assignment: TEST 3
TOPICS COVERED IN TEST 3
Test 3 covered the following topics:
1. The application of the First Law in the form of the steady state
steady flow equation to the vapor power cycle

2. The refrigeration &Heat pump cycles
3. Gas mixtures



THERMODYNAMICS 1
FALL 2021

SAMPLE TEST QUESTIONS, SOLUTION,
AND GRADING SCHEME FOR TEST 3



Test 3 Questions, Solution & Grading Scheme

THERMODYSAMICS |
FALL 2021 FINAL EXAM PART B
ANSWER QUEST 1OV 1 ol any othesr 1 QUEST LN
Show your work clearly and answer the suli-guestions in the order asked.

Name___ Huste~ oloadiey 1407/2021

By writing miy mame above, | understand and agree that any dishenesty or ghis exam will resuldt fin an “F"
prode in the course .

QUESTION | [25 Points)
For the sieam power eycle shown in the Figure, the mass flow rate of wuter through the eyche is Tkafs.
All of the propertics ut the various stale points ure indicuted in the Figure

u) Find the specific enthalpy b and the specific entrogy, sa ul sliie 2 from wour steant Tables. Double

eheck pour answers fo ensure you have read the table correcily.

h) By making an energy balance on the boiler, calculate the rate of heat inpul 10 the hoiler. s in KW

¢ By making an energy balance on the turbing, calculate the power outpul of the turbine Wi, in KW

d) By ntking an energy bulance on the condenser, caleulate the rale of heat rejecied from the condenser,
Qo KW

e By making un energy halunce on the pump, calculite the power input b the pump, Wi, in KW

i caloulate the nct power outpat, W, in KW

g Caleilate the thermal efficiency of the cycle

h) Determing S for the Turbine in kKW/K and indicate if the furbine process is possible or impossible.,
reversible or irreversible. Assume the turhine is losing heat 10 the surroundings a To=300 K

i1 Determing Sgn for the eondenser in KW/K 37 the heat is fost to the surroundings at To=300 K and
indicute if the condenser process is possible or impossible, reversible of irmeversible,




ay # R=10MPe, Ty =500°C e have Supe.beatid Vepe )
hy = 3375+ llky | Sy = G5 94s Kflg-i — i3
[by En = Eoned ﬁ -
mh, 1 @u. = mhy
Con = m(hy —h) — sl 4
G =(2-’*rfs}f33?s-:—zw-é).% = 62270 Ikw

':‘:') E"ﬂ = Louwd IZI_ _ |
mhz = Qloss T Wordt +Mh3 J 1
Went = mlha-bg) = Qross 12
= (2hy ) 2375 1- 2898 ‘5)3* = 148306 ka
(d) Er = Coud '

h‘lll-; = I‘Hl‘lq 'f":?au.f . - qs'?sz
Qost = m( hy-hy) = figh)(2672 321 -uz)Lﬁ = 4o

|
{'E) En = Eoud = f

" - 20-63kW — 2
Wi = mlhi-he) = (2lefs) (261~ - 251 #a}lf,g = 20-63 2

f
H"J M,_L{- w wjlﬁ )
= (493 — WD Iw= 14632 W

|
(D N = Wheet -

A |

i % -
L e () —2
b zz701W

{‘E)gﬁaﬁrd DS, + ASsun r_’ﬁ_ % 5

f = O+ MSy-m 5’2 ’ |
Eah% = 'tlmiit_z =067= 6599 +~ Eﬂ;—ﬁr f’
T¥L | = 3 mﬁ- lew | K ]
g?srw 70 = pwa:gs n possible huwt ireevesible” LS

+ 4éis- yL33-2
rl' J Fir lomdante 2 S'I*-"-'“ ,g,g;,ﬁ 4:5,5_,5‘.;?1 + Gat = tz,wls}[- 931-5'- m'F) 3'oc|




QUESTION 2 |25 Points]

A rigid wnk of volume 10 m? initially containg saturated water vapor at a temperature of 120°C. Steam
at a pressure 1,2 MPa and & iemperature of 400 °C enters the tank through a valve in steam line that is
connected to the tank until the final preéssure in the tunk is 800 kP, ot which time the emperature 1s
200", All Kinetie and potential energy effects can be neglected. A schenatic of the problem snd
propertics al all state points except state | are shown in the figure below,

il

b
)
d)

Initial State in Tank Final State in Tank
Ti=120°C, Sat.vapor | V=10 0¥ | T,:=200 °C, P:=800 kPa
w=? kikg us= 26311 kd'kg

vi=? mkg vs=0.26088 m'kg
s1=? klkeK 52=6.8177 ki/ke-K

/'-Qaus

Pi=1.2 MPa,
Ti=400 °C
hi=3261.3 kl/kg
5i=7.3793 ki ke-K

Given that the initial state of the steam is o satoraded vapor at Ty=120"C, read the values of the
specific volume, vi, specific internal energy. uy, and the specific entropy, 5| at state |

Culeulate the initial mass, my, of steam in the tank in kg

Calculate the final mass. ma. of steam in the tank in kg

By making a mass balance on the control volume, calculate the mass of steam the entered the
tank, mi, i kg

By muking an energy bulunce on the system and assuming the system lost heat as shown on the
dingram, compute the heat lost Qout during the process in kJ

Calculate the entropy change of the system, ASg ;o m in kIVK

Calculate the entropy change of the sutrounding, A Sz, in kUK, if the heat is Lot 1o the
surrounding at Th=300 K

Caleculate the entropy generiied, Sgen inkIIK

From your answer for Sgee, explain whether the process us deseribed is possible of impossible,
reversible or irreversible,




@) M T,= 120°¢, S’uﬂw.\,&,;fw.}m |
S = % - 71292 W fly ¢ -0-8N32 My (T >
U= Uy = 25289 tofly-14 ) |
(b) =¥ o Jpwm L] 8
i T 0-39133my = Izl - |
(€) my= = {Om* = 2833k — B
o ﬁ-zwﬂﬂﬂf’/{‘;f ?

(d_) mi‘ ‘-m.f_ = m']—"M] Wb =e |
. ™ '-'(3?- 33 =122 )}3 = 271 ﬁ’j 3

{Q‘) Ei - E“J = E:.‘E; N ) |
'\“l:ih == @'d = M-lu: —VHJLJI |
CP"M-I - Mlht - tm1u3-m1m_)
(ﬁ?-lik,){';zél .3]-&}&) _[(3*,3])(2{,31 II) (h‘ leﬂm) i
= 15,93%-8 18 — —3

(_{) ASW-H"-’" - 1& W, SJ

L L
33 “ ey (5 ﬂﬂ%*) [|E nlr?X'T 292 ,ﬁ)?’, | }'3_

“JSlql

1ILE'L) ASSL‘,” = =M, 'E.h 1 Qﬂgf ) ||

1

Is,49 \ I%{
= -(= rIP{)L“] EATEL 0 T300 [
R DL n _'_,-II l
= - 1469 ltfz |

{h) 5‘11“'5 AS'&.‘; 4‘ ﬂg";v“ ﬂi |
= 184 - 146° @L“r | Iz
= Y. 5_% )

: - L — )=
u) S’m J0  Twg [0S 45 de 5&11‘:4,,[ It fJnssq,Ja ’L
l‘lra* 'T‘MMFrjﬁh




QUESTION 3 [25 Points]

Air contained in a piston cylinder arrangement is expanded in a polytropic process from Pi=900kPa,
Vi=0.05 m', TI1=400"C 10 P>=170 kPa. The polytropic index. n=1.2 Assume that the air is an ideu
gus with constant specific heats and that R=0.287 kl/kg-K. cp=1.005 kJ/kg-K und cv=0.718 kl/kg-

a)
b)

&)

gl

hi

Show the process ona P=V diagram
Calculate the final total volume Vs, inm’.

Calculate the work done, W in kJ and indicate the direction of the work us input or output. Make a
sketch of the system and indicate the direction of the work

Calculate the mass of air in the system in kg.
Caleulate the final temperature, T, in K

Applying energy balance to the system, calculate the heat transfer, Q in kJ and indicate whether it
is heat input or output. Show the direction of the hem mnput or output on a sketch of the system,

Calculate the entropy change of the system in kJ/K
Calculate the entropy change of the surroundings if the surrounding is ut T,=300 K

Culculate Sy and from the value of Sy, indicate whether the process is possible or impossible,
reversible or irreversible.
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ABOVE AVERAGE




FALL 2021 FINAL EXAM PART A Results for Safiatou Zampaligre

Score for this quiz: 40 out of 50 40_'_3 4:74 %

Submitted Dec 7 at 6pm
This attempt took 54 minutes.

Question 1 "4‘“5

A fan accelerates air from a velocity of 0 m/s to a velocity of 15 m/s at a
volume flow rate of 5 m®/s. If the density of the air is 1.2 kg/m?®, the
minimum power needed for the fan in Watts is

| comect S

| Correct Answers 675 (with margin: 10)

Additional Comments:

Question 2 " SEE

A 7.5 m® rigid vessel contains water at 10 MPa, and 400 °C. The mass of
water in the vessel in kg is

1
2807

| Correct Answers 283.7 (with margin: 1)




Question 3 ’ 3 pts

During a heating process, the temperature of an object rises by 250 °C.
This temperature rise in °F is

450

Correct Answers 450 {(with margin: 5)

Additional Comments:

Question 4 o Jraes

Helium is in a 5.0 ft2 container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature, T.=9.5 °R. Calculate the reduced temperature
and reduced pressure and use these to determine the value of Z from the
compressibility chart. The value of Z read from the chart is approximately

(Note: the compressibility chart is in chapter 3, page 137 and in Figure
A-15 on page 206 of the textbook).

Write down your answer for Z for use in the next question.

Correct Answer 0.7

=




Question 5 “' 3 pts

Helium is in a 5.0 ft3 container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature,

T.=9.5 °R. Using the compressibility factor Z you obtained in the previous
question, if for helium R=0.4961 Btu/lbm-°R, the computed mass of the
helium in the tank in Ibm is

7741

Question 6 " 3pts

If P is the pressure, v is the specific volume, T is the temperature, R is the
specific gas constant and Z is the compressibility factor, which of the
following statements represents the ideal gas law

Pv=ZRT as long as Z>0

Pv=ZRT ifZ=1

Pv=ZRT if Z is any number
Pv=ZRT if Z>1

Pv=ZRT if Z<1




Question 7 ’ 3pts

Correct Answers

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of this engine is

Write down computed efficiency of the engine for use in question 9

60

60 (with margin: 2)

Additional Comments:

Question 8 o rsets

Correct Answers

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of a Carnot engine
operating between the two given temperatures is

Write down computed efficiency of the Carnot engine for use in
question 9

93.25

55 (with margin: 2)



Question 9 o rses

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. From your answers for the efficiency
of the engine in question 7 and that of the Carnot engine operating
between the same two temperatures in question 8, which of the
statements is true about his claim.

the engine is possible but reversible
Correct Answer the engine is impossible

the engine is impossible but reversible

the engine is possible but irreversible ’

(E) none of the above

Question 10 Dmm

Water of density 1000 kg/m? is pumped from a lake to a storage tank as
shown in the Figure at a location where g=9.81 m/s2. The volume flow
rate of the water is 0.1 m3/s and the electrical power input to motor

driving the pump the is 27 kW. The overall efficiency of the pump-motor
unit in % is

5083
Correct Answers »  90.8 (with margin: 5)




Question 11 ”4 pts

2.5 kg of helium is in a piston cylinder arrangement with an initial volume,
V1=3.5 m3. The helium is compressed to a final volume of 1 m® while its
pressure is maintained constant at 250 kPa.

The absolute value of the work done during this constant pressure

process in kJ is

625

Additional Comments:

Question 12 " 3 pts

lCorrectAnswers )

A closed rigid tank contains air at P1=700 kPa and T1=300 °C. As a
result of heat transfer to the surroundings, the temperature inside the
tank drop to 100 °C. The work done during the process in kJ is

0 (with margin: 1)




Question 13 ”"‘5

[ Correct Answers

A piston cylinder device initially contains 0.5 m? of air at P1=900 kPa,
T1=200 °C. The air is isothermally expanded to a final volume, V,=1.5
m3. The work done during the process in kJ is

494375

494.4 (with margin: 10)

Additional Comments:

Question 14 /3pts

l Correct Answers

2 kg of refrigerant R-134a passes through the throttle vale shown. The
properties at the inlet are provided on the figure. The refrigerant gains an
amount of heat, Q=7 kJ as it flows through the valve.

R-134a 1 B

m=2kg P>=200 kPa
Pi=1 Mp3 Find h2
satliq |

h1=107.34 ki/kg
Q=7kJ

By making an energy balance on the system, the computed value of the
enthalpy at the exit state 2, h, in kJ/kg s

110.84

110.8 (with margin: 2)




THERMODYNAMICS 1 3
FALL 2021 FINAL EXAM PART B j
ANSWER QUESTION I and any other 1 QUESTION 5
Show your work clearly and answer the sub-questions in the order asked.

Name EQQ 'CC\_\\ S i nr\e LU 12/07/2021

By writing my name above, 1 understand ana(g:gn?é that any dishonesty on this exam will result in an “F”
grade in the course .

QUESTION 1 [25 Points] ¥
For the steam power cycle shown in the Figure, the mass flow rate of water through the cycle is 2 kg/s.
All of the properties at the various state points are indicated in the Figure.

)
b)
C)
d)

3}

)

h)

i)

/Sy:.«:m boundary
P1=10 MPa
h1=261.6
= P2=10 MPa
§1=0.8321 T2-500°C 70 kw
h2s?

s2=7

Mass flow rate
through eycle, b
m=2 kg/s
Pump ‘ —
P4=20 kPa l
Sat. i
% M:zyﬁ a2 Condcnser 2
54-0.832 PRy p——
% P3=15 kPa, Sat vapor
h3=2598.3
Qout $3=8.0071

. Units:
MEncigy sink All hin k/kg
th as the atmosphef Ak in lu/gX

Find the specific enthalpy h: and the specific entropy, sz at state 2 from your steam Tables. Double
check your answers to ensure you have read the table correctly.

By making an energy balance on the boiler. calculate the rate of heat input to the boiler, Qin in kW
By making an energy balance on the turbine, calculate the power output of the turbine Wy in kW
By making an energy balance on the condenser, calculate the rate of heat rejected from the condenser.
Qoum in kW

By making an energy balance on the pump. calculate the power input to the pump, Win, in kKW
calculate the net power output, We. in kW

Calculate the thermal efficiency of the cycle

Determine Sen for the Turbine in kW/K and indicate if the turbine process is possible or impossible,
reversible or irreversible. Assume the turbine is losing heat to the Surroundings at To=300 K
Determine Sees for the condenser in kW/K if the heat is lost to the surroundings at To=300 K and
indicate if the condenser process is possible or impossible, reversible or irreversible.
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QUESTION 3 [25 Points]

Air contained in a piston cylinder arrangement is expanded in a polytropic process from P1=900kPa,
V=0.05 m', TI1=400°C to P=170 kPa. The polytropic index, n=1 2 Assume that the air is an ideal
gas with constant specific heats and that R=0.287 kJ/kg-K, ¢p=1.005 kl/kg-K and cv=0.718 ki/kg-

a)
b)

<)

d)
c)
[2- »
/"'
2
g)
h)

i)

o @\‘lQ UL%&}GP
1

Show the process on a P=V diagram
Caleulate the final total volume Va, in m’.

Caleulate the work done, W in kJ and indicate the direction of the work as input or output. Make a
sketch of the system and indicate the direction of the work

Calculate the mass of air in the system in kg.
Calculate the final temperature, Tz, in K

Applying energy balance to the system. calculate the heat transfer, Q in kJ and indicate whether it
is heat input or output. Show the direction of the heat input or output on a sketch of the system.

Calculate the entropy change of the system in kI/K
Calculate the entropy change of the surroundings if the surrounding is at Te=300 K
Calculate Sgen and from the value of S, indicate whether the process is possible or impossible,
reversible or irreversible. S {5 . ;
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23+37 =60 %

Score for this quiz: 23 out of 50

Submitted Dec 7 at 6pm
This attempt took 54 minutes.

Question 1 "4 pts

[CarrectAnswers )

A fan accelerates air from a velocity of O m/s to a velocity of 15 m/s at a
volume flow rate of 5 m%/s. If the density of the air is 1.2 kg/m?, the
minimum power needed for the fan in Watts is

675

675 (with margin: 10)

Additional Comments:

Question 2 " ElEts

[ Correct Answers y

A 7.5 m® rigid vessel contains water at 10 MPa, and 400 °C. The mass of
water in the vessel in kg is

283.7

283.7 (with margin: 1)



Question 3 *’ Spts

| Correct Answers )

During a heating process, the temperature of an object rises by 250 °C.
This temperature rise in °F is

450

450 (with margin: 5)

Additional Comments:

Question 4 *"‘pts

Helium is in a 5.0 ft° container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature, T.=9.5 °R. Calculate the reduced temperature
and reduced pressure and use these to determine the value of Z from the
compressibility chart. The value of Z read from the chart is approximately

(Note: the compressibility chart is in chapter 3, page 137 and in Figure
A-15 on page 906 of the textbook).

Write down your answer for Z for use in the next question.

0.7



Question 5 o Jraes

| Correct Answer .

Helium is in a 5.0 ft° container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature,

T.=9.5 °R. Using the compressibility factor Z you obtained in the previous
question, if for helium R=0.4961 Btu/Ibm-°R, the computed mass of the
helium in the tank in Ibm is

54.2

77.41

Question 6 ” JEE

If P is the pressure, v is the specific volume, T is the temperature, R is the
specific gas constant and Z is the compressibility factor, which of the
following statements represents the ideal gas law

Pv=/ZRT as long as Z>0

Pv=ZRT ifZ=1

Pv=ZRT if Z is any number
Pv=ZRT if Z>1

Pv=ZRT if Z<1




Question 7 0 IEE

| Correct Answers

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of this engine is

Write down computed efficiency of the engine for use in question 9

40

60 (with margin: 2)

Additional Comments:

Question 8 *' dpt=

| Correct Answers
. —

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of a Carnot engine
operating between the two given temperatures is

Write down computed efficiency of the Carnot engine for use in

question 9

55

55 (with margin: 2)




l Correct Answer

Question 9 o Jrses

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. From your answers for the efficiency
of the engine in question 7 and that of the Carnot engine operating
between the same two temperatures in question 8, which of the
statements is true about his claim.

the engine is possible but reversible
the engine is impossible

the engine is impossible but reversible

the engine is possible but irreversible

(E} none of the above

Question 10 D’““‘“

l Correct Answers

s

Water of density 1000 kg/m? is pumped from a lake to a storage tank as
shown in the Figure at a location where g=9.81 m/s2. The volume flow
rate of the water is 0.1 m3/s and the electrical power input to motor
driving the pump the is 27 kW. The overall efficiency of the pump-motor
unit in % is

81

90.8 (with margin: 5)




Question 11 D*"‘pts

2.5 kg of helium is in a piston cylinder arrangement with an initial volume,
V1=3.5 m®. The helium is compressed to a final volume of 1 m® while its
pressure is maintained constant at 250 kPa.

The absolute value of the work done during this constant pressure
process in kJ is

| Correct Answer &75

Additional Comments:

Question 12 “' 3pts

A closed rigid tank contains air at P1=700 kPa and T1=300 °C. As a
result of heat transfer to the surroundings, the temperature inside the
tank drop to 100 °C. The work done during the process in kJ is

L Correct Answers | 0 (with margin: 1)
—




Question 13 o Jraes

A piston cylinder device initially contains 0.5 m® of air at P1=900 kPa,
T1=200 °C. The air is isothermally expanded to a final volume, V,=1.5
m3. The work done during the process in kJ is

| Correct Answers 494 .4 (with margin: 10)

Additional Comments:

BT Question 14 CR—T

2 kg of refrigerant R-134a passes through the throttle vale shown. The
properties at the inlet are provided on the figure. The refrigerant gains an
amount of heat, Q=7 kJ as it flows through the valve.

R-134a
m=2kg P2=200 kPa
P1=1 M3 Find h2
EEASAC)

h1=107.34 ki/kg

Q=7kl

By making an energy balance on the system, the computed value of the
enthalpy at the exit state 2, h, in kJ/kg is

| Correct Answers 110.8 {with margin: 2)




ISR Question 15 Ca—

The refrigeration cycle shown in the Figure is used to extract Q=750 kJ of heat from the cold space and
rejects Qu=1100 kJ to warm environment. By first making an energy balance on the refrigerator to determine
W et in, determine the COPges for this refrigerator.

‘Warm heated space

Des:red\'
au=110010 'tPUL

L Correct Answers 2,14 (with margin: 0.5)
—



Make-Up Test Part A Worksheet
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Write the question number followed by your solution
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THERMODYNAMICS |
FALL 2021 FINAL EXAM PART B 3?
ANSWER QUESTION 1 and any other 1 QUESTION i £
Show your work clearly and answer the sub-guoestions in the order asked. 5’[;

1200772021

By writing my name above, I understand and agree that any dishonesty on this exam will result in an “F"
grade in the course .

QUESTION 125 Puints]
For the steam power cycle shown in the Figare, the mass ow tate of water through the cycle is 2 kafs.
All of the properties at the various state points are indicated in the Figure,

fﬁyutcm boundary

Find the specific enthalpy h: and the specific entropy, b2 af state 2 from your steam Tables. Dhauhle
check your answers to ensure you have read the table correctly,

By making an encrgy balance on the boiler, caleulate the rute of heat inpat to the boiler, Qi in kKW
By muking an energy halance on the torbine, calculate) the power output of the turbine W, in KW
By making an energy halance on the condenser, calculate the rate of heat rejected from the condenser,
Qo in KW

By muking an energy balance on the pump, caleufate the power input to the pump. Wi. in kW
caleulate the net power outpul, W, in KW

Calculate the thermal cfficiency of the cycle

Determing Sgen for the Turbine in KW/K and indicate if the turbine process is possible or impossible.
reversible or irreversible, Assume the turbine is losing heat o the surroundings at To=300 K
Deeterming Sy for the condenser in KW/K if the heat is lost to the surroundings at To=300 K and
indicate if the condenser process is possible or impossible, reversible or irmeversible.
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QUESTION 2 [25 Points)

A rigid tank of volume 10 m* initially contuins saturated water vapor at a temperature of 120°C. Steam
al u pressure 1.2 MPa and a temperature of 400 "C enters the tank through a valve in sicam line that is
connected to the tank until the final pressure in the ok is BOO kP, al which time the temperature is

200 °C . All kinetic and potential energy effects can be neglected. A schematic of the problem and
properties at all state points except state 1 are shown in the fzure below,

Initial State in Tank Final State in Tank
Ti=120°C, Sat. vapor | V=10 0¥ | T,=200 *C, P:=800 kPa
ui=? klkg w= 26311 kl'kg

vi=? mlkg vs=0.26088 m' kg
s1=7 Lklks-K 52=06.5177 kl'ke-K

[§

25 i@
———
Pi=1.2 MPa,
Ti=400 °C
hi=3261.3 kl'kg
5i=7.3793 ki'ke-K

_,#Qem

/{ Given that the imitial state of the steam s o salurated vapor of Ti=120"C, réad the values of the
specific volume, vy, specific internal enerpy, w, and the specific entropy, 3 al state |
KT Caleculate the initial mass, wm, of steam in the tank in kg
¢ Calculate the final mass, mz, of steam in the tank in kg
;ﬁ By making & mass balance on the control volume, calculate the mass of steam the entered the
tank. mi. in kg
/(f By making an encrgy balance on the system and assuming the system lost heat as shown on the
diagram, compute the heat lost Qout during the process in kd
&1 Calculate the entropy change of the systenn, ASsy ciem in kKK
27 Calenlate the entropy change of the surrounding. & Sz in kIK, iF the heat is lost to the
surmounding at Th=300 K
hy Calculate the entropy generted, Spe in KWK
i} From your answer for SgoeExplain whether the process as deseribed is possible of impossible,
reversible or irreversib
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Make-Up Test Part A Worksheet

Name_ o % 55 %o e m:’%\ :mf:a Write the question number followed by your solution

By writing my name above, | mdersrand and(a;}ree that any dishonesty on this exam will result in an “F” grade in t* --
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Score for this quiz: 13 out of 50 13+16‘5 = 2905 %

Submitted Dec 7

at 6pm

This attempt took 54 minutes.

Question 1 o Jraes

| Correct Answers

A fan accelerates air from a velocity of 0 m/s to a velocity of 15 m/s at a
volume flow rate of 5 m3/s. If the density of the air is 1.2 kg/m?, the
minimum power needed for the fan in Watts is

45

675 (with margin: 10)

Additional Comments:

Question 2 o Jrses

| Correct Answers

| S

A7.5m3 rigid vessel contains water at 10 MPa, and 400 °C. The mass of
water in the vessel in kg is

111441

283.7 (with margin: 1)




Question 3 "3‘“5

During a heating process, the temperature of an object rises by 250 °C.
This temperature rise in °F is

450

| Correct Answers 450 (with margin: 5)

Additional Comments:

Question 4 .I"4Dts

Helium is in a 5.0 ft® container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature, T.=9.5 °R. Calculate the reduced temperature
and reduced pressure and use these to determine the value of Z from the
compressibility chart. The value of Z read from the chart is approximately

(Note: the compressibility chart is in chapter 3, page 137 and in Figure
A-15 on page 906 of the textbook).

Write down your answer for Z for use in the next question.




Question 5 0 B

Correct Answer

Helium is in a 5.0 ft3 container at a temperature of 12.35 °R and
pressure of 66.4 psia. For helium, the critical pressure, P.=33.2 psia, and
the critical temperature,

T.=9.5 °R. Using the compressibility factor Z you obtained in the previous
question, if for helium R=0.4961 Btu/lbm-°R, the computed mass of the

helium in the tank in Ibm is

77.41

\

Correct Answer

Question 6 o 3

If P is the pressure, v is the specific volume, T is the temperature, R is the
specific gas constant and Z is the compressibility factor, which of the
following statements represents the ideal gas law

Pv=ZRT as long as Z>0

Pv=ZRT if Z=1
Pv=ZRT if Z is any number
Pv=ZRT if Z>1

‘ Pv=ZRT if Z<1




Question 7 o Jrses

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of this engine is

Write down computed efficiency of the engine for use in question 9

Correct Answers 40 (with margin: 2)

Additional Comments:

Question 8 o Jrsess

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. The % efficiency of a Carnot engine
operating between the two given temperatures is

Write down computed efficiency of the Carnot engine for use in
question 9

Correct Answers 55 {with margin: 2)



Question 9 o Jrsms

An engineer claims he has designed an engine that takes in 7500kJ of
heat from a reservoir at 400 °C and rejects heat to a reservoir at 27 °C
with a net work output of 3000 kJ. From your answers for the efficiency
of the engine in question 7 and that of the Carnot engine operating
between the same two temperatures in question 8, which of the
statements is true about his claim.

‘ the engine is possible but reversible

| Correct Answer the engine is impossible

the engine is impossible but reversible
the engine is possible but irreversible

(E} none of the above

Question 10 Dmm

Water of density 1000 kg/m? is pumped from a lake to a storage tank as
shown in the Figure at a location where g=9.81 m/s2. The volume flow
rate of the water is 0.1 m3/s and the electrical power input to motor
driving the pump the is 27 kW. The overall efficiency of the pump-motor
unit in % is

[ CorrectAnswers 908 (with margin: 5)
|




Question 11 D“pts

2.5 kg of helium is in a piston cylinder arrangement with an initial volume,
V1=3.5 m3. The helium is compressed to a final volume of 1 m? while its
pressure is maintained constant at 250 kPa.

The absolute value of the work done during this constant pressure
process in kJ is

| Correct Answer 625

Additional Comments:

Question 12 ” 3 pts

A closed rigid tank contains air at P1=700 kPa and T1=300 °C. As a
result of heat transfer to the surroundings, the temperature inside the
tank drop to 100 °C. The work done during the process in kJ is

L Correct Answers | 0 (with margin: 1)
—




Question 13 D*"‘pts

A piston cylinder device initially contains 0.5 m® of air at P1=900 kPa,
T1=200 °C. The air is isothermally expanded to a final volume, V,=1.5
m3. The work done during the process in kJ is

o

| Correct Answers 494.4 (with margin: 10)

Additional Comments:

Question 14 D*’ 3pts

2 kg of refrigerant R-134a passes through the throttle vale shown. The
properties at the inlet are provided on the figure. The refrigerant gains an
amount of heat, Q=7 kJ as it flows through the valve.

R-134a

1
m=2kg P2=200 kPa
P1=1 Mp3 Find hz
3atbig

h1=107.34 ki/kg

Q=7 kJ

By making an energy balance on the system, the computed value of the
enthalpy at the exit state 2, h, in kJ/kg is

| Correct Answers 110.8 (with margin: 2)



Question 15 " ElEts

The refrigeration cycle shown in the Figure is used to extract Q =750 kJ of heat from the cold space and
rejects Qu=1100 kJ to warm environment. By first making an energy balance on the refrigerator to determine
Woetin determine the COPgy for this refrigerator.

QH=1100kI “P‘{é

1
2122

[ Correct Answers / 2.14 (with margin: 0.5)




THERMODYNAMICS 1 }éfL
FALL 2021 FINAL EXAM PART B z-
ANSWER QUESTION 1 and any other 1 QUESTION i

Show your work clearly and answer the sub-questions in the order asked. W

Name___ N 0@h 97’7}4']1 N 12/07/2021

By writing my name above, I understand and agree that any dishonesty on this exam will result in an “F"
grade in the course .

QUESTION 1 [25 Points]
For the steam power cycle shown in the Figure, the mass flow rate of water through the cycle is 2 kg/s.
All of the properties at the various state points are indicated in the Figure.

._l_ P3=15 kPa, Sat vapor

h3=2598.3
$3=8.0071

Units;
All hin kifkg

ch as the atmosphel All 3 in o/ ke

a) Find the specific enthalpy h and the specific entropy, s» at state 2 from your steam Tables. Double
check your answers to ensure you have read the table correctly.

b) By making an energy balance on the boiler, calculate the rate of heat input to the boiler, Qin in kW

¢) By making an energy balance on the turbine, calculate the power output of the turbine Wou. in kKW

d) By making an energy balance on the condenser, calculate the rate of heat rejected from the condenser,
Qo 1n kKW

e) By making an energy balance on the pump, calculate the power input to the pump, Wis, in KW
calculate the net power output, Wy, in kW

g) Calculate the thermal efficiency of the cycle

h) Determine Sgen for the Turbine in kW/K and indicate if the turbine process is possible or impossible,
reversible or irreversible. Assume the turbine is losing heat to the surroundings at To=300 K

i) Determine Syen for the condenser in kW/K if the heat is lost to the surroundings at To=300 K and
indicate if the condenser process is possible or impossible, reversible or irreversible.
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QUESTION 2 [25 Points]

A rigid tank of volume 10 m initially contains saturated water vapor at a temperature of 120 °C. Steam
at a pressure 1.2 MPa and a temperature of 400 °C enters the tank through a valve in steam line that is
connected to the tank until the final pressure in the tank is 800 kPa. at which time the temperature is

200 °C . All kinetic and potential energy effects can be neglected. A schematic of the problem and
properties at all state points except state | are shown in the figure below.

Imitial State in Tank Final State in Tank
Ti=120°C, Sat. vapor | V=10 m¥ | T1:=200 °C, P:=800 kPa
u=? kdJ’kg = 26311 kl'kg

v1=? m¥kg v:=0.26088 m¥kg
s1=? klkeK 52=6.8177 kJ/ke-K

/Q@.u

) @
;]
Hhe =
( Pi=1.2 MPa,
i Ti=400 °C
hi=3261.3 kJ/kg
§i=7.3793 kJ/ke-K

a) Given that the initial state of the steam 1s a saturated vapor at Tj=120 °C, read the values of the
specific volume, vy, specific internal energy, uy, and the specific entropy, sy at state |

b) Calculate the initial mass, mi, of steam in the tank in kg

¢) Calculate the final mass, m», of steam in the tank in kg

d} By making a mass balance on the control volume, calculate the mass of steam the entered the
tank, mi, in kg

¢) By making an energy balance on the system and assuming the system lost heat as shown on the
diagram, compute the heat lost Qout during the process in kJ

f) Calculate the entropy change of the system, ASgysem in kKI/K

g) Calculate the entropy change of the surrounding. A Sgu.r in kJ/K, if the heat is lost to the
surrounding at Th=300 K

h) Calculate the entropy generated. S,

i) From your answer for Secn, explyi
reversible or irreversible.

o in kK
whether the process as described is possible of impossible,

(375520, LL )
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20/20

Score for this quiz: 20 out of 20
Submitted Aug 24 at 5:47pm
This attempt took 2 minutes.

Question 1

What is the study of Thermodynamics about?

E. The fluids used to convert work to heat

C. Fluids
B. Work

D. Heat, work, and the fluids used to convert heat to work

. Conversion of work to heat

p=d

Additional Comments:

Question 2

The most abundant form of energy is work and the most useful form of energy is heat.

True

D -




1 gallon of water at 200 °C has higher quality of energy than the whole Pacific ocean that has an average

temperature of 12 °C.

Additional Comments:

Question 4

What is a closed system?

D. Mass cannot cross the boundary

Mass cannot enter but mass can leave

o]
5]

A. Mass can enter but cannot leave

C. Mass cannot enter and mass cannot leave

E. Both C and D above

Additional Comments:

Fudge Points:

You can manually adjust the score by adding positive or negative points to this box.

Final Score: 20 out of 20



AVERAGE




Score for this quiz: 15 out of 20 1 5/2 O

Submitted Aug 24 at 5:46pm
This attempt took 1 minute.

Question 1

What is the study of Thermodynamics about?

C. Fluids

B. Work

D. Heat, work, and the fluids used to convert heat to work
E. The fluids used to convert work to heat

A. Conversion of work to heat

Additional Comments:

Question 2

The most abundant form of energy is work and the most useful form of energy is heat.

True

D -




Question 3 " s

1 gallon of water at 200 °C has higher quality of energy than the whole Pacific ocean that has an average
temperature of 12 °C.

Additional Comments:

Question 4 o rsess

What is a closed system?

You Answered C. Mass cannot enter and mass cannot leave

A. Mass can enter but cannot leave

| (e LT E.Both C and D above

B. Mass cannot enter but mass can

D. Mass cannot cross the boundary




BELOW AVERAGE




Score for this quiz:

Submitted Aug 24
This attempt took

10/20

10 out of 20
at 5:46pm
1 minute.

Question 1

What is the study of Thermodynamics about?

. Conversion of work to heat

b

B. Work
D. Heat, work, and the fluids used to convert heat to work
E. The fluids used to convert work to heat

C. Fluids

Additional Comments:

Question 2

The most abundant form of energy is work and the most useful form of energy is heat.

True




Question 3 o rses

1 gallon of water at 200 °C has higher quality of energy than the whole Pacific ocean that has an average
temperature of 12 °C.

l Correct Answer y True

\

Additional Comments:

Question 4 o rses

What is a closed system?

[ Correct Answer E. Both C and D above

You Answered C. Mass cannot enter and mass cannot leave
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40/40

Score for this quiz: 40 out of 40
Submitted Sep 9 at 9:20am
This attempt took 8 minutes.

Question 1 /10 pts

1. A boxer weighs 400 Ibf. The surface area covered by each foot is 50 in2. What is the pressure on the floor, in
Ibf/in? , if he stands on ONE foot?

:

400

]
o
(o8]
wn

Additional Comments:

Question 2 " SIS

2. Which of the following statements describe the Zeroth law of Thermodynamics for three bodies with
temperatures T1, T2, and T3.

fT1=T2 and T3=0 Then T1=T3
fT1=T2, then T3=T1
MNone of the other answers is correct

£T2=T3, then T1=T2

m If T1=T2, and T3=T2, then T1=T3




Question 3 " EE

3. A system with non-uniform properties can still be in a steady state if the non-uniform properties do not change

with time.
False

Additional Comments:

Question 4 /10 pts

4. A system is heated during which the temperature changed by 216 °F. What is this temperature change in K?

None of the numerical values provided is right

m 120

Question 5 /10 pts

5. The pressure between the top and the base of a mountain is 5000 Pa. If the density of the air in the location is
1.2 kg/m® and the local gravity is g=9.81 m/s2, what is the height of the mountain in meters. Provide only numerical
answer to 1 decimal place with no units attached.

l Correct Answers ;0 (with margin: 0)
0 {with margin: Q)
0 {with margin: Q)

424.7 (with margin: 1)
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Score for this quiz: 30 out of 40

Submitted Sep 9 at 9:18am
This attempt took 6 minutes.

Question 1

EJ’ 10 pts

1. A boxer weighs 400 |bf. The surface area covered by each foot is 50 in?. What is the pressure on the floor, in
Ibf/in? , if he stands on ONE foot?

You Answered

l Correct Answer ,',

Additional Comments:

Question 2

2. Which of the following statements describe the Zeroth law of Thermodynamics for three bodies with
temperatures T1, T2, and T3.

fT1=T2 and T3=0 Then T1=T3

T2=T3, then T1=T2

answers Is correct

fT1=T2, then T3=T1

=

1§ T1=T2, and T3=T2, then T1=T3




Question 3 " Spts

3. A system with non-uniform properties can still be in a steady state if the non-uniform properties do not change

with time.

False

Additional Comments:

Question 4 /10 pts

4. A system is heated during which the temperature changed by 216 °F. What is this temperature change in K?

None of the numerical values provided is right

Question 5 /10 pts

Correct Answers
/

5. The pressure between the top and the base of a mountain is 5000 Pa. If the density of the air in the location is
1.2 kg/m*® and the local gravity is g=9.81 m/s%, what is the height of the mountain in meters. Provide only numerical

answer to 1 decimal place with no units attached.

424.7

0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)
4247 (with margin: 1)
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Score for this quiz

Submitted Sep 9 a
This attempt took

10/40

:10 out of 40

t 9:20am
6 minutes.

Question 1 o Jrropts

l Correct Answer ,',-

1. A boxer weighs 400 |bf. The surface area covered by each foot is 50 in?. What is the pressure on the floor, in
Ibf/in? , if he stands on ONE foot?

Additional Comments:

Question 2 " s

2. Which of the following statements describe the Zeroth law of Thermodynamics for three bodies with
temperatures T1, T2, and T3.

IfT1=T2, and T3=T2, then T1=T3
fT1=T2 and T3=0 Then T1=T3

£ T1=T2, then T3=T1




Question 3 " 2B

3. A system with non-uniform properties can still be in a steady state if the non-uniform properties do not change
with time.

True

Additional Comments:

Question 4 o Jroes

l Correct Answer J

You Answered ‘

4. A system is heated during which the temperature changed by 216 °F. What is this temperature change in K?

120

393.15

Question 5 o ]r1oms

l Correct Answers

5. The pressure between the top and the base of a mountain is 5000 Pa. If the density of the air in the location is
1.2 kg/m® and the local gravity is g=9.81 m/s2, what is the height of the mountain in meters. Provide only numerical
answer to 1 decimal place with no units attached.

0 (with margin: 0)
4247 (with margin: 1)
0 (with margin: 0)
0 (with margin: 0)
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30/35

Score for this quiz: 30 out of 35

Submitted Sep 16 at 9:26am
This attempt took 9 minutes.

Question 1 o Jrsets

You Answered

l Correct Answer )

A system undergoes a process during which its state changed from from P1, v1 to P2, v2. Which of the statement is
true about this process?

A. We can calculate the work done since we know the initial and the final states

B. Even though the path of the process is not known we can compute the work done by W=(P2-P1){v2-v1)
C. We cannot compute the work done because the process path is not known

D. Though we cannot compute the work done, we can compute the heat transfer.

E. None of the alternatives provided is right

Question 2 "' Dis

A system undergoes a process during which its state changed from from T1, v1 to T2, v2. Which of the statements
below is true about this process?

A. We can calculate the temperature change since we know the initial and the final states

B. Because the path of the process is not known we cannot compute the temperature change

C. We cannot compute the volume change because the process path is not known

D. Even though we cannot compute the temperature change, we can compute the volume change

E. None of the alternatives provided is right




Question 3 Sl

An insulated room is being heated electrically using a heating element. We can say that
A. There is heat transfer

B. There is work transfer

C. There are both heat and work transfers

D. None of the other answers provide is right

b

Additional Comments:

Question 4 /10 pts

[ Correct Answers

An elevator in a high rise building has a mass of 2000 kg when fully loaded with passengers. The elevator motor
raises the elevator and the passengers through a height of 900 m from the 1% floor to the 100" floor in 60 seconds.
Assume g=9.81 m/s2. The power expended by the elevator motor in kW is (Do not include units in your answer and

correct to 1 decimal place)
2943

294.3 (with margin: 5)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)

Question 5 /10 pts

l Correct Answers

The Tesla Model S which has a mass of 2100 kg is able to accelerate from O to 26.82 m/s (i.e. 0-60 mph) in 2.2

seconds. The power developed during this speed change in kW is

343.3

343.3 (with margin: 5)
0 {with margin: 0)
0 (with margin: 0)
0 (with margin: 0)




AVERAGE




25/35

Score for this quiz: 25 out of 35

Submitted Sep 16
This attempt took

at 9:28am
11 minutes.

Question 1 o rses

l Correct Answer )

A system undergoes a process during which its state changed from from P1, v1 to P2, v2. Which of the statement is
true about this process?

A. We can calculate the work done since we know the initial and the final states

B. Even though the path of the process is not known we can compute the work done by W=(P2-P1){v2-v1)
C. We cannot compute the work done because the process path is not known

D. Though we cannot compute the work done, we can compute the heat transfer.

E. None of the alternatives provided is right

Question 2 " 2B

A system undergoes a process during which its state changed from from T1, v1 to T2, v2. Which of the statements
below is true about this process?

A. We can calculate the temperature change since we know the initial and the final states

B. Because the path of the process is not known we cannot compute the temperature change

C. We cannot compute the volume change because the process path is not known

D. Even though we cannot compute the temperature change, we can compute the volume change

E. None of the alternatives provided is right




Question 3 o Jrses

l Correct Answer

\c

An insulated room is being heated electrically using a heating element. We can say that
A. There is heat transfer

B. There is work transfer

C. There are both heat and work transfers

D. None of the other answers provide is right

=

Additional Comments:

Question 4 /10 pts

l Correct Answers

An elevator in a high rise building has a mass of 2000 kg when fully loaded with passengers. The elevator motor
raises the elevator and the passengers through a height of 900 m from the 1% floor to the 100t floor in 60 seconds.
Assume g=9.81 m/s%. The power expended by the elevator mator in kW is (Do not include units in your answer and
correct to 1 decimal place)

294.3

294.3 (with margin: 5)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)




Question 5 /10 pts

The Tesla Model S which has a mass of 2100 kg is able to accelerate from 0 to 26.82 m/s (i.e. 0-60 mph) in 2.2
seconds. The power developed during this speed change in kW is

l Correct Answers 343.3 (with margin: 5)
0 (with margin: Q)
0 (with margin: 0)
0 (with margin: Q)
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10/35

Score for this quiz: 10 out of 35
Submitted Sep 16 at 9:30am
This attempt took 12 minutes.

Question 1 o rses

A system undergoes a process during which its state changed from from P1, v1 to P2, v2. Which of the statement is
true about this process?

A. We can calculate the work done since we know the initial and the final states

B. Even though the path of the process is not known we can compute the work done by W=(P2-P1){v2-v1)
C. We cannot compute the work done because the process path is not known

D. Though we cannot compute the work done, we can compute the heat transfer.

E. None of the alternatives provided is right

.

l Correct Answer )

Question 2 " SEE

A system undergoes a process during which its state changed from from T1, v1 to T2, v2. Which of the statements
below is true about this process?

A. We can calculate the temperature change since we know the initial and the final states

B. Because the path of the process is not known we cannot compute the temperature change

C. We cannot compute the volume change because the process path is not known

D. Even though we cannot compute the temperature change, we can compute the volume change

E. None of the alternatives provided is right




Question 3 ” 2o

An insulated room is being heated electrically using a heating element. We can say that
A. There is heat transfer

B. There is work transfer

C. There are both heat and work transfers

D. None of the other answers provide is right

b=

:

Additional Comments:

I uestion 4 o Jrom

l Correct Answers

An elevator in a high rise building has a mass of 2000 kg when fully loaded with passengers. The elevator motor
raises the elevator and the passengers through a height of 900 m from the 1% floor to the 100" floor in 60 seconds.
Assume g=9.81 m/s2. The power expended by the elevator motor in kW is (Do not include units in your answer and
correct to 1 decimal place)

294.3 (with margin: 5)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: Q)




BT question s o o

The Tesla Model S which has a mass of 2100 kg is able to accelerate from O to 26.82 m/s (i.e. 0-60 mph) in 2.2
seconds. The power developed during this speed change in kW is

| Correct Answers 343.3 (with margin: 5)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)
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Score for this quiz: 25 out of 25

Submitted Sep 30 at 9:19am 2 5/2 5

This attempt took 4 minutes.

Question 1

- / Spts

Which of these statements describe a gas phase?

A. Intermaolecular forces are very strong

B. Molecules are kept in fixed position by large attractive force

C. Molecules are closer apart to each other

D. Molecules are not at fixed positions and are able to translate and rotate freely

E. Molecules move about at random, continually colliding with each other

Question 2

/5pts

Which of the following statements correctly labels

states 1, 2, 3, 4, and 5 in that order in Figure 1

nC A

il Figure 1

B. 1=compressed liquid, 2=saturated vapor, 3=saturated mixture, 4=superheated vapor,

i

1=saturated mixture, 2=compressed liquid, 3=superheated vapor, 4=saturated vapor,

A. 1=saturated liquid, 2=compressed liquid. 3=saturated vapor, 4=superheated vapor, 5=saturated vapor

5=saturated liquid

S=saturateliquidd

D. 1=saturated vapor, 2=saturated liquid. 3=superheated vapor, 4=compressed vapor, 5=saturated mixtur:

E. 1=compressed liquid, 2=saturated liguid, 3=saturated mixture, 4=saturated vapor, 5=superheated vapor




Question 3

Correct Answers
Or] swers_/

Saturated liquid water is at a pressure of 1000 kPa. What will be its specific internal energy in kJ/kg?

761.39

761.39 (with margin: 0.1)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)

Additional Comments:

Question 4

The specific internal energy of water at 5MPa is 417.69 kJ/kg. What is the temperature in oC?

100

Correct Answers ) 100 (with margin: 0.1)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)
Question 5 f ope

The specific volume of water at 400 kPa is 0.25 m®/kg. What region is this state in?

compressed liquid

Saturated liguid

superneated vapor

saturated mixture

saturated vapor
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20/25

Score for this quiz: 20 out of 25
Submitted Sep 30 at 9:23am
This attempt took 8 minutes.

/5 pts

Question 1

Which of these statements describe a gas phase?

A. Intermalecular forces are very strong

B. Molecules are kept in fixed position by large attractive force

C. Molecules are closer apart to each other

D. Molecules are not at fixed positions and are able to translate and rotate freely

E. Molecules move about at random, continually colliding with each other

Question 2 fepits

Which of the following statements correctly labels

states 1, 2, 3, 4, and 5 in that order in Figure 1

LC A

300

oo ¢

P b A Figure 1

e¥

A. 1=saturated liquid, 2=compressed liquid, 3=saturated vapor, 4=superheated vapor, 5=saturated vapor

B. 1=compressed liquid, 2=saturated vapor, 3=saturated mixture, 4=superheated vapor, 5=saturated liquid

C. 1=saturated mixture, 2=compressed liquid, 3=superheated vapor, 4=saturated vapor, 5=saturateliquidd

m ©' E.1l=compressed liguid, 2=saturated liguid, 3=saturated mixture, 4=saturated vapor, 5=superheated vapor




Question 3 o rses

Saturated liquid water is at a pressure of 1000 kPa. What will be its specific internal energy in kJ/kg?

l Correct Answers 761.39 (with margin: 0.1)

0 (with margin: )
0 (with margin: )
0 (with margin: 0)

Additional Comments:

Question 4 5 Jrsess

The specific internal energy of water at 5MPa is 417.69 kJ/kg. What is the temperature in oC?

l Correct Answers 100 (with margin: 0.1)

0 (with margin: )
0 (with margin: 0)
0 (with margin: )

Question 5 " Bt

The specific volume of water at 400 kPa is 0.25 m3/kg. What region is this state in?

compressed liquid
Saturated liguid

superheated vapor
saturated mixture

saturated vapor
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10/25

Score for this quiz: 10 out of 25
Submitted Sep 30 at 9:27am
This attempt took 12 minutes.

/5 pts

Question 1

Which of these statements describe a gas phase?

A. Intermolecular forces are very strong
B. Molecules are kept in fixed position by large attractive force
C. Molecules are closer apart to each other

D. Molecules are not at fixed positions and are able to translate and rotate freely

m E. Molecules move about at random, continually colliding with each other

Question 2 " I pts

Which of the following statements correctly labels

states 1, 2, 3, 4, and 5 in that order in Figure 1

TC &

o b Figure 1

4]

A 1=saturated liquid, 2=compressed liquid, 3= irated vapor, 4=superheated vapor, 5=saturat

1=compressed liquid, 2=saturated vapor, 3=saturated mixture, 4=superheated

m

C. 1=saturated mixture, 2=compressed liquid, 3=superheated vapor, 4=saturated vapor, 5=saturatel

ure

o

ated vapor, 2=saturated liquid, 3=superheated vapor, 4=compressed vapor, 5=saturated mi

E. 1=compressed liquid, 2=saturated liquid, 3=saturated mixture, 4=saturated vapor, 5=superheated vapor




Question 3 o rses

L Correct Answers )

Saturated liquid water is at a pressure of 1000 kPa. What will be its specific internal energy in kJ/kg?

53,648

761.39 (with margin: 0.1)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)

Additional Comments:

Question 4 o rses

L Correct Answers )

The specific internal energy of water at 5MPa is 417.69 kJ/kg. What is the temperature in oC?

93

100 (with margin: 0.1)
0 (with margin: 0)
0 (with margin: 0)
0 (with margin: 0)

Question 5 o rsess

You Answered

L Correct Answer )

The specific volume of water at 400 kPa is 0.25 m®/kg. What region is this state in?

superheated vapor

saturated mixture




THERMODYNAMICS 1
FALL 2021

HOMEWORK #1 QUESTIONS

Introduction and Basic Concepts

Formal: Problems Problem 1.15 [(a)Energy=12 kWh or 43,200 kJ},],

Problem 1-37E [45 R, 25 K, 25 oC]

Problem 1-55 [850m], 1.58 [P=147 kPa],
Problem 1-67E [P=18.1 psia],
Problem 1.78 [h=0.582 m],

Problem 1-90 [D2=0.872 m],

Problem 1-110 [P=354.6 kPa],

Problem 1-113 [P=79.0 kPa],

Problem 1-116,

Problem 1-117E
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THERMODYNAMICS 1
FALL 2021

HOMEWORK #2 QUESTIONS
Energy, Energy Trans-fer, and General Energy Analysis

Problems 2.15, 2.40, 2.45E, 2.50, 2.56E, 2.67,
2.73, 2.91, 2.99, 2.122



ABOVE AVERAGE







Problem 2-15

99%

A water jet that leaves a nozzle at 60 m/s at a flow rate of 120 kg/s is to be used to generate pow-
er by striking the buckets located on the perimeter of a wheel. Determine the power generation

potential of this water jet.
Known: m(dot) = 120 kg/s, V=60 m's
Find: The power generated by the water jet.
Schematic: None
Assumptions: Smocmcwatastnkﬁthcbuckﬂatahjfhspeedmdnohcightor
elevation 1s mentioned. It 1s 1S no potential energy.
Also we assume that there is no density or pressure préesent.
Properties: All Properties needed are known.
Analysis: Equaton:
P=(1/2)*m(dot)*V*2
=(1/2)(120 kg/s)60 m's)
=216000 W=>216 kW
Comments: 216 kW 1s the power generated by the water jet.



Problem 2-40

Water is being heated in a closed pan on top of 2 range while being stirred by a paddle wheel.
Dunng the process, 30 kJ of heat is transferred to the water, and 5 kJ of heat is lost to the sur-
rounding air. The paddle-wheel work amounts to 500 N-m. Determine the final energy of the sys-
tem if its initial energy is 12.5 kJ.

Known: E(in)= 30 kJ, E(out)= 5 &J, W(in)= 500 N*m, E(1)= 125 kJ
Find: Determine the final energy of the system.
Schematic:

FIGURE F2-39 .10’/-10
Assumptions: The work that is coming from the paddle is added work going into the pan.
Properties: All the properties are know.
Analysis: Equations:  E(out)-E(in)=E2-El 500N*m=> 5 kJ
(E(out)-E(in))+El=E2
(30 kJ+ 05 kKJ+125)D)-5 k) = E2
E2=38K

Comments: 38 kJ is the final energy of the system.



Problem 2-45E

A water pump increases the water pressure from 15 psia to 70 psia. Determine the power input
required, in hp, to pump 0.8 ft3/s of water. Does the water temperature at the inlet have any sig-
nificant effect on the required flow power?

Known: Pl=15 psia, P2= 70 psia, V(dot)= 8 ft3’s,

Find: The power input required

Schematic: None

Assumptions: The increase in water pressure is the change in pressure. The question
wants the answer in hp, 5o in the final answer must be convert to hp.

Properties: All Properties are present. 10/10

Analysis: Equation: Wa V(P2-P1)

W= 8(70-15)
W = 44 ft*3-psiagf Btw'5 404 psia- ft*3)(1 hp/7068 Btu)
=115hp

Comments: Temperature was no given nor was it need to find the hp of the water
pump.



Problem 2-50

Consider a 2100-kg car cruising at constant speed of 70 km/h. Now the car starts to pass another
car by accelerating to 110 km/h in 5 5. Determine the additional power needed to achieve this
acceleration. What would your answer be if the total mass of the car were only 700 kg?

Known: ml= 2000 kg, m2= 700 kg, V1= 70 km/h, V2= 110 km/h,T=355s
Find: Determine the additional power needed to achieve the acceleration. And
what would the total mass be if the car was only 700 kg.
Schematic: None
Assumptions: The problem wants to know the power the same car with two different
masses, 5o there will be two different powers need to be shown.
Properties: All properties are presented
Analysis: Equation:
E= (m/2)V2-V]) (70 km/1 h)(1000m/1 km)(1 h/36005)=19.44 m/s
(110 km/ h)(1000m/ 1 km)(1 h/ 36005)=30.56 m/s
=(2100/2)(30.56-19 44)
= 11666.67 Wa> 117 k 10/10
If m= 700 kg
E= (700/2)(30.56-19.44)
~3888.89 W ./
=389 kW
Comments: The change in the mass affected the amount of energy or power to reach th

accelerating speed.




Problem 2-56E

The steam requirements of a manufacturing facility are being met by a boiler whose rated heat
input 15 55 x 106 Btwh. The combustion efficiency of the boiler is measured to be 0.7 by a
handheld flue gas analyzer. After tuning up the boiler, the combustion efficiency rises to 0.8. The
boiler operates 4200 h a year intermittently. Taking the unit cost of energy to be $13/106 Btu,
determine the annual energy and cost savings as a result of tuning up the boiler.

Known: n(1)= 7, input= 5.5x10*6 Btu'h, n(2)= .8
T=4200h yearly, $13/106 Btu
Find: Determine the annual energy and cost savings as a result of tuming up the
boiler.
Schematic: None
Assumptions: Since there will be two different outputs, we would have to take the
difference in order to find the correct amount of savings.
Properties: Temperature
Analysis: Equation:
nl= Q{out)/Q(in) n2=0(out)/Q(in)
= Q{out)= Q(in)*nl Q(in)=Q(out)n2
=(5.5x10*6 Brwh).7) Q(in)= (3850000 Btwh)/(.8)
Q(out) =3850000 Brw'h Q(in)= 4 81x 106 Brw'h
Q(in1)-Qn2)= (5.5 x 10%6) - (4.81 x 10%6) 10/10
E(saved)=69 x 10*5 Bwh

(813/106 Bru)*(4200 hATX69 x 1045) =

7674 per year

Comments: the annual amount saved would be 5 37674 and the annual energy would
be 6.9 x10*5 Brwh



Problem 2-67

Water is pumped from a lower reservoir to a higher reservoir by a pump that provides 20 kW of
shaft power. The free surface of the upper reservoir is 45 m higher than that of the lower reser-
voir. If the flow rate of water is measured to be 0.03 m3/5, determine mechanical power that is
converted to thermal energy during this process due to frictional effects.

Known: Z=45m, V(dot)= 03 m3/s, P(shaft)= 20kW

Find: Determine the mechanical power that is converted to thermal energy
during this process due to fnctional effects.

Schematic:

Assumptions: We can assume that there is no motion present or mentioned, we do not
need to find the change in kinetic energy. There is no mass flow rate given
so we have to use the volume flow rate to get the mass flow rate.

Properties: All properties are present.

Analysis: Equation: P(fric)= P(shaft)-E(mech) 10/10

m(dot)=(density)*V(dot) E(mech *oZ

=(1000)(.03) =(30 kg/s)(9.81m/s2)(45m)
=30kg's = 132435 W => 132435 kW

P(fric)= 20 kW - 13.2435 kW
=6.757 kW
Comments: The mechanical power produced is 6.757 kW



Problem 2-73

An oil pump is drawing 44 EW of electic power while pumping oil with ¢ = 860 kg/m3 at a rate of 0.1
m3/s. The inlet and outlet diameters of the pipe are § cm and 12 cm, respectively. If the pressure rise of
oil in the pump is measured to be 500 kFa and the motor efficiency is $0 percent, determine the mechani-
cal efficiency of the pump.

Known: Z1=8 cm, Z2= 12 cm, Efficiency= 90%, V(dot)= 0.1 m3’s,
Wi(input)= 44kW, P(delta)= 500 kPa
Find: Determine the mechanical efficiency of the pump.
Schematc:
' H kW

8cm

0il IM’-HIH:P-
0.1 mYs

FIGURE P2-74

Assumptions: Even though there are lengths present there is no elevation with in the
problem, so there is no potential energy present. Vielocity is not given, but
the fiow rate and diameters are given in order to find velocity. There are
two different diameters present so there will two velocities or in other
words a change in velocity.

Analysis:
Equation: For the Efficiency n= Desired output’ Required input

Solutions:
Vi=V({dot)/Al Al=(pi(r"2)
Vi= 198%mSs
Vi= Vidot)'A2 Al=(pi
Vi=884ms
pumphead(h)= (P{delta))/density + (V242-V1r2)2 +g(Z2 - Z1)

=43077m
Pump power(P)= 5gQh

=36342 kKW

n=P/'pump input => 36 342 kKW/( 09*44 kW) == 91.77%




Problem 2-91

The inner and outer surfaces of a 5-m x 6-m brick wall of thickness 30 cm and thermal conduc-
tivity 0.69 W/m-*C are maintained at temperatures of 20°C and 5°C, respectively. Determine the
rate of heat transfer through the wall, in W.

Known: A= (5x6)m, Thickness= 30 cm, K=.69 Wm*C,T2=20C,Tl=5C
Find: Determine the rate of the heat transfer through the wall, in W.
Schematic:

Assumptions: The problem is asking for heat energy moving in through the wall, so the
answer will be in work energy form.
Properties: All properties are presented. 10/10

Comments: The rate of the transfer is 1035 W



Problem 2-99

A 9-cm-diameter spherical ball whose surface is main-tained at a temperature of 110°C is sus-
pended in the middle of a room at 20°C. If the convection heat transfer coefficient is 15 W/
m2-*C and the emissivity of the surface is 0.8, determine the total rate of heat transfer from the
ball.

Known: n= 15 W/m2*C, Ts=(110+273) C, Tf=(20+273) C, D=9 cm

Find: The total rate of heat transfer from the ball.

Schematic:  None

Assumptions: The question 15 asking for the total rate, so we have to find both the Q(rad) and
Q(conv), and then add them together to get the total,

Properties:  All properties are presented.

Analysis: Equation: Q(total)= Q(rad)+ Q(conv) g=Boltzman constant, Ememissivity
A=pi*D*2

Solution:
Q(conv)=hA(Ts-Tf)

Q(cony)=(15 W/m2*C)(pi( 09°2))m*(110-20) C

=3435W 10/10

QUrad)=EqA(Ts-THM
=( 8)(5 67x104-3 W}
=1633 W

*C)(.0942)(3834.293M)

= 5068 W

Comments:  The area formula for the sphere was changed to fit the what the question was
asking for.



Problem 2-122

Suppose a utility company is selling electric power for $0.05/kWh at night and is willing to pay
80.12/kWh for power produced dunng the day. Disregarding the frictional losses in pip-ing and
assuming the system operates for 10 h each in the pump and turbine modes during a typical day,
determine the potential revenue this pump—turbine system can generate per year.

Known: Z=40 m, V(dot)=,n=.75

Find: Determin the potential revenue the pump-turbine system can generate per year.

Schematc:

FIGURE P2-123

Assumption: It is asking for the mechanical energy power since there is no kanetic or intermal
energy), it is to be assumed that Kinetic and intemnal energy will not be needed.

Properties:  No properties present.

AnAlysis:
Equations: W(pump)=E(mech)n W ine)=n(gen)*E(mech) 9 / 1 O
Solutions: E(mech)= m(dot)*P(delta) m(dot)=density*V(dot)
=m(dot)*g*Z =(1000kg/m3X2 m3/s)
=(2000 kg/s)(9.8 m/s2)(40m)
=784000 W==>784 KW Pay=(.03 hkW)(10h)(365)(1045.3)
W(tumbine)=({.75)}(784) = 511446035
=588 kW Recieve=(.08 hkW)10 h)}(363)(1045.3)
W(pump)=E(mech)/n(motor) =5171696
=784W/.75 Profit= $171696-5114460.35

= 1045 kW 572357
1045. K =5 5723570 off
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THERMODYNAMICS 1
FALL 2021

HOMEWORK 4

TOPICS COVERED IN HOMEWORK 4

Energy Analysis of Closed Systems



HOMEWORK #4 QUESTIONS

4.10E, 4.13, 4.15, 4.20,
422, 4.29, 4.60E, 4.74, 4.137, 1.141
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Problem 4-22

1 kg of water thar x5 imgtially 3¢ S0°C with 2 gmlier of 10 percem: occupies 2 spring-loaded
; . device, such a5 that m Fig. P4-22 This device i now heated unall the pressure
rises 0 300 kP2 and the twew peranme i 250°C. Determing the rowl work produced during this
process, in kI

Kpown: m=1ks T{H)=90C, x=10%=> .10, P(f) = 500 kPa, T{f)=250C

Find: The toal work

Schernatic:

10/10
FIGURE P4-21

Annumpuons: Since we are mven X we would need 10 use 11 10 find the change m specfic
volume. We would need w also lock for the pressure & 80 C 1o find the chanze in
praszure a3 wall

Proparties: All the propernes are ziven
Analveis: To find toeal woek first we need 1o find the chanse i spacific vohewe and the

’ change in pressure s weil To do that we firsz need w0 find v1 and v2 for specific
volume and pl for chames in pressure.

vl =) =) ¥2=2032m3kg Pl=70.183kPa
vl = 0.001036 m3 kg - (10X2.358264 m3ky)
vl=236Smike

Now use the work forrmls to Snd
Witowal) = ((P1-P2) 2x=)v2+1)
N k=X 2232 m3kz - 2368 miks)



Problem 4-19:
Comzplete each line of the follouing ble on the basis of the comservation of energy principle for
a closed system.

Knowm: No properces are aven
Find: fill m the blanks on the table

Schematic:  The uble pves Show details of the analyses.
Assumptions: 2-2] s not the sarms 33 E2.E

Properties:  No properties are not given

Analviis:
' Equaticn use the formulas below 10 Al i the blasks
QUin)-Wiou=E2-E] & e2-4l=E2EDm  5/10

| Qfin) k) |W(out) k)| E1k)
280 440 1020 860
-350 130 550 70
-40 260 300 0
500
300

300 550 750
-400 -200 500

M= AW
.E




Problem 4-60E

A piston—cylinder device coneaining carbon-diomide pas underzoes am izobaric process from 15
psia and 80°F to 200°F. Determine the work and the heat tansfer associated with this process, in
Ewmlbe.

Enonn: TI=ET2=20F,
Find: Determma the work and

T 10/10
Assumptions: The terperature is gomg up 50 hars is hegt pome in.

Proparties:  All are kmowm

Analveiz
Equancn: use the work forzmula for temperanre 1o find the work an then use the epargy
balance forrula, for bax and work. 1o find the beat tansfer
Wiout) =R(T2-T1)
Wiom) =(.04513 EmTee)(200F - 80 F)
Wiom)=34136 Bl

Qim) - Wiemy=CwI2-
Qm)=Cv = Wom)
Qi) = (.138)(120 F) = 5.4156 (BraThen)
Qim) =24.3576 B The)



Problem 4-74

A piston—cylinder device containg 2.2 kg of mimogen mitally 3¢ 100 kPa and 25°C. The nitrogen
is mow compressed slowly in 2 polvmopic process duming which PV™"13 = constume untl the
volume is reduced by one-half. Decermine the work done and the heat wransfer for this process.

Known: m=22kg Pl=100kPa, TI=25C
Schematicc  Nome
Assumptions: The proces: & comsumt or P1V1"n=
Proputies:  All propernies are kmown

Equation. Use the work formsula for as pohvopic process to find the work and then use
the work found 1o Sind the beat ransfes. Howwver, for the work formula renmite PV
iR (delta)T and in order to do thae we need © find T2 W find T2 by uaing (P2V2) T2 =
(PIVIYTL Use the formula PIV]"o= PIV2 2, o find P2
Soluticn.
PIVI(1.3)=PIVITL3
P2 =PIVIND LS

Pl=(10002)"12
Pl= 248 kfa
PIVHT2=(PIVI)TL

T2= PAITIHPIVY)
T2 = (246 kPa x 268 K)(2 x 100 kPa)
T2=3865K
Wiks) = (mRT2-TH)(1-8)
Win) = 2.2 kg( 2965)(3665 K - ¥8 K)(1-1.3)
Wiim) = 1499 kS
Wiin) - Qout) = mCi(T2 - T1)
Qiout) = mCvT2 - T1) - Wim)
Qiout) = (2.2 kg™ W8K) - 199K
Qiout) = 3721




Problem 4-137

Two adiabatic chambers, 2 =3 each, are incercommected by 2 valve, 25 shomm in Fig, P4-137,
with one chamber comtaining cxvrzen 2t 1000 kP2 and 127°C and the other chamber evacuated.
The valve is now opened el the oxvien Sl both chumbers gnd hoth tmks have the same
pressure. Deter-ming the tol inerngl enerey chanse and the Snal pressure in the tnks.

Knoum: P(chamber A)= 1000 kP2, T(Chamber A)=127C, V5ffms
Find: The toral internsl energy chanse and the fingl in the tanks,

Schersaric:

10/10

Assumptions: The process is sorme kond of forr of mechanical enerpy
Proparties:  All proparties are knomm

Anpalvuiz
In this process it 1z 3 form of mechamical thare 13 1o statemean: for
some form of Kinaoc and potennal eneryy . 50 the mrerma) snarev chanze
1s 0U{Delta) = 0. To find the final prassors use PIAV2=PIV]

PV2=PIV]
P2=PL{VI'VI)

P2=1000 kP22 m3 4 m3)
Pl=300Kps




Problem 4-141 (A)

A piston—cylinder device imitially contains 0.35 kg of steam at 3.5 MPa, superheated by 7.4°C.
Now the steam loses heat to the surroundings and the piston moves down, hitting a set of stops at
which point the cylinder contains saturated liquid water. The cooling continues until the cylinder
contains water at 200°C. Determine (a) the final pressure and the quality (if mixture), (b) the
boundary work, (c) the amount of heat transfer when the piston first hits the stops, and (d) the
total heat transfer.

Known: m= 35kg Pl =35 MPa=>3500kPa, T()=74C, T(H=200C
Find: The final pressure and the quality of the mixture

Schematic:

Steam

0.38 kg o
15 MPa

Assumptions: The temperature for the steam is not the same as the temperature for when itis a
saturated liquid, so we need to convert the temperature for the steam to a mixture
to get a more accurate value. We also use the final temperature to find the v2 for
saturated liquid, and the temperature found(T1) to find v1. The pressure
throughout the process also remains constant.

Properties:  All properties are known

Analysis:
Use the final temperature(T(f)) to fin the final pressure from the saturated mixture
table for water.

P(sat) = 1554.9 kPa
Find the quality by finding the initial temperature first.

Tl=T(sat)+ 74C

TI=(2426+74)C=250C so, vl=.05876 m3/kg & v2=.001235

12 =13 so,  v2 =wv(f200c) ~p3v(fg@200C)
0.001235 =0.001157 = x3(.1261) /

x3 =(0.001235 - 0.001157)/(.126053) x3=.062%




Problem 4-141 (B)

A piston—cylinder device imitially contains 0.35 kg of steam at 3.5 MPa, superheated by 7.4°C.
Now the steam loses heat to the surroundings and the piston moves down, hitting a set of stops at
which point the cylinder contains saturated liquid water. The cooling continues until the cylinder
contains water at 200°C. Determine (a) the final pressure and the quality (if mixture), (b) the
boundary work, (c) the amount of heat transfer when the piston first hits the stops, and (d) the
total heat transfer.

Known: m=.35kg Pl =35 MPa=>3500kPa, T()=74C,T()=200C
Find: The work boundary

Schematie:

Assumptions: Not too much work to do since all the values we need to find the work we have
already found in the previous problem

Properties:  All properties are given

Analysis: Use the work formula for constant pressure to find the work boundary.
Wb =mP(2 - v1)
Wb = (.35 kg x 3500 kPa)(.001235 - .05876)(m3/kg)
Wb =-70468125 kJ

Comments: Notice the work boundary is negative its because there is work leaving the system
as the piston is cooling



Problem 4-141 (C)

A piston—cylinder device initially contains 0.35 kg of steam at 3.5 MPa, superheated by 7.4°C.
Now the steam loses heat to the summoundings and the piston moves down, hitting a set of stops at
which point the cylinder contains saturated liquid water. The cooling continues until the cylinder
contains water at 200°C. Determine (a) the final pressure and the quality (if mixture), (b) the
boundary work, (¢) the amount of heat transfer when the piston first hits the stops, and (d) the
total heat transfer.

Known: m=35kg, P1=35MPa=>3500kPa, T(1)=74C, T()=200C
Find: The amount of heat transfer

Schematic:

10/10

Assumptions: To find the heat transfer first we nee to find Al and 42, we can do that by finding
them the same way we found v1 and v2. il is found from the T1 state(sf@250C)
and A2 is given by the pressure at 3500 kPa . After that we then plug the values
we found into the heat transfer formula.

Properties:  All properties are known

Analysis: Use the heat transfer formula to find the heat transfer
Q(12) = m(h2-Al) 1=2829.7klkg*K & a2 = 1049.7 klkg*K

A529 7)(kI kg*K)

Q(12) = (.35 kg)(1049.7,
Q(12)=-623 kJ

Comments: Notice the energy is negative, because heat is leaving the piston making the value
negative.



FIQUICII $-141 (L))
A piston-cvlinder device initially contains 0.35 kg of steam at 3.5 MPa, superheated by 74°C.
Now the steam loses heat to the surroundings and the piston moves down, hitting a set of stops at
which point the cylinder contains saturated liquid water. The cooling continues until the cylinder
contains water at 200°C. Determine (a) the final pressure and the quality (if mixture), (b) the
boundary work, (c) the amount of heat transfer when the piston first hits the stops, and (d) the
total heat transfer.

Known: m= 35 kg, Pl =3.5 MPa => 3500 kPa, T(i)= 74 C, T(f) = 200 C
Find: The Total amount of heat transfer

Schematic:

Assumption: Note that the question states that the piston moves down as it cools and tums in a
saturated mix. In part C of the question we found the heat transfer of this reaction
for when the piston stops. This is not the total amount of heat transfer. To find the
total we need to add the heat transfer for when the piston stops and the heat
transfer for when it cools.

Properties:  All properties are known

Analysis: In order to find the total heat transfer, we first need to find the entropy(iravg)) for
when it is cooling after it becomes a liquid. We do this by using the ilavg)
formula.

Mavg) = Hf@200C) = x3(fg@200C)
havg) = 852.26 kl kg = (.00062)(1938.8 klkg)
havg) = 8§53.462 klkg = A3

Take h3 and plug it into the heat transfer for Q(23) apd then add Q(12) together to
get the total heat transfer

Q(23) = m(h3-h1) => (35 ke)(853.462 - 1049, €T kg) = -68.6833 ki'kg
Q(13) = Q(12) = Q(23) => -623 klkg - (-68. 53 kikg) = -691.6833 kI kg
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THERMODYNAMICS 1
FALL 2021

HOMEWORK 5

TOPICS COVERED IN HOMEWORK 5

Mass and Energy Analysis of Control Volumes



HOMEWORK #5 QUESTIONS

Problems [5.6 a, b, ¢, (d) calculate the heat transferred to the
air, Q, in kW], 5.11, 5.33, 5.48, 5.52 , 5.57, 5.64, 5.74, 5.81,
5.116, 5.183
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THERMODYNAMICS 1

FALL 2021

HOMEWORK 6

TOPICS COVERED IN HOMEWORK 6

Homework 6 covered the topics:

1. Ideal and non ideal vapor compression refrigeration and heat pump
cycles

2. Cascade, multistage and multipurpose refrigeration systems

3. Gas refrigeration cycles



THERMODYNAMICS 1
FALL 2021

HOMEWORK #6 QUESTIONS

Formal: Problems 6.16, 6.23, 6.25, 6.43, 6.53,
6.57, 6.84E, 6.107, 6.111, 6.142,
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THERMODYNAMICS 1

FALL 2021

HOMEWORK 7

TOPICS COVERED IN HOMEWORK 7

Homework 7 covered the topics:

ENTROPY



HOMEWORK #7 QUESTIONS

Formal: Problems 7.24, 7.30E, 7.36, 7.51 ,
7.60, 7.141, 7.216
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Problem Statement: Air is compressed by a 40-KW compressor from P1 to P2. The air
temperature is maintained constant at 25°C dunng this process as a result of heat transfer to the
surrounding medium at 20°C. Determune the rate of entropy change of the air. State the
assumptions made in solving this problem

Schematic:
- =
2"
10/10

Analysis

cﬁ%i:?:% E; (Tpl.r W mibhfj

T
Find: &Sr'p
m;m;?.” Wz‘ér.‘s*.uu

~re
DA s en el
1) Lsothereel, .--vtuhg‘:; reversible process

é-n"éa-ﬁ' Q%:b\
.E;hF EWL .
rﬁn‘i-bu :-t:\‘h:"':a
thﬂ)*‘:ﬂ] R

Ui gos: heh) =5 oy jsle |
A=W = oW
e e
&‘S%r‘-oplm mf*\-

Comments: The change in enthalpy of the system was negative because the system released heat
to the surroundings.



7-30E

Problem Statement: Calculate the heat transfer, in klkg_for the reversible steady-flovdgdohéeb)
1-3 shown on a T-s diagram in Fig. P7-60.

Known: P1 = 100 psia, T1=100 of, P2 = 10 psia, weight = 1 bim
Eind: Total heat transfer and work production for this process.
Schematic: None
Assumptions: the system is isentropic and reversible so thefe 1s no heat transfer.
Properties: all properties are known
Analysis: Energy balance formula

E(in)-E(out) = E2-E1

W(out) = m(vl-u2)

Ul = 109.46 Btu/Tbm sl = 22902 B Tbm*R s2=3] P2=10psia
Solve for x2
X2 = (s-5£2)/sfg2 = (.22902-.00741)).22208 = 9979
Solve for u2

ul= uf+ x2ufg = 3.132f3/1bm +( 9979 * §7.463 Br = 00.4 Btulbm
Plug in the the u2 value for work

W(out) = 1 1bm(109.46-90.4)Btu'lbm = 19.06 Btu



Problem Statement- An insulated piston—cylinder desice contains (.05 m3 of saturated
refrigerant- 134a vapor at 0.8-MPa pressure. The refrigerant is now allowed to expand in a
reversible manner until the pressure drops to 0.4 MPa

Known: P1=8§ MPa, P2=_4 MPa, V= 05 m3

Eind: The final temperature and work done.

Schematic:

10/10

FGURE PT-38

Assumptions: The process is reversible adiabatic process, so s2=31. In order to find the work we
need. Also in order to find mass we need to use the specific volume(v1).

Properties: s2=s1. and it is a saturated vapor.

Aunalysis: solve for x2 and then use the saturated mixture to find u2 and T2.

A. State 1: P1=_.§ MPa, vl1= 025645 m3kg ul=246.82 kl'kg, s1= 91853 kKl kg*k
x2=((3-s2)/sfg2) = ((91853-.24737) .67954)(k) kg*k) = 98737
u2=uf+x2*ufg? = 63.9?(1‘1_ = {(987T3TY171L49 kg™ = 233.24 Kl kg*k
T2=8910C

* State 2: P2= 4 MPa, 2=s], u2=233.24 klkg*k T2=8910oC

B. To find work, use energy balance formula to and then solve for work
* Mass(m) =V~¥1=05m3/ 025645 m3E =195 ke
* E(in)-E(out)= E2-E1 => -W(b) -01) == -Wib) = (1.95 kg)(233.24-246 8 2)kT kg*k
-Wi(b) =-27.5674 kI => W(b) = 27.5674 &J
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Problem Statement: An isentropic steam turbine processes 2 kg's of steam at 3 MPa, whuch s
exhavsted at 50 kPa and 100°C. Five per-cent of this flow 1s diverted for feedwater heating at
500 kPa.

Known: m1(dot) = 2 kg's, P1 =3 MPa, P3 = 50 kPa, T3 = 100 oc = 373.15 K, P2 =500 kPa
Find: the power produce within the turbine

Schematic:

Properties: m2(dot) is 5% of m1(dot) s0, m2(do) = 1-2 x 05) = S kg's 2-2(.05)=
Assumptions: entropy is constant 3o 5] =33

Analysis: solve for m3(dot)

m3(dot)= m1(dot)- m2(dot) = (2-9 kg's=1.1 E. 5




T80

Problem Statement: Calculate the heat transfer, in kTkgz. for the reversible steady-flow
process 1-3 shown on a T-s diagram in Fig. P7-60.

KEnown: TI=1200C=393K. T2=30cC=303 K. T3 5000 cC =373 K, .12 x sum of the
sides paralle] x distance between them)

Find: Heat transfer for referable steady -flow process

Schematic:
10/10
m @
o @
&
i
n e
ar
ane ]
s ki X
FIGURE P8-55

Properties: All Properties are known
Analysis: Area under T-S curve x Area under process 1) to 2.) x Areaunder 2 )to 3.) =
Area of trapezoid ABCD
(12YAB-CD)x AD
Solution Plan: Complete the are to find heat transfer using equation from analysis

Q(1-3) = (1/2)(393+303)(1.0-0.
Q(H) = (1/2)(696)(.98)

Q) =341.041J




1-141
Problem Statement: Cold water (cp = 4.18 kI kg-*C) leading to a shower enters a well-insulated,

thin-walled, double-pipe, counterflow heat exchanger at 10°C at a rate of (.95 kg/s and is heated
to 70°C by hot water (¢p = 4.19 kJ kg-*C) that enters at §5°C at a rate of 1.6 kg/s. Determine (a)

the rate of heat transfer and (5) the rate of entropy generation in the heat exchanger.
Enown: Cpcold=4.18 kJkg-*C, Cphot=419kl%keg‘C

Eind: (a) rate of heat transfer, (b) the rate of entropy generation in the heat exchanger
Assumptions: Steady-flow, kinetic and potential energies are negligible

Schematc:
0.95 kg's | Cold
1°c ( wakcr
— 9/10
Fe—
| wc /
Analysis

(O
- onsidtr the wld waler
! ﬁ"“\c‘muuﬁa.i""-.b
QAN (0 - 10T)

@ 23826 kW

B Syn " B30l 151k
Sou oty I 25+ My b
L Het waber owtlel fomp Cla) is unnswn:
G:bu’u_ut
Gleald = ™ Gy ek (T, ,\"T;,,\.\
: Tax 'iut-t.mﬂ‘e“ H.50c
%U\" ﬁ_oBl-t EE

Comments: The entropy generated is generated by the heat transfer between the two pipes.




1216

Problem Statement: A 0.40-m3 insulated piston—cylinder device mitially contains 1.3 kg of air at
30°C. At this state, the piston is free to move. Now amr at 500 kPa and 70°C is allowed to enter
the cylinder from a supply line uatil the volume increases by 50 percent.

Known: Vi= 4m3, ml=13kg T1=300C, P=3500kPa, Ti=700C,
V2=((5)4=-Hm3=6ms

Find: A)) T2, B.) mi. C.) Work, and D) S(gen)

Schematic:

9/10
Assumptions: The system is isolated so (delta)Q=0. and the pressure remains constant as wells
the entropy.
Properties: R= 287 kl’kg*k
Analysis: To find T2 we need to find P2 and m2
A PVI=mRT1 =>P=((mIRT1)'V1)=> ((1.3 ke 287 I kz*k)(303.15 K))' 4 m3 = 282 8 kPa
» m2=(PV2)RI2=(2828kPa* 6 m3)( 287 KJkeg*K x T2) = 591.22T2
m2=188 kg
* Use the energy balance formula to solve for ; plugging in the valve for m(i).
E(in)-E(out)=E2- El => m(i)h{i) - W= m2u2-mlul => (m2-m1)h(i) - W=m2ul-mlul
=> ((P2V2/RI2)-m1)CpTi - W=(P2V2RI2)C+vT2-m1C+T1
=>{(5391.227T2)-15 kg)(1.005 kg*K)343.15 K)- 56.56 kI =
(591.22T2).718 KJAkg*K)T2- (1.3 kg)(1.005 kI kg*K)(303.15 K)
T2=315K

B. Use the energy balance system twice to find m{i)
* m2 - m1 = m(i)- m(e) => (591.7%3 kg =m(i}- 0=>

m(i) = (59122 T2)ke-13 ke




m(i) = Gk
C. W=P(V2-V1) => W = 282.8 kPa( - $)m3 => W= 56.56 1J
D. S{gen):
m(i)SG) + S(gen) = m2S2-m1S1 (delta)Q =0
(m2-m1)S(i) +S(gen) = m252- m1S]
S(gen) = m2(S2-S(1))}-m1(S15(1))
S(gen) = m2Cp{la(T2Ti)-RP2Pi)] - m1Cp{ia(T Ti) RiaP1 Pi)
S(gen) = (1.8 kg)X(1.005 K kg*K){In((315/343.15)K)-In{ 287(282 8/500)kPa)] -
1.3 kg(1.005 k) kg*k){In((303.15/343.15)K)- In(287 () kg *((282.8/500)kPa))]
S(gen)= $11J X
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