Course File Checking Mechanism

1. Faculty need prepare the course file for all courses allotted to him/her. Course file must

contain the following documents.

i. Institute Academic calendar

i, Personal authenticated time table

iii. Department Vision, Mission, PO, PEO and PSO’s

iv. Approved syllabus

v. Approved students list for assigned course

vi. Course plan (May use Ioncudos Format) —ISE plan, course articulation matrix, List of
probable ICT tools and active learning tools to be used during course delivery and
assessment.

vii. UT1 and UT2 Question paper and sample answer sheets

viil. Conduct and upload Course end survey on Moodle

ix. ESE Question paper and Model Answer

x. CO —PO Attainment Calculation (as per standard template circulated earlier)

xi. Attainment Analysis & Action taken report

xii. Upload study material on Moodle and provide the corresponding links

Xiii. Add recent journal paper relevant to your course contents.
2. Faculty will get it checked from Module Coordinator of the department.

3. If Module coordinator finds any lacunae in the course file, he/she will discuss this with
concerned faculty and get it done from him. Finally, Module coordinator will give a remark on a

form (Annexure-II) Guidelines regarding course file levels are given in Annexure-1
4. Module coordinator will submit the Annexure-II report to HoD.

5. HoD will verify this report with random file checking and submit the report (Annexure-IIT) to

the Dean Academics.

5. Based on the report of Annexure-III, Academic Planning & Implementation team will call the

files randomly from the departments for verification.
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I {An Autonemous lnstituie affiliated to Shivaji University, Kolhapur)
— Academic Calendar: 20232024 (Semester-1)
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e e e " !’ " R -
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- December & 1 DPC/DPGC meeling to finalize *XX" grades hy department
54 4 5 7 December 9 :  ADC meeting and display of final *XX" grade and detention list
20 1 12 S k4 December 131027 : End Semester Examination for Theory Course
21 18 19 b R 4 | 22 | 23| December28t029 . End Semester Examination for Practical Course & Capstone project
22 | 24 ! 350 2 27 28 20 30 January 10(2024)  :  Result Declaration
23 3L
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Vision

To transform the department into center of excellence by synergizing teaching, learning and

research to produce globally competent, innovative and entrepreneurial Mechanical Engineers.

Mission

To develop state of the art facilities to stimulate faculty, staff and students to create,
analyze, apply and disseminate knowledge. '

To build the competency to transform students into globally competent mechanical
engineers by imparting quality education.

To collaborate with research organizations, reputed educational institutions, industries and
alumni for excellence in teaching, research and consultancy practices. |

Programme Educational Objectives (PEOs):

Graduates will contribute to social reformation through their devotion in science and
technology leading to uplifted standard of living.

Graduates will provide solutions to global technological challenges being entrepreneurs,
consultants and researchers following ethical practices.

Graduates will update themselves through lifelong learning such as higher studies, cutting
edge research, skill enhancement and other professional activities.

Programme Outcomes (POs):

After successful completion of B. Tech. (Mechanical) program students will be able to:

Apply the knowledge of mathematics, science, engineering fundamentals, and mechanical
engineering to the solution of complex engineering problems.

Identify, formulate, review research literature, and analyze complex mechanical
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences. '

Design solutions for complex mechanical engineering problems and design system
components or processes that meet the specified needs with appropriate consideration for
the public health and safety, and the cultural, societal, and environmental considerations.

Use research-based knowledge and research methods including design of experiments,
analysis and interpretation of data, and synthesis of the information to provide valid

conclusions.



Create, select, and apply appropriate techniques, resources, and modern engineering and
IT tools including prediction and modeling to complex mechanical engineering activities
with an understanding of the limitations.

Apply reasoning informed by the contextual knowledge to assess societal, health, safety,
legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

Understand the impact of the professional engineering solutions in societal and
environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

Apply ethical principles and commit to professional ethics and responsibilities and norms
of the engineering practice. |

Function effectively as an individual, and as a member or leader in diverse teams, and in
multidisciplinary settings.

Communicate effectively on complex mechanical engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

Demonstrate knowledge and understanding of the engineering and management principles
and apply these to one’s own work, as a member and leader in a team, to manage projects
and in multidisciplinary environments.

Recognize the need for, and have the preparation and ability to engage in independent and

. life- long learning in the broadest context of technological change.

Program Specific Outcomes (PSOs):

After successful completion of B. Tech. (Mechanical) program student will be able to;

Use Company standards, national and international standards like IS BS, SAE, ISO, ASTM
etc for designing and manufacturing of mechanical components and systeris.

Engage profess;onally in' industries or as an entrepreneur by applying: manufacturmg,
design, thermal and management practices. ‘



K.E. Society’s
Rajarambapu Institute of Technology, Rajaramnagar
g (An Autonomous Institute, affiliated to Shivaji University, Kolhapier)
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To be implemented for 2022-26 Batch
Department of Mechanical Engineering
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Class:- S Y B Tech Mech. Semester-11I L T P Credits
Course Code :ME2134 Course Name : Engincering 3 e _ 3
[Thermodynamics
Course Description:

The aim of this course is to provide students the basic concepts of thermodynamic systems and
their applications. It also covers the basic properties of gases, liquids and vapors (specific heat
capacities), energy, entropy, enthalpy, exergy, anergy, laws of thermodynamics, vapor power
cycles; ideal gas mixtures; and efficiencies of energy conversion systems, such as boilers,
turbines, condensers, pump and the use of steam tables to gather energy properties of the steam at
different conditions. The cffective moving the heat energy generated in the various processes in
| the steam power plant is computed.

i

Course Learning Qutcomes:

After successful completion of the course, students will be able o,
1. Apply thermodynamics principles to mechanical engineering applications
2. Describe entropy, change in entropy and increase of entropy principle.
3. Differentiate between available and unavailable energy with examples.
4. Recognize the properties of pure substances and use thermodynamic property tables
charts.
Apply mathematical fundamental to study the properties of steam gas and gas mixtures
6. Explain the air and vapor power cycles and calculate cycle performance.

£

Prerequisite:
Students should know Concept of energy, work, heat and conversion between them.

Course Content

No Description Hrs.

1.| Basic Concepts: ' 06
Thermodynamics system, Microscopic & macroscopic point  of view,
thermodynamic system and control volume, thermodynamic properties, processes
and cycles, Thermodynamic equilibrium, Quasi-Static process, Zeroth law of
thermodynamics

First law of Thermodynamics:

First Jaw for a closed system undergoing a cycle and change of state, energy,
PMMI, first law of thermodynamics for steady flow process, steady flow
energy equation applied to nozzle, diffuser, boiler, turbine, compressor, pump.
(Numerical Treatment)

2.| Second law of thermodynamics: 1 06
Limitations of first law of thermodynamics, Kelvin Planck and Clausius
statements and their equivalence, PMM2, causes of irreversibility, Camot

Y
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theorem, corollary of Carnot theorem, thermodynamic temperature scale.
Entropy: Clausius theorem, property of entropy, incquality of Clausius, entropy
change in an irreversible process, principle of increase of entropy, entropy change
for non-flow and flow processes, third law of thermodynamics (Numerical
Treatment)

3.| Availability: 06
Energy of a heat input in a cycle, exergy destruction in heat fransfer process,
exergy of finite heat capacity body, exergy of closed and steady flow system,
irreversibility second law efficiency (Numerical Treatment).

4.| Properties of gases and gas mixtures: 06
Mole and Mass fraction, Dalton’s and Amagat's Law. Properties of gas mixture —
Molar mass, gas constant, density, change in intemal energy, enthalpy, entropy
and Gibbs function. Avogadro’s law, equation of state, ideal gas equation,
vander Waal’s equation, reduced properties, law of corresponding states,
compressibility chart, Gibbs Dalton law, internal energy, enthalpy and specific
heat of a gas mixtures, Simple Calculations (Numerical Treatment).

5.| Properties of Pure Substances: 06
Formation of steam and its thermodynamic properties, p-v, p-T, T-v, T-s, h-s
diagrams. p-v-T surface. Use of Steam Table and Mollier Chart. Determination of
dryness fraction. Application of 1% and 2" law for pure substances (Numerical
Treaiment).

6.| Air and Yapor Power Cycles: 06
Air standard cycles, Camot, Otto and Diesel, Camot cycle using steam,
limitations of Carnot cycle, Rankine cycle, representation on T-s and h-s planes,
thermal efficiency, specific steam consumption. Work ratio, effect of steam
supply pressure and temperature, condenser pressure on the performance.
(Numerical Treatment).

References: -
Text Books:
s« PK.Nag, Engineering Thermodynamics, Tata McGraw Hill, New Delhi.
Ballaney P.L., Thermal Engineering, Khanna Publishers, New Delhi.
Kumar and Vasandani, Thermal Engineering, Metropolitan Book Co, Delhi.
R. Yadav. Steam & Gas Turbines, CPH Allahabad.
B. K. Sarkar, Thermal Engineering, Tata McGraw Hill.
R. K. Rajput, Thermal Engineering, Laxmi Publications, New Delhi.
Mahesh M Rathore, Thermal Engineering, McGraw Hill Education, New Delhi.

® 0 @ © & 0

Reference Books:
¢ J P Holman, Thermodynamics, McGraw Hill, London.
¢ Wylen Van, G. J. & Sonntag R. E., Fundamentals of Classical Thermodynamics, John
Wiley & Son, 6th edition, 2002.
o Yunus A. Cengel, Thermodynamics an Engineering Approach, Tata McGraw Hill.

Data Book:
e S.C. Jain, Steam Tables, Birla Publications Pvt. Ltd. Delhi, 16 edition, 2007.
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Kasegaon Education Society (KES)

Rajarambapu Institute of Technology (RIT)

Mechanical Engineering

Curriculum: B.Tech. in ME 2023-2024 (2022-2026 cycle) Semester: 3
Course: Engineering Thermodynamics (ME2032)
Course faculty: Dr. Sharad D. Patil

Course Outcomes (COs):
At the end of the course the student should be able to:

1. Apply thermodynamics principles to mechanical engineering applications
2. Describe entropy, change in entropy and increase of entropy principle

3. Differentiate between available and unavailable energy with examples
4

. Recognize the properties of pure substances and use thermodynamic property tables,
charts

Apply mathematical fundamental to study the properties of steam gas and gas mixtures

o v

. Explain the air and vapor power cycles and calculate cycle performance

Course Articulation Matrix: Mapping of (COs) with (POs)

Course Qutcomes (COS) / Program rolrolrolpPo|PO|PO|PO|PO|PO|PO|PO|PO|PSO|PSO
12| 3| 4|56 7|8 0f ) 12 1 2
QOutcomes (POs) -

1. Apply thermodynamics principles |3 1
to mechanical engineering
applications

2. Describe entropy, change in 3
entropy and increase of entropy
principle

3. Differentiate between available 3
and unavailable energy with
examples

4. Recognize the properties of pure |3 1
substances and use thermodynamic
property tables, charts

5. Apply mathematical fundamental |3
to study the properties of steam gas
and gas mixtures

6. Explain the air and vapor power |3 3 1
cycles and calculate cycle
performance

Page 1 of 7.



Kasegaon Education Society (KES)

Rajarambapu Institute of Technology (RIT)

Mechanical Engineering

Course Content

Content

Hrs

Chapter No. 1 - Basic Concepts and First Law of Thermodynamics

Basic Concepts: Thermodynamics system, Microscopic & macroscopic point of view,
thermodynamic system and control volume, thermodynamic properties, processes and
cycles, Thermodynamic equilibrium, Quasi-Static process, Zeroth law of
thermodynamics.

First law of Thermodynamics: First law for a closed system undergoing a cycle and
change of state, energy, PMMI1, first law of thermodynamics for steady flow process,
steady flow energy equation applied to nozzle, diffuser, boiler, turbine, compressor,
pump, (Numerical Treatment).

Chapter No. 2 - Second Law of Thermodynamics and Entropy

Second law of thermodynamics: Limitations of first law of thermodynamics, Kelvin
Planck and Clausius statements and their equivalence, PMM2, causes of irreversibility,
Carnot theorem, corollary of Carnot theorem, thermodynamic temperature scale.
Entropy: Clausius theorem, property of entropy, inequality of Clausius, entropy
change in an irreversible process, principle of increase of entropy, entropy change for
non-flow and flow processes, third law of thermodynamics (Numerical Treatment).

Chapter No. 3 - Availability

Energy of a heat input in a cycle, exergy destruction in heat transfer process, exergy of
finite heat capacity body, exergy of closed and steady flow system, irreversibility and
Gouy-Stodola theorem and its applications, second law efficiency (Numerical
Treatment).

Chapter No. 4 - Properties of Gas Mixture and Thermodynamic Relations

Mole and Mass fraction, Dalton’s and Amagat’s Law. Properties of gas mixture —
Molar mass, Gibbs Dalton law gas constant, (Numerical Treatment).

Thermodynamic Relations: Change in internal energy, enthalpy, entropy and Gibbs
function. Joule-Thomson Coefficient, Clausius Clapeyron equation.

Chapter No. 5 - Properties of Pure Substances

Phase Change Process, Formation of steam and its thermodynamic properties, p-v, p-
T, T-v, T-s, h-s diagrams. p-v-T surface. Use of Steam Table and Mollier Chart.
Determination of dryness fraction. (Numerical Treatment).

Equation of state, ideal gas equation, Vander Waal’s Equation, Avagadro’s law,
reduced properties, law of corresponding states, compressibility chart.

Chapter No. 6 - Air and Vapor Power Cycles

Air standard cycles, Carnot, Otto and Diesel, Carnot cycle using steam, limitations of
Carnot cycle, Rankine cycle, representation on T-s and h-s planes, thermal efficiency,
specific steam consumption. Work ratio, effect of steam supply pressure and
temperature, condenser pressure on the performance. (Numerical Treatment).

Textbooks:

1."Engineering Thermodynamics" by Onkar Singh (1st edition, 2010)

Page 2 of 7.




Kasegaon Education Society (KES)
Rajarambapu Institute of Technology (RIT)

Mechanical Engineering

2."Fundamentals of Engineering Thermodynamics" by Michael J. Moran, Howard N.
Shapiro, Daisie D. Boettner, and Margaret B. Bailey (9th edition, 2017)

3."Engineering Thermodynamics" by P.K. Nag (5th edition, 2013)

4."Thermodynamics for Engineers" by Kenneth A. Kroos and Merle C. Potter (1st edition
2020)

1

Reference Books:

1. "Thermodynamics: Principles and Applications" by John P. O'Connell and Giorgio V.
Chau (1st edition, 2021)

2."Thermodynamics: An Engineering Approach" by Yunus A. Cengel and Michael A.
Boles (9th edition, 2020)

3."Thermodynamics: Concepts and Applications" by Stephen R. Turns (1st edition, 2005)

Chapter wise Plan

Course Code and Title: ME2032 / Engineering Thermodynamics

Chapter Number and Title: 1 - Basic Concepts and First Law of | Planned Hours: 6 hrs
Thermodynamics

Lesson Schedule: -

Lecture No. - Portion covered per hour Planned | Delivery | Activities
Date Date planned
1. Thermodynamics system, Microscopic & 21/8/23

macroscopic point of view, thermodynamic system and
control volume

2. Thermodynamic properties, processes and cycles, 22/8/23
Thermodynamic equilibrium

3. Quasi-Static process, Zeroth law of thermodynamics | 23/8/23

4. First law for a closed system undergoing a cycle and | 28/8/23 LT/GD
change of state, energy, PMMI1, first law of
thermodynamics for steady flow process

5. Steady flow energy equation applied to nozzle, 29/8/23
diffuser, boiler, turbine, compressor, pump

Page 3 of 7.



Kasegaon Education Society (KES)

Mechanical Engineering

Rajarambapu Institute of Technology (RIT)

6. Numerical on First law of thermodynamics

30/9/23

Course Code and Title: ME2032 / Engineering Thermodynamics

and Entropy

Chapter Number and Title: 2 - Second Law of Thermodynamics

Planned Hours: 6 hrs

Lesson Schedule:-

Lecture No. - Portion covered per hour Planned | Delivery | Activities
Date Date planned

7. Limitations of first law of thermodynamics, Kelvin 4/9/23

Planck and Clausius statements and their equivalence,

PMM2

8. Causes of irreversibility, Carnot theorem, corollary of | 5/9/23

Carnot theorem, thermodynamic temperature scale

9. Clausius theorem, property of entropy, inequality of 69/23 LT/GD

Clausius

10. Entropy change in an irreversible process, principle | 11/9/23

of increase of entropy

11. Entropy change for non-flow and flow processes, 12/9/23

third law of thermodynamics

12. Numerical on entropy 13/9/23

Course Code and Title: ME2032 / Engineering Thermodynamics

Chapter Number and Title: 3 - Availability

Planned Hours: 6 hrs

Lesson Schedule:-

Lecture No. - Portion covered per hour

Planned
Date

Delivery
Date

Activities
planned

Page 4 of 7.




Kasegaon Education Society (KES)

Mechanical Engineering

Rajarambapu Institute of Technology (RIT)

13. Energy of a heat input in a cycle, exergy destruction | 18/9/23
in heat transfer process

14. Exergy of finite heat capacity body, exergy of closed | 18/9/23
and steady flow system

15. irreversibility and Gouy-Stodola theorem and its 20/9/23
applications

16. second law efficiency 25/9/23
17. Numerical on Availability-Part 1 26/9/23
18. Numerical on Availability-Part 2 27/9/23

LT/GD/FC

Course Code and Title: ME2032 / Engineering Thermodynamics

Thermodynamic Relations

Chapter Number and Title: 4 - Properties of Gas Mixture and

Planned Hours: 6 hrs

Lesson Schedule: -

Lecture No. - Portion covered per hour Planned | Delivery | Activities
Date Date planned

19. Mole and Mass fraction, Dalton’s and Amagat’s 2/10/23

Law. Properties of gas mixture — Molar mass, gas

constant, density, change in internal energy, enthalpy,

entropy

20. Gibbs function. Avogadro’s law, equation of state 3/10/23

21. Ideal gas equation, Vander Waal’s equation, 4/10/23

22. Reduced properties, law of corresponding states, 9/10/23 LT/GD

compressibility chart, Gibbs Dalton law

23. Joule-Thomson Coefficient, Clausius Clapeyron 10/10/23

equation,

24, Numerical 11/10/23

Page 5 of 7.




Kasegaon Education Society (KES)

Mechanical Engineering

Rajarambapu Institute of Technology (RIT)

Course Code and Title: ME2032 / Engineering Thermodynamics

Chapter Number and Title: 5 - Properties of Pure Substances

Planned Hours: 6 hrs

Lesson Schedule:-

Lecture No. - Portion covered per hour Planned | Delivery |Activities
Date Date planned

25. Formation of steam and its thermodynamic 16/10/23

properties

26. p-v, p-T, T-v, T-s, h-s diagrams. p-v-T surface 17/10/23

27. Use of Steam Table and Mollier Chart. 18/10/23

Determination of dryness fraction LT/GD

28. Application of 1st and 2nd law for pure substances | 23/10/23

29. Numerical-Part 1 24/10/23

30. Numerical-Part 2 25/10/23

Course Code and Title: ME2032 / Engineering Thermodynamics

Chapter Number and Title: 6 - Air and Vapor Power Cycles

Planned Hours: 6 hrs

Lesson Schedule: -

Lecture No. - Portion covered per hour Planned | Delivery | Activities
Date Date planned
31. Carnot and Otto air standard cycle 30/10/23
32. Diesel air standard cycle and comparison of air 1/11/23
standard cycles
33. Layout of steam power plant and its terminologies 2f1123
LT/GD/CS
34. Carnot and Rankine cycle and its analysis 6/10/23

Page 6 of 7.




Kasegaon Education Society (KES)
Rajarambapu Institute of Technology (RIT)

Mechanical Engineering

35. Effect of steam supply pressure and temperature, 7/10/23
condenser pressure on the performance

36. Numerical

8/10/23

Abbreviations:
Activities: Lecture (LT), Think pair share (TPS), Flipped Classroom (FC),
Jigsaw(JS), Project Based Learning(PBL), Presentations(PNS) ,
Demonstration (DM), Laboratory Visit (LV), Group Discussion (GD),
Seminar(SM), Industrial Visits (IV), Case Studies (CS)
ISE & ESE Evaluation Scheme
Evaluation Weightage Particulars Marks
QUIZ 07
ISE 20% Project base learning 08
Industrial visit quiz 05
UT-01 23% UT-01 (25 marks/1Hr) 25
UT-02 23% UT-02 (25 marks/1Hr) 25
ESE 50% ESE (100 marks /3Hrs) 50
Date:
s 8
Cour/lgg-charge Module coo) dinator Academic Coordinator Head of Department
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Sr..No EnroliNo Student Name Div Batch St?_Z::lh Adr:/l;f =0
1 |2006052 JADHAV ROHAN PARSHURAM A Al 1
2 |2106006|FAHIM ARIF MULLA A Al 2
3 |2106007|INGALE SHUBHAM SACHIN A Al 2
4 |2106016|VIPUL PRATAP SUTAR A Al 3
5 |2206001|JADHAV MANDAR SANJAY A Al 4
6 |2206002|SAVANT HARSHAD GORAKSHANATH A Al 5
7 |2206003|JADHAV RANVEER PRAVIN A Al 6
8 |2206004|KADAM HARSHAD CHANDRAKANT A Al 7
9 |2206005|MANE SIDDHESHVARI VASANT A Al 8
10 |2206006|MANE AKSHATA BALKISAN A Al 9
11 |[2206007|GANBAVALE HARSHVARDHAN RAMESH A Al 10
12 |2206008[JADHAV ASHITOSH ISHWARA A Al 11
13 [2206009|0TARI UTKARSHA UMESH A Al 12
14 |2206010(SURYAWANSHI TANVI PRAKASH A Al 13
15 |[2206011|PATIL SIDDHESH ARUN A Al 14
16 |[2206012|JADHAV SNEHA SURYAKANT A Al 15
17 |2206013|PATIL TANAY SHARADCHANDRA A Al 16
18 |2206014|GURAY VARADRAJ RAMCHANDRA A Al 17
19 |[2206015|PAWAR JAYANTRAC SAMPATRAQO A Al 18
20 |2206016|PATIL SUJAL RAMCHANDRA A Al 19
21 |2206017|JADHAV SAMARTH RAJARAM A Al 20
22 |2206018|YEVALE OMKAR SANJAY A Al 21
23 |2106017|DHANARAJ SHIVAJI BACHAL A A2 1
24 |2206019|GHARGE RAJVARDHAN RANJEET A A2 2
25 |2206020|SAWANT JAYANT YUVRAIJ A A2 3
26 |2206021|JANGAM PRANAYV SUNIL A A2 4
27 2206022 (SHINDE KOMAL MANOJ A A2 5
28 2206023 (KUMBHAR TANUSHREE HANMANT A A2 6
29 |2206024|TAMBEWAGH PRATHMESH RAJENDRA A A2 7
30 |2206025|LANDAGE MANSI NITIN A A2 8
31 |2206026|DOIPHODE SUDHIR DNYANESHWAR A A2 9
32 |2206027|PATIL SAKSHI KIRAN A A2 10
33 |2206028|GODASE SOURABH SUNIL A A2 11
34 |2206029(PATIL VARAD SAMBHAJI A A2 12
35 |2206030|RASAL SHRIRAM SANTOSH A A2 13
36 |2206031|GADKAR TUSHAR YOGESH A A2 14
37 |2206032|SURYAWANSHI GOURI RUPESH A A2 15
38 |2206033|SHAIKH RIYAJ SALIM A A2 16
39 12206034 |PATIL SANDESH SOMNATH A A2 17
40 |2206035|MANE RAJVARDHAN MOHAN A A2 18
41 |2206036|NANNIKAR SAMARTH GANESH A A2 19
42 12206037 (SABANE HARSHAL SUDHAKAR A A2 20
43 |2106031(ABHUIT SISALE A A3 1




44 |2206038|GHORPADE SATYAJEET SAMBHAIJIRAO A A3 2
45 |2206039|MORE TANISHQ JAYWANT A A3 3
46 |2206040{DONAVADE OM AJITKUMAR A A3 ‘e
47 |2206041(DAGADE ROHAN CHANDRAKANT A A3 5
48 |2206042(KADAM ADITYA VIJAY A A3 6
49 |2206043|GADGIL VIHANG SAMEER A A3 7
50 |2206044|KADAM AJIT RAJU A A3 8
51 |2206045|BHATMARE SANKET RAJENDRA A A3 9
52 |2206046|DUBAL YASHRAJ PRAMOD A A3 10
53 |2206047|GHADAGE SANIKA VIJAY A A3 11
54 |2206048|CHAVAN ANURAJ SACHIN A A3 12
55 |2206049|PATIL SANKET SUNIL A A3 13
56 |2206050|CHANKOTI AKSHAY MALLESHI A A3 14
57 |2206051|SUPANEKAR SOHAM NILESH A A3 15
58 |2206052|HUBALE ADITYA ASHOK A A3 16
59 |2206053|PATIL OMKAR LUXMAN A A3 17
60 |2206054|KUMBHAR SHARAYU SHASHIKANT A A3 18
61 |2206055|LOLE PRATIK VITTHAL A A3 19
62 |2206056|CHAVAN BHAVESH BHARAT A A3 20
63 [2106061|PRASAD HUBALE A Ad 1
64 |[2206057|BAVADE PRATIK RAHUL A A4 2
65 |2206058|MULLA SANIYA SHOUKAT A A4 3
66 |2206059|MORE GANESH VISHWAS A A4 4
67 |2206060(SOLASE YASH SUNIL A A4 5
68 |2206061|KAMBLE BHAGYASHRI HANMANT A A4 6
69 [2206062|VHANANVAR SANDIP RAMESH A A4 7
70 [2206063|DALVI PRANAV PRASAD A A4 8
71 |2206064|BUCHADE YASH PRASHANT A A4 9
72 |2206065|SALUNKHE VAISHNVI SACHIN A A4 10
73 |2206066|SARGAR JEEVAN MAHADEV A A4 11
74 |2206067|PATIL AVADHUT MAHESH A Al 12
75 2206068 THORAWADE BHUMI PRABHAKAR A A4 13
76 | 2206069 (PATIL VIRAJ SHASHIKANT A A4 14
77 |2206070|GAIKWAD TEJAS ANIL A Ad 15
78 |2206071|PATIL PRANAV PRAKASH A A4 16
79 |2206072|RELEKAR ASHUTOSH HANMANT A AL 17
80 |[2206073|PATIL SOHAM RAMCHANDRA A A4 18
81 |[2206074|SURYAWANSHI AMRUTA BHARAT A Ad 19
82 |2206075|SHINDE SANKET DILIP A Ad 20
83 |2206076{MULLA RISHAD KALANDAR B B1 1
84 |2206077|PATIL NISHANT MAHESH B Bl 2
85 |[2206078|TALAP NIKHIL RAJARAM B B1 3
86 |2206079|SHEWALE VIGHNESH JAYWANT B Bl 4
87 |2206080|ANUSE RITESH RAVSAHEB - B Bl 5
88 |2206081|{MANE RAHUL RAJESH B Bl 6




Activity Base Teaching plan
Course: Engineering Thermodynamics

Class: SY B.Tech Mechanical

Sr. | Activity Name Lecture No Content
No
1. | Think-Pair- Share 3 Process, properties
2. | Activity-Jig Saw 10 PMM-I and II
3. Poll 13 2nd Law of thermodynamics
4.] Reciprocal teaching 18 Exergy
5.{ TPS 21 Mole , mass fraction
6.| Poll 22 Gas laws
7.| PBL a3 Steam properties, h,s, v,
8.| Poll 24 Critical P &T
9.| Think-Pair- Share 23 PVTsurfaces
10| Case Study 31 Steam power plant _Sugar factory
11| Reciprocal teaching 33 Air std cycles
12| Four Corner 36 Improvement in vapor power cycle

Dr Sharad D Patil
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CO Attainment Action Plan

Academic Year 2022-2023 (2021-2023 cycle)

Course Name: Engg Thermodynamics

Course Code:ME2033

Class: S Y B. Tech. in Mechanical

Semester:1 - Semester

Course Teacher: Dr. Sharad D. Patil

1. CO attainment:

Sr.No. CO CO Statement Overall
Code Attainment %

1 ' ; .

co1 Apply laws of thermodynamics to various flow devices 79.61
2 co2 Describe entropy, change in entropy and increase of entropy 78.04

principle '

3

co3 Compute available and unavailable energy of a substance 74.90
4 Recognize the properties of pure substances and use

£o4 thermodynamic property tables, charts 7961
5 Apply mathematical fundamental to study the properties of

£os steam gas and gas mixtures 70.20
6 Compute performance of various thermodynamic air and vapor

o6 power cycles 70.20

Average marks -43.4 No of students-128

2. Observations from CO attainment:

Attainment for the all CO is satisfactory,

3. Action Plan for improvement of CO attainment:

- Focus will be given on CO5 & CO6 by solving more problems with group assignments

4. Sign of Course In-char

5. Remark by Head of Department with sign

L

Sheg o Your 0o s nmad acke plu,




K.E.Society’s

Rajarambapu Institute of Technology, Rajaramnagar

Enroll No (An Autonomous Institute, Affiliated to SUK) Q.P.Code
Unit Test-1
S. Y. B. Tech. Mechanical Engineering Semester- 111 UT 22~
Course Name: Engineering Thermodynamics
Course Code: ME2033
Day &Date:.... wf.lo} HJ 2‘@2
Tinme: el 3l 50 0. LR LB Y P Max. Marks- 25
Instructions: 1) Figures to the right indicate full marks.
2) Assume suitable data if necessary and mention it clearly.
3) Use of steam table is allowed.
Q.1 Solve the following Marks

(a) 1) In a throttling device, what do we get as SFEE when changesin PE~ CO1 05

and KE are taken zero?
1) gr% *0 2) % #0 3)hy =h, 4)noneofthese

i1) Heat and work are

1) Point functions 2) System properties

3) Path functions 4) Intensive properties
iit) In adiabatic process, Heat Transfer is
1) variable 2)zero 3)constant 4)can’t be determined

iv) A system in which energy can crosses the boundary of the system

but the mass cannot is known as

1) Open System 2} Isolated System

3) Closed System 4) None of the mentioned

v) The sum of all the microscopic forms of energy is called the

of a systern.
1) Kinetic Energy 2) Latent Energy
3) Internal Energy 4) Potential Energy

(b) Explain the difference between extensive and intensive properties of ~ CO1 05

the systems with examples o

Page 1 of 2
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(d)

(e)

Write the statements of the second law of thermodynamics. CcO2

OR
What are the limitations of the first law of thermodynamics? CcO2

During a process, the temperature of the system rises from 100°C to CO1
200°C. Heat transfer per degree rise in temperature, at each temperature

reached during the process is given by
dQ/dT = 1.005k] /K

The work done on the system per degree rise in temperature at each

temperature reached, is given by

dw /dT = (4 - 0.12T) kJ / K

Calculate the change in internal energy of the system during the process.

OR

In a pump, water of 2000 kg/min is compressed from 100 kPato 1 MPa. COl1
The density of water is 1000 kg/m® and its temperature does not change.
The inlet diameter of the pump is 100 mm and outlet diameter is 150

mm, and the inlet is 50 m below the outlet. Determine the work done by

the pump.

Derive general steady flow energy equation as per the first law of CO1

thermodynamics.

05

Page 2 of 2



KE Society's
l_'t Rajarambapu Institute of Technology, Rajaramnagar
iy e Department of Mechanical Engineering
Result Analysis: Attainment of COs
Rgaation: Ul Class: S Y B Tech. MECH Semester Ill
1/2022-23 :
Program: _
Mechanical Engineering Thermodynamics
Engineering : 4
 Question Ql(a) Q1b) Qlc) | QI(d) | Qle) |
CO | col COl coz | col cor |
- Marks 5 5 5 5 5 ’
PRN Number R v liog
1 2106001 0 0 1 0 0 1
2 2106002 4 3 1 0 0 8
3 2106003 2 3 2 0 4 11
4 2106005 3 4 0 0 0 7
5 2106008 3 1 4 0 0 8
6 2106009 5 3 1 0 1 10
7 2106010 5 3 3 5 3 19
8 2106011 4 3 2 1 3 13
9 2106013 1 1 1 0 0 3
10 2106014 4 1 0 0 1 6
11 2106018 2 1 4 5 2 14
12 2106019 5 0 1 0 4 10
13 2106021 3 4 3 0 0 10
14 2106022 5 3 2 0 0 10
15 2106023 5 3 3.5 5 3.5 20
16 2106026 5 3 2 5 1 16
17 2106027 5 2 0.5 0.5 0.5 8.5
18 2106029 4 2 0 0 0 6
19 2106030 3 3.5 4.5 2 4 17
20 2106032 4 2 2 0 0 8
21 2106034 4 0.5 0 1 0 5.5
22 2106035 4 2 0 2 0 8
23 2106037 4 1 0 1 1 7
24 2106039 4 3 3 1 0 1.
25 2106041 3 0.5 1 0 0.5 5
26 2106042 4 0 1 0 5 10
27 2106044 4 1 3 0.5 3.5 12




28 2106045 4 2 3 4 4 17
29 2106047 1 1 1 0 0 3

30 2106048 4 3 3 5 5 20
31 2106049 5] 1 1 5 1 13




32 2106051 4 2 0 0 0 6
33 2106052 4 4.5 3.5 2 4.5 18.5
34 2106055 5 3 4 3 5 20
35 2106056 5 1 0 0 0 6
36 2106057 5 5 3 0 2 15
37 2106058 4 2 1 0 0 7
38 2106059 5 3 4 1 5 18
39 2106060 5 0.5 0 0 0 5.5
40 2106065 5 2 2 5 4 18
41 2106068 4 0 3 3 0 10
42 2106071 5 4 4 5 4 22
43 2106072 5 3 1 3 2 14
44 2106074 4 4 4 5 5 22
45 2106077 4 1 4 3 0 12
46 2106079 4 5 4 0 4 17
47 2106081 4 3 3 1 3 14
48 2106083 5 3 3 3 0 14
49 2106084 5 4 4 3 2 18
50 2106086 4 3 4 5 4 20
51 2106087 4 0.5 1 1 4 10.5
52 2106089 5 5 3 4 4 21
53 2106090 4 4 4 2 4.5 18.5
54 2106092 5 2 2 4 4 17
55 2106093 5 3 1 1 1 11
56 2106094 3 3 4 3 5 20
57 2106096 5 4 3.5 2 3 17.5
58 2106097 5 4 0 4 0 13
59 2106099 5 0 3 0.5 0.5 9
60 2106100 5 4 4 3 3 19
61 2106101 5 3.5 0.5 3.5 2 14.5
62 2106102 5 3 2 0 0 10
63 2106103 5 2 3 5 4.5 19.5
64 2106104 5 2 3 3 4 17
65 2106105 3 2 3 5 4.5 17.5
66 2106108 3 2 0 0 0 5
67 2106109 3 2 0 1 1.5 7.5
68 2106110 3 2 2 0 1 8
69 2106112 4 4 3 5 3.5 19.5
70 2106113 4 4 3 2 5 21
71 2106116 4 4 3.5 3.5 4 19
72 2106118 4 4 4 3 5 20
73 2106119 4 1 2.5 1 0.5 9
74 2106120 4 5 4 4 4 21
75 2106122 4 3 0 1 0 8




76 2106123 4 2 0 5 0 11
77 2106124 4 1 3 0.5 1 9.5
78 2106125 3 2 2 3 4 14
79 2106127 3 1 4 0 0 8
80 2106128 3 3 2 2 0 10
81 2106129 2 4 3.5 5 4 18.5
82 2106025 2:5 1.5 3.5 3.5 5 16
83 2106040 1 2 2 0 0 5
84 2106107 3 3.8 5 0 3 14.5
85 2108007 0 1 5 1 4 11
86 2256001 0 0.5 4 1 0 55
87 2256002 2.5 2.5 5 1 5 16
88 2256003 1 1 3 2 2 9
89 2256004 0.5 0.5 2.5 2 0 5.5
90 2256005 2 15 4 4 2.5 14
91 2256006 1 2 4 1 2.5 10.5
92 2256007 0 0 5 4 5 14
93 2256008 2 i 5 3.5 2 13.5
94 2256009 4 0 5 4 5 18
95 2256010 2.5 1 4 3.5 4 15
96 2256011 5 0 5 3 9 18
97 2256012 2 1 4 4 4 15
98 2256013 4 2.5 5 4 4.5 20
99 2256014 2 2 5 3.5 5 17.5
100 2256015 2.5 1.5 4 2.5 0 10.5
101 2256016 2.5 2 4 4 0 12.5
102 2256017 3 4 5 4 3 19
103 2256018 3 0 5 2 0 10
104 2256019 3 1 5 4.5 4 17.5
105 2256020 4 2.5 5 5 5 21.5
106 2256021 4 2 5 3 2 16
107 2256022 3 4 4 4 3 18
108 2256023 4 3.5 5 1.5 5 19
109 2256024 2.5 0 4 2 3 11.5
110 2256025 3 3.5 5 4.5 0 16
111 2256026 2 0.5 4 2 4 12.5
112 2256027 2 1 3 2 4 12
113 2256028 4.5 3.5 4 3 3 18
114 2256029 3 0 5 4 5 17
115 2256030 4 4 4 3.5 2.5 18
116 2256031 4 1 4 3 4 16
117 2256032 2 0 5 3 2 12
118 2256033 3 0 5 4 4 16
119 2256034 4 3 5 4 5 21




CO6

120 2256035 3 0 4 3 0 10
121 2256036 2 3.5 4 4 4 175
122 2256037 0 4 4.5 4.5 13
123 2256038 3 0 4 3 3.5 135
124 2256039 0 4 4 4 14
125 2256040 4 1.5 4 2 3.5 15
126 2256041 0 1.5 4 2 4 115
127 2006052 2 0 0 0 3
128 2006096 0 0 0 0 2
[ Questions Ql(a) Q1 | Q19 [ Q1@ [ Qi) |
| co col - col i|isco2ill coi CO1%:
I Marks 5 Gy [ 5 5
|L_ Threshold % 50
[ Threshold Marks 25 25 25 25 25
No. of Students
: Above Threshold 102 54 85 64 69
Marks
Total No. of 128
Students in Class
Eefcentase 79.69 42.19 66.41 50.00 53.91
Attainment
CO Wise Average
Percentage 56.45 66.41
Attainment”
Attainment Level” 2 3
Average *Calulate CO wise Percentage Attainment
co Attainment
" Level Manually
**Enter the level of Attainment as per Below
co1 2
co2 3 Range
0%-33% =1
co3 34%-66% =2
67%-100%=3
Cco4
CO5



K.E.Society’s
Rajarambapu Institute of Technology, Rajaramnagar

Enroll No {An Autonomous [nstitute, Aftiliated to SUK) Q.P.Code

Unit Test-I1

S. Y. B. Tech. Mechanical Engineering Semester- I11 UTiLS

Course Name: Engineering Thermodynamics

Course Code: ME2033

Day &Date: Wednesday, 21/12/2022
Time: 11.45 am to 12.45 pm Max. Marks- 25

Instructions: 1) Figures to the right indicate full marks.
2) Assume suitable data if necessary and mention it clearly.

3) Use of steam table is allowed.

Q.1 Solve the following. Marks
(a) State and prove the Clausius theorem. CcO2 05
JOR:

Establish the inequality of Clausius.

(b) An inventor claims to have develop a heat engine that receives 730 k1 €02 0s
of heat from a source at 550 K and rejecting the waste heat 260kJ to a

sink at 290 K. Is this a reasonable claim? Why?
-OR-
A heat source at 800 K loses 2000 kJ of heat to a sink at (a) 300 K and

{b) 750 K. Determine which heat transfer process is more irreversible.

(¢} What did you understand by mole fraction, mass fraction, Avagadro’s CO4 05

principle and Dalton’s law of partial pressure?

(d) A 500 kg iron block is initially at 200°C and is allowed 10 cool to 27°C - CO3 03
by transferring heat to the surrounding air at 27 C. Determine the

reversible work and the irreversibility for this process. (lake Cp = 0.4

kJ/kgK)
(g) Derive an equation for the exergy of a finite heat capacity body. co3 05
oA\
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Rajarambapu Institute of Technology, Rajaramnagar

Result Analysis: Attainment of COs

Department of Mechanical Engineering

Examination: UT 1/2021-22

Exa:,“;:;:_’;é ur Class: SY B Tech. Semester Il
Program:
Mechanical Engineering Thermodynamics
Engineering
|
Question Ql(a) Qlb) | Ql(c) Q1(d) Q1€
CO CO2 CcO2 CO4 -~ CO3 CO3
Marks 5 5 5 5
PRN Number S
1 2006052 |NA NA NA NA NA 0
2 2006096 0 0 0 0 0 0
3 2106001 0.5 1 0 0.5 0 2
4 2106002 2 4 2 0 0 8
5 2106003 5 4 2 0 1 12
6 2106005 4 4 2 0 0 10
7 2106008 1 0.5 4 0.5 4 10
8 2106009 5 5 0 4 0 14
9 2106010 5 5 3.5 1 0 14.5
10 2106011 5 4 3 0 0 12
11 2106013 0 0.5 2 0.5 0 3
12 2106014 5 5 0 0 0 10
13 2106018 0.5 3 0.5 4 0 8
14 2106019 5 4 1 0 0 10
15 2106021 2 0 1 0 0 3
16 2106022 5 0 2 0 0 7
17 2106023 5 3 3 2 4 17
18 2106025 5 4 1 4 2 16
19 2106026 2 2 1 4 0 9
20 2106027 4 4 1 3 0 12
21 2106029 1 3 0.5 4 ¢} 8.5
22 2106030 3 4 i | 4 4 16
23 2106032 i 0 0 1 0 2
24 2106034 0 0 0 0 2 2
25 2106035 1 0.5 0 2 4 7.5
26 2106037 1 0 0 3 0 4




27 2106039 4 0.5 0 0 0 4.5
28 2106040 4 0 0 4 0 8
29 2106041 0.5 0.5 1 3 -5 55
30 2106042 3 4 0 0 5 12
31 2106044 4.5 5 4 0 1 14.5
32 2106045 4 3 1 2 2 12
33 2106047 1 4 0 0 1 6
34 2106048 1 1 2 2 4 10




35 2106049 .5 0 0 0.5 0 1
36 2106051 0 2 0 3 0 5
37 2106052 4 5 3 4 0 16
38 2106055 5 4 3 4 4 20
39 2106056 0 0 0 1 0 1
40 2106057 0 4 0 0 0 4
41 2106058 0 0 0 4 0.5 4,5
42 2106059 2 4 0 4 0 10
43 2106060 2 4 0 0.5 0 6.5
44 2106065 4 2 0 0 0 6
45 2106068 4 2 0 0 4 10
46 2106072 4 4 0 3 0 11
47 2106074 5 1 0 1 0 7
48 2106077 5 0 2 0 0 7
49 2106079 1 4 0.5 0 0 5.5
50 2106081 4 2 0 0 4 10
51 2106083 1 0 0 0 0 1
52 2106087 0 2 0 1 0 3
53 2106089 E? 1 2.5 3 0 8.5
54 2106090 5 3 0 4 3 15
55 2106093 5 0 1.5 0 0 4
56 2106071 1 3 0 4 2 10
57 2106084 1 0.5 1 4 1 7.5
58 2106086 1 1 0 1 0 3
59 2106092 5 1 0 4 4.5 13
60 2106094 1 3 4 3 4 15
61 2106096 4 5 4 3 0.5 16.5
62 2106097 5 4 3 4 0 16
63 2106099 5 5 0 3 0 12.5
64 2106100 4 3 0 3 2 )
65 2106101 3 5 0 3.5 0 11.5
66 2106102 2 0 0 1 0 3
67 2106103 4 5 2.5 2 2 15.5
68 2106104 3 3 0 1 1 8
69 2106105 4 5 0 0 0.5 9.5
70 2106107 2 4 1 3 0 10
71 2106108 5 5 3.5 1.5 5 20
72 2106109 4 4 1 3 4 16
73 2106110 1 0.5 3 1 0 5.5
74 2106112 4 4 3 3 5 19
75 2106113 5 2.5 0 0 0.5 3.5
76 2106116 4 4 0 0 4 12
77 2106118 2 5 0 0 4.5 11.5
78 2106119 4 4 0 0 5 13
79 2106120 5 0.5 0 0.5 4 10
80 2106122 0 3 0 0 0 3
81 2106123 5 1 0 3.5 4 13.5




82 2106124 4 2 0 4 0 10
83 2106125 1 0 0.5 3.5 0 5
84 2106127 0 2 0 4 0 6
85 2106128 0 0 0 3.5 0 3.5
86 2106129 5 4 5 5 5 24
87 2108007 2 0 0.5 1.5 0 4
88 2256001 0 2 0 0 0 2
89 2256002 2 0 4 3 0 9
90 2256003 4 2 0 2 2 10
91 2256004 0 2 0 0 0.5 2:5
92 2256005 4 4 4 3 1 16
93 2256006 0 0 1 0 0 1
94 2256007 4 5 0 2 5 16
95 2256008 ) 4 0 0.5 0.5 5.5
96 2256009 2 4 0 4 0 10
97 2256010 1 4 0 2 3 10
98 2256011 1 1 3 2 1 8
99 2256012 1 2 2 2 0 7
100 2256013 4 4 4 4 0 16
101 2256014 0 4 5 2 0 11
102 2256015 1 3 4 3 0 11
103 2256016 4 3.5 0 0 1.5 9
104 2256017 4 4 3 0 3 14
105 2256018|NA NA NA NA NA 0
106 2256019 3 4 4 3 4 18
107 2256020 .5 5 5 0.5 5 20
108 2256021 0 3 2 2 0 7
109 2256022 4 5 2.5 0 4.5 16
110 2256023 0 4 4 4 1 13
111 2256024 4 2 2.5 0.5 1.5 10.5
112 2256025 0 4 2 0 0 6
113 2256026 0 0 0.5 0.5 0.5 1.5
114 2256027 4 4 4 4 3 19
115 2256028 0 5 2.5 2.5 2:5 12.5
116 2256029 0 4 0 2 0 6
117 2256030 0 2 3.5 0 4.5 10
118 2256031 2 2 3 3 3 13
119 2256032 0 5 1 2 0.5 8.5
120 2256033 4 4 0 4 4 16
121 2256034 3 2 1 3.5 4 13.5
122 2256035 1 4 0 5 0 10
123 2256036 S5 2.5 0 3.5 0 6.5
124 2256037 0 0 0 0 0 0
125 2256038 0 2.5 2 3.5 0 8
126 2256039 1 3 3 3 0 10
127 2256040 0 5 3.5 3.5 0 12
128 2256041 4 4 0 2 0 10




[ Questions Qi | o [ Qiw [ i@ || Qie
| [0 o2 | cor” [EcornliTeos |iicos
| Marks R . O T
| Threshold % 50
| Threshold Marks 25 2.5 25 & 25 2.5
No. of Students
Above Threshold 59 73 34 53 33
Marks
" Total No. of o
Students in Class
J sreentage 46.09 57.03 2656 | 4141 25.78
Attainment
CO Wise Average
_ Percentage 51.56 25.56 33.59
Attainment”
|| Attainment Level* 2 1 2
Average *Calulate CO wise Percentage Attainment
co Attainment
o Level Manually
Level* .
o1 **Enter the level of Attainment as per Below
co2 2 Range
0%-33%=1
Cco3 1 34%-66% =2
67%-100%=3
Co4 2
CO5
[ CO6




kvl

Enroll No. |

K. E. Society’s
Rajarambapu Institute of Technology, Rajaramnagar

QP No.

(An Autonomous Institute, affiliated to SUK)
End Semester Examination Feb 2023

Ely

S.Y. B. Tech. Mechanical Engineering SEMESTER — III
Engineering Thermodynamics (ME2033)

Day & Date: — wecl <, g | 2] 2223
Time: - 16.20 46 |30 P, . Max Marks: 100

Instructions

Q1 a)

b)

Q2 a)
a)
b)

Q3 2

b)

: 1. All questions are compulsory.
2. Use of non-programmable calculator is allowed.
3. Assume suitable data if necessary
4. Use of steam table allowed

Show that energy is a property of a system

OR
Apply steady flow energy equation (SFEE) to develop equation for
steam turbine.

Air flows steady at the rate of 0.5 kg/s through an air compressor
entering at 7 m/s velocity, 100 kPa pressure and 0.95 m¥/kg specific
volume and leaving at 5 m/s, 700 kPa and 0.19 m’/kg respectively.
The internal energy of the air leaving is 90 kJ/kg greater than that of
air entering. Cooling water in the compressor jacket absorbs heat
from the air at the rate of 58 kW. Compute a. the power input the
compressor and b. ratio of inlet pipe diameter to the outlet pipe
diameter.

Explain statements of second law of thermodynamics.
OR
Explain the Clausius inequality

A Carnot engine absorbs 200J of heat from a reservoir at the
temperature of the normal boiling point of water and rejects heat to a
reservoir at the temperature of the triple point of water. Calculate the
heat rejected, the work done by the engine and the thermal efficiency,

Derive the equation for availability (Exergy) of a finite body at
temperature T.

OR
Derive the equation for availability (Exergy) of a non-flow process.

Calculate the change in exergy when 20 kg of water at 95°C mix with
45 kg of water at 30°C, the pressure being taken as constant and the
temperature of the corresponding being 20°C. C, of water is 4.2
kl/kgK
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Q4 a)

Q.5

Q.6

b)

b)

Derive equation for internal energy of a gas mixture on mass and
molar basis.

OR
Explain the following
I. Mole fraction 3. Mass Fraction
2. Dalton’s law 4. Amagat’s law

A gas mixture has the following composition on mole basis: 60
percent N2 and 40 percent CO;. Determine the gravimetric analysis of
the mixture, its molar mass and gas constant.

Repeat the above problem by replacing N2 by Oa.

Calculate the missing properties of steam in the following table for

water:

SN. |T.0C |Pbar |hkikg |x |%KVkeK thgfn()f
Lo 100 | 3100

2. Iso0 |90

M3 f 0.4 0.9

4. |30 ] 0.9

Define dry and wet steam. Calculate the dryness fraction of the steam
when it expands from 20 bar (dry-saturated) pressure to 0.5 bar
pressure isentropically.

Explain triple point of water.
OR

Write van der Waals equation of state and meaning of terms in it.
Explain the methods to improve efficiency of the Rankine cycle.
A simple Rankine cycle works between pressure 18 and 0.8 bar, the

initial condition of steam being dry saturated. Calculate: i)} The cycle
efficiency ii) Work ratio ii) Specific steam consumption.

Draw P-v and T-s diagram Carnot vapor cycle?

OR
Draw P-v and T-s diagram for Diesel cycle.
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Q a) Consider a system which changes its state from state I to state 2 by following the

path A, and retums from state 2 to state | by following the path B ( So 02
the system undergoes a cycle. Writing the first law for path A Marks
O,=8E, + W,
and for path 8
Qn = Ay + Wy
|
a |
4 ! A 4
‘f 02
! 2 Marks
| - e
Fig.. Enagy-a property of a system
The processes 4 and B together constitute a cycle, for which
{th):lc B {2Q};yde
or “,’t + H.ﬁ . QA i QB 02
or On-Wa=Wo—0p Marks
From equations
AE i "‘AEa
Similarly, had the system returned from state 2 to state 1 by following the path
C instead of path B
&E s Aﬁg:
From equations
AEy = AE.

Therefore, it is seen that the change in energy between two states of a system is
the same, whatever path the system may follow in undergoing that change of
state. If some arbitrary value of energy is assigned to state 2, the value of energy 02
at state 1 is fixed independent of the path the system follows. Therefore, energy Marks
has a definite value for every state of the system. Hence, it is apoint function and
a property of the system.

a) ' OR
The general steady flow energy equation is
| Vi -V 02
Q- W, = (hy~ i) + == 4 ¢(2,- 2)) Marks

For Turbine



Turbines and engines give positive power output, whereas compressors and
pumps require power input.

Foraturbine - - which is well insulated, the flow velocities are ofien
small, and the K.E. terms can be neglected. The S.F.E.E. then becomes

1 cSs
", W,
5 02
_; Insulation Marks
) 2
m
Fig. Flow through a turbine
aw, 02
= 2k
‘&2 N dm Marks
or "";—;3" = E}I’l = }!2)
m
It 1s seen that work is done by the fluid at the expense of its enthalpy.
Similarly, for an adiabatic pump or compressor, work is done upen the ﬂmd
and W is negative. So the S.F.E E. becomes
hy=hy~ L3
m
W 02
m

The enthalpy of the fluid increases by the amount of work input.



s 2
b) i w Ml Vi=5mis
@ ) T p=TO0KPa
Vi =7 s T, MeCompressor || (z) 5 =019mkg
P = 10 kPa ——ie »
wE08Smig () o Uy = 4+ 90 )k /hg
cs Q= - 58 kW
Fig.

(a) Writing the steady flow energy equation, we have
jiok 49
u[u, + gy -I'—;”—-“-Q-ng‘J!!“ 3t

v} an,
= 5 Dy bk o ; owsieb
W{ﬂ. v Paliy 4 2 + ‘g} -

aw E . ":2 i V.‘ ) a
.'.—d;l' -*-—itL(llT - u;}-‘-iﬂkﬂ’: ",)j!.‘i}-l- 3 1 '1‘{2: Ny f;};'] d 'Eg
PR Y E&[%H#+{?xulﬂ—lx§.‘?5!fﬂl}£
dr 5 kg kg
2 -2 -3
LUk W o caw
2 kg
= .5 [90 + 38 -0.012) ki/s 58 kW
= =122 KW Ans. {2)

Rate of work input is 122 kW,
{b) From muss balance, we have

AV, A4V
o, v,
A0V 095 5 =357
A v, ¥, 0187 7
Y w557 = 199 Ans. (b)

d,

Q a) i) There are many valid statements of the second law of thermodynamics. The

2

use of the second law of thermodynamics is not limited to identifying the
direction of processes. The second law also asserts that energy has quality as
well as quantity. The first law is concerned with the quantity of energy and the
transformations of energy from one form to another with no regard to its
quality. Preserving the quality of energy is a major concern to engineers, and
the second law provides the necessary means to determine the quality as well
as the degree of degradation of energy during a process.

ii) with reference to the heat engine that, even under ideal conditions, a heat
engine must reject some heat to a low temperature reservoir in order to
conplete the cycle. That is, no heat engine can convert all the heat it receives
to useful work. This limitation on the thermal efficiency of heat engines forms
the basis for the Kelvin-Planck statement of the second law of
thermodynamics, which is expressed as follows:

iif) It is impossible for any device that operates on a cycle to receive heat
from a single reservoir and produce a net amount of work.

That is, a heat engine must exchange heat with a low-temperature sink as well
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as a high-temperature source to keep operating.

4 . T, _
(" Therma' enerzy reservol

M"

|| =100 kW s

A
¥

S W 0 = 100 kW | W
Heat "/, :l?\ b tt{}l
=D £

engine I\:Zh_ﬁ

e

g, =0

1 C(’il.’ ['."’-.‘ R ';'l' ~I, ;
FIGURE ( s
A heal engine that viokates -

the Kelvin-Planck statement of .
the second law. A refrigerator that violates the
Clapsius statement of the second law,

iv) There are two classic statements of the second law—the Kelvin-Planck
statement, which is related to heat engines and discussed in the preceding
section, and the Clausius statement, which is related to refrigerators or heat

pumps.

v) The Clausius statement is expressed as follows:
It is impossible to construct a device that operates in a cycle and produces
no effect other than the transfer of heat from a lower-temperature body
to a higher-temperature body.
vi) It is common knowledge that heat does not, of its own volition, transfer
from a cold medium to a warmer one. The Clausius statement does not imply
that a cyclic device that transfers heat from a cold medium to a warmer one is
impossible to construct. In fact, this is precisely what a common household
refrigerator does. It simply states that a refrigerator cannot operate unless its
compressor is driven by an external power source, such as an electric motor
OR

Let us consider a cycle ABCD (Fig. ). Let AR be o general process, either
reversible or irreversible, while the other processes in the cycle are reversible.
Let the cycle be divided into a number of elementary cycles, as shown. For one
of these elementary cvcles
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AQ’-;: i Marks
Y \ \\
9G r .
s ——
Fig. Ineguality of Clausius
a¢,
ﬂ ] - &Q
where d(J is the heat supplied at T, and 40, the hoat rejected at T
Now, the efficiency of a general cyele will be equal to or less than the
efficiency of a reversible cycle.
’
- 40, a0,
- i,  Ap——
1 0 € 10 )
e
or —;gi-a { iQ
Q e 02
@ Marks
= 40 "-an
Jrev
&
Since [ ugg, ] 1
.1
a0, <7
or %?— :?g for any process A8, reversible or imeversible.
?
For a reversible process
4o 0 _ 00, 02

f % Marks
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Hence, for any process 48

49 < ds
3
Then for any cyele
a0
—= S $dy
T <f
Since entropy is a property and the cyclic integral of any property is zero
a0
—E g
§5 80
This equation is known as the inequality of Clansius. It provides the criterion
of the reversibility of a cvele

1 § i}?- = 0), the cycle is reversible,

§92 <0, the cycle is imeversible and possible 02
T Marks

§%§’- >0, the cycle is impossible, since it violates the sccond law.

01
Marks
Given :
Heat Input = Qy = 200 J, Source Temperature = 373 K, Sink Temperature =
273K
: T 273 02
i) Carnot Ef ficiency = 1— = 1-—- 375 = 0.2680 = 26.80% Marks
ii)  Efficiecny = Work/ Heat Input 02

0.2680 = W/200 =53.61J Marks



b=
o
N’

By applying the first law of thermodynamics
QH-QL=W
QL = QH-W

iif)  Heat Rejected = 200- 53.61=146.38 J

Let us consider a hot gas of mass m, at temperature 7 when the environmental
temperature is Ty (Fig. ). Letthe gas be cooled at constant pressure from state
| at temperature 7'to state 3 at temperature T, and the heat given up by the gas,
@1, be utilized in heating up reversibly a working fluid of massm,, from state 3 to
state | along the same path so that the temperature difference between the gas and
the working fluid at any instant is zero and hence, the entropy increase of the
untverse is also zero. The working fluid expands reversibly and adiabatically in
an engine or turbine from state 1 to state 2 doing work #y, and then rejects heat
Q, reversibly and isothermally to return to the initial state 3 to complete a heat
engine cycle.

/ r
- P4
Yt W AE
Py o | £
- 1
-
i I -
; - Yo, I*
SRS A S SeY. RS T

> §
Fig. Available energy of a finite energy source

Here,
Ql - mst.'? Q.T" Tgi s mwfcpﬂ{?“ Tﬂi

s
= Area |-4-5-3-1

My Cp, = Mg
dr

*
1 ?E! )

ASg, = __f MgCy, 7 =g Cy in - {negative)
T d7 ¥

ASyp™ J' Mt Cpoe o = My €y 10 —— (positive)

Te T 721

Asum - Asgu TAd = 0

0; = Ty AS, = Tymyge, In -?7_1 = Area 2-4-5-3
o

Available energy = W,

“0-0,
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T
=mgcp (T=Ty) - Tymycy In —;{:
= Area [-2-3-1
Therefore, the available energy or exergy of a gas of mass m, at temperature 7
is given by

0

T
.4Emmsch[{TwTﬁ)w T, m-T—}

OR

Let us consider a closed system and denote its initial state by parameters without
any subscript and the final dead state with subscript ‘0", The availability of the
system A, i.¢., the maximum useful work obtainable as the system reaches the
dead state, ' ;

A= ﬁi;u):m:c wE—Eg+ po(V~Fg)= TS~ So)

mv?

“[ve s mg:} - (Uy + mgzg) + pV = Vi) - TS = )

If K.E. and P.E. changes are neglected and for unit mass, the availability
becomes
a4=u- N“ + pg(v = Ua} e To (S *’SD;
= (u + pov = Tp5) - (g — povg ~Tyso)
=¢- 9
where ¢ is the availability function of the closed system.
If the system undergoes a change of state from 1 to 2, the decrease in
availability will be
a=10,- &) {0 - &)
=%
= (1 =t} + po (V) = 1y) = Tils) - 55)
This 1s the maximum useful work obtainable under the given surroundings.
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b)

Solution The available energy of a system of mass m, specific heat €, and at
temperature 7, is given by

AE. = mc ;‘(r—»f&)d?‘
£,y J(1-3

(A.E.} = Available energy of 20kg of water at 95°C
20 3+ 95 203
=20%4.2 I (l - ?ﬂ)dr
273+ 2

368
= 84 [ 368 -293) ~ Jn-w-—-} 02
. )= 293 293

Marks
= 690.671 kJ
(A.E.) = Available energy of 45kg of water a130°C

45 30
189[{ 303-293) - 293In — 3]
29

-

31.53 kJ

Total available energy

(AE.)ou = (AE) - + (AE)
20 45

= 690.671+31.53 "
=722.208 kJ Marks

After mixing, if ¢ is the final temperature
20X 4.2(95 1) = 45%x4.2(t - 39)
20 95 +45 x 30

20+ 45
= 50°C
Total mass after mixing = 29 +45 = ¢5 kg
(A.E.) ;o= Available energy of 65 kg of water at S0°C

Y

=42x% 65 [( 323-293 ) — 293In —3-23—]

293
. 392.69kJ Marks



. Decrease in available energy due to mixing
= Total available energy before mixing
— Total available energy after mixing 01

= 722.208-392.69 Marks
_ 329.518KkJ

s The internal energy u is assumed to be a function of Tand v, i.e.
% u=f(T,v) "

du Ou . Marks
e (57) o7+ {35 o

T R TR R R

When gases at equal pressures and temperatures are mixed adiabatica
work, as by inter-diffusion in & constant volume container, the first la
that the internal energy of the gaseous system remains constant, and e
show that the temperature remains constant. Hence the internal ¢
mixture of gases is equal to the sum of the internal energies of the
components, each taken at the temperature and volume of the mixture {
the ‘partial’ internal encrgies). This is also true for any of the thern
properties like H, C,, C,,, S, F and G and is known as Gibbs theorem.
on a mass basis
Midy, = Mylty + maliy + ... + D1,
_my F Mgty e m e,
mytmy 4 tom,

04
Marks
a) OR

Mole fraction (molar analysis)
It is the ratio of the number of moles of a given component to
the total moles of all components

n ;
W B : , 1, =moles of /

By + 0y +ist iy
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Dalton’s law of partial pressures:

It states: the total pressure of a mixture of gases is the sum of
their individual partial pressures

| The pressure inside

| the bottie equals

| atmospheric prossure

| whern the water level

J inside is tha same as
s ihal ottlslde, © s e

“Wet"
Atmospheric gas
pressure

Gas

n

Waler

Mass fraction (Gravimetric analysis)
k

It is the ratio of the mass of the component to the mass of the
mixture
n,
m,=—=,
]ﬂﬂl

Amagat’s law of additive volumes:

The volume of a gas mixture is equal to the sum of the
volumes each gas would occupy if it existed alone at the
mixture temperature and pressure

V.= i Vr.(T,,, : P) V,  componentvolume
i=l

Note: that equ exact for ideal gases, approximate for real gases

J4

=volume fraction

b) Given—
Molar mass of N, = 2X14=28
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b)

Molar mass of O, =2X16 =32
Molar mass of CO, = 1X12+2X16 = 44
Composition on mole basis

60% N, and 40% CO,
Hence,
Molar mass =
M —Z X M; = 0.60 X 28 + 0.40 X 44 = 34,49
m yf i — WV ' - " kmol
Now Gas Constant =
R=1e 5314 g 016
M, 34.4 kgK
Composition on mole basis
60% O, and 40% CO,
Hence,
Molar mass =
kg
M, =Zyi X M; =0.60X32+0.40 x 44 = 36.8 0
Now Gas Constant =
R 8.314
R=t=-_""""_ 5__]
M, 36.8 kgK
Sr. T'C P, h, kd/kg X s, Type of steam
No. bar kJ/kgK
1 400 100 3100 1 6.599 Superheated
2 500 90 3386.8 1 6.66 Superheated
3 75.89 | 04 2404.98 0.9 | 7.0065 Wet
4 30 0.04 2313.33 0.9 | 7.6532 Wet
2
Dry Steam -

When steam is free from water vapour then it is called as Dry Steam
Wet Steam

The steam which contains the water vapour are known as wet steam
Given:

P1 =20 bar (Dry Saturated), P2 =0.5 bar

S1 = 6.337 kJ/kgK

As expansion is isentropic hence,

S1=S2

S2 = 6.337 kJ/kgK

Also

S52= Sf+x*Sfg

Where

Sf=1.091 kJ/kgK

Sfg=6.504 kJ/kgK

6.337=1.091+x*6.504

x=0.80
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SO

c) 02
Marks
—_—
The triple point of a substance is the temperature and pressure at which the
three phases (gas, liquid, and solid) of that substance coexist in
thermodynamic 01
equilibrium. Marks
The triple point of water is used to define the Kelvin(K), the base unit of 01
thermodynamic temperature in the International System of Units (SI). The Marks
triple point of water is 273.16 K, 0.010 C, or 32.0180 F
OR
— 02
- ltis by,
is given by, Marks
'@T-]%jmr—
* Van der Waals equation of state considers two effects which were not considered in ideal-gas
equation of state. The term a/v! accounts for intermolecular forces of attraction and b accounts
for volume occupied by the gas molecules. 02
* The constants aand b are given by, Marks
SIRETZ. RT,,
a= an =
64Pcr 8Pcr
a)



Increasing Efficiency of Rankine Cycle

Thermal efficiency of the ideal Rankine cycle can be increased by: (a) Increasing the
average temperature at which heat is transferred to the working fluid in the boiler, or
(b) decreasing the average temperature at which heat is rejected from the working

fluid in the condenser.

Lowering the Condenser Pressure

" The condensers of steam power plants usually
operate weil below the almospheric pressure.

There is a lower limit to this pressure depending
on the temperature of the cooling medium.

Side effect: Lowering the condenser pressure
increases the moisture content of the steam at
tne final stages of the turbine - can cause blade
damage, decreasing isentropic efficiency.

- The effoct of lowennz the comdenser
Presatire on 1w ideal Rushine ¢ ke,

Superheating the Steam to High Temperatures

Inerease i w,

N
/77 U\

FIGURE -

The effect of superheating the steam lo
higher temperatures on the ideal
Roankine cyele.

Superheating the steam increases both the
net work output and heat input to the
cycle. The overall effect is an increase in
thermal efficiency of the cycle.

Superheating to higher temperatures will
decrease the moisture content of the steam
at the turbine exit, which is desirable — avoid
erosion of furbine blades.

The superheating temperature is limited by
metallurgical considerations. Presently the
highest steam temperature allowed at the
turbine inlet is about 620°C.
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b)

Increasing the Boiler Pressure

T4
Increase 1 1 Increasing the boiler pressure raises the
in We, - Tovax average temperature at which heat is
fransferred fo the steam. This, in tums
Decrease  jncreases the thermal efficiency of the
i cycle.
4 \ Note:
\ / For a fixed turbine inlet temperature, the
Vs = \ cycle shifts to the left and the moisture
2 content of steam at the turbine exit
% increases.
This side effect can be comected by
FIGURE reheating the steam.
The effect of increasing the boiler ‘
pressure on the ideal Rankine cyele.
18 bar
a'/ \\ / l
/ \ /
{ - ™
~ \\
A 3 0.8 bar
/ - N\
PaECET - A —p

Boiler Pressure =P2 =P3 = 18 bar
Condenser Pressure =P1 =P4 = 0.8 bar
At state 3

h3= hg at 18 bar =2794.8 kl/kg

s3 =sgat 18 bar =6.375 kl/kgK

At state 4

83 =s4

s4 =6.375 kJ/kgK

also

s4 @0.18 bar = (sf+x*sfg) @0.18 bar
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6.375 = 0.804+x%7.142
x=0.78

Now

h4 =hf4+x*hfgd
=242+0.78%2363.9 = 2085.84

At state 1
hl =hf @ 0.18 bar =242 kI/kg, vl = vf@ 0.18 bar =0.001016

Now W_p = v1*(P2-P1)*100 =0.001016*(18-0.8)*100= 1.8105 kl/kg
At state 2

W_p=h2-hl

hl =h2+W p

h2 =242+1.8105 =243.81

Cycle Analysis

Turbine Work = Wt = h3- h4 = 2794.8-2085.84 = 708.96 kl/kg

Pump Work = 1.8105 kl/kg

Net Work = Wt-Wp =708.96-1.8105 = 707.14 kl/kg

Heat Input = h3-h2 =2794.8 -243.81=2550.99

Answer 1 =

Cycle Efficiency = Wnet/Heat Input = 707.14/2550.99 = 0.2772=27.72%
Answer 2 =

Work Ratio = Wnet/Wt = 707.14/708.96 = (.99

Answer 3 =

Specific Steam Consumption = 3600/Wnet = 5.09 kg/kWh
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c) Carnot Vapour Cycle P-V Diagram

Isothermal
Expansion
Py =ps
@
£
2 ! Adiabatic
o Expansion
£ | Adiabatic
= Compression
P:=Pype- - e
i tisotherm3l
: ! Compressjon
Vi Va v

Volume

Carnot Vapour Cycle T-S Diagram

o =T z
3
o Liquid
‘ﬁ Line Ii ow.s::am
E
ﬁ Ta=Te
VOS] T o) -
4‘_ L —s
a Ti 'h
Entropy
OR
a) P-v Diagram for Diesel Cycle
P A
‘Jiil
2e—— —ad
\ W \
\ P
\ N \&20
\ f
! y s
\ e
N\ o
O . 1
< a X
r;,?’\.\ Y
e S :
R S | P Foul
~d}
v

{a} P-v diagram
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T-s Diagram for Diesel Cycle

Ta

{(h) T-s diagram

% 4

02
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Rajarambapu Institute of Technology, Rajaramnagar
Department of Mechanical Engineering
Result Analysis: Attainment of COs

Examination:
ESEf2022-23

Class:S Y B Tech.

Semester il

Program:
Mechanical SH 1133 Engineering Thermodynamics
Engineering s
I
Q QL) | Qlib)| 02(a) | O2(b) |Q3(a){ Q3(h)| Q4(a) | Q4(b) | Q5ia)| Q5(b)[Q5(c)] Q6ra) [Q6(b) Qbie)
co 01 €Ol | CO1 | €02 | CO3[CO3 CO5| COs | CO4 | COa|Coa| COs | COB| COB Total {100)
Marks 8 7 8 0L 8 i s 1/ 8 8 4 8 8 4
PRN Number
1 2106001 1 1 0 0 0 0.5 0 0 4 0.5 0 0 0 2 9
2 2106002 5 0 3 0 5 Q 4 0 3 0 3 3 0 2 28
3 2106003 8 1 3 1 3 0 8 1 6.5 0| 35 4 0 4 43
4 2106005 0 0 1 0 0 0 3 0 3 0 0 5 5 2 19
5 2106008 |NA NA 2 0 7 4 7 1 4 8 3 2 0 3 41
6 2106009 2 0 7 0 0 0 5 0 4 1 3 0 4 2 28
7 2106010 1 0 6 7 3 5 7 1 1 0 4 7 1 4 52
8 2106011 5 5 5 6 6 6 0 0 5 1 2 6 4 2 53
S 2106013 0 0.5 2 0 0| 05 4 0 0 0 2 1 1 0 11
10 2106014 7 0 [ 0 7 0 5 0 0 0 4 7 0 4 40
11 2106018 7 0.5 2 0 1 6 8 2 5 0 0 6 4 0 41.5
12 2106019 6 4 5 0 4 0 5 0 5 0 3 5 3 0 40
13 2106021 6 0 6 0 8 0 6 0 6 0 4 8 0 3 47
14 2106022 6 5 4 0 0 0 2 0 5 2 3 0 0 1 28
15 2106023 7 4 8 7 8 6 6 3 3.5 4 4 4 5 2 715
16 2106025 7 7 6 6 7 0 4 5 6 0 0 2 6 3 59
17 2106026 1 4 4 7 3 0 7 0 5 0 0 0 6 4 41
18 2106027 0 5 2 5 2 0 4 0 6 0 2 0 0 3 29
19 2106029 0 2 2 5 1 0 6 0 4.5 0 3 0] 0.5 2 26
20 2106030 8 5 3 0 7 6 4 0 4 5 3 7 8 3 63
21 2106032 5 1|NA NA NA NA 6 0 0 0 2 0 0 2 16
22 2106035 5 3 2 0 0 0 1 0 3 0 3 & ] 3 26
23 2106037 5 2 2.5 5 1 0 6 7 6.5 25 3 2 4 4 50.5
24 2106039 0 0 3 0 5 2 5 0 4 2 2 0 0 2 25
25 2106040 5 0 2 0 5 3 6 0 3 0 4 0 0 1 29
26 2106041 7 0 2 0 2 0 2 0 6 0 2 2 2 1. 26
27 2106042 8 4 4 0 6 Q 7 0 6.5 0 4 3 6 3 51.5
28 2106044 7 5 6 2 1 1 6 6 2 3 2 2 4 0 47
29 2106045 8 3 3 0.5 6 7 6.5 0.5 6.5 7 3 3 & 4 64
30 2106047 4 0 3 0 0 0 0 0 0 0 0 2 0 1 10
31 2106048 6 4 1 4] 4 7 7 2 6.5 8 4 3 8 4 64.5
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100 2256016 6 5 6 2 3 5 6 0 6 6 3 4 7 2 61
101 2256017 8 0 7 0 4 5 6 2 6.5 2 2 0 6 2 50.5
102 2256018 0 0 5 0 0 6 0 0 0 0 0 0 0 0 11
103 2256019 8 0 7 2 8 7 8 4 6.5 6 4 4 6 4 74.5
104 2256020 7 0 7 0 7 7 7 7 6 6 3 4 8 4 73
105 2256021 8 0 8 0 0 5 6 2 6 2 4 3 7 4 55
106 2256022 5 0 7 0 7 7 7 5 6 0 2 5 6 3 60
107 2256023 7 3 7 2 0 5 6 4 1.5 1 1 2 4 4 47.5
108 2256024 4 5 6 0 5 6 6 2 6 0 3 ] 6 2 51
109 2256025 T 0 7 O|NA NA  |NA NA NA NA NA 0 0 4 18
110 2256026 6 0 3 0 1 0 4 0 0 3 0 2 0 1 20
111 2256027 5 3 7 3 1 5 6 5 6.5 2 0 3 4 4 54.5
112 2256028 5 0 5 0 6 7 4 0 5 2 1 0 3 2 40
113 2256029 8 0.5 1 0 1 5 6 2 6.5 8 0 0 6 4 48
114 2256030 5 0 5 0 6 0 5 2 7 0 2 6 2 0 40
115 2256031 6 2 6 4 7 4 6 3 6.5 2 4 3 2 4 59.5
116 2256032 6 0 0 0 1 7 4 4 6 5 3 2 7 2 47
117 2256033 6 0 8 0 8 6 7 0 6.5 6 4 4 7 4 66.5
118 2256034 7 2 7 3 6 5 5 2 6 3 4 3 4 2 59
119 2256035 6 0 2 0 0 0 6 0 5 0 0 4 0 2 25
120 2256036 5 0 4 0 5 0 4 0 5 2 3 4 5 3 40
121 2256037 4 4] 7 0 8 6 8 2 6 2 4 4 8 2 61
122 2256038 6 0 3 0 6 6 4 0 6 2 3 6 0 2 44
123 2256039|NA NA 5 0 8 6 7 0 5 0 2 3 0 4 40
124 2256040 6 0 1 0 6 7 6 0 5 1 2 0 7 2 43
125 2256041 7 0.5 7 0 8 6 8 6 6.5 8 3 0 8 4 72
126 2006003 6 0 4 0 0 0 2 7 7 0 3 2 7 2 40
127 2006012 5 0 7 0 7 4 7 0 6.5 0 0 8 8 4 56.5
128 2006021 5 0 0 0 6 5 4 0 5 0 0 5 0 0 30
129 2006027 6 0 7 0 8 6 6 0 6.5 2 4 8 0 4 57.5
130 2006028 3 0 4 0 3 0 7 6 7 3 3 3 0 1 40
131 2006038 6 O|NA NA NA NA 4 0 6 1 3 6 0 3 29
132 2006070 4 0 5 2 6 6 4 0 6 0 2 5 4 4 48
133 2006075 7 6 8 2 7 5 6 0 6.5 2 4 8 0 4 65.5
134 2006083 6 0 5 0 4 5 4 0 6 0 3 5 0 2 40
135 2006105 7 7 8 0 8 7 7 0 0 0 4 8 0 4 60
Question Ql(a) | Q1(b)| O2(a) | Q2(b) |Q3(a)| Q3(b)] Vd{a) | Qd(b); O5(a) | Q5(b)] QS(¢)] Q6(a)! Q6(b)| Q6(c)
cO o1 COl| CO1 | €CO2 |CO3|CO3| COS | COS | CO4| CO4 | CO4| CO6 | CO6| CO6
Marks - 8 7 8 i 8 7 8 7 8 8 4 8 8 4
. Threshold % -
50
Threshold Marks 4 35 4 35 4 35 4 35 4 4 2 4 4 2
No. of Students
Above Threshold 111 35 88 22 70 74 111 34 109 z8 103 57 €1 104
Marks
Total No. of 135
Students in Class
Eercenrage 8222 | 2593 | 6519 | 1630 |51 3$|54 81 82221 2519 | 80 74J 2074 Lvs 30 42 22|45 wl 7704
Attainment
CO Wise Average
Percentage 5778 16 30 53 33 5926 5370 54 81
Attainment”
Attainment Level | 2 1 2 2 2 2
*Calulate CO wise Fercentage Attainment Level Manually
CO wise **Enter the leve! of Attalnment as per Below Range
co Attainment 0%-33% =1
Level** 3404-667% =2
&79-10076=3
COo1 2
Cco2 1
Co3 2
Cco4 2
CO5 2
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forms the basis for development of mercury tube thermometer

forms the basis for development of mercury tube thermometer

' First law of thermodynamics

.. Second law of thermodynamics
Zeroth law of thermodynamics
None of the mentioned

forms the basis for development of mercury tube thermometer

forms the basis for development of mercury tube thermometer

*First law of thermodynamics
Second law of thermodynamics
1 Zeroth law of thermodynamics
‘None of the mentioned

A cyclic heat engine operates between a source temperature of 927 degree C ...

A cyclic heat engine operates between a source temperature of 927 degree C and a sink temperature of 27 degree C. What will be the
maximum efficiency of the heat engine?

1
0.8
20.75
0.7

A machine which can supply mechanical work continuously without consumption ...

A machine which can supply mechanical work continuously without consumption of any energy is called as

Perpetual Motion Machine of the First kind (PMM1)
Perpetual Motion Machine of the Second kind (PMM2)
Perpetual Motion Machine of the Third kind (PMM3)
none of the mentioned

A machine which can supply mechanical work continuously without consumption ...

A machine which can supply mechanical work continuously without consumption of any energy is called as

Perpetual Motion Machine of the First kind {(PMM1)
Perpetual Motion Machine of the Second kind (PMM2)
Perpetual Motion Machine of the Third kind (PMM3)
none of the mentioned

A process that passes through number of equilibrium states is called as

A process that passes through number of equilibrium states is called as

Reversible process

O Irreversible process
None of the mentioned
Isentropic process

A process that passes through number of equilibrium states is called as

A process that passes through number of equilibrium states is called as

JReversible process
Irreversible process
None of the mentioned
Isentropic process

A quasi-static process has main characteristics as it is

A quasi-static process has main characteristics as it is

O a stationary process
. an infinitely slow process
a random process

file:///C:/Users/admin/Downloads/questions-ET_A_22-Default for Eth20_21A-20231026-1422.html 110



10/26/23, 2:23 PM Moodle Quiz XHTML Export
a spontaneous process

A quasi-static process has main characteristics as it is

A quasi-static process has main characteristics as it is

a stationary process

an infinitely slow process
_’a random process
{Ja spontaneous process

A refrigerator and heat pump operates between same temperature limits. If the...

A refrigerator and heat pump operates between same temperature limits. If the COP of the refrigertor is 4, what is the COP of heat pump?

3
5
4
3.4

A system in which no mass can enter or leave the system and no energy can ...

A system in which no mass can enter or leave the system and no energy can enter or leave the system is called as

Open system

-~ Closed system
Isolated system
None of the mentioned

A system in which no mass can enter or leave the system and no energy can ...

A system in which no mass can enter or leave the system and no energy can enter or leave the system is called as
'Open system
Closed system

>Isolated system
None of the mentioned

According to first law of thermodynamics

According to first law of thermodynamics
work done by a system is equal to heat transferred by the system
total internal energy of a system during a process remains constant

Yinternal energy, enthalpy and entropy during a process remain constant
total energy of a system remains constant

According to first law of thermodynamics

According to first law of thermodynamics

work done by a system is equal to heat transferred by the system

total internal energy of a system during a process remains constant

internal energy, enthalpy and entropy during a process remain constant
. total energy of a system remains constant

An air-conditioner provides 1 kg/s of air at 15 degree C cooled from outside ...

An air-conditioner provides 1 kg/s of air at 15 degree C cooled from outside atmospheric air at 35 degree C. Estimate the amount of power
needed to operate the air-conditioner.

Closed system is also called as

Closed system is also called as

Control volume
file:///C:/Users/admin/Downloads/questions-ET_A_22-Default for Eth20_21A-20231026-1422.htmli 2/10
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QL. Study the refrigeration system and perform the first law and second law analysis on the
system by using following data.

Group 1 —use R12 as refrigerant
Group 2 —R22

Group 3 —R134a

Sr. No. Description Symbol | Unit | Quantity
1 Condensing pressure Pc PSI 150
Evaporating
2 Pressure Pe PSI 45
3 Rotameter flow rate m LPH 20
Condenser Inlet

4 Temp Tl e 52
Condenser Outlet

5 Temp T2 ' 30
Evaporator Inlet

6 Temp T3 e 2
Evaporator outlet

7 Temp T4 ‘c 13

Q2. Study the steam power plant and perform the first law and second law analysis on the system
by using following data.

Group 4
Observation Table for Steam Power
Plant
Sr. No. | Description Symbol | Unit Quantity
Boiler Section
1 | fuel consumption mf kg/hr 36
2 | Calorific Value LHV Kl/kg 45000
3 | Water Inlet Temperature Tl e 27
4 | Steam Temperature T2 e 192
5 | Steam Pressure Psteam | bar 11.5
Turbine Section
1 | Exhaust Pressure Pexhast | bar 0.23
2 | Exhaust Temperature T3 e 98
Generator Section
1 | Current I A 4.36
2 | Voltage Vv \ 230
Condenser Section




1 | Cooling water inlet temperature

T4

30

2 | Cooling water outlet temperature

TS

36

Q3. By using the following data perform the first law and second law analysis

Group 5

Dia of the metal rod = 25 mm
Distance between the adjacent thermocouple = 50
mm

mass flow rate of water = 0.023 kg/s
Thermal conductivity k = 385 W/mK

Temperature at different point along the thermocouple

mounted on the rod

Temperature for the
inlet and outlet water

T1

T2 T3

T4

T5

T6

T7

32 49 45

42

39

27

29

15

Qin [:i:) i

Group 6

Dia of the metal rod = 30 mm
Distance between the adjacent thermocouple = 60
mm

mass flow rate of water = 0.023 kg/s
Thermal conductivity k = 385 W/mK

T7

16

Temperature at different point along the thermocouple

mounted on the rod

Temperature for the
inlet and outlet water

Tl

T2 T3

T4

TS

T6

T7

52 49 45

42

39

27

29




Q4. Study the IC Engine and perform the first law and second law analysis on the System by
using following data.

Group 7 - Load |

Group 8 — Load 2

Group 9 - Load 3

Group 10 - Load 4

m
h‘ﬂﬂ‘!ﬁﬂm

- Net Torque in kN- m m 0.002967
| 2[Speedin RPM -m-m-m-m
m-am-am
-lmm-mm
mlma
R i I Y I
7 | calorimeter 25 25
Tempearture of outlet water to

mh“emperamre for the exhaust gas inlet -:ﬂ-ﬂlm-ﬂl
-m-a-m-mm
-II

m

Q5

Study the steam power plant and perform the first law and second law analysis on the system by

using following data,

Plant
mmmm
Boiler Section
-:m-lm.-m

Group 11

Observation Table for Steam Power
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r"|: Rajarambapu Institute of Technology, Rajaramnagar

s, W B

Department of Mechanical Engineering

Result Analysis: Attainment of COs

Examination; ISE/2022-23 Class: S Y B Tech. - Semester Il
Program.: Metfhamcal Engneernig Thermodynamics
Engineering
I I
Exam : ISE1 & ISE2 ISE3
CO CO1 CO2 - CO3 C04 CO5 CO6 | Total (20)
Marks 5 4 5 4 1 1
PRN Number
1 2006052 2 1 1 1 1 1 7
2 2006096 2 1 1 3 1 1 7
3 2106001 4 3 4 3 1 1 16
4 2106002 4 2 4 3 1 1 15
5 2106003 3 2 3 2 1 1 12
6 2106005 3 3 3 2 1 n ] 13
7 2106008 3 2 3 2 1 1 12
8 2106009 3 2 3 2 1 1 12
9 2106010 3 3 3 3 1 1 14
10 2106011 4 3 3 3 1 1 15
11 2106013 4 4 4 3 1 1 17
12 2106014 3 3 3 3 1 1 14
13 2106018 3 2 3 2 1 1 12
14 2106019 3 2 2 2 1 1 11
15 2106021 3 2 3 2 1 1 12
16 2106022 2 2 3 2 1 1 11
17 2106023 4 3 4 3 1 1 16
18 2106025 3 3 3 3 1 1 14
19 2106026 3 3 3 3 g 1 14
20 2106027 3 3 3 3 1 1 14
21 2106029 3 3 3 3 1 1 14
22 2106030 4 4 4 3 1 1 17
23 2106032 3 3 3 3 1 1 14
24 2106034 3 2 2 2 1 1 11
25 2106035 3 3 3 2 1 1 13
26 2106037 4 3 4 3 i 1 16
27 2106039 3 3 3 2 1 1 13
28 2106040 3 2 3 2 1 1 12
29 2106041 4 3 3 3 1 1 15
30 2106042 3 3 3 3 1 1 14
31 2106044 3 3 3 3 1 1 14
32 2106045 3 3 3 2 1 1 13
33 2106047 4 4 4 3 1 1 17
34 2106048 3 3 3 2 1 1 13
35 2106049 3 2 3 2 1 1 12
36 2106051 3 3 3 3 1 1 14
37 2106052 3 3 3 3 1 1 14
38 2106055 3 3 3 3 1 1 14
39 2106056 4 3 4 3 1 1 16
40 2106057 3 2 3 2 1 1 12




21
42
43
44
45
46
47
48
49
50

2106058 3 3 3 3 1 1 14
2106059 4 3 4 3 1 1 16
2106060 4 3 3 3 1 1 15
2106065 3 2 3 2 1 1 12
2106068 4 3 3 3 1 1 15
2106071 3 3 3 2 1 1 13
2106084 4 2 4 2 1 1 14
2106086 3 2 3 3 i 1 13
2106092 3 3 3 2 1 1 13
2106094 4 3 4 2 1 1 15




51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

2106096 3 2 3 3 1 1 13
2106097 3 3 3 2 1 1 13
2106099 3 3 3 2 1 1 13
2106100 2 2 2 2 1 1 10
2106101 3 3 3 3 1 1 14
2106102 3 3 3 2 1 1 13
2106103 3 3 4 3 1 1 15
2106104 3 2 3 2 1 1 12
2106105 3 3 3 3 1 1 14
2106107 3 2 3 2 1 1 12
2106108 3 2 3 3 1 1 13
2106109 3 3 3 3 1 1 14
2106110 3 2 3 2 1 1 12
2106112 4 3 4 3 1 1 16
2106113 3 2 3 2 1 1 12
2106116 4 3 3 3 1 1 15
2106118 2 2 3 2 1 1 11
2106119 3 2 3 2 1 1 12
2106120 3 2 2 2 1 1 11
2106122 4 3 3 3 1 1 15
2106123 3 2 2 2 1 1 11
2106124 3 2 3 2 1 1 12
2106125 2 3 2 2 1 nk 11
2106127 4 3 3 3 1 1 15
2106128 3 2 3 2 1 1 12
2106129 3 2 3 2 1 1 12
2108007 3 2 3 2 1 1 12
2256001 4 3 4 3 1 1 16
2256002 3 2 3 3 1 1 13
2256003 3 2 3 3 1 1 13
2256004 1 1 2

2256005 3 2 3 3 1 1 13
2256006 3 3 3 3 1 1 14
2256007 3 2 3 2 1 i 12
2256008 2 2 3 2 1 1 11
2256009 3 2 2 2 1 1 11
2256010 3 3 3 3 1 1 14
2256011 4 3 3 3 1 1 15
2256012 2 2 3 3 1 1 12
2256013 3 2 3 3 1 1 13
2256014 3 2 3 3 1 1 13
2256015 3 2 2 2 1 1 11
2256016 3 2 3 3 1 1 13
2256017 4 3 3 3 1 1 15
2256018 3 3 3 3 1 1 14
2256019 3 2 3 3 1 1 13
2256020 4 3 4 3 1 1 16
2256021 3 2 3 3 1 1 13
2256022 3 2 3 3 1 1 13
2256023 2 2 2 2 1 1 10
2256024 3 2 2 2 1 1 11
2256025 2 Z 2 2 1 1 10
2256026 3 2 3 2 1 1 12
2256027 3 3 3 3 1 1 14
2256028 2 2 3 2 1 1 11
2256029 3 2 3 2 1 1 12
2256030 3 3 3 3 1 1 14
2256031 3 2 3 2 1 1 12




109
110
111
112
113
114
115
116
117
118

2256032

12

2256033

14

2256034

16

2256035

12

2256036

13

2256037

13

2256038

12

2256039

12

2256040

12

2256041

Wwwlwlwlwlw|slw|lw

NINININININIv wlw(N

Wlwwwlwlw|lw|s|lw|lw

WINININIWIw[o | wlwr
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Exam |

ISE1

ISE2

CO

CO1

CcO2

CO3

CO4

CO6

Marks

Threshold %

50

Threshold Marks

25

2.5

0.5

0.5

0|

No. of Students
Above Threshold
Marks

106

115

104

115

117

117

Tofal No. of
Students in Class

128

Percentage
Attainment

82.81

89.84

81.25

89.84

9141

91.41

CO Wise Average
‘ Percentage
Attainment”

82.81

89.84

81.25

89.84

91.41

91.41

Attainment Level" *

co

Average
Attainment
Level**

co1

3

coz

3

co3

Co4

CO5

CO6

*Calulate CO wise Percentage Attainment Level
Manually
**Enter the level of Attainment as per Below Range
0%-33%=1
34%-66% =2
67%-100%=3



K.E.Society’s

Rajarambapu Institute of Technology, Rajaramnagar
Enroll No (An Autonomous Institute, Affiliated to SUK) Q.P.Code
Unit Test-I

S. Y. B. Tech. Mechanical Engineering Semester- III
Course Name: Engineering Thermodynamics

Course Code: ME2134

TIME: et eeeeeeeeeenns Max. Marks- 25

Instructions: 1) Figures to the right indicate full marks.
2) Assume suitable data if necessary and mention it clearly.
3) Use of steam table is allowed.

Q.1 Solve the following Marks
(a) Derive general steady flow energy equation as per the first law of Co1 05
thermodynamics.
(b) Prove that energy is a property of the systems with examples Co1 05
(¢) Explain Kelvin Planks statements of the second law of CO2 05
thermodynamics.

OR
(¢) Explain Clausius stateme}fs of the second law of thermodynamics? CO2 05
(d) A sluice gate dams water up 5 m. There is a small hole at the bottom ofthe CQ1 05
gate so liquid water at 200C comes out of a 1 cm diameter hole. Neglect

any changes in internal energy and find the exit velocity and mass flow rate.

Sm

(d) Air at 20 m/s with 5 kg/s flows into a jet engine and it flows out at 500 m/s. CO1 05

What is the change (power) in flow of kinetic energy?

(e) Develop equation for COP of Refrigerator and Heat Pump with layouts. COl1 05

Page1of1 |



K.E.Society’s
Rajarambapu Institute of Technology, Rajaramnagar

Enroll No (An Autonomous Institute, Affiliated to SUK) Q.P.Code
Unit Test-I
S. Y. B. Tech. Mechanical Engineering Semester- I1I
Course Name: Engineering Thermodynamics
Course Code: ME2032
LIy SIS nvistmnsasissiim
13 1 o — Max, Marks- 25
Instructions: 1) Figures to the right indicate full marks.
2) Assume suitable data if necessary and mention it clearly.
3) Use of steam table is allowed.
Q.1 Solve Any Five of the following Marks
(a) Apply SFEE to turbine and heat exchanger and develop equation for Col1 05
the same.
(b) Illustrate with figure equation for COP of heat pump and refrigerator ~ CO2 05
(¢) Explain the difference between extensive and intensive properties of Co1 05
the systems with examples
(d) Develop the equation for efficiency of the heat engine CO2 05
(e) Write the limitation of the first law of the Thermodynamics CO2 05
( Inacommon room, for comfort, temperature conditions are maintained CO1 05

in winter by circulating hot water through a piping system. The water
enters the system at 3 bar pressure and 50°C temperature with an
enthalpy of 240 kJ/kg and leaves at 2.5 bar, and 30°C with an enthalpy
of 195 kJ/kg. The exit of water is 15 m above its entry. The water
supplies 30 MJ/h heat to the room. Calculate the quantity of water
circulated through the pipe per minute. Assume there is no pump work

in the system and change in kinetic energy is negligible.

Page 1 of 1




K.E.Society’s
Rajarambapu Institute of Technology, Rajaramnagar

Enroll No (An Autonomous Institute, Affiliated to SUK)

Unit Test-I1

S. Y. B. Tech. Mechanical Engineering Semester- 111
Course Name: Engineering Thermodynamics

Course Code: ME2033

Q.P.Code

Max. Marks- 25

Instructions: 1) Figures to the right indicate full marks.

2) Assume suitable data if necessary and mention it clearly.

3) Use of steam table is allowed.

Q.1 Solve the following.

(@)

(b)

©

(d)

@

What did you understand by mole fraction, mass fraction , Avogadro’s

principle and Dalton’s law of partial pressure?

Describe Carnot cycle and obtain expression for its efficiency as
applied to a heat engine.

-OR-

Show that entropy is a property of the system.

An inventor claims to have develop a heat engine that receives 750 kJ
of heat from a source at 550 K and produces 460 kJ of net work while

rejecting the waste heat to a sink at 290 K. Is this a reasonable claim?
Why?

-OR-

A heat source at 800 K loses 2000 kJ of heat to a sink at (a) 500 K and

(b) 750 K. Determine which heat transfer process is more irreversible.

A 500 kg iron block is initially at 200°C and is allowed to cool to 27°C
by transferring heat to the surrounding air at 27°C. Determine the

reversible work and the irreversibility for this process.

Derive an equation for the exergy of the heat input of cycle.

CO4

Co2

CO2

CO3

CO3

Marks

05

05

05

05

05

Page 1 of1




K.E.Society’s
Rajarambapu Institute of Technology, Rajaramnagar

Enroll No (An Autonomous Institute, Affiliated to SUK) Q.P.Code
UT 2 Open Book Examination
Second Year B.Tech. Mechanical Engineering Semester- I11I
Course Name: Engineering Thermodynamics Course Code: ME2032
Day &Date: Tuesday, 27 Oct, 2020
Time: 3.00 pm to 5.30 pm (2.5 hrs) Max Marks- 25
Instructions: 1) Figures to the right indicate full marks.
2) Assume suitable data if necessary and mention it clearly.
3) Use of steam table is allowed.
Q.1 Solve the following Marks

(a) Arigid tank and a frictionless piston cylinder device initially contains 12kg CO5 06

()

©

(@

of an ideal gas each at the same temperature, pressure and volume. It is
desired to raise the temperatures of both systems by 15°C. Determine the
amount of extra heat that must be supplied to the gas in the cylinder, which
is maintained at constant pressure to achieve this result. Assume the molar
mass of the gas is 25.

Design a heating system for a swimming pool that is 2 m deep, 25m long,
and 25m wide. Your client desires that the heating system be large enough
to raise the water temperature by 5 + last one digit of your roll number (e.g.
if your roll number is 1806033 then increase in temperature is 5+3=8°C) in
3 hr. The rate of heat loss from the water to the air at the outdoor design
conditions is determined to be 960 W/m?, and the heater must also be able
to maintain the heated temperature of water at those conditions. Heat losses
to the ground are expected to be small and can be disregarded. The heater
considered is a natural gas furnace whose efficiency is 80 percent. What
heater size (in kW input) would you recommend to your client?

A mixture of gases consists of 0.1 kg of Oxygen, 1 kg of Carbon dioxide,
0.5 kg of helium. The mixture is expanded from 1000 kPa and 327°C to 100
kPa in an adiabatic steady flow turbine of 90 percent isentropic efficiency.
Calculate second law efficiency and exergy destruction during the expansion
process. Take Ty = 25°C.

A well-insulated heat exchanger is to heat water (c, = 4.18 kJ/kg.°C) from
25°C to 60°C at a rate of 0.4 kg/s. The heating is to be accomplished by
geothermal water (cp = 4.31 kJ/kg.’C) available at 140°C at a mass flow rate
of 0.3 kg/s. The inner tube is thin-walled and has a diameter of 0.6 cm.
Determine a) the rate of heat transfer and b) the rate of exergy destruction in
the heat exchanger.

sharad.patil@ritindia.edu (9970700875)
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S. Y. B. Tech. Mechanical Engineering Semester- I11
Course Name: Engineering Thermodynamics

Time: ..........

..................................

Course Code: ME2032

..........................................

Q.P.Code

Max. Marks- 25

Instructions: 1) Figures to the right indicate full marks.

2) Assume suitable data if necessary and mention it clearly.

3) Use of steam table is allowed.

Q.1 Solve Any Five of the following

(a)

(b)

©

(d)

O

®

Explain principle of increase in entropy.

Illustrate with figure equation for availability of open (steady flow)

system
Explain the following
1. Mole fraction 2. Mass Fraction
3. Dalton’s law 4. Amagat’s law 5. Universal gas constant

Calculate the decrease in exergy when 25 kg of water at 95°C mix with
35 kg of water at 35°C, the pressure being taken as constant and the

temperature of the corresponding being 15°C. Cp of water is 4.2 kJ/kgK.

One kg of ice at 0°C is mixed with 10 kg of water at 30°C. Determine
the unavailable energy and the net increase in the entropy when the
system reaches common temperature. Assume that surrounding
temperature is 10°C. Take specific heat of water as 4.18 kJ/kg.K and
specific heat of ice as 2.1 kl/kg.K, latent heat of fusion as 333.5 kJ/kg.

Consider a gas mixture that consists of 4 kg of Oz, 5.5 kg of N2 and 10.5
kg of CHa. Determine (a) the mass fraction of each component, (b) the
mole fraction of each component, and (c) the average molar mass and

gas constant of the mixture.

CO2

CO3

CO5

CO3

CcOo3

CO5
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05

05

05

05

05

05
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IMPORTANT NOTICE
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As per Maharashtra Act No. XXXI of 1982 (7&8) whoever is found in or near an examination hall by

the invigilator or any other person appointed to supervise the conduct of examination, copying answers to
the question paper at the examination, from any book, notes or answer papers of other candidates, or
appearing at the examination for any other candidate or using any other unfair means shall, on corviction,
be punished with imprisonment for a term which may extend to six months, or with fine which may extend
to five thousand rupees or with both. Whoever abets any offence under this act shall be punishable with the
punishment provided for the offence.

fa—y

kW

INSTRUCTIONS

The answer book supplied to examinees is sufficient for writing answers. The supplement shall be supplied

only after the verification by the invigilator.

It is necessary to write the Question No.and Sub Question No. before answer.

Write the complete answer in sequential manner and then start the next question in readable handwriting.

Answer in anillegible and undecipherable handwriting are liable to be marked as zero.

Use of blue color ink only (except diagrams) is permitted.

The candidate should not take any books/notes, log table, scribbling pads, cell phones, programmauie

calculators or any kind of reference material in to the examination hall. The candidate should make sure that

he/she has no unauthorized book or paper in the examination hall with him or in his or her desk. he/she should
have identity card, and hall ticket. The candidate should not write anything on the hall tick®t, identity card,
calculator and question paper,

The candidate should see that the invigilator has appended his/her signature at the specified space on
the answer book as and when he/she receives answer book.

A warning bell shall be given 10 minutes before the commencement of the examination. All the candidates

shall take their possession of seats. Another bell shall be given at the beginning of the examination when

question paper shall be distributed. No candidate shall be admitted after 30 minutes of the

commencement of examination and shall not be allowed to leave the examination hall before 60

minutes after the commencement of examination. No candidate should leave his/her seat during last 10

minutes. Warning bell shall be given 10 minutes before the closing time and final bell is given at the end

of the examination. Then all the candidates should stop writing or revising the answer and should hand
over the answer book to the invigilator immediately.

Any candidate appearing for UG/PG examination is liable to be charged for committing malpractice in the

following cases:

a.  Bringing in the examination hall or being found in possession of portions of a book manusc _t,
programmable calculator any other matter, which is not permissible to be brought into the examination
hall.

b.  Having found any written matter on scribbling pad, question paper, calculator, any part of the body,
handkerchief, cloths, socks, instruments box, scales etc.

c.  Disclosing identity by writing any words or making any peculiar marks on the papers of answer books,

d.  Copying from the material or matter or answer of another candidate or similar aid or assistance rendered
from another candidate within the examination hall.

e.  Communication with any candidate or any other person inside or outside examination hall with a view
to take assistance or aid to write answer in the examination.

f.  Making any request of representation or offers by threat for inducement or inducing to invigilator or and
any another official or officer of the institute or college for favors in the examination hall or the examiner
in the answer script. :

g  Smuggling out or smuggling in or tearing of the answer scripts sheets or supplementary sheets or
inserting papers within or outside the examination hall into the answer book or running away along with
the answer script from the examination hall or premises.

H  Impersonating or allowing any other person to impersonate to answer in his/her place in the
examination hall.

I.  Supply of copying material inside or from outside the examination hall.

Bringing mobile phone to the examination hall.

Unruly behaviour inside or near the examination hall.
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Asper Maharashtra Act No. XXXI 0f 1982 (7&8) whoever is found in or near an examination hall by

the invigilator or any other person appointed to supervise the conduct of examination, copying answers to
the question paper at the examination, from any book, notes or answer papers of other candidates, or
appearing at the examination for any other candidate or using any other unfair means shall, on conviction,
be punished with imprisonment for a term which may extend to six months, or with fine which may extend
to five thousand rupees or with both. Whoever abets any offence under this act shall be punishable with the
punishment provided for the offence.

A

INSTRUCTIONS

The answer book supplied to examinees is sufficient for writing answers. The supplement shall be supplied

only after the verification by the invigilator.

Itis necessary to write the Question No.and Sub Question No. before answer,

Write the complete answer in sequential manner and then start the next question in readable handwriting.

Answer in an illegible and undecipherable handwriting are liable to be marked as zero.

Use of blue color ink only (except diagrams) is permitted.

The candidate should not take any books/notes, log table, scribbling pads, cell phones, programmab..

calculators or any kind of reference material in to the examination hall. The candidate should make sure that

he/she has no unauthorized book or paper in the examination hall with him or in his or her desk. he/she should
have identity card, and hall ticket. The candidate should not write anything on the hall tick®t, 1dentity card,
calculator and question paper,

The candidate should see that the invigilator has appended his/her signature at the specified space on
the answer book as and when he/she receives answer book.

A warning bell shall be given 10 minutes before the commencement of the examination. All the candidates

shall take their possession of seats. Another bell shall be given at the beginning of the examination when

question paper shall be distributed. No candidate shall be admitted after 30 minutes of the

commencement of examination and shall not be allowed to leave the examination hall before 60

minutes after the commencement of examination. No candidate should leave his/her seat during last 10

minutes. Warning bell shall be given 10 minutes before the closing time and final bell is given at the end

of the examination. Then all the candidates should stop writing or revising the answer and should hand
over the answer book to the invigilator immediately.

Any candidate appearing for UG/PG examination is liable to be charged for committing malpractice in the

following cases:

a.  Bringing in the examination hall or being found in possession of portions of a book manuscri,
programmable calculator any other matter, which is not permissible to be brought into the examination
hall.

b.  Having found any written matter on scribbling pad, question paper, calculator, any part of the body,
handkerchief, cloths, socks, instruments box, scales etc.

c.  Disclosing identity by writing any words or making any peculiar marks on the papers of answer books,

d.  Copying from the material or matter or answer of another candidate or similar aid or assistance rendered
from another candidate within the examination hall.

e.  Communication with any candidate or any other person inside or outside examination hall with a view
to take assistance or aid to write answer in the examination.

f. Making any request of representation or offers by threat for inducement or inducing to invigilator or and
any another official or officer of the institute or college for favors in the examination hall or the examiner
in the answer script. '

g  Smuggling out or smuggling in or tearing of the answer scripts sheets or supplementary sheets or
inserting papers within or outside the examination hall into the answer book or running away along with
the answer script from the examination hall or premises.

H  Impersonating or allowing any other person to impersonate to answer in his/her place in the
examination hall.

1. Supply of copying material inside or from outside the examination hall.

Bringing mobile phone to the examination hall.

k.  Unruly behaviour inside or near the examination hall.
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IMPORTANT NOTICE
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As per Maharashtra Act No. XXXI 0f 1982 (7&8) whoever is found in (;r near an examination hall by

the invigilator or any other person appointed to supervise the conduct of examination, copying answers to
the question paper at the examination, from any book, notes or answer papers of other candidates, or
appearing at the examination for any other candidate or using any other unfair means shall, on conviction,
be punished with imprisonment for a term which may extend to six months, or with fine which may extend
to five thousand rupees or with both. Whoever abets any offence under this act shall be punishable with the
punishment provided for the offence.

Ak W

INSTRUCTIONS

The answer book supplied to cxaminees is sufficient for writing answers. The supplement shall be supplied

only after the verification by the invigilator.

Itis necessary to write the Question No.and Sub Question No. before answer.

Write the complete answer in sequential manner and then start the next question in readable handwriting.

Answer in an illegible and undecipherable handwriting are liable to be marked as zero.

Use of blue color ink only (except diagrams) is permitted.

The candidate should not take any books/notes, log table, scribbling pads, cell phones, programmab.,.

calculators or any kind of reference material in to the examination hall. The candidate should make sure that

he/she has no unauthorized book or paper in the examination hall with him or in his or her desk. he/she should
have identity card, and hall ticket. The candidate should not write anything on the hall tick®t, identity card,
calculator and question paper,

The candidate should see that the invigilator has appended his/her signature at the specified space on
the answer book as and when he/she receives answer book.

A warning bell shall be given 10 minutes before the commencement of the examination. All the candidates

shall take their possession of seats. Another bell shall be given at the beginning of the examination when

question paper shall be distributed. No candidate shall be admitted after 30 minutes of the

commencement of examination and shall not be allowed to leave the examination hall before 60

minutes after the commencement of examination. No candidate should leave his/her seat during last 10

minutes. Warning bell shall be given 10 minutes before the closing time and final bell is given at the end

of the examination. Then all the candidates should stop writing or revising the answer and should hand
over the answer book to the invigilator immediately.

Any candidate appearing for UG/PG examination is liable to be charged for committing malpractice in the

following cases:

a.  Bringing in the examination hall or being found in possession of portions of a book manuscri,
programmable calculator any other matter, which is not permissible to be brought into the examination
hall.

b.  Having found any written matter on scribbling pad, question paper, calculator, any part of the body,
handkerchief, cloths, socks, instruments box, scales etc.

c.  Disclosingidentity by writing any words or making any peculiar marks on the papers of answer books,

d.  Copying from the material or matter or answer of another candidate or similar aid or assistance rendered
from another candidate within the examination hall.

e.  Communication with any candidate or any other person inside or outside examination hall with a view
to take assistance or aid to write answer in the examination.

f.  Making any request of representation or offers by threat for inducement or inducing to invigilator or and
any another official or officer of the institute or college for favors in the examination hall or the examiner
in the answer script.

g  Smuggling out or smuggling in or tearing of the answer scripts sheets or supplementary sheets or
mserting papers within or outside the examination hall into the answer book or running away along with
the answer script from the examination hall or premises.

H  Impersonating or allowing any other person to impersonate to answer in his/her place in the
examination hall.

I.  Supply of copying material inside or from outside the examination hall.

Bringing mobile phone to the examination hall.

Unruly behaviour inside or near the examination hall.
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IMPORTANT NOTICE

I

] k" o8 ?
Asper Maharashtra Act No. XXXI 0f 1982 (7&38) whoever is found in or}lear an examination hall by

the invigilator or any other person appointed to supervise the conduct of examination, copying answers to
the question paper at the examination, from any book, notes or answer papers of other candidates, or
appearing at the examination for any other candidate or using any other unfair means shall, on conviction,
be punished with imprisonment for a term which may extend to six months, or with fine which may extend
to five thousand rupees or with both. Whoever abets any offence under this act shall be punishable with the
punishment provided for the offence.

LA LN

INSTRUCTIONS

The answer book supplied to examinees is sufficient for writing answers. The supplement shall be supplied

only after the verification by the invigilator.

Itis necessary to write the Question No.and Sub Question No. before answer.

Write the complete answer in sequential manner and then start the next question in readable handwriting.

Answer inan illegible and undecipherable handwriting are liable to be marked as zero.

Use of blue color ink only (except diagrams) is permitted.

The candidate should not take any books/notes, log table, scribbling pads, cell phones, programmabie

calculators or any kind of reference material in to the examination hall. The candidate should make sure that

he/she has no unauthorized book or paper in the examination hall with him or in his or her desk. he/she should
have identity card, and hall ticket. The candidate should not write anything on the hall tick®t, identity card,
calculator and question paper,

The candidate should see that the invigilator has appended his/her signature at the specified space on
the answer book as and when he/she receives answer book.

A warning bell shall be given 10 minutes before the commencement of the examination. All the candidates

shall take their possession of seats. Another bell shall be given at the beginning of the examination when

question paper shall be distributed. No candidate shall be admitted after 30 minutes of the

commencement of examination and shall not be allowed to leave the examination hall before 60

minutes after the commencement of examination. No candidate should leave his/her seat during last 10

minutes. Warning bell shall be given 10 minutes before the closing time and final bell is given at the end

of the examination. Then all the candidates should stop writing or revising the answer and should hand
over the answer book to the invigilator immediately.

Any candidate appearing for UG/PG examination is liable to be charged for committing malpractice in the

following cases:

a.  Bringing in the examination hall or being found in possession of portions of a book manuscriy.. .
programmable calculator any other matter, which is not permissible to be brought into the examination
hall.

b.  Having found any written matter on scribbling pad, question paper, calculator, any part of the body,
handkerchief, cloths, socks, instruments box, scales etc.

c.  Disclosing identity by writing any words or making any peculiar marks on the papers of answer books,

d.  Copying from the material or matter or answer of another candidate or similar aid or assistance rendered
from another candidate within the examination hall.

e.  Communication with any candidate or any other person inside or outside examination hall with a view
to take assistance or aid to write answer in the examination.

f. Making any request of representation or offers by threat for inducement or inducing to invigilator or and
any another official or officer of the institute or college for favors in the examination hall or the examiner
in the answer script.

g Smuggling out or smuggling in or tearing of the answer scripts sheets or supplementary sheets or
inserting papers within or outside the examination hall into the answer book or running away along with
the answer script from the examination hall or premises.

H  Impersonating or allowing any other person to impersonate to answer in his’her place in the
examination hall.

I.  Supplyofcopying material inside or from outside the examination hall.

Bringing mobile phone to the examination hall.

Unruly behaviour inside or near the examination hall.
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IMPORTANT NOTICE

aunhil

As per Maharashtra Act No. XXX of 1982 (7&8) whoever is found in or near :m examination hall by

the invigilator or any other person appointed to supervise the conduct of examination, copying answers to
the question paper at the examination, from any book, notes or answer papers of other candidates, or
appearing at the examination for any other candidate or using any other unfair means shall, on conviction,
be punished with imprisonment for a term which may extend to six months, or with fine which may extend
to five thousand rupees or with both. Whoever abets any offence under this act shall be punishable with the
punishment provided for the offence.

VIR

INSTRUCTIONS

The answer book supplied to examinees is sufficient for writing answers. The supplement shall be supplied

only after the verification by the invigilator.

Itis necessary to write the Question No.and Sub Question No. before answer.

Write the complete answer in sequential manner and then start the next question in readable handwriting.

Answer in an illegible and undecipherable handwriting are liable to be marked as zero.

Use of blue color ink only (except diagrams) is permitted.

The candidate should not take any books/notes, log table, scribbling pads, cell phones, programm 3

calculators or any kind of reference material in to the examination hall. The candidate should make sure that

he/she has no unauthorized book or paper in the examination hall with him or in his or her desk. he/she should
have identity card, and hall ticket. The candidate should not write anything on the hall tick®t, identity card,
calculator and question paper,

The candidate should see that the invigilator has appended his/her signature at the specified space on
the answer book as and when he/she receives answer book.

A warning bell shall be given 10 minutes before the commencement of the examination. All the candidates

shall take their possession of seats. Another bell shall be given at the beginning of the examination when

question paper shall be distributed. No candidate shall be admitted after 30 minutes of the

commencement of examination and shall not be allowed to leave the examination hall before 60

minutes after the commencement of examination. No candidate should leave his/her seat during last 10

minutes. Warning bell shall be given 10 minutes before the closing time and final bell is given at the end

of the examination. Then all the candidates should stop writing or revising the answer and should hand
over the answer book to the invigilator immediately.

Any candidate appearing for UG/PG examination is liable to be charged for committing malpractice in the

following cases:

a.  Bringing in the examination hall or being found in possession of portions of a book manuscr+.
programmable calculator any other matter, which is not permissible to be brought into the examinat.oa
hall.

b.  Having found any written matter on scribbling pad, question paper, calculator, any part of the body,
handkerchief, cloths, socks, instruments box, scales etc.

c.  Disclosing identity by writing any words or making any peculiar marks on the papers of answer books,

d.  Copying from the material or matter or answer of another candidate or similar aid or assistance rendered
from another candidate within the examination hall.

e.  Communication with any candidate or any other person inside or outside examination hall with a view
to take assistance or aid to write answer in the examination.

f.  Making any request of representation or offers by threat for inducement or inducing to invigilator or and
any another official or officer of the institute or college for favors in the examination hall or the examiner
in the answer script. ‘

g Smuggling out or smuggling in or tearing of the answer scripts sheets or supplementary sheets or
inserting papers within or outside the examination hall into the answer book or running away along with
the answer script from the examination hall or premises.

H  Impersonating or allowing any other person to impersonate to answer in his/her place in the
examination hall.

I.  Supply of copying material inside or from outside the examination hall.

Bringing mobile phone to the examination hall.

k.  Unruly behaviour inside or near the examination hall.
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Applied Thermodynamics ISE Test 1
SY BTech Mechanical Div A&B
Name - Qouetli Qah) . . : Roll No. 1606086 -
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%) ~3”
d a.
0L
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5.
0
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52
7.
0: S_
B.
l
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RS

A metal rod is $haped mtoa wing with a small gap If this i is heated
Mthe iength of the rod will increase -
© (B) the gap will decrease . i t
{C) the gap will increase
(D) the diameter of the ring will increase in the same : ratio as the iength of the rod

c' . ) ;
A gas with -E"— o 4 -goes-fforn an inltial state (p,,\!,,T,} to a final state (pz, V2. T2) through an

¥

‘adiabatic process. The work done by the gas is

* eay PR(E —T,) _ A A
ik =1 ' ; ‘/(B{ G IR
(©) PRV, S (DMRRT =T
1 ) - By ek s ¢

A gas may-expand either adiabatically or asothermajry. A number of p—-V curves are drawn for
,the two process over different ranges of pressure ‘and voluimeg. it will be found that
y (A) adiabatic curves:do not intersect
two isothemnaieurves ﬂo not intersect
{C) an adiabatic curve ‘andan isothermal curve rnay Intsrsect ;
(D) the magnitude of the rslope of an isothermal curve for the same value of pressure and
volume 2 5

A gas expands such‘!that lts initlal and “fipal: témpemture are equal Also the process foilowed
by the gas traces a straight line on the p—V diagfam

(A) the temperature oﬁthagas -remains constant throughout 3 P
(B) the temperature of the’ gas first increase and then’ dec:rease

(C) the tempgrature of the gas first decrease and then incresse

VW} the straight line has.a negative siopa

Two gases have the same initial pressure, volume and mmperature- They expand to the
same final volume, one adiabatically and the other isothermal.
{A) the final temperature«is graater for the isothHermal process
(B) the final pressure is agreater for the isothermal process
 {C) the work done by the gas is greater for the 1sothermal process.
all the above options are incorrect

in the previous que,sti‘on. if the two gases are compressed {o the same final volume
(A) the final temperature is greater for the adiabatic process
) the final pressure is greater for the adiabatic process
(C) the work done on the greater for the adiabatic process
{M all the akaiin antinnninpnrrort s

mﬁmmﬂmmmimmmma

_{C) conservation of work {D) equivalence of heat and work.

Avewe:mm1motedozatalammmtmmo¢gasisp An identical
vesse! contelning 1 mole of the gas at a temperatire 2T has pressure of -

{n) P @sz .

{C) 3P {D) 4P

For an idea! gas.

{A) the change In internat energy in a constant pressure process from temperature T, to Tz is
equal to nC(T: — T,), whame C, is the molar heat capacity at constant volume and n is the
number of moles of the gas

(B) the change in internal energy of the gas and the work done by the gas are equal in
magnitude in an adiabatic process

{C) the internal energy does not change in an isothermat process

Mno hoot is added or removed in an adiabatic process



023

10. Mmdmhmmdty!mmiﬁeﬁms ; -
- {A} is z#irc for an adiabatic process :
; (ammw:mmmm
{ﬂ)dapendsorﬂymﬂae mmdermmsm:min Mﬂcha&mvdmor pressure Is

Mkwﬂhﬁmyﬁuﬁdﬂanﬁmﬂwwﬁgﬁmﬂwﬁcmwhmm

1. gwmmmam:mmammmmmmmyw
iwhofly, the resson for this? - .
(A)mwﬂcﬂorabyamsmwm
mym:wmwummmmmm =
mhﬁnmmhwmwwdawmawbysmw
amount st constant volume than at constant change
w)mmmydanﬁedmhammdasmm

L e

12,  Adystem undergoss &iSyolt prodoosts ok ¥ sl G At vt vt Op. Dot The
m:cydmemh 7 8nd thewotk done isW,

(MW =0,-Q, - N A

5 A
@n=F | , {mntv-g"—-

13 “;mmmmmmuamwmmm
mmwmwmwm :

4. inthe 1s®‘lhem!a1 expan‘ﬁﬁm%aw ideal gas:
thereisno qahangem ‘ihedemperatum of the'gas
{B} there is nochange m the ‘internal energy of the gas
{C) the work: doné :by the gas s -equal to the heat supplied to the gas
{D) the work done by the ‘gas is equal to the change inits internal energy.

15. . Anideal gasis taken '!ftm"iﬁé state A {pressure P, volume V) AX
~ 1o the state B {pressure:sz wolume 2V) along astraight fine. P
 path in the P=V ﬂlﬁgmimv‘ﬁelect the correct statement (s; o Y 50
* from the following =~ SR 6
(A) The work done by -the gas in the processA to B exceeds '

the work that would @eﬁma by it, if the system were',
taken from A to Bealengn&the isotherm. . e

TT(B) Inthe T-V diagram 'iﬁ?ﬁ:aﬂaAB becomes a part nfparabél’a L % 7 f :
(C) In the P-T diagram, the path AB becomes a hyperbola. RTas s g o
\Mn goingfrom A to B then. temperature Tof the gas first mcraase maxamum volume and
then decrease. A R . :



Applied Thermodynamics ISE Test 1
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Dl\/-. B

A metal Tod is shaped intoa ring with a small gap. If th;s 15 heated
&) the length of the rod will increase : 3
© (B)the gap will decrease : . . ]
{C) the gap willincrease ’
{D) the diameter of the fing will increase in the same ratio as the iength of the rod

A gas with —& c =y .goes from an lnillal stale (p,,V,,T) to a f'nai state (paz. V; T2) through an

£

‘adiabatic process. The work done by the gas is )

- PR, —T,) PV, — P,V
@ PR T _ g, ARt
(C) BM=PVa' e v  (DRORT (T,-T.)
R ER, . o R A e T - 5 b

A ‘gas may-expand either adiabatically or tsothermally A number of p—V curves are drawn fer
the twq process over different ranges of pressure and volume. it will be’ found that
\_,(A) fwo adiabatic curves:.do not intersect
(B) two isothermal-eurves do not intersect
(C) an adiabati¢ curve ard an isothermal curve may intersect -
(D) the magnitude of the slope of an isothermal curve for the same vialue of pressure and
volume ; :

A gas expands such ‘thatvlts initial and final temparatuna are equal Also, the pmcass fo!lowed
by the gas traces a straight line on the p—V diagram
\(j\) -the temperature of the'gas remains gongtant shmug_hout 3 =
* {B) the tempéerature of the gasfirst increase and then decrease
(C) the tempegrature of the ga_'s first decrease and then increase
(D) the straight line hes a negative siope.

Two gases have the same initial pressure, volume and temperature. They expand to the
same final volume, one adiabahcally and the other isothermal

(A)-fhe final temperature is greater for the isothermal process’

{B) the final pressure is Qiféater for the isothermal process

(C) the work done by the gas is greater for the isothermal process.

(D) all the above options are incorrect 5

in the previous question, if the two gases are compressed {o the same final volume
(A) the final temperature is greater for the adiabatic process

{B) the final pressure is greater for the adiabatic process

(C:) the work done on the greater for the adiabatic process

frn -8l tha shmin -antinnn inpRrart 1

mnmswguwmmmmasmmd
{A) Conservation of energy (8) conservation of heat
_{C) conservation of work {D) equivalence of heat and work

Avmmm1m¢0amalnmmm7 ﬁwmmofgasisﬂkniden’ﬁmﬁ
mmqmamwmawﬁhmma

n) P \{B)-2P
{C) 3P (D) 4P
For an ideal gas,

\{ynm'dwsge in internal energy in @ constant pressure process from lempersture T, to Ty is
squal 1o nC(T; — Ti), whee C, is the molar heat mpadty at constant volume and n is the
number of moles of the gas
{B) the chanpe In intemal energy of the gas and the work done by the gas are egqual in
magnitude in an adiabatic process
{C) the internal energy does not change in an isothermatl process
{D} no hest is added or removed in an adiebatic process



10. mmm@apadtyfnrmwgas , -
- i&}&mi«mﬂab&ﬁcm .
maamm»mm '
\/mmmm mmdmmioraprmin wiiich aimervdmar pressure is

S° 7/@ m)mmwmmdﬂwaﬁmmw&mwwﬁcmmmwm

1. gswmmmwammammmmmy«
. iwhofly, the reason for this?
{A)mmmwawmwmvdm
\_{8)When & gas sbsorbs heat &t constant pressure, its volume must change  ~
o £ {thﬂwmﬂmhwmmmydamsmamby & smalier
. amount st constan! volume than st constant change
y}mwmydan%ﬂmhammdmmm
12. Ammammmwﬁm&mmmwwwm henl.'l'be
amdmwydmep:mess!s 71 8nd the wotk done is'W.

{A}W:Q-—-Qa _ {B) “n% -t
as 2& (G}nn% .l . :,' &w.ﬁ.—% 43

13, . ‘AWhenan enciosed perfect gas-is subjected 1o an adiabalic process:
vﬁ}ﬁmmmedmdmmw e

.44, - - in'the 4satheﬂpal«'éiban’§bmﬁfanndeal gas:
Ay thereisno ehange m ftheﬂempemture of the: ‘gas
{B) there is mchange sn ihe ‘internal energy of the gas
o 3 i : \,(C)'aﬁe work-done by’&he;gas is equal totha heat supplied to the gas
{D) the work done by ﬂwsgas is equal to the ohanga initsinternal'energy.

AY

' 45.  An ideal gas is taken from’ {Hé state A (pressure P, volume V)
' 1o the state B {pressurePi2, volume 2V) along astraight line. % :
 path in the P=V u;ag“famﬁsalect the correct statement ® G o
from the following : ¢
(A) The work done by- me gas in the process A to B exoeeds

v the work that would geudone by it, if the system wara

taken from A to Balpngﬂm isotherm. . e ;
: o( _ T(B) inthe T-V dlagram iﬁe “Path AB becomes a part of pa_rﬁbma. 3
i (C) In the P-T diagram, me path AB becomes a hyperbola. 3

(D),in {"going from A to B, then. temperature T of the gas first increase maximum volume and
* then decrease. :



Course: Engg Thermodynamics ME2032 Class: SY B Tech Mechanical Div A

ISE 1 MCQ, quiz on Moodle
Quiz sample questions

A In which no mass can enter or leave the system and no energy can enter or ...
A in which no mass can enter or leave the system and no energy can enter or leave the system is called as

Open system
. Closed system
. Isolated system
None of the mentioned

A machine which can supply mechanical work continuously without consumption ...

A machine which can supply mechanical werk continuously witheut consumption of any energy is called as

_ perpetual Metion Machine of the First kind (PMM1)

* perpetual Meticn Machine of the Second kind (PMM2)
< Perpetual Motion Machine of the Third kind (PMM3)
~rone of the menticnad

A process that passes through number of equilibrium states is called as

A process that passes through number of equilibrium states Is called as

* Reversible process
Irreversible process

_ None of the mentioned
' Isentropic process
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ISE 2 PBL :PPM concept and working model realization

a) PPM concept

b) CAD Modeling of the Concept:

¢) Video presentation on model developed, Link: https://www.youtube.com/watch?v=DUE2X0LiXe8&t=87s
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forms the basis for development of mercury tube thermometer

forms the basis for development of mercury tube thermometer

() First law of thermodynamics
Second law of thermodynamics
Zeroth law of thermodynamics
None of the mentioned

forms the basis for development of mercury tube thermometer

forms the basis for development of mercury tube thermometer

" First law of thermodynamics

) Second law of thermodynamics
() Zeroth law of thermodynamics

'None of the mentioned

A cyclic heat engine operates between a source temperature of 927 degree C ...

A cyclic heat engine operates between a source temperature of 927 degree C and a sink temperature of 27 degree C, What will be the
maximum efficiency of the heat engine?

coor

A machine which can supply mechanical work continuously without consumption ...

A machine which can supply mechanical work continuously without consumption of any energy is called as

Perpetual Motion Machine of the First kind (PMM1)
) Perpetual Motion Machine of the Second kind (PMM2)
'Perpetual Motion Machine of the Third kind (PMM3)
" none of the mentioned

A machine which can supply mechanical work continuously without consumption ...

A machine which can supply mechanical work continuously without consumption of any energy is called as

© Perpetual Motion Machine of the First kind (PMM1)
) Perpetual Motion Machine of the Second kind (PMM2)
Perpetual Motion Machine of the Third kind (PMM3)
none of the mentioned

A process that passes through number of equilibrium states is called as

A process that passes through number of equilibrium states is called as

) Reversible process
Irreversible process
None of the mentioned
Isentropic process

A process that passes through number of equilibrium states is called as

A process that passes through number of equilibrium states is called as

Reversible process

'Irreversible process

None of the mentioned
"~ Isentropic process

A quasi-static process has main characteristics as it is

A quasi-static process has main characteristics as it is

;a stationary process
an infinitely slow process
a random process
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a spontaneous process

A quasi-static process has main characteristics as it is

A guasi-static process has main characteristics as it is

a stationary process
.~ an infinitely slow process
’a random process

a spontaneous process

A refrigerator and heat pump operates between same temperature limits. If the...

A refrigerator and heat pump operates between same temperature limits. If the COP of the refrigertor is 4, what is the COP of heat pump?
'3
5
04
73.4

A system in which no mass can enter or leave the system and no energy can ...

A system in which no mass can enter or leave the system and no energy can enter or leave the system is called as
Open system
Closed system

Isolated system
_‘None of the mentioned

A system in which no mass can enter or leave the system and no energy can ...

A system in which no mass can enter or leave the system and no energy can enter or leave the system is called as
Open system
Closed system

Isolated system
None of the mentioned

According to first law of thermodynamics

According to first law of thermodynamics

O work done by a system is equal to heat transferred by the system
total internal energy of a system during a process remains constant
internal energy, enthalpy and entropy during a process remain constant
. total energy of a system remains constant

According to first law of thermodynamics

According to first law of thermodynamics

Jwork done by a system is equal to heat transferred by the system

() total internal energy of a system during a process remains constant
internal energy, enthalpy and entropy during a process remain constant
total energy of a system remains constant

An air-conditioner provides 1 kg/s of air at 15 degree C cooled from outside ...

An air-conditioner provides 1 kg/s of air at 15 degree C cooled from outside atmospheric air at 35 degree C. Estimate the amount of power
needed to operate the air-conditioner.

Closed system is also called as

Closed system is also called as

) Control volume
file:///C:/Users/admin/Downloads/questions-ET_A_22-Default for Eth20_21A-20231012-2005.html 2/10



Group Members

Roll No. Name
2006049 Ombkar Basavraj Ainapure
2006062 Atharv Ajay Mahajan
2006064 Prathmesh Mahadev Patil
2006065 Sujit Shrikrishna Patil
2006066 Shreesumera Premraj Jaaju
Group 1 2006050 Shailendra Dattatray Patange
2006054 Jaykumar Sandeep Jadhav
2006048 Prathmesh Rahul Kamble
2006044 Yash Rajendra Kumbhar
2006043 Rohan Ramesh Chavan
2006067 Prathamesh Shashikant Petare
Group 2 Optional Rohan Santosh Padale
2006005 Suraj Satish jadhav
2006011 Ashraf Bhola gavandi
2006022 Sanket Dadaso Patil
2006034 Sagar Sanjay Jadhav
2006036 Prathamesh Vikas Patil
Group 3 Optional
2006004 Shreeyash Ashokrao Jadhav
2006020 Amarsinh Sanjay Patil
2006030 Nikhil Vitthal Jadhav
2006032 Atharv Mahesh Ubale
2006056 Sourabh Hanamantrao Patil
Group 4 2006009 Harshwardhan Deepak Patil
2006015 Gourav Anil Chavan
2006046 Kaushik Deepak Kole
2006055 Junaid Mouzam Desai
2006007 Anurag Vijaykumar Dharav
2006013 Abhijeet Jitendra Kale
Group 5 2006045 Dnyaneshwar Hange
2006006 Samarjeet Virajit Ghorpade
2006008 Kedar Sanjay Hajare
2006012 Niranjan Shivaji Khandagale
2006002 Jayraj Prataprao Patil
2006027 Ajay Suresh Jadhav
Group 6 2006023 Prathamesh Dattatray Mhetre
2006019 Aniket Vijay damkale
2006051 Adarsh Anant Bhosle
2006053 shubhekshan Sunil Gurjar
2006057 Pranav Avinash Patil
2006061 Mayuresh Vijay Mali
Group 7 2006047 kedar Rajendra Kadam
2005059 Bhushan Vinayak Koparde
2006001 Prajyot Ramesh Desai
2006010 Pratik Vikas Pawar
2006021 Vinit Vyankatrao kale




2006039

Varad Sharad shinde

Group 8 2006033 sanket Maruti Desai
2006016 Gauri Tukaram Ghanwat
2006026 shraddha Maruti Yedage
2006058 pooja vikas ljare
2006017 SALUNKHE PRATIK RAVIKANT
2006018 PADALE ROHAN SANTOSH
Group 9
2006003 chinmay pramod more
2006042 sanket shashikant adsul
2006028 PAWAR KISHOR RAJENDRA
2006031 MORE SHIVAM VINOD
2006035 KUMBHAR NIKITA SANJAY
Group 10 Optional
2006037 THORAT SHREYA BHIMRAO
2006038 KATKAR AASHUTOSH DIPAK
2006041 PATIL SHIVANI DILIP
2006052 JADHAV ROHAN PARSHURAM
2006025 PATIL PRADYUMNA PRASHANT
Group 11 Optional




Q1. Study the refrigeration system and perform the first law and second law analysis on the
system by using following data.

Group 1 —use R12 as refrigerant
Group 2 —R22

Group 3 —R134a

Sr. No. Description Symbol | Unit | Quantity
1 Condensing pressure Pc PSI 150
Evaporating

2 Pressure Pe PSI 45

3 Rotameter flow rate m LPH 20
Condenser Inlet

4 Temp Tl ' 52
Condenser Outlet

5 Temp T2 o 30
Evaporator Inlet

6 Temp T3 ’ 2
Evaporator outlet

7 Temp T4 e 13

Q2. Study the steam power plant and perform the first law and second law analysis on the system
by using following data.

Group 4
Observation Table for Steam Power
Plant
Sr. No. | Description Symbol | Unit Quantity
Boiler Section
1 | fuel consumption mf kg/hr 36
2 | Calorific Value LHV Kl/kg 45000
3 | Water Inlet Temperature T1 't 27
4 | Steam Temperature T2 .o 192
5 | Steam Pressure Psteam | bar 11.5
Turbine Section
1 | Exhaust Pressure Pexhast | bar 0.23
2 | Exhaust Temperature T3 e 98
Generator Section
1 | Current I A 4.36
Voltage \' Vv 230
Condenser Section




1 | Cooling water inlet temperature

T4

‘c

30

2 | Cooling water outlet temperature

15

b

36

Q3. By using the following data perform the first law and second law analysis

Group 5

Dia of the metal rod =25 mm
Distance between the adjacent thermocouple = 50
mm

mass flow rate of water = 0.023 kg/s
Thermal conductivity k = 385 W/mK

Temperature at different point along the thermocouple

mounted on the rod

Temperature for the
inlet and outlet water

Tl T2 T3 T4 TS T6 T7
52 49 45 42 39 27 29
T1 T2 T3 14 T5 | 17
: x
" =
16
Group 6
Dia of the metal rod = 30 mm
Distance between the adjacent thermocouple = 60
mm
mass flow rate of water = 0.023 kg/s
Thermal conductivity k = 385 W/mK
Temperature at different point along the thermocouple Temperature for the

mounted on the rod

inlet and outlet water

T1

T2 T3 T4

T5

T6

Ti

52 49 45

42

39

27

29




Q4. Study the IC Engine and perform the first law and second law analysis on the system by
using following data.

Group 7 —Load 1

Group 8 — Load 2

Group 9 —Load 3

Group 10 — Load 4

Sr. No. | Description Quantity
Load 1 Load 2 Load 3 Load 4
1 | Net Torque in kN- m 0.0104 | 0.0209 0.031 | 0.002967
2 | Speed in RPM 1590 1585 1540 1610
3 | Temp of Inlet trough jacket 23 23 23 25
4 | Temp ofoutlet trough jacket 36 39 40 15
5 | Fuel Consumption (kg/s) 0.000249 | 0.000327 | 0.000425 | 0.000202
6 | Water flow rate in jacket(kg/s) 0.149254 | 0.140845 | 0.126582 | 0.15873
Tempearture of inlet water to
7 | calorimeter 25 25 25 25
Tempearture of outlet water to
8 | calorimeter 39 43 47 30
9 | Temperature for the exhaust gas inlet 145 180 220 110
10 | Temperature for exhaust gas outlet 85 100 115 60
11 | Water flow rate in calorimeter 0.055866 | 0.051282 | 0.05102 | 0.081301
Q5

Study the steam power plant and perform the first law and second law analysis on the system by
using following data.

Group 11
Observation Table for Steam Power
Plant
Sr. No. | Description Symbol | Unit Quantity

Boiler Section
1 | fuel consumption | mf | kg/hr | 40




2 | Calorific Value LHV Kl/kg 45500

3 | Water Inlet Temperature Tl e 27

4 | Steam Temperature T2 e 220

5 | Steam Pressure Psteam | bar 12

Turbine Section

1 | Exhaust Pressure Pexhast | bar 0.5

2 | Exhaust Temperature T3 §e 98
Generator Section

1 | Current I A 4.36

2 | Voltage V \Y 230
Condenser Section

1 | Cooling water inlet temperature T4 Qg 30

2 | Cooling water outlet temperature T5 §e 36
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P1 = 1%10A5, P2 = 8.3*10A5, T1 = 288, Cp = 0.88, m = 0.05, v2 = 0.004

£1 = 100000

P2 = 8.3000e+05
Tl = 288

Cp = 0.8800

m = 0.0500

vz = 0.0040

R = 8.314/44
R = 0,189
Cv=Cp+R
Cv = 1.0690

% Using perfect gas equation at state 1
vl = (W*R*T1)/P1

vl = 2.7209e-05

% at state 2
T2 = (P2*v2)/(m*R)

T2 = 3.5141e+05
T2 = 351.41

T2 = 351.4100

% change in entropy

S = (Cp*log(T2/T1)) - {R*log(P2/P1))
5 = -0.2248

% for given mass

Ms = S*m

Ms = -0.0112.



Entropy
#include<stdio.h>
#include<math.h>
int main()
{

float vi,v2,v3,T1,T2,T3,p1,p2;
printf("Enter volume v1:\n");
scanf("%f",&v1);
printf("Enter temperature T1 in kelvin\n");
scanf("%f",&T1);
printf("Enter temperature T2 in kelvin\n");
scanf("%f",&T2);
printf("Enter pressure p1in N/M2\n");
scanf("%f",&p1);
p2=pl;
printf("\nAt state 1\n p1lvl=mRT1\n");
float m=(p1*v1)/(287*T1);
printf("\nMass = %f\n",m);
printf("\nAt state 2\n p2v2=mRT2\n");
v2=(m*287*T2)/p2;
printf("v2= %f\n",v2);
float num=T2/T1;
double In=log(num);
float S=1.005%*In;
printf("\nChange in entropy during process 1-2 = %f KJ/Kg.k\n",S);
float S1=m*S;
printf("\nFor given mass S=%f\n",S1);
v2=v3;
T3=T1;
float num1=(T3/T2);

double In1l=log(num1l);



float 52=0.718*In1;

printf("\nChange in entropy during process 2-3=%fKJ/kg.k\n",52);
printf("\nFor given mass $2= %f\n",m*S2);

float S3=52+451;

printf("\nNet entropy change = %f KJ\n",53);

float Q1=m*1.005*(T2-T1);

printf("\nHeat flow during process 1-2 \n = %f K}\n",Q1);
float Q2=m*0.718*(T3-T2);

printf("\nHeat flow during process 2-3 \n = %f KI",Q2);
printf("\nNet heat flow = %f KI\n",Q1+Q2);

return O;

}

#include<stdio.h>
#define pi 3.14
int main()
{

float D,pin,tin,tout,vin;
printf("Enter Diameter in meter \n");
scanf("%f",&D);
printf("Enter pin in kpa\n");
scanf("%f",&pin);
printf("Enter velocity Vin in m/s\n");
scanf("%f",&vin);
printf("Enter Tin\n");
scanf("%f",&tin);
printf("Enter Tout\n");

scanf("%f",&tout);



float Vin=(pi*D*D*vin)/4;

printf("\nVin = %f m3/s\n",Vin);

printf("\nBy using perfect gas relation\n pv=RT\n");
float rin=pin/(0.287*tin);

printf("rin = %f kg/m3\n", rin);

float mo=rin*Vin;

printf("mo= %f\;ﬁ",mo);

printf("\nAt the outlet \n mo(out)=mo(in)\n");
printf("\nmout=min %f\n",mo);

float mout=mo;

float pout=pout/(0.287*tout);

float Voutl=mo*4;

float Vout2=(pi*D*D*pout);

float Vout=Vout1/Vout2;

printf("\nVout = %f m3/s\n",Vout);

float VOout=pi*D*D*Vout/4;

printf("v(out)= %f m3/s",VOout);

return 0;

}



Availibility:
#include<stdio.h>
#include<math.h>
int main()
{
float Twl,Tw2,Tol,To2;
float cpw=4.18,cpo=2.6;
printf("Enter temperature for Water:\n");
printf("Enter temperature Tw1 in kelvin\n");
scanf("%f",&Tw1);
printf("Enter temperature Tw2 in kelvin\n");
scanf("%f",&Tw2);
printf("Entr temperature for Oil:\n");
printf("Enter temperature Tol in kelvin\n");
scanf("%f",&Tol);
printf("Enter temperature To2 in kelvin\n");
scanf("%f",&To2);
float Tw=Tw2-Tw1;
float To=To1-To2;
float Tatm=350;
printf("Using energy balance equation\n Mw.CPw(Tw2-Tw1)=Mo CPo(Tol-To2)\n");
float Mw=(To*2.6*1)/(Tw*4.18);
printf("Mw = %f Kg/sec\n",Mw);
float T=Tw1/Tatm;
float T1=Tw1-Tatm;
float T2=Tatm*log(T);
float T3=T1-T2;
float AE=EMw*cpw*T3;
printf("\nA.E of water before heat exchange = %f kg/sec\n",AE);
float T21=Tw2/Tatm,t1=Tw2-Tatm,t2=Tatm*log(T21);

float t3=t1-t2;



float AE2=Mw¥*cpw*13;

printf("\nA.E of water After heat exchange = %f kg/sec\n",AE2);
float to=Tol-Tatm,j2=To1/Tatm,t=Tatm*log(j2);

float AEo=cpo*(to-t);

printf("\nA.E of oil before heat exchange = %f kJ/sec\n",AE0);
float t5=To2-Tatm,j23=To2/Tatm,t12=Tatm*log(j23);

float AE1=cpo*(t5-t12);

printf("\nA.E of oil After heat exchange = %f kl/sec\n",AE1);
float A=AE+AEo;

printf("\nTotal A.E before heat exchange = %f kJ/sec\n",A);
float A1=AE2+AE1;

printf("\nTotal A.E After heat exchange = %f kl/sec\n",A1);
printf("\nDecrease in A.E = %f kj/sec\n",A-A1);

return 0;

}



L. If refrigerator is places iside the well insulated room with open door, thn what is its effect on room air
temperature?
A.Increses B. Decreases C.Remains same D. None of these

2. The forms of energy are those a system possesses as a whole with respect to some
outside reference frame
A. macroscopic B. microscopic

3. The forms of energy are those related to the molecular structure of a system and the
degree of the molecular activity
A. macroscopic  B. microscopic

4. The sum of all the microscopic forms of energy is called the of a system.
A. kinetic energy  B. potential energy C. internal energy D. None of these

5. A large exhaust fan in a lab room keeps the pressure inside at 10 cm water relative vacuum to the
hallway? What is the net force acting on the door measuring 1.9 m by 1.1 m?
A 2020N B.2030N C.2040N D.2050 N

6. A 5 m long vertical tube having cross sectional area 200 cm”2 is placed in a water. It is filled with
15°C water, with the bottom closed and the top open to 100 kPa atmosphere. How much water is present
in tube?

A.999kg B.1099kg C.899kg D.799kg

7. Work done by a system is taken to be
A. positive B.negative C.zero D. varies according to situation

8. Work done on a system is taken to be
A.positive B.negative C.zero D. varies according to situation

9. The specific energy, e=E/m is an extensive property.
A.true B. false

10. (m*g*z) gives the
A. macroscopic kinetic energy ~ B. microscopic kinetic energy
C. macroscopic potential energy D. microscopic potential energy

11. In a constant volume process, internal energy change is equal to
A. heat transferred B. work done C. zero D. none of the mentioned

12. The enthalpy and internal energy are the function of temperature for
A.all gases B.steam C.water D. ideal gas



13. A system undergoing change in state from A to B along path ‘X’ receives 100 J heat and does 40 J
work. It returns to state A from B along path ‘Y’ with work input of 30 J. Calculate the heat transfer
involved along the path “Y”.

A.-60J B.60J C.—-907 D.90J

14. The portion of the internal energy of a system associated with the kinetic energics of the molecules is
called the

A. Sensible energy  B. macroscopic kinetic energy C. macroscopic potential energy  D. microscopic
potential energy

15. The internal energy associated with the phase of a system is called the
A. latent energy B. macroscopic kinetic energy C. macroscopic potential energy D. microscopic
potential energy

16. The tremendous amount of energy associated with the strong bonds within the nucleus of the atom
itself is called

A. nuclear energy  B. macroscopic kinetic energy C. macroscopic potential energy D. microscopic
potential energy

18. In adiabatic process heat transfer is
A.zero B.positive C.negative D. none of the mentioned

19. The specific gravity of a liquid has
A. the same unit as that of mass density B. the same unit as that of weight density
C. the same unit as that of specific volume D. no unit

20. In which type of matter, one won’t find a free surface?
A.Solid B.Liquid C.Gas D, Fluid



First Law of Thermodynamics

Problem 1

3. Carbon dioxide passing through a heat exchanger at a rate of 30 g/l is fo be cooled down fiom
800°C to 50°C. Determine the rate of heat removal assuming flow of gas ro be of steady and constant
pressure type. Take e, = 1.08 Bkg E.

Problem 2

10. In a cinema hall with seating capacity of 500 persons the comfort conditions are created by circulat-
ing hot water through pipes in winter season, Hot water enters the pipe with enthalpy of 80 kealtkg and
leaves the pipe with enthalpy of 45 keal/kg. The difference in elevation of inlet pipe and exit pipe is 10
m with exit pipe being higher than inlet pipe. Heat requirement per person is 50 keal/hr. Estimate the
quantity of water circulated per minute, neglecting changes in velocity,
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Problem 5
Kk I a sh?ddg How device. the inlet and owHet conditions
are given below. Detexming rhe heat 105;}%@;\ .tbg the

systam. , :
erpex\:\ﬂ inlet Ourek
Peeccure (bar) 40 843 - _-.';,-j
s, & i viryd T ﬁ&;
Sp . mmsfu hg) 2827 i

velociba{ (mjg) | 20

Eievahm cm} sr-z

; W 9{; the demce 15 75

Problem 6

At the inlet to a convergend - ahver?en} nozele Hae
enthalpy oF the  fiuid PN 1S BOCOO th:? and the
velocity 1 60 mis. At the c!iscl-ur\ge end, rhe enthatpy

1s 2787 ‘\J‘k?‘- The beoz<le 15 homwontal and Hhe healt
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oluma al Hhe putlet 1s O-498 m3lk33 . Find the arta al the

o me-

exit o the no==le.

Problem 7
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Problem 8

Determine the power available from a steam turbine with following detals; !
Steam flow rate = 1 kg's

Velocity at inlet and exit = 100 m/s and 150 m's

Enthalpy at mlet and exit = 2900 kI'kg. 1600 kI'kg

Change m potential energy may be assumed negligible. [1293.75kW]

Problem 9

S8 A hair dryer is basically a duct of constant diameter in
which a few layers of clectric resistors are placed. A small
fan pulls the air in and forces o through the resistors where it
is heated. If the density of air is 1.20 kg/m® at the inlet and
1L.05 kg/m* at the exit. determine the percent increase ia the
velocity of air as 1t flows through the deyer

i & tr 3 s =5" B
105 ka/m? A A U 1.20 kg/im?®
YV

FIGURE P58

Problem 10



5-15 Air enters a 28-cmn diameter pipe steadily at 200 kPa
and 20°C with a velocity of 5 m/s. Air is heated as it flows,
and leaves the pipe ai 180 kP and 4G°C, Determine (a} the
volume flow rate of air at the inlet, (5 the mass flow rate of
air, and {c) the velocity and volume tlow rate at the exil

o
Air ‘
00 kPa 120t kPa
00 . 40°C
5 mis
FIGURE P5-15
Problem 11

3.36  Air enters an adisbatic nozzle steadily at 300 kPa,
2000C, and 30 mvs and leaves at 100 kPa and 1830 m/s. The
inlet area of the nozzle is 80 cm?. Determine (a) the mass
flow rate through the nozzle, (8) the exit temperatore of the
air, and (c) the exit arca of the pozze. Answers: (a) G.5304
kg/s, (D) 1B4.6°C, (c} 38.7 cm

\_.‘-_
P, = 300kPa Ty
T,=200°C AR #y= 100 kPa
' = M) mis Vam T80 m/s
Ay =80cm”’
1 b f-"/
..»-""'f

FIGURE P5-30

Problem 12

5-32  Steam at 5 MPa and 400°C enters o nozzle steadily
with a velocity of 80 m/s, and it leaves at 2 MPa and 300°C,
The infet area of the nozzle is 50 cnr’, and heat is being lost
at a rate of 120 k¥s. Determine {a) the mass flow rate of the
steam, (B the exit velocity of the steam, and (c) the exit arca
of the noszle.

Problem 13
S8 Refngerant-134a at 700 kPa and 120°C enters an odi-
ahatic nozzle sleadily with a velocity of 20 nivs and leaves ai

400 kPa and 30°C. Determine (g the exit velocity and {#) the
ratio of the inlet to exit arca A /A,

Problem 14



S-44  Stcam enters a nozzle at 400°C and 800 KPa with a
velocity of 10 m/s, and leaves at 300°C and 200 kPa while
losing heat al a rate of 25 KW, For an inlet area of 810K cm?,
determine the velocity and the volume flow rate of the steam
at the nozzle exit.  Answers: 606 m/s, 2.74 m'/s

A0rC 00°C
B0 EP: Sweam —— 200 ks
10 m/s -
“‘2

FIGURE P5—44

Problem 15

S—oih Helivm is to be compressed from 120 kPa and 310 K
to T8¢ kPa and 430 K. A hear loss of 20 kl'kg occurs during
the compression process. Neglecting kinetic energy changes,
deterpiine the power input required for a mass low raw of
9 kg/min.

He

m=90 kelmun :13

Py=120%kPa
T, =310K

FIGURE P5-60

Problem 16

5-61 Carbon dioxide enters an adiabatic compressor at Hi0
kPa and 300 K at a rate of 0.5 kgfs and leaves at 600 kPa and
450 K. Neglecting kinetic energy changes, determine {a) the
volume flow rate of the carbon dioxide wt the compressor
inlet and (b) the power input 1o the compressor,

Answers: (a) 0.2Z8 m b) 6B.B kW

Availability

Problem 1

Calculate the decrease in available energy when 20kg of water at 90°C mixes with 30kg of water at
30°C, the pressure being taken as constant and the temperature of surroundings being 10°C. Take Cp

of water as 4.18 ki/kg.K



Problem 2

In a parallel flow type heat exchanger, water enters at 50°C and leaves at 70°C while oil (specific gravity
=0.82 and specific heat 2.6 kJ/kg.K) enters at 240°C and |leaves at 90°C. If the surrounding temperature
is 27°C determine the loss in availability on the basis of one kg of oil per second.

Problem 3

1 kg of ice at 0°C is mixed with 10 kg of water at 30°C. Determine the net increase in the entropy and
unavailable energy when the system reaches common temperature. Assume that surrounding
temperature is 10°C. Take specific heat of water as 4.18 kl/kg.K, specific heat of ice as 2.1 ki/kg.K and
latent heat of fusion as 333.5 ki/kg.

Problem 4

1 kg of ice at 0°C is mixed with 12 kg of water at 27°C. Assuming surrounding temperature as 15°C.
Calculate the net increase in entropy and unavailable energy when the system reaches common
temperature. Take specific heat of water as 4.18 kl/kg.K, specific heat of ice as 2.1 kJ/kg.K and latent
heat of fusion as 333.5 kl/kg.

Problem 5

In a heat exchanger of parallel flow type, water enters at 60°C and leaves at 80°C while oil of specific
gravity 0.8 enters at 250°C and leaves at 100°C. The specific heat of oil is 2.5 ki/kg.K and surrounding
temperature is 300K. Determine the loss in availability on the basis of 1 kg of oil flow per second.

Problem 6

1 kg of ice at -5°C is mixed with 15 kg of water at 30°C. Assuming surrounding temperature as 18°C.
Calculate the net increase in entropy and unavailable energy when the system reaches common
temperature. Take specific heat of water as 4.18 ki/kg.K, specific heat of ice as 2.1 kJ/kg.K and latent
heat of fusion as 333.5 kl/kg.

Problem 7

In a heat exchanger of parallel flow type, water enters at 30°C and leaves at 60°C while oil of specific
gravity 0.8 enters at 235°C and leaves at 115°C. The specific heat of oil is 2.6 kJ/kg.K and surrounding
temperature is 305K. Determine the loss in availability on the basis of 1 kg of oil flow per second.

Problem 8

Calculate the decrease in available energy when 30kg of water at 85°C mixes with 25kg of water at
28°C, the pressure being taken as constant and the temperature of surroundings being 10°C. Take Cp
of water as 4.18 kJ/kg.K

Problem 9

In a parallel flow heat exchanger hot fluid enters at 180°C and leaves at 120°C while the cold fluid
enters at 55°C. The specific heats of hot and cold fluids are 1.8 kJ/kg.K and 2.3 kl/kg.K respectively.
The mass flow rate of hot fluid is 2.8 kg/min and that of cold fluid is 3.5 kg/min. Calculate the exit
temperature of cold fluid. Calculate the decrease in available energy for ambient temperature of 15°C
and the rate of heat transfer.

Problem 10



B~137  An adiabatic heat exchanger is to conl ethylene glycol
te, = 2.56 kg - °C) flowing al a rate of 2 Kg/s from 80 o
A0°C by water (¢, = 418 kl/kg - “C) that enters at 20°C and
leaves al 55°C. Delermine (a) the rate of beat transfer and ()
the rate of exergy destruction in the heat exchanger.

Problem 11

A-136 A well-insulated heat exchanger is to heat water
{0 = 418 klkg - °C) from 25°C o 60°C at a rate of 0.4 kg/s.
The heating is to be accomplished by geothermal water (¢, =
431 Kikg - “C) available at 140°C at g mass flow rate of
(1.3 kg/s. The inaer tube is thin-walled and has a dismeter of
0.6 cm. Determine (@) the rate of heat transfer and (b) the
rate of exergy destraction in the heat exchanger.

Water
25°%C

|
Brine | 5 — c f"’

—_— 5 f—

— s
L4 LJ Pl e

I‘ 60

FIGURE PB-136

Problem 12

588 Cold water {¢_ = 418 klkg - “C') leading w0 a shower
enlers a well-insulated, thinowalled. double-pipe, counter-flow
heat exchanger at 13°C at a rate of 0.25 kg/s and is heated 1o
45°C by hot water (¢, = 4.19 kg - °C) that enters at 10°C
al wrate of 3 kg/s. Determine (@) the rate of heat bansfer and
(#} the rate of exergy destruction in the heat exchanger. Take
Tp = 25°C.

Cold water
025 kgls l 15°C

Heat
water J_ R T BT, T a2 f i
o -

.—.—....Y S—
3 kgls —
100°C
45°C
FIGURE PE-88
Problem 13

A heat exchanger is used to cool 2200 kg/hr of oil (c,=2.5 kJ/kgK), from 100°C to 35°C by the use of
water entering at 17°C and leaving at 85°C. Calculate the required quantity of water, the decrease in
available energy for ambient temperature of 20°C and the rate of heat transfer.

Problem 14

A home air-conditioning system uses a heat exchanger to cool 0.8 kg/s of air from 45°C to 15°C. The
cooling is accomplished by a stream of cooling water that enters the system with 0.5 kg/s flow rate



and 8°C temperature. Calculate exit temperature of water, rate of heat transfer and decrease in
availability for an ambient temperature of 20°C,

Problem 15

A heat exchanger is used for cooling oil from 200°C to 140°C by using water available at 20°C. The mass
flow and specific heat of oil are 10000 kg/hr and 1.9 kl/kg K and the mass flow and specific heat of
water are 3000kg/hr. and 4.187 ki/kg K. Calculate outlet temperature of water, rate of heat transfer
and the decrease in available energy for an ambient temperature of 25°C.

Problem 16

A heat exchanger is used to heat water from 20°C to 80°C using a hot oil at 120°C (c,=2.5 kJ/kgK). The
mass flow rate of water is 1.8 kg/min. Calculate the required quantity of oil, the decrease in available
energy for ambient temperature of 25°C and the rate of heat transfer.

Entropy
Problem 1

7-124 A well-insulated heat exchanger is to heat water (¢, =

4.18 klkg - “C) from 25 to 60°C at a rate of 050 kg/x
The heating is 10 be accomplished by geothermal water (¢, =
4.31 klfkg - °C) available at 140°C at a mass flow rate of (.73
kg/s. Determine (a) the rate of heat transfer and (b) the e of
entropy generation in the heat exchanger,

P

-—
—_— — -
——

Brine
14090 |
If_,.l »

FIGURE P7-124

Problem 2

Ay at 20°C and 0S5 bay

RO Eea at constand volume until the Pyescy o ' >
] and then cooled al! nstant pressuie back e g Nnad
.xv - _!g_emppsdfuu’ « Calcularte
n) he Det entyopy change

Problem 3



Problem 4

Problem 5

Problem 6

Air at 15°C and 1.05 bar occupies 0.02 m* The air is heated at constant volume until the pressure is
4.2 bar and then cooled at constant pressure back to the original temperature. Calculate the net
heat flow to or from the air and the net entropy change.



Problem 7

0.05 kg of carbon dioxide (molecular weight = 44) is compressed from 1 bar, 15°C, until the pressure
is 8.3 bar, and the volume is then 0.004m?3. Calculate the change of entropy. Take Cp for carbon
dioxide as 0.88 kl/kg.K and assume carbon dioxide to be a perfect gas.

Problem 8

1.2 m? of air is heated reversibly at constant pressure from 300K to 600K, and is then cooled reversibly
at constant volume back to initial temperature. If the initial pressure is 1 bar, calculate: the net heat
flow and the overall change in entropy. Take Cp for air as 1.005 kJ/kg.K and R = 0.287 ki/kg.K.

Problem 9

Air at 25°C and 1.05 bar occupies 0.018 m* The air is heated at constant volume until the pressure is
4.5 bar and then cooled at constant pressure back to the original temperature. Calculate the net heat
flow to or from the air and the net entropy change.

Problem 10

0.85 m® of air is heated reversibly at constant pressure from 320K to 580K, and is then cooled
reversibly at constant volume back to initial temperature. If the initial pressure is 1.1 bar, calculate:
the net heat flow and the overall change in entropy. Take Cp for air as 1.005 kl/kg.K and R = 0.287
ki/kg K.
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[ Enroll. No. | K. E. Society’s
i Rajarambapu Institute of Technology, Rajaramnagar
¥ (An Autonomous Institute, affiliated to SUK)

f End Semester Examination (Ft}y 2023)

Day & Date: — TWu: , 12 )7 ]20073
Time: — 10,206 +O J+ & P

S.Y. B. Tech. Mechanical Engineering SEM ~III | T

Engineering Thermodynamics (ME2033) M E203 2.

Instructions: 1. All questions are compulsory.

Q.1

Q.2

Q.3

a)

a)

b)

a)

b)

a)
b)

2. Use of non-programmable calculator is allowed,
3. Assume suitable data if necessary
4. Use of steam table allowed

Explain mechanical, chemical and thermal equilibrium.

OR
Develop the steady flow energy equation for heat exchanger
applications.

A blower handles 1 kg/s of air at 20°C and consumes a power of 15
kW. The inlet and outlet velocities of air are 100 m/s and 150 m/s
respectively. Find the exit air temperature, assuming adiabatic
conditions. Take C,, of air is 1.005 kl/kg-K.

Show that the efficiency of all reversible heat engines operating
between the same temperature levels is the same.

OR
Explain Clausius inequality.

A 50-kg block of iron casting at 500 K is thrown into a large lake
that is at a temperature of 285 K. The iron block eventually reaches
thermal equilibrium with the lake water. Assuming an average
specific heat of 0.45 kJ/kg-K for the iron, determine (a) the entropy
change of the iron block, (b) the entropy change of the lake water,
and (c) the entropy generated during this process.

Explain in detail available and unavailable energy.

OR
Derive the equation for availability ( Exergy) of a open system.
In a parallel flow type heat exchanger, water enters at 50°C and
leaves at 70°C while oil (specific gravity =0.82 and specific heat 2.6
kl’kg K) enters at 240°C and leaves at 90°C. If the surrounding
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Q4

Q.5

Q.6

a)

b)

b)

c)

b)

c)
c)

temperature is 27°C, Calculate the loss in availability based on one
kg of oil per second.

Explain Daltons law of partial pressure and Amagat’s law.

OR
Develop equation for enthalpy of a gas mixture on mass and molar

basis using Gibbs-Daltons law.

Consider a gas mixture that consists of 5 kg of Oz, 8 kg of Nz and 12
kg of CHa. Calculate, a) mass fraction of each component, b) mole
fraction of each component, ¢) the average molar mass and, d) the
gas constant of the mixture

The steam is produced in the boiler and supplied to the steam turbine
at 36 bar and 370°C to generate power in the power plant. Calculate
the enthalpy and entropy of the steam at inlet per kg of steam.

A rigid tank contains 10 kg of water at 90°C. If 8 kg of the water is
in the liquid form and the rest is in the vapor form, determine (i) the
pressure in the tank and (ii) the volume of the tank.

Explain PVT surfaces
OR

Explain critical temperature and critical pressure for steam.

Develop the equation for efficiency of the Rankine cycle.

A steam enters in a turbine at 30 bar and 300” C and it expands
isentropically up to 0.1 bar pressure in condenser. Determine the
cycle efficiency, work ratio and specific steam consumption.

Write any one method to improve Rankine cycle efficiency

OR
Write limitations of Carnot cycle.
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- (An Autonomous I[nstitute, affiliated to SUK)
[__7 End Semester Examination March 2022
S.Y. B. Tech. Mechanical Engineering SEMESTER - 111
Engineering Thermodynamics (ME2033) Pe, Ry - MIE3O32
Day & Date: %), 1212 |no 22 )

Time: .,; . ,
i_;"g ] '_ O Y Eqrg_r} {_i;,,!

‘ =1

Max Marks: 100

[nstructions: 1. All questions are compulsory.
2. Use of non-programmable calculator is allowed.
3. Assume suitable daia if necessar)
4. Use of steam table allowed
; Marks CO
Q.1 a) Explain Extensive and Intensive property with suitable examples 08 (Ol

OR
a) Apply steady flow energy equation to develop cquation tor exit
velocity of gas leaving the nozzle.

b) Calculate the power available from a steam turbine with following 07  COl
details:
Steam flow rate [ kg/s
Velocity of steam at inlet and exit 100 m/s and 150 m/s
Enthalpy of steam at inlet and outlet 2900 kJ/kg and 1600 kl/kg
Change in potential energy is negligible

Q.2 a) Ditferentiate between heat pump and refrigerator. 08 COl1
, OR
a) Explain the Clausius theorem

b) 1 m? of air is heated reversibly at constant pressure from 15°C to 07 o2
300°C, and is then cooled reversibly at constant volume back 10 the
initial temperature. The initial pressure is 1.03 bar. Calculate the net
heat flow and overall change of entropy.

Q.3 a) Derive the equation for availability (Exergy) of a finite body at 08  CO3
temperature T.
OR

a) Derive the equation for availability (Exergy) of a steady flow process.

b) Calculate the decrease in exergy when 25 kg of water at 95'C mix with 07 co3
35 kg of water at 35°C, the pressure being taken as constant and the

temperature of the corresponding being 15°C. Cp of water is 4.2
kJ/kgK.
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Q.4

Q.5

Q.6

a)

b)

b)

¢)

State Gibbs-Dalton law and derive equation for internal energy of a
gas mixture on mass and molar basis.

OR
Explain the following ;
1. Mole fraction 3, Mass Fraction
2. Dalton’s law 4. Amagat’s law

Consider a gas mixture that consists of 5 kg of Oz, 8 kg of N2 and 12
kg of CHa. Calculate, a) mass fraction of each component, b) mole
fraction of each component, ¢} the average molar mass and, d) the gas
constant of the mixture

Calculate the missing properties of steam in the tollowing table for
& o

water:

IS.N. T, 0C FP, par [hke (= | RNAES ;‘;‘;‘;O‘ |
1. 30 2700 | 5
2. {400 [0 | T |
3, 04 |  |os| | |
(4. |40 0.9 | ER

The steam is produced in the boiler and supplied to the steam turbine
at 31 bar and 420°C to generate power in the power plant. Calculate
the enthalpy and entropy of the steam at inlet per kg of steam.

Draw P-v and T-v diagram for water and label it.

OR
Write van der Waals equation of state and meaning of terms in it.
Develop the equation for efficiency of the Rankine cycle.

A simple Rankine cycle works between pressure 18 and 0.8 bar, the
initial condition of steam being dry saturated. Calculate: 1) The cycle
efficiency 1i) Work ratio ii) Specific steam consumption.

State process of Otto cycle and draw PV diagram
OR
Draw Carnot vapour cycle on P-V, T-S diagrams.
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Date:22-11-2022

NOTICE
For S. Y. B. Tech Mechanical

AlLS. Y. B. Tech Mechanical students are hereby informed that an industrial visit for the course
Engineering Thermodynamics is arranged at Rajarambapu Sugar Factory, Wategaon (Unit=02) as

per following details:
Location: Rajarambapu Sahakari Sakhar Karkhana Ltd

Wategaon Unit No: 02

Visit Schedule:-
Day &Date Division Time (Batch of Students)
Friday, 25% Oct. 2022 B 9.30 AM Onwards
A 02.00 PM Onwards
Kindly Note:

1. For SY Mech Div A classes will be conducted as per time table upto 12.10 pm and then visit
will start.

2 For S Y Mech Div B after visit classes will be conducted from 3.10 pm onwards as per timetable.
3. All student should come in dress code for visit

4. Shoes are compulsory.

Course ¢oardinator /1Head,

Mech Engg. Dept.



10/18/23, 3:40 PM ETH -Course end survey 2022-23

ETH -Course end survey 2022-23

77 responses
Publish analytics

Can you Apply thermodynamics principles to mechanical engineering @ Copy
applications?

77 responses

@ Strongly Disagree
@ Disagree

@ Neutral

® Agree

@ Strongly Agree

Can you Describe entropy, change in entropy and increase of entropy 0 copy
principle?

77 responses

@ Strongly Disagree
@ Disagree

© Neutral

® Agree

@ Strongly Agree

Are you able to Differentiate between available and unavailable energy LD Copy
with examples?

77 responses

@ Strongly Disagree
@ Disagree

0 Neutral

® Agree

@ Strongly Agree

Can you Recognize the properties of pure substances and use [0 copy
thermodynamic property tables, charts?

77 responses

@ Strongly Disagree
@ Disagree

0 Neutral

® Agree

@ Strongly Agree

https://docs.google.com/forms/d/1nrKR40D21Rn61FNwRIdBaXWaNSOSMvvIpJON84_NfzO/viewanalytics 13
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Are you able to Apply mathematical fundamental to study the properties O copy
of steam gas and gas mixtures?

77 responses

@ Strongly Disagree
@ Disagree

' Neutral

@ Agree

@ Strongly Agree

Can you Explain the air and vapor power cycles and calculate cycle 0 copy

performance?

77 responses

@ Strongly Disagree
@ Disagree

0 Neutral

® Agree

@ Strongly Agree
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92 responses
Publish analytics
Are you able to apply thermodynamics principles to mechanical I8 copy

engineering applications ?

92 respenses

@ strongly Disagree
@ Disagree

' Neutral

® Agree

@ Strongly Agree

Can you describe entropy, change in entropy and increase of entropy [_g Copy
principle ?

92 responses

@ Strongly Disagree
@ Disagree

0 Neutral

@ Agree

@ Strongly Agree

Are you able to differentiate between available and unavailable energy [0 copy
with examples ?

92 responses

@ Strongly Disagree
® Disagree

© Neutral

® Agree

@ Strongly Agree

Can you recognize the properties of pure substances and use O copy
thermodynamic property tables, charts ?

82 responses

@ strongly Disagree
@ Disagree

' Neutral

® Agree

@ Strongly Agree
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Are you able to apply mathematical fundamental to study the properties O copy
of steam gas and gas mixtures ?

92 responses

@ Strongly Disagree
@ Disagree

' Neutral

@ Agree

@ Strongly Agree

Can you explain the air and vapor power cycles and calculate cycle 10 copy
performance ?

92 responses

@ Strongly Disagree
@ Disagree

" Neutral

® Agree

@ Strongly Agree

Tiis content s nether cregted nor endorsed by Google. Repor Abuse - Terms of Service - Povagy Policy
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132 responses

Publish analytics
Apply thermodynamics principles to mechanical engineering 0 copy
applications?
132 responses
@ Strongly Disagree
@ Disagree
' Neutral
@ Agree
@ Strongly Agree
Describe entropy, change in entropy and increase of entropy principle? 0 copy

132 responses

@ Strongly Disagree
@ Disagree

© Neutral

@ Agree

@ Stongly Agree

Differentiate between available and unavailable energy with examples? O copy

132 responses

@ Strongly Disagree
@ Disagree

' Neutral

® Agree

@ Strongly Agree

Recognize the properties of pure substances and use thermodynamic 0 copy
property tables, charts?

132 responses

@ Strongly Disagree
@ Disagree

' Neutral

® Agree

@ Stongly Agree
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Apply mathematical fundamental to study the properties of steam gas
and gas mixtures?

132 responses

@ Strongly Disagree
@ Disagree

' Neutral

@ Agree

@ Strongly Agree

lg Copy

Explain the air and vapor power cycles and calculate cycle performance.? @ Copy

132 responses

@ Strongly Disagree
@ Disagree

' Neutral

® Agree

@ Strongly Agree
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53 responses

Are you able to apply thermodynamics principles to mechanical
engineering applications

53 responses

@ Excellent
@ Good

@ Fair

@ No

Can you describe entropy, change in entropy and increase of entropy
principle

53 responses

@ Excellent
@ Good

0 Fair

@ No

Are you able to differentiate between available and unavailable energy
with examples

53 responses

@ Excellent
® Good

@ Fair
,‘ o

thermodynamic property tables, charts

53 responses

® Excellent
@ Good
. Fair

® No
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Are you able to apply mathematical fundamental to study the properties I8 copy
of steam gas and gas mixtures

53 responses

@ Excellent
® Good

. Fair

@ No

Can you explain the air and vapor power cycles and calculate cycle L@ Copy
performance

53 responses

@ Excellent
@ Goed

' Fair

@ No
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Basic Concepts of Thermodynamics

Every science has its own unique vocabulary associated with it. Precise definition of basic
concepts forms a sound foundation for development of a science and prevents possible
misunderstandings. Careful study of these concepts is essential for a good understanding
of topics in thermodynamics.

Thermodynamics and Energy

Thermodynamics can be defined as the study of energy, energy transformations and its
relation to matter. The analysis of thermal systems is achieved through the application of
the governing conservation equations, namely Conservation of Mass, Conservation of
Energy (1st law of thermodynamics), the 2nd law of thermodynamics and the property
relations. Energy can be viewed as the ability to cause changes.

First law of thermodynamics: one of the most fundamental laws of nature is the
conservation of energy principle. It simply states that during an interaction, energy can
change from one form to another but the total amount of energy remains constant.

Second law of thermodynamics: energy has quality as well as quantity, and actual
processes occur in the direction of decreasing quality of energy.

Whenever there is an interaction between energy and matter, thermodynamics is
involved. Some examples include heating and air-conditioning systems, refrigerators,
water heaters, etc.

Example 1: Unit Conversion

The heat dissipation rate density of an electronic device is reported as 10.72 mW/mm? by
the manufacturer. Convert this to W/m?2.

mW  (1000mm \|2 \w 74
10.72—> x| x = 10720 _
mm® " Im ) " 1000mw B

Closed and Open Systems

A system is defined as a quantity of matter or a region in space chosen for study. The
mass or region outside the system is called the surroundings.

SURROUNDINGS




Fig. 1: System, surroundings, and boundary
Boundary: the real or imaginary surface that separates the system from its surroundings.
The boundaries of a system can be fixed or movable. Mathematically, the boundary has
zero thickness, no mass, and no volume.

Closed system or control mass: consists of a fixed amount of mass, and no mass can cross
its boundary. But, energy in the form of heat or work, can cross the boundary, and the
volume of a closed system does not have to be fixed.

Open system or control volume: is a properly selected region in space. It usually encloses
a device that involves mass flow such as a compressor. Both mass and energy can cross
the boundary of a control volume.

Important note: some thermodynamics relations that are applicable to closed and open
systems are different. Thus, it is extremely important to recognize the type of system we
have before start analyzing it.

Isolated system: A closed system that does not communicate with the surroundings by
any means.

Rigid system: A closed system that communicates with the surroundings by heat only.

Adiabatic system: A closed or open system that does not exchange energy with the
surroundings by heat.

CLOSED
SYSTEM

m = const.
— >

ener,

il gy

Fig. 2: Closed system, mass cannot cross the boundaries, but energy can.




CONTROL
VOLUME

energy

Fig. 3: Control volume, both mass and energy can cross the boundaries.

Energy
In thermodynamics, we deal with change of the total energy only. Thus, the total energy

of a system can be assigned a value of zero at some reference point. Total energy of a
system has two groups: macroscopic and microscopic.

Macroscopic forms of energy: forms of energy that a system posses as a whole with
respect to some outside reference frame, such as kinetic and potential energy. The
macroscopic energy of a system is related to motion and the influence of some external
effects such as gravity, magnetism, electricity, and surface tension.

¢ Kinetic energy: energy that a system posses as a result of its relative motion
relative to some reference frame, KE
mv?
KE-——. (®)
2

where Vis the velocity of the system in (m/s).

4 Potential energy: is the energy that a system posses as a result of its elevation in a
gravitational field, PE

PE =mgz (*J)

where gis the gravitational acceleration and z is the elevation of the center of gravity




of the system relative to some arbitrary reference plane.

Microscopic forms of energy: are those related to molecular structure of a system. They
are independent of outside reference frames. The sum of microscopic energy is called the
internal energy, U.

The total energy of a system consists of the kinetic, potential, and internal energies:

2
E=U+KE+PE:U+m;/ +mgz (&)




where the contributions of magnetic, electric, nuclear energy are neglected. Internal
energy is related to the molecular structure and the degree of molecular activity and it
may be viewed as the sum of the kinetic and potential energies of molecules.

¢ The sum of translational, vibrational, and rotational energies of molecules is the
kinetic energy of molecules, and it is also called the sensible energy. At higher
temperatures, system will have higher sensible energy.

¢ Internal energy associated with the phase of a system is called latent heat. The
intermolecular forces are strongest in solids and weakest in gases.

¢ The internal energy associated with the atomic bonds in a molecule is called
chemical or bond energy. The tremendous amount of energy associated with the
bonds within the nucleolus of atom itself is called atomic energy.

Energy interactions with a closed system can occur via heat transfer and work.

[ | energyasa whole WRT

f some outside reference, and
changes with velocity and
elevation to a reference Energy

related to molecular
structure and degree of
rolecular activily

—i e

Microscopic

Macroscopic

| !

Kinetic Polential Sensible Latent Chemical Atomic
1‘ vy \ / }'
\- surﬂef 7 ; ipt§r~molecu1ar |

T ke / |
rotational
g it e lf

PE = mgz [ bands within nucleolus of atorns

the surnrmation of all microscopic energies is called internal
enetgy, U

B e T S S ——

Fig. 1-4: Forms of energy.
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Any characteristic of a system is called a property. In classical thermodynamics, the
substance is assumed to be a continuum, homogenous matter with no microscopic holes.
This assumption holds as long as the volumes, and length scales are large with respect to
the intermolecular spacing.

Intensive properties: are those that are independent of the size {mass) of a system, such
as temperature, pressure, and density. They are not additive.

Extensive properties: values that are dependant on size of the system such as mass,
volume, and total energy U. They are additive.

¢ Generally, uppercase letters are used to denote extensive properties (except mass
m), and lower case letters are used for intensive properties (except pressure P,
temperature T).

¢ Extensive properties per unit mass are called specific properties, e.g. specific
volume (v=V/m).

I
extensive o S |
i
1
m properties \ i 0.5m | 0.5m |
v .08V 05V
¥ RO i
. i I H
P P i el
1 - 1
1 ]
P
intensive l
properties

Fig. 1-5: Intensive and extensive properties of a system.

State and Equilibrium

At a given state, all the properties of a system have fixed values. Thus, if the value of even
one property changes, the state will change to different one.

In an equilibrium state, there are no unbalanced potentials (or driving forces) within the
system. A system in equilibrium experiences no changes when it is isolated from its
surroundings.

¢ Thermal equilibrium: when the temperature is the same throughout the entire
system.
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¢ Mechanical equilibrium: when there is no change in pressure at any point of the

system. However, the pressure may vary within the system due to gravitational
effects.

¢ Phase equilibrium: in a two phase system, when the mass of each phase reaches
an equilibrium level.

¢ Chemical equilibrium: when the chemical composition of a system does not
change with time, i.e., no chemical reactions occur.

Processes and Cycles

Any change a system undergoes from one equilibrium state to another is called a process,
and the series of states through which a system passes during a process is called a path.

Process path State 2

i

1

i

I’

A R
rd
T e s
B
State 1

Fig. 6: To specify a process, initial and final states and path must be specified.

Quasi-equilibrium process: can be viewed as a sufficiently slow process that allows the
system to adjust itself internally and remains infinitesimally close to an equilibrium state
at all times. Quasi-equilibrium process is an idealized process and is not a true
representation of the actual process. We model actual processes with quasi-equilibrium
ones. Moreover, they serve as standards to which actual processes can be compared.

Process diagrams are used to visualize processes. Note that the process path indicates a
series of equilibrium states, and we are not able to specify the states for a non-quasi-
equilibrium process.

Prefix iso- is used to designate a process for which a particular property is constant.
¢ Isothermal: is a process during which the temperature remains constant
¢ Isobaric: is a process during which the pressure remains constant
¢ Isometric: is process during which the specific volume remains constant,

A system is said to have undergone a cycle if it returns to its initial state at the end of the
process.




v

Vv

Fig. 1-7: A four-process cycle in a P-V diagram.

The state of a system is described by its properties. The state of a simple compressible
system is completely specified by two independent, intensive properties.

A system is called simple compressible system in the absence of electrical, magnetic,
gravitational, motion, and surface tension effects (external force fields).

Independent properties: two properties are independent if one property can be varied
while the other one is held constant.

Procciiro

Pressure is the force exerted by a fluid per unit area. N _ Pa

Force
Pressure =

Area m>

In fluids, gases and liquids, we speak of pressure; in solids this is stress. For a fluid at rest,
the pressure at a given point is the same in all directions.

p= Weight of liquid
Area
. p=me_pdh
A A
P =pgh

'
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I
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Fig. 8: Pressure of a fluid at rest increases with depth (due to added weight), but constant
in horizontal planes.




The actual pressure at a given position is called the absolute pressure, and it is measured
relative to absolute vacuum.
gauge pressure = absolute pressure - atmospheric pressure

Poquge = Pabs = P>
Patm —Pabs Patm
A
P A
Pgauge
l A
Pvac
Pabs
Patm
Absolute
(vacuum)=0

Fig. 9: Absolute, gauge, and vacuum pressures.

In thermodynamics calculations, always use absolute pressure. Most pressure measuring
devices are calibrated to read zero in the atmosphere (they measure Pgauge Or Pyac). Be

aware of what you are reading!

A device that measures pressure using a column of liquid is called a Manometer. The cross
sectional area of the tube is not important. The manometer measures the gauge pressure.

10



gas

Fig. 10: Basic manometer, P,=P;.
Pl =Pgim +pgh (kPa)




Bourdon Tube is a device that measures pressure using mechanical deformation. Pressure
Transducers are devices that use piezoelectrics to measure pressure.

¢  veryaccurate and robust
¢  can measure from 10° to 10°atm
¢ can measure Pgauge OF Pabs

Barometer is a device that measures atmospheric pressure. It is a manometer with a near
vacuum on one end

Example 2: Pressure

The piston of a cylinder-piston device has a mass of 60 kg and a cross-sectional area of
0.04 m?, as shown in Fig. 12. The depth of the liquid in the cylinder is 1.8 m and has a
density of 1558 kg/m3. The local atmospheric pressure is 0.97 bar, and the gravitational
acceleration is 9.8 m/s?. Determine the pressure at the bottom of the cylinder.

Solution: the pressure at the bottom of the cylinder can be found from the summation of
the forces due to atmospheric pressure, piston weight, and the weight of the liquid in the
cylinder.

Whottom = Patm A+Wliguid +W Piston
m
Ppottom = + _Zg_ +pgh
P
atm

12



I Patm=0.97 bar I

h=1.8m

Fig. 12: Sketch for example 2.

Temperature

Temperature is a pointer for the direction of energy transfer as heat.

Fig. 13: Heat transfer occurs in the direction of higher-to-lower-temperature.

When the temperatures of two bodies are the same, thermal equilibrium is reached. The
equality of temperature is the only requirement for thermal equilibrium.

The Oth law of thermodynamics: states that if two bodies are in thermal equilibrium with
a third body, they are also in thermal equilibrium with each other.

The Oth law makes a thermometer possible.

In accordance with the Oth law, any system that possesses an equation of state that

13



relates temperature T to other accurately measurable properties can be used as a
thermometer e.g. an ideal gas obeys the equation of state:

_ PV
mR
Experimentally obtained Temperature Scales: the Celsius and Fahrenheit scales, are based
on the melting and boiling points of water. They are also called two-point scales.

Conventional thermometry depends on material properties e.g. mercury expands with
temperature in a repeatable and predictable way

Thermodynamic Temperature Scales (independent of the material), the Kelvin and
Rankine scales, are determined using a constant volume gas thermometer.

14
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CHAPTER 1
INTRODUCTION AND
BASIC CONCEPTS

Objectives

Identify the unique vocabulary associated with
thermodynamics through the precise definition of
basic concepts to form a sound foundation for the
development of the principles of thermodynamics.

Review the metric S| and the English unit systems.

Explain the basic concepts of thermodynamics such
as system, state, state postulate, equilibrium,
process, and cycle.

Review concepts of temperature, temperature scales,
pressure, and absolute and gage pressure.

Introduce an intuitive systematic problem-solving
technique.

THERMODYNAMICS AND ENERGY

Thermodynamics: The science of
energy.
Energy: The ability to cause changes.

The name thermodynamics stems from
the Greek words therme (heat) and
dynamis (power).

Conservation of energy principle:
During an interaction, energy can change
from one form fo another but the total
amount of energy remains constant.

Energy cannot be created or destroyed.

The first law of thermodynamics: An
expression of the conservation of energy
principle.

The first law asserts that energy is @
thermodynamic property.

wof B created of
d itesns b
forrms ik fid o

.

The second law of thermodynamics: ) \

|t asserts that energy has quality as s ;‘\
well as quantity, and actual processes e

occurin the direction of decreasing
quality of energy.

Classical thermodynamics: A .
macroscopic approach to the study of
thermodynamics that does not require
a knowledge of the behavior of
individual particles.

It provides a direct and easy way to the
solution of engineering problems and it
is used in this text.

Statistical thermodynamics: A P
microscopic approach, based on the | we
average behavior of large groups of 3
individual particles.

It is used in this text only in the P
supporting role. 1 o the Glrvcsom ¢

dewrominy leaporiie

FituRE 1-2
Cogseryateon of onagy i
e Tartmads Tumly
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Application Areas of Thermodynamics

e

PGS 4

T design of wwery igaaeering
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v Brvelvos Oredy sspmc

wrveh s et e
© Phrat it com b 87 etk gl
© Mt i f o g

All activities in nature involve some interaclion between
energy and matler; thus, il is hard to imagine an area
that does not relate to thermedynamics in some manner.

g s
5 Wb Pt e

S B

s
O Mt i Uintty bsages EF

fomad prmsyomey & pywng mepodt, 1 0 b Gk b0
4

ety Wi by promnsios
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IONS AND UNI

+ Any physical quantity can be characterized by dimensions.

+ The magnitudes assigned to the dimensions are called
units.

+ Some basic dimensions such as mass m, length L, time £,
and temperature T are selected as primary or fundamental
dimensions, while others such as velacity V, energy E, and
volume V are expressed in terms of the primary dimensions
and are called secondary dimensions, or derived
dimensions.

«  Metric S| system: A simple and logical syslem based on &
decimal relationship between the various units.

English system: It has no apparent systematic numerical

base, and various units in this system are related to each
other rather arbitrarily,

The sven andemental for primary)
drramsons nd their ity 19 S1 L
P, E 4 W e e e et e
i 10°% oy Y
Length e (m) oM a7
Mas dogrom (kg 10 LTy
Tioe secont (3} 10" peta, P
Teabvin 4K e o tem T

Elecuic errrant ampere (A) (L4 Coo G
P o gt candeia (s0) i ouge, B
Asiount of marte  mols 1w e, b

.

1w

w0

107

1w’

“-‘

I;D"
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1w

10+
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Some Sl and
English Units

1 Ibin = 043350 %y
N0 HHEm

Fotee = (Mass i Aceeleration)

I =ma

IN = theem's
P 32T el s

Work = Force x Distance
1J=1Nm

1 cal=4.1868 J

1 Btu= 1.0551 kJ

M2

o 51

FIGURE 1-G
The S1onit prefives are wsnl inwll
branchios of engisecring

FIGURE 1-7

The detinition of s jofee s

gt
 sppbes
=iy
e
o o (=] -] -
o ]
@ ’
¢ 1 E
tN g Pl
-‘-.‘\
| . .
—.l W= me (N)
3 | W weight
FIGURE 10 | Mass
A body weughtip 130 B emesntraitl |G gravitational
weighrnty I3 fon e neos | BceEJeralion
FIGURE -8
Tiwe veadive mognitisdes of the losce
s st N, ibopram-tonce (RpT).
and posid-force (),
10

2 ST l,

W 0S07 Lyt Wom 32174 lww A
LT i
i gl
FIGURE 1-10

The weight of & undt s af «ga Jevel,

Specific weight y: The weight of
a unit volume of a substance.

=

FIGURE 111
A syprcal match yiekds abvat one Bt
one k1) of energy i complesely bamad.

Dimensional homogeneity
All equations must be dimensionally homogeneous.

Unity Conversion Ratios

All nonprimary units (secondary units) can be
formed by combinations of primary units.
Force units, for example, can be expressed as
m ) " ft

N=kg- and bl = 32,174 lbm
% 15
They can also be expressed more conveniently
as unity conversion ratios as

N Ibr

e e <
gy J2UT4 T -1ys"
Unity conversion ratios are identically equal to 1 and are unilless,
and thus such ratios (or their inverses) can be inserted conveniently
inle any calculation o properly convert units.
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EYERY TERM IN AN T

CAUTION. o R ; @ (T e
2074 Phen .afz\&- % ) ‘ '::'_ {

 EQUATION MUST HAVE TN ATRIETS o L=
| THE SAME UNITS 1) (o0 N (1006 N » ' 6 "
eI 05045 m | [1min| [ 1% /' o
LEW LD AWy )
[ s

FIGURE 1-18

FIGURE 1-15 A oy of | e weighs 105 on casth
Every nuiiy comersion paim (s w ell
a5 1% inverse) is exactly cqual t onc.

Shown here are 4 few commanty nsed - =
§as [ kg
LIS wonveinn o, Wom iap = (4516 g)081 m i o S iAo N
g = ¢ . L1 kg »!'\I'-.n.\

FIGURE 1-17
5 qairk e thve metsic sysbenn of ant

FIGURE 1-14

Always chck the wails in pows
eatoulsns

SYSTEMS AND CONTROL VOLUMES. P

+ System: A quantity of matter or a region in space chosen for study. R
«+ Surroundings: The mass or region outside the system —r

by

« Boundary: The real or imaginary surface that separates the system
from its surroundings. A

URE 1-18

o, sorroadivgs. sad beslary,

« The boundary of a system can be fixed or movabie.
- Systems may be considered to be closed or apen.

+ Closed system (Control mass): A fixed amount of mass, and no
mass can cross its boundary

FIEURE 120
A clorad sysbem Wil 4 moag
besmttsbary.

lgt

q Baeryy ¥

FISURE 118
M qumtiod croas e hosmistion of 4
15 il systemm, bt energy com, 18
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- Dpen system {control volume): A properly selected
region in space.

+ Itusually encloses a device that involves mass flow
such as a compressor, turbine, or nozzle.

+  Both mass and energy can cross the boundary of
contro! volume.

. Control surface: The boundaries of a control
volume. It can be real orimaginary.

A control volume can involve

fixed, moving, real, and imaginary

boundaries. |

b | 1 l
-...__‘- N o
. e Mg

-/ - By
" -~ -
A 8

PROPERTIES OF A SYSTEM

Property: Any characteristic of a
system.

Some familiar properlies are
pressure P, temperature T, volume
V, and mass m.

Properties are considered to be
either infensive or exfensive. 1

Intensive properties: Those that

4

6w W

are independent of the mass of a

system, such as temperature, 4 m hp
pressure, and density. S R
Extensive properties: Those i
whose values depend on the size— i i
or extent—of the system. '3 : [

Specific properties: Exiensive
properties per unit mass.

o= Vm) (e

FiGURE 1--23
Criterton to diff
eaicmive properlion

Lin)

Continuum

Malter is made up of atoms that are o
widely spaced in the gas phase. Yet it ki
is very convenient to disregard the

atomic nature of a subslance and view

it as a continuous, homogeneous 3  aobaculen/miom
matter with no holes, that is, a
continuum.

The conlinuum idealization allows us to |

freat properlies as point functions and [ / voih &

e
s

to assume the properties vary
continually in space with no jump S
discontinuities. . ) t
This idealization is valid as long as the

size of the system we deal with is large
relative to the space between the
molecules.

This is the case in practically all
problems.

In this text we will limit our
consideration to substances that can be

FIGURE 1-24
the 1etatively latge gaps
wles, at s can wsaally

hetween 1y
be tromtad

modeled as a continuum,

DENSITY AND SPECIFIC GRAVITY

Density Specific gravity: The ralio
m £ of the density of a

# . {hg/m substance to the density of 5(;
some standard substance
at a specified temperature
Speciﬂf: VDT e (usually water at 4°C).
Toomop Specific weight: The

weight of a unit volume = s
of a substance. + .

I

i

o3 of sorme

Y. = pg (N/m') [Sectea
ot
flead

‘ Density is s
sts per unit !“'::I "
¢ b volume; Kercun
p=023kym specific volume Vived :
P RIS P is volume per Gold
g
P unit mass. Rons
{0
Al Lt | i)
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STATE AND EQUILIBRIUM

+ Thermodynamics deals with equilibrium
states.

«  Equilibrium: A state of balance.
« In an equillbrium state there are no

unbalanced potentials (or driving forces)
within the system.

« Thermal equilibrium: If the temperature REURE 1-26
is the same throughout the entire system.

+ Mechanical equilibrium: If there is no

A systedm ot vio Jilleront s

change in pressure at any point of the
system with time. WE " e A
+ Phase equilibrium: if a system involves ’ 2 i
two phases and when the mass of each s wch ¢ I
phase reaches an equilibrium level and

stays there.

. Chemical equilibrium: If the chemical
composition of a system does not change
with time, that is, no chemical reactions
oceur.

The State Postulate

« The number of properties
required to fix the state of a
system is given by the state
postulate:

v The state of a simple
compressible system is
completely specified by
two independent, L i
intensive properties. b 1'=25°C

- Simple compressible =
system: If a system involves =
no electrical, magnetic,
gravitational, motion, and FIGURE 1-28
surface tension effects. The stare of pitroren i fed byt

independent, intensive praperties.

Niliogen

PROCESSES AND CYCLES

Process: Any change that a system undergoes from one equilibrium stale to
another.

Path: The series of stales through which a system passes during a process.

To describe a process compleiely, one should specify the initial and final slates, as
well as the path it follows, and the interactions with the surroundings.

Quasistatic or quasi-equilibrium process: When a process proceeds in sucha
manner that the system remains infinitesimally close to an equilibrium state at

all times.
IA\s-,:t . L "
e
! = tr
g g -
~Pacarews poit
i = =
e
& s *
Pageny B 1 Vary Bom Comprvimie
N
FIGURE *-28 "
A procees betw \“1”'5 ¥ PSURE 1-30
) ‘ T s Lo onpule

qosslsbuiant oo

« Process diagrams plotted by
employing thermodynamic properlies
as coordinates are very useful in
visualizing the processes.

+ Some commen properties that are |
used as coordinates are femperature
7, pressure P, and volume V (or
specific volume v).

« The prefix iso- is often used to |
designale a process for which
particularproperly remains constanL.

+ Isothermal process: A procass
during which the temp 24
remains constant.

-« Isobaric process: A process during
which the pressure P remains

constant.
+ Isochoric (or isometric) proc: A
process during which the specific FIGURE 1-31

volume v remains constant.

« Cycle: A process during which the
initlal and final states are identical. PrOoeEs.

The PV diagram of a compiession
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The Steady-Flow Process

»  The term steady implies na change
with time. The opposite of steady is
unsteady, or transient.

M =
—FE Comtine

sedban

« A large number of engineering
devices operate for long periods of
time under the same conditions, and
they are classified as steady-flow

firgyy =t

davices. N
3 Egym oot
+ Steady-flow process: A process
during which a fluid flows through a
conlrol volume steadily. a9 e FIGURE 1-33
o L]
« Steady-flow conditions can be T . e siaatv-Flow ¢ i
Siossly approximaled by devicas that L 3 : Under steady -flow conditions. the
are intended for conlinuous 1 " mass and enersy vonteats of 1 control
:pgration :I:{ch aes lurbir::.ep;xmps. FIGURE 1.32 volume remsin constant.
oilers, condensers, an a - Terw process, Thid
exchangers of power plants or I :h pﬂr o8 ol
refrigeration syslems. e ‘7‘. \\;-’ali‘-x i 5 but i
' 6
TEMPERATURE AND THE ZEROTH Temperature Scales
LAW OF THERMODYN AMICS = « Al temperature scales are based on some easlly reproducible
states such as the freezing and boiling points of water: the ice
. The zeroth law of point and the steam point.
&Z%nso:ini:rm:sn; gltwo S + Ice point: A mixture of ice and waler that is in equilibrium with air
equilibrium with a third saturated with vapor at 1 atm pressure (0°C or 32°F).
body, they are also in + Steam point: A mixiure of liquid water and water vapor {with no
thermal equilibrium with air) in equilibrium at 1 atm pressure (100°C or 212°F).
each other. « Celsius scale: in Sl unit system
= a{“:e:ﬁggggee?::ﬁ’:dy ; + Fahrenheit scale: in English unit system
zeroth law can be restated FIBURE 1-34 + Thermodynamic temperature scale: A temperature scale thatis
as two bodlies are in T Gelies e thuchsl independent of the properties of any substance.
thermal equilibrium i both o SHODOCTE IENCHINE ARELAR i
Havo m;ga;i; temperature squilibrium after being brought into * Kelvin scale (SI) Rankine scale (E)
reading even if they are not contact in an kolated enclosure «  Atemperature scale nearly identical to the Kelvin scale is the
in contact. ideal-gas temperature scale. The temperatures on this scale
a7 are measured using a constant-volume gas thermometer. n
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vk T &
LS T 273.1 Comparison of
R Tt 150 1 temperature
4 ) scales.
: TR LET(K oy
Tt RT( '
i o
Coan B 2 = AT C
| P AT(K) = AT{ C)
X - 2 P ¥
b s A i ATIRY = ATUF)
oL T iy
o~ T e lsD Y o st J Comparisen of
o — . e magnitudes of
—t i te| vl 1SR| 1ET varlais
FIGURE 1-36 temnperature “ -
FIGURE {-35 A comuant-volume pas thermometer __ units. (@ & §
Persus T plots of the ox tal wonkd read }.15°C at aln = :
cata obtpiped Trom & const ZLT0 Préswidne + The reference temperature in the original Kelvin scale was the ice point,
gas thepmometer ising foor differom 273.15 K, which is the temperature at which water freezes (or ice mells).
gasts il ifterent (Fat bow ) priessiwes « The reference poini was changed toa much more precisely reproducible
% point, the triple point of waler (the state at which all three phases of water
coexist in equilibrium), which is assigned ihe value 273,16 K.
The International Temperature Scale of 1990 (ITS-90) PRESSURE g &
150 puaivk ) s
The Intemational Temperature Scale of 1990 supersedes the intemational y
Practical Temperalure Scale of 1958 (IPTS-88), 1948 (ITPS-4B), and 1927 (ITS- Pressure: Anormal force exe ted by a
27). fluid per unit area F e
5 srfa .
The ITS-90 is similar to its predecessors except that it is more refined with 1 Pa= [ N/m ¥/ I
updated values of fixed lemperatures, has an extended range, and conforms fhar = 07 Pa = 01 M = 1004 ‘] , i et I
more closely to the thermodynamic temperalure scale. f i = 105035 Py = BOLAZSKPA = | 6HI2S by ‘L \ \ |
On this scale, the unit of thermodynamic temperalure T is again the kelvin (K), § kgifewn’ = LT Nfew" » 10 N TR U L “
defined as the fraction 1/273.16 of Lhe thermodynamic temperature of the triple " H11 1444
point of water, which is sole defining fixed point of both Lhe ITS-80 and he Fe Padp
Kelvin scale and is the most important thermomelric fixed point used in the !
calibration of thermometers to ITS-90. The unit of Celsius temperature is the Paw,a im0
degree Celsius (*C). =
The ice point remains the same at 0°C (273.15 K) in both ITS-80 and ITPS-68, FURE 1-32
but the steam point is 98.975°C in ITS-90 whereas it was 100.000°C in IPTS-68. el st (or Ui
The change is due 1o precise measurements made by gas thermometry by e J;, \.l f_,,f? oy
paying particular attention to the effect of sorption (the impurities in a gas Sl
absorbed by the walis of the bulb at the reference temperalure being desorbed
at higher temperalures, causing the measured gas pressure lo increase).
3 2
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. Absolute pressure: The actual pressure at a given position. ltis Variation of Pressure with Depth
measured relative to absolute vacuum (i.e., absolute zero pressure). When th ation of densi
+ Gage pressure: The difference between the absolute pressure and AT =P 5 \ .“?nl o ;an.? ?{20 ansity
the local atmospheric pressure. Most pressure-measuring devices are AP = i . with elevation is known
calibrated to read zero in the atmosphere, and so they indicate gage " ) i P
pressure. P puor Pl AP =P P i
- Vacuum pressures: Pressures below atmospheric pressure. 3
Throughout this ) Ll == ; l . A
text, the pressure 1 1 H A
P will denote I {
absolute 1" g {
pressure unless I | 238 . | -
specified = 2 e §-- ‘ 5 t :
olherwise. I r i . * |
i | N =
1 L] i ¥ Py
" | . - PIGURE 1-42
| i H ; = The pressare of 1 whd # rest
e rawn FIGURE 143 lé ‘\ R
4 4 Froe-baody ot wedghis
ind H
= [
P w}
- wa !
PRl et ] 1
real
| &
A
| S fagh st ' A TR a :a < " 3 $
1 Pys P, ’ i Ty
P 106 e P 172 1
- - FIGURE 145 e
FIGURE 144 l"'.“ FRRTI ;.— fapund at rest freases o . s 4 i ¥
Tn & reom filled wilh a gas, the tinearly with dotance o ‘Lu. ¢ . -
variation of pressurs with height is RUFRES
nepligihic
3B ag




Pascal's law: The pressure applied to
a confined fluid increases the pressure
throughout by the same amount.

) F, # F \
pompy - = T by
FowPidy
The area ratio AjA, is i
called the ideal mechanical t
advantage of the hydraulic \
-
0 },:
FIGURE 1-47

Lilving of o large weight by a sniall
force by e spplication of Pascal’s
Jorw. A common exanple b a
hydrautic jack.
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PRESSURE MEASUREMENT DEVICES

. Nevum The Barometer
e r=0 +  Atmospheric pressure Is measured
™ ! by a device called a barometer;
| | thus, the atmospheric pressure is
| | often referred to as the barometric

i ﬂ" H pressure.
ol W= bt I

Afrequently used pressure unitis

| the standard atmosphere, which is
| | P; | defined as the pressure produced by
159 a column of mercury 760 mm in
Mrrcon 5 height at 0°C (g = 13,595 kg/m3)
wa under standard gravitational

FIGURE 1-48 acceleration (g = 9.807 m/s?).

The basie baronwier

P peh 3

FIGURE 1-50

At tiely altitudes, & car engine gener-

FIBURE 148 ucs fons pover and 4 porson gets fess

The leneihor the crosesectional ares axypen bhecoust of the bower demity

of the whe ks no effect va the hoight ol air.
of the fluad godurmm of & harometer,
provided that the mbe daneter s
Jarpe enouph o avonl surlace tenson
twapiibary ) cfiecis,

The Manometer

1t is commonly used to measure small
and moderate pressure differences. A
manometer contains one or more fiuids
such as mercury, water, alcohol, or oil.

HGURE 1-55
HIOUNE -84 e basic iammmeier.

T prninedy spphieed 4 18 oy W ol

A sornple Ut Whmntiar, W it 40

10
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 PROPERTIES OF GASESAND GAS MIXTURES

Dr Sharad D. Patil

Associate Professaf,

Department of Mechanical Enginea'lns,
Rajarambapu Institute of Technology

COURSE OUTCOMES

- Explain different laws associated with gas and gas mixiures

- Define the quantities used to describe the composition of a
mixure, such as mass fraction, mole fraction and a volume:
fraction,

+ Derive state,Vander Waals, Clausius Clapeyron equation

|NTRODUCTION ' Ve

Gaseslmeanmnberufpmpemesﬁ'mtarewrydﬁemfmmlmwm‘
1) Gases are compressible
2) Gases exertapressure
3 Gaspressuredepenfkonmeanountofmnﬁredgas
4) Gases fill their container
5) Gases mix freely with each other
6) Gas pressure increases with temperature

. The properties of a gas mixture obviously depend on the properties
of the individual gases (called components or constituents) as well as
on the amount of each gas in the mixture

Gas Laws Boyle's Law : ;
L PV=PY, whaTi=T)
Charles' Law :
VT, =7,/T, (whenB=P)
Gay - Lussac's Law :

PIT,=P/T, (whenV, =V;)

. memreegsslamaleoﬂm&dinasingyeeq.aﬂmdledme
combined gas law

B

Y B
T 1,
+ When tsing this equation the temperature must always be in kelvins

= constant or 1 (fixed amount)

Example-What wil be the firel pressure of a sample of aitygen vith a volume
of!SOm’atb.SSbarmdzsOvcﬂltislea\uﬂtomo’camgtmnnﬁﬁ
- volume of 1066 m? %

ANALYSI5:Use the col ga lav temperature In
SOLUTION: ;

B=Bx L

- |
850 m* 5 (8004273 2)K.
1066m® (2504273 2K

=619 bar

=6.55%




10/13/2023

« The law of combining volume states:
« When gases react at the same temperature and pressure,

__their combining volumes are in ratios of simple, whole
numl

« BExample:
hy drogen + chlorine -» hydrogen chloride

l1volume 1volume 2 volumes
« AmedeoAvogadro studied this and devised
Avogadro’s prindple:

« W hen measured at the same temperature and pressure,
equals volumes of gases contain equal number of moles

o] A corollary to Avogadrok principle is: it
+ The volume of a gas is directly proportional to its numberof
moles,n

Vocn (atconstant I'and P)

« Thus, the volume of one mole of any gas at standard
terrperau_.ueampressure(STP)orODC and 1 atmis 224 L
(a constant for all ideal gases)

. Thisismlledthestandardr_r)olarvolmneofagas

) A AT )

« We now need to consider mixtures of gases

- O ne useful way to describe a composition of a mixture is
in terms of its mole fractians

« The mole fraction is the ratio of the number of moles of
agiven component to the total moles of all companents

; § =nunberofmoteg The molecular mass s obtained by taking the ratioof mass.
- = 2, l g
* Thecombined  _ m o o motes, which could be determined using the ideal gas
gas law can be M : C law ; :
generatzedto {7, ST cularweight + Gas densities (d),a ratio of gas mass to volume, can be
include & calculated by taking the ratio of the molar mass to molar
changesinthe 7 = Mass volume ;
number of PV = mRT - BampleThe molar mass of aygen fs 32.0g/mol What s the
rmoles of = —-N-[-" density of oxygen at STP?
sample
iy PV =mR,T o = 32.0gmol _ 4 gL}
« The ideal gas : 224 L/mol
law is
I _ aﬂi’“ “ Onemoie clench o « For a mixture of A,B,... substances, the mole §
- o occuples 22 4at 31
xs N o RS e fraction of substance i (v is
; K S o dense than oxygen due to Ny I
4 e g y, =———=24——, n =molesof i

nthg .t H,
» This provides a convenient way to ‘partition’ the
total pressure of a mixture of gases -

kbl olod SBeEm. it

i A e
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= For a system of only gases, mole fractions gmd

. Dalton'slaw of partial pressures: SO e ~ partial pressure partition the total pressure in the
|t states: the total pressure of a mixture of gasesis the sum of  same fashion e
 their individual partial pressures S : : Iy
Mole fraction e Prou=Py+ Py ...
it is the ratio of the number of moles of a given component to = Pouta *t Bruda +one

the total moles of all components 1=y, +yg+..

~ » Gases are often collected over water in the
laboratory

 « These (collected) gases are saturated with water

A i SerieR

: ~Thespace’aboveanyt!qmdaontaimsomeofmelic;wd{svapor‘ ; e L25
+ The pressure this vapor exerts is called the vapor pressure i

B L
e

= l“'—_-'" e

=

As the gas bubbles through the water, watter vapor gets into the gas so
ﬁuetﬂalpcmeisideﬁebotﬂeindudaﬂweparﬂalpreswmdme
water vapor

=
I "
.

COMPOSITION OFA GASMIXTURE 'MASSAND MOLE FRACTIONS e
To determine the properties of a mixture, we nieed to know the Mole fraction {molar analysis) :
composition of the mixture as well as the properties of the indnadual { "
cofmponents. _ * |t is the ratio of the number of moles of a given component to
There are two ways to describe the composition of a mixture: either the total moles of dl;.om poiieyts
by specifying the number of moles of each component, called molar ¥, = s , n, =moles of /
analysis, or by specifying the mass of each component, calle ‘ " ongtng e+t hy 4
gravl_mamc analysis. .
; Mass fraction (Gravimetric analysis)
gravimetricanalysis molaranalysis b
— = . el | It is the ratio of the mass of the component to the mass of the
b - mixture
g i 1 1l
b= s m, = my
m

m
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vaf substance (m) -

| P-V-TBEHAVIOR OF GASMIXTURES
ltisemresedmtem\sofﬂwemolenumber(n)andmo!armasslw W : o

mMm=nx
: ganiils o '  ©Anideal g5 15 defined as a gas whose molecules are spaced
Universal Gas constant (Ru) = 8.314 kJ/kg mol K far apart so that the behavior of a molecule is not
: influenced by the presence of other molecules—a srtuahon
Gas constant (R) encountered at low densities.
: r=L
o M o We also mentioned that real gases approximate this
Molar mass of misture can b expressed as: ‘ behavior closely when they are at a low pressure or high
Z e temperature relative to their critical-point values
Z_ L i o

IDEALAND REAL GASES el T S e R
; « When two or more ideal gases are mixed, the

ldeal gas : e . behavior of a molecule normally is not influenced

. ' ; by the presence of other similar or dissimilar

The P-v-T behavior of an ideal gas is expressed by the molecules and therefore a nonreacﬁng mixture of
simple relation s ideal gases also behaves as an ideal gas.

{ PXV=R*T)

which is called the ideal- gas equation of stﬂte S . : o
o When a gas mixture consists of real (nonideal)

Real Gas ' gases, however, the prediction of the P-v-T
The P-v-T behavior of real gases is expressed by more behavior of the mixture becomes rather involved.
complex gquauonsoi state or by ( PHV=ZERAT )

where Z is the compressibility actor

MIXTURES LAWS S : TR TR
® The prediction of the P-v-T behavior of gas mlxturas is usuaﬂy based -Amagat’s law of addltlve volumes: :
~ on two models: :
Dalon 's law of additive pressures:

The volume of a gas mixture is equal 1o the sum af the
volumes each gas would occupy if it existed alone at the

e plessure of a gas _mixture is equal to the sum of the pressures mixture temperature and pressure
each gas would exert If it existed alone at the m:xtura temperature

andvolume p _ p oy p, 4+ k ik

Toial A — .
®er. = i Po.(i" ) P. =cOomponentpressure ok ZlV eﬁ-'-n'P m) V. - componentvolume
@ Note: thatequexactforideal gases,approximate forrealgases - : ® Note: thatequ exact forideal gases, approximate forreal gases
@ L. _ pressure fraction : EF_\othe fraction

B Gan A Gan it Caa L1 eV : ’T’ =]
il TR : ik A
- T & At
Vi
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DIRCERAL Consisty 61 % bg of Oy, 5 kg of 0, s
Destaiiviriioe {41 tha irioss frae 1) E i
M AT m-llruupmu v ey se
"T' ‘ﬂl‘mllluv

S e m 2 hgid
, n=4
mmmzma+mfhmn=ﬂ£_i_QWMml
Mgy = 345412 MG
3 Higrat =1.023kmol 2
iy, = o= = =0.15 ot 0094 o0

IDEAL GAS MIXTURES

QFondeal gases, Piand Vi can be related to mole fractionO’ )
by using the ideal-gas relgtion for both the comgonemsand

the gas mixture: @®And thequantity P = y.'? P, iscalled partial pressure

o _;ﬁ._ it L = - ‘
®Dalton'slaw: o ?/}L;n- S ®Thequantity J/,= ¥ *V  iscalled partial volume
®Amagat slaw: s 'Tz é, ;...__L:y

V_ n&f

'J’_,=L_.zr_1‘,y
'_o'l’berefnre, el A 4

‘ REA;.-GAS MIXTURES

@ Dalton's law of addntwa pressures and Amagatslaw of

additive volumes can also be used for real gases, often with
reasonable accuracy but the component pressures or
component volumes should be evaluated from relations
that take into account the deviation of each component
from 1deal-gas behavior

®1-Use ideal gas equation with compressibility fac_mr (Z)
PYV =Z*N*R*T i

o compressibility factor of mixture( Z, )} can expressed in
terms of compressibility factor of the individual gas( 7 ) by
applying
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COMPRESS'BlLlTY FACTOR: COMPRESSIBILITY FACTOR:
: 8 b ey tane the atertmheualr ke e sgtiticant die b wiich 32tﬁsweﬂlu§bmmmmhlghpressureorlmtanpemnrebma\duo{ o
il e o e e et of o 32w This deuition s Epuag S el gas deviates from that of ideal gas behavior
. e A s T g = The term high pressure or low temperature dﬁffersfmsu:stmoem ol
Y i T S s substance. For example, -100°C s a low temperature for most of the
aing 1o the L e Y EN, Qe n mal od I fesl g beo ,. MngtfwaAir‘ mﬁﬁy )
et B o os compressibility facled '
: asanﬂeal—sasmistﬁmmmdaunmuﬁkmmmwmbamtse
Couprressibiiins facter 7 - %c Z i’;ﬂﬁf : nityogen is well above 1ts critical temperature (-147°C) and away from the
: S saturation region.
2 * At this temperature and pressure, most substances exists in a solid phase.
: e Hence, pressure or temperature of a substance is called high or low by
g  relating it to its critical temperature or pressure.
»~ o N D " i

"REDUCED PROPERTIESAND LAW OF

e o CORRESPONDING STATES:
POLL 34 Y
it R e e a0 WA tanes uih e et o Rs critacl preae uih‘..'l.v.l:at_ i
# 2w helure vy must a ;

» Compressibility factor Z dapends upon
¥ pressure of g P i andf, = =
> temperature of gas o P, )3
¥ molecular mteractions i 7 Shere v et 1 e et prossuee ol vedm g S0t e snsperiney
¥ mixtwre vlume

e Qo wdooed previare i teemgratees, D¢ oeesprotadiliey factey b ol gases
F y -

=ik smpe D s ol o the B of corpesponding states

- COMPRESSIBILITY CHART: - % ‘;_CQMPRESSIBILITY CHART:

W -] ~ s i £ we
2 b temreraes (TN 0 JL Jedbgis delunme o e oo 25wy repraan
Y s !
Ve Crvd 8K agis tny ik REEB D ] At i

J 3 1 Feedd | TS LW W Gt e T
i I e vl b el - ey gt (nbod paradn Tdnied

specilic volue b oo
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OTHER EQUATION OF STATE:

= Hence, it is vital to have equation of state that can accurately predict P-
v-T behavior of substances accurately over a wide range with no
_ limitations.

= These equations are complicated but gives accurate results over a wide
mhgeas compated to ideal-gas equation of state.
=van derW aals Equation of State
-Beattie-Bridgeman Equation of State
-Benedict,Webb-Rubin Equation of State
-Virfal Equation of State '

37- Héigaéemﬁmofstatembeapﬁhdweraﬂedmﬁ@&ﬁﬁ 3

-Redt!ch-l(wnnl Eiuntion of State

VAN DERWAA_LS EQUATION 'OF gi'ATE:.
it ‘ iF= ; o= Y
il x i
BHT, fi

- GIBBS-DALTON LAW:
40. 3 B i
¥ s i bepaind Mk Ay w o para peey fets ¢ pr et
o Ui
4 Ik i - Qg b
N = e x g & X bty of a7
Y eIy ) 1 ¥ W X i
Vo=l =, +U,~~ -,
Hoalli-H,-H;» -H,
mi m‘fn‘wﬂ{x-‘—mj:- =4 i 0r

INTERNAL ENERGY OF A GAS MIXTURE:

o

SPECIFIC HEAT OF A GAS MIXTURE:
2 : 3

o L

-

o~
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LAk O Tung £ A0 fTE

iy

o The compressibility-factor approach, in general, gives
_more accurate results when the Zr are evaluated by using
Amagat's law instead of Dalton’s law. This is because
Amagat’s law involves the use of mixture pressure Pm,
which accounts for the influence of intermolecular forces
between the molecules of differentgases. Therefore,

@Dalton's law is more appropriate for gas mixtures at lowpressures.

®Amagat’s law is more appropriate at high pressures

Kay’s rule:
Another apprcach for predicting the P-v-T behavior of a
gas mixture is to treat the gas mixture as a
pseudopure substance. involves the use of a
pseudocitical pressure (Per)m  and  pseudocrtical

temperature (Term for the mixture, defined in terms of
the critical pressures and temperamres of the mixture
components as:

&

Bl m P R
Pad:Ta'J

o\fsm der Waals Equation of State :

Van der Waals intended to improve the ideal-gas equauun uf state by
including two of the effects not considered in the deal-gas model. the
Intermolecular attraction forces and the volume occupied by the -
molecules themselves . The term a2 accounts for the
intermolecular forces, and b accounts for the volume occupied by
the gas molecules

@ Theconstantsa and b can be determined for any substance from the
criticalpoint dataalone :

Beatﬁe-Bﬂdgeman Equation of State: : ;

~ The Beattie- Bridgeman equation is Known to be reasonamy !
.~ accurate for densities up to about 0.8pcr, where per is the

E density of the substance at the critical point. :

Bl ) oo
g

@ The cnnsmms appearing in the above equation are ghfen in Table for
various substances.

M W BanTin Gr\ruman ot m Pt fan s Ikt ngn W Fn
B AR T et T i g L, — 8508 5Py - 5% - K. B iy omutonts & the Seatie
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PROPERT IES OF GAS MIXTURES IDEALAN D REAL
; GASES v
; addmg the properties of the compaonents 3

+The intensive properties of a mixture are deten'nined by
adding weighted average

® The relations given below are exact for ideal-gas mixiures,
and approximate for real-gas mixtures

e they are also applicable to nonreacting liquid and solid
solutions especially when they form an “ideal soiution. -

- "'Vi'llctotal lenergy,enthalp d entropyofagas mi
expressed, rupectmzl]‘as

- 2U.=Xmu,- iNzr(KD

° Hﬂfgf[,z%m.hﬁgi\f'h_.m)

A
e R ‘=§N‘S‘ (KJ/K)

Jiglets i o e

i Thechangesin internal energ; entha]pyand entropyofagas nmr.tme
dur{nga processcan beexpressed,

.AU.=§AU.=§m.Au.=§n.Am P

.AH»=2AH.=2m,Ah.=i AA R o

iml

sAS. ZAS: Em,As. 5y Asralil

o ©The internal energy, enthalpy, and ent}opy of a mixture per unit mana or
per unit mole of the mixture can be determined by dividing the
equations above by the massorthe mole numberof the mixture

. u-=§:”yrlu (K}/Kg) and ﬁ.=§y|ﬁ, (!(J’Kmon v
© hegmfh W and  RSXyR (KKmoh

o s nfs (WAgK ad o E.:ys' (K}kmol - K}
& . o i i

®thespecific heatsof agas mixturecan beexpressed as:

O -Tnf C. Kiikg K and a;ﬁyEu (K)/Kmol X)
- ; I

. c,.=§mf,c,, (Kifkg. X) and Ew=§)}.am (K)/kmol k)

IDEAL GAS

he veated as |deal gases

@ Gibbs-Dalton law ‘the properties of a gas are not influenced by the
presence of other gases, and each gas component in the mixture
behaves as ideal gas if it exists alone at the mixture temperature Tm
and mixture volume vm.

ethe h, u, cv, and cp of an ideal gas depend on température only and
are independent of the pressure or the volume of the ideal-gas
mixture. :

@ Evaluation of u or h of the components of an ideal-gas mixture during
a process s relatively easy since It requires only a knowledge of the
nital and final temperalures :

@ evaluating the s of the components since the entropy of an ideal gas
depends an fhe pressure or volume of the component as well as on
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®The entropy change of individual gases in an ideal-
gas mixture during a process can be determlnad

from
As = S "s” Rlnﬁ‘:‘_c M%—Rln%‘:

A5.=5 -5 - Rink2ag. MI“-M&
e P 25

Pg'g‘y.,:Pu P.;*J’.,:Pm

@ Note:

REAL-GAS MIXTURES =

* ®When the components of a gas mixture do not. behave as ideal
gases, the analysis becomes more complex

+ ®the properties of real (nonideal) gases such as ¢ A, cv, andcp
depend on the pressure (or specific volume) as well as on the
temperature

* @The diffience between ideal gas and real gas s the influence of
- the molecules of different gases on each other

OCc;nsiderthe following T ds relation for a gas mixture :
dh.=T.ds.+V .dP.

ot W16t Vot v}lP
S mif (Gh,-T . ds,-v.dp_)-0
dn=T.ds+vdp, :

Thanks For Your Patience And Attentionee.
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