
M.TECH
HEATING VENTILATION AND

AIR CONDITIONING

ACADEMIC REGULATIONS
COURSE STRUCTURE

AND
DETAILED SYLLABUS

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
KUKATPALLY, HYDERABAD – 500 085.

(Applicable for the batches admitted from 2013-14)



M.TECH.  (HVAC)  2013-14 2



M.TECH.  (HVAC)  2013-14 3

ACADEMIC REGULATIONS R13 FOR M. TECH. (REGULAR) DEGREE COURSE

Applicable for the students of M. Tech. (Regular) Course from the Academic Year 2013-14 and
onwards

The M. Tech. Degree of Jawaharlal Nehru Technological University Hyderabad shall be conferred on candidates
who are admitted to the program and who fulfil all the requirements for the award of the Degree.
1.0   ELIGIBILITY FOR ADMISSIONS

Admission to the above program shall be made subject to eligibility, qualification and specialization
as prescribed by the University from time to time.
Admissions shall be made on the basis of merit/rank obtained by the candidates at the qualifying
Entrance Test conducted by the University or on the basis of any other order of merit as approved by
the University, subject to reservations as laid down by the Govt. from time to time.

2.0   AWARD OF M. TECH. DEGREE
2.1 A student shall be declared eligible for the award of the M. Tech. Degree, if he pursues a course of

study in not less than two and not more than four academic years.  However, he is permitted to write
the examinations for two more years after four academic years of course work.

2.2 A student, who fails to fulfill all the academic requirements for the award of the degree within four
academic years from the year of his admission, shall forfeit his seat in M. Tech. course.

2.3 The student shall register for all 88 credits and secure all the 88 credits.
2.4 The minimum instruction days in each semester are 90.
3.0 A.    COURSES OF STUDY
The following specializations are offered at present for the M. Tech. course of study.
1. Advanced Manufacturing Systems
2. Aerospace Engineering/ Aeronautical Engineering
3. Automation
4. Biomedical Signal Processing and Instrumentation
5. Bio-Technology
6. CAD/CAM
7. Chemical Engineering
8. Communication Systems
9. Computer Networks
10. Computer Networks and Information Security
11. Computer Science
12. Computer Science and Engineering
13. Computers and Communication Engineering.
14. Construction Management
15. Control Engineering
16. Control Systems
17. Cyber Forensic / Cyber Security & Information Technology
18. Design for Manufacturing/ Design and Manufacturing
19. Digital Electronics and Communication Engineering.
20. Digital Electronics and Communication Systems
21. Digital Systems and Computer Electronics
22. Electrical Power Engineering
23. Electrical Power Systems
24. Electronics & Instrumentation
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25. Electronics and Communication Engineering
26. Embedded Systems
27. Embedded Systems and VLSI Design
28. Energy Systems
29. Engineering Design
30. Environmental Engineering
31. Geoinformatics and Surveying Technology
32. Geotechnical Engineering.
33. Heating Ventilation & Air Conditioning.
34. Highway Engineering
35. Image Processing
36. Industrial Engineering and Management
37. Information Technology
38. Infrastructure Engineering
39. Machine Design
40. Mechatronics.
41. Microwave & Radar Engineering
42. Nano Technology
43. Neural Networks
44. Parallel Computing
45. Power and Industrial Drives
46. Power Electronics
47. Power Electronics and Electrical Drives
48. Power Engineering and Energy Systems
49. Power Plant Engineering & Energy Management
50. Power System Control and Automation
51. Power System with Emphasis H.V. Engineering / H.V. Engineering
52. Production Engineering.
53. Real Time Systems
54. Software Engineering
55. Structural Engineering
56. Systems & Signal Processing
57. Thermal Engineering.
58. Transportation Engineering
59. VLSI
60. VLSI and Embedded System/ Electronics Design Technology
61. VLSI Design
62. VLSI System Design
63. Web Technologies
64. Wireless and Mobile Communication
and any other course as approved by the University from time to time.



M.TECH.  (HVAC)  2013-14 5

3.0 B. Departments offering M. Tech. Programmes with specializations are noted below:
Civil Engg. Construction Management

Environmental Engineering
Geoinformatics and Surveying Technology
Geotechnical Engineering
Highway Engineering
Infrastructure Engineering
Structural Engineering
Transportation Engineering

EEE Control Engineering
Control Systems
Electrical Power Engineering
Electrical Power Systems
Power and Industrial Drives
Power Electronics
Power Electronics and Electrical Drives
Power Engineering and Energy Systems
Power Plant Engineering & Energy Management
Power System Control and Automation
Power System with Emphasis H.V. Engineering / H.V. Engineering

ME Advanced Manufacturing Systems
Automation
CAD/CAM
Design for Manufacturing/ Design and Manufacturing
Energy Systems
Engineering Design
Heating Ventilation & Air Conditioning
Industrial Engineering and Management
Machine Design
Mechatronics.
Power Plant Engineering & Energy Management
Production Engineering
Thermal Engineering.

ECE Biomedical Signal Processing and Instrumentation
Communication Systems
Computers and Communication Engineering.
Digital Electronics and Communication Engineering.
Digital Electronics and Communication Systems
Digital Systems and Computer Electronics
Electronics & Instrumentation
Electronics and Communication Engineering
Embedded Systems
Embedded Systems and VLSI Design
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Microwave & Radar Engineering
Systems & Signal Processing
VLSI
VLSI and Embedded System/ Electronics Design Technology
VLSI Design
VLSI System Design
Wireless and Mobile Communication

CSE Computer Networks
Computer Networks and Information Security
Computer Science
Computer Science and Engineering
Cyber Forensic / Cyber Security & Information Technology
Image Processing
Information Technology
Neural Networks
Parallel Computing
Real Time Systems
Software Engineering
Web Technologies

Aeronautical Engg. Aerospace Engineering / Aeronautical Engineering
Bio-technology Bio-Technology
Chemical Engg. Chemical Engineering
Nano Technology Nano Technology

4.0  ATTENDANCE
The programs are offered on a unit basis with each subject being considered a unit.
4.1   A student shall be eligible to write University examinations if he acquires a minimum of 75% of

attendance in aggregate of all the subjects.
4.2 Condonation of shortage of attendance in aggregate up to 10% (65% and above and below 75%) in

each semester shall be granted by the College Academic Committee.
4.3 Shortage of Attendance below 65% in aggregate shall not be condoned.
4.4 Students whose shortage of attendance is not condoned in any semester are not eligible to write

their end semester examination of that class and their registration shall stand cancelled.
4.5  A prescribed fee shall be payable towards condonation of shortage of attendance.
4.6 A student shall not be promoted to the next semester  unless he satisfies the attendance requirement

of the present semester, as applicable.  They may seek readmission into that semester when offered
next. If any candidate fulfills the attendance requirement in the present semester, he shall not be
eligible for readmission into the same class.

4.7 A candidate shall put in a minimum required attendance at least in three (3) theory subjects in the
present semester to get promoted to the next semester.  In order to qualify for the award of the M.
Tech.  Degree,  the candidate shall complete all the academic requirements  of the subjects, as per
the course structure.

4.8 A student shall not be promoted to the next semester  unless he satisfies the attendance requirements
of the previous semester including the days of attendance in sports, games, NCC and NSS activities.



M.TECH.  (HVAC)  2013-14 7

5.0 EVALUATION
The performance of the candidate in each semester shall be evaluated subject-wise, with a maximum
of 100 marks  for  theory  and 100 marks  for  practicals,  on the basis  of Internal  Evaluation  and
End Semester Examination.

5.1     For  the theory  subjects  60 marks  shall  be awarded  based  on the performance  in the End
Semester Examination and 40 marks shall be awarded based on the Internal Evaluation. The internal
evaluation shall be made based on the average of the marks secured in the two Mid Term-Examinations
conducted-one in the middle of the Semester and the other immediately after the completion of
instruction. Each mid term examination shall be conducted for a total duration of 120 minutes with
Part A as compulsory question (16 marks) which consists of four sub-questions and carries 4 marks
each and Part B with 3 questions to be answered out of 5 questions each question for 8 marks. If any
candidate is absent from any subject of a mid-term examination, an on-line test will be conducted for
him by the University. The details of the Question Paper pattern for End Examination (Theory) is
given below:

 The End semesters Examination will be conducted for 60 marks which consists of two parts viz.
i).Part-A for 20 marks, ii). Part –B for 40 marks.

 Part-A is compulsory question where it consists of five questions one from each unit and carries four
marks each.  This will be treated as Question 1.

 Part-B consists of five Questions (numbered from 2 to 6) carries 8 marks each. Each of these
questions is from one unit and may contain sub-questions.  For each question there will be an
“either” “or” choice (that means there will be two questions from each unit and the student should
answer only one question)

5.2      For  practical  subjects, 60 marks  shall  be awarded  based  on  the performance  in  the End
Semester Examinations and 40 marks shall be awarded based on the day-to-day performance as
Internal Marks.

5.3     There shall be two seminar presentations during I year I semester and II semester. For seminar, a
student under the supervision of a faculty member, shall collect the literature on a topic and critically
review the literature and submit it to the department in a report form and shall make an oral presentation
before the Departmental Academic Committee consisting of Head of the Department,  Supervisor
and two other senior faculty members of the department.  For each Seminar there will be only
internal evaluation of 50 marks.  A candidate has to secure a minimum of 50% of marks to be
declared successful.

5.4     There shall be a Comprehensive Viva-Voce in II year I Semester. The Comprehensive Viva-Voce will
be conducted by a Committee consisting of Head of the Department and two Senior Faculty members
of the Department. The Comprehensive Viva-Voce is intended to assess the students’ understanding
of various subjects he has studied during the M. Tech. course of study. The Comprehensive Viva-
Voce is evaluated for 100 marks by the Committee. There are no internal marks for the Comprehensive
Viva-Voce.

5.5     A candidate shall be deemed to have secured the minimum academic requirement in a subject if he
secures a minimum  of 40% of marks in the End semester  Examination and a minimum aggregate
of 50% of the total marks in the End Semester Examination and Internal Evaluation taken together.

5.6 In case the candidate does not secure the minimum academic requirement in any subject (as
specified in 5.5) he has to reappear  for the End semester  Examination in that subject.     A
candidate shall be given one chance to re-register for each subject provided the internal marks
secured by a candidate are less than 50% and so has failed in the end examination.  In such a case,
the candidate must re-register for the subject(s) and secure the required minimum attendance.  The
candidate’s  attendance  in  the  re-registered  subject(s)  shall  be  calculated separately to decide
upon his eligibility for writing the end examination in those subject(s). In the event of the student
taking another chance, his internal marks and end examination marks obtained in the previous
attempt stand cancelled.

5.7 In case the candidate secures less than the required attendance in any subject, he shall not be
permitted to write the End Examination in that subject.  He shall re-register the subject when next
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offered.
5.8 Laboratory examination for M. Tech. courses must be conducted with two Examiners, one of them

being the Laboratory Class Teacher and the second examiner shall be another Laboratory Teacher.
6.0 EVALUATION OF PROJECT/DISSERTATION WORK

Every candidate shall be required to submit a thesis or dissertation on a topic approved by the
Project Review Committee.

6.1 A Project Review Committee (PRC) shall be constituted with Principal as Chairperson, Heads of all
the Departments offering the M. Tech. programs and two other senior faculty members.

6.2 Registration of Project Work: A candidate is permitted to register for the project work after satisfying
the attendance requirement of all the subjects, both theory and practical.

6.3     After satisfying 6.2, a candidate has to submit, in consultation with his project supervisor, the title,
objective and plan of action of his project work to the Departmental Academic Committee for approval.
Only after obtaining the approval of the Departmental Academic Committee can the student initiate
the Project work.

6.4  If a candidate wishes to change his supervisor or topic of the project, he can do so with the approval
of the Departmental Academic Committee.   However, the Departmental Academic Committee shall
examine whether or not the change of topic/supervisor  leads to a major change of his initial plans of
project proposal.   If yes, his date of registration for the project work starts from the date of change of
Supervisor or topic as the case may be.

6.5    A candidate shall submit his status report in a bound-form in two stages at least with a gap of 3
months between them.

6.6     The work on the project shall be initiated at the beginning of the II year and the duration of the project
is two semesters.  A candidate is permitted to submit Project Thesis only after successful completion
of theory and practical course with the approval of PRC not earlier than 40 weeks from the date of
registration of the project work. For the approval of PRC the candidate shall submit the draft copy of
thesis to the Principal through Head of the Department and make an oral presentation before the
PRC.

6.7     Three  copies  of  the Project  Thesis  certified  by  the supervisor  shall  be submitted  to  the College/
School/Institute.

6.8     The thesis shall be adjudicated by one examiner selected by the University.   For this, the Principal
of the College shall submit a panel of 5 examiners, eminent in that field, with the help of the guide
concerned and head of the department.

6.9     If the report of the examiner is not favourable, the candidate shall revise and resubmit the Thesis, in
the time frame as decided by the PRC.  If the report of the examiner is unfavourable again, the thesis
shall be summarily rejected.

6.10   If the report of the examiner is favourable, Viva-Voce examination shall be conducted by a board
consisting of the Supervisor, Head of the Department and the examiner who adjudicated the Thesis.
The Board shall jointly report the candidate’s work as one of the following:
A.   Excellent
B.   Good
C.   Satisfactory
D.   Unsatisfactory
The Head of the Department shall coordinate and make arrangements for the conduct of Viva- Voce
examination.
If the report of the Viva-Voce is unsatisfactory, the candidate shall retake the Viva-Voce examination
only after three months. If he fails to get a satisfactory report at the second Viva- Voce examination,
he will not be eligible for the award of the degree.
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7.0 AWARD OF DEGREE AND CLASS
After a student has satisfied the requirements prescribed for the completion of the program and is
eligible for the award of M. Tech. Degree he shall be placed in one of the following four classes:

Class Awarded % of marks to be secured
First Class with Distinction 70% and above
First Class Below 70% but not less than 60%
Second Class Below 60% but not less than 50%
Pass Class Below 50% but not less than 40%

The marks in internal evaluation and end examination shall be shown separately in the memorandum
of marks.

8.0 WITHHOLDING OF RESULTS
If the student has not paid the dues, if any, to the university or if any case of indiscipline is pending
against him, the result of the student will be withheld and he will not be allowed into the next
semester. His degree will be withheld in such cases.

9.0 TRANSITORY REGULATIONS
9.1 Discontinued, detained, or failed candidates are eligible for admission to two earlier or equivalent

subjects at a time as and when offered.
9.2 The candidate who fails in any subject will  be given  two chances to pass the same subject;

otherwise, he has to identify an equivalent subject as per R13 academic regulations.
10. GENERAL
10.1 Wherever the words “he”, “him”, “his”, occur in the regulations, they include “she”, “her”, “hers”.
10.2 The academic regulation should be read as a whole for the purpose of any interpretation.
10.3 In the case of any doubt or ambiguity in the interpretation of the above rules, the decision of the Vice-

Chancellor is final.
10.4 The University may change or amend the academic regulations or syllabi at any time and the changes

or amendments made shall be applicable to all the students with effect from the dates notified by the
University.
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MALPRACTICES RULES

DISCIPLINARY ACTION FOR / IMPROPER CONDUCT IN EXAMINATIONS

1. (a)

    (b)

2.

3.

Nature of Malpractices/Improper conduct

If the candidate:

Possesses or keeps accessible in examination
hall, any paper, note book, programmable
calculators, Cell phones, pager, palm computers
or any other form of material concerned with or
related to the subject of the examination (theory
or practical) in which he is appearing but has not
made use of (material shall include any marks on
the body of the candidate which can be used as
an aid in the subject of the examination)

Gives assistance or guidance or receives it from
any other candidate orally or by any other body
language methods or communicates through cell
phones with any candidate or persons in or outside
the exam hall in respect of any matter.

Has copied in the examination hall from any paper,
book, programmable calculators, palm computers
or any other form of material relevant to the subject
of the examination (theory or practical) in which
the candidate is appearing.

Impersonates any other candidate in connection
with the examination.

Punishment

Expulsion from the examination hall and
cancellation of the performance in that subject
only.

Expulsion from the examination hall and
cancellation of the performance in that subject
only of all the candidates involved.  In case of
an outsider, he will be handed over to the police
and a case is registered against him.

Expulsion from the examination hall and
cancellation of the performance in that subject
and all other subjects the candidate has
already appeared including practical
examinations and project work and shall not
be permitted to appear for the remaining
examinations of the subjects of that Semester/
year.
   The Hall Ticket of the candidate is to be
cancelled and sent to the University.

The candidate who has impersonated shall be
expelled from examination hall.  The candidate
is also debarred and forfeits the seat. The
performance of the original candidate who has
been impersonated, shall be cancelled in all
the subjects of the examination (including
practicals and project work) already appeared
and shall not be allowed to appear for
examinations of the remaining subjects of that
semester/year.  The candidate is also
debarred for two consecutive semesters from
class work and all University examinations.
The continuation of the course by the candidate
is subject to the academic regulations in
connection with forfeiture of seat.  If the
imposter is an outsider, he will be handed over
to the police and a case is registered against
him.
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Expulsion from the examination hall and
cancellation of performance in that subject
and all the other subjects the candidate has
already appeared including practical
examinations and project work and shall not
be permitted for the remaining examinations
of the subjects of that semester/year. The
candidate is also debarred for two
consecutive semesters from class work and
all University examinations. The continuation
of the course by the candidate is subject to
the academic regulations in connection with
forfeiture of seat.

Cancellation of the performance in that
subject.

In case of students of the college, they shall
be expelled from examination halls and
cancellation of their performance in that
subject and al l  other subjects the
candidate(s) has (have) already appeared and
shall not be permitted to appear for the
remaining examinations of the subjects of that
semester/year.  The candidates also are
debarred and forfeit their seats.  In case of
outsiders, they will be handed over to the
police and a police case is registered against
them.

Expulsion from the examination hall and
cancellation of performance in that subject
and all the other subjects the candidate has
already appeared including practical
examinations and project work and shall not
be permitted for the remaining examinations
of the subjects of that semester/year.  The
candidate is also debarred for two
consecutive semesters from class work and
all University examinations. The continuation
of the course by the candidate is subject to
the academic regulations in connection with
forfeiture of seat.

Smuggles in the Answer book or additional sheet
or takes out or arranges to send out the question
paper during the examination or answer book or
additional sheet, during or after the examination.

Uses objectionable, abusive or offensive language
in the answer paper or in letters to the examiners
or writes to the examiner requesting him to award
pass marks.

Refuses to obey the orders of the Chief
Superintendent/Assistant – Superintendent / any
officer on duty or misbehaves or creates
disturbance of any kind in and around the
examination hall or organizes a walk out or
instigates others to walk out, or threatens the
officer-in charge or any person on duty in or
outside the examination hall of any injury to his
person or to any of his relations whether by words,
either spoken or written or by signs or by visible
representation, assaults the officer-in-charge, or
any person on duty in or outside the examination
hall or any of his relations, or indulges in any
other act of misconduct or mischief which result
in damage to or destruction of property in the
examination hall or any part of the College campus
or engages in any other act which in the opinion
of the officer on duty amounts to use of unfair
means or misconduct or has the tendency to
disrupt the orderly conduct of the examination.

Leaves the exam hall taking away answer script
or intentionally tears of the script or any part
thereof inside or outside the examination hall.

4.

5.

6.

7.
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Expulsion from the examination hall and
cancellation of the performance in that subject
and all other subjects the candidate has
already appeared including practical
examinations and project work and shall not
be permitted for the remaining examinations
of the subjects of that semester/year.  The
candidate is also debarred and forfeits the
seat.

Student of the colleges expulsion from the
examination hall and cancellation of the
performance in that subject and all other
subjects the candidate has already appeared
including practical examinations and project
work and shall not be permitted for the
remaining examinations of the subjects of that
semester/year. The candidate is also debarred
and forfeits the seat.
          Person(s) who do not belong to the
College will be handed over to police and, a
police case will be registered against them.

Expulsion from the examination hall and
cancellation of the performance in that subject
and all other subjects the candidate has already
appeared including practical examinations and
project work and shall not be permitted for the
remaining examinations of the subjects of that
semester/year.

Cancellation of the performance in that subject
and all other subjects the candidate has
appeared including practical examinations and
project work of  that semester/year
examinations.

Possess any lethal weapon or firearm in the
examination hall.

If student of the college, who is not a candidate
for the particular examination or any person not
connected with the college indulges in any
malpractice or improper conduct mentioned in
clause 6 to 8.

Comes in a drunken condition to the examination
hall.

Copying detected on the basis of internal evidence,
such as, during valuation or during special scrutiny.

If any malpractice is detected which is not covered
in the above clauses 1 to 11 shall be reported to
the University for further action to award suitable
punishment.

8.

9.

10.

11.

12.

Malpractices identified by squad or special invigilators
1. Punishments to the candidates as per the above guidelines.
2. Punishment for institutions : (if the squad reports that the college is also involved in encouraging

malpractices)
(i) A show cause notice shall be issued to the college.
(ii) Impose a suitable fine on the college.
(iii) Shifting the examination centre from the college to another college for a specific period of not

less than one year.

***
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY  HYDERABAD
M.TECH - HEATING VENTILATION AND AIR CONDITIONING

COURSE STRUCTURE AND SYLLABUS
I Year  I Semester

Code Group Subject L P Credits
Refrigeration 3 - 3
Air Conditioning-I 3 - 3
Heating System 3 - 3
Ventilation System 3 - 3

Elective –I Food Processing Technology 3 - 3
Non-Conventional Energy Sources
Advanced Thermodynamics

Elective -II Computational Fluid Dynamics 3 - 3
Maintenance Management
Material Science

Lab Refrigeration Lab - 3 2
Seminar - - 2
Total Credits 18 3 22

I Year II Semester

Code Group Subject L P Credits
Advanced Heat and Mass Transfer 3 - 3
Air-Conditioning -II 3 - 3
Advance Instrumentation Control Systems 3 - 3
Refrigeration &A/C Equipments & Control 3 - 3

Elective –III Energy Management 3 - 3
Equipment Design for Thermal Systems
Advanced Finite Element Analysis

Elective -IV Thermal and Nuclear Power Plants 3 - 3
Cryogenic Engineering
Turbo Machines

Lab Air-Conditioning Lab - 3 2
Seminar - - 2
Total Credits 18 3 22

II Year   - I Semester

Code Group Subject L P Credits
Comprehensive Viva - - 2
Project Seminar - 3 2
Project work - - 18
Total Credits - 3 22

II  Year  -   II  Semester

Code Group Subject L P Credits
Project work and Seminar - - 22
Total Credits - - 22
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
I Year -I Sem. M.Tech (HV&AC)

REFRIGERATION
UNIT-I:
Vapour Compression System: Analysis of vapour compression refrigeration cycle Reverse Carnot Cycle
for vapour. Effect of suction temperature and condensing temperature on cycle performance. Practical
refrigeration cycle, Sub cooled liquid and super heated vapour refrigeration cycles, their effect on performance.
Multi-pressure system. Removal of flash gas, inter cooling. Compound compression- Multi vapour- Cascade
system- dry ice system.

UNIT -II:
Vapour Absorption System: Simple vapour Absorption system-Actual vapour absorption cycle-
representation on enthalpy concentration h-c diagram,   Water lithium  bromide absorption system. Electrolux
refrigerator- Aqua Ammonia Refrigeration System.

UNIT-III:
Aircraft Refrigeration: Steam jet water vapour system, thermoelectric refrigeration system, Vortex
refrigeration system, Pulse refrigeration.

UNIT-IV:
Industrial Refrigeration: Chemical and process industries, Diary plants, Petroleum Refineries.

UNIT-V:
Refrigerants: Primary and secondary refrigerants. Designation of refrigerants, Desirable properties of
refrigerants such as solubility in water and lubricating oil. Material compatibility, Toxicity, Flammability,
Thermodynamic properties of refrigerants, Inorganic, Halo carbon refrigerants. Secondary refrigerants.
Refrigerants mixtures, Newer refrigerants.

REFERENCES:
1. R&AC / C.P Arora./ TMGn).

2. R&AC / Manohar Prasad.

3. R&AC / F. Stoecker & Jerold. W. Jones./ MGH Intrl 1982.

4. Principles of Refrigeration / Roy. J. Dossat./.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
I Year -I Sem. M.Tech (HV&AC)

AIR CONDITIONING - I
UNIT - I:
PSYCHROMETRY: Properties of moist air. Important Psychrometry properties, Dry bulb temperature, Humidity
ratio, degree of saturation, Dew point temperature and Enthalpy, Psychometric chart and ASHRAE chart.
Psychrometric process in air conditioning equipment, Bypass factor and sensible heat factor.

UNIT - II:
APPLIED PSYCHROMETRY: Use of Effective and grand sensible heat factor, Selection of air conditioning
equipment for cooling and dehumidification. High latent cooling load applications, All outdoor air applications.

UNIT- III:
AIR CONDITIONING PROCESSES: Mixing process- Summer, winter and year round air Conditioning system,
Hot and dry outdoor conditions. Hot and humid outdoor conditions. Winter air conditioning system. Year
round air conditioning system.

UNIT- IV:
PROCESS OF COOLING: Heating and dehumidifying coils, Air washers. Cooling by dry and wet coils, Use
of hygroscopic solution in air washers, Adiabatic dehumidifiers. Humidifiers, Water injection. Steam injection.

UNIT - V:
COMFORT AIR CONDITIONING: Thermodynamics of human body. Body regulation process against heat
and cold. Comfort & Comfort chart, Effective temperature, Factors governing optimum effective temperature,
Design consideration. Selection of outside and inside design conditions, Air conditioning control systems,
basic elements of the control system, Temperature, Humidity & Pressure controls, Refrigeration, Room
thermostat.

REFERENCES:
1. Refrigeration & Air Conditioning /  C.P.Arora /  TMH

2. Refrigeration & Air Conditioning / Arora & Domkundwar / Dhanpat Rai & Co.

3. Refrigeration & Air Conditioning  / R C Arora / PHI / 2012

4. Hand Book of Air Conditioning System Design / Carrier

5. Refrigeration & Air Conditioning / S.C. Jain / Chand and Co.

6. ASHRAE Hand Book / Volume 1& 2.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
I Year -I Sem. M.Tech (HV&AC)

HEATING SYSTEM
UNIT-I:
Building Survey-location of equipment. Heat gain through glass-calculation of solar heat gain through
ordinary glass tables-shading devices-effect of shading devices. Thermal resistance of various building
materials.

UNIT-II:
Heat Transfer Through Building Structures: Periodic heat transfer through walls and roofs. Empirical
methods to calculate heat transfer through walls and roofs using decrement factor and time lag method.
Equivalent temperature difference method. Infiltration-tack effect-wind effect.

UNIT-III:
Heating Load Calculations: Winter heating load calculation-heat losses through structure-heat losses
due to infiltration. Effects of solar radiation and internal heat sources on heating loads. Methods for estimating
energy requirements for heating.

UNIT-IV:
Air Heating System: Classification - gravity warm heating system, forced warm air heating system-
balancing a warm air heating system, warm air furnaces, air cleaners, humidifiers & De-humidifiers, advantages
& Disadvantages of warm air heating system. Common problems and remedies of warm air heating system.

UNIT- V:
Hot Water Heating System or Hydroulic Heating System: Classification-based on water circulation,
piping arrangement i.e. one pipe system, two pipe direct return system, gravity hot water system.
One pipe & two pipe gravity hot water heating. Forced hot water heating system, gas boilers, circulating
pump, radiation.

REFERENCES:
1. HVAC Fundamentals Volume-l /  James E. Brumbou / Audel / 4th Edition.

2. Fundamentals of HVAC Systems / Robert Mcdowall / Academic Press / 2007.

3. Home Heating & Air Conditioning systems / James Kittle / MGH.

4. HVAC Fundamentals / Samuel C. Sugarman / Fairmont Press / 2005.

5. R&AC Hand Book by ISHRAE.
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JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
I Year -I Sem. M.Tech (HV&AC)

VENTILATION SYSTEM
UNIT-I:
Introduction- Fundamentals of good indoor air quality Need for building ventilation, Effects of R.H. in
building ventilation, Control of microbial growth, Psychometric performance of contact volume system.
Types of ventilation system. Supply system, Exhaust system.

UNIT -II:
Devices Used in Supply Systems: Air Inlet system. Filters heating & cooling equipment, Fans, Duct,
Grills, Diffusers, For distribution of air in the work place.

UNIT-III:
Exhaust Systems: General exhaust systems. Local exhaust system, Removal of pollutants and contaminated
air. Air cleaning devices, Fans.

UNIT-IV:
Ventilation in Kitchen: Cooking, Exhaust flow, IMC (International Mechanical Code) Calculation of appliances
area, Contaminated air, Free foot area. Total air flow volume with example. Types of hood, Design of hood.
Design factors, Integrated air curtains, Combination hood.

UNIT-V:

Ventilation of Commercial Building: Design of commercial, Residential ventilation system.

REFERENCES:
1. Ventilation Systems: Design and Performance/  Hazim B. Awbi. / Routledge / 2007.

2. Portable Ventilation Systems Hand Book / Neil McManus / CRC Press / 2000.

3. Design of Industrial Ventilation Systems / John L Alden / Industrial Press / 5th Edition.

4. Industrial Ventilation Applications /  ISHRAE Hand Book / 2009.

5. Engineering bulletin / TRANE Company.

6. HVAC Hand book / ISHRAE.

7. Industrial Ventilation Applications / ASHRAE Hand Book / 2009.
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FOOD PROCESSING TECHNOLOGY
(Elective-I)

UNIT-I:
THEORIES AND METHOD OF CHILLING: Freezing and free de-humidification, Preparation for freezing,
Freezing methods. Commercial freezing methods, Sharp, quick and air blast freezing, Freezing drying -
Methods of pre-cooling fruits and vegetables, Hydro cooling, Forced air cooling and Vacuum cooling.

UNIT-II:
PROCESSING OF MEAT PRODUCTS: Refrigeration systems for carcass chilling and holding, Chilled
brine spray, Sprayed coil, Dry coil systems. Chilling and  freezing variety meats, Overnight chilling,
Quick chilling. Effect of freezing temperature on quality of meat products.

Fishery Products: Icing of fish. Saltwater icing. Freezing methods, Slow freezing Blast freezing, Plate
Freezing and Immersion freezing offish.

UNIT-III:
DAIRY PRODUCTS: Milk processing, Handling, Diary plant procedure. Standardizing, Pasteurization,
Homogenizing and Container filling.

Fruit Juice Concentrations: Processing and quality control selection, Grading and handling of fresh fruit,
Washing, Juice extraction, Heat Treatment, Flavour fortification, Packing storage and distribution, Convection
methods, freezing and mechanical separation. Low temperature vacuum evaporation, Direct refrigerant
contach method. Indirect refrigerant contact methods, High temperature short time evaporations.

UNIT-IV:
REFRIGERATED WAREHOUSE: Factors affecting warehouse design, Building location, Design reduction.
Shipping and receiving plant forms. Utility space, Controlled atmospheric storage rooms. Jacketed storages.
Automated warehouse insulation, Cold storage doors.

UNIT-V:
REFRIGERATED TRUCKS, TRAILERS & CONTAINERS: Temperature control methods, Body Design &
construction, Auxiliary equipment, Types of refrigeration systems. Railway refrigeration cars.

REFERENCES:
1. Refrigeration and Air-Conditioning / C. P. Arora/ Dhanpat Rai & Co.

2. Food Processing Technology: Principles and Practice / Peter Fellows / Woodhead Publishing / 3rd

Edition / 2009

3. Guide and Data Book / ASHRAE.

4. Hand Book of Air-Conditioning system design/Carrier.
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NON-CONVENTIONAL ENERGY RESOURCES
(Elective-I)

UNIT-I:
Introduction, Energy Scenario, Survey of energy resources. Classification and need for conventional energy
resources.

Solar Energy: The Sun-sun-Earth relationship, Basic matter to waste heat energy circuit, Solar Radiation,
Attention, Radiation measuring instruments.

Solar Energy Applications: Solar water heating. Space heating, Active and passive heating. Energy
storage. Selective surface. Solar stills and ponds, solar refrigeration, Photovoltaic generation.

UNIT -II:
Geothermal Energy: Structure of earth, Geothermal Regions, Hot springs. Hot Rocks, Hot Aquifers.
Analytical methods to estimate thermal potential. Harnessing techniques, Electricity generating systems.

UNIT-III:
Direct Energy Conversion: Nuclear Fusion: Fusion, Fusion reaction, P-P cycle, Carbon cycle, Deuterium
cycle, Condition for controlled fusion, Fuel cells and photovoltaic. Thermionic & thermoelectric generation,
MHD generator.

Hydrogen Gas as Fuel: Production methods, Properties, I.C. Engines applications, Utilization strategy,
Performances.

UNIT-IV:
Bio- Energy: Biomass energy sources. Plant productivity, Biomass wastes, aerovic and Anaerobic
bioconversion processed, Raw metrical and properties of bio-gas, Bio-gas plant technology and status, the
energetics  and economics of biomass systems, Biomass gasification

UNIT-V:
Wind Energy: Wind, Beaufort number, Characteristics, Wind energy conversion systems, Types, Betz
model. Interference factor. Power coefficient, Torque coefficient and Thrust coefficient, Lift machines and
Drag machines. Matching, Electricity generation.

Energy from Oceans: Tidal energy. Tides. Diurnal and semi-diurnal nature, Power from tides, Wave Energy,
Waves, Theoretical energy available. Calculation of period and phase velocity of waves, Wave power systems,
Submerged devices. Ocean thermal Energy, Principles, Heat exchangers, Pumping requirements, Practical
considerations.

REFERENCES:
1. Renewable Energy Resources- Basic Principles and Applications- G.N.Tiwari and M.K.Ghosal, Narosa

Pub.

2. Renewable Energy Resources/ John Twidell & Tony Weir

3. Biological Energy Resources/ Malcolm Fleischer & Chris Lawis.
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ADVANCED THERMODYNAMICS
(Elective-I)

UNIT -I:
Review of Thermodynamic Laws and Corollaries: Transient flow analysis, Second law
thermodynamics, Entropy, Availability and unavailability, Thermodynamic potential. Maxwell relations, Specific
heat relations, Mayer’s relation. Evaluation of thermodynamic properties of working substance

UNIT-II:
P.V.T Surface: Equation of state. Real gas behavior, Vander Waal’s equation, Generalization compressibility
factor.  Energy properties of real gases. Vapour pressure, Clausius, Clapeyro equation. Throttling, Joule.
Thompson coefficient. Non reactive mixtures of perfect gases. Governing laws, Evaluation of properties,
Psychometric mixture properties and psychometric chart, Air conditioning processes, cooling towers. Real
gas mixture.

UNIT-III:
Combustion: Combustion Reactions, Enthalpy of formation. Entropy of formation, Reference levels of
tables. Energy of formation, Heat reaction, Adiabatic flame temperature generated product, Enthalpies,
Equilibrium. Chemical equilibrium of ideal gases, Effect of non reacting gases equilibrium in multiple reactions,
The vent hoff’s equation. The chemical potential and phase equilibrium. The Gibbs phase rule.

UNIT-IV:
Power Cycles: Review binary vapour cycle, co generation and combined cycles, Second law analysts of
cycles. Refrigeration cycles. Thermodynamics off irreversible processes. Introduction, Phenomenological
laws, Onsaga Reciprocity relation, Applicability of the Phenomenological relations, Heat flux and entropy
production, Thermodynamic phenomena, Thermo electric circuits.

UNIT-V:
Direct Energy Conversion Introduction: Fuel cells, Thermo electric energy, Thermo ionic power generation,
Thermodynamic devices magneto hydronamic generations, Photovoltaic cells.

REFERENCES:
1. Basic and Applied Thermodynamics/ P.K.Nag/ TMH.

2. Thermodynamics/Holman/  Me Graw Hill.

3. Engg. Thermodynamics/PL.Dhar / Elsevier.

4. Thermodynamics/Sonnatag & Van Wylen / John Wiley & Sons.

5. Thermodynamics for Engineers/Doolittle-Messe / John Wiley & Sons.

6. Irreversible thermodynamics/HR De Groff.

7. Thermal Engineering / Soman / PHI.

8. Thermal Engineering / Rathore / TMH.
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COMPUTATIONAL FLUID DYNAMICS
(Elective-II)

UNIT - I
Introduction: Finite difference method, finite volume method, finite element method, governing equations
and boundary conditions, Derivation of finite difference equations.

Solution methods: Solution methods of elliptical equations — finite difference formulations, interactive
solution methods, direct method with Gaussian elimination.

Parabolic equations-explicit schemes and Von Neumann stability analysis, implicit schemes, alternating
direction implicit schemes, approximate factorization, fractional step methods, direct method with tridiagonal
matrix algorithm.

UNIT – II
Hyperbolic equations: explicit schemes and Von Neumann stability analysis, implicit schemes, multi step
methods, nonlinear problems, second order one-dimensional wave equations.  Burgers equations: Explicit
and implicit schemes, Runge-Kutta method.

UNIT - III
Formulations of Incompressible Viscous Flows: Formulations of incompressible viscous flows by finite
difference methods, pressure correction methods, vortex methods.

Treatment of Compressible Flows: potential equation, Euler equations, Navier-stokes system of equations,
flow field-dependent variation methods, boundary conditions, example problems.

UNIT - IV
Finite Volume Method: Finite volume method via finite difference method, formulations for two and three-
dimensional problems.

UNIT - V
Standard Variational Methods: Linear fluid flow problems, steady state problems, Transient problems.

REFERENCES:
1. Computational fluid dynamics/ T. J.C’hung/ Cambridge  University press, 2002.

2. Text book of fluid dynamics/ Frank Choriton/ CBS Publishers &  distributors, 1985.

3. Numerical heat transfer and fluid flow / Suhas V. Patankar/  Hema shava Publishers corporation &
Mc Graw Hill.

4. Computational Fluid Flow and Heat Transfer/  Muralidaran/ Narosa  Publications.

5. Computational Fluid Dynamics: Basics with applications/John  D. Anderson/ Mc Graw Hill.

6. Fundamentals of Computational Fluid Dynamics/Tapan K. Sengupta / Universities Press.

7. Introduction to Theoretical and Computational Fluid Dynamics/C. Pozrikidis /Oxford University Press/
2nd Edition.



M.TECH.  (HVAC)  2013-14 22

JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD
I Year -I Sem. M.Tech (HV&AC)

MAINTANENCE MANAGEMENT
(Elective-II)

UNIT  -I:
Introduction   and   Purpose   pf   Maintenance:   Function   of   Maintenance, Maintenance systems,
Classification of equipment, Planning and scheduling of maintenance work.

UNIT -II:
Preventive Maintenance: Breakdown and Preventive maintenance, Condition monitoring and signature
analysis.

UNIT-III:
Simulation Reliability and Maintainability:
UNIT-IV:
Organization for Maintenance Work: Maintenance Budget.

UNIT-V:
Incentive for Maintenance Work: Maintenance Budget.

REFERENCES:
1. Maintenance Planning Control and Documentation/ E.N.Whiter Grower Press.

2. Maintenance Management / Garg.

3. Maintenance Management: Seminar Proceedings, National Productivity Council, New Delhi.
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MATERIAL SCIENCE
(ELECTIVE - II)

UNIT – I
Atomic and Ionic Arrengements: Amorphous Materials : Principles and Technological Applications, Lattice,
Unit cell, Basis, and Crystal Structures, Points, Directions, and Planes in the unit cell, Crystal Strrutures
of Ionic Materials.

Implementation in the Atomic and Ionic Arrangements: Points Defects, Dislocations, Significance of
Dislocations, Scmid’s Law, Surface defects.

UNIT – II
Mechanical Properties: Fundamentals and Tensile, Hardness, and Impact Testing: The Tensile Test:
Use of the Stress – Strain Diagram, True Stress and True Strain, The Bend Test for Brittle Materials,
Hardness of Materials, Strian Rate effects and Impact Behaviour.

Heat Treatment of Steels and Cast Irons: Designations and Classification of Steels, Simple Heat
treatments, Isothermal Heat treatments, Quench and Temper Heat treatments, Surface treatments,
Weldability of Steel.

UNIT – III
Fracture Mechanics, Fatigue, and Creep Behaviour : Fracture Mechanics, The Importance of Fracture
Mechanics, Microstructural Features of Fracture in Metallic Materials., Microstructural Features of Fracture
in Ceramics, Glasses, and Composites, Fatugue, Result of the Fatigue test, Application of Fatigue test,
Creep, Stress Ruptur, and Stress Corrosion, Evaluation of creep Behaviour.

UNIT – IV
Polymers : Classifications of Polymers, Typical Thermoplastics, Strucure  - Property Relationship in
thermoplastics, Effect of Temperature on thermoplastics, Mechanical Properties of thermoplastics,
Elastomers (Rubbers), Thermosetting Polymers.

Ceramic Materials: Applications of Ceramics, Properties of Ceramics, Characteristics of Sintered ceramics,
Glass Ceramics, Refractories.

UNIT – V
Composites: Teamwork and Synergy in Material : Particulate Composites, Fibre – Reinforced
Composites, Characteristics of Fible – Reinforced composites, Manufacturing Fiber and Composites, Fiber
Reinforced Systems and Applications, Laminar Composite Materials, Examples and Applications of Laminar
Composites.

REFERENCES:
1. High temperature materials technology /Campbell E.E. and Sherwood /John Wiley and Sons, 1967.

2. High temperature technology /Campbell I.E. /John Wiley.

3. High temperature materials /Hehmann R.F./Wiley and sons/1967.

4. Behaviour of high temperature alloys/Proceeding of International conference/ 1979.
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REFRIGERATION LAB
1. Find out ice making and COP of domestic refrigerator.

2. Find out COP of Electrolux refrigerator (3 fluid system).

3. Find out the Cooling capacity and COP of the evaporative condensing unit.

4. Study of the refrigeration equipments (Compressors, Condensers, evaporator, thermostat valve etc.).

5. Study of the pull down characteristics of domestic refrigerator.
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ADVANCED HEAT AND MASS TRANSFER
UNIT-I:
Brief Introduction to Different Modes of Heat Transfer: Conduction: General heat Conduction equation-
initial and boundary conditions.

Transient Heat Conduction: Lumped system analysis-Heisler charts-semi infinite solid-use of shape
factors in conduction-2D transient heat conduction-product solutions.

UNIT- II:
Finite Difference Methods for Conduction: ID & 2D steady state and simple transient heat conduction
problems-implicit and explicit methods.

Forced Convection: Equations of fluid flow-concepts of continuity, momentum equations-derivation of
energy equation-methods to determine heat transfer coefficient: Analytical methods-dimensional analysis
and concept of exact solution. Approximate method-integral analysis.

UNIT-ILL:
External Flows: Flow over a flat plate: integral method for laminar heat transfer coefficient for    different
velocity and temperature profiles. Application of empirical relations to variation geometries for laminar and
turbulent flows.

Internal Flows: Fully developed flow: integral analysis for laminar heat transfer coefficient-types of flow-
constant wall temperature and constant heat flux boundary conditions-hydrodynamic & thermal entry lengths;
use of empirical correlations.

UNIT-IV:
Free Convection: Approximate analysis on laminar free convective heat transfer-boussinesque approximation-
different geometries-combined free and forced convection.

Boiling and Condensation: Boiling curve-correlations-Nusselts theory of film condensation on a vertical
plate-assumptions & correlations of film condensation for different geometries.

UNIT-V:
Radiation Heat Transfer: Radiant heat exchange in grey, non-grey bodies, with transmitting. Reflecting
and absorbing media, specular surfaces, gas radiation-radiation from flames.

Mass Transfer:  Concepts of mass transfer-diffusion & convective mass transfer analogies-significance
of non-dimensional numbers.

REFERENCES:
1. Principals of Heat Transfer/Frank Kreith/Cengage Learning.
2. Elements of Heat Transfer/E. Radha Krishna/CRC Press/2012.
3. Heat Transfer/RK Rajput/S.Chand.
4. Introduction to Heat Transfer/SK Som/PHI.
5. Engineering Heat & Mass Transfer/Mahesh Rathore/Lakshmi Publications.
6. Heat Transfer / Necati Ozisik / TMH.
7. Heat Transfer / Nellis & Klein / Cambridge University Press / 2012.
8. Heat Transfer/ P.S. Ghoshdastidar/ Oxford Press.
9. Engg. Heat & Mass Transfer/ Sarit K. Das/Dhanpat Rai.
10. Heat Transfer/ P.K.Nag /TMH.
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AIR CONDITIONING – II
UNIT-I :
Air Conditioning Systems: All water, All air, air water system. Unitary System, window air conditioner,
split and central air conditioning system, cooling load calculations - occupancy load, lighting load, appliance
load, product load, difference between summer & winter load calculations.

UNIT-II :
Air Distribution: Room air distribution - types of supply air outlets, mechanism of flow through outlets,
selection and location of outlets, general. considerations. Distribution patterns of outlets - ducts- Definition
and types - materials for ducts and its specification, friction loss in ducts - grills, diffusers, registers,
rectangular equivalent of circular duct. Air duct designs, duct construction, duct design procedures. Equal
friction method, static regain method, velocity reduction method.

UNIT-III:
Thermal Insulation for A/C System:  Method of heat transfer - desired properties of ideal insulating
materials - types of insulating materials. Heat transfer through insulation - economic thickness of insulation.
Insulation of heated buildings - Insulation for cooling building and cold storage - pipe insulation.

UNIT-IV:
Air Conditioning Apparatus:  Fans and blowers - types of fans- fan characteristic- centrifugal fans, axial
fans — fan arrangements, filters, sources of noise and control, static pressure calculation for selection of
motor and fan. Water supply pipe sizing calculations - piping network for supply and return water line - pipe
fittings - lining and insulation - piping system as per ASHRAE standards

UNIT-V:
Applications:  Air conditioning systems for automobiles (cars, buses etc) - Air conditioning systems for
(trains, ships, aircraft) - Special applications - Computers, hospitals, cold storages, printing, textiles and
leather industries.

REFERENCES:
1. Refrigeration & Air-Conditioning by Domkundwar.

2. Refrigeration & Air-Conditioning by V.K. Jain.

3. Refrigeration & Air-Conditioning by C.P. Arora.

4. ASHRAE Hand Book.

5. Hand Book of Air Conditioning System design by Carrier.
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ADVANCED INSTRUMENTATION AND CONTROL SYSTEMS
UNIT-I:
Vibration and Acceleration Measurement:  Vibration and acceleration measuring instruments -linear
acceleration using strain gauges, capacitive, mechanical and electronic tachometers.

UNIT-II:
Pressure Measurement: Resistive, magnetic, capacitive pressure transducers - Thermal conductive gauges-
Mc-leod gauge, ionization gauge - pressure, measurement using strain gauges.

UNIT-III:
Flow Measurements: Different types of flow transducers - Magnetic flow meters -interferometer for
visualization - Rotameter other conventional types of obstruction meters.

Level Indicators: Magnetic type float gauge - Oscillator type detectors-liquid and solid level measurement
by variation of capacitance.

UNIT-IV:
Cryogenic Instrumentation: Low temperature measurements, measurement of micro-temperatures.

Measurement  of Strain:   Use  of resistance   strain   gauge   in   measuring  different mechanical input
systems.

UNIT-V:
Air-conditioning Controls: Introduction - Types, direct & reverse acting thermostats, with receiver controller
- liquid valves, fail safe design, throttling range - dampers, outdoor air control - freeze protection - building up
a control system, humidi stats and humidifiers- valve characteristics and selection.

REFERENCES:
1. Instrumentation for engineering measurement /R.H. Cerrni & L.E. Foster/ wily 1982.

2. Instrumentation in Scientific research/K.S, Lion/ Megravv Hill.

3. Automatic process control/ D.P. Eckman /Wiley.

4. Refrigeration and Air-Conditioning/W.F. Stooecker, J.W. Jone/ McGraw Hill 1982.
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REFRIGERATION & AIR-CONDITIONING EQUIPMENTS AND CONTROLS
UNIT-I :
Compressors-Types : constructional details of reciprocating compressors - volumetric efficiency-factors
affecting volumetric efficiency-effects of evaporator and condenser pressures- centrifugal compressor -
constructional details, applications : Comparison with reciprocating compressors - screw compressors,
working principle, single screw and double screw compressor, lubricating oils-rotary compressor-single
vane and multivane compressor surging.

UNIT-II:
Condensers: types-water cooled & air cooled condensers-evaporative type, thermal design of compressor-
temperature distribution and heat flow in a condenser, pressure drop, fouling factor-LMTD correction factor.
(No problems)

Cooling Towers: Classification-performance of cooling towers-analysis of counter flow cooling towers-
enthalpy-temperature diagram of air and water.

Cooling ponds: types-cross flow cooling towers-procedure for calibration of outlet conditions.

UNIT-III:
Evaporators: types-flooded & dry evaporators-natural & forced convection type-shell & tube, shell & coil,
plate type-secondary evaporators-temperature distribution and heat flow in evaporators-pressure drop, fouling
correction factor, (no problems).

UNIT-IV:
Expansion Devices - Capillary tube, thermostatic expansion valve, float valve, automatic expansion valve,
solenoid control valve— pipe design-general-water piping, refrigerant piping & steam piping-water treatment-
corrosion control, scale formation control.

UNIT-V:
Installation of Vapor Compression Refrigeration System: evaluation & dehydration-testing for leakages-
charging-adding oil defrosting-methods-material, automatic, periodic defrosting-solid & liquid adsorbents;
water defrosting - defrosting by reversing the cycle, automatic hot gas defrosting-thermo balance defrosting,
electric control defrosting (no problems).

REFERENCES:
1. Refrigeration & Air-Conditioning / Stoecker/ TMGH 1982.

2. Refrigeration & Air-Conditioning / Domkundwar/Danapathi Rai.

3. Refrigeration & Air-Conditioning / C.P. Arora/.

4. ASHRAE guide & data book application.
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ENERGY MANAGEMENT
(Elective-III)

UNIT-I
Introduction: Principles of energy management. Managerial organization, Functional areas for  i)
manufacturing industry, ii) Process industry, iii) Commerce, iv) Government, Role of Energy manager in
each of these organizations. Initiating, Organizing and managing energy management programs

UNIT -II
Energy Audit: Definition and concepts. Types of energy audits, Basic energy concepts, Resources for
plant energy studies. Data gathering, Analytical techniques. Energy Conservation: Technologies for energy
conservation, Design for conservation of energy materials, Energy flow networks. Critical assessment of
energy usage. Formulation of objectives and constrains, Synthesis of alternative options and technical
analysis of options. Process integration.

UNIT-III
Economic Analysis: Scope, Characterization of an investment project. Types of depreciation,   Time value
of money. Budget considerations, Risk analysis.

UNIT-IV
Methods of Evaluation of Projects: Payback, Annualized costs, Investor’s rate of return,  Present worth,
Internal rate of return, Pros and cons of the common method of analysis,   Replacement analysis.

UNIT-V
Alternative Energy Sources: Solar Energy: Types of devices for solar energy collections, Thermal storage
system, Control systems. Wind Energy, Availability, Wind Devices, Wind Characteristics, performance of
turbines and systems.

REFERENCES:
1. Energy Management Hand Book / W.C. Turner (Ed).

2. Energy Management Principles / CB Smith/ Pergamon Press.

3. Energy Management / W.R.Murthy and G.Mc.Kay / BS Publication.

4. Management / H.Koontz and Cyrill  Donnel / McGraw Hill.

5. Financial Management / S.C.Kuchhal / Chaitanya Publishing House.
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EQUIPMENT DESIGN FOR THERMAL SYSTEMS
(Elective-III)

UNIT -I:
Classification of Heat Exchangers: Introduction, Recuperation & regeneration, Tabular heat exchangers,
Double pipe, shell & tube heat exchanger, Plate heat Exchangers, Gasketed plate heat exchanger. Spiral
plate heat exchanger, Lamella heat exchanger, Extended surface heat exchanger, Plate fin and Tabular fin.

Basic Design Methods of Heat Exchanger: Introduction, Basic equations in design, Overall heat transfer
coefficient, LMTD method for heat exchanger analysis, Parallel flow, Counter flow. Multipass, cross flow
heat exchanger design calculations:

UNIT-II:
Double Pipe Heat Exchanger: Film coefficient for fluids in annulus, fouling factors, Calorific temperature,
Average fluid temperature, The calculation of double pipe exchanger, Double pipe exchangers in series
parallel arrangements.

Shell & Tube Heat Exchangers: Tube layouts for exchangers, Baffle heat exchangers, Calculation of
shell and tube heat exchangers, Shell side film coefficients, Shell side equivalent diameter, The true
temperature difference in a 1-2 heat exchanger. Influence of approach temperature on correction factor.
Shell side pressure drop, Tube side pressure drop, Analysis of performance of 1-2 heat exchanger and
design of shell & tube heat exchangers, Flow arrangements for increased heat recovery, the calculation
of 2-4 exchangers.

UNIT-III:
Condensation of Single Vapours: Calculation of horizontal condenser, Vertical condenser, De-Super
heater condenser, Vertical condenser-sub-Cooler, Horizontal Condenser-Sub cooler, Vertical reflux type
condenser. Condensation of steam.

UNIT-IV:
Vaporizers, Evaporators and Reboilers: Vaporizing processes, Forced circulation vaporizing exchanger,
Natural circulation vaporizing exchangers, Calculations of a reboiler. Extended Surfaces: Longitudinal fins.
Weighted fin efficiency curve, Calculation of a Double pipe fin efficiency curve. Calculation of a double
pipe finned exchanger, Calculation of a longitudinal fin shell and tube exchanger.

UNIT-V:
Direct Contact Heat Exchanger: Cooling towers, relation between wet bulb & dew point temperatures,
The Lewis number and Classification of cooling towers, Cooling tower internals and the roll of fill, Heat
Balance. Heat Transfer by simultaneous diffusion and convection, Analysis of cooling tower requirements,
Deign of cooling towers, Determination of the number of diffusion units, Calculation of cooling tower
performance.

REFERENCES:
1. Process Heat Transfer/D.Q.Kern/ TMH.

2. Heat Exchanger Design/ A.P.Fraas and M.N.Ozisicj/ John Wiley & sons, New York.

3. Cooling Towers / J.D.Gurney.
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ADVANCED FINITE ELEMENT ANALYSIS
(Elective-III)

UNIT-I:
Introduction to FEM, basic concepts, historical back ground, applications of FEM, general description,
comparison of FEM with other methods, variational approach, Glerkin’s Methods. Co-ordinates, basic element
shapes, interpolation function, Virtual energy principle, Rayleigh – Ritz method, properties of stiffness
matrix, treatment of boundary conditions, solution of system of equations, shape functions and characteristics,
Basic equations of elasticity, strain- displacement relations.

UNIT-II:
1-D Structural Problems: Axial bar element – stiffness matrix, load vector, temperature effects, Quadratic
shape functions and problems.

Analysis of Trusses : Plane Trusses and Space Truss elements and problems.

Analysis of Beams :  Hermite shape functions – stiffness matrix – Load vector – Problems.

UNIT-III:
2-D Problems:  CST, LST, force terms, Stiffness matrix and load vectors, boundary conditions, Isoparametric
elements – quadrilateral element, shape functions – Numerical Integration.

Finite element modeling of Axi-symmetric solids subjected to Axi-symmetric loading with triangular
elements.

3-D Problems: Tetrahedran element – Jacobian matrix – Stiffness matrix.

UNIT-IV:
Scalar Field Problems: 1-D Heat conduction-Slabs – fins - 2-D heat conduction problems – Introduction
to Torsional problems.

UNIT-V:
Dynamic considerations, Dynamic equations – consistent mass matrix – Eigen Values, Eigen vector,
natural frequencies – mode shapes – modal analysis.

REFERENCES:
1. The Finite Element Methods in Engineering / SS Rao / Pergamon.

2. Finite Element Methods: Basic Concepts and applications, Alavala, PHI.

3. Introduction to Finite Elements in Engineering, Chandrupatla, Ashok and Belegundu, Prentice – Hall.

4. Finite Element Method – Zincowitz / Mc Graw Hill.

5. Introduction to Fininte element analysis- S.Md.Jalaludeen,Anuradha Publications, print-2012.

6. A First Course in the Finite Element Method/Daryl L Logan/Cengage Learning/5th Edition.

7. Finite Element Method – Krishna Murthy / TMH.

8. Finite Element Analysis – Bathe / PHI.
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THERMAL AND NUCLEAR POWERPLANTS
(Elective-IV)

UNIT -I:
Introduction: Sources of energy, Type of Power plants. Direct energy conversion system, Energy sources
in India, Recent developments in power generation, Combustion of coal, Volumetric analysis, Gravimetric
analysis. Fuel gas analysis.

Steam Power Plant: Introduction. General layout of steam power plant, Modern coal. Fired Steam, Steam
power plant. Power plant cycle, Fuel Handling, Combustion equipment, Ash handling, Dust collectors.

Steam Generators: Types, Accessories. Feed water heaters, Performance of boiling, Water treatment,
Cooling towers. Steam turbines. Compounding of turbines, Steam condensers, Jet and surface condensers.

UNIT-II:
Gas Turbine Power Plant: Cogeneration. Combined cycle power plant, Analysis, Waste heat recovery,
IGCC power plant, Fluidized bed, Combustion, Advantages, Disadvantages

UNIT-III:
Nuclear Power Plant: Nuclear physics, Nuclear Reactor, Classification, Types of reactors, Site selection.
Method of enriching uranium. Application of nuclear power plant. Nuclear Power Plant Safety: Bi-Product of
nuclear power generation, Economics of nuclear power plant, Nuclear power plant in India, Future of nuclear
power.

UNIT-IV:
Economics of Power Generation: Factors affecting the economics, Loading factors, Utilization factor,
Performance and operating characteristics of power plant, Point economic load sharing, Depreciation.
Energy rate, Criteria for optimum loading. Specific economic energy problem

UNIT-V:
Power Plant Instrumentations: Classification, Pressure measuring instrument, Temperature measurement
and Flow Measurement, Analysis of combustion gases, Pollution types, Methods of control.

REFERENCES:
1. Power Plant Engineering / P.K.Naga / TMH.

2. Power Plant Engineering / R.K.Rajput/ Lakshmi Publications.

3. Power Plant Engineering / P.C.Sharma/ Kotearia Publications.

4. Power Plant Technology / Wakil.
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CRYOGENIC ENGINEERING
(Elective-IV)

UNIT -I:
Introduction to Cryogenic Systems: Mechanical Properties at low temperatures. Properties of Cryogenic
Fluids.

Gas Liquefaction: Minimum work for liquefaction. Methods to protect low temperature. Liquefaction systems
for gages other than Neon. Hydrogen and Helium.

UNIT II:
Liquefaction Systems for Neon, Hydrogen and Helium: Components of Liquefaction systems. Heat
exchangers. Compressors and expanders. Expansion valve, Losses in real machines.

UNIT-III:
Gas Separation and Purification Systems: Properties of mixtures, Principles of mixtures, Principles of
gas separation, Air separation systems.

UNIT-IV:
Cryogenic Refrigeration Systems: Working Medium, Solids, Liquids, Gases, Cryogenic fluid storage &
transfer, Cryogenic storage systems, Insulation, Fluid transfer mechanisms, Cryostat, Cryo Coolers

UNIT-V:
Applications: Space technology, In-Flight air separation and collection of LOX, Gas industry, Biology,
Medicine, Electronics.

REFERENCES:
1. Cryogenic Systems/ R.F.Barren/ Oxford University Press.

2. Cryogenic Research and Applications: Marshal Sitting/ Von Nostrand/ Inc. New Jersey.

3. Cryogenic Heat Transfer/ R.F.Baron.

4. Cryogenic Engineering Edit / B.A. Hands/ Academic Press, 1986.

5. Cryogenic Engineering/ R.B.Scottm Vin Nostrand/ Inc. New Jersey, 1959.

6. Experimental Techniques in Low Temperature Physics- O.K. White, Oxford Press, 1968.

7. Cryogenic Process Engineering/ K.D. Timmerhaus & TM Flynn/ Plenum Press, 1998.
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TURBO MACHINES
(Elective-IV)

UNIT-I:
Fundamentals of Turbo Machines: Classifications, Applications, Thermodynamic analysis, Isentropic
flow. Energy transfer. Efficiencies, Static and Stagnation conditions, Continuity equations, Euler’s flow
through variable cross sectional areas, Unsteady flow in turbo machines.

UNIT -II:
Steam Nozzles: Convergent and Convergent-Divergent nozzles, Energy Balance, Effect of back pressure
of analysis. Designs of nozzles.

Steam Turbines: Impulse turbines, Compounding, Work done and Velocity triangle, Efficiencies, Constant
reactions, Blading, Design of blade passages, Angle and height, Secondary flow. Leakage losses,
Thermodynamic analysis of steam turbines.

UNIT-III:
Gas Dynamics: Fundamental thermodynamic concepts, isentropic conditions, mach numbers and area,
Velocity relations, Dynamic Pressure, Normal shock relation for perfect gas. Super sonic flow, oblique
shock waves. Normal shock recoveries, Detached shocks, Aerofoil theory.

Centrifugal compressor: Types, Velocity triangles and efficiencies, Blade passage design, Diffuserand
pressure recovery. Slip factor, Stanitz and Stodolas formula’s, Effect of inlet mach numbers, Pre whirl,
Performance.

UNIT-IV:
Axial Flow Compressors: Flow Analysis, Work and velocity triangles, Efficiencies, Thermodynamic analysis.
Stage pressure rise, Degree of reaction, Stage Loading, General design, Effect of velocity, Incidence,
Performance.

Cascade Analysis: Geometrical and terminology. Blade force, Efficiencies, Losses, Free end force, Vortex
Blades.

UNIT-V:
Axial Flow Gas Turbines: Work done. Velocity triangle and efficiencies, Thermodynamic flow analysis,
Degree of reaction, Zweifels relation,  Design cascade analysis, Soderberg, Hawthrone, Ainley,
Correlations, Secondary flow, Free vortex blade, Blade angles for variable degree of reaction. Actuator
disc, Theory, Stress in blades, Blade assembling, Material and cooling of blades, Performances, Matching
of compressors and turbines, Off design performance.

REFERENCES:
1. Fundamentals of Turbo Machines/Shepherd.

2. Element of Gas Dynamics/Yahya.

3. Turbines, Pumps, Compressors/Yahya.

4. Practice on Turbo Machines/ G.Gopal Krishnan & D.Prithviraj/ Sci Tech Publishers, Chennai.

5. Theory and practice of Steam Turbines/ Kearton.

6. Gas Turbines Theory and Practice/Zucrow.

7. Element of Gas Dynamics/Liepeman and Roshkow/ Dover Publications.
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AIR CONDITIONING LAB
1. Find out the COP and Cooling Capacity of window Air Conditioning System.

2. Find out the efficiency of air washer test rig.

3. Find out the Humidified efficiency and overall efficiency of the experimental Cooling tower.

4. Find the COP, Cooling Capacity and bypass factor of the Air Condition test rig.

5. COP of miniature centralized AC unit.

6. Simple Cooling and heating load calculations using related software.


