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1.1 Curricular Planning and Implementation

CURRICULUM PLANNING AND EFFECTIVE DELIVERY

Inputs from
IQAC Stake
Holders p

Continuous Review Process by
IQAC for following
Subject allocation
Workload calculation
Time Table preparation (classwise,
department wise and college wise)
Course file preparation
Syllabus coverage
Class committee meeting
Quality of QP
Conduct of CIE
Result analysis
academic audit

Academic
Schedule of Anna

University Insitution's academic schedule in

line with Anna University with
following activities
Commencement of Classes
Dates for 3 CIEs
Dates for Industrial Visits
Guest Lectures

Institution's ™
IQAC - Seminars
7 Project Review Dates
Value Added Programs
Cultural Events
Yes List of Holidays

' Last Instruction Day
Tentative dates for University
Practical & Theory Exams

Draft Preparation by IQAC

>l

Approval by Principal

;

» Review Process by IQAC

:

Periodical Report
submitted to Principal

:

—— Remedial Actions (if any)

Y

Action Taken Report after |
reaching desired
Outcomes




ACADEMIC CALENDER (UG/PG) 2021-2022 (ODD SEMESTER)

Kathir College of Engineering

[Approved by AICTE | Affiliated to Anna University | Accredited by NAAC]
Neelambur, Avinashi Road, Coimbatore-62

No. of Working Days

in Aug 2021
Days
1 SUN Holiday Holiday
2 | MON
3 TUE
4 WED
5 THU
6 FRI
7 SAT
8 SUN Holiday Holiday
? | MON
10 TUE
11 WED
12 THU
13 FRI
14 SAT
15 | SUN Holiday Holiday
16 | MON
17 TUE
18 | WED | Commencement of Classes (lIl/V/VIl Semester) 1 1
19 THU 2 2
20 FRI | Moharam Holiday Holiday
21 SAT 3 3
22 | SUN Holiday Holiday
23 | MON 4 4
24 TUE 5 5
25 | WED 6 6
26 THU 7 7
27 FRI 8 8
28 SAT 9 ?
29 SUN Holiday Holiday
30 | MON | Krishna Jayanthi Holiday Holiday
31 TUE 10 10
No. of working days for this month 10
Cumulative No. of working days as on 31.03.2021 10

>




No. of Working Days

No. of Cumulative
Date | Day September 2021 Tl No. of Working
Aug 2021 Days
1 WED 1 11
2 THU 2 12
3 FRI 3 13
4 SAT 4 14
5 SUN Holiday Holiday
6 MON 5 15
7 TUE 6 16
8 WED 7 17
9 THU 8 18
10 FRI | Vinayagar Charthurthi Holiday Holiday
11 SAT 2 19
12 SUN Holiday Holiday
13 MON 10 20
14 TUE 11 21
15 WED 12 22
16 THU 13 23
17 FRI 14 24
18 SAT 15 25
19 SUN Holiday Holiday
20 MON 16 26
21 TUE 17 27
22 WED 18 28
23 THU 19 29
24 FRI 20 30
25 SAT 21 31
26 SUN Holiday Holiday
27 MON 22 32
28 TUE 23 33
29 WED 24 34
30 THU | Class Committee Meeting-1 (llI/V/VII Semester) 25 35
No. of working days for this month 25
Cumulative No. of working days as on 31.03.2021 35
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No. of Working Days

Date Day October 2021 No. °,f Cumulative
daysin No. of
Oct 2021 | Working Days
1 FRI CIA | QP Submission (lll/V/VII Semester) 1 36
2 SAT | Gandhi Jayanthi Holiday Holiday
3 SUN Holiday Holiday
4 MON g:eonqg;rue(?)us Internal Assessment | (ll/V/VII o 37
5 TUE SCeor?]’g?;Je?)us Internal Assessment | (lll/V/VII 3 38
6 WED SCeon:’relr;Tue?)us Internal Assessment | (ll/V/VII 4 39
7 THU 5 40
8 FRI Mark Display CIA | (llI/V/VII Semester) 6 4]
9 SAT 7 42
10 SUN Holiday Holiday
11 MON Bridge Course for | Year Students 8 43
12 TUE 2 44
13 WED 10 45
14 THU Aayutha Pooja Holiday Holiday
15 FRI Vijaya Dasami Holiday Holiday
16 SAT 11 46
17 SUN Holiday Holiday
18 MON 12 47
19 TUE Miladi Nabi Holiday Holiday
20 WED 13 48
21 THU 14 49
22 FRI 15 50
23 SAT 16 51
24 SUN Holiday Holiday
25 MON 17 52
26 TUE g:elcr]ssesfeﬁommlﬁee Meeting-2  (lI/V/VII 18 53
27 WED CIA Il QP Submission (lll/V/VIl Semester) 19 54
28 THU 20 55
29 ER| g:eonrer;ruecr))us Internal Assessment Il (Il/V/VII 1 54
30 SAT g:eor:relr;fe?fs Internal Assessment Il (llI/V/VII 29 57
31 SUN Holiday Holiday
No. of working days for this month 22
Cumulative No. of working days as on 31.10.2021 57
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No. of Working Days

Date | Day November 2021 No. 9f Cumulative
daysin No. of
Nov 2021 | Working Days
1 MON Continuous Internal Assessment Il (llI/V/VII : 58
Semester)
2 TUE 2 59
3 WED | Special Holiday Holiday Holiday
4 THU | Diwali Holiday Holiday
5 FRI Special Holiday Holiday Holiday
6 SAT | Mark Display CIA Il (lll/V/VII Semester) 3 60
/ SUN Holiday Holiday
8 MON | Induction Programme Phase |
9 TUE 4 61
10 WED PG Continuous Internal Assessment-1 (llI 5 62
Semester)
11 THU PG Continuous Internal Assessment-1 (llI 6 63
Semester)
12 FRI 7 64
13 SAT 8 65
14 SUN Holiday Holiday
15 MON | M.B.A Commencent of Classes 9 66
16 TUE 10 67
17 WED | Induction Programme Phase I 11 68
18 THU 12 69
19 FR| Class Committee Meeting-3 (M/vV/Vii 13 70
Semester)
20 CIA 1 QP Submission (lll/V/VII Semester)
SAT Orientation Program 14 71
21 SUN Holiday Holiday
22 MON | Commencement of Classes for | Semester 15 72
23 TUE Continuous Internal Assessment Il (III/V/VII 16 73
Semester)
24 WED | Continuous Internal Assessment Il (IlI/V/VII 17 74
Semester)
25 THU Continuous Internal Assessment Il (1I/V/VII 18 75
Semester)
26 FRI 19 76
27 SAT | Mark Display CIA Il (llI/V/VIl Semester) Holiday Holiday
28 SUN Holiday Holiday
29 MON 20 77
30 TUE Last Working Day (llI/V/VII Semester) 21 78
No. of working days for this month 21
Cumulative No. of working days as on 30.11.2021 78
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Kathir Coilege of Engincering

[Approved by ATCTE AT ted to Annn University | Accredited by NAAC|

»
A ;::-;\'.l«‘* Neelambur, Avinashi Road, Coimbatore-62
Academic Calendar 2021-22(Even Semester)
[Prepared in line with neademic sehedule of Anna University]
T NecofWorking Days
Cumulative no,
Date Day MARCIH- 2022 No, of days in sTwotking
Muarch 22 davs .
l TUE S - -
2 WED S - _F_‘ - ) o
3| Thur o D D
A ERI B o e
N SAT
6 SUN Holiday i Holiday
7 MON N M
N rue -
9 WED R S e
10 THUR | Guest Lecturer on IPR-PR )
1 FRI S S
12 SAT
13 SUN Holiday Holiday
14 MON
5 TUE I T
16 WED [Re-opening for IV,VLVIIT Semester B.E/B. Tech 1 1
17 | THUR 2 :
8 FRI -y s
19 SAT | - «
20 SUN Holiday Holiday
21 WM()N Seminar on General Health Awareness | i ‘ -““: ‘7_-_
22 TUE 6 6
23 WED 7 o G
W | THUR i 4
25 FRI D 9 T
26 | SAT B 10 0
27 SUN Holiday Holiday
28 MON 11 11
29 TUE 12 12
0 | WED I 3| 13 -
3 [ THuR o - TN T
No. of working days for this month 14
Cumulative No, of working days as on 31.03.2022 14
s
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No. of Working Days
Cumulative no.
Date | Day APRIL - 2022 No. of days of working
in April 22
days
| FRI | Unit-1 completion 1 15
2 SAT | Telugu New Year Holiday Holiday
3 SUN Holiday Holiday
4 MON 2 16
5 TUE 3 17
6 WED 4 18
7 THUR 5 19
8 FRI 6 20
9 SAT 7 21
10 SUN Holiday Holiday
11 NMON 8 22
12 TUE 9 23
13 WED | Cultural Events 10 24
14 THUR | Tamil New Year Holiday Holiday
15 FRI | Good Friday Holiday Holiday
16 SAT Holiday Holiday
17 SUN Holiday Holiday
18 MON 11 25
19 TUE 12 26
20 WED | Question paper submission for CIA 1 (I1, 11l & [V year) 13 27
21 | THUR 1 5%
22 FRI |Class Committee Meeting — 1 (11, 111 & 1V year) 15 29
23 SAT 16 30
24 SUN Holiday Holiday
25 MON | Continuous Internal Assessment [ (11, 111 & 1V year) 17 31
26 | TUE |Continuous Internal Assessment | (I N1 & TV year) 18 32
27 WED |Continuous Internal Assessment | (11, I11 & 1V year) 19 33
28 THUR 20 34
29 FRI 21 35
30 SAT | Display of Marks for CIA [ (II, 11l & IV year) 22 36
No. of working days for this month 22
Cumulative No. of working days as on 30.04.2022 36
Principal
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) - [ Cumulative no, |
Date Day MAY-2022 No. of days in of working |
May 22 5
days i
) | SUN Holiday Toliday |
B VON | Unit-T completion A ____3.:., T
3 | TUE |[Ramzan I iloliday | Holiday 1
ol WED —— '2' N VJHH‘ e
5 | THUR T »
6 | FRI x| @ |
7 SAT P I al ’
s | SUN Holiday Holiday j
| 9 | MON 6 2 AJ‘
[ 10 | TUE 7 8
11 | WED 8 44
12 | THUR 45
13 | FRI oo | 46
14 SAT |Question paper submission for CIA 1 (1, 1T & TV year) 11 47
15 SUN Holiday Holiday
16 VMON | Class Committee Meeting = [ (LT & TV year) 12 48
17 | TUE |Unit-Ill completion 13 w ]
's | WED 14 50 ‘
19 | THUR Continuous Internal Assessment [F(I1 T & IV year) 15 51 J
20 FRr1 | Continuous Internal Assessment [T (11T & TV year) 16 : 52 T
71 gAT |Continuous Internal Assessment [ (LT & TV year) 17 . 53- o —7‘
22 | SUN Holiday Holiday }
23 | MON 18 54 ;
24 TUE Display of Marks for CIA 11 (11, 11 & IV year) 19 35 B
25 | WED 20 56 l
26 | THUR 21 .5 ‘
27 FRI 22 58
[ 28 | SAT 23 9 #
29 | SUN Holiday Holiday J
36 | MON 24 o0
31 TUE |Unit-1V completion 25 61 i
No. of working days for this month 25 o o ;
Cumulative No. of working days as on 31.05.2022 61
Principal A
’ PRINCIPAL
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No. of Working Days
Cumulative no.
Pt . No. of days in .
ay JUNE- 2022 of working
June 22
days
1 WED 1 62
2 THUR 2 63
3 FRI 3 64
4 SAT 4 65
|ESS SUN Holiday Holiday
6 MON 5 66
7 TUE 6 67
8 WED | Question paper submission for CIA [l1 (I, 1T & 1V year) 7 68
9 THUR | Unit-V completion 8 69
10 FRI Class Committee Meeting — 111 (11, 111 & IV year) 9 70
11 SAT |Exit survey 10 7
12 SUN Holiday Holiday
13 MON | Continuous Internal Assessment ] (I, 1T & 1V year) 11 72
14 TUE |Continuous Internal Assessment 111 (IL 1T & 1V year) 12 73
15 WED |Continuous Internal Assessment 11 (1, T & 1V year) 13 74
16 THUR | Last Working Day 14 75
17 FRI Display of Marks for CIA 111 (11, [II & [V year)
18 SAT
19 SUN Holiday Holiday
20 MON
21 TUE
29 WED
23 THUR| Academic audit
24 FRI
25 SAT
26 SUN Holiday Holiday
27 MON
28 TUE
29 WED
30 THUR
No. of working days for this month 14
Cumulative No. of working days as on 30.06.2022 75
Prin?palV
PRINCIPAL
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KATHIR COLLEGE OF ENGINEERING

[Approved by AICTE and affiliated to Anna University]
Wisdom Tree, Avinashi Road, Neelambur, Coimbatore 641062
Web: www.kathir.ac.in, Email: kathirce@kathir.ac.in

Ref: KCE/IOAC/2020-2021/10 22.1.2021
Internal Quality Assurance Cell (IQAC)
Circular
Sub: IQAC Meeting — Intimation to the members of the IQAC

6 Dear Member,

An IQAC Meeting is arranged on 28.01.2021 at MBA Seminar Hall. All the members of the

IQAC are requested to attend the meeting at 3:30PM. The points to be discussed in the meeting are

as follows:
AGENDA:

Governance at KCE

—_

Online classes
Placement Record

System for slow learners

Department association activities

2
3
4
‘s 5. Conducting FDPs
6
7. Internal Academic Audit
8

AQAR 2020-2021



9. Content preparation
10. Students counselling
11. Funded research projects

12. Any other matter

Copy to

1. AlIQAC members
2. IQAC File for record

3. Management

10

Principal/Chairman of IQAC
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KATHIR COLLEGE OF ENZINEERING

[Approved by AICTE and dffiliated to Aga University]

Wisdom Tree, Avinashi Road, Neelambur, Coimbatore 641062
Web: www.kathir.ac.in, Email: kathirce@kathir.ac.in

Internal Quality Assurance Cell
IQAC Meeting held on 28.01.2021

Attendance sheet

S.No Name Designation Signature
1. Dr. R. Udaiyakumar Principal, KCE 513
L2 Dr. G. Doraisamy CEO, Kathir Institutions
| 3. Shri. Malligarjunababu Administrative Officer, KCE S
4. Smt. PreethaMoulishankar Accounts Officer, KCE 5» /” . :
5. Dr. S J K Jagadeeshkumar Professor &HoD, Department of Computing Sciences %\;{\u\w/
6. Dr.V L Mangesh Professor &HoD, Department of Mechanical Engineering ‘t/ - A
; 7. Dr. G. Manjula Professor &HoDin Civil Engg. C,’ ‘i’\ mj;\_:/
! 8. | Dr.K.V.Kannan Nithin Professor in Physics " Filon
f 9. Shri.J.Hariharan IV Year Mech / !
’ | Reg.N0:71161714010 e
10. | ShriT.Raja Ill Year EEE
| Reg.N0:711618105011 N
? 11. | Smt.V.Gayathiri Il Year ECE
Reg.No:711619106008
| 12. | Shri. K.B.Aakaash ' I year Al & DS
I Reg.N0:711620243001
) ’ Mr. Vigneshwaran Chief Executive Officer
‘ J Virtual Frontier Robotics Private Limited.
14. i Dr. R. Pradeep Kumar l Chief Innovation Officer, Amphisoft Technologies. J
s | Mr. R. Rameshbabu ’ Manager- Training school, Fanuc India ;

’ Coordinator-IQAC

16. | Dr. B. Prabakaran



KATHIR COLLEGE OF ENGINEERING

[Approved by AICTE and affiliated to Anna University]
Wisdom Tree, Avinashi Road, Neelambur, Coimbatore 641042
Web: www.kathir.ac.in, Email: kathirce@kathir.ac.in

| Name of the Meeting: Internal Quality Assurance Cell

| (IQAC) meeting

Ref. No. :KCE/IQAC/2020-2021/11

| Venue : MBA Seminar Hall

Date of the Meeting : 28.01.2021

| Members Present : all IQAC members except Dr. G. | Time : 3:30PM - 5PM

[ Doraisamy, CEO/MR, KCE

r

| SL I Target

f Points taken up for Discussion | Remarks / Action to be taken Responsibility

| No. / date

L

] J Govemance at KCE = Principal welcomed all the members for the meeting. Principal and IQAC | 31.05.2021

| = Strategic Planning for good govemance at KCE was | coordinator

| "

| discussed All faculty members

f |

|2 Online Classes ( = Online classes are conducted successfully by the faculty. All faculty members Continuous

j 3 ) Placement Record * Members were keen on knowing the steps taken to identify | Principal, Placement | Continuous

{ | the career perspectives of final year students and | officer and all HoDs

| |

f | suggested to improve the placement record further

[

| 4 r System for slow leamers = Members were keen on understanding the system followed | All the HODs 31.05.2021
|

to take care of slow-learners and insisted to improve their

knowledge for better academic performance




31.05.2021

[
f 5 Conducting FDPs The members insisted to take initiation for the conduction of | All the Faculty
, FDPs in the emerging areas
|
, 6 Department association The members insisted to improve all the department | All the HODs 31.05.2021
|
" activities association activities
7 Intemal Academic Audit The members insisted to conduct IQAC Internal Academic | IQAC co-ordinator 31.05.2021
Audit
8 AQAR2020-2021 The AQAR report of the academic year 2020-21 and | IQAC co-ordinator 31.12.2021
accreditation process for the upcoming years
9 Content preparation Principal insisted the content preparation for the upcoming | All the Faculty 15.02.2021
semester
10 | Students counselling Principal insisted all the mentors for periodic counselling of | All the HODs 31.05.2021
the students to address their grievances
11 | Funded research projects Principal insisted all the faculty members to apply and get | All the faculty 31.05.2021
the funds on research projects
12 | Concluding Remarks The meeting was concluded with a vote of thanks from | IQAC co-ordinator
IQAC Coordinator
IRAC  Coovdanatoy PRINCIPAL
Copy to LD‘(' B Prabaka~a U

1. AlllQAC members
2. IQAC File for record
3. Management
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12" September 2019

INTERNAL QUALITY ASSURANCE CELL (IQAC)

MINUTES OF MEETING

Meeting was held on 12" September 2019 at 11 AM in MBA seminar hall of the
college. Following members were present for the meeting:

S.No Name Designation/IQAC

1. Dr.G.Doraisamy CEO/Management Representative

2. Dr. A.R.Suresh Principal/ Chairman, HOD-Mech/Member

3. Dr.K.V. Kannan Nithin HOD-S&H/Member

4, Dr. M. Varatharaj HOD-ECE/Member

5. Dr. B. Vaikundaselvan HOD-EEE/Coordinator

6. Mrs.T.Sakthisree HOD-CSE/Member

7. Mr. S. Ganeshkumar HOD-Civil/Member J‘

8. Mr. D. Davidbaburaj HOD-MBA/Member

9. Mr. M.Ramkumar AP-EEE/Member

10. Mr.R.Rameshbabu Manager-Training School, Fanuc
India/Representative from Industry

The chairperson Dr.A.R.Suresh welcomed the members. The following points were
discussed in the meeting.

S. No.

Details

Action to be taken

1.

The HOD-EEE department proposed to set up centre of
excellence in PLC lab, also requested to setup Incubation
centre to enrich students’ co-curricular and placement

opportunities

The management insisted to organise the employability skill
training programs to enhance the employability of the students

All the HODs

IQAC coordinator mentioned that Students counseling
regarding academic and personal problems should be taken
care by the respective mentors

l

HOD-EEE |
|

|

|

i

|

|

All the HODs

"The council members recommended conducting GATE

coaching classes for UG students, Research Methodology

All the HODs

lectures and talks from Industry experts for students.

The council members proposed making an action plan for
| improving the academic performance of the weak students

KATHIR COLLEGE OF ENGINEERING,

All the mc_l{ibrcir.é- T

M\g}%«;ﬁ
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7" February 2020

INTERNAL QUALITY ASSURANCE CELL (IQAC)
MINUTES OF MEETING

Meeting was held on 17" February 2020 at 10 AM in the MBA seminar hall of the college.
Following members were present for the meeting:

S.No Name Designation/IQAC
1. Dr.G.Doraisamy CEO/Management Representative
. 2. Dr. A.R.Suresh Principal/ Chairman, HOD-

Mech/Member

3 Dr.K.V. Kannan Nithin HOD-S&H/Member

4 Dr. M. Varatharaj HOD-ECE/Member

5. Dr. B. Vaikundaselvan HOD-EEE/Coordinator

6. Mrs.T.Sakthisree HOD-CSE/Member

7 Mr. S. Ganeshkumar HOD-Civil/Member

8 Mr. D. Davidbaburaj HOD-MBA/Member

9. Mr. M.Ramkumar AP-EEE/Member

10. Mr.R.Rameshbabu Manager-Training School, Fanuc
India/Representative from Industry

The chairperson Dr.A.R.Suresh welcomed the members. The following points were discussed

in the meeting.

. S.No. | Details Action to be taken |
1. The AQAR report of the academic year 2019-20 and NBA | NAAC & NBA Co-
accreditation process for the upcoming years ordinator
2. The management insisted that our Institute should follow a standard | All the HODs

academic system in place to take care of the slow-learners, to
improve their knowledge and to get good academic performance

3 | The council members recommended to send proposals like | All the HODs
Rescarch Proposal Scheme and MODROB  to various funding
agencics especially to AICTE, DST and TNSCST

4. | The council | members reviewed the complete statement on teaching | All the HODs .
learning programs, action plan for high intensity training and other

events

12 came (o an end with a vote of thanks by IQAC Coordinator Dr. B. Vaikundaselvan.

mu ipal ),

PRIN(‘IPAL
KATHIR COLLEGE OF ENGINEERING,

The meetn
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Ref: KCE/IQAC/2018-2019/1 07.09.2018

Internal Quality Assurance Cell (IQAC)
Circular

Sub: IQAC Meeting — Intimation to the members of the IQAC

C Dear Member,

An 1QAC Meeting is arranged on 14.09.2018 at ground floor conference room. All the
members of the IQAC are requested to attend the meeting at 3PM. The points to be discussed in

the meeting are as follows:

AGENDA:

1. Research Labs
2. NBA Accreditation

3. Any other matter

Principal/Chairman of IQAC
Copy to _
1. AllIQAC members Kathir Colicge
2. IQAC File for record

3. Management
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KATHIR COLLEGE OF ENSINEERING

[Approved by AICTE and dffiliated to Anna University]

Wisdom Tree, Avinashi Road, Neelambur, Coimbatore 641062

Web: www.kathir.ac.in, Email: kathirce@kathir.ac.in
Internal Quality Assurance Cell
IQAC Meeting held on 14.09.2018

Attendance sheet

| s.No Name Designation/IQAC I Signature

1. Dr.G.Doraisamy CEO/Management Representative ( N ) y

2. Dr.P.Murthi Principal/ Chairman !

3. Dr.K.V. Kannan Nithin HOD-S&H/Member ’ «/J, N

y( _/Q,L:;,/

4. | Dr.M.Kannan HOD-ECE/Member W R

5. Dr. B. Vaikundaselvan HOD-EEE/Coordinator ’ M . i

b. Mr. TKP. Rajagopal HOD-CSE/Member % T ‘r‘

N \‘

7. Dr. A.R.Suresh HOD-Mech/Member % /k 7 ———
| =N 1, \/( —~ I
— N o 7 |
‘ 8. Ms. R. Priyanka | HOD-Civil/Member —T Flpﬁ—v» - —
I | ) KPr
: 9. | Mr. D. Davidbaburaj | HOD-MBA/Member — 0 —— —— T —
| | | ,_L/-’f“ﬁ—\"“ ) |

10. ; Mr.R.Rameshbabu | Manager-Training School, Fanuc - —

| S
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Dr. P.Murthi, B.E., MBA., M.Tech., Ph.D.,
Principal

INTERNAL QUALITY ASSURANCE CELL (1QAC)
MINUTES OF MEETING

14 September 2018

Meeting was held on 14" September at 3 PM in the ground floor conference hall of the

college. Following members were present for the meeting:

S.No Name Designation/IQAC

1. | Dr.G.Doraisamy CEO/Management Representative

2. | Dr.P.Murthi Principal/ Chairman

3. | Dr.K.V. Kannan Nithin HOD-S&H/Member o

4. | Dr. M. Kannan HOD-ECE/Member

5. | Dr. B. Vaikundaselvan HOD-EEE/Coordinator

6. | Mr. TKP. Rajagopal HOD-CSE/Member B

7. | Dr. A.R.Suresh HOD-Mech/Member |

8. | Ms. R. Priyanka HOD-Civil/Member B

9. | Mr. D. Davidbaburaj HOD-MBA/Member

10. | Mr.R.Rameshbabu Manager-Training School, Fanuc
India/Representative from Industry

The chairperson, Dr.P.Murthi welcomed Dr.G.Doraisamy, the management representative,

Mr.R.Rameshbabu, Representative from Industry and other members.
discussed in the meeting.

The following points were

" The HOD, Mechanical department proposed to set up research labs in thrust areas

Details

Action to be taken

like industry 4.0 and nano materials lab. He mentioned that the proposed labs
would support research by both faculty and students. He added that it will enrich
their knowledge and greatly improve student’s placement opportunities.

the msnlnu

The rtxanageI;EBT-T:]sisled that the institution should prepare to work towards
obtaining NBA accreditation which would help the institution in solicit support
from various government programs as well as improve the operations from within
IQAC Coordinator “mentioned that the pmiurm.l “for Student Satisfaction V Survey | /
mailed 1o the respective HODs, 1o be utilized for getting the feedback from
students.

The -i;]'dgllulli/rllll-tllll')tl Mr R.Rameshbabu, appreciated installation of wi-fi in
campus. Ile emphasized the importance of digitization. He further suggested having
paperless office and resorting to emails over paper communication.

All the HOD's of ECE.

KATHIR COLLEGE OF EN

HOD-Mechanical

Mechanical and Computer |
Science

All the HODs

“All the members

{ ¥ |
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Ref: KCE/IQAC/2018-2019/2 13.02.2019
Internal Quality Assurance Cell (IQAC)
Circular

Sub: IQAC Meeting — Intimation to the members of the IQAC

g Dear Member,
An 1QAC Meeting is arranged con 20.02.2019 at MBA Conference Hall. All the members of
the IQAC are requested to attend the meeting at 11AM. The points to be discussed in the meeting

are as follows:

AGENDA:
Industry-Institute Interaction
Industrial Visits

Result Analysis

AW N -

Any other matier

Principal/Chairman of IQAC

Copy to

1. AllIQAC members Kaathi A
2. IQAC File for record  Colmbatore - 641 062
3. Management
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Internal Quality Assurance Cell
IQAC Meeting held on 20.02.2019

Attendance sheet

—_—

By

S.No Name | Designation/IQAC Signature
1. | Dr.G.Doraisamy CEO/Management Representative —— )

Dr.P.Murthi

| Principal/ Chairman

3. | Dr.K.V. Kannan Nithin | HOD-S&H/Member CXM/
e ‘ {
4. | Dr.M.Kannan HOD-ECE/Member .

N .
5. | Dr.B. Vaikundaselvan

| HOD-EEE/Coordinator ] :v: :i ;
6. Mr. TKP. Rajagopal | HOD-CSE/Member W

7. | Dr.A.R.Suresh | HOD-Mech/Member A"
8. | Ms.R. Priyanka | HOD-Civil/Member ) AT

| R~
8.  Mr.D. Davidbaburaj

L
HOD-MBA/Member

10. | Mr.R.Rameshbabuy { Manager-Traming School, Fanuc




KATHIR COLLEGE OF ENGINEERING

(An Institution Run by Lamika Educational and Charitable Trust) ‘,. " TOVRheintand®
(Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai.) 2 é f CERT
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Phone : 0422 - 6554778, 2203737. Tele Fax : 08030723600. o
E-mail : kathirce@gmail.com, www.kathir.ac.in

Dr. P.Murthi, B.E., MBA., M.Tech., Ph.D., 20" February 2019
Principal
INTERNAL QUALITY ASSURANCE CELL (IQAC)
MINUTES OF MEETING

Meeting was held on 20" February 2019 at 11 AM in the MBA conference hall of the college.
Following members were present for the meeting:

. S.No Name Designation/IQAC

1. | Dr.G.Doraisamy CEO/Management Representative
2. | Dr.P.Murthi Principal/ Chairman
3. | Dr.K.V. Kannan Nithin HOD-S&H/Member
4. | Dr. M. Kannan HOD-ECE/Member
5. | Dr. B. Vaikundaselvan HOD-EEE/Coordinator
6. | Mr. TKP. Rajagopal HOD-CSE/Member
7. | Dr. A.R.Suresh HOD-Mech/Member
8. | Ms. R. Priyanka HOD-Civil/Member
9. | Mr. D. Davidbaburaj HOD-MBA/Member
10. | Mr.M.Ramkumar AP-EEE/Member
11.| Mr.R.Rameshbabu Manager-Training School, Fanuc

India/Representative from Industry

The chairperson, Dr.P.Murthi welcomed all the members. The following points were discussed in the meeting.

S.No Details Action to be
. taken
1.| The committee suggested to undergo the Industry-Institute Interaction | All the HODs

through Membership & MOU’s by conducting various activities
through them.

2.| The committee suggested all the members to arrange more numbers of | All the Members
industrial tours in the next semester.

3.| The results of B.E, M.E & MBA Examinations were reviewed All the Members

4.| The commitiee instructed all HODs to conduct at least one guest lecture and | All the HODs
workshop in next semester.

5.1 The commitice reviewed the placements of this academic year and instructed | Placement Officer
to communicate with more number of reputed companies to conduct
| placement drives in our campus. *

The meeting ended with formal vote of thanks by IQAC Coordinator Dr, B. Vaikundaselvan. )

)
.
LA

P!\ INCIPAL
KATHIR COLLEGE PRIBDINEER NG
NEELAMBUR,
COWIBATORE-62.
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Ref: KCE/IQAC/2020-2021/2 26.8.2020
Internal Quality Assurance Cell (IQAC)
Circular

Sub: IQAC Meeting — Intimation to the members of the IQAC

Dear Member,

An IQAC Meeting is arranged on 02.09.2020 which will be conducted through online. All the
members of the IQAC are requested to attend the meeting at 3:30PM. The points to be discussed in
the meeting are as follows:

AGENDA:
Action taken on the previous meeting minutes
Mandatory disclosure submission
KCE website updation
Online classes
Alumni and Parent’s meet
Webinars
Faculty performance appraisal

Faculty publications

/s

&Y g
v

e T R L

Any other matter

Princip;I/Chairman of IQAC
Copy to o
1. AlllIQAC members Kathis fC
2. IQAC File for record o
3. Management
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]

| Name of the Meeting: Internal Quality Assurance Cell Ref. No. :KCE/IQAC/2020-202‘|/3 ‘

(IQAC) meeting

Venue : online mode

Members Present :
Doraisamy, CEO/MR, KCE

SL.

Points taken up for Discussion

1 Academic year plan

_—

2 Mandatory

submission

3 Website updation

4 Online classes

5 Alumni and Parent's meet

frequently in order to acquire inputs from them regarding ! J
— —_— e — Su— — N |

Date of the Meeting : 02.09.2020

all IRAC members except Dr. G. | Time : 3:30PM - 5PM ‘

Target

Remarks / Action to be taken Responsibility

date

Principal welcomed all the members for the meeting. All the HODs 31.12.2020
* Follow up process is ongoing for the action taken for the
academic year plan for even semester 2019-2020 and odd
semester 2020-2021
31.12.2020

The IQAC coordinator told that the process of preparing | IQAC Team

mandatory disclosure for the Academic Year 2020-2021 is in

process

Principal insisted to update the KCE website in line with the | All the HODs 15.01.2021
current data
* Principal briefed the process of handling academic classes Continuous
in online mode through the EBox platform. ['
- S

* IQAC proposes to organize Alumni and Parent's meet more All the HODs 31.12.2020 ]




S

academic matters

|
f
6

|
|

Webinars .

Princ.,‘l suggested that the faculty members 90y be

encouraged to attend more webinars offered by various

All facuity Continuous

reputed organisations.

T

8 | Faculty publications

|' 7 ” Faculty performance .
i i Appraisal
, i
| |
1
P

|
{
i
|
9 | NSS Activities
l

10 | Concluding Remarks

The Governing Council members insisted  to design and | Principal 31.12.2020

implement  standard format for Faculty Performance

Appraisal for the for’fhcoming years

All department NAAC coordinators were requested to give | IQAC coordinator

the updated faculty list and their publication to IQAC cell

15.01.2021

The management insisted to conduct NSS activities for the

upcoming semester

NSS coordinator 31.12.2020

The meeting was concluded with a vote of thanks from
IQAC Coordinator

IQAC co-ordinator

Copy to
1. AllIQAC members
2. IQAC File for record

3. Management

TRAC  Coovdn v ?RINCIPAL
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R WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 | &
Rev.0 SUBJECT ALLOCATION- EVEN SEM - 2020 ~262 " i i
| NAME OF THE DEPARTMENT SCIENCE AND HUMANITIES _]

— ] R .

. Faculty Signat
S.No |  Name of the Faculty Designation Theory Practical SV SISHRGNE
I DrK.V.Kannan Nithin Professor I CSE ﬁ//—
.
' Associate I - CSE/ EEE/
2 V.S,
Dr.V.S.Angulakshmi Professor MECH @14‘/
Associate < v
3 | Dr.M.Prabhu Professor I MECH M ‘E,WLM
Assistant I1 MECH/ (s
4 | Mr.S.Saravanan S Proiiessor Il EEE ST
. Assistant 11 MECH/1I o e
> | Mr.C Vigneshwaran Professor CSEM CIVIL | &
6 Assistant I - CSE/ EEE/

Mrs.A. Radhika Professor MECH /ﬁ,,_

Assistant I-A1&DS/CSE/ f
7 | Ms.D.Meenakshi I Ef‘ir-

Professor ECE/EEE/MECH

Assistant I-A1&DS/CSE/

4 . N \
® 8 | MsKKokilamani Professor ECE/EEE/MECH K G-
Assistant
9 | Mrs.G. Kalpana Professor I ECE/I EEE (’? K ol
= o Assistant (11 MECH/III ’ -
10 MS.M,Nandhmlpnya Professor CIVIL H % E{fi
1 f
Assistant <
1| MsKSaranya s 11 CSE/ 1l ECE K_XWA )
P""f——_‘r-_—_-; 2 7‘
. , Assistant I - CSE/ EEE/ y I
12 | Mr.S. David Selvaraj Professor MECH vV _—r
- . o | =, |
. Assistant A
13 | Dr.SR Kannan Professor [ CSE/ 11 ECE ?3 i
T | MsKllemalaha | Assistant T A gt~
L/lifl_f*x”__ - Professor ] I/}I&I?S N -]



I Year

MAg252
MAS8251
HS8251
GE8291]
ADS825]
AD8252
PH8253
BEg255
PH8252
10. CS8251
11. BE8254
12. EC8251
13. EC8252
14. BE8252
15. EE8251
16. PH8251
17. BE8253
18. GE8292

BN -

N

. GE8261
. AD8261
. CS8261
. EC8261
. EE826]
. BE8261

I T S I

THEORY

Linear Algebra (I -Al&DS)
Engineering Mathematics-11 (I CSE/ECE/EEE/MECH)
Technical English (I AI&DS/CSE/ECE/EEE/MECH)

Environmental Science and Engineering (I AI&DS/CSE/EEE/MECH)

Data Structures Design (I AI&DS)
Digital Principles and Computer Organization(I Al&DS)
Physics for Electronics Engineering(I ECE/l EEE)

Basic electrical Electronics and Measurements Engineering(l AI&DS/ 1 CSE)

Physics for information Science(I CSE)

Programming in C (1 CSE)

Basic Electrical and Instrumentation Engineering (1 ECE)
Circuits Analysis(I ECE)

Electronic Devices(I ECE)

Basic Civil and Mechanical Engineering(l EEE)

Circuit Theory( I EEE)

Material Science (I MECH)

Basic Electrical Electronics and Instrumentation Engineering(I MECH)

Engineering Mechanics(I MECH)
PRACTICALS

Engineering Practice Lab (I AI&DS/CSE/ECE/EEE/MECH)
Data Structures Design (I AI&DS)

C Programming Lab (I CSE)

Circuits and Devices Lab (I ECE)

Electric Circuit Lab( | EEE)
Basic Electrical Electronics and Instrumentation Lab(l MECH)

I1/III Year / Service Papers

MAB8402
MAS8451
MA8452
MAB491

BN —

1. HS8461

THEORY

Probability and Queuing Theory(II CSE)
Probability and Random Process (Il ECE)
Statistics and Numerical Methods (I MECH)
Numerical Methods(II EEE)

PRACTICALS

Advanced Reading and Writing (Il MECH/II CSE/ Il CIVIL)

| T
|

2. HS8581 Professional Communication (11 CSE/[II MECH/III ECE/III CIVIL)

)

‘;k Ve Y
." AV

PRINCIPAL
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WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062

& Cert
= =™

ACD 2.2

CLASS TIME TABLE
F ~ Branch Artificial Intelligence and data science Academic Year 2020-2021
~ Semester II l Section | Class Room No. 311
i i 2 2 3 4 - 5 6 - 7 8
Days ™900- | 945- |10.30- | 1045~ | 11.30- 12.15- 1.00 - 145- | 235- | 250- | 340-
9.45 1030 | 1045 | 11.30 125 1.00 1.45 2.35 2.50 3.40 4.30
Mon TE DPCO EVS | MATH BEEM <DSLAB >
Tue EVS | MATH o DS TE DPCO DS - <EPLAB->
<
Wed DS g EVS |MATH| ¢ TE | DPCO | & BEEM
Jhurs | EVS | DPCO = TE | MATH | "~ €DSLAB> | = €EPLAB>
L Fri DS BEEM MATH | DPCO EVS BEEM TE BEEV
! Subject Periods
' SNo. | Abbrevi Name of the Subject Credit per Name of the Faculty
‘ ation week
1. MATH | MA 8252- Linear Algebra 4 5 Ms. K. Kokilamani., AP/S&H
2. TE HS8251 - Technical English 4 5 Ms .D.Meenakshi., AP/ S&H
j 3 EVS §E§291-.Env1romnental Science and 4 5 Ms. K Hemalatha, AP/ S&H
. ngineering
4. DS | AD@251- Data Structures Design 3 5 Ms K Kavitha.,, AP/ Al&DS
|  Dios e et
s DPCO ADB8252- Digital I_’rmgples and 4 5 Ms .M.Swathi.,,AP/ECE
} Computer Organization
J : BE8255- Basic Electrical Electronics ]
6. jEEME and Measurements Engineering 3 6 Mr. S. Haribabu.,AP/EEE
| Dr .Debayan Dasgupta., AP Mech/
,’, EPL GE 8261- Engineering Practice Lab 2 4 Mr S Haribabu.,AP/EEE
| _ Ms K Kavitha., AP/ Al&DS
8. DSL ADB8261 - Data Structures Design 2 4
(N
“Name of the Class Dr.V.S.Angulakshmi., AsP/S&H }
Advisors - !
Name of the Tutor Ms.A.Radhika., AP/S&H 'i

Time table in-charge

Principal
PRINCIFAYL
o rpLLEGT OF ENCINEERINS,
NEEL A0 ,7.3!_{;2_
COIMBAT DI -52.

KATH!



" KATHIR COLLEGE OF ENGINEER

ING

“Name of the Class
| Advisors

H Name of the Tutor

Ms.N.Nandhinipriya.,AP/S&H

Dr.S.R Kannan., AP/S&H

Time table in-charge

Principal
YNNI A

r ne ¢

W
| W WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 =
. Rev.0 ~ CLASS TIMETABLE » ACD22 |
\[7 A 73{9@{1?_7 - Computer Science and Engineering Academic Year 202020@
‘ 7Sonws§er_\_7 11 l Section ] - Class Room No. 306 |
S —
1] 2 = 3 4 - 5 6 - 7 8 |
Days | 900- | 945- |1030-| 1045- | 11.30- | 1215 T00- | 145-| 235 | 250- | 340-
| 945 | 1030 | 1045 | 1130 | 1215 | 1.00 145 | 235 | 250 340 | 430 |
Mon | TE | MATH EVS | PIS BEEM €PICLABS>
Twe | EVS | DPIC | . |MATH| TE PIS | PIS _ ¢EPLAB>
S S S— « Nt — © .
Wed | MATH | MATH E EVS PIS 5 TE PIC E BEEM
 Thurs | EVS | PIS £ TE PIC = &PIC LAB 5 €EPLAB>
" Fri | MATH | PIC L PIC | MATH EVS | BEEM TE | EVS
L |
Subject Pe—ﬂbds N
S.No. | Abbrevi | Name of the Subject Credit per Name of the Faculty
ation | week
BY, — .
1| marH | MA 8251- Engineering Mathematics |l 4 6 | Ms KKokilamani.AP/S&H
' 158251 - Techni i
2 TE 58251 - Technical English 4 5 Ms .D.Meenakshi ., AP/S&H
3 EVS SE&%.E“V““”‘G“‘“ Seiencedd 4 6 | Mr.S.David Selvaraj, AP/S&H
ngmeermg
T o ——
4 pig | PH8252- Physics for information 3 5 | Dr.K.V Kannan Nithin,,Prof/S&H
science
BE8255- Basic Electrical Electronics 3 5 .
5 BEEM | 3nd Measurements Engineering Mr. S Haribabu., AP/EEE
I |
Ed PIC | CS8251- Programming in C 3 5 Dr .S Kalpana., AsP/CSE
| . . : Dr .Debayan Dasgupta.,AP/Mech
- Practice Lab 2 Y gupta.
7 EPL | GE 8261- Engineering I'ractice La 4 Mr. S Haribabu ,AP/EEE
—_—T D ) ! .
8 PICI. | CS8261- C Programming Lab 2 4 r.S. Kalpana ., AsP/CSE
i —




COIMBATORE-62.

3’7 KATHIR COLLEGE OF ENGINEERING 75 CERT |
B4 WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 -«
" Rev.0 CLASS TIME TABLE ACD22
T ELECTRONICS AND COMMUNICATIONS . LMY |
7 Branch ENGINEERING Academic Year 2020-2021
| Semester 1]  Section | - Class Room No. 304
| 1 2 2 3 4 : 5 6 | oW
‘ 2.35
Days | 900- | 945- |1030-| 1045- | 11.30- | 1215 1.00 - 1.45- ? 250- | 340-
9.45 1030 | 1045 | 1130 | 1215 1.00 1.45 285 250 3.40 430
Mon | TE | MATH BEI | PEE CA ED ED CA
Tue BEI PEE — MATH TE ED BEI = <EP LAB>
o
'_wed MATH | MATH E BEI CA g TE ED 5 €CDLAB->
hurs | BEI | cA | & TE ED = PEE = €EPLAB>
| Fri | MATH | €CD LAB> | MATH BEI PEE TE CA
Subject Periods
' SNo. | Abbrevi Name of the Subject Credit per Name of the Faculty
: ation week
1 MATH MA 8251- Engineering Mathematics II 4 6 Ms. K Kokilamani,, AP/ S&H
2 g | 158231~ Techuical Ragiish 4 5 | Ms.D.Meenakshi, AP/S&H
‘ PH8253- Physics for Electronics
3. PEE | Engineering 3 5 Ms. G. Kalpana.,AP/S&H
. BE8254- Basic Electrical and
‘4‘_ BEI Instrumentation Engineering 3 6 Ms.K K.Hinduja.,,AP/EEE
5. CA EC8251- Circuit Analysis 4 5 Mr S.Lokesh., AP/ECE
6. » ED EC8250- Electronic Devices 3 5 Mr.S.Nithiyasai., AP/ECE N
va CDL EC8261- Circuits and Devices Lab 2 4 Mr.S.Nithiyasai.,AP/ECE ;
[ Dr .Debayan D AP Mech/ |
‘ ‘ “PL ) . . ice’Lab 2 . yan Dasgupta ., ech/ |
8. | 77 El { GE 8261- Engineering Practice La 4 Mr. S. Haribabu AP/EEE__## ]
" Name of the Class Dr.V.S.Angulakshmi., AsP/S&H B
_Advisors ) ]
Name of the Tutor | Ms.A Radhika, AP/S&H |
(j%j‘«/i A 7
Time table in-charge Hobho?\* Principal
PRiiv: b
RATHIR Cytet e unt
NLL .



@ KATHIR COLLEGE OF ENGINEERING o= |
| NS WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 oo |
Rev.0 CLASS TIME TABLE ACD22
e o] ELECRTICAL AND ELECTRONICS . I
e ENGINEERING Academic Year 20202021 |
. Semester o 11 Section | - Class Room No. | \%L_ﬂ
1 2 = 3 4 - 5 6 - %, SO
Days 9.()0'- 9.45- |10.30- | 10.45- | 11.30- 12.15- 1.00 - 1.45- o 2.50 - 340 -
945 | 1030 | 1045 | 1130 | 1215 1.00 1.45 235 |, | 340 430
| Mon TE MATH EVS PEE BCM <ECLAB-2>
—_— _ S
Tue EVS PEE o MATH TE BCM - <EPLAB>
. = 1 1 ] | ] _—
Wed | MATH | MATH | & EVS CT : TE CT | 2 ¢ECLAB->
- : :
wrs | EVS cr | = TE | BCM - PEE = €EPLAB>
Fri | MATH | CT CT | MATH EVS PEE TE i EVS
S S | _ I [
' Subject | Periods
SNo. | Abbrevi Name of the Subject Credit per Name of the Faculty
ation | week
1 MATH | MA 8251- Engineering Mathematics 11 4 6 Ms. K Kokilamani.,, AP/Sé&H
L o - Technical English
5 g | 1158251 - Technical Englis 4 5 | Ms. D.Meenakshi, AP/S&H
GE8291- Environmental Science and
3 EVS | Engineering 4 6 Mr. David Selvaraj., AP/S&H
~ || PH8253 Physics for Electronics T
4 PEE Engineering 3 5 Ms .G Kalpana., AP/S&H
F I Ms Y. Subashini .,AP/CIVIL.
5 BCM BE8252- Basic civil and Mechanical 4 6
Engineering Mr .A .Ashothaman .,AP/MECH
6. ’Cj EE8251- Circuit Theory 3 5 Mr.D.Mohanraj‘,AP]EEE _ :
7. ECL EE8261- Electric Circuit Lab 2 4 Mr.D.Mohanraj., AP/ EEE
- , ' i Dr. Debayan Dasgupta , AP Mech/
N EPL. | GE 8261- Engineering Practice Lab 2 4| Mr. 5 .Haribabu,,AP/EEE |
Name of the Class Mr.C.Vi'gnés-hWa:a}{,.AP/Sift—P‘I -
Advisors 7 - o
Name of the Tutor | Mr.S. David Selvaraj., AP/S&H p
. o . KON XY
U&J“G/}\U‘\ .Q\ . Vs
Time table in-charge HoD Principal
PRINCIPAL
KATHIR COLLEGE CF £V CINEERING,
MeeEr AMB
Nl =

COIMBATORE-L2.



 KATHIR COLLEGE OF ENGINEERING & &
WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 J_

St

Rev0 | CLASSTIMETABLE | ACD22
“Branch | MECHANICAL ENGINEERING Academic Year | 2020-2021 |
e B I
- Semester | 11 Section Class Room No. 308
R - 3 4 - 5 6 - 7 8
—— 2.35 -
Days  000- | 945- |1030-| 1045- | 1130- | 1215 | 1.00- 145- | ©77| 250~ | 340-
945 | 1030 | 1045 | 1130 | 1215 1.00 1.45 235 | 5oy | 340 430
' Morni r ?E'Tl MATH EVS | MS EM CBEELAB>
Tue | EVS | MS | MATH TE BEEI . ¢EPLAB>
SRR S E— < — — ~
Wed E MATH | MATH | § EVS MS § TE BEEl | £ EM
€ s | Evs | EM £ TE EM = BEEI = CEPLAB>
" Fr | MATH | €BEE LAB-> | MATH EVS MS TE EVS
_ Fri | MAT | L ELEE
Subject Periods l
S.No. | Abbrevi Name of the Subject Credit per Name of the Faculty
ation | week
"MA 8251- Engineeri i
L | MATH ngineering Mathematics I 4 6 | Ms. K.Kokilamani. AP/S&H
158251 - Technical English
2. TE ‘. SCHuCRLAEtS 4 5 | Ms.D.Meenakshi,AP/S&H
" GE8291- Environmental Science and , ]
3. | EVS ‘ Engineering 4 6 Mr. S.David Selvaraj ., AP/S&H
4. MS | PH8251-Material Science 3 4 Dr .M. Prabhu., AP/S&H
_ | BE8253-Basic Electrical Electronics _
5. ‘ BEEI ] 8 Irstrumeritatior Fiigineering 3 5 Mr. S .Haribabu., AP/ EEE
j \ EM | GE8292- Engineering Mechanics 4 6 Mr .Arun Prakash., AP/MECH |
‘ 1
‘ BE8261-Basic Electrical Electronics
7. BEEL and Instrumentation Lab 2 4 Mr S Haribabu.,AP/EEE
g | EPL | GEB826l- Engineering Practice Lab 2 4 Dr .Debayan Dasgupta , AP Mech/
| Mr .S Haribabu., AP/EEE

Name of the Class

Dr .M. Probhu., AP/S&H

| Advisors
r =
' Name of the Tutor

Mr.S.David Selvaraj ., AP/S&H

L 1

Time table in-charge

HoD

Principal
PRINCIPAL
YLLEGE OF EnC
NFELAMBUR

COIMBATORE-62.

KATI‘ L “”NL.,
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SUBJECT ALLOCATION- ODD SEM - 2020

-202) IOB. .2

NAME OF THE DEPARTMENT

SCIENCE AND HUMANITIES

]

[ —
| S.No Name of the Faculty Designation Theory Practical Faculty Signature
| _
' | Dr.K.V.Kannan Nithin Professor Al&DS/CSE/ECE/ 53"5//
C — EEEMECH Y
| . l'
A a
2| Dr.V.S Angulakshmi Brofen AI&DS/CSE/ECE/ (Gt A
EEE/MECH !
i I- | D N—
3| DrM.Prabhy asociate aepsicserece | ML
EEE/MECH , B
4 | Mr.S.Saravanan S }l:‘r S:;;:g: 1I-MECH/EEE <2 1\ -
5| Mr.C.Vigneshwaran G I-MECH/II CIVIL | € ~_52 =
. I-
Assistant -
6 | Mrs.A.Radhika Professor A};}%ggﬁséﬁc/ic 1\%;/,/
Assistant
7 | Ms.D.Meenakshi Pt sgr 11 ECE/ 11 CSE Q-c?—-f
¢ ’ Assistant I
8 | Ms.K.Kokilamani Professor AElilggEASEEéic K @
. I-
Assistant . ,
7| Mrs.G. Kalpana Professor AE%BEEASEE(;?]C U’) ) \.L*’Q/
Assistant
10 | Ms.M.Nandhinipriya Professor I1I-EEE M ‘ ALF ,
Assistant I-CSE/ECE %3)\"’/\
V| MsKSarnys Professor H1I-CSE W ,
. I- t N
Assistant y |
12" | Mr.S. David Selvaraj Al&DS/CSE/EC |
J Professor E/EEE/MECH] g J
- . /! i
Assistant ,
I3 | Dr.S.R.Kannan Al&DS/CSE/EC § )
N FIDIEIS08 E/EEE/MECH E @ ]
14 | Ms.K.Hemalatha Assistant |
| Professor I o - ‘




I Year
THEORY

HS8151 Communicative English

MASI151 Engineering Mathematics-1

PH8151 Engineering Physics

CY8151 Engineering Chemistry

GES8151 Problem solving and python Programming
GE8152 Engineering Graphics

S h -

PRACTICALS
7. GE8161 Problem Solving and Python Programming Laboratory

BS8161 Physics and Chemistry Laboratory

e

II/III Year / Service Paper
THEORY

I MA8351  Discrete Mathematics (11 CSE)
2. MA8352  Linear Algebra and Partial Differential Equations (11 ECE)

3° MA8SS1  Algebra and Number Theory (111 CSE)

4. MA8353  Transforms and Partial Differential Equations (Il MECH/II EEE)

PRACTICALS

1. HS838I Interpersonal Skills / Listening & Speaking (Il MECH/11 ECE/II CSE/II CIVIL)
2. HS8581  Professional Communication (11l EEE)

e N

e PRINCIPAL
PRINCpaL,
KATHIR COLLEGE CPENC SEERING
MF El ‘,\ " Y ‘2 )

COMBATOR.¢9.




T ] e ] . . o ‘ ~
@ | KATHIR COLLEGE OF ENGINEERING @ |
| WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 | - |
 Rev0 | CLASS TIME TABLE _ ACD22
i : I}xangl; T¥ Artificial Intelligence and data science Academic Year 2020-5021
_ Semester 1| Section | Class Room No. ~3n
1 2 - 3 4 - 5 6 -
Ly . |
Nace | 1.45 -
HAYS 900 | 945- | 10.30- | 1045- | 11.30- | 12.15- | 1.00- 935 02.35
945 | 1030 | 1045 | 1130 | 1215 | 1.00 1.45 ' 02.50
Mon | ENG | PHY EG EG MAT | €DPSPP
CTue PHY |PSPP | _ | MAT | CHE ENG | €PHY& | | CHELAB--
— ‘ o] Mo — — e
Wed |CHE |ENG | § | PSPP | MAT | & PSPP EG | & | EG [ EG
7 \ E .J E —— —_—
murs | MAT |CHE | = | ENG | PHY PHY | €PSPP LAB -------- >
Fri | PSPP | MAT EG | ENG CHE | €PHY& CHE LAB >
Subject | Periods ]
SNo. = Abbrevi Name of the Subject Credit per Name of the Faculty
ation week )
1. MAS8151 | ENGINEERING MATHEMATICS - 1 4 5 | Ms.K.KOKILAMANI,AP/S&H
2. PH8151 | ENGINEERING PHYSICS - 1 3 4 | MSGKALAPANA AP/S&H
| | MR.S.DAVID SELVARAJ, AP/S&H
NG CHEMISTRY - I
S| sl ENGINEERING 3 * | MS.ARADHIKA, AP/S&l1
4 HS8151 | COMMUNICATIVE ENGLISH 4 5 | DRSRKANNAN,AP/S&H
' PROBLEM SOLVING PYTHON Ms.SSUGANYA, AP/CSE
5 GES152 | 3 4 :
' PROGRAMMING
'ZI" GEB151  ENGINEERING GRAPHICS 4 6 MrT.GOKUL,AP/MECH |

1 Dr.K.V.KANNANNITHIN., PROF/S&H |

- Dr.M.PRABHU., ASP/S&H &
i yGEsiez ] FENEICHE LA 2 * | Dr.V.S ANGULAKSIIMI, AsP/Sl

Name of the Class | Ms.N.NANDINIPRIYA., AP/S&H

| Advisors - { S - S -
| Name of the Tutor ‘ Ms K HEMALATHA ,AP/S&H
L 1 -~ I
@ AP P
“%};ﬁ*"w {) }//,/’ K\K‘
Time table in-charge HoD Prix;c'ip'dl
PRINCID
“in 1 f fre Ll
N b

COMBATURE-G2.
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KATHIR COLLEGE OF ENGINEERING

LN —
eF

|
& WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 !
_ Rev.0 CLASS TIME TABLE ACD 2.2 |
Branch | Computer Science and Engineering Academic Year 2020-2021
Semester | I 1 Section } Class Room No. 306
1 2 - 3 4 : 5 6 - HEy 8
Days 9.0(_) 9.45- 110.30- | 1045~ | 11.30- | 1215- | 1.00- 1;‘:5' 02.35 | 2.50- | 3.40-
945 | 1030 | 1045 | 1130 | 1215 | 1.00 145 ' 0250 | 3.40 | 430
Mon | ENG |PHY EG EG MAT | <€PSPP LAB=— -
Tue |PHY |PSPP | _ | MAT | CHE ENG | €PHY& — | CHELAB-->
- < Mo
Wed |CHE |ENG | § | PSPP | MAT | £ PSPP EG & | BG | EG
e £ A E
s | MAT | CHE ENG | PHY PHY | €PSPP | = LAB —omeees N
Fri |PSPP | MAT EG | ENG CHE | €PHY& CHELAB >
. Subject Z Periods
SNo. | Abbrevi Name of the Subject Credit per Name of the Faculty
! ation week
1. | MAS8151 | ENGINEERING MATHEMATICS - I 4 5 | Ms.KKOKILAMANI, AP/S&H
2. | PH8I51 | ENGINEERING PHYSICS - I 3 4 | MS.GKALAPANA.AP/S&H
' MR S.DAVID SELVARA]J., AP/S&H
Y8151 | ENGINEERING CHEMISTRY - I
3. |C G 2 * | MS.ARADHIKA, AP/S&H
4. | HS8151 | COMMUNICATIVE ENGLISH 4 5 | DRSRKANNAN.AP/S&H
PROBLEM SOLVING PYTHON
I P 3 4 | MsSSUGANYA.,AP/CSE
PROGRAMMING
6. | GE8151 | ENGINEERING GRAPHICS 4 6 | Mr.T.GOKUL. AP/ MECH
7./ BeE1El | PSPRTAB 5 4 | MsSSUGANYA,AP/CSE
Dr.K.V.KANNANNITHIN. PROF/S&H
Dr.M.PRABHU.,ASP/S&H &
8. |GE8152 |PHY &CHE LAB 2 * | Dr.V.S ANGULAKSHMI,AsP/S&H
"Name of the Class Ms.N.NANDINIPRIYA.,AP/S&H |
 Advisors

Name of the Tutor

Ms. K HEMALATHA. AP/S&H

%q/\\f’&’ 2\?( / W 3

Time table i

n-charge HoD Princi ‘_11‘
’ PRINFT
KATHI? COLLEGE Nl
NEELA®
c_Q|MBAIL}LL-ul.
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[ e
/ KATHIR COLLEGE OF ENGINEERING T
I N2 WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 = -
| Rev.0 CLASS TIME TABLE ACD 22
[7 Branch ELECTRONICS;&%&%IMA%UMCAHONS Academic Year ‘ 2020-2021
|r Semester I l Section \ Class Room No. | 304
1 2 - 3 4 = 5 6 - 7 | 8
' 1.45 -
Days 900 | 945- |1030-| 1045- | 11.30- | 12.15- | 1.00- 035 02.35 | 2.50- | 3.40-
945 | 1030 | 1045 | 11.30 | 1215 | 1.00 1.45 ' (0250 | 340 | 430
Mon |ENG |PHY EG EG MAT | €PSPP |- J— > |
CHE LAB -- |
. Tue |PHY |PSPP MAT | CHE ENG | €PHY& 5 |
e S G E [ |
Ved |CHE |ENG | § | PSPP | MAT | g PSPP EG | 5 | EG | EG |
‘ = A = : 5
' Thurs | MAT | CHE — ENG | PHY PHY | €PSPP | = | LAB-——--- >
Fri | PSPP | MAT EG | ENG CHE | €PHY& CHEE)AB -
J
| Subject Periods
S.No. | Abbrevi Name of the Subject Credit per Name of the Faculty
| | ation week
1. | MAS8151 | ENGINEERING MATHEMATICS - I 4 5 Ms.K.KOKILAMANI., AP/S&H
"5 | PHS8151 | ENGINEERING PHYSICS -1 3 4 | MS.GKALAPANA.AP/S&H
MR.S.DAVID SELVARAJ., AP/S&H
Y-1I ,
3. | Cvs1sl ENGINEERING CHEMISTR 3 4 MS._A RADHIKA. AP,/ Séct1
4 | HS8151 | COMMUNICATIVE ENGLISH 4 5 DR.S.R KANNAN.,AP/S&H
PROBLEM SOLVING PYTHON Ms.S.SUGANYA.,AP/CSE
_ ) 4 S. .
T | CB2 | bROGRAMMING
6. | GE8151 | ENGINEERING GRAPHICS 4 Mr.T.GOKUL., AP/ MECH
o | Bosi6l | PSPPLAB ) 4 Ms.S.SUGANYA.,AP/CSE
Dr.K.V. KANNANNITHIN.,PROF/S&H ;
Dr.M.PRABHU.,ASP/S&H & ,
8 | GE8152 | PHY & CHE LAB 2 % | Dr.V.S. ANGULAKSHMI, AsP/S&H |
i

‘Name of the Class
Advisors

Ms.N.NANDINIPRIYA. AP/S&H

Name of the Tutor

Ms. K. HEMALATHA. AP/S&H

Time table in-charge

by

HoD

¥
Principal
PRINCIPAL
KATHIR COLLEGE OF Et ERING,
NC_'IZ; II\I\_":‘ UR
COIMBATORE-CZ.
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LAY

KATHIR COLLEGE OF ENGINEERING

‘4" CERT ]
WO bt

Time table in-charge

&

i

N2 WISDOM TREE, NEELAMBUR, COIMBATORE - 641062 \{ \
Rev.0 ~ CLASSTIMETABLE | ACD22 |
. I o — B
[ . ELECRTICAL AND ELECTRONICS . .
i V”Bmgcﬁh ENGINEERING 1 Academic Year _"_*2-0?9-%()211
| Semester I|  Section | Class RoomNo. | 307 |
1 2 - 3 4 s 5 6 - 7 g |
Days | 900 | 945- |1030-| 1045- | 11.30- | 1215- | 1.00- 1;;55— 02.35 | 2.50- | 3.40-
945 | 1030 | 1045 | 11.30 | 1215 | 1.00 1.45 ' 0250 | 3.40 | 430
~ Mon ENG | PHY EG EG MAT <PSPP LAB -=-mem-- =3
. Tue |PHY |PSPP MAT | CHE ENG | €PHY& CHE_L>AB -
|- = =
T4 =
"Wea |CHE |ENG | § | PsPP | MAT | § | PsPP EG | § | EG | EG
- £ 3 z
Thurs | MAT | CHE ENG | PHY PHY | <€PSPP LAB - >
E LAB --
Fri |PSPP | MAT EG | ENG CHE | €PHY& i _)AB
Subject Periods
S.No. | Abbrevi Name of the Subject Credit | per Name of the Faculty
ation week
1. | MA8151 | ENGINEERING MATHEMATICS - 1 4 5 | Ms.KKOKILAMANI,AP/S&H
5 | PH8151 | ENGINEERING PHYSICS -1 3 4 | MS.GKALAPANA.AP/S&H
MR.S.DAVID SELVARAJ., AP/S&H
HEMISTRY - I
3 | CY8151 | ENGINEERING CHEMIS 3 4 | MS.A RADHIKAAD/S&d1
4 | HS8151 | COMMUNICATIVE ENGLISH 4 5 | DRS.RKANNAN. AP/S&H
PROBLEM SOLVING PYTHON Ms.S.SUGANYA.,AP/CSE
r | CEI2 | R OGRAMMING i &
6. | GE8151 | ENGINEERING GRAPHICS 4 6 | Mr.T.GOKUL.AP/MECH
| Bssiel | PSPPLAB 5 . | MsSSUGANYA,AP/CSE ‘
] Dr.K.V.KANNANNITHIN.,PROF/S&H
‘ Dr.M.PRABHU.,ASP/S&H &
| R : . ‘
8. |CE8152 | PHY & CHE LAB = * | Dr.v.S ANGULAKSHML, AsP/S&H
| Name of the Class | Ms.N.NANDINIPRIYA., AP/S&H
Advisors ~
Name of the Tutor | MsKHEMALATHA, AP/S&H

HoD

Oy

¥
Princi al

PRINCIPAL

KATHIR C)LLEGE OF ENC!
NEELAMBU

COIMBATORE-52.

CiaiG



—

,;;:u»«.,@\ T —
g-(‘-; KATHIR COLLEGE OF ENGINEERING T |
N WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 - ‘4
_Rev.0 CLASS TIME TABLE ACD22 |
Branch MECHANICAL ENGINEERING Academic Year 2020-2021
| Semester 1| Section | Class Room No. 308
| 1 2 : 3 4 5 5 6 - e e
| 5
| Days | 900 | 9.45- |1030-| 1045- | 11.30- | 1215- | 1.00- 1;35' 02.35 | 2.50- | 3.40 -
| 945 | 1030 | 1045 | 1130 | 1215 | 1.00 145 ' 0250 | 3.40 | 430
| E—
- Mon |ENG |PHY EG EG MAT | €PSPP LAB omee>
Tue |PHY |PSPP MAT | CHE ENG | €PHY& CHE_L)AB -
— = c I |
{Lr Ved |CHE |ENG | § | Psep | mMAT | § | PP | EG | § | EG | EG
[ =] ol [=
Thurs | MAT | CHE - ENG | PHY PHY &PSpPp | [ P— S
. B |[PSPP | MAT EG | ENG CHE | €PHY& CHE LAB --
L 2>
| | Subject Periods
' SNo. | Abbrevi Name of the Subject Credit | per Name of the Faculty
? ation week
"1 | MA8151 | ENGINEERING MATHEMATICS -1 4 5 | Ms.KKOKILAMANIL,AP/S&H
"2 | PH8I5I | ENGINEERING PHYSICS -1 3 4 | MS.GKALAPANA.AP/S&H
| ' MR S.DAVID SELVARAJ.,AP/S&H
EMISTRY - I '
3 CY8151 | ENGINEERING CHEM 3 4 | VS A RADHIKA. AP/S&H
4 | HS8151 | COMMUNICATIVE ENGLISH 4 5 | DRS.RKANNAN,AP/S&H
PROBLEM SOLVING PYTHON Ms.S.SUGANYA.,AP/CSE
P S. .
¥ GEBI52 | pROGRAMMING 3
"¢ | GE8151 | ENGINEERING GRAPHICS 6 | Mr.T.GOKUL,AP/MECH
. | BSg161 | PSPPLAB ) 4 | MsSSUGANYA,AP/CSE
] Dr.K.V.KANNANNITHIN. PROF/S&H
) Dr.M.PRABHU.,ASP/S&H &
g | GES152 | PHY&CHE LAB 2 4 | Dr.V.S ANGULAKSHML,AsP/Sé&H
Name of the Class | Ms.N.NANDINIPRIYA, AP/S&H B
Advisors N
Name of the Tutor Ms. K. HEMALATHA. AP/S&H
Yo A )
Time table in-charge HoD Principal
1 . PRINCIPAL
KATHIR ©QLLEGE OF ENGINEERING,
NEELAMBUR,

COIMBATORE-52.




KATHIR COLLEGE OF ENGINEERING |

RS WISDOM TREE, NEELAMBUR, COIMBATORE — 641 062
Rev.0 SUBJECT ALLOCATION
—_NAME OFTi{*lili—DEPAI-H‘MENr Compu_tcr ScieAncc;iand Ehgiﬁéeri;g‘i
Academic Year 2020-2021
Semester EVEN
Th Practical
SNo |  Name of the Facult Designat i Eaclly
INO ame o € racuity esignation . :
Subject-1 | Subject-2 | Subject-1 Signature
UG | .
Dr.S.]J.K Jagadeesh PROFESSOR MC 71
1 . - PROJECT |4\ \\ N,
Kumar & HEAD (11 CSE) avcsg) | !
NDT PG
2 Dr.P.Banumathi PROFESSOR RLE - PROJECT
(IME) (IME)
Mr.D.Ravi ASSISTANT s PROIECT Qy"/
3 r.D.Ravi -
> PROFESSOR | (II CSE) (Il CSE) %
%
, ASSISTANT | DWDM ] ] W”
4 | Mrs.V.CNathiya PROFESSOR | (Il CSE) sl _
t
_ , ASSISTANT CD SP ) G\ /
5 | Mrs.P.VidhyaPriya PROFESSOR | (I CSE) | (IM.E) _\/.? '
5 .
_ _ ASSISTANT CF ] s Wﬁ/
6 Ms.R.PunithaGowri PROFESSOR | (IV CSE) (111 CSE)
itk
ASSISTANT DS ) ) Y
7 | Mrs.S. Rajaambika PROFESSOR | (III CSE) 2049;
ASSISTANT IoT ) TP&S \\‘\XQQ"\?}(
8 Ms.V.V.Ramya Shree PROFESSOR (IM.E) (IM.E)
| ASSISTANT 0s ] 0sLAB Sl
9 Mrs.S.DhivyaBharathi PROFESSOR (11 CSE) (11 CSE) /
. | ASSISTANT P ) IP LAB SP"‘“ bt
10 MI'S..'.ShiVabhuvanCShWarl PROFESSOR (l" CSE) (Hl CSE) /




ASSISTANT Al BDA L
Ms.S.Suganya PROFESSOR | (I CSE) | (IM.E) ( ¥
. ASSISTANT SE MPC )
Dr.N.MohanaSuganthi PROFESSOR (1l CSE) (1 M.E)
- e T
ASSISTANT
1'1 13 Mr.R Eswaramoorthy PROFESSOR (IV CSE) - - (]
B DSD
P ASSISTANT D(SID LAB
s JKavitha -
' PROFESSOR a1
AI&DS) AL&DS)
& CLAB
Dr.S.Kalpana PROFESSOR (1 CSE) - (ICSE) - lCa(‘ s
ASSOCIATE DAA ' ] |
16 Dr.G.Prabhukanna PROFESSOR (Il CSE) - QW
DBMS /\vo.
ASSISTANT DBMS ) LAB Q. g@
17 | Ms.R.S.Ramya PROFESSOR | (I CSE) arese | &
. ASSISTANT AD DALab |- &, A
| 18 | MrsSwesti Patel PROFESSOR (IME) - (I M.E) 9/\}@_
L_——— .

HOD . Principal
Dr. R UDAIYAKUMAR




II Year
Theory
1. MAS8402 - Probability and Queueing
Theory(PQT)
2. (CS8491 - Computer Architecture(CA)
3. (CS8492 — Database Management
Systems(DBMS)
4. CS8451 - Design and Analysis of
Algorithms(DAA)
5. (S8493 - Operating Systems(OS)
| 6. CS8494 - Software Engineering(SE)
LAB

1. CS8481 — Database Management Systems
Laboratory (DBMS LAB)

2. CS8461 - Operating SystemsLaboratory(OS

LAB)

HS8461 — Advanced Reading and

Writing(AR&W LAB)

(98]

I Year

Theory
1. CS8651 - Internet Programming(IP)
2. CS8691 - Artificial Intelligence(Al)
3. CS8601 — Mobile Computing(MC)
4. CS8602 — Compiler Design(CD)
5. CS8603 - Distributed Systems(DS)

6. CS8075 — Data Warehousing and Data
Mining(DWDM)
LAB
I. CS8661 — Internet Programming Laboratory(IP
LAB)
CS8662 - Mobile ApplicationDevelopment
Laboratory(MAD LAB)
3. CS8661 — Mini Project(PROJECT)
4. HS8581 — Professional Communication(PC

[ o]

IV Year.

LAB)
I M.E
Theory I Year
1. CS8074 - Cyber Forensics(CF) Theory
| 2. CS8078 - Green Computing(GC) 1. CP5201 — Network Design and
LAB Technologies(NDT)

3. CS8811 - Project Work(PROJECT)

CP5291 — Security Practices(SP)
CP5292 — Internet of Things(IoT)
CP5293 - Big Data Analytics(BDA)
IF5191 - Advanced Databases(AD)
CP5093 - Mobile and Pervasive
Computing(MPC)
LAB

CP5261 — Data Analytics Laboratory(DA LAB)
2. CP5281 — Term Paper Writing and

Seminar(TPWS)
IT Year

1. CP5411 - Project Work Phase — II(PROJECT)

SRV R

—_—

\%)




Service Paper
Theory
Fundamentals of Data Structures in C (I CSE)
LAB
Fundamentals of Data Structures in C Laboratory (I CSE)

v
G {\

~ ) \ = ‘\
a\ A\ “a.
HOD 4

Principal




A "( " KATHIR COLLEGE OF - ENGINEERING
WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062

[ Rev 0 ~  CLASSTIMETABLE

"~ Branch | Com wutel Science and Enwmeelm Academic Year 2020 2021
Semester Section | Class Room No.

' Days 10.30- 10_45 1. 3’0 1215 | 1.00- | 145- | 235- | 250 | 3.40-
1045 | o0 | gpys | 100 | 145 | 2% 250 | 3.40 | 430

1 DBMS DAA OSLAB

| baa L >

‘ _ DBMS LAB

| e OSLAB

| C DBMS LAB
TAR&W

-
Subject .

\ SNo | s pbreviation Name of the Subject Name of the Faculty

|

r MAB8402 - Probability and Ms. K. Saranya,

'\ L l PQ1T Queueing Theory 4 ‘ b AP/S&H

‘ (CS8491 - Computer :

2 \ CA Architechife 3 ’ 5 Mr.D.Ravi, AsP/CSE
CS8492 - Database
Management Systems 3 ‘ 5 Ms.R.S.Ramya, AP/CSE
CS8451 - Design and 3 Dr.G.Prabhu kanna,
Analysis of Algorithms AsP/CSE
58493 - Operating Systems | 3 5 X;f’é%g"ya Bharathi,
(CS8494 - Software 3 4 Dr.N.Mohana Suganthi,
Engineerin Prof/CSE
CS8481 - Database
Management Systems 2 IXI;/RCSSE amya,
Laborator J
(CS8461 - Operating Systems Ms.S.Dhivya Bharathi,

) Laborator e s AP/CSE

HS8461 - Advanced Reading 1 > Dr.S.R.Kannan,
and Writing ) AsP/English




"Name of the Class Advisors | Mr.D.Ravi, AsP/CSE

| Name of the Tutor ~ Mr.D.Ravi, Mrs.P.VidhyalPriya, Ms.R Punitha
|
‘.

AsP/CSE AP/CSE Gowri, AP/CSE

s\ O\ Yo

Time table in-chai'ge HoD Principal .

'\ D 1ITYA ~ )
Dr.R.UD. VT IAR - ORD,




o
P

AN
'.(\ N

KATHIR COLLEGE OF ENGINEERING
WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062

Rev0 | ~ CLASS TIME TABLE - ACD22
i ~ Branch | Computer Science and Engineering |  Academic Year 2020-2021_:!
 Semester VI 1 Section \ - Class Room No. 417 |
f I T “"‘ —T
| 1 2 " 3 4 - 5 6 | - |7 8
| | |
1 ‘
Days 900 945-  1030-| 1045- | M0 1915 | 100- | 145 | 235 250|340
945 1030 | 104 1. g : . 2. e | aan | an
| | | M3 pgs | VOO | 45235050 | 340 | 430
" Mon Il P | DWDM MC Al DS | CD MAD LAB
| Tue | MC DS - CD MC PC LAB = IP LAB
T 5 :
Wed CD Al E P MC £ | DWDM DS E MAD LAB
" Thurs | Al | MC 5 DWDM | CD | ~ DS P | = IP LAB
Fri = DS P DWDM | Al Al CD PROJECT
Subiect Periods
I S.No. Abbre \], iation Name of the Subject Credit per ' Name of the Faculty
- week 1 : :
1. IP CS8651 - Internet Programming 3 4 ‘ I‘;d;.}ggévabhuvmeshwarl,
| 2 Al CS8691 - Artificial Intelljgence 3 5 Ms.S.Suganya, AP/CSE
3 MC CS8601 - Mobile Computin 3 5 | DrSJKJagadeesh
: puting Kumar, Profé&Head /CSE
4 cD 58602 - Compiler Design 4 5 r;fég‘dhyap riya,
5. DS (58603 - Distributed Systems 3 5 Xf,f"cksagaambika'
DWDM CS8075 - Data Warehousing and .
6. Data Mining 3 4 Ms.V.C.Nathiya, AP/CSE
CS8661 - Internet Programming Ms.].Shivabhuvaneshwari,
7 {FLAD Laboratory 2 4 AP/CSE
CS8662 - Mobile Application Ms.R.Punitha Gowri,
B MADLAB Development Laboratory 2 4 AP/CSE
L9 PROJECT CS8661 - Mini Project 1 2 Mr.D.Ravi, AsP/CSE
HS8581 - Professional Dr.S.R.Kannan
5 ,
10 l PCLAB Communication B ! - AsP/English




Name of the Class Dr.N.Mohana SuAganthi, Prof/CSE
’ Advisors

Ms.V.V.Ramya Shree, Ms.S.Suganya, \ Dr.N.Mohana “
| AP/CSE AP/CSE  Suganthi, Prof/ CSE i
1 | !

|
' Name of the Tutor

Time table in-charge HoD Principal




| 3,-;‘“\‘*‘1 KATHIR COLLEGE OF ENGINEERING i
‘ §_ WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 - T
. Rev.0 CLASS TIME TABLE ACD 22
Branch | Computer Science and Engineering, Academic Year 2020-2021
Semester VIII | Section | - | Class Room No. 418
1 2 - 3 4 . 5 6 { . Iy 8
Days | 9.00- | 9.45- | 10.30- 10;45 Ll 1215- | 1.00- | 1.45- | 2.35- | 250~ | 3.40 -
945 | 1030 | 10.45 1130 | 12.15 1.00 145 | 235 | 250 | 3.40 | 4.30
Mon CF GC PROJECT PROJECT
Tue GC — CF PROJECT ~ PROJECT
Wed CF s GC g PROJECT | & | PROJECT
Thurs GC 8 CF = PROJECT | 2 PROJECT
Fri PROJECT PROJECT PROJECT PROJECT
S.No Subi Name of the Subject Credit Feuol Name of the Faculty
Abbreviation per week
. Ms.R.Punitha Gowri,
1. CF CS8074 - Cyber Forensics 3 6 AP/CSE
. Mr.R.Eswaramoorthy,
2. GC CS8078 - Green Computing 3 6 AP/CSE
Dr.S.].K.Jagadeesh
3. PROJECT CS8811 - Project Work 10 24 Kumar,
Profé&Head / CSE
Name of the Class Dr.G.Prabhu kanna, AsP/CSE
Advisors
Mrs.J Shivabhuvaneshwari, | Mrs.V.C.Nathiya, | Mrs.S.Dhivya Dr.G.Prabhu
Name of the Tutor AP/CSE AP/CSE Bharathi, AP/CSE Kanna,
AsP/CSE
® £ )
5P\ EAN N

Time table in-charge

Principal




KATHIR COLLEGE OF ENGINEERING

5> CERT
WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 N
CLASS TIME TABLE ACD 2.2

Branch | M.E - Computer Science and Engineering Academic Year | 2020-2021
Semester II ] ~ Section | - | Class Room No. 407
1 [ 2 - 3 4 s 5 6 - 7 8
Days | 9,00- | 9.45- | 10.30- 1045 111150 1215- | 1.00- | 1.45- | 2.35-| 2.50- | 3.40 -
9. . . y ! ; : ; 50 | 3. 430
45 | 1030 | 1045 | 1445 | 1215 1.00 | 145 | 235 | 250 40
Mon | SP | BDA MPC | NDT AD | BDA IoT SP
Tue | MPC | NDT | AD | BDA SP IoT = DA LAB
Wed | NDT | AD | & SP | IoT g MPC | BDA | § | AD | IoT
Thare| 1oT | sp | & [BDA [MPC | ~ [ NDT | AD |~ DA LAB
Fri | BDA | AD NDT | SP IoT | MPC TPW&S
Subject : .. | Periods
S.No. Abbresiation Name of the Subject Credit perweek Name of the Faculty
. NDT CP5201 - Network Design and 3 5 Dr.P.Banumathi,Prof
' Technologies J/CSE
2. Sp CP5291 - Security Practices 3 6 g‘;fcpsg idayRPry
3, IoT CP5292 - Internet of Things 3 6 X;%&Rmyasme'
4. BDA | CP5293 - Big Data Analytics 3 6 X;fg;ganya'
5. AD Advanced Databases 3 6 I\AA;/SCV;'SEE ti Patel,
: . A Dr.N.Mohana
6. MPC Mobile and Pervasive Computing 3 5 Suganthi, Prof/CSE
CP5261 - Data Analytics Ms.Swesti Patel,
7. DALAB | i tory 2 4 AP/CSE
CP5281 - Term Paper Writing Ms.V.V.RamyaShree,
i TPHes and Seminar ! 2 AP/CSE




' Name of the Class Advisors | Dr.N.Mohana Suganthi, Prof /CSE

Eame of the Tutor Ms.R.S.Ramya, AP/CSE
O? :/‘Jz‘I R \ “\
R V\ A NN
Time table in-charge HoD Principal
Dr. R. UDAJY- '
Neelan., oo




©) KATHIR COLLEGE OF ENGINEERING N
K N4 WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 w “
Rev.0 CLASS TIME TABLE ACD22
Branch | M.E - Computer Science and Engineering Academic Year | 2020-2021
| Semester IV ‘ Section ‘ - | Class Room No. 409
1 2 - 3 4 - 5 6 - 7 8
1
Days | 9.00- | 9.45- | 1030- | 104 | 11301 1545 | 100- | 145- | 2.35-| 2.50- | 3.40-
§ . ! § : . ! 2 . . 4.30
- 945 | 10.30 | 10.45 1130 | 12.15 1.00 145 | 235 | 250 | 3.40
Mon | — PROJECT | | oo | | —
Tue —m——— PROJECT | | e | | e —
© 5 S
Wed — 4 PROJECT g e o
Thurs| «—on | = | PROJECT | 7 [ —ee S — -
Fi | e PROJECT S— s
Subject . ., | Periods
SN <
O | AbFrevision Name of the Subject redit e Name of the Faculty
1 PRO]ECT CP5411 - Project Work 12 24 Dr.P.Banumathi,
’ Phase - 11 Prof/CSE
Name of the Class Mr.R.Eswaramoorthy., AP/CSE
Advisors
Name of the Tutor Mrs .Swesti Patel, AP/ CSE

-
Tiﬁi i}%uge
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== KATHIR COLLEGE OF ENGINEERING N |
H \-; ! ~ 'S ot |
NI - WISDOM TREE. NEELAMBUR. COIMBATORE - 641 062 | I
Rev.0 SUBJECT ALLOCATION | l
QANIE OF THE DEPARTMENT | Computer Science and Engineerin;
Academic Year 2020-2021
Semester ODD
Theory | Practical
SNo  Nameofthe Faculty | Designation | | | g oulty
l . Subject-1 ; Subject-2 | Subject-1 Ignature
| |
;  DrSJKJagadeesh Kumar | Professor& = CC | ) ) A
' Head ' (IVCSE) Ny
j |
‘ | SQAT | +
2 Dr.P.Banumathi : Professor f (Il MLE) - PROJECT M
| ' (II M.E)
|
. POM NW LAB
5 DINM | i LY
3 Dr ohana Suganthi | Professor (IV CSE) (IV CSE) \Q %
| OOP OOP LAB
| P
- Mr.D.Ravi Associate DS ) DSLAB | W
> Professor | (Il CSE) (ircse) |7,
¢ Mrs.V.CNathiya Assistant CNS ADS A AT
Professor (IVCSE) | (IM.E) ) N
- MrsS.P.VidhyaPriya Assistant HCI ESD i 2 \\V "y
! Professor (IVCSE) | (I M.E) /\( N
\ ~
g MsRPunitha Gowri Assistant 00AD | MLT OL%;D Wﬁf
Professor (ITCSE) | (IM.E) (11l CSE)
o  MrsS. Rajaambika Assistant ooP ASE | OOPLAB s
Professor (IEEE) | (IME) | (NEEE) \»A7"
| Assistant ACA IR CCLAB |\ *\%
7 \/ Ram - | B 1
i B VRamymiSiree ' Professor AME) | (IME) | avecse) N\ YV
! ™\
. . | Assistant FDS OSI FDS LAB O
Il Mrs5.Dhivya Bharathi | e v | @IECE) | @ M.E) | (I ECE) \5 ¥ -%/
1 |

174

X

W

g&’\ J/






ro

Lo

Il Year
Theory

MAS8351 Discrete Mathematics (DM)
CS8351 Digital Principles and System Design
(DPSD)

CS8391 Data Structures (DS)

III Year

Theory
MAS8551 Algebra and Number Theory (ANT)
CS8591 Computer Networks (CN)
EC8691 Microprocessors and Microcontrollers
(MPMC)

4. CS8392 Object Oriented Programming 4. CS8501 Theory of Computation (TOC)
_ (oop) o . 5. (88592 Object Oriented Analysis and Design
5. EC8395 Communication Engineering (CE) (OOAD)
LAB 6. OMFS551 Product Design and Development
(PDD)
1. CS8381 Data Structures Laboratory (DS
LAB) LAB .
2. CS8383 Object Oriented Programming 1. EC8681 Microprocessors and Microcontrollers
| Laboratory (OOP LAB) Laboratory (MPMC LAB)
i 3. CS8382 Digital Systems Laboratory (DIS 2. (CS8582 Object Oriented Analysis and Design
| LAB) o Laboratory (OOAD LAB)
i 4. HSS3§1 Interpersonal Skills/Listening & | 3. CS8581 Networks Laboratory (NW LAB)
! Speaking (IS&LS LAB)
|
; I Year (M.E- CSE)
IV Year. Theory
Theory 1. MAS5160 Applied Probability and Statistics
(APS)
1. MG8591 Principles of Management (POM) 2. CP51§1 Advanced Data Structures and
2. (CS8792 Cryptography and Network Security Algorithms (ADS) )
(CNS) 3. CP5152 Advanced Computer Architecture
3. CS8791 Cloud Computing (CC) (ACA) _
4. OIE751 Robotics (ROBO) 4. CP3153 Operating System Internals (OSI)
5. CS8091 Big Data Analytics (BDA) 5. CP5154 Advax}ced Soﬂware Englrlleermg (ASE)
6. CS8079 Human Computer Interaction (HCI) 6. CP5191 Machine LearmInJi ”ll;echmques (MLT)
LAB 1. CP5161 Data Structures Laboratory (DS LAB)
1. CS8711 Cloud Computing Laboratory R
(CC LAB) T!leory
2. 1T8761 Security Laboratory (SEC LAB) 1. CP5005 - Software Quality Assurance and
Testing (SQAT)
2. CP5073 - Embedded Software Development
(ESD)
3. CS8080 - Information Retrieval Techniques

(IRT)
LAB
CP5311 - Project Work — Phase I (PROJECT)




Service Paper
Theory

1. Fundamentals of Data Structures in C (I ECE)
2. Object Oriented Programming (III EEE)
3. Problem Solving and Python Programming (I CIVIL. MECH, EEE,ECE)

LAB

1. Fundamentals of Data Structures in C Laboratory (Il ECE)

Problem Solving and Python Programming Laboratory (I CIVIL, MECH, EEE,
j ECE)

3, Object Oriented Programming Laboratory (Il EEE)

o
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‘ ECES o T
| KATHIR COLLEGE OF ENGINEERING | 4 g
RS WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 N
. Rev0 | CLASS TIME TABLE ACD22 |
| Branch Computer Science and Engineering Academic Year 2020-2021 |
Semester 11 J Section | - | Class Room No. 416 |
| 1 2 - 3| 4 : 5 6 | - | 7 8
' Days | 9.00- | 9.45- | 1030- | 0% | 11301 1505 1 100- | 145- | 235- | 250~ | 3.40-
| 9.45 : . ¥ ! : .
10.30 | 1045 1130 | 1215 1.00 1.45 235 | 250 | 340 | 430
Mon DS DPSD DS DM CE oor DS LAB
Tue | OOP CE ~ DM DS OoorP | DPSD — DIS LAB
<
Wed | DM | CE g OOP | DPSD § DS | DM | g OOP LAB
Thurs | CE | DPSD | = DS | DM = DSLAB S ISLSLAB
Fri | DPSD | OOP DM | CE DIS LAB OOP LAB
Subject ' .. | Periods Name of the
S.No. A e Name of the Subject Credit per week Faculty
MAB8351- Discrete Ms.K.Saranya,
= DM Mathematics . i AP/S&H
(CS8351 - Digital Principles and Ms.R.Abirami,
2 DEsB System Design s > AP/ECE
3. DS | CS8391- Data Structures 3 5 N;?/Iézg
(S8392 - Object Oriented Dr.S.Kalpana,
4 OOP Programming 3 > AP/CSE
CE EC8395 - Communication 3 5 Mr.R.Devendran,
5. Engineering AP/ECE
(CS8381- Data Structures Mr.D.Ravi,
6. DSLAB || boratory 2 % AsP/CSE
(58383 - Object Oriented Dr.S.Kalpana,
7. OOFLAB Programming Laboratory 2 . AP/CSE
(S8382 - Digital Systems Ms.R.Abirami,
8. DISLAB Laboratory 2 4 AP/ECE
HS8381 - Interpersonal Ms.D. Meenakshi
9. IS/LSLAB | Skills/Listening 1 2 AP/ English ’
| &Speaking




’ Name of the Class Advisors | Mr.D.Ravi, AsP/CSE
Name of the Tutor Mr.D.Ravi, Mrs.P.VidhyaPriya, | Ms.R.Punitha Gowri,
AsP/CSE AP/CSE AP/CSE
! \/‘t\ \\-\,\ \\ : \ g
*\ ~ 0/«7 ",' A <
Time table in-charge HoD Principal
OL R UDATVAK
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| @q\ | KATHIR COLLEGE OF ENGINEERING
N A

4 CERT
= ‘ WISDOM TREE, NEELAMBUR, COIMBATORLE - 641 062 - T
Rev.0 ) 7 CLASS TIME TABLE _ ACI) 2.2
| Branch | Computer Science and Engincering Academic Year 2020-2021
.~ Semester | \ I Section ‘ - | Class Room No. 417 )
T e, e , 1 ‘v ‘
1 2 | - | 3 4 | - 5 6 | - | 7|8
k- - i . 1 S P § ] . - S
' e | \ l
Days | 900- | 945- | 10.30- | 1045\ 130\ 4945 | 100- | 145- | 235- | 290 | 340
945 | 103 : b i : o e
| |- 0 | 10.45 1130 | 1215 1.00 -3457 2.3? | -72.75707 3.4_0"11 430
Mon CN MPMC PDD TOC PDD | OOAD MPMC LAB
" Tue | ANT | OOAD - TOC | CN MPMC | ANT B "OOAD LAB
' Wed | TOC | PDD | § |MPMC| ANT 'g OOAD | CN | & NW LAB
' Thurs | MPMC | CN £  [ANT |TOC - OOADLAB | £ [ MPMCLAB
Fri | OOAD | TOC CN ANT MPMC J PDD NW LAB
Subject Name of the .. | Periods
S.No.
® | Abbreviation Subject s per week Nameof the Faculcy
MAB8551 - Algebra Ms.K.Saranya,
I ! 1 Sl and Number Theory . 2 AP/S&H
1 5 1 CN CS8591 - Computer 3 5 Mrs.].Shivabhuvanesh
o Networks wari, AP/CSE
EC8691 - )
3. MPMC Microprocessors and 3 5 Ms.K.Meer Thahira,
. AP/ECE
Microcontrollers
4 TOC £58501 = Thsany ok 3 5 | Ms.M.Kavitha, AP/CSE
Computation
CS8592 - Object : :
5, OOAD | Oriented Analysis 3 g | MsRPunitha Gowri,
\ AP/CSE
and Design
PDD (];M'Fffil;;’roduct 3 4 Mr.M.Mareshwaran,
B esig AP/MECH
Development
B EC8681 -
Microprocessors and Ms.K.Meer Thabhira,
7. | MPMCLAB | \p  ocontrollers & 4 | AP/ECE
Laboratory
B (CS8582 - Object
Oriented Analysis Ms.R.Punitha Gowri,
4
N ODADLAB and Design 2 AP/CSE
Laboratory
CS8581 - Networks Dr.N.Mohana Suganthi,
2 4
% NR=LAD Laboratory Prof/CSE




Name of the Class
Advisors

Dr.N.Mohana Suganthi, Prof/CSE

Name of the Tutor Ms.V.V.Ramya Shree, | Ms.S.Suganya, Dr.N.Mohana Suganthi,
AP/CSE AP/CSE Prof/CSE
) K| W
\’\\ AN
Time table in-charge

Principal




P KATHIR COLLEGE OF ENGINEERING | o

ey Y A CERT
N4 WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 - "
 Rev0 CLASSTIMETABLE | ACD22
Branch = Computer Science and Egg}n_u_m_ig | o f\&dcn?_ii Y_ta:li ; 2(_)_39—20;21_ |
Semester | VII | Section | -T Class RoomNo.| 418
| N > 1T & |
1 | 2 3 4 - 5 6 -
Davs 900 | 9.45- [10.30- | 10.45- | 11.30- | 12.15- | 1.00- | 1.45- | 2.35- | 2.50- | 3.40 -
945 | 1030 | 1045 | 1130 | 1215 | 1.00 | 145 | 235 | 250 | 340 | 4.30
Mon | ONS | POM ROBO | POM HCI | BDA CC LAB
Tue HCI | ONS | _ BDA | CC CNS |ROBO| _ | SECLAB |
< = <
Wed = CC | ROBO| & POM | HCI § CC | BDA | E CCLAB
Thurs  BDA | cc | = [HCGI |[cNs |~ [ROBO| POM | 5 SEC LAB
Fri | POM | HCI CC POM PDA CC CNS | ROBO
. Subject Periods
SN ) j i :
O | Abbras Name of the Subject Credit per week Name of the Faculty
‘ ' MG8591 - Principles of Dr.N.Mohana
LR FOM Management 3 6 Suganthi, Prof/ CSE
> CNS CS8792 - Cryptqgraphy and 3 5 Mrs.V.C Nathiya,
‘ ‘ Network Security AsP/CSE
‘ Dr.S] K. Jagadeesh
3. CcC CS8791 - Cloud Computing 3 6 Kumar,
| Prof&Head /CSE
I . Ms.V.V .RamyaShree,
o+ \ ROBO | OIE751 - Robotics 3 5 AP/ CSE
_ CS8091 - Big Data Mr.R.Eswaramoorthy,
@ s A | e 3 1| Ap/CSE
* ' HCI CS8079 - Human Computer 3 5 Mrs.S.P.VidhyaPriya,
‘ & | Interaction AP/CSE
1 (S8711 - Cloud Computing N Ms.V.V.RamyaShree,
Z CCLAB Laboratory - . AP/CSE
'S | SECLAB | IT8761-Security Laboratory | 2 4 :‘I‘;-/Ré‘;;“’mmoorﬂlyr

1 Name of the Class Dr.G.Prabhu Kanna, AsP/CSE

Advisors
[+ Mrs.].Shivabhuvaneshwari | Mrs.V.C.Nathiya. Mrs.S.Dhivya Dr.G.Prabhu
' Name of the Tutor | "0/ " AP/CSE Bharathi, Kanna, AsP/CSE
AP/CSE

i \\\j/ I
\‘:j \ » ‘lr 3 A
A

Time tabte in-charge HoD Principal

\ NATVAL
UT. \{ Ubal



| KATHIR COLLEGE OF ENGINEERING G
’ WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 e o
J CLASS TIME TABLE ACD 22
” Branch | M.E - Computer Science and 7Engineering Academic Year | 20202021
| Semester I|  Section | - | Class Room No. 409
| 1 2 - 3 4 - 5 6 - 7 8
Days 9,00 | 9.45-7]10.30- | 10.45- | 11.30- 12.15- | 1.00- | 1.45- | 2.35- | 2.50- | 3.40-
-9.45 | 10.30 | 1045 | 11.30 | 12.15 | 1.00 145 | 235 | 250 | 340 | 4.30
Mon | APS | ADS ASE | OSI ACA | ASE APS | MLT
Tue | ACA | ASE | _ | MLT | O8I APS [ADS | _ DS LAB
g <
& Wed | ADS | MLT | & OSI | ACA ‘5' APS [ APS | £ |ASE [ACA
Thurs | ASE | OSI | = |ADS |APS | = [ MLT | ACA | & DS LAB
Fri | OSI | ADS ACA | ASE APS | OSI MLT | ADS
S.No. Sub]?Ct. Name of the Subject | Credit Sorigg Name of the Faculty
Abbreviation per week
MA5160 - Applied : . .
1. APS Probability and 4 7 f;gg&kﬂamm'
Statistics
CP5151 - Advanced .
2 ADS |DataStructuresand | 4 6 flﬂj'gé%Na&“Y 2
Algorithms
CP5152 - Advanced Mrs.V.V.RamyaShree,
3. ACA Computer Architecture t 8 AP/CSE
oSl CP5153 - Operating 3 6 Ms.S.DhivyaBharathi,
‘) 4 System Internals AP/CSE
ASE CP5154 - Advanced 5 6 Mrs.S. Rajaambika,
5. Software Engineering AP/CSE
MLT CP5191 - Machine 3 5 Mrs.R.Punitha Gowri,
6. Learning Techniques AP/CSE
CP5161 - Data Ms.].Shivabhuvanesh
7. DSLAR Structures Laboratory 2 4 wari, AP/CSE
Name of the Class Advisors Dr.S.Kalpana, Prof/CSE
Name of the Tutor Ms.R.S.Ramya, AP/CSE
)7 <N W
) M 4 \\j\ N y
Time table in-charge - HoD Pri.rvl.crlp;‘nl

Dr B UDA <
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1) KATHIR COLLEGE OF ENGINEERING G =
PATAA WISDOM TREE, NEELAMBUR, COIMBATORE - 641 062 il
Rev.0 | CLASS TIME TABLE ACD 2.2
Branch = M.E Computer Science and Engineering Academic Year | 2020-2021
Semester | IV| Section | - | Class Room No. 409
1 2 -3 4 - 5 6 - 7 8
, Days 1 9.00- | 9.45- 10.30- | 10.45- | 11.30- | 12.15- | 1.00- | 1.45- | 2.35- | 2.50- | 3.40-
. 945 | 10.30 ! 1045 | 11.30 | 12,15 | 1.00 | 145 | 235 | 2.50 | 340 | 4.30
. Mon | SQAT | ESD | IRT | ESD PROJECT PROJECT
. Tue | IRT | ESD | — | SQAT | IRT PROJECT | _ PROJECT
‘ | < < <
Wed  ESD | SQAT | & ESD | IRT 5 PROJECT g PROJECT
| | -~ =
Thurs | SOAT | T | = |SQAT [ESD | " PROJECT | = PROJECT
| Fri | ESD | SQAT IRT | SQAT PROJECT PROJECT
. Periods
Subject A f th
S.No RS Name of the Subject | Credit | per Nameoytas
Abbreviation ¥ Faculty
1 SQAT CP5005 - Software Quality 3 5 Dr.P.Banumathi,
' Assurance and Testing Professor/CSE
5 ESD CP5073 - Embedded 3 3 Ms.S.P.VidhyaPriya,
) Software Development AP/CSE
3 RT CS8080 - Information 3 3 Ms.V.V.Ramya
: Retrieval Techniques Shree, AP/CSE
CP5311 - Project Work — Dr.P.Banumathi,
4. FREIECE Phase | $ 0 Professor/CSE
Name of the Class Advisors | Ms.S.P.VidhyaPriya, AP/CSE
Name of the Tutor Mrs.] Shivabhuvaneshwari, AP/CSE
o "
Q.5 YN\ ?t?-\w\.-\\,/ W
Time table in-charge . HoD Principal
/ /! ; EA-. i |




CENTRE FOR ACADEMIC COURSES
ANNA UNIVERSITY: : CHENNAI - 600 025

ACADEMIC SCHEDULE FOR NON AUTONOMOUS AFFILIATED COLLEGES

Date : 06.08.2020

August 2020 - November 2020 (ODD SEMESTER - Except | Semester)

UG & PG Programmes

. Commencement | Commencement

Sl Programme Commencement | Lastworking of Practical of End Semester

No. of Classes day B e 8

Examinations Examinations
4 All UG/PG Programmes (except |
' t
i 12.08.2020 26.10.2020* 28.10.2020 09.11.2020
2. | B.E./B. Tech.(Part-Time) —ll, V , VII

NOTE:

RE - OPENING DAY FOR THE NEXT SEMESTER: 14.12.2020 (Monday)

1. The Theory and Practical Examination schedules which will be published in due course by the Controller of Examinations,
Anna University, Chennai should be followed. (Practical Examinations will be conducted before the theory examinations).

2. Assessment Schedule for the August 2020 — November 2020 should be followed strictly.

3. Saturdays included in the Assessment period shall be used for conducting the Assessment Tests.

**In order to ensure minimum no. of working days, the following Saturdays are declared as working days.

Sl. No. | Working Days (Saturdays | Time Table of the Week
for UG & PG) Day to be Followed
ul 05.09.2020 Tuesday
2. 12.09.2020 Friday
3. 19.09.2020 Monday
4. 26.09.2020 Tuesday
DAC - SB

SI. No. | Working Days (Saturdays | Time Table of the Week
for UG & PG) Day to be Followed
5, 03.10.2020 Wednesday
6. 10.10.2020 Thursday
7 17.10.2020 Friday
8. 24.10.2020 Monday
\ K. 0

et AT

DIRECTOR '~

%S&DEMIC COURSES




ACADEMIC SCHEDULE FOR NON AUTONOMOUS AFFILIATED COLLEGES

CENTRE FOR ACADEMIC COURSES
ANNA UNIVERSITY: : CHENNAI - 600 025

Date: 21.11.2020

November 2020 - March 2021 (ODD SEMESTER - | Semester)*
UG (FT) Degree Programmes

Commencement § Commencement | Commencement
Sl Programme Semester of Induction Commencement | Lastworking of Practical of End Semester
No of Classes day & =y
Programme Examinations Examinations
4. | B-E./B.Tech. [ 09.11.2020 23.11.2020 24.02.2021** | 26.02.2021 08.03.2021
" | (Full Time)
= r:;)ch' g | 23.11.2020 30.11.2020 | 03.03.2021*** |  05.03.2021 15.03.2021

* As per the directives of the Government of Tamil Nadu, the classes will be conducted in ONLINE mode
RE-OPENING DAY FOR THE NEXT SEMESTER: 05.04.2021 (Monday)

Theory and Practical Examination schedules will be published in due course. (Practical Examinations will be conducted
before the theory examinations).
If necessary, loss of classes due to various curricular / co-curricular activities of the department / college may be
compensated by conducting classes on Saturdays.

1.

2.

" In order to ensure minimum no. of working days, the following Saturdays are declared as working days.

Sl. No. ~ Working Days ' Time Table of the Week
(Saturdays for UG (FT)) Day to be Followed

1 28.11.2020 Monday

2. 05.12.2020 Tuesday

3. 12.12.2020 Wednesday

4. 19.12.2020 Thursday

5. 26.12.2020 Friday

6. 02.01.2021 Friday

DAC - SB

SI. No. | Working Days (Saturdays | Time Table of the Week
for UG (FT)) Day to be Followed

T 09.01.2021 Thursday

8. 23.01.2021 Friday

9. 30.01.2021 Tuesday

10. 06.02.2021 Monday

11. 13.02.2021 Tuesday

12, 20.02.2021 Wednesday

13 27.02.2021*** Thursday

[/Lj'];‘ Al 2020

DIRECTOR
ACADEMIC COURSES




Date: 07.12.2020

CENTRE FOR ACADEMIC COURSES
ANNA UNIVERSITY: : CHENNAI - 600 025
ACADEMIC SCHEDULE FOR NON AUTONOMOUS AFFILIATED COLLEGES

December 2020 - April 2021 (ODD SEMESTER - | Semester)*
PG (FT) Degree Programmes

S| Sommencinent | Lastwaiin Commencement | Commencement
Nc; Programme Semester of Elassos e g of Practical of End Semester
y Examinations Examinations
1. |M.B.A/M.C.A (FT) |
09.12.2020 13.03.2021** 15.03.2021 24.03.2021
2. | M.B.A. (5 Yrs-Integrated) I
2. | M.E./ M. Tech. /M. Arch.(FT) I 30.12.2020 03.04.2021** 05.04.2021 15.04.2021

* As per the directives of the Government of Tamil Nadu, the classes will be conducted in ONLINE mode

RE-OPENING DAY FOR THE NEXT SEMESTER: 03.05.2021 (Monday)

** |n order to ensure minimum no. of working days, the following Saturdays are declared as working days.

Sl. No. Working Days Time Table of the Week
(Saturdays) Day to be Followed

1s 12.12.2020 Friday

2. 19.12.2020 Friday

3. 26.12.2020 Thursday
4. 02.01.2021 Friday

5. 09.01.2021 Tuesday
6. 23.01.2021 Thursday
7. 30.01.2021 Monday
8. 06.02.2021 Tuesday

DAC - SB

Sl. No. Working Days | Time Table of the Week Day to be

(Saturdays) Followed

9. 13.02.2021 Wednesday

10. 20.02.2021 Thursday

11 27.02.2021 Friday

2. 06.03.2021 Monday

13, 13.03.2021 Tuesday

14. 20.03.2021*** Wednesday

15. 27.03.2021*** Thursday

16. 03.04.2021*** Friday

.-f/
-""f i —
(/&’rf’ P LAl e

DIRECTOR
ACADEMIC COURSES




Off: 22357077 /73
22357074
Fax / Dir: 22352272

CENTRE FOR ACADEMIC COURSES

ANNA UNIVERSITY
CHENNAI - 600 025

PROTHESS THRDUGH KNOWLEDSE

Dr. S. HOSIMIN THILAGAR
DIRECTOR

Letter No.2407/AU/CAC/Ach Sch(Rev)/2020 16.10.2020

To

The Deans of Regional Campuses /

The Deans of Constituent Colleges /

The Principals of the Non-Autonomous Affiliated Colleges.

NOTIFICATION

Agenda Item: Extension of Academic Schedule (August — November 2020).

Representations were received from various Principals of Affiliated colleges regarding
the challenges / difficulties faced by both the students and faculty during the online teaching —
learning process. The issues such as cramped academic schedule, poor network connectivity
and insufficient time period between the conduct of three reviews for the project work were
discussed.

After due deliberations, in order to address the above said issues and to facilitate the
completion of syllabus and the conduct of the internal assessment, it was decided to extend
the Academic schedule for the Affiliated Colleges for the current semester. The revised

schedule for this session (August — November 2020) is tabulated as below:



Affiliated Institutions

PEeern Commencement of CorEn':?’eg:r?]rQ:tr;tr of
om Last working da i inati S
Sl. | Program it of g aay Practical Examinations ExaminaHERE
No me
Classes )
Existing Revised Existing Revised Existing | Revised

AllUG/ PG
1 Programme
" | s (exceptl

gegff"er) 12.08.2020 | 26.10.2020 | 13.11.2020 | 28.10.2020 | 17.11.2020 | 09.11.2020 | 26.11.2020
5 B. Tech.
* | (Part-Time)

- 1lIl, V, VI

RE - OPENING DAY FOR THE NEXT SEMESTER: 28.12.2020 (Monday)

“In order to ensure minimum no. of working days, the following Saturdays are declared as working

days.
Sl Working Days | Time Table of Sl. Working Days Time Table of the
No. (Saturdays for | the Week Day No. (Saturdays for Week Day to be
UG & PG) to be UG & PG) Followed
Followed 6. 10.10.2020 Thursday
1. 05.09.2020 Tuesday . 17.10.2020 Friday
2. 12.09.2020 Friday 8. 24.10.2020 Monday
3 19.09.2020 Monday 9. 31.10.2020 Friday
4. 26.09.2020 Tuesday 10. 07.11.2020 Monday
9. 03.10.2020 Wednesday
This decision is taken with the approval of the competent authority.
Thanking you,
Yours faithfully,
1/15{4,:/;
{(’L[o , 2020
DIRECTO
Copy to:
1. PS to Vice Chancellor
2. PA to Registrar
3. The Chairpersons, Faculty of Civil / Mechanical / Electrical / ICE / Technology /
Management Sciences / S&H / Architecture & Planning, AU, Ch — 25.
4. Office of the Controller of Examinations
5. Office of Additional Controller of Examinations (UDs)
6. The Stock File, CAC.




ACADEMIC SCHEDULE FOR NON AUTONOMOUS AFFILIATED COLLEGES

Date: 31.03.2021

CENTRE FOR ACADEMIC COURSES
ANNA UNIVERSITY: : CHENNAI - 600 025

April 2021 - July 2021 (EVEN SEMESTER - Il Semester)*
UG (FT/PT) Degree Programmes

S| WU ) oxpck Commencement | Commencement
' Programme Semester . of Practical of End Semester
No. of Classes working day s e
Examinations Examinations
1. | B.E./B.Tech.(Full-Time) [l
2. | B.Arch. (Full-Time) Il 08.04.2021 08.07.2021** 10.07.2021 22.07.2021
3. | B.E./B.Tech. (Part Time) Il

* As per the directives of the Government of Tamil Nadu, the classes will be conducted in ONLINE mode

r

2.

RE-OPENING DAY FOR THE NEXT SEMESTER: 16.08.2021 (MONDAY)

Theory and Practical Examination schedules will be published in due course. (Practical Examinations will be
conducted before the theory examinations).
If necessary, loss of classes due to various curricular / co-curricular activities of the department / college may be
compensated by conducting classes on Saturdays.

" In order to ensure minimum no. of working days, the following Saturdays are declared as working days.

SI. No. Working Days (Saturdays | Time Table of the Week Sl. No. Working Days (Saturdays Time Table of the Week
; for UG (FT/PT)) Day to be Followed for UG (FT/PT)) Day to be Followed

1 10.04.2021 Thursday T 29.05.2021 Friday

2, 17.04.2021 Friday 8. 05.06.2021 Monday

3. 24.04.2021 Monday 9. 12.06.2021 Tuesday

4. 08.05.2021 Tuesday 10. 19.06.2021 Wednesday

5. 15.05.2021 Wednesday 1l 26.06.2021 Thursday

6. 22.05.2021 Thursday 12, 03.07.2021 Friday
I
T )

Vaq’/é\r 5 o ZD
DIRECTOR

DAC - SB

ACADEMIC COURSES




ANNA UNIVERSITY :: CHENNAI 600 025

Internal Assessment Schedule for Non Autonomous Affiliated Institutions

Period : December 2020 - May 2021 [Even Semester — Final Semester) Examinations

For all UG/PG Programmes

Report No Report Period Test Period Report Entry Period
| 14-13-2020 - 07-01-2021 Mo Test 20-02-2021 -- 25-02-2021
] 08-01-2021 - 30-01-2021 25-01-2021 - 30-01-2021 26-02-2021 -- 05-03-2021
| 18-02-2021 —- 16-03-2021 10-03-2021 - 16-03-2021 16-03-2021 - 22-03-2021
v 17-03-2021 — 12-04-2021 05-04-2021 —- 12-04-2021 12-04-2021 — 15-04-2021

Period : February 2021 — June 2021 (Even Semester — Except |l B Final Semester] Examinations

For all UG/PG Programmes

Report No Report Period Test Period Report Entry Period
I 18-02-2021 — DE-03-2021 Mo Test 06-03-2021 - 11-03-2021
I 08-03-2021 - 30-03-2021 25-03-2021 - 30-03-2021 30-03-2021 —08-04-2021
i 31-03-2021 - 26-04-2021 20-04-2021 - 26-04-2021 26-04-2021 — 30-04-2021
v 27-04-2021 — 21-05-2021 17-05-2021 - 21-05-2021 21-05-2021 — 24-05-2021

Saturdays may be included as working days to make good the Shortages, if any.

_x"'lr '”#1-1
Tiﬁ."ll:;'-']v '

rry i -

=) |24 2

EUNTREI;LLER OF EXAMINATIONS .



5y Kathir College of Engineering

Approved by AICTE | offiliated fo Anna University | accredited by NAAC
“Wisdom Tree”, Avinashi Road, Neelambur, Coimbatore 641062

COMPLIANCE OF CURRICULUM AND GAP ANALYSIS

B.E. - UG - 2017 - REGULATION - CBCS

DEPARTMENT OF COMPUTER SCIENCE AND ENGINEERING

Course
Component

Course

Curriculum
Content

of Contact
Hours

Mathematics
(MA)

MAB8151 Engineering
mathematics

MAB8251 Engineering
Mathematics |l
MAB8351 Discrete
Mathematics
MA8402 Probability
and Queuvuing Theory |
MAB8551 Algebra

|
|
|
\
\

and Number Theory ‘_

24/180=13.3

360

R 1
1

Total Number | Total Number |
. of Credits

80

Basic
Sciences(BS)

PH8151 Engineering
Physics |
CY8151 Engineering }
Chemisiry \
BS8141 Physics 1
Chemistry “
Laboratory f
PH8252 Physics for
Information Science |

11/180=6.11

Humanities
and Social
Sciences(HS)

E;E"riioeérqu

HS8151 |

Communicative

English

HS8251 Technical
English

MG85%1 Principles

of Management

GE8291
Environmental
Science and

' Engineering
GE8151 Problem
Solving and Python

Programming
GE8152 Engineering

14/180=7.7

165

490

23



Sciences(ES) |

[

Graphics

GE8141 Problem
Solving and Python
Programming
Laboratory

BE8255 Basic

Electrical Electronics

and Measurement
Engineering

C58351 Digital

Principles and

System Design

GE8261 Engineering ?

Practice Laboratory |
EC8395 !
Communication :
Engineering |
C$8382 Digital \
Systems Laboratory

Professional
Core(PC)

Cs8251
Programming in C
CS8241
Programming in C
laboratory

| CS8391 Object

| Oriented

| Programming
Cs8381 Data ‘
Structures ,
Laboratory
C$8383 Object
Oriented
Programming
Laboratory ;
CS Data Structures
Cs8491 Computer |
Architecture |
CS8492 Database |

Management

| Systems

' C$8451 Design and
Analysis of

|
Algorithm |
C$8493 Operating ‘

| Systems
| CS8494 Software
| Engineering

1530

82/180=45.55 |

82



C58481 Database
management
systems Laboratory
C58461 Operating
Systems Laboratory
Cs8591 Computer
Networks
ECB8691
Microprocessor and
Microcontroller
C$8501 Theory of
Computation
C$8592 Object
Oriented Analysis
and Design
ECB8681
Microprocessor and
Microcontroller
Laboratory
C58592 Object
Oriented Analysis
and Design
Laboratory
CS8591 Networks
Laboratory
CS8401 Internet
Programming
CS8691 Adificial
Intelligence
CS8601 Mobile
Computing
CS8602 Compller
Design
| CS8603 Distributed
‘ Systems
| CS8661 Internet
Programming
| Laboratory
| C$8662 Mobile
‘ Application
' Development
' laboratory
| C$8792
' Cryptography and
~Nelwork Secuilty
58791 Cloud
Computing

oy



C$8711 Cloud
Computing
Laboratory
118761 Security
| Llaboratory ,
Professional | CS$8075 Data 15/180=8.33 225
Elective(PE) | warehousing and
Data Mining
CS8091 Big Data
 Analytics
C$8079 Human
Computer
Interaction
CS8074 Cyber
Forensics
CS8078 Green
Computing

Open OMF551 6/180=3.33 90
Elective(OE) | Product Design and
Development
OIE751
Robotics | |

& Series?2

1% ‘ I | : . i ‘ | I — ' m Seriesl “
. o




13.3

| Mathematics
| Basic Sciences(BS) 6.11
' Humanities and Social Sciences(HS) 7.7
| Engineering Sciences(ES) 17.22
Professional Core(PC) 45.55
" Professional Elective(PE) j 8.33
| Open Elective(OE) [ 3.33
8.33

| Employability Enhancement Courses

HoD/CSE

QLY
Principal
KATHIR C{
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@J Kathir College of Engineering

Approved by AICTE | offiliated to Anna University | accredited by NAAC

B.E. - UG -2017 - REGULATION - CBCS

DEPARTMENT OF MECHANICAL ENGINEERING

Course
Component

Course

Basic
Sciences(BS)

mathematics

MAB8151 Engineering

PH8151 Engineering
Physics

CY8151 Engineering
Chemistry

BS8161 Physics Chemistry
Laboratory

MAB8251 Engineering
Mathematics II

PH8251 Materials
Science

MAB8353 Transforms and

Curriculum
Content

127/184=14.67

Partial Differential
Equations

)

MAB8452 Statistics and

Humanities
and Social
Sciences(HS)

|
Numerical Methods '
HS8151 Communicative |
English

HS$8251 Technical English

GE8291 Environmental
Science and Engineering |

MG8591 Principles of
Management

14/184=7.4

' Total Number

of Contact
_ Hours
435

|

210

Engineering
Sciences(ES)

GE8151 Problem Solving
and Python
Programming

GE8152 Engineering
Graphics

GE81461 Problem Solving
and Python
Programming Laboratory

BE8253 Basic Electrical,
Electronics and
Instrumentation
Engineering// .

- OF AN
SN Vr‘\\
NN

34/184=18.47

705

|

“Wisdom Tree”, Avinashi Road, Neelambur, Coimbatore 641042

Total Number 1

of Credits

27

\
|
|
|
|



| Professional
' Core(PC)

GE8292 Engineering
Mechanics
GE8261 Engineering
Practice Laboratory
BE8241 Basic Electrical,
Electronics

and Instrumentation
Engineering Laboratory
CE8394 Fluid Mechanics
and Machinery

EE8353

Electrical Drives and
Controls
EE8361 Electrical
Qgineering_Lgborcforyﬁ
CE8395 Strength of
Materials for Mechanical
Engineers

CE8381 Strength of
Materials and Fluid
Mechanics and
Machinery
Laboratory

ME8391 Engineering
Thermodynamics
ME8351 Manufacturing
Technology - |
MEB361
Manufacturing
Technology Laboratory -
| |
ME8381Computer Aided |
Machine Drawing |
ME8492 Kinematics of
Machinery -
| ME8451 Manufacturing
Technology - i
ME8491 Engineering
Metallurgy
| ME8493 Thermal
Engineering-1
- ME8462 Manufacturing
' Technology Laboratory -
[l
' MEB595 Thermal
 Engineering- Ii
' ME8593 Design of

- 75/184=4076 1410

J

|

7
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Professional
Elective(PE)

Open
Elective(OE)
Employability
Enhancement
Courses(EEC)

Machine Elements
ME8501 Metrology and
Measurements
ME8594 Dynamics of
Machines -
ME8511 Kinematics and
~Dynamics Laboratory
ME8512 Thermal
Engineering Laboratory
ME8513 Metrology and
Measurements
Laboratory
ME8651 Design of
Transmission Systems
ME8691 Computer
Aided Design and
Manufacturing
ME8693 Heat and Mass
Transfer
ME8692 Finite Element
Analysis
ME8694 Hydraulics and
Pneumatics B
MEB8681 CAD / CAM
Laboratory o
ME8792 Power Plant
Engineering _
MEB8793 Process Planning
and Cost Estimation
ME8791 Mechatronics
ME8711 Simulation and
_Analysis Laboratory
ME8781 Mechatronics
Laboratory

Professional Elective - | jfiﬁ/-l'aééﬁfi 180

Professional Elective - Il

Professional Elective - |iI
Professional Elective- 1V

OpenElective|  4/184=326 90
Open Elective - Il I
HS8381 Interpersonal 16/184=8.70 480
Skills / Listening &

Speaking

HS8461 Advanced
Reading and Writing
MEBLB2 Design and
Fabrication Project

R0

. VMBATOIRY

A MG

12

16



| Hs8581 Professional .
. Communication - _",'_‘ il
ME8712Technical ‘ “_‘;_:’_’ Y
Seminar | i | W
- ME8811 Project Work i S il B
category
45 : s
40
35
30
25
20 -
15 _ category
10
5
0
o A& & o g o z 3
o T T o S = = =0
= c — = (] 8] rs) 2 =
3 o 8 5 ™ o @ g 5
[ v ¢ v = w = o e
g 2 £ 2 2 5§ 23
s E° 0§ & 3 S Us
> c = LW c
S a
' Basic Sciences(BS) - [ o 1467
'Humanities and Social Sciences(HS) + 2 7.6
Engineering Sciences(ES) : S o 18.47
Professional Core(PC) S 40.76
Professional Elective(PE) . ) , 6.52
Open Elective(CE)  ~ - 3.26
Employability Enhancement Courses - 8.70
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Course
Component

Foundation
Courses(FC)

Professional
Core(PC)

Professional
Elective(PE)

Kothlr College of Engineering

ed by AICTE | affiliated to Anna University | accredite 1o RoVARV VS
W!sdom Tree" Avinashi Road, Neelambur, Coimbatore 641062

M.E. - PG - 2017 - REGULATION - CBCS
DEPARTMENT OF MECHANICAL ENGINEERING

M.E. MANUFACTURING ENGINEERING

Course Curriculum  Total Number
Content of Contact
B . Hours.
MAS5160 Applied 4/72=5.55 460
Probability and
Statistics
MF5101 Advanced in 31/72=43.06 540
Manufacturing
Technology
MF5102 Computer
Integrated

Manufacturing Systems

MF5103 Advances in

Casting and Welding

MF5104 Metal Cutting

Theory and Practice

MF5111 CAD/CAM

Laboratory

MF5201 Ophmlzchon

Techniques in

Manufacturing

CM5251 Advances in

Metrology and

Inspection

MF5202 Theory of

Metal Forming

MF5203 Tooling for

Manufacturing

MF5211 Automation

and Metal Forming

Laboratory

Professional Elective -1 18/72=25 270

Frofessional Elective - i

Protessional Elective -

1l

Professlonol.wmo_hlv
y “\u ’
. ' /

- | ¢
 ATHI

— —

" Total Number
of Credits

18



~ | Professional Elective-V | N
F Professional Elective- VI S
' Employability | MF5212 Technical 19/72=26.39 570 19 ‘
Enhancement | Seminar 1
Courses(EEC) | MF5311 Project Work
Phase |
MF5411 Project Work ‘
Phase Ii - I ‘
category
50
45
40
35
30
25 - -
20 o
15 L%@"" category
10
5
0
Foundation professional  Professional  Employability
Courses (FC) Core (PC) Elective (PE) Enhancement
Courses
Foundation Courses (FC) o 555
Professional Core(PC) [ 43.06
' Professional Elective(PE) 2
' Employability Enhancement Courses ﬂ B 26.39 |
W pij(;';'i'r\"' = RING
o OF ENGINEERING
D o g COLLEGE BF =
!’/z ir:!i):t?<f::.\ KQTH‘ NE CL‘T"';,;'EVGZ
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2= Kathir College of Engineering
3 S 5 Approved by AICTE | affihated to Anna University I e crecited by NAAC
AN “Wisdom Tree", Avinashi Road, Neelambur, Coimbatore 641062
COMPpRIANCE OF CURRICULUM AND GAP ANALYSIS
M.E. - PG - 2017 - REGULATION - CBCS
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING
SUMMARY
SUBJECT CREDITS AS PER SEMESTER CREDITS |
1 [ T T '
! e 7A___,g,;d,,_,J!___,I;,,, -
| FC ; 4 ‘ . [ . 1 . i
. | I N— I R _,,_1_,; |
'tpc\lsxw‘-:-}so
| I N B I
e 03 | e 9 - 8
i —
. EEC | - 2 & | 2 20
— T
Total | 22 23 15 12 72
: N N S
CHART TITLE
AN
(w
|3
t\‘\ ,,J\
\‘-\\ y'\“‘\, .\‘4 /s
NJ 1122~
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Kathir College of Engineering

Approved by AICTE | offiliated fo Anna University | accredited by NAAC
sWisdom Tree”, Avinashi Road, Neelambur, Coimbatore 641062
COMPLIANCE OF CURRICULUM AND GAP ANALYSIS
M.E.-PG -2017 - REGULATION - CBCS
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

1 T CURRUCULAM | s
| CURRUCULAM  rora)

\ ‘ 1
CONTENT NUMBER TOTAL

COURSE | (% OF TOTAL | NUMBER
COMPONENT COURSES NUMBER OF | COSTFACT ! OF |

f | CREDITS
CREDITSTHE | “loips

PROGRAM) |

FOUNDATION | MA5155 Applied Mathematics for
‘ COURSES(FC) | Electrical Engineers 4/72=555 60 _J 4

PX5101 Power Semlconductor Devnces \

\ PX5151 Analysis of Elecmcal Mochmes

PX5152 Analysis and Demgn of Power
Converters
|

IN5152 System Theory (75) ]
1 PX5111 Power EIecTrcini_cs_C;irSuHs Lab | 30/72 = 40 ‘ 540 ‘. 30 ;
: PX5201 Analysis and Design of inverters | | - .
I PX5202 Solid State Drives

PX5251 Special Electrical Machines j
r*F’X5252 Power Quality

" Px5211 Electrical Drives Laboratory |
PX5001 "Electromagnetic ’ ' 1

Lgdi

. PROFESSIONAL
CORE(PC)

Field Computation and Modelling”

PX5003 Flexible AC Transmission
Systems B

PROFESSIONAL | PS5071 Distributed { Generation and

ELECTIVES hMIUOngd L _ ‘
(PE) P$5092 Solar and Energy Storage ' 8/72=25 225 | 18

Systems ]

PX5071 Wind Energy Conversion !
Systems }
|

P$S5072 Energy Management and
. | Auditing
EMPLOYABILITY | PX5212 Mini Pro ect

ENHANCEMENT [ | , I !
COURSES | L PX531 rolect Work Phose | 7 20/75 =27.77 | 40 20

(EEC) | PX5411 Project Work Phase " ' -

KATHIR CF
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Kathir College of Engineenng

Approved by AICTE | affiliated to Anna Universit
“Wisdom Tree”, AVInGShl Road. Neelambur, Coimbatore 641062

AL TU

COMPLIANCE OF CURRICULUM AND GAP ANALYSIS

B.E. - UG - 2017 - REGULATION - CBCS

DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING

COURSE
COMPONENT

COURSES

i BASIC
SCIENCES (BS)

MA8 51 Engineering Mcﬂhémohcs -

. MA8251 Engineering Mathematics Il
| MAB353 Transforms and Partial
| Differential Equations

MAB491 Numerical Methods

PH8151 Engineering Physics

' CY8151 Engineering Chemisiry

' BS8161 Physics and Chemistry
Laboratory

| PHB253 Physics for Electronics
Engineering

CURRUCULAM
CONTENT (% OF

TOTAL NUMBER OF

OF CREDITS THE
' PROGRAM)

27/180 =

15 405

NT'\N{\\\_\\

T TOTAL
NUMBER

CONTACT
HOURS

CREDITS

HUMANITIES
AND SOCIAL
| SCIENCES (HS)

|

ENGINEERING
SCIENCE (ES)

HS8151 Communicative English
‘ HS825 Technlcol English-

‘ GE8?91 Environmenial Science
| and Engineering

Programming
| 658152 Engineering Graphlcs

GE8 61 Problem Solving and Python
‘ Progrommtng Laboratory

| BE8?252 Basic Civil and Mechanical
Engineering
GEB261 Engmeenng Praclices
Laboratory -
EC8353 Electron Devices ond CIrCUIIS

ME8792 Power Plant Engmeenng
EC831 1 El Eleciromcs Laboratory

N

C88392 Objec‘r Onented Piogromﬁ1|ng -

58383 Objec! Onented Programming
| Laboratory

j EE8691 Embedded Systems

GEB15] Problem Solving and Python ]

i

11/180 = 6.11 165

\ 31/180=1722 | 415
\



Kathir College of Engineering

Approved by AICIE | affiiated 1o Anna University | accredited by NAAC
“Wisdom Tree” Avinashi Road, Neelambur, Coimbatore 641062

COURSE
COMPONENT

COURSES

CURRUCULAM | TOTAL
NUMBER
TOTAL NUMBER | OF

CONTENT (% OF |

OF CREDITS THE | CONTACT |
PROGRAM)  HOURS

PROFESSIONA
L CORE (PC)

‘ EE8251 Circuit Theory

_E§_826 Electric f‘:rcuﬁs'mborotory

 EE8351 Digital Logic Circuits
EE839 Electromagnetic Theory

EE83OI Eiecmrol \Aochmes - | ]

| EE8311 Electrical Machines quorotory—l {

* EEB401 Electrical Machines - Il '
EEB402 Transmission and Distribution
EEB403 Measurements and
in(l(umuduhon ) 7
EE8451 Linear mteoro?ed Circuits and
- Applications S
| 1IC8451 Control ! Svstems

— |

[ EE8411 Electrical Machines Laboratory - Iﬂ

| EE8441 Linear and D@ﬂol Integrated |
Circuits Laberatory ‘
EEB501 Power System Anclysm
EE8551 Microprocessors and
Microcontrollers

EE8552 Power Etecrromcc
EE8591 Digital Signal Processing
EE8S511 Control and Instrumentation
Laberatory

rEeﬁ()]S’“ d State |/c_g

EEB402 Protec‘hon and swncngear
EE8L4 | Power Electronics and Drives
 Loboraiory
EFB6E] Mmroproc essors and
Microcontrollers Laboratory
LEE/01 High Voltage Engineenng
LEE/07 Power Systen Operation and |
C_ontiol
tEa/0% Rencwable Energy Systems
' i L&/ 1T Power Systern Simulation
l Laboratory

CEES/Z 1Y Renewable Fnergy Systens
I Laboratory

KATMI® CLLS

73/180 = 40.55 1470
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Kathir College of Engineering

Approved by AICTE | affiiated to Anna University | accredited by NAAC
“Wisdom Tree”, Avinashi Road, Neelambur, Coimbatore 641062

‘;;u::a; >“"\&.
| CURRUCULAM | 1OTAL %‘ |
COURSE COURSES (% OF TOTAL OF NUMBE |
COMPONENT NUMBER OF | ~~\racT R OF
CREDITS THE HOURS CREDITS
PROGRAM) }[ - *
" OPEN ELECTIVE OANS551 Sensors and Transducers 6/180 = 0.33 | 90 | 4 |
(OF) Omli751 Testing of Materials { I
EE8002 Design of Electrical Apparatus } {
EE8005 Special Elecirical Machines ‘ | ‘
PROFESSIONAL : — \
GE8071 Disaster Management | |
ELECTIVE (PE 18/180 =10 270 | 18
‘} (PE) GE8077 Total Quality Management / 1 '\
MGB8591 Principles of Management ; :
,l EI8073 Biomedical Instrumentation ; l ‘
| EE8412 Technical Seminar ; l
1 EMPLOYABILITY 158581 Professional Communication | ‘
| ENHANCEMENT =0~ 14/180=7.7 | 420 | 14 |
1 EE8811 Project Work ‘ \
. /,/”
[\ %
KATHIR CO E

NEELAMBUR,
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=== Kathir College of Engineering
B \“/ s Approved by AICTE | affiliated to Anna University | acc redited by NAAC
'*;-.;;L “Wisdom Tree", Avinashi Road, Neelambur, Coimbatore 641062
COMPLIANCE OF CURRICULUM AND GAP ANALYSIS
B.E. - UG — 2017 - REGULATION - CBCS
DEPARTMENT OF ELECTRICAL AND ELECTRONICS ENGINEERING
SUMMARY
“s.No.“ SUBJECT | CREDITS AS PER §§:\4'E§fER ~ T creps
| ~ AREA Cln o mo vV il 7_yu| | TOTAL |
1. BS 12 7 4 L 4 f,_;_,i,,”_*__‘ 27
2 HS 47 1
%— j’ | { | ;L____# N
2. ES 19:6\8‘-5\3- 31
f— ! 1 | AA_f_}___,___li‘__,_AL,,__,l 77777 —
3 PC i‘-[S\H}zolMl]o{w 73
a. PE | | | 6 6 b 18
| T 121 | &
s | o IS e
6 EEC ] : 2 o 14
| | | T T | . | aem |
 total | 25 |25 23 25 23 21 22 16 180 |

CHART TITLE
EEC
8%

PRINCIPAL \Xg \ N g
X ATHIR COLLEGE OF ENGINEERING ‘
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Kathir College of Engineering

[Approved by AICTE | Affiliated to Anna University | Accredited by NAAC]

e Wisdom Tree, Neelambur, Avinashi Road, Coimbatore-62

COMPUTER SCIENCE AND ENGINEERING

CIRCULAR
Date: 17.3.2021

This is to inform that the class committee meeting for Il CSE will held

on 19.03.2021 at 230pm to 3.15pm in CSE department. All the Student
representatives are asked to attend the meeting without fail.

‘HoD

Chairperson

Dr. G.Manjula HoD/Civil

Staff Members :
Dr.S.J.K.Jagadeesh Kumar, Prof&Head/CSE %

Ms. K. Saranya, AP/S&H gﬁlf/ﬁ :
Mr.D.Ravi, AsP/CSE (&

g P
Ms.R.S.Ramya, AP/CSE R->
Dr.G.Prabhu kanna, AsP/CSE  (Amlk—-

Ms.S.Dhivya Bharathi, AP/CSE (Pl P
nd AV . ) 'N
Dr.N.Mohana Suganthi, Prof/CSE /Vﬂf uﬁ WM

Dr S.R.Kannan, AsP/S&H foud = F




Date

Chair Person

Class

KATHIR COLLEGE OF ENGINEERING

[Approved by AICTE and affiliated to Anna University]
Wisdom Tree, Avinashi Road,
Neelambur, Coimbatore 641062

Web: www.kathir.ac.in, Email: kathirce@kathir.ac.in

DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
Minutes of Class Committee Meeting
:19.3.2021
: Dr. Manjula HoD/Civil

:I1 CSE(IV sem)

The discussion mainly covers

1. PQT, CA,DBMS,0S,DAA,SE,DBMS Lab, OS Lab, AR&W Syliabus coverage
for CIA1 Examination.

N

Discussed about completion of Lab Experiments.

3. Students were advised strictly to follow the Pandemic Rules and
Regulations.

4. Students were asked to attend the certification programs Through Online

Specific points regarding Teaching -Learning process:

1. More problems and step by step Explanation needed in PQT

2. More SQL queries needed in DBMS.
3. Real time Example & Case Study needed for Software Engineering.



Kathir College of Engineering

[Appe

8]

Sv2C 0y ACTE AHigled to Arng Un verstty  Accredited by NAAC]
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COMPUTER SCIENCE AND ENGINEERING

MINUTES OF CLASS COMMITTEE MEETING DATE: 19.3.2021

Year

Sem: /v
Venue: CSE DEPARTMENT

Time :2.30pm-3.15pm

Meeting No : 01

CHAIR PERSON : Dr.Manjula G HoD/Civil

S.No Name of the Member Signature
Dr.S. K. Jagaodeesh
Kumar, Prof&Head/CSE -
“ Ms. K. Saranya, AP/S&H ) A
ot
2 .
- tr.0.Ravi, AsP/CSE ) VoL .
.D.Ra A ip QJ ,\/k//
Cr.G.Pr oNuU ina ~ |
4  Lrfs.frabhukanna, Yo b
AsSP/CSE DY~
5 Ms.S.Dhivya Bharathi, /[*\ I;
AP/CSE L
¢ Dr.N.Monhana Suganthi, (’_\'%) 1,‘1:‘
Prof/CSE e '
-
" DrS.R.Kannan, AsP/S&H ,,»}‘/cvw,i

11
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—
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Faculty Advisor
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COMPUTER SCIENCE AND ENGINEERING
ACTION TAKEN FOR CLASS COMMITTEE MEETING

1. More tutorial hours planned for PQT

2. Theory and lab topic coordination are planned to follow concurrently for both
data structures and  DBMS lab.

3. Real time examples to be discussed in class for 5E

Ve
N
39/

» 1) 1R \
HoD ‘ Principal

Faculty Advisor
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COURSE INFORMATION
Course Code & Course Title  : MA8402 Probability & Queueing Theory

Academic Year/Sem : 2021-2022 (EVEN)
Offering Semester "

Credits (LTP C) 4004

Course in-charge :Mr. S Saravanan

‘boui the Course & Contents

This course is designed to provide necessary basic concepts in probability, standard
distributions and random processes which are widely applied in random signals, linear
systems in communication engineering and [T fields. The syllabus also covers the concepts

of Markovian and advanced queueing models which are essential to design and analyze
computer networks.

Program Outcomes Addressed

PO Pfrogrcm Outcome

PO1 | Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals, and an engineering specialization to the solution of
complex engineering problems.

PO2 | Problem analysis: Identify, formulate, research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
@ mathematics, natural sciences, and engineering sciences.

PO3 | Design/development of solutions: Design solutions for complex 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.

PO% | Individual and team work: Function effectively as an individual, and as a
member or leader in diverse teams, and in multidisciplinary settings.

PO10| Communication: Communicate effectively on complex 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. B ]
?6]'{ Life-long learning: 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 addressed

- solving technigues.

Course Outcomes
At the end of the course students will have the ability to

PSO Program Specific Outcome
| Design data structures and database management systems with a recurrent
programming language to provide software solutions.
2 | Inthe fields of artificial intelligence, big data, and cloud computing, usée—&ob'iérm ‘

Strength to which POs and PSO are addressed by COs

No. of sessions % of classroom
devoted (Maximum sessions are g:ﬁgfnr:‘e
45 sessions) devoted
0 S0 POI
I I R P02
T Y PO3 |

Course Level PO1 Strength
(3-strong, 2-moderate, 1-
weak)*

Class
co Course Ouicomes POs CL Sessions
|| (approx.)
CO1 | Understand the fundamental knowledge of the PO1, PO2,
concepts of probability and have knowledge of PO12, PSOL, U 12
standard distributions which can describe real life | PSO2
phenomenon. B
CO2 | Understand the basic concepts of one and two PO1,PO2, |
dimensional random variables and apply in 'PO12, PSOT, i U 12
engineering applications. PSO2 |
CQO3 | Apply the concept of random processes in \ PO1 PO2. | i
engineering disciplines. O3 POS. | 12
' POI10, PO12,
| PSO1, PSO2 |
CO4 | Acquire skills in analyzing queueing models. PO1, PO2, | 1
PO3, PO9, |AN 12
PO10, PO12, |
, ) PSOI1, PSO2
COS5 | Understand and characterize phenomenon PO1 PO - .
which evolve with respect to time in @ PO3, POY, U 12
probabilistic manner | PO10, PO12,
PSO1, PSO2
Total Hours of instruction 60

|
1
|



3 o 60 B PO9 2
36 60 PO10 B
60 100 PO12 2
60 100 PSOI 3
36 60 PSO2 2

*Above 70% - Strong (3); 51% to 70% - Moderate (2); 5% to 60% - Weak (1); LT5% - NIL (0)

Course - PO/PSO Mapping

Couse | 1 | 2 |3 /4|5 6 7[8[9]10[11]12 [psO1[Ps02]
MAB402 | 3 | 3 |3]0fofojofof2[1 o2 ]3] 2|
Competencies
At the end of the course the student should be able 1o
‘ Compefency CcO CL Sessions |
(approx.)
c1 | Recalls the theory of probability and random CO] U 6
. : \
variables and illustrate the use of CDFs, PDFs and
PMFs of continuous as well as discrete nature
Apply concepts of Probability to solve problems in | 1
C2 | Electronic Engineering. | cor | A 6
c3 | To make students understand Discrete and ' con | U 6
Continuous Random variables, Random Processes |
and their applications in Electronic Transmissions | |
c4 | To Find functional relationship between random Cco2 | AP 6
inputs and outputs with the use of Random Process | |
Technigues | |
5 | Understand the concept of random processes and CO3 U 6
determine covariance and spectral density of '
stationary random processes. |
cs | Demonstrate the ability to formulate continuous- CO3 U p
time Markov chain models for relevant practical
systems B . ‘ B
To develop mathematical and modeling skills CO4 6
e required for evaluating queueing systems U |
performance |
7;:3 Analysing networks of queuing systems CO4 AU | 6
. Apply and extend queueing models fo analyze T ]
e M}((_agl__v\(orrld systems. COS AP | 6 '
c10 Understand and compgfe quantitative metrics of COs U J 6 ‘J
| performance for queueing systems \ N



co © CouseOucomes -  Target

(Class Average
Marks)

COl Understand the fundamental knowledge of the concepts of
- probability and have knowledge of standard distributions
-~ which can describe reql life henomenon. S
CO2 ' Understand the basic concepts of one and two dimensional

random variables and apply in engineering applications.

70

CO3 | Apply the concept of random processes in
disciplines.

_—

engineering

CO4 AcquifggkﬁléTrTonolyzing quéueing?r?\b_déls‘
w50—5—?ﬁU_rmﬁdérsfc.lnd o_r?dﬂc?h_oroc1erize_p‘heﬁngmenon7WHiéFevolve with
-fespectlo time in o probabiistic manner — 4 @

Assessment Pattern

Assessment Instrument

Percentage Weightage
Continuous Internal Assessment 20%
Semester Eng examination 80%
Confinuous Internal Evaluation (20 marks)
__Assessment Instrument Weightage
| CIE test-1 30% (6 marks)
" CIE test-2 30% (6 marks)
CIE test-3 40% (8 marks) |




f_O

Nmﬁ""

LIST OF DOCUMENTS FOR COURSE FILE

,‘ f’%; Kathir College of Engineering

SI.No ‘ LIST OF DOCUMENTS ]
1 Syllabus (signed by HoD, Principal) '
2 University Question Bank ( 16marks & 2 marks with answers) |
3 Programme Educational Objectives ( PEO’s) and Programme outcomes ( PO’s) \
4 List of students ( signed by Class Advisor, HoD) J
5 Individual Time table ( signed by HoD) 4|
6 Course plan J
7 Lacture notes J
8 Record of class work(singed by HoD) J
9 Internal test | Question papers (covering 1.5 units as per recommended pattern)

10 Sample answer scripts of Internal Test | :-}
bl Mark list of Internal Test | ( signed by Faculty and HoD)

i1, List of slow learners of Internal Test |

13 Corrective action taken report for slow learners ( Assignment, Improvement tests)
14 Mark statement for Anna university web portal entry

15 Internal test Il Question papers (covering next 1.5 units as per recommended pattern)
16 Sample answer scripts of Internal Test |l

17 Mark list of Internal Test Il ( signed by Faculty and HoD)

18 List of slow learners of Internal Test Il

715) Corrective action taken report ( Assignment, Improvement tests)

20 Mark statement for Anna university web portal entry

2l Internal test Ill Question papers (covering remaining 2 units as per the pattern)

22 Sample answer scripts of Internal Test Il

23 Mark list of Internal Test Il ( signed by Faculty and HoD)

24 List of slow learners of Internal Test |l

25 Corrective action taken report ( Assignment, Improvement tests)

26 Mark statement for Anna university web portal entry

27 Consolidated Internal marks statement based on Continuous Assessment
28 Model test Question paper

29 Mark list of Model test

30 End semester exam question paper

31 Question paper Feedback form ( signed by HoD and Principal)

32 Course End Survey

33 CO-PO-PSO attainment sheet(After revaluation results)

o

Faculty In-

Charge

/MECH
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MES8595 THERMAL ENGINEERING - I LTPC
3003

OBJECTIVES:

« To apply the thermodynamic concepts for Nozzles, Boilers, Turbines, and Refrigeration
& Air Conditioning Systems.

e To understand the concept of utilising residual heat in thermal systems.

UNIT | STEAM NOZZLE 9
Types and Shapes of nozzles, Flow of steam through nozzles, Critical pressure ratio, Variation

of mass flow rate with pressure ratio. Effect of friction. Metastable flow.

UNIT I BOILERS 9
Types and comparison. Mountings and Accessories. Fuels - Solid, Liquid and Gas.

Performance calculations, Boiler trial.

UNIT Il STEAM TURBINES 9
Types, Impulse and reaction principles, Velocity diagrams, Work done and efficiency — optimal

operating conditions. Multi-staging, compounding and governing.

UNIT IV COGENERATION AND RESIDUAL HEAT RECOVERY 9
Cogeneration Principles, Cycle Analysis, Applications, Source and utilisation of residual heat.

Heat pipes, Heat pumps, Recuperative and Regenerative heat exchangers. Economic Aspects.
UNITV REFRIGERATION AND AIR — CONDITIONING g

Vapour compression refrigeration cycle, Effect of Superheat and Sub-cooling, Performance
calculations, Working principle of air cycle, vapour absorption system, and Thermoelectric
refrigeration. Air conditioning systems, concept of RSHF, GSHF and ESHF, Cooling load

calculations. Cooling towers — concept and types.

OUTCOMES:

Upon the completion of this course the students will be able to

CO1 Solve problems in Steam Nozzle

CO2 Explain the functioning and features of different types of Boilers and auxiliaries and
calculate performance parameters.

CO3 Explain the flow in steam turbines, draw vsloclty diagrams for steam turbines and solve
problems. f

CO4 Summarize the concept of Cox on, Working features of Pbat pumps and Heat
exchangers B e Vet - Dl e

COS Solve problems using refrigerant table /




KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062 e "'Zm_"
DEPARTMENT OF MECHANICAL ENGINEERING
Academic Year: 2021 - 22 Total no. of students: 13

Class: lll B.E. MECH

-

S.No. Roll No. Register Number Student Name

i 19ME01 711619114001 ASWIN V

2 19ME02 711619114002 CHANDRU G

3 19ME03 711619114003 ILAKKIYA D

4 19ME04 711619114004 JEEVA P

5 19ME07 711619114007 SANTHAKUMAR P

6 19ME08 711619114008 SARANR

7 19ME09 711619114009 UTHAYAKUMAR N

8 19ME10 711619114010 VASANTHA KUMAR M
g 19ME11 711619114011 VISHNUVARTHAN S
10 19ME12 711619114301 NIVEEN
1 19ME13 711619114302 SEENIVASAN
12 19ME14 711619114701 JAGATHESH

19ME15 711619114501 SARAN SK

ﬂ‘ M “STAFF INCHARGE 2] /?/2’)

s

N bl e, -
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KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062

DEPARTMENT OF MECHANICAL ENGINEERING

Attendance Period: From 18.08.2021 to 13.09.2021

Branch :III-MECH  Sem : 05 Period No: 01
Subject Code & Name: MES8595 & THERMAL ENGINEERING - 11
Register Total Hours | Total Hours
S Number ks e Taken Attended
1 711619114001 |ASWIN V 15 14
2 711619114002 |CHANDRU G 15 14
3 711619114003 |ILAKKIYA D 45 13
4 711619114004 |JEEVA P 15 14
5 711619114007 |SANTHAKUMAR P 15 15
6 711619114008 |SARANR 15 15
% 711619114009 |UTHAYAKUMAR N s 14
8 711619114010 |VASANTHA KUMAR M 15 15
9 711619114011 [VISHNUVARTHAN S 15 14
10 711619114301 |NIVEEN 15 14
11 711619114302 |SEENIVASAN 15 15!
12 711619114701 |JAGATHESH i5 1l
711619114501 |SARAN SK 15 12

HWW"“

Faculty In-Charge QA 2y

Principal N
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[Approved by AICTE | Affiliated to Anna University | Accredited by NAAC]
\ XAy Neelambur, Avinashi Road, Coimbatore-42

CONTINUOUS INTERNAL ASSESSMENT - |

Branch MECH Sem. v Date | 04.10.21 | Duration | 90 min
Subject code & Name ME 8595- THERMAL ENGINEERING Ii Max. Marks | 50 |
Course Outcomes: RBT
co1 To apply the thermodynamic concepts of nozzle and to learn its application. [CO]
co2 To utilize the boiler trial for effective performance calculation. [CO]
Understanding (V]
Applying [AP] |
Analysis [AN] li
Part — A (07 x 02 = 14 Marks) : RBT | CO Marks
Answer All Questions
1 | Define coefficient of friction in nozzle. U 1 2
2 | Total enthalpy of stream at the inlet of a nozzle is 2800 kJ while static AN 1 2

enthalpy at the exit is 2555 kJ. What is the steam velocity at the exit

if expansion is isentropic?e

3 | Define the term critical pressure ratio. u 1 2

4 | In a steam nozzle, inlet pressure of superheated steamis 10 bar. The AP 1 2

exit pressure is decreased from 3 bar to 1 bar. The discharge rate

will

5 The subcritical steam generators operate between a pressure U 2 2
ranges of

6 | What is the pressure range between which a marine steam AP I 2 2
generator workse

7 | What is supercritical boiler? u . 2 2

Part - B (02 x 10 = 20 Marks) RBT | CO : Marks
Answer All Questions
8 | Steam approaches a nozzle with velocity of 200 m/s, pressure of 4 | AN | 1 10

(a) | barand dryness fraction 0.98. If the isentropic expansion in the nozzle

proceeds till the pressure of the exit is 1 bar, determine the change




in é'nfh‘olrpri/ and dry}ﬁéss fraction of steam using mollier diagram. Also

calculate the exit velocity of steam from nozzle and area of exit of

the nozzle for flow of 0.8 kg/s.

(OR)

8

' (b)

Dry air steam at 10 baris expanded in a nozzle to 0.4 bar. The throat
area is 7 cm2 and the inlet velocity negligible. Determine the mass

flow and exit area. Assume isentropic flow and take the index n =

1.135 for dry saturated steam.

AN

10

(Q)

A codl fired boiler plant consumes 400 kg of coal per hour. The boiler
evaporates 3,200 kg of water at 45°C into superheated steam at a
pressure of 12 bar and 275°C. If the calorific value of fuel is 32,760

| kJ/kg of coal, determine (i) equivalent evaporation from and at

100°C. (ii) Thermal efficiency of boiler. Specific heat of superheated

steam is 2.1 kJ/kg.K.

AN

10

(OR)

(b)

Describe the working of high pressure boiler with super heaters.

AP

10

Part - C (01 x 16 = 16 Marks)
(To be framed to test Higher Order Thinking skills)

RBT

Cco

Marks

10
(a)

The inlet condition to a steam nozzle are 10 bar and 250°C, the exit
pressure is 2 bar. Assuming isentropic expansion and negligible inlet

velocity. Determine (i) throat area (i) exit velocity and (iii) exit area

of the nozzle.

AN

16

(OR)

10
(b)

Dry saturated steam enters a steam nozzle at pressure of 12bar and
is discharge to a pressure of 1.5bar. If the dryness fraction of a
discharge steam is 0.95. What will be the final velocity of the steam?

Neglecting initial velocity of steam.

AN

16
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: III-MECH

KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062
DEPARTMENT OF MECHANICAL ENGINEERING

Attendance Period: From 14.09.2021 to 07.10.2021

Sem: 05 Period No: 02

Subject Code & Name: ME8595 & THERMAL ENGINEERING - 11

Register Total Hours Total Hours

S. No. Nugnllber Student Name Taken Attended CIA - 1 Marks
il 711619114001 |ASWIN V 15 14 78
2 711619114002 |CHANDRU G 15 15 88
3 711619114003 |ILAKKIYA D 15 13 78
4 711619114004 [JEEVA P 15 14 82
5 711619114007 [SANTHAKUMAR P 15 14 88
6 711619114008 |SARAN R 05 14 88
7 711619114009 |UTHAYAKUMAR N 15 14 84
8 711619114010 |[VASANTHA KUMAR M 15 14 86
9 711619114011 |VISHNUVARTHAN S 15 14 80
10 711619114301 |NIVEEN 15 15 94
11 711619114302 |SEENIVASAN 15 15 90
12 711619114701 [JAGATHESH 15 13 80
i 711619114501 |SARAN SK 15 13 78
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S Kathir College of Engineering
f i P 'z [Approved by AICTE | Affiliated to Anna University | Accredited by NAAC]
:;, ey Neelambur, Avinashi Road, Coimbatore-62
“erome o
CONTINUOUS INTERNAL ASSESSMENT - Il
"Branch | MECH Sem. V_ Date 29.10.21 Duration 90min |
“Subject code & Name ME 8595 THERMAL ENGINEERING I | Max. Marks j 50 |
| l
_Course Outcomes: ' _j__RBI__E
€o2  To utilize the boiler trial for effective performance calculation. [car]
' co3 Explain the flow in 7 steam turbines, draw velocity dragrams for steam turbines and [CO !
s | |
' solve problems. 1 i
' Understanding o
| "Applying *"[ﬁﬂ
f " Analysis !L[AE]J
Part - A (07 x 02 = 14 Marks) " RBT cd ‘Marks
| Answer All Questions
|1 | Define boiler efficiency ui 2 2
| { i i
"2 | What s boiler inspection? U] 2] 2
3 ‘ What is supercritical boiler? U 2 | 2
. 4 & " Define e the term compounding in turbines U 3 2
Nhat are the 3 2

5 | " What are the od_vcnfoges and limitation of velocity compou_hded | AP

* lmpulse turbine?

6 Who'r is the funéhon of governor in steam turbine? U 3 2
7 Whot tis the princ:lp!e of reochon turbine? U 3 2
‘Part - B (02 x 10 = 20 Marks) "RBT | CO | Marks |
Answer All Questions
8 | Acoal al fired .d boiler &Jﬁﬁansumes 400 kg of coal per hour.The boiler | AN | 2 10

|
evaporates 3,200 kg of water at 45°C into superheated steam at a

| pressure of 12 bar and 275°C. If the calorific value of fuel is 32,760

| kJ/kg of coal, determine (i) equivalent evaporation from and at

(0)

:
! 1000C (i) Thermal efficiency of boiler. Specific heat of superheated
i

steam is 2.1 kJ/kg K.

.




(OR) e {
4 | Describe the working of high . P 1
(b) | 9N pressure boiler with super heaters. AP 2 | 10 |
ped Tty |
L9 | The angles at inlet and dis e ‘ 1 1
(@) % forb " discharge of the blading of a 50% reaction | AN | 3 10 1
turbine are 20° ) :
0° and 35° respectively. The speed of rotation is 1600
rma ' , ,
pm and at a particular stage, the mean ring diameter is 0.72 m and
the steam condition is at 1.8 bar, 0.98 dry. Estimate the (a) required
height of blading fo pass 4.2 kg/s of steam and (b) power |
developed by the ring. | - l |
— e S o S r,,‘,_l. ....... I RS S ey
(OR) %
9 | Explain the pressure and velocity compounding diagram of cn‘] AP \ 3 11 0
(o) | multi-stage turbines with sketch. ! % E 11
"~ Part-C (01 x 16 = 16 Marks) o —_7_1§BT(£0 l Marks '
(To be framed to test Higher Order Thinking skills) ! |
10 | The velocity of steam leaving the nozzle of animpulse turbine is 1000 | AN | 3 16
() m/s and the nozzle angle is 20°. The blade velocity is 350 m/s and ; |
the blade velocity of coefficient is 0.85. Assuming no losses due o | 1
shock at inlet calculate for a mass flow of 1.5 kg/s and symmetrical ‘ 1 ‘
blading. Determine (i) Blade inlet angle Driving force on the wheel, 1 . ‘ 1
(ii) Axial thrust in the wheel % 1 |
1
and (iii) Power developed by the turbine. 1 1 | |
(OR)
10 | In animpulse turbine. steam enters the wheel through a nozzle with ,1 AN 1 3 1 16
(b) | a velocity of 350 m/s and an angle of 20° fo the direction of motion i % ‘\
of blade. The blade speed is 250 m/s and exit angle of moving blade ‘i ‘% :
, : ! ;
is 35°. Find the inlet angle of moving blade, exit velocity of steam | ! z
and its direction and work done per kg of steam. 1
L ‘ |

##***********t**#***t*#***t******************
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KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062
DEPARTMENT OF MECHANICAL ENGINEERING

Attendance Period: From 08.10.2021 to 05.11.2021

Branch : [II-MECH Sem: 05

Subject Code & Name: ME8595 & THERMAL ENGINEERING - 11

Period No: 03

S.No. | ReBISTr gy dent Name TatalHours |  Total Hours CIA - 1 Marks
Number Taken Attended
1 711619114001 |ASWIN V 15 14 84
2 711619114002 |CHANDRU G 15 14 86
3 711619114003 |ILAKKIYA D 15 12 56
4 711619114004 |JEEVA P 15 15 54
5 711619114007 |SANTHAKUMAR P 15 14 60
6 711619114008 [SARANR 15 12 60
7 711619114009 |UTHAYAKUMAR N 15 12 62
8 | 711619114010 |[VASANTHA KUMAR M 15 14 82
9 711619114011 [VISHNUVARTHAN S 15 14 76
10 711619114301 |NIVEEN 15 14 84
11 711619114302 |SEENIVASAN 15 14 84
12 711619114701 |JAGATHESH 15 12 60
13 711619114501 [SARAN SK 15 12 62
. W\
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CONTINUOUS INTERNAL ASSESSMENT - 1II

‘Branch | MECH “Sem. V. Date 25.11.21&FN Duration | 90 min
Subject code & Name ME 8595- THERMAL ENGINEERING | | Max. Marks 50
Course Outcomes: i L
CO4 Summarize the concept of Cogeneration, Working features of Heat pumps and Heat [CO]
exchangers

CO5 | Solve problems using refrigerant table / charts and psychrometric charts [CO}
Understanding (U]
Applying [AP]
Analysis [AN]

Part — A (07 x 02 = 14 Marks) RBT | CO| Marks

Answer All Questions

1 | Define cogeneration.

Name the different methods to convert residual heat to power.

Define recuperator.

What is called regenerator?

ol Al WM

| & &1 6 6
(8, =N E-N ~ o
N NN NN

Show the simple vapour compression cycle on pressure enthalpy

diagram.

6 | What is the effect of subcocling of the refrigerant on the AP | 5 2

performance of the vapour compression refrigeration system?

7 | List out the components in the vapour absorption refrigeration u 5 2
system.
Part - B (02 x 10 = 20 Marks) RBT | CO  Marks
Answer All Questions
8 | Explain working features of topping cycle cogeneration withitsneat | AP | 4 10
(a) | sketch.

(OR)




8 EXDIOln the worklng y features of waste recovery boiler. AP | 4 10
) |
9  Draw a neat sketch of a S:i‘r:h'b—l_é_\u/af)"c_imec‘:rbfrhpr'es_s'iah "'refFigerofio'n'_' AP | 5 10
(@) | system and d explain its principle of operation. I A
(OR)
9 ”E'xplcnn with neat sketch prochc_al";\_r'i_ﬁhwnid water vopour r absorbs AP | 5 10
(b) l refrigeration system.
Part-C (01 X 16 =16 Marks) I "RB | EFEWMdr?I?(_
(To be framed to test Higher Order Thinking skills) T o ‘
10 | Describe bottoming cycle cogeneration with neat sketch. AP | 4 l 16 |
o |
C tcjk) e
10 | A vapour compression refrigerator uses methyl chloride (R-40) and AN | 5 16
(b) | operates between temperature limits of -10° C and 45° C. At entry

to the compressor the refrigerant is dry saturated and after
| compression it acquires a temperature of 60° C. Find the C.O.P. of

the refrigerator. The relevant properties of methyl chloride are as

follows:
Saturchion Enihalpy in kiikg Eniropy in kg K
Temperaiure in "€ Liguid Vapour Liquid Vapour
-0 454 4607 0183 1637
45 133.0 4836 0.485 1587

Prepared by

Approved by

ﬁQ&W

(Dr. A.Lalitha Saravanan) H/Z
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KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062

DEPARTMENT OF MECHANICAL ENGINEERING

Attendance Period: From 06.11.2021 to 30.11.2021

oD

Principal

Branch : II-MECH Sem: 05 Period No: 04
Subject Code & Name: ME8595 & THERMAL ENGINEERING - Il
Register Total Hours Total Hours
S.No. S Student Name Fakdn Atbedad CIA - 111 Marks

i 711619114001 [ASWIN V 15 15 90

2 711619114002 |CHANDRU G 15 15 88

5 711619114003 |ILAKKIYA D 15 14 80

4 711619114004 [JEEVA P 15 15 80

5 711619114007 |SANTHAKUMAR P 15 15 80

6 711619114008 |[SARAN R 15 14 80

7 711619114009 |UTHAYAKUMAR N 15 15 80

8 711619114010 |VASANTHA KUMAR M 15 15 83

9 711619114011 |VISHNUVARTHAN S 15 14 80
10 711619114301 [NIVEEN 15 15 84
1) 711619114302 |SEENIVASAN 15 15 90
12 711619114701 |JAGATHESH 15 14 78
13 711619114501 [SARAN SK . 15 14 g8
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KATHIR COLLEGE OF ENGINEERING

COIMBATORE - 641 062

DEPARTMENT OF MECHANICAL ENGINEERING

Attendance Period: From 18.08.2021 to 30.11.2021

Branch : lII-MECH Sem: 05
Subject Code & Name: ME8595 & THERMAL ENGINEERING - 11
S. No. :?:gr:: s;::: Student Name To'tra;liieonurs T:::::::;s Attendance Percentage
1 711619114001 |ASWIN V 60 57 95.00%
2 711619114002 |CHANDRU G 60 58 96.67%
3 711619114003 |ILAKKIYA D 60 52 86.67%
4 711619114004 |JEEVA P 60 58 96.67%
5 711619114007 [SANTHAKUMAR P 60 58 96.67%
6 711619114008 [SARANR 60 55 91.67%
7 711619114009 |UTHAYAKUMAR N 60 55 91.67%
8 711619114010 |[VASANTHA KUMAR M 60 58 96.67%
9 711619114011 |VISHNUVARTHAN S 60 56 93.33%
10 711619114301 |NIVEEN 60 58 96.67%
11 711619114302 |SEENIVASAN 60 59 98.33%
12 711619114701 |JAGATHESH 60 50 83.33%
13 711619114501 51 85.00%
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Reg,. No.:

Question Paper Code : 40836

B.E./B.Tech. DEGREE EXAMINATIONS, NOVEMBER/DECEMBER 2021.
Fifth/Seventh Semester

Mechanical Engineering
ME 8595 — THERMAL ENGINEERING — II
[Common to Mechanical Engineering (Sandwich)]

(Regulations 2017)
Time : Three hours Maximum : 100 marks

Answer ALL questions.

PART A — (10 x 2 = 20 marks)
1. What is the function of divergent nozzle?
2.  What are the major effects of friction in nozzle?
3.  What are the disadvantages of solid fuels?
4.  What is the significance of factor of evaporation in boilers?

5. How does pressure and velocity change as the flow proceeds though the runner

of the impulse turbine?
6.  What is meant by diagram efficiency?
7.  List the benefits of waste heat recovery.

8. Differentiate a recuperative heat exchanger from g regenerative heat

exchanger.
9.  What is the basic working principle of vapour compression refrigeration cycle?

10. What is GSHF?



11.

12.

13.

(a)

(b)

(a)

(b)

(a)

PARTB—(5x13=65 marks)

(1) Explain various types of nozzles. ®)

(i1) Describe the flow of steam through nozzles and hence deduce the

expression for a critical pressure ratio. ®
Or
(1)  Explain the supersaturated flow in nozzles and their effects. (5)

(i) A convergent-divergent nozzle is required to discharge 350 kg of
steam per hour. The nozzle is supplied with steam at 8.5 bar and

90% dry and discharges against a back pressure of 0.4 bar.
Neglecting the effect of friction, find the throat and exit diameters.

)

()  Briefly explain the working of a water-tube boiler and list their
merits and demerits. (5)

(i) Compare the boiler mountings with accessories and give one
examples for each. (4+4)

Or
The following data was obtained in a steam boiler trial :

Feed water supplied per hour 690 kg at 28°C, steam produced 0.97 dry at
8 bar, coal fired per hour 91 kg of calorific value 27,200 kJ/kg, ash and
unburnt coal collected from beneath the fire bars 75 kg/hour of calorific
value 2760 kd/kg, mass of flue gases per kg of coal burnt 173 kg,
temperature of flue gases 325°C, room temperature 17°C, and the specific
heat of the flue gases 1026 kJ/kg K.

Estimate the boiler efficiency, the percentage heat carried away by the
flue gases, the percentage heat loss in ashes, and the percentage heat
loss unaccounted for.

(i)  Mention the differences between Impulse and Reaction Turbines,

)
(i) Derive the value of blade speed ratio for maximum efficiency of
impulse turbine. (8)

Or

(b) Describe the various methods of compounding with suitable diagrams

(13)

40836
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14.

15.

16.

(a)

(b)

(a)

(b)

(a)

(1)  Explain the various sources of waste heat and their quality. (5)
(1)) Explain the advantages and disadvantages of various co-generation
systems. (8)

Or
(1)  Explain the functioning of heat pipes. (6)

(1) Describe the working of Fixed Bed Regenerators and Rotary Bed
Regenerators. (8)

A cold storage plant is required to store 20 tonnes of fish. The fish is
supplied at a temperature of 30°C. The specific heat of fish above freezing
point is 2.93 kdJ/kg K. The specific heat of fish below freezing point 1s
1.26 kd/kg K. The fish is stored in colds storage which is maintained at
—8°C. The freezing point of fish is —4°C. The latent heat of fish 1is
235 kJ/kg. If the plant requires 75 kW to drive it.

Assume actual C.O.P. of the plant as 0.3 of the Carnot C.O.P.

(1)  Find the capacity of the plant. (5)
(i) Calculate the time taken to achieve cooling. 8)
Or

(i) Explain the working of Thermoelectric cooling with its merits and
demerits. B)

(i) List different parts of a cooling tower and their function and hence
explain the working of natural and forced draught cooling towers.

(8)
PART C — (1 x 15 = 15 marks)
Consider a Parson’s stage with a rotor (at mid-height of blades) diameter

of 1.2 m, operating at a speed of 3000 rpm, with the steam entry angle of
steam be 20°.

Steam enters the stator at 12 bar, 300°C and an isentropic enthalpy drop
of 50 kJ/kg is chosen per row of blades. The isentropic efficiency of each
row is assumed as 0.84.

() Plot the process of expansion in the turbine on the h-s diagram and

find the pressure at the exit of stator and rotor. (8)
(i) Draw the combined velocity triangles and label all the components
of the velocity and ﬂnd the specific work delivered. (7)
Or
3
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(b)  The following are the Cogeneration Gas turbine Parameters :
Capacity of gas turbine generator: 4000 kW
Plant operating hours per annum 8000 hrs.
Plant load factor : 90%
Heat rate as per standard given by gas.turbine supplier : 3049.77 kCal / kWh
Waste heat boiler parameters — unfired steam output: 10 TPH
Steam temperature :200°C
Steam pressure :8.5 kg /cm?2,
Steam enthalpy :676.44 kCal / kg.
Fuel used : Natural gas
Calorific value — LCV :9500 kCal/ 5m3
Price of gas : Rs. 3000/1000 Sm?
Capital investment for total co-generation plant : Rs. 1300 Lakhs
Plant Load Factor (PLF) : 90%
Estimate the cost of fuel per annum and cost of power per kWh.(15)
Take 1 kCal = 4.2 kd.
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Survey Questionnaire- ME8595-Thermal Engineering-I1

Name of the student : (optional)
Register Number : (optional)

Course Code & Name : MEB8595-Thermal Engineering-11
Semester : 05

Name of the faculty handled : Dr. A.Lalitha saravanan

1. Can you able to understand the basic concept of Thermal Engineering —I1?
[0 Yes, definitely O Yes, doubtful 0 No, doubtful [0 No, definitely

2. Can you able to design nozzle and components?
[0 Exemplary 0 Very Good 0 Good [0 Moderate

3. Can you able to understand the function of nozzle in power plant?
[ Yes, definitely [0 Yes, doubtful [0 No, doubtful [J No, definitely

4.Can you able to understand and classify differentiate various types of boilers?
[0 Yes, definitely [0 Yes, doubtful [0 No, doubtful [ No, definitely

5. Rate your capability in designing and capacity of boiler
[0 Exemplary 0 Very Good 0 Good [0 Moderate

6. Whether faculty uses Teaching aids like LCD, Animated videos, Models, etc?
[0 Strongly agree [ Agree [0 Neutral [0 Disagree

7. The evaluation method used in this course were fair and appropriate

[1 Strongly agree I Agree [0 Neutral [1 Disagree

8. There was close agreement between the course outcome and what was actually
covered

[0 Strongly agree [0 Agree [0 Neutral [0 Disagree

9. The learning of the course has educated me to solve socio-economic issue related to
mechanical engineering

[0 Strongly agree [1 Agree [0 Neutral [ Disagree

10. What Changes can be made to improve the course content?




Survey Questionnaire- ME8595-Thermal Engineering-II

Name of the student : (optional)
Register Number : (optional)

Course Code & Name : ME8595-Thermal Engineering-11
Semester : 05

Name of the faculty handled : Dr. A.Lalitha saravanan

1. Can you able to understand the basic concept of Thermal Engineering —11?
D/Yes, definitely O Yes, doubtful 0 No, doubtful [ No, definitely

2. Can you able to design nozzle and components?
O Exemplary O} Very Good O Good O Moderate

3. Can you able to understand the function of nozzle in power plant?
@/ Yes, definitely [0 Yes, doubtful (O No, doubtful [0 No, definitely

4.Can you able to understand and classify differentiate various types of boilers?
EJ/YeS, definitely [0 Yes, doubtful [0 No, doubtful [ No, definitely

5. Rate your capability in designing and capacity of boiler
O Exemplary U~ Very Good O Good O Moderate

6. Whether faculty uses Teaching aids like LCD, Animated videos, Models, etc?
O Strongly agree (&~ Agree O Neutral O Disagree

7. The evaluation method used in this course were fair and appropriate

C}/ Strongly agree [0 Agree O Neutral O Disagree

8. There was close agreement between the course outcome and what was actually
covered

D/ Strongly agree [0 Agree 0 Neutral O Disagree

9. The learning of the course has educated me to solve socio-economic issue related to
mechanical engineering

\D/ Strongly agree [0 Agree O Neutral O Disagree

10. What Changes can be made to improve the course content?
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* Cycle Analysis, Applications,

* Source and utilization of waste heat Systems,

» Heat exchangers, Economic Analysis.

generation of multiple forms of useful energy (usually

mechanical and thermal) in a single, integrated system.

» Cogeneration systems are also called as CHP-
Combined Heat and Power Cycle. Also
Tri-generation Cycle ( Combined Power, Heat and
Cooling)

The type of equipment that drives the overall system (i.e. the prime
mover) typicaeﬁly identifies the CHP system. Prime movers for CHP
systems include reciprocating engines, combustion or gas turbines, steam
turbines, micro-turbines, and fuel cells. These prime movers are capable
of burning a variety of fuels, including natural gas, coal, oil, and
alternative fuels to produce shaft power or mechanical energy.

*  Although mechanical energy from the prime mover is most often used to
drive a generator to produce electricity, it can also be used to drive
rotating equipment such as compressors, pumps, and fans.

*  Thermal energy from the system can be used in direct process applications

or indirectly to produce steam, hot water, hot air for drying, or chilled

water for process cooling.

Conventional Power Plant
35% Efficient
Waste Heat
Combined Cycle Plant
With neration
70% Efficient
Viaste Heat
Energy Electricity
Into
Plant uw
(Fuel) Heating
Steam

36 Units

Conventional Generation (. Gombln:d h":;':'d’"""’
(58% Overall Efficiency) i enorgy from a single fuel
Combined Heat & Power
(85% Overall Efficiency)
s
2
b ..
-m a @
T vy £ Qo
1 =85% =
2
6 Units 10 Units
(Losses) (Losses)




Lower emissions to the environment, in particular of CO2, the main

greenhouse gas

* In some cases, biomass fuels and some waste materials such as
refinery gases, process or agricultural waste are used. These
substances which serve as fuels for cogeneration schemes, increases
the cost-effectiveness and reduces the need for waste disposal

e Large cost savings, providing additional competitiveness for
industrial and commercial users while offering affordable heat for
domestic users also

* An opportunity to move towards more decentralized forms of
electricity generation, where plants are designed to meet the needs
of local consumers, providing high efficiency, avoiding transmission
losses and increasing flexibility in system use. This will particularly
be the case if natural gas is the energy carrier

T |

+ Micro-cogeneration means below 50 kWe;
+ Small-scale cogeneration means below 1 MWe.
+ Power to heat ratio (P/H):

+ the ratio between electricity from cogeneration and useful
heat when operating in full cogeneration mode

Gas

Hot Water Electricity

Chilled Water

HP Steam
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Combined cycle gas turbine with heat recovery
Steam backpressure turbine
Steam condensing extraction turbine
» Gas turbine with heat recovery
» Internal combustion engine
Micro turbines

Sterling engines

Steam engines

» Hydro electric power cogener:
ORC

Fuel cells

» Nuclear power cogeneration

0 in general production. Po eneration using
steam turbines has been in use for about 100 years, when they
replaced reciprocating steam engines due to their higher efficiencies
and lower costs.

* The capacity of steam turbines can range from 50 kW to several
hundred MWs for large utility power plants.

» Steam turbines are widely used for combined heat and power (CHP)
applications.

* The two types of steam turbines most widely used are the back
pressure and the extraction condensing types. The choice between
back pressure turbine and extraction-condensing turbine depends
mainly on the quantities of power and heat, quality of heat, and
economic factors.

atmospheric

Advantages:

- Simple configuration

- Low capital cost

- Low need of cooling water
- High total efficiency

Disadvantages:
- Larger steam turbine
- Electrical load and output can not be matched

|
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ntermediate stage.

» Remaining steam is exhausted.

Condensate

»>Relatively high capital cost, lower total
efficiency.

<D

» Control of electrical power independent of
[ thermal load

Q

Exhaust
Gases

herie a1r comnreqced heat Condensate
* excess power used to produce power el §
Stean to
Process

* Natural gas is most common fuel Fud

\\ ‘Combustor
* IMW to 100 MW range

» Rapid developments in recent years

Compressor Tusbine

» Two types: open and closed cycle

Figure 4. Open Cycle Gas Turbine Cogeneration

e

increased pressure to combustor.
*Old/small units: 15:1 New/large units: 30:1
*Exhaust gas at 450-600 °C

*High pressure steam produced: can drive steam

turbine Em

Process

) [ (O




does not cause corrosion or erosion

 Any fuel, nuclear or solar energy can be used

20/12/2021

* Many advantages: operation, efficiency, fuel
costs

 Used as direct mechanical drives

¢ Four sources of usable waste heat

e

Table 1. Typical pe) (adapted from: California Energy
Ci ission. 1982)
Prime Mover in [ Nominal Electrical Efficiencies, %
Cogeneration Range Generation
Package (Electrical) | Heat Rate (keal

/kWh Electrical Thermal | Ovemll

Conversion | Recovery | Cogeneration

Smaller 10 — 500 | 2650 - 6300 20-32 30 74-82
Reciprocating kW
Engines
Larger 500 — 3000 | 2400 - 3275 26-36 50 76-86
Reciprocating kw
Engines
Dicsel Engines 10-3000 KW | 2770- 3775 2538 50 7388
Smaller Gas | 800-10000 | 2770-3525 24-31 30 74-81
Turbines kW
Targer Gas | [0-20 MW | 2770-3275 3631 50 7881
Turbines
Steam Turbines 10-100 MW | 25205040 17-34 Z

according to the sequence of energy use and

the operating schemes adopted.
* On this basis cogeneration systems can be

classified as either a topping or a bottoming

cycle.

produce power and then thermal energy, which is

the by-product of the cycle and is used to satisfy
process heat or other thermal requirements.
* Topping cycle cogeneration is widely used and is the

most popular method of cogeneration.

e

e



Table 2. Four types of topping cycle cogeneration systems (pictures from Department of}
Energy. Australia)

Combined-cycle
system

A gas turbine or diesel engine
producing electrical or
mechanical power followed by
a heat recovery boiler to creare
steam to drive a secondary
steam turbine.

topping

Steam-turbine topping system
The second rtype of system
burns fuel (any type) to produce
high-pressure steam that then
passes through a steam turbine
to produce power with the
exhaust provides low-pressure
process stean.

—

FUEL ELECTRICITY

A. STEAM GENERATOR/STEAM TURBINE

THERMAL EFFICIENCY = 65 + 15 = B80%
HEAT TO POWER RATIO = 65/15 = 4.3

PROCESS HEAT

PROCESS USE

DISTRICT HEAT
COOLING
100%,
—_—
FUEL GENERATOR ELECTRICITY
AR E 59 5 y@
STEAM % 4 l
GENERATOR AUX. POWER
STEAM & LOSSES

TURBINE

recovery boiler and a turbine generator.

* Bottoming cycles are suitable for manufacturing
processes that require heat at high temperature in
furnaces and kilns, and reject heat at significantly high
temperatures.

* Typical areas of application include cement, steel,
ceramic, gas and petrochemical industries. Bottoming

cycle plants are much less common than topping cycle
plants

. |
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Heat recovery topping system
This type employs heat
recovery from an engine
exhaust and/or jacket cooling
system flowing fto a heat
recovery Dboiler. where it is
converted to process steam / hot
water for further use.

Gas turbine topping system

A natural gas turbine drives a
generator. The exhaust gas goes
to a heat recovery boiler that
makes process steam and
process heat.

100% FuUEL

THERMAL EFFICIENCY = 50 + 28 = 78%
HEAT TO POWER RATIO = 50/28 = 1

HEAT RECOVERY
STEAM GENERATOR

B. GAS TURBINE/HRSG

50%

DISTRICT

Project battery imits

COMBUSTER EXHAUST PROCESS | CoOLING
STEAM
AIR J-I—
G”ﬁqm ELECTRICITY
AT
5% 28% |
0% power
COMPRESSOR TURBINE & LOSSES

| Quench tover and Future S0
| dust chamber scrubber
/  Boiler bypass Economiser i
/ Tubine | Aremator Copoopeato
/ 71 Eectosttic |

precipitator ,

PROCESS USE

HEAT




~ PROCESS HEAT

TON - ANALYSIS

—= ELECTRICITY

Example # !

HRSG/STEAM

HEAT TO POWER RATIO

STEAM
CONDENSER
HEAT
RECOVERY
STEAM
GENERATOR

TURBINE

HEAT TO PROCESS
50%

THERMAL EFFICIENCY = 50 +

A
Sieaw & LOSSES

TURBINE
1= g%
S50/ = 45
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- ELECTRICITY — PROCESS ——= ELECTRICITY

Example #4_

GAS TURBINE /HRSG/STEAM TURBINE
THERMAL EFFICIENCY = 28 + 15 +14 = 57%
HEAT 10 POWER RATIO = 15/(28 + 14) = 0.36

STEAM

CONDENSER \]/
3 |
i

COOLING WATER MEDILM

STEAM
GENERATORLLS TACK

GENERATOR

SUPPLIMENTARY FUEL (opt.)

1%
AUX, POWER
& LOSSES

STEAN
TURBINE
EXHAUST GAS

100% ruer
COMBUSTER:

Lupar & L0SSES

FOR HEAT NT FOR
LY ION ONLY
Solid fuels Hard coal/coke 0.88 solid fuels Hard coal/coke 0.442
Peat 0.86 Peat 0.390
Wood fuels 0.86 Wood fuels 0.330
Oil, LPG 0.89 Oil, LPG 0.442
Biofuels 0.89 Biofuels 0.442
Natural gas 0.9 Natural gas 0.525
Biogas 0.7 Biogas 0.420
OMICALLY RATION
Data Centers Nursing Homes ¢ Improved Reliability.(Avoiding business disruptions)
Colleges & Universities Office Buildings < 50% less CO, emissions.(Monetizing Environmental benefits)
Ethanol/ Bio - fuel Process Plants ~ Large Multi-Family Apartments - -
= < Up to 80% energy efficient.(Reducing Fuel use
Food Processing Plants Refrigerated Warehouses ’ Lo ( y :
Hospi tals Restaurants % Removes requirement for back-up diesels (Conserve Natural Resources)
Hotels Supermarkets % Can uplift Green Star ratings by 1-2 stars.
Ice Arenas {hicares % Usually cost-effective.
Greenhouses

Chemicals, Pulp & Paper,
Fabricated Metals, Plastics

Wastewater Treatment Facilities

< Support Grid Infrastructure
<»Fewer T&D Constraints
«»Defer Costly Grid Upgrades
«+Price Stability
< Facilitates Deployment of New Clean Energy Technologies




Performance Terms & Definitions
*  Overall Plant Heat Rate (kCal/kWh):

M, = Mass Flow Rate of Steam (kg/hr)

h; = Enthalpy of Steam (kCal/kg)

h,, = Enthalpy of Feed Water (kCal/kg)
*  Overall Plant Fuel Rate (kg/kWh)

Steam Turbine Performance
+ Steam turbine efficiency (%):

20/12/2021

Gas Turbine Performance

» Overall gas turbine efficiency (%) (turbine
compressor):

Heat Recovery Steam Generator (HRSG) Performance

+ Heat recovery steam generator efficiency (%):

Ms = Steam Generated (kg/hr)

hs = Enthalpy of Steam (kCal/kg)

hw = Enthalpy of Feed Water (kCal/kg)

Mf = Mass flow of Flue Gas (kg/hr)

t-in = Inlet Temperature of Flue Gas ("C)
t-out = Outlet Temperature of Flue Gas (°C)
Maux = Auxiliary Fuel Consumption (kg/hr)

+ Keep condenser vacuum at optimum value

* Keep steam temperature and pressure at optimum value

* Avoid part load operation and starting & stoppingGas Turbine
Cogeneration System

Gas turbine — manage the following parameters
* Gas temperature and pressure

 Part load operation and starting & stopping
» Temperature of hot gas and exhaust gas

* Mass flow through gas turbine

* Air pressure

environment even though it could still be reused for some useful and

economic purpose. The essential quality of heat is not the amount but
rather its “value”. The strategy of how to recover this heat depends in
part on the temperature of the waste heat gases and the economics
involved.

Large quantity of hot flue gases is generated from Boilers, Kilns,
Ovens and Furnaces. If some of this waste heat could be recovered, a
considerable amount of primary fuel could be saved. The energy lost

in waste gases cannot be fully recovered.

to high temperature waste gases from an industrial furnace or
kiln. Usually higher the temperature, higher the quality and
more cost effective is the heat recovery.

In any study of waste heat recovery, it is absolutely necessary
that there should be some use for the recovered heat. Typical
examples of use would be preheating of combustion air, space
heating, or pre-heating boiler feed water or process water.

With high temperature heat recovery, a cascade system of]
waste heat recovery may be practiced to ensure that the
maximum amount of heat is recovered at the highest potential.




In any heat recovery situation it is essential to know the amount of heat recoverable and
also how it can be used. An example of the availability of waste heat is given below:

[Heat recovery from heat treatment furnace

[0 a heat treatment furnace, the exhaust gases are leaving the furnace at 900°C at the
bate of 2100 m*/hour. The total Leat recoverable at 180°C final exhaust can be
calculated as

Q= VxpxCyx AT

‘Where,

Q is the heat content in kCal

V is the flow rate of the substance in m%/hr

p is density of the flue gas in kg/m?

C, is the specific heat of the substance in kCal/kg °C
AT is the temperature difference in °C

TABLE 8.1 WASTE SOURCE AND QUALITY
S.No. Source Quality
Heat in flue gases. The higher the temperamure. the greater the
potential value for heat recovery
2. Heat in vapour streams. As above but when condensed. latent heat also
recoverable.
3 Convective and radiant hear | Low grade — if collected may be used for space
lost  from  exterior  of | heating or air preheats.
equipment
4. Heat losses in cooling water. | Low grade — useful gains if heat 1s exchanged
with incoming fresh water.
5. Heat losses in  providing | a) High grade if it can be utilized to reduce
chilled water or in the| demand for refrigeration.
disposal of chilled water. b) Low grade if refrigeration unit used as a form
of heat pump.
6. Heat stored in  products | Quality depends upon temperature.
leaving the process
7. Heat in gaseous and liquid | Poor if heavily contaminated and thus requiring
-1
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Heat available (Q)=2100x 1.19 x 0.24 x (900-180) = 4,31,827 kCal/hr

By installing a recuperator, this heat can be recovered to pre-heat the combustion air. The
ful savings would be 33% ((@ 1% fuel redution for every 22°C reduction n temperature
of flue gas.

Temperature | Waste Heat Source Characteristics Commercial Waste Heat to
Classif Power Technologies
High * Furnaces  High quality heat * Waste heat boilers and
(>1,200°F) —Steel electricarc * High heat transfer steam turbines
—Steel heating * High power-generation
—Basic oxygen efficiencies
— Aluminum reverberatory  Chemical and mechanical
~Copper reverberatory contaminants
~Nickel refining
—Copper refining
—Glass melting
# Iron cupolas
* Coke ovens
 Fume incinerators
* Hydrogen plants

TABLE 8.2 TYPICAL WASTE HEAT TEMPERATURE AT HIGH
TEMPERATURE RANGE FROM VARIOUS SOURCES Temperature | Waste Heat Source Characteristics et Heatig

Types of Device Temperature, °C Uasilcston Poer Technologes
Medium # Prime mover exhaust streams | » Medium power-generation * Waste heat boilers and

Nickel refining furnace 1370 1650 (500-1,200F) | -Gas turbine efficiencies steam turbines (>500°F)

"Aluminium refining furnace 650-760 ~Reciprocating engine  Chemical and mechanical # Organic Rankine cycle

7i finns furs 760-1100 * Heat-treating furnaces contaminants {some streams (<800°F)

Cl:[:p: ;]:E]:inn ﬁill:;ce 760- 315 * Ovens such as cement kilns) o Kalina cycle (<1,000°F)

- 815 i

Steel heating furnaces 925-1050 _E;:;?é

Copper reverberatory furnace 900-1100 ~Curing

Open hearth furnace 650-700 o Cement kins

Cement kiln (Dry process) 620- 730 '

Glass melting furnace 1000-1550

Hydrogen plants 650-1000

Solid waste incinerators 650-1000

Fume incinerators 650-1450
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TABLE 8.3 TYPICAL WASTE HEAT TEMPERATURE AT Temperature | Waste Heat Source Characteristics Commercial Waste Heat to

MEDIUM TEMPERATURE RANGE FROM VARIOUS SOURCES xtiion e
5 s Low * Bailers ® Energy contained in numerous * Organic Rankine cycle

TV[JE of D evice Tempel ature, ’c (<500°°F)  Ethylene furnaces small sources (>300°F gaseous streams,
Steam boiler exhausts 230-480 o Stean condenite o Low power-generation >175°F liguid streams)
Gas turbine exhausts 370-540 * Cooling Water efficiencies o Kalina cycle (>200%F)
Reciprocating engine exhausts 315-600 ~Furnace doors * Recovery of combustion streams
Reciprocating engine exhausts (turbo charged) 230- 370 ~Annealing furnaces :;’:::d ‘f“:;:;:‘r‘: dﬂ‘;’g;’x“
Heat treating furnaces 425 - 650 :ﬁ':r:i’r’lz‘:m" lsoof
Drying _and baking ovens 230 - 600 ~Refrigeration condensers
Catalytic crackers 425 - 650 * Low-temperature ovens
Annealing furnace cooling systems 425 -650 # Hot process liguids or solids

TABLE 8.4 TYPICAL WASTE HEAT TEMPERATURE AT LOW
TEMPERATURE RANGE FROM VARIOUS SOURCES
Source Temperature, o
Process steam condensate 55-88
Cooling water from:
Fumace doors 32-55
Bearings 32-88
Welding machines 32-88
Injection molding machines 32-88
Annealing furnaces 66-230
Fonning dies 27-88
Alr compressors 27-50
Pumps 27-88
Internal combustion engines 66-120
Air conditioning and refri 1 d 3243
Liquid still cond 32-88
Drying. baking and curing ovens 93-230
| Hot processed liquids 32-232
. Hot processed solids 93-232 -

Inletair from atmosphere

* The heat exchange takes

place between the

flue gases and the  air

through metallic or
ceramic walls

* Duct or tubes carry
the air for combustion 2 Centro tubo plate
to be pfeheated,'the G \ orobestedair
other side contains l
the waste heat stream Tuneplate

a)

b,

=

Direct Benefits:

Recovery of waste heat has a direct effect on the efficiency of the process. This is
reflected by reduction in the utility consumption & costs. and process cost.

Indirect Benefits:

Reduction in pollution: A number of toxic combustible wastes such as carbon
monoxide gas. sour gas. carbon black off gases. oil sludge. Acrylonitrile and other

plastic chemicals ete. rel g to ph if/'when bumt in the incinerators
serves dual purpose 1.e. recovers heat and reds the envi 1 polluty
levels.

Reduction in equipment sizes: Waste heat recovery reduces the fuel
consumption, which leads to reduction in the flue gas produced. This results in
reduction in equipment sizes of all flue gas handling equipments such as fans.
stacks. ducts. burners. etc.

Reduction in auxiliary energy consumption: Reduction in equipment sizes
gives additional benefits in the form of reduction in auxiliary energy consumption
like electricity for fans. pumps ete..

The simplest configuration of a
recuperator and consists of two
concentric lengths of metal tubing

_ OUTLET

* Less fuel is burned for a given
furnace loading. reduced stack
losses

* Asubstantial portion of the heat
transfer takes place by radiative
heat transfer




The hot gases are carried through ’
a number of parallel small '
diameter tubes

The tubes can be baffled to allow

the gas to pass over them again

Baffling increases the effectiveness
of heat exchange, although the
costs are higher for the exchanger

operation on the gas side to 1550 °C and on
the preheated air side to 815 °C in order to
overcome the temperature limitations of metal
recuperators,

* New designs are reported to last two years
with air preheat temperatures as high as 700
C, with lower leakage rates

A sizable porous disk
that rotates between two
side-by-side ducts

Transter
Efficiency.
Upto75%

Usually in low to medium
temperature waste heat e
recovery systems

The overall efficiency of
sensible heat transfer can
be as high as 85 %

For maximum effectiveness of
heat transfer, combinations of
radiation and convective
designs are used

* These are more expensive than
simple metallic radiation
recuperators, but less bulky

Large capacities has been
very widely used in glass
and steel melting furnaces

« In a regenerator, the time
between the reversals is an
important aspect

* Heat transfer is reduced by
the accumulation of dust
and slagging on surfaces,
heat losses from the walls
etc

Can transfer up to 100
times more thermal energy
than copper

Three elements:

a sealed container

a capillary wick structure
a nanofluid

Applied thermal energy to
the external surface is in
equilibrium with its own
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Cooled {\Waste Gas

e
—
(HH

had

El
=
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ormance and advantage

« The heat pipe exchanger (HPHE) is a lightweight compact
heat recovery system

« Virtually does not need mechanical maintenance, nor input
power for its operation and is free from  cooling ~ water  and
lubrication systems

« It lowers the fan horsepower requirement and increases the

overall thermal efficiency of the  system

» Capable of operating at 315 °C with 60% to 80% heat
recovery capability

20/12/2021

« Process to space heating
- Transfers thermal energy from process
building heating

exhaust for

* Process to process
- Transfer recovered waste thermal energy from  the
process to the incoming process air

* HVAC applications
- Cooling and heating by recovering thermal

*  For every 60 °C rise in feed water
temp. through an economizer, or ‘ 5 water inlet
200 °C rise in combustion air = f - (o
temp. through an air pre-heater, & 7 i
there is 1% saving of fuel in the { 2
boiler R
e coils

« To improve heat transfer the plates are
corrugated

*  When the directions of hot and cold
fluids are opposite, the arrangement is
counter current

« Used when the medium containing waste heat is a

liquid or a vapor that

heats another liquid

« The shell contains the tube bundle, and
usually internal baffles to  direct the fluid
«In this application, the vapor is alf

invariably contained within the shell

transferred to the colder via
an  intermediate  fluid
known as the heat transfer
fluid

Transfer Efficioncy
Up To 0%

*  One coil is installed in the
hot stream while the other
is in the cold stream

11
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STEAMOUT  COOLED WASTE
¢=ﬁ GASOUT

* A water tube boiler in
which hot exhaust gases

pass over parallel tubes . Outdonr aus|
with water e J’L ﬂ_
WATER TUBES

+  Waste heat boilers are [ o -
built in capacities from i l ]
25 m3 almost 30,000 m3
/min of exhaust gas | Pttt
Coaticiant of Periormace 2 ana Up
HOT WASTE GAS. :
(WASTE HEAT STREAM)

« Usually, it is feasible to compress low-pressure steam by very high-
temperatures pressure steam and reuse it as a medium pressure steam

 Thermo compressor has a nozzle where HP steam  is accelerated into

v Have the ability to upgrade heat to a value more a high velocity fluid.

than twice that of the energy consumed by the
device

DISCHARGE
1AM

MP,

v Heat pump applications are most promising when
both the heating and cooling capabilities can be
used in combination

SUCTION STEAM
e

Cp = 1kCal/kg ‘C
AT = (75-20)°C = 55°C
m =Heat Recovery Factor = 58% or 0.58

« Discharge of the waste water is 10000 kg/hr at 75°C
« Preheat 10000 kg/hr of cold inlet water of 20°C

* A heat recovery factor of 58%
* An operation of 5000 hours per year

The annual heat saving (Q) is:

GCV of Oil = 10,200 kCal/kg
Equivalent Oil Savings = 159500000 /10200 = 156372 L

C £ )il 0351

12
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O To get fluid streams to the right temperature for the next
process reactions often require feeds at high temp.

O To condense vapours

O To evaporate liquids

0 To recover heat to use elsewhere
O To reject low-grade heat

O To drive a power cycle

U Most heat exchangers have two streams, kot and cold, but
some have more than two

which flow simultaneously through the —~g—
exchanger transferring heat between
the streams

O Regenerative
Has a single flow path which the hot =P =
and cold fluids alternately pass
through.

or by channel size

0 Conventional exchangers (shell and tube) have channel
size of 10 to 30 mm giving about 100m?/m?

O Plate-type exchangers have typically Smm channel size
with more than 200m?*/m?

U More compact types available

0 However, most have a number of tubes
in the outer tube - can have very many
tubes thus becoming a shell-and-tube

13



O Made up of flat plates (parting sheets) and corrugated sheets
which form fins

QO Brazed by heating in vacuum furnace

tube may add further resistance to heat transfer in addition
to those listed above. Such deposits are termed fouling
and may significantly affect heat exchanger performance.
O Scaling is the most common form of fouling and is
associated with inverse solubility salts. Examples of such
salts are CaCO,;, CaSO,, Ca;(PO,), CaSiO;, Ca(OH),,
Mg(OH),, MgSiO,, Na,SO,, LiSO,, and Li,CO;.

Q Corrosion fouling is classified as a chemical reaction
which involves the heat exchanger tubes. Many metals,
copper and aluminum being specific examples, form

20/12/2021

series
B ———
uA (ua), (ua),
7 7
=== Ric +R, + 4 Ry

UA ™ (mm,A), mA) " hn,A),  (nA),

Q 4 is wall total surface area on hot or cold
side

O R ;s fouling factor (m?K/W)
Q 7, is overall surface efficiency (if finned)

|

adherent oxide coatings which serve to passivity the surface

the heat exchanger tubes. When food products are involved
this may be termed scorching but a wide range of organic
materials are subject to similar problems.

Q Freezing fouling is said to occur when a portion of the hot
stream is cooled to near the freezing point for one of its
components. This is most notable in refineries where
paraffin frequently solidifies from petroleum products at
various stages in the refining process, obstructing both flow
and heat transfer.

O Biological fouling is common where untreated water is
used as a coolant stream. Problems range from algae or other

14



m°K/Watt
Seawater and treated boiler feedwater (below 50°C) 0.0001
Seawater and treated boiler feedwater (above 50°C) 0.0002
River water (below 50°C) 0.0002-0.001
Fuel Oil 0.0009
Regrigerating liquids 0.0002
Steam (non-oil bearing) 0.0001
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T T
- T Parallel Flow : li ChIETH L
1

£

= T, E

5 T
= 8

8 &

o |

=1 b i t

= i
Position
Position

End | End2 End 1 End 2

Counterflow Parallel flow

Note7,,, canbe<T,,,

T's. cannot cross

Integrate 1 — 2

ln(nz_Td]:UA( : - : ]
T, =T, n.c,  1,C,

Total heat transfer rate
0=1i,6,(T,, ~T,,) and Q=ric (T, ~T,,)

m = mass flow rate of fluid
¢ = specific heat
Rate Equation
do = Uda (T, - T,) (2)
Now from (1)  dT, = =do dr, = — 40
m,c, m.c,
d(r, - 1.)= ao[ - 1)

AT,=T,,~-T, END2
AT, —AT; }
In(AT, /AT;)
0 =UA(LMTD)
LMTD is Log Mean Temperature Difference

Q'=UA|:

* Remember — 1 and 2 are ends, not fluids

¢ Same formula for parallel flow (but AT’s are different)

15
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multiple tubes within a single heat exchanger.
atf] QO With multiple tubes it is possible to arrange to flow so that
\,ﬂ: " one region will be in parallel and another portion in counter
1 ——

End 1 End2

End | End2

Evaporator

Condenser

Jﬁm[ 1-P }

1-R-P

D! 2 q]
multipass heat exchangers. Normal practice is to calculate the LMTD for 2-PR+1-vR2 +1
counter flow, LMTD,, and to apply a correction factor, Fy, such that (R —l)ln

2-P[R+1++/R2+1

A8, = Fy - LMTD . 1= XN
of — T o Effectiveness: P=———~—, forR #1

R — X shell
O The correction factors, Fy, can be found theoretically and presented
in analytical form. The equation given below has been shown to be

accurate for any arrangement having 2, 4, 6, .....,2n tube passes per P =—P° , forR =1 P = =6 P-R-1
shell pass to within 2%. Ny =P, '(Nshen —1) o -T1 —, X= o
Capacity ratio R = ——2
| | = Lb-4 |

inlet conditions ? A

: O — -
[Define effectiveness: ¢ ==

‘max

where Qmaxis for an infinitely long H.Ex.

One fluid AT - AT, =T,,, 1.,
aind since Q = (ritc,, )AT, = (ric, AT, AT,
=C,AT, = C,AT,
then only the fluid with lesserof C,,,C,, 5:==— 5
heat capacityrate canhave AT, oo
end 1 end 2

[

16
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Evaporator, condensor
-

‘Want expression for € which does not contain outlet T's
Substitute back into Q = UA(LMTD) .........

-UA Coin
1-exp| 1——min
CE ...

eE=
C. -UA C.
1——mnexp| ——| 1—-—mn
C C.. C

‘max ‘min

* NTU,,, can be obtained from figures in textbooks/handbooks

First, however, we must determine which fluid has C_;,

OLUTION  Steam is condensed by cooling water in the condenser of 2 power

cooling water from a nearby lake, which enters o THIS bt i B I R L CRE

the tubes of the condenser at 14°C and leaves Assumptions 1 Steacy operaing conditions exst. 2 The heat exchanget s well
o . 2 insulated 5o that et losst the suroundings is negiiieand thus e ians-

at 22°C. The surface area of the tub.es 1s.45 m?, e ot s el et 0 e i, Chgs

and the overall heat transfer coefficient is 2100 in ﬁm ;r; Men;;lﬁmism fuid steams are neglighl. 4 There is
2.0 1 no uid pro are constant.

W/m .C. Determine the mass flow rate of Pgetes T et of vuztion o vl 20 5 , = 2431 g

the cooling water needed and the rate of and the specic eatof cold water t the average tenperature of 18° i

- . C,= 4184 Ihg. °C (TbleA9)
condensation of the steam in the condenser.

17



ys! condenser is given in . The con-
denser can be treated as a counter-flow heat exchanger since the temperature
of one of the fluids (the steam) remains constant.

The temperature difference between the steam and the cooling water at the
two ends of the condenser is

AT, =T} = T, ou = (30 = 22)°C = 8°C
ATy =T} oy — T o= (30 — 14°C = 16°C

That is, the temperature difference between the two fluids varies from 8°C at
one end to 16°C at the other. The proper average temperature difference be-
tween the two fluids is the ‘mean (not the
arithmetic), which is determined from

AT, —AT, _ 5-16

AT =i @AT/ATy) _In@ie) '15°C

This is a little less than the arithmetic mean temperature difference of
%(: + 16) = 12°C. Then the heat transfer rate in the condenser is determined

-é- UA, AT, = (2100 W/ni® - °C)45 mK11.5°C) = LOST x 10° W = 1087 kW -

1.2 kg/s. The heating is to be accomplished by
geothermal water available at 160°C at a mass
flow rate of 2 kg/s. The inner tube is thin-
walled and has a diameter of 1.5 cm. If the
overall heat transfer coefficient of the heat
exchanger is 640 W/m? - °C, determine the
length of the heat exchanger required to
achieve the desired heating.

The schematic of the heat exchanger is given in Figure 13-20. The
mmnwtamhlnumheaunmwnanmmmm

0= 1R CH T — Tin)lwmer = (1.2 kp/s)(4.18 kl/kg - “CH80 — 20)°C = 301 kW

‘Noting that all of this heat is supplied by the geothermal water, the outiet
the water is be.

0 = (T~ Tou s — 1...-7.—,&%_

= 160°C —
= 125°C
Knowing the inlet and outiet temperatures ot both fiuids, the Iummmx: mean
for this
ATy =T, 4 — T o = (160 — 80)°C = 80°C
AT = Ty = T, = (125 — 20)°C = 105°C

301 kW
@ Eg)E31 KWikg °C)

and
AT, — AT, _ 80— 105
AT = M AT/ATy ~ In G109~ 20°C
Then the surface area of the heat exchanger is determined to be

o - 301,000 W s

0=UAAT. —+ A=
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his is a little less than the arithmetic mean temperature difference of
8 + 16) = 12°C. Then the heat transfer rate in the condenser is determined

0 = UA, AT, = (2100 W/ne - °C)4S m*Y11.5°C) = LOKT x 10° W = 10S7 kW

Therefore, the steam will lose heat at a rate of 1,087 kW as it flows through the
condenser, and the cooling water will gain practically all of it, since the con-
denser is well insulated.

The mass fiow rate of the rate of th
steam are determined from @ = (th,[T,. b= r,,,n,_,l_~ lrhn,,]._bo be

g v = E 7, T
1.087kJls
" @iBRg OB =TT e

and

 Therefore, we need to circulate about 72 kg of cooling water for each 1 kg of

-m' to remove the d: th Dfocus.-

SOLUTION  Water is heated in & counter-flow double-pipe heat exchanger by
- geothermal water, The required length of the heat exchanger s to be determined,
‘Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well
nsulated sn that heat foss to the Suroundings is negligible and thus heattrans-
far from the hot fuid is equal to the heat transfer to the cold fluid. 3 Changes
in the Kinetic and potential energles of fluid sireams e negligible. 4 There is
o fouling. 5 Fluid properties are constant.

Praperties We take the specific heats of water and geathermal fuid to be 4.18
and 431 kg - °C, respectively.

]nwminﬁmmnneatummmemmemhmm tube must be

_ Sm?
B e E F005m

=108m

Discussion The inner tube of this counter-flow heat exchanger (and thus the
heat exchanger itself) needs to be over 100 m long to achieve the desired heat
transfer, which is impractical. In cases like this, we need to use a plate heat
exchanger or a multipass shell-and-tube heat exchanger with multiple passes of
tube bundies.
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tubes ‘at 80°C and leaves at 40°C The total length
of the tubes in the heat exchanger is 60 m. The
convection heat transfer coefficient is 25 W/m2°C
on the glycerin (shell) side and 160 W/m2 - °C on
the water (tube) side. Determine the rate of heat
transfer in the heat exchanger (a) before any
fouling occurs and (b) after fouling with a fouling
factor of 0.0006 m2 - °C/ W occurs on the outer
surfaces of the tubes.

OLUTION ~ Glycerin is heated In a 2-shell passes and 4-tube passes heat
hanger by ot water, The rate of heat transfer far the cases of fouling and no
iing are to be determined.

AR 2The hest exthanger is well

i is ths heat trans-

mmmmmmmwmm;mnmwunm 3 Cnangss in the

kinetic and . & Heat transfer co-

»fficients and fouling factors are constant and uniform, 5 The thermal resis-

tance of the inner tubs is negligibie since the tube s thin-walled and ighly

conductive.

Analysis The tubes are said to be thin-walled, and thus It iS feasonable to.

assume the inner and outer surface areas of the tubes to be equal. Then the

heat transter surface area becomes.

A, = DL = =(0.02 m)60 m) = 3.77 m?
The rate of heat transfer in this heat exchanger can be determined from
0= UAF AT, oy

where Fis the correction factor and ATjs, r i the log mean temperature differ-
BAce for the counter-flow amangement. These two quantities are determined
from

ATy = Ty — T = (80 = S0YC = 0°C

AL=T = (40 — 20Y°C = 20°C

AT AT, 30-20
T

Ay = =-AUTC

compact cross-flow water:

heat exchanger with
both fluids (air and water) unmixed. The radiator has 40
tubes of internal diameter 0.5 cm and length 65 cm in a
closely spaced plate-finned matrix. Hot water enters the
tubes at 90°C at a rate of 0.6 kg/s and leaves at 65°C.
Air flows across the radiator through the interfin spaces
and is heated from 20°C to 40°C. Determine the overall
heat transfer coefficient Ui of this radiator based on the
inner surface area of the tubes.

F =091 13-188)
i T 1200
e =
ta) In the case of no Touling, the overail heat transfer coeflicient 1/ is deter-
mined from
u.ll_l-*-emww.-’c

%Th THwWe T BWimt T
Then the rate of heat ranster becomes

0 = UAF ATy = (21,6 Wi - *CH3.TTRFHOI1QAT'C) = 1830 W

!b:mnmh!mhummmlkwxu!:u.lmm}hﬂmmd—
ficient
!
T
E-rt-rn, —.—'mw” T T Wi C T 00006 O W
=213 W T

The rate of haat transfer in this case becomes.
O = UA,F AT, oy = (213 Whn - SCHATT miK0.91)24.7°C) = 1805 W
Discussion Note that e rate Of haat fransfer dscreases 2 3 result of fouling.

‘oxpected. The decrease is not dramatic, however, becalise of the relatively
-ht«we:m heat transfer cosfficients involved. _

SOLUTION During an experiment involving an automotive radiator, the inlet
‘and exit temperatures of watier and ir 2nd the mass flow rate of wter are mea-
‘sure, The overell heat ranster coefficient based on the fnner surate aea sto
be determined.

Assumpions 1 Steady opetating conditions exist. 2 Changes in the Kinetic
and potential energies of fluid streams are negligible, 3 Fluid properties are
constant,

20/12/2021
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The specific heat of water at the average temperature of (90 + 65)/
= 77.5°C is 4.195 kl/kg - °C.

s The rate of heat transfer in this radiator from the hot water to the air
determined from an energy balance on water fiow,
0O =[Gy (T — o) ler = (0.6 kg/5)(4.195 klikg - °CHO0 — 65)°C = 62.93 kW
The tube-side heat transfer area is the total surface area of the tubes, and is
determined from

A; = awD;L = (40)w(0.005 m)0.65 m) = 0.408 m*
Knowing the rate of heat transfer and the surface area, the overall heat transfer
coefficient can be determined from

L
AFATG o
where F is the correction factor and AT, cr is the log mean temperature differ-
ance for the counter-fiow These two are found to be

0= UAFATq — U=

ATy = Ty — T = (90 — 40)°C = 50°C
ATy =T, oy — T 1o = (65 — 20°C = 45°C

- AT =oh=lh | S0-45 _ ;e -

20/12/2021

20
@ F=097  (Fig 13-180)

Substituting, the overall heat transfer coefficient U s determined to be
v @ 690w
{ AFAT.c (0,408 m3)(0.97)47.6°C)

Note that the overall heat transfer coefficient on the air side will be much lower
because of the large surface area involved on that side.

= 3341 Wim*- °C

is heated by a hot water stream that enters the
heat exchanger at 70°C at a rate of 2 kg/s.
Assuming the specific heat of water to remain
constant at Cp =4.18 kJ/kg°C, determine the
maximum heat transfer rate and the outlet
temperatures of the cold and the hot water
streams for this limiting case.

UTION Cold and hot water streams enter a heat exchanger at specified

iperatures and flow rates. The maximum rate of heat transfer in the heat ex-
changer is o be determined.
Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well
insulated so that heat loss to the surroundings is negligible and thus heat trans-
fer from the hot fluid is equal to heat transfer to the cold fluid. 3 Changes in the
kinetic and potential energies of fluid streams are negligible. 4 Heat transfer co-
efficients and fouling factors are constant and uniform. 5 The thermal resis-
tance of the inner tube is negligible since the tube is thin-walled and highly
conductive.
Properties The specific heat of water is given to be C, = 4.18 kl/kg - °C.
Analysis A schematic of the heat exchanger is given in Figure 13-24. The heat
capacity rates of the hot and cold fluids are determined from

Gy = 1inyCpa = 2 kgls)4.18 Kikg - °C) = 8.36 kW/°C
and

€. = i C, = B kg/s)4.18 Kilkg - °C) = 334 kWPC

_

Cpia = G, = 836 KWIC
which is the smaller of the two heat capacity rates. Then the maximum heat
transfer rate is determined from Eq. 13-32 to be
G = CoaTi i — T
= (836 KW/CHT0 — 10)°C
= 502 kW

That is, the maximum possible heat transfer rate in this heat exchanger is

502 kW. This value would be approached in a counter-fiow heat exchanger with

a very large heat transfer surface area.
The i i

in this heat 5 AT =
Thin — Te.in = (70 — 10)°C = 60°C. Therefore, the hot water cannot be cooled
by more than 60°C (to 10°C) in this heat exchanger, and the cold water cannot
be heated by more than 60°C (to 70°C), no matter what we do. The outlet tem-
\peratures of the coid and the hot streams in this limiting case are determined
o be

% F4aawrc = C

502 kW
B3SKWFC

Q=CUT. o, —T..) — 1;_-=1;,_+g--=m'c+ Lt

@=GMu-—Tie) — Tom=Ton—o=T0C— - wc
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The heating is to be accomplished by geothermal
water available at 160°C at a mass flow rate of 2
kg/s. The inner tube is thin-walled and has a
diameter of 1.5 cm. If the overall heat transfer
coefficient of the heat exchanger is 640 W/m? -
°C, determine the length of the heat exchanger
required to achieve the desired heating using NTU
method.

That is, the maximum possible heat transfer rate in this heat exchanger is
'702.8 kW. The actual rate of heat transfer in the heat exchanger is

Q= (G Ty = Tl ey = (1.2 kef)(.18 kg - “C)(80 — 20)°C= 301.0 kW
of the heat s
@ _301.0kw

-

O TO2SEW

|
\Thus, the

= 0428

Knowing the effectiveness, the NTU of this counter-fiow heat exchanger can be
determined from Figure 13-26b or the appropriate relation from Table 13-5.
We choose the latter approach for greater accuracy:

iy e—1\__ 1 0428 — 1
S c—l"'(ac—l) u.sss—n'“(mzaxusxa—

Then the heat transfer surface area becomes

= UA, gNTUC,_- =e((II.GSI)(.'»D‘H)\VI“:)
{o55 A U 640 Wim? - °C

=
7) = oest

=511 m?

To provide this much heat transfer surface area, the length of the tube must be
A, 511m?

A=mDL — L=—p— s = 08 m

LUTION  Hot il is to be cooled by water in a heat exchanger. The mass fiow

k 2nd the inlet temperatures are given. The rate of heat transfer and the out-

“let temperatures are to be determined. oil
1 Steady operati ions exist. 2 The heat exchanger iswell | '0C | 03k

Insulated so that heat loss to the surroundings is negligible and thus heat trans-

‘fer from the hot fluid is equal to the heat transfer to the cold fluid. 3 The thick-

ness of the tube is negligible since it is thin-walled. 4 Changes in the kinetic

and potential energies of fluid streams are negligible. 5 The overall heat trans-
fer coefficient is constant and uniform.

Analysis The schematic of the heat exchanger is given in Figure 13-30, The
outiet temperatures are not specified, and they cannot be from an
energy balance. The use of the LMTD method in this case will involve tedious
fterations, and thus the s-NTU method is indicated. The first step in the &-NTU
method is to determine the heat capacity rates of the hot and cold fluids and
identify the smaller one:

20/12/2021

s In the effectivel m , we etermine
rates of the hot and cold fluids and identify the smaller one:
Cy=myCpy = (2 kg/sH4.31 Kiikg - °C) = 8.62 kW/°C
C. = mC,. = (1.2 kg/s)(4.18 klkg - °C) = 5.02kWrC

Therefore,
Cpia = C. = 5.02kWPC
and
€= Cpiy/Cpy = 5.0UB.62 = 0.583
Then the maximum heat transfer rate is determined from Eq. 13-32 to be
O =Cilfin— T
= (5.02 kW/°CX160 — 20)°C
= 7028 kW

thin-walled and are made of copper with an
internal diameter of 1.4 cm. The length of each
tube pass in the heat exchanger is 5 m, and the
overall heat transfer coefficient is 310 W/m2 °C.
Water flows through the tubes at a rate of 0.2 kg/s,
and the oil through the shell at a rate of 0.3 kg/s.
The water and the oil enter at temperatures of
20°C and 150°C, respectively. Determine the rate
of heat transfer in the heat exchanger and the
outlet temperatures of the water and the oil.

Gy = G = (0.3 kgfs)(2.13 klfkg - °C) = 0,639 kWFC
C. = i Coc = (02 kg/s)4.18 KIfkg - °C) = 0.836 kWFC

- Therefore,
Conin = Gy = 0.639kWI°C
and
Cou 0639
G T 0.764

Then the maximum heat transfer rate is determined from Eq. 13-32 to be
Qo = CoTia — T
= (0.639 kW/C)150 — 20)°C = 83.1 kW

That is, the maximum possible heat transfer rate in this heat exchanger is 83.1
kW. The heat fransfer surface area is

A, = n(mDL) = 8m(0.014 m}{(5m) = 1.76 m”
Then the NTU of this heat exchanger becomes
UA, _ (310 Wim? - “C)(1.76 )

NTU = =———5wrc—— = 0853
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e i of this heat nger to ¢ = 0.764 and
NTU = 0.853 is determined from Figure 13-26¢ to be

&=047

We could aiso determine the effectiveness. from the third relation in Table 13-4
'more accurately but with more [abor. Then the actual rate of heat transter
becomes

0 = e0., = OATHES1 KW) = 30.1 kW
Finally, the outlet temperatures of the cold and the hot fluid streams are deter-
mined to be
Q= Clleoa—Tow) — Toou= 1'“+%

= 30.1KW
m+0.ﬁ5kwl'c 66.8°C
0= ClTaia=Tawd — Tawa= Tu.“%
39.1 kW
- ISB“wa—I&l"C

Therefore, the temperature of the cooling water will rise from 20°C to 66.8°C as-
it coots the hot oil from 150°C to 88.8°C in this heat exchanger.

20/12/2021
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ME 8595-THERMAL ENGINEERING II
UNIT- V REFRIGERATION AND AIR
CONDITIONING

—

e The term refrigeration may be defined as the process of

removing heat from a substance under controlled conditions. It
also includes the process of reducing and maintaining the
temperature of a body below the general temperature of its

surroundings.

* In other words, the refrigeration means a continued extraction of]

heat from a body whose temperature is already below

temperature of its surroundings.

e

* Both refrigerator and air conditioning are the names varied

depends on applications.

¢ In refrigeration's : The temperature of the conditioned space

is only parameter is to be considered.

* In Air Conditioning: There are totally three parameters are
controlled .

— Temperature
— Humidity
— Air Velocity

20/12/2021

* Vapour compression Refrigeration cycle :Superheat, Sub cooling,

Performance calculations,

* Working of vapour absorption system, Air cycle refrigeration, Thermo

electric refrigeration,

¢ Psychrometry and Psychrometric properties, Psychrometric chart,

Instrumentation,
* Cooling load calculations and circulating systems,
* Concept of RSHF, GSHF and ESHF,

* Air conditioning systems.

T —

Ways of producing of refrigeration effect:

* By Melting of Solid
* By Sublimation of Solid
* By Evaporation of a Liquid

Most of the commercial refrigeration is produced by the

evaporation of liquid called refrigerant.

| APPLICATIONS OF REFRIGERATION AND ATR |

CONDITIONING

The major applications of refrigeration can be grouped into
following four major equally important areas.
1. Food processing, preservation and distribution

2. Chemical and process industries

W

Special Applications

4. Comfort air-conditioning
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| Applicaion of refvigeration in food processing, | | Applications of refrigeration in chemical and process |

: 1 disteibugi induste

 Storage of Raw Fruits and Vegetables .
* Separation of gases

* Meat and poul
cat and poultry * Condensation of Gases

* Dairy Products ( Milk and Ice creams) Dehumidificati £A;
* Dehumidification of Air

* Beverages ( Production of Beer, Wine etc) Solidificati £ Solut
* Solidification of Solute

* Processing and distribution of frozen food L.
* Storage as liquid at low pressure

* Removal of Heat of Reaction

|||

Industrial air conditioning:

¢ Cold Treatment of Metals

Laboratories, Printing,
¢ Medical

Manufacture of Precision Parts, Textile Industry,
« Ice Skating Rinks ( Ice Skating Hockey Game)

Pharmaceutical Industries, Computer Rooms, Power
* Desalination of Water ( Sea water into Drinking Water)

Plants, Vehicle .Air-conditioning.
* Ice Manufacture

Comfort Air-Conditioning

W Heat Pump and Refrigerator

_
* Ice refrigeration _ o,
* Air Refrigeration . COF = W,
* Vapour Compression Refrigeration (VCR) System sl foase
* Vapour Absorption Refrigeration (VAR) System COP,p = ,QH
* Adsorption Refrigeration System B - deimloipa W et
 Cascade Refrigeration System @ o e reietion (N it
« Steam Jet Refrigeration System L A Y
+ Thermoelectric Refrigeration System ia ‘(

» Vortex tube Refrigeration System

COLD
eligested
spuce

COLD
caviromne

* Magnetic Refrigeration System and Etc

() Refrigerator (53 Heat pump.




Reversed Carnot Refrigeration Cycle

LA

Condenser

Turbine Compressor

Ton of Refrigeration (TR): Ton of Refrigeration (abbreviated as TR) is

an important historical unit of refrigeration capacity. Originally 1 TR
was defined as the rate of heat transfer required to make 1 short ton
(2000 Ibs) of ice per day from water at 0°C. American Society of]
Heating, Refrigerating and Air conditioning Engineers (ASHRAE)
defines 1 TR as equivalent to a refrigeration capacity of 3516.85 W or
3023.95 kcal/h. Tons of Refrigeration or simply Tons is often used as
a general term to indicate the capacity or size of the refrigeration
plant. Thus 1 TR air conditioner has a refrigeration capacity of

3516.85 W at the prescribed temperatures.

L= Basic Vapour-Compression
Refrigeration System
=N Evaporator
il

i
AR,

Air entering passenger
compartment is cooled

T4 vossin

——

f
| Suction line
‘I ‘

g
Liquid Receiver

i)
-
i)
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Reversed Carnot Refrigeration Cycle

Reversing the Carnot cycle does reverse the directions of heat
and work interactions. A refrigerator or heat pump that operates
on the reversed Carnot cycle is called a Carnot refrigerator or a
Carnot heat pump.

* The reversed Carnot cycle is the most efficient refrigeration
cycle operating between two specified temperature levels. It sets
the highest theoretical COP. The coefficient of performance for
Carnot refrigerators and heat pumps are:

COF, : COP, :

Re f .Carnot TH / TL o 1 HP Carnot 1 » TL / TH

COP,, = COP, +1

apmor Compresion Reteigerarion (VO Sveers |

* Vapour compression refrigeration systems are the most commonly
used among all refrigeration systems.

*  Vapour compression cycle is an improved type of air refrigeration
cycle in which a suitable working substance, termed as refrigerant, is
used. The refrigerant used, does not leave the system, but is circulated
throughout the system alternately condensing and evaporating. In
evaporating, the refrigerant absorbs its latent heat from the solution
which is used for circulating it around the cold chamber and in
condensing; it gives out its latent heat to the circulating water of the

cooler.

Compressor

The low pressure and temperature vapour refrigerant from evaporator is drawn
into the compressor through the inlet or suction valve, where it is compressed to
a high pressure and temperature. This high pressure and temperature vapour
refrigerant is discharged into the condenser through the delivery or discharge
valve .

Condenser

The condenser or cooler consists of coils of pipe in which the high pressure and
temperature vapour refrigerant is cooled and condensed.

The refrigerant, while passing through the condenser, gives up its latent heat to
the surrounding condensing medium which is normally air or water.

Receiver

The condensed liquid refrigerant from the condenser is stored in a vessel known
as receiver from where it is supplied to the evaporator through the expansion
valve or refrigerant control valve.




Expansion Valve

 Itis also called throttle valve or refrigerant control valve. The function
of the expansion valve is to allow the liquid refrigerant under high
pressure and temperature to pass at a controlled rate after reducing its
pressure and temperature. Some of the liquid refrigerant evaporates as
it passes through the expansion valve, but the greater portion is
vaporized in the evaporator at the low pressure and temperature.

Evaporator

* An evaporator consists of coils of pipe in which the liquid-vapour.
refrigerant at low pressure and temperature is evaporated and changed
into vapour refrigerant at low pressure and temperature. In
evaporating, the liquid vapour refrigerant absorbs its latent heat of]
vaporization from the medium (air, water or brine) which is to be
cooled.

3-4: An irreversible throttling process in which the temperature and pressure decrease at
constant enthalpy. The refrigerant enters the evaporator at state 4 as a low-quality
saturated mixture. h3=h4

4-1: An internally, reversible, constant pressure heat interaction in which the refrigerant
(two-phase mixture) is evaporated to a saturated vapor at state point 1. The latent
enthalpy necessary for evaporation is supplied by the refrigerated space surrounding
the evaporator. The amount of heat transferred to the working fluid in the evaporator

Qe=h1—-h4

is called the refrigeration load.

Super Heating
Sub Cooling

Suction Pressure

AW N =

. Discharge Pressure
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1-2: A reversible, adiabatic (isentropic) compression of the refrigerant. The
saturated vapor at state 1 is superheated to state 2. We=h2 - hl
2-3: An internally, reversible, constant pressure heat rejection in which the working

substance is de-superheated and then condensed to a saturated liquid at 3.

During this process, the working substance rejects most of its energy to the

condenser cooling water. Oc=h2-h3

COP of VCR System

cop = Heat extracted at low-

Work supplied
h;—h, h; —hg
CcoP = =
B COMPRESOR c h,—h; h,—hy
% aa
1 20°C
FLUID TO % w COOLING
BE COOLED EVAPORATOR CONDENSE! WATER
(-30°C) (35%C)
0%
st EXPANSION VALVE
A |5 D
Effects of Suction Vapour Super Heating
Steaper Isentropic  Fatter Isentropic
i | o COP of the system
— r » L—;-— gets reduced
A 174

P —Al=H -1
fo=t t

It can be seen from Figure ,that the effect of superheating of the vapour
from t1=t1 to t1’is as follows :

(a) Increase in specific volume of suction vapour from v1 to v1’

(b) Increase in refrigerating effect from (h1 — h4) to (h1’ - h4)

(c) Increase in specific work from (h2 — h1) to (h2’- h1’)




—
Effects of Sub Cooling

COP of the system
should increased

* The effect of sub-cooling of the liquid from t3 to t3” is shown in Figure. It
will be seen that sub-cooling reduces flashing of the liquid during expansion
and increases the refrigerating effect. Consequently, the piston displacement

and horsepower per ton are reduced for all refrigerants.

e |
Effects of Discharge (Condensation) Pressure

* An increase in
condenser pressure,
similarly results in a
decrease in the
refrigerating  capacity
and an increase in
power consumption, as
seen from the changed
cycle in Figure.

The decrease in refrigerating capacity is due to a decrease in the refrigerating
effect and volumetric efficiency. The increase in power consumption is due to
increased mass flow (due to decreased refrigerating effect) and an increase in
specific work (due to increased pressure ratio), although the isentropic line
remains unchanged.

PERFORMANCE CALCULATIONS

1.The temperature limits of an ammonia
refrigerating system are 25°C and -100°C. If
the gas is dry at the end of compression,
calculate the coefficient of performance of, the
cycle assuming no undercooling of the liquid
ammonia. Use the following table for
properties of ammonia:

Temperature (C) Liquid heal (klfkg} Latent heat (ki/kg) Liguid entropy (kikg K
35 289 16694 Li42
=10 . 13537 1297.68 0.5445
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It is observed that a decrease in evaporator pressure results in :

Effects of Suction (Evaporation) Pressure

Decrease in refrigerating effect from (h1 —h4) to (h1’ —h4”)
Increase in the specific volume of suction vapour from v1 to v1’
Decrease in volumetric efficiency, due to increase in the pressure
ratio, from ', to "\,

Increase in compressor work from (h2 —hl) to (h2’—h1’) due to
increase in the pressure ratio

PERFORMANCE CALCULATIONS

Solution. Given : T,=T,=25C = 28 K ; T,=T,=-10°C = 263 K ; h,=h,
=2989Kikg; by, = 116694 kikg; = LI41Ag K;  hy = 13537 kg
hyy = 129768 KIkg: 5y = 0.5443 kikg K

The T-s and p-h diagrams are shown in Fig. 36.4 (a) and (b) respectively.

Let x, = Dryness fraction at point |,

We know that entropy at point 1,

X E’; x, % 1297.68
5=n+ 'rl Lo 05443 4 %

= 05443 +4.934 x, i)
Similarly, entropy at point 2,

=5M i)

h,
5= s,,+-£l =1 I242+“§§:‘
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PERFORMANCE CALCULATIONS

Since the entropy at point | is equal to enwropy at point 2, therefore equating equations ()
and (i),
05843 4934, = S04 or x, = 091

(ul T diagraim 10 diagram,

Fig. 364
We know that enthalpy al point 1,
By = By by, = 13537 4091 X 197,68 = 131626 k)kg
and enthalpy atpoint2, By = byt = 29B9 - 116694 = 146584 k/kg
= Coefficient of performance of the cycle

Ll 131626 - 2989
=Mk | _131626-2989
=k, " 146584- 131626  OF An

|
PERFORMANCE CALCULATIONS

2.A vapour compression refrigerator works
between the pressure limits of 60 bar and 25
bar. The working fluid is just dry at the end of
compression and there is no under cooling of
the liquid before the expansion valve.
Determine: 1.C.O.P. of the cycle; and 2.
Capacity of the refrigerator if the fluid flow is
at the rate of 5 kg/min.

Pressure, Sawration Enihalpy, kifkg Entropy, kg K
L e ST Vapour Liquid Vapour
) 295 619 2081 0197 om
P 261 -84 25 -0075 059%

T
PERFORMANCE CALCULATIONS

Solution. Given : p, = py = 60bar; p; = p, = 2bar; T, = T, = 295K T} = T,
= 261 K; hymh, =619KIAg; hy =~ 184 KIAKg : ho=hy = 2081 KIKg ; by, = 2345 Kiikg ;
*5,=0.197KIkg K ; 5, =~ 007S KIkg K : 5, = 0896 KIAg K ;5,0 =5,=0.703 kikg K
I. C.O.P.of the cycle

The T-5 and p-h diagrams are shown in Fig. 36.5 (a) and () respeciively.

Let x, = Dryness fraction of the vapour refrigerant entering the compressor at point 1.

We know that entropy at point 1 (s,)
= Entropy at point 2 (s,)
S S =5
Jﬂ+x.(l,|-t’!)=.\"2 P 1“=;n+|‘..ﬂ,|'l=,‘)
~ 0075 +x, [0.896~( -0075)] = 0.703
0971x, = 0.778 or x; = 08

PERFORMANCE CALCULATIONS

Il s
% -

Iy

A i A ermapy —m
w2 Ts ingam. B phesgran.
Fig. 363
We know that crthalpy t poit 1,
= Bybry by = Rty By =hg) o = By 1R
= 184408 (2345 - (- IBA)] = 1833 King
£ COP.ofthe cycle ':IT—:I: < BIoelS | o pue
L Capoity of the refrigerator ’
We o refrigerating - -
bk m 1809619 = 122

s —
= $x122 = 610Kimin
- Capacityof therefrgersr = S10 = 29 TR Ans. LG 1TR = 210Kimin)

T
PERFORMANCE CALCULATIONS

3.Find the theoretical C.O.P. for a CO, ,machine
working between the temperature range of
25°C and -5°C. The dryness fraction of CO,,
gas during the Suction stroke is 0.6. Following
properties of CO, are given

= Liquid Vapour
o Endhalpy Entropy Enthalpy Eniropy Latent et
klkg king K kIikg kg K il
2 813 0251 026 061 1214
& 754 -0042 237 08¢ 2453

T
PERFORMANCE CALCULATIONS

Solution. Given : T,=7,=25°C =98 K ; T, =T,=-5°C = 268 K : x, = 06 ;
hy =Aﬁ=8!.3klftg;hﬁ =h”= - 7.Sdkfflg::n=ﬂ,lil kIkg K5, =~ 0042kVkgK ;) =2026
KIkg ; *hy' = 3T kikg ; *sy =063 kINg K *s" =084 kIkg K : 2= 1214klkg ; "'fx\ =253
klg

‘The T-sand p-h diagrams are shown in Fig. 36.7 (a) and (b) respectively.
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5 06x2453
5, =s,,¢—rlﬂ--—0,mz+T=o.so7 B
Similarly, entropy at point 2,
xx1214

xh,
5=t = 02514 = 025140407x, ... ()
2

Since the entropy at point | l:;li:«;ual toentropy at point 2 (s,), therefore equating equations

(@ and (i),
0507 = 0.251+0407x, or x, = 0629

. Enthalpy atpoint 1, by = hy +x, = ~758 +06X 2453 = 139,64 kikg

and enthalpy at point 2, By =l +xy By = BLI+0.629x 1214 = 157.66 kikg

h- 139.64-813
i = =T o)
Theoretical C.O.P. humh, = T5766- 19, 324 Ans.

4. An ammonia refrigerating machine fitted with
an expansion valve works between the
temperature limits of -10°C and 30°C. The
vapour is 95% dry at the end of isentropic
compression and the fluid leaving the
condenser is at 30°C. Assuming actual C.O.P.
as 60% of the theoretical, calculate the
kilograms of ice produced per kW hour at 0°C
from water at 10° C. Latent heat of ice is 335
kJ/kg. Ammonia has the following properties:

]
PERFORMANCE CALCULATIONS

Temperarare | Liquid hear Latens heat Liquidentropy | Total entropy of dry
5e: (74 kifkg . saturated
0 323.08 - 114580 12087 19842
10 13537 129768 05443 54770

Solution. Given : T,=T,=—10°C = 263 K : T,=7,=30°C = 303° K ; x, = 0.95
hpy=hp = 32308 KIkg ; hy = hy = 13537 KIg ; By, = 11458 KUK ; by, = 1297.68 kifkg
s = 1203715, = 05443 ; *5," = 49842 ; *s," = 5.4770

——Temparais (-
5
b
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s~ Z
P — Enthalpy ——
{a) T-s diaggam. (b) -k diagram
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Let x, = Dryness fraction at point 1
We know that entropy at point 1,
5 X% 129768 _
n=3, ;_f_ = D53 = 0S4y, ()
Similarly, entropy at point 2,
xnh 095x 11458
= 2 RIS - i
5y = 9+ T = 120974 22505 < 496 i)

2
Since the entropy at point 1 (x,) is equal to entropy at point 2 (s,), therefore equating equations
) and (id),
05443 +4.934 x, = 4796 or x, = 0.86
- Enthalpy at point 1, hy = b+, hyy = 13537+ 0.86 1297.68 = 1251.4 klikg
and enthalpy at point 2, hy = hy+x; by, = 323.08 +095x 11458 = 14116 kifkg

]
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‘We know that theoretical C.O.P.
hy-hy _ 12514-32308 _
hy=hy  14116-12514
Actual COP. = 0.6x 58 = 348
Work to be spent correspanding to 1 kKW hour,
W = 3600 kJ
.- Actual heat extracted or refrigeration effect produced per kW hour
= Wx Actual COP. = 3600%3.48 = 125281
We know (hat heat extracted from 1 kg of water at 10°C for the formation of 1 kg of ice at 0°C
= 1x4.187 x 10+335 = 376871

. Amount of ice produced = ;%f%f = 33.2 kgkW hour Ans.

]
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3.A vapour compression refrigerator uses methyl
chloride (R-40) and operates between temperature
limits of -10° C and 45° C. At entry to the
compressor the refrigerant is dry saturated and
after compression it acquires a temperature of 60°
C. Find the C.O.P. of the refrigerator. The relevant
properties of methyl chloride are as follows:

Saturaion_ Enhalpy in kg Entropy in kg K
Teaperiire aC Liquid Vapour Liquid Veposr,
) 54 1507 0183 1637

5 1330 1536 0485 1587




|
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Solution. Given:7,=T,=-10°C=263K: T;'= T,=45"C=318K; T,= 6P C= 333
Ky = 454 K0Kg Ay = 133 KO by = 4607 KIkg 3 By = 4836 KIAkg : %5, =0.183 kg K ;
*5, 0485 KIRg K {5, =1 637 kIkg K : 5, = 1.587 kiAg

The T-s and p-h diagrams are shown in Fig. 36.10 (a) and (b) respectively

t 3 e
g P |
: H I
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*r- ! — |
e e B
—— Enthalpy ———=
(@) T3 diagram. (8) ph diagram.
Fi 3610
Let ¢, = Specific heat at constant pressure for superheated vapour.

We know thal entropy at point 2,

. 7.1
n 7 1235 0| 7
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" m
1.637 = 1.587+23 cPlog[“’]

= 1.587+423¢,x00 = IA537+0.0‘61‘,
. o g* 1.09
and enthalpy at point 2, hy = hy"+c,  Degree of superheat = b+, (1= T5)

= 4836+ 1.09 (333 - 318) = 500 klke

: m-hy  4607-133 .
 C.OP.of the refrigerator = -h"—_f = 3004607 - 834 Ams.

|
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6. A refrigeration machine using R-12 as refrigerant operates
between the pressures 2.5 bar and 9 bar. The compression is
isentropic and there is no undercooling in the condenser.
The vapour is in dry saturated condition at the beginning of
the compression. Estimate the theoretical coefficient of
performance. If the actual coefficient of performance is 0.65
of theoretical value, calculate the net cooling produced per
hour. The refrigerant flow is 5 kg per minute. Properties of
refrigerant are

o Pressure, Sawiration Enthalpy, kg Entropy of saturated
bar temperature, °C Lisid Vonior vapour, klkg K
20 £ 4564 5853 M
25 -7 4124 5703 476

Take c, for superheated vapour a9 bar as 0.67 kifkg K.

|
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Solution. Given: Ty = T,=36°C=309K;T, = T, = =P C=266K:(COP), o,
= 065 (COP), ;m=5 kg/min =300 kg/h ; hy=h, = 4564 kIkg ; *hy =hy, = 4124 Kifkg ;
hy = SBS3KIkg Ay = STO3KIke s, =4 TAKIAg K 5, =5, =4T6kIKg K : ¢, = 067 KIkg K

I | |-2 s
H I
; i 4
g
g I ."'.l’:":," J‘ |
| e |
o
—m
—— Enthalpy —=
{eth T-s dliagram, (bl diagram,
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First of all, let us find the iemperature at point 2 ().
‘We know that entropy at point 2,

Tl
5 =5 423 log| 7%
2

T,
476 = m'lu:.:xnﬂm[ﬁ]

T |_476-474
""[m]‘ 23x067 - 003
T,
inLo =10 .. {Taking antilog of 0.013)

& T, = 309 1.03 = 3183K
‘We know that enthalpy of superheated vapour at point 2,
by = b (T, -T)
= 58534067 (318.3-309) = 5915 kiikg

|
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... Theoretical coefficient of performance,

hi=hy 57034564
COR), = hy=h, ~ $915-5703

= 537 Ans.

Net cooling produced per hour
We also know that actual C.O.P. of the machine,
(COP),,, = 065X (COP), = 065x537 = 349
and actual work done,
W, = hy=h, = 5915-5703 = 212 ki
We know that net cooling {or refrigerating effect) produced per kg of refrigerant
= W X(COP),, = 212349 = T4 kiikg
- Net cooling produced per hour
=mx74 = 300x74 = 22200k}

220 .
= 2i0%60 = TOTR Ans. < (1 TR =210 K min)
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7.A vapour compression refrigeration plant works
between pressure limits of 5.3 bar and 2.1 bar.
The vapour is superheated at the end of
compression, its temperature being 37°C. The
vapour is superheated by 5° C before entering the
compressor. If the specific heat of superheated
vapour is 0.63 kJ/kg K, find the coefficient of
performance of the plant. Use the data given
below:

Pressure, bar Saturation temperature, °C Liguid heat, kJ/kg Latent heat, klkg
53 155 36.15 1449
2! - 140 2512 158.7

20/12/2021
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Solution. Given: p,=53bar;p,=2.1 bar ; T,=3°C=310K:T,-T=5Ciq,=
063kIAgK; T, =155°C=2885K 1" = - M"C:159K:hﬂ=hrz'=jb ISkJIkg;hﬁ'zii 1
kikg .ﬁm'= 1489 K)/kg . hy," = 158.7 ki/kg

——— Temperature (K) —
N
g2

——Entropy ——

——Enihalpy ——

(a) T-s diagram b) peft duagranm
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We know that enthalpy of vapour at point I,
by =h'+ec (T,-T) = (hﬂ'hﬁm') e, (N=-T))
= (25.12+ 158.7) + 0.63x 5 = 186.97 klkg
Similarly, enthalpy of vapour at point 2,
hy = by 4G (Ty=T)) = (hy +h ) 46, (Ty=Ty)
= (56.15 + 144.9 +0.63 (310 - 288.5) = 214.6 ki/kg
»~. Cuefficient of performance of the plant,

h=hy  18697-56.15 _ 13082

COP. =3 Th, = 2146-18697 = 2763 = 4735 Ans.

]
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8.A vapour compression refrigerator uses R-12 as refrigerant
and the liquid evaporates in the evaporator at -15°C. The
temperature of this refrigerant at the delivery from the
compressor is 15° C when the vapour is condensed at 10°C.
Find the coefficient of performance if 1. there is no
undercooling, and 2. the liquid is cooled by 5°C before
expansion by throttling. Take specific heat at constant
pressure for the superheated vapour as 0.64 kJ/kg K and that
for liquid as 0.94 klJ/kg K. The other properties of
refrigerant are as follows:

Temperature in°C Enthalpy in kifkg Entropy in kikg K
Liquid Vapour Liguid Vapour

S ik 223 15088 0.0004 0705/
+10 54 191.76 0.1750 06921

]
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Solution. Given: T, =7, =~ 15 C=258K ; T,=15°C= 288K ; Ty = I°C=283K ;
= OBAKIREK ; =094 WAgK ; by =223KIk ; hy' =454 Kiikg ; h/"= 180,88 kJkg :
By = 191761g ; 5, = 00904 IAGK : *s, = 0ATSOKIKGK : 5, = 07051 KIkgK :
5 = 06921k K
1. Coefficient of performance if there is no undercooling

The T-s and p-h diagrams, when there is no undercooling, are shown in Fig. 36.15 (a) and (b)
respectively.

Enthalpy ——=

o

() Ts diagram. (h) ph diagram

]
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Let x, = Dryness fraction of the refrigerant at point I.

We know that entropy at point 1,
5y = sp 4x 5 = 5 Hx (5~ $p) = 00904 +x, (0.7051-0.0904)

= 0.0904 4+ 0.6147 x, 0]
L2} 288
and entropy at point 2, 5, = 5, +2.3¢,, log 7 |= 0.6921+2.3%0.64 log m
2
= 0.6921 + 23 x0.64 x0.0077 = 0.7034 .. i)
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Since the entropy at point | is equal to entropy at point 2, therefore equating equations ()
and (i),
0.0904 406147 x, = 07034 or x, = 0997
‘We know that the enthalpy at point 1,
h = "fl“'|"/;,| = hytx [h;—hﬂ) c Uk, = b =hg)
= 223 +0997 (180.88 - 22.3) = 180.4 kl/kg
and enthalpy at point 2,  h, = h)'+ ¢, (T~ T;)
= 191.76 + 0.64 (288 - 283) = 194.96 kl/kg

B! .
_hohd 1804-454
COR = o, = 9496-1804 = 727 Ans

|
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2. Coefficient of performance whe there is an wderceoling of 5° €
The T and p-h diagrams, when there is an undercoating of 5° C, are shown in Fig. 36,16 (a)
and (b) respectively.

25t

— Temouan (x)—e

[P T

(a2 T-s iagram. (b) p-h diagram.
Fig. %616
We know that enthalpy of liquid refrigerant at point 3,
by = by =, Degree of undercooling
= 454-094x5 = 407 kg

By -k =
hoha | as0d-s03
COP. oh 7 T804 = 939 A

9.A food storage locker requires a refrigeration
capacity of 12 TR and works between the
evaporating temperature of -8 ° C and condensing
temperature of 30° C. The refrigerant R-12 is
subcooled by 5°C before entry to expansion valve
and the vapour is superheated to -2° C before
leaving the evaporator coils. Determine: I.
coefficient of performance and 2. theoretical
power per tonne of refrigeration. Use the
following data for R-12

|
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Saturaiion tem. | Pressure, Enihalpy, ks e
perarure,°C bar = = i
- 2354 un 18407 ar o707
o 7451 459 ' a2 w2em vonss

The specific heat of liguid R-12 is 1.235 kirig K, and of vapowr R-12 is 0733 kifkg K.

Solution. Given : @ = 12 TR ; T/=-8C = 265 K; 7y =%"C = 303 K;
Ty =Ty=5°Ci Ty == 2°C = 271 K ; by = BT2IKE : ' = 64.59 KIK = 184.07 Klfkg :
A= 19962KMkg ; gy= OAMIKIAEK ; *5,=02400 kg K :
' =06853ING K ;e = 1235 KIAE K ¢,y = 0733 kIKE K

The 75 and p-h diagrams arc shown in Fig. 36.17 (a) and () respectively,

Entropy —e-
ta) s diagram, ()b diagram.

|
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1. Cocfficient of performance
Firstof all, let us find the temperature of superheated vapour at point 2 ()
We know that entropy ut point |,

. 7y
s =35 +23c, log ?.,—;

= 07007423 x0.733 Ing[%—;—;—]s onm 0)

" ” T,
and entropy at point 2, s, = s, ﬁZSc,vlng{r—:,J
06853 +2.3 x0.733 I T
= +23x0.733 log 303

7
= oosssn.mmg{j—l}‘;‘] T

|
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Since the entropy at point 1 is equal 0 entropy at point 2, therefore equating equations ()

and (i
P n
07171 = 0.6853 + Lik6 log | 35
7 o
Jer S
o “"[Jm] = ise

T 0w (Taking antilog of 0.0188)
303
- 7, = 364K or 434°C
We know that enthalpy at point |,
= e =T
340740733 (271 - 265) = 188.47 kikg
Enthalpy atpoin2, b = b+ e (1= T7)
= 199,62 40733 (3164 ~ 303) = 200,44 kg

and cnthalpy of liquid refrigerant at point 3,
by = by =, (T =T
= 6459 1.235%5 = SS42KIkg

L) 18847 -58.42 _ 13003
£ - 502 o P
To—h, " 20044- 18847 = 2097 ~ 07 Ams

10
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2 Theoretical pawer per tomne of refrigeration
We know that the heat extracted or refrigerating effect per kg of the refrigerant,
Re = hy—hy = 18847 -58.42 = 130,05 kg
and the refrigerating capacity of the system,
Q= 127TR = 12x 210 = 2520 k¥/min « . .(Given)
+ Mass flow of the refrigerant,
2 34 . 19.4 ki
my = = === = 194 kg/min
R = R T 13005
‘Work done during compression of the refrigerant
= mg (hy— h)) = 19.4(209.44- 18847) = 406.82 KJ/min

-, Theoretical power per tonne of refrigeration

40682 s &
= 0x12 = (.565 kW/TR Ans.

Vapour Absorption Refrigeration Systems (VARS) belong to the class
of vapour cycles similar to vapour compression refrigeration systems.
However, unlike vapour compression refrigeration systems, the
required input to absorption systems is in the form of heat. Hence
these systems are also called as heat operated or thermal energy driven
systems. Since conventional absorption systems use liquids for
absorption of refrigerant, these are also sometimes called as wet
absorption systems. Similar to vapour compression refrigeration
systems, vapour absorption refrigeration systems have also been
commercialized and are widely used in various refrigeration and air
conditioning applications. Since these systems run on low-grade
thermal energy, they are preferred when low-grade energy such as
waste heat or solar energy is available. Since conventional absorption
systems use natural refrigerants such as water or ammonia they are
environment friendly.

Basic Principle of VAR System

In the simplest absorption
refrigeration system, refrigeration
is obtained by connecting two
vessels, with one vessel containing
pure solvent and the other
containing a solution. Since the
" pressure is almost equal in both
g\w‘;ﬂ the vessels at equilibrium, the
temperature of the solution will
be higher than that of the pure
solvent. This means that if the
solution is at ambient
temperature, then the pure
solvent will be at a temperature

e

=gy :::J " waimonus | lower than the ambient. Hence
N Poas “Q. H refrigeration eff.ec.t is produced at
¢ s the vessel containing pure solvent
due to  this temperature

m | difference.

20/12/2021

(VAR) SYSTEM
L

* When a solute such as lithium bromide salt is dissolved in a solvent such

as water, the boiling point of the solvent (water) is elevated. On the other
hand, if the temperature of the solution (solvent + solute) is held constant,
then the effect of dissolving the solute is to reduce the vapour pressure of]
the solvent below that of the saturation pressure of pure solvent at that
temperature. If the solute itself has some vapour pressure (i.e., volatile
solute) then the total pressure exerted over the solution is the sum total of]
the partial pressures of solute and solvent. If the solute is non-volatile (e.g.
lithium bromide salt) or if the boiling point difference between the solution
and solvent is large (> 300°C), then the total pressure exerted over the

solution will be almost equal to the vapour pressure of the solvent only.

The desirable properties of refrigerant-absorbent mixtures for VARS are:

¢ The refrigerant should exhibit high solubility with solution in the
absorber.

¢ There should be large difference in the boiling points of refrigerant
and absorbent (greater than 200°C), so that only refrigerant is boiled-
off in the generator. This ensures that only pure refrigerant circulates
through refrigerant circuit (condenser-expansion valve-evaporator)
leading to isothermal heat transfer in evaporator and condenser.

¢ It should exhibit small heat of mixing so that a high COP can be
achieved.

¢ The refrigerant-absorbent mixture should have high thermal
conductivity and low viscosity for high performance.

e It should not undergo crystallization or solidification inside the
system.

¢ The mixture should be safe, chemically stable, non-corrosive,
inexpensive and should be available easily.

11



The most commonly used refrigerant-absorbent pairs in

commercial systems are:

* Water-Lithium Bromide (H,O-LiBr) system for above
0°C applications such as air conditioning. Here water is the
refrigerant and lithium bromide is the absorbent.

* Ammonia-Water (NH;-H,0) system for refrigeration

applications with ammonia as refrigerant and water as

absorbent.

¢ Some liquids like water have great affinity for absorbing large

quantities of certain vapors (NH3) and reduce the total volume greatly.
* The absorption refrigeration system differs fundamentally from vapor
compression system only in the method of compressing the
refrigerant.
* An absorber, generator and pump in the absorption refrigerating

system replace the compressor of a vapor compression system.

Practical Ammonia Vapour Absorption System

VAPOR-ABSORPTION REFRIGERATION
D ammaonia gas

ammonia-water
solution

D ammonia liquid

i T

cooling water countercurrent

heat exchanger

refrigerated space

heat-transfer brine N
cooling water
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T Simple Vapour Absorption
Qo

System
Condenser

[/ Expansion

[, valve

Thermal 1
Compressor |

P c.

Ammonla Yapour
Tm

Figure 1 Basic absorption cycle

| Cooling Water

Stang 4Pung,
Solution
Cosling Water

%)
Expansion Valve
Absorber

Simpls Absorpiion Sysiem

Simple Vapour Absorption System
, T2 4%
High Pr I Liquid NH,
NH, Vapour
Throttle valvg
Evaporator
P
Q. T,
‘Absorber % ¥ Low pressure
NH; vapour
NH, solution

Practical Ammonia Vapour Absorption System

Weak
solution

NH;

Strong
Absorber

solution
" NHs

generator A
——_,L_ =1 u(T)
= ‘/ "

Heat exchager Qo(To)
Evaporator

9e(Tc=T )
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* Figure shows the schematic diagram of a vapor absorption system.
Ammonia vapor is produced in the generator at high pressure from the
strong solution of NH3 by an external heating source. The water vapor
carried with ammonia is removed in the rectifier and only the dehydrated
ammonia gas enters into the condenser.

¢ The pump increases the pressure of the strong solution to generator

pressure. The strong NH3 solution coming from the absorber absorbs
heat form high temperature weak NH3 solution in the heat exchanger.

» High pressure NH3 vapor is condensed in the condenser. The cooled NH3 .
solution is passed through a throttle valve and the pressure and temperature
of the refrigerant are reduced below the temperature to be maintained in the
evaporator.

The solution in the generator becomes weak as NH3 vapor comes out
of it. The weak high temperature ammonia solution from the generator

. is passed to the heat exchanger through the throttle valve. The
e The low temperature refrigerant enters the evaporator and absorbs the p s s

required heat from the evaporator and leaves the evaporator as saturated
vapor. Slightly superheated, low pressure NH3 vapor is absorbed by the
weak solution of NH3 which is sprayed in the absorber as shown in Fig.

pressure of the liquid is reduced to the absorber pressure by the
throttle valve.

* Weak NH3 solution (aqua—ammonia) entering the absorber becomes strong
solution after absorbing NH3 vapor and then it is pumped to the generator
through the heat exchanger.

H,0 — LiBr Vapour Absorption System VAR System VS VCR System

Cooling tower
(beat rejection)

o /Q‘mr

we —1 Con(lensef Generator |
— 7 T \
] | \
lh P / | \
| / / :
. S S ¥ 7 S
Esp.device [ TEspdevice P, | Pump | [Exp.device,
] | ;
g F
—* [Franarator —J ——>»  Evaporator} —* [ Absarher 57
'Q,nrt. /v C
Mechanical Thermal Q.atT,
compression compressi

T Useful Effect
(Cooling)

Cooling
Water Inlet

FigI54: Exolpy-Tamperare - Cone

Vapour Absorption Refrigeration (VAR)
System (VCR) System

Vapour Compression refrigeration

Vapour Absorption Refrigeration (VAR)
System (VCR) System

Vapour Compression refrigeration

1 Uses low grade energy like heat.
Therefore, may be worked on
exhaust systems from I.C engines,
ete.

Using high-grade energy like

mechanical work. 7 Small Capacity system designs are very Easy to design small capacity systems

difficult

2 Moving parts are only in the pump,
which is a small element of the system.
Hence operation is smooth.

3 The system can work on lower
evaporator pressures also without
affecting the COP.

4 No effect of reducing the load on
performance.

5 Liquid traces of refrigerant present in
piping at the exit of evaporator
constitute no danger.

6 Automatic operation for controlling
the capacity is easy.

Moving parts are in the compressor.
Therefore, more wear, tear and noise.

The COP decreases considerably with
decrease in evaporator pressure.

Performance is adversely affected at
partial loads.

Liquid traces in suction line may
damage the compressor.

It is difficult.

8. There is crystallization problems in H,0-
LiBr system

9 Ozen Friendly refrigerants

10 In NH; - H,0, Ammonia is Toxic Gas. So
need some prevention. Cant used in
direct cooling system. Needs secondary
systems

No Crystallization Problems

There is problem in Ozone Depletion
and Global Warming.

13
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« Air cycle refrigeration systems belong to the general class of gas

cycle refrigeration systems, in which a gas (Air) is used as the
working fluid. The gas does not undergo any phase change
during the cycle, consequently, all the internal heat transfer

processes are sensible heat transfer processes.

* Gas cycle refrigeration systems find applications in air craft
cabin cooling and also in the liquefaction of various gases.

* Air Refrigeration System is also called as Bell-Coleman Cycle

Or Reversed Brayton Cycle.

Air Cycle Refrigeration Systems

v s
Process 1-2 represents the suction of air into the compressor. Process 2-3 represents

|the isentropic compression of air by the compressor. Process 3-5 represents the
discharge of high pressure air from the compressor into the heat exchanger. The
reduction in volume of air from v3 to s is due to the cooling of air in the heat exchanger.

Process 5-6 represents the isentropic expansion of air in the expander. Process 6-2

represents the absorption of heat from the evaporator at constant pressure.

Air Cycle Refrigeration Systems - Analysis

Net refrigerating effect per kg of air is given by,

Ry = Cy(T, - Tg)
Roat Cp(Ty - Tg)

ElTE ok el
Waet Cp{(T3 - Tp) - (Ts - Te)}

For perfect inter-cooling. the required condition is Ts = Tz

(Tr - Ts)

O R e
(T -T) - (T - Tg)

= (fori ic process)
(T -T)

(T2 - Ts)

= hma - /T
T - Ts/T2)

20/12/2021

Air Cycle Refrigeration Systems

5 Pz

g 4 N

P|

1

€2
Compressor f"
Expander
 Evaporator

Air Cycle Refrigeration Systems - Analysis
Assumptions:

1) The P and

P P! are
processes.
2) There is a perfect inter-cooling in the heat exchanger.

3) There are no pressure losses in the system.

Net refngeration effect
Net work sup plied

COP =
Work done per kg of air for the isentropic compression process 2-3 is given by,
We = €Ty - Ty)
Work developed per kg of air for the isentropic expansion process 5-6 is given by,

Wg = Cp(T; - Tg)

Net work required = Woey = (We = We) = Cy(Ty - Ty) - Cp(Ts - Tg)

Air Cycle Refrigeration Systems - Analysis

For isentropic compression p 2-3 and for

pansion process 5-6, we have,

5
B
(foriscutropic process)
T, T
Therefore, 2 = 5. oy £ =2 ., )
L ale T Ty T YA T

1
T - Tg/T)
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Air Cycle Refrigeration Systems - Analysis

Advantages:

a) Air is a cheaper refrigerant and available easily compared to other
refrigerants.

b) There is no danger of fire or toxic effects due to leakage.

¢) The total weight of the system per ton of refrigerating capacity is less.

Disadvantages:

(a) The quantity of air required per ton refrigerating capacity is far greater than
other systems.

(b) The COP is low and hence maintenance cost is high.

(c) The danger of frosting at the expander valves is more as the air taken into the
system always contains moisture.

SEEBECK EFFECT

e The conductors are two dissimilar metals denoted as
material A and material B. The junction temperature at A is
used as a reference and is maintained at a relatively cool
temperature (T). The junction temperature at B is used as
temperature higher than temperature T.. With heat applied
to junction B, a voltage (E,,) will appear across terminals T,
and T, and hence an electric current would flow
continuously in this closed circuit.

Seebeck Effect

Eowe=0(Ta-Tc)

Te Material A T,

- Seeback coefficient
E,, — Voltage output
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* Thermoelectric are based on the Peltier Effect, The Peltier Effect is
one of the three thermoelectric effects; the other two are known as
the Seebeck Effect and Thomson Effect. Whereas the last two
effects act on a single conductor, the Peltier Effect is a typical
junction phenomenon.

* Thermoelectric coolers are solid state heat pumps used in
applications where temperature stabilization, temperature cycling,
or cooling below ambient are required. There are many products
using thermoelectric coolers, including CCD cameras, laser diodes,

microprocessors, blood analyzers and portable picnic coolers.

If a voltage (E;,) is applied to terminals T, and T,, an electrical
current (I) will flow in the circuit. As a result of the current flow,
a slight cooling effect (Q.) will occur at thermocouple junction
A (where heat is absorbed), and a heating effect (Qy;) will occur

at junction B (where heat is expelled).

Note that this effect may be reversed whereby a change in the
direction of electric current flow will reverse the direction of]

heat flow.

PELTIER SEEBECK EFFECT

* Peltier found there was an opposite phenomenon to
the Seebeck Effect, whereby thermal energy could
be absorbed at one dissimilar metal junction and
discharged at the other junction when an electric
current flowed within the closed circuit.

| Peltier Effect

Material A

Material B Material B

PELTIER SEEBECK EFFECT

» This Joule heating effect acts in opposition to the Peltier Effect
and causes a net reduction of the available cooling. The Peltier
effect can be expressed mathematically as

QcorQu=pxI
=aT)=xI

Where:

« B is the differential Peltier coefficient between the two materials A and

B in volts.

« I is the electric current flow in amperes.

* Q¢ and Qy are the rates of cooling and heating, respectively, in watts.
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IMPORTANT EFFECT OF B ON THERMOELECTRIC COOLING

Peltier coefficient B has important effect on Thermoelectric cooling as following:
a) B <0: Negative Peltier coefficient

High energy electrons move from right to left.

Thermal current and electric current flow in opposite directions

b) B =0: Positive Peltier coefficient

High energy holes move from left to right.

Thermal current and electric current flow in same direction

a) -ve Peltier coefficient bitve Peltier coefficient

[ THERMOELECTRIC PRINCIPLE OF |
OPERATION

¢ The typical thermoelectric module is manufactured using two thin
ceramic wafers with a series of P and N doped bismuth-telluride

semiconductor material sandwiched between them as shown in Figure.
Heat Absorbec (Coia Side)

Single-stage Paltier
Moduit Cengarefn

Il

inﬁwﬁk g

7 cial Conttr (Coppe

[ THERMOELECTRIC PRINCIPLE OF

OPERATION
¢« As the electrons move
ot Ty from the P type material to

the N type material
through an  electrical
connector, the electrons
jump to a higher energy
state absorbing thermal
energy (cold side).
Continuing through the
lattice of material; the
electrons flow from the N
type material to the P type
material through an
=k electrical connector
e’ dropping to a lower energy
state and releasing energy
as heat to the heat sink (hot
side).
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» William Thomson, who described the relationship between the

two phenomena, later issued a more comprehensive explanation
of the Seebeck and Peltier effects. When an electric current is
passed through a conductor having a temperature gradient over
its length, heat will be either absorbed by or expelled from the
conductor. Whether heat is absorbed or expelled depends on the
direction of both the electric current and temperature gradient.

This phenomenon is known as the Thomson Effect.

THERMOELECTRIC PRINCIPLE OF
OPERATION
* The N type material has an

ok e T

excess of electrons, while
the P type material has a
deficit of electrons. One P

and one N make up a

couple, as shown in Figure.

The thermoelectric couples
are electrically in series and
i thermally in parallel. A
thermoelectric module can
contain one to several

hundred couples.

[ THERMOUELECTRIC PRINCIPLEOF
OPERATION

A thermoelectric refrigerator :At the cold junction, energy is absorbed by electrons

as they pass from a low energy level in the p-type semiconductor element, to a
higher energy level in the n-type semiconductor element. The power supply provides
the energy to move the electrons through the system. At the hot junction, energy is
expelled to a heat sink as electrons move from a high energy level element (n-type)
to a lower energy level element (p-type). As the electrons move from the p-type
material to the n-type material through an electrical connector, the electrons jump to
a higher energy state absorbing thermal energy (cold side). Continuing through the
lattice of material, the electrons flow from the n-type material to the p-type material
through an electrical connector, dropping to a lower energy state and releasing
energy as heat to the heat sink (hot side). A TE module thus uses a pair of fixed
junctions into which electrical energy is applied causing one junction to become

cold while the other becomes hot.
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s |
THERMOELECTRIC REFRIGERATION - APPLICATIONS [F THERMOELECTRIC REFRIGERATION - |

Water/Beer Cooler Cryogenic IR Night Vision

&

@ bench

////7 *Lower coefficient of performance than vapor-
%, o
o

by

Electronic Cooling compression systems.

*Able to dissipate limited amount of heat flux.

Cooled

Car seat | *Relegated to low heat flux applications.

e Air:

—It is mechanical mixture of dry air and super

heated water vapour.

* Psychrometry:

—It is the study of the properties of mixtures of]

air and water vapour.

. . METHODS FOR ESTIMATING PROPERTIES OF MOIST AIR
Moist Air:

Atmospheric air is a mixture of many gases plus water . e . . .
* In order to perform air conditioning calculations, it is
Vapour and a number of pollutants. The amount of water

vapour and pollutants vary from place to place. The essential first to estimate various properties of air.

concentration of water vapour and pollutants decrease It is difficult to estimate the exact property values of]

with altitude, and above an altitude of about 10 km, moist air as it is a mixture of several permanent gases
atmospheric air consists of only dry air. The pollutants and water vapour.
have to be filtered out before processing the air. Hence, o )
. . . . * However, moist air up to 3 atm. pressure is found to
what we process is essentially a mixture of various gases

that constitute air and water vapour. This mixture is obey perfect gas law with accuracy sufficient for

known as moist air. engineering calculations.

17



BASIC GAS LAWS FOR MOIST AIR

* According to the Gibbs-Dalton law for a mixture of]
perfect gases, the total pressure exerted by the
mixture is equal to the sum of partial pressures of]
the constituent gases.

P =Pt =Pa +Pv
where p = p total barometric pressure

pa = partial pressure of dry air
pv = partial pressure of water vapour

IMPORTANT PSYCHROMETRIC PROPERTIES

* Degree of saturation p: The degree of saturation is the ratio
of the humidity ratio W to the humidity ratio of a saturated

mixture W, at the same temperature and pressure.

W
Ju
Wslip
opT ___ 4030(DBT +235)

4030 — (DBT +235)In¢

IMPORTANT PSYCHROMETRIC PROPERTIES

* Relative humidity (®) is defined as the ratio of the
mole fraction of water vapour in moist air to mole
fraction of water vapour in saturated air at the same
temperature and pressure. Using perfect gas equation
we can show that:

partial pressure of water vapour Py
saturation pressure ofpure water vapour at same temperature p,,

20/12/2021

IMPORTANT PSYCHROMETRIC PROPERTIES

* Dry bulb temperature (DBT) is the temperature of the moist
air as measured by a standard thermometer or other
temperature measuring instruments.

* Saturated vapour pressure (p,,) is the saturated partial
pressure of water vapour at the dry bulb temperature. This is
readily available in thermodynamic tables and charts.

* Dew-point temperature: If unsaturated moist air is cooled at
constant pressure, then the temperature at which the moisture
in the air begins to condense is known as dew-point

temperature (DPT) of air.

IMPORTANT PSYCHROMETRIC PROPERTIES

* Enthalpy: The enthalpy of moist air is the sum of the
enthalpy of the dry air and the enthalpy of the water
vapour. Enthalpy values are always based on some
reference value. For moist air, the enthalpy of dry air is
given a zero value at 0°C, and for water vapour the
enthalpy of saturated water is taken as zero at 0°C.

* The enthalpy of moist air is given by:

h=h, +Why =c,t+Wihg +Cpyt)

h=1.005t+W(2501 + 1.88t)

IMPORTANT PSYCHROMETRIC PROPERTIES

* Humidity ratio (W): The humidity ratio (or specific
humidity) W is the mass of water associated with each
kilogram of dry air. Assuming both water vapour and
dry air to be perfect gases, the humidity ratio is given
by:

kg of water vapour _ pyVI/R,T __ Py IRy
kg of dry air PaV/R,T (py-Pyv)/R;

W =

W = =0.622 [P,/P,] W=0622—Pv
Where o Pt =Py
P.=P,+P,

18
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PSYCHROMETRIC CHART
PSYCHROMETRIC CHART

¢ A Psychrometric chart graphically represents the

Lines of
**:*constant
=L} sp.volume

thermodynamic properties of moist air.

* Psychrometric charts are readily available for standard (RH = 100%)

barometric pressure of 101.325 kPa at sea level and for e
normal temperatures (0-50°C). ASHRAE has also ‘c?:r“s;ff’n; L (kgwﬂgda)
developed Psychrometric charts for other temperatures

and barometric pressures (for low temperatures: -40 to
10°C, high temperatures 10 to 120°C and very high

temperatures 100 to 120°C)

PSYCHROMETRIC CHART

f The Encineeriag Too Box P S e

PSYCHROMETRIC PROCESSES SENSIBLE HEATING / COOLING

« Sensible Heating(OA)
* Sensible Cooling Dry Desiccant Dehumidification
(OB)

* Humidifying (OC)
* Dehumidifying (OD)

. Psychrometric Chart
* Heating and -

Humidifying (OE)
* Heating and urmidifyin Santing 2

Dehumidifying(OH) e Bk % / AL i
« Cooling and 17, aa . §

Humidifying (OG) v X {
* Cooling and R g - 5

Dehumidifying (OF) Dehumidifying | Dehumiditying > G A s o

with Cooling > “icocling_=fieating~_|
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SENSIBLE HEATING / COOLING

Qs=ma (h2 —hl)
=ma Cp (t2-tl)
=ma Cpa (t2 — tl1) + ma. @ Cpv (2 - “"ommsos

t1)
=ma (1.005 + 1.88¢) (12— t1)

‘Where,

ma = Qv.p = cmm.p/ 60

Therefore

Qs =[cmm x 1.2 x 1.0216 / 60] At

Qs = 0.0204cmmAt in kKW

LATENT HEAT PROCESS — Humidification /
Dehumidifying

* Q. =m, (h,-h)
=m, (C, t, + hg,, @) = (C, t; + hy, ©))
=m, hg,, (@, - )
=2500 m, (@, - ®))
Q. =[cmm x 1.2 x 2500/ 60] (®, - ®,)

Q=50 x cmm x (@, - ®;)

fgo

GRAND SENSIBLE HEAT FACTOR (GSHF)

Grand sensible heat load = Room sensible heat load +
(Ventilation) outside air sensible heat load

Ors
RSHR = —————
Ors + Cro
Qcs
GSHR = ——
Ocs + Qe
des + BpC
ERSHR, = Ors 005

[Ors + BrOosl + [Ory + BrOo, ]
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LATENT HEAT PROCESS — Humidification /

Dehumidifying

Water Vapor
Added

Entering Humidifier
Conditions

ROOM SENSIBLE HEAT FACTOR (RSHF)

* The ratio of the sensible heat transfer to the total
heat transfer is termed as the sensible heat factor.

General Design Values

Auditoriums, Theaters - SHR : 0.65 - 0.75, Apartments - SHR : 0.80 - 0.95
Dining Halls - SHR : 0.65 - 0.80

Computer Rooms - SHR : 0.80 - 0.95

Hospital Patient Rooms, Nursing Home, Patient Rooms - SHR : 0.75 - 0.85
Kitchens - SHR : 0.60 - 0.70

Libraries, Museums - SHR : 0.80 - 0.90

Malls, Shopping Centers - SHR : 0.65 - 0.85

Medical/Dental Centers, Clinics and Offices - SHR : 0.75 - 0.85

Police Stations, Fire Stations, Post Offices - SHR : 0.75 - 0.90

Precision Manufacturing - SHR : 0.80 - 0.95

School Classrooms - SHR : 0.65 - 0.80

BY PASS FACTOR (B.F)

* Amount of air leaving the coil without cooling.
(Uncontacted air with Coil).
* The contacted air is cooled by the refrigerant but

uncontacted air remains in the initial condition.

* This rate of uncontacted air is defined by Bypass

factor.
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BY PASS FACTOR (B.F)

X= (Tout - Tadp) / (Tmix - Tadp)
= (W — ('padp) /(W = (‘padp)
= (hout - hadp) / (hmix - hadp)

20/12/2021

Heating and Humidification

hp
Heating coil Steam nozzles N

| W
m, | m,
To | J To
Wo | § & L Wp e - Wo
ho \‘ > K ho

I /9 K

ol —1

RN

T Qy rn\Tv

To
Fig.28.5: Heating and humidification process

ADIABATIC MIXING OF TWO STREAMS

From the mass balance of dry air and water vapor:
Ma W1 +MaaWp =Ma3W3 = (Maq+Ma2)W3

From energy balance:

My 4hy + My 50 =myshy = (Mg + My )hg

Cooling and Dehumidification

Cold water spray ora
wetted surface

Heating and Dehumidification

Hygroscopic

ADIABATIC MIXING OF TWO STREAMS

when very cold and dry air mixes with warm air at high relative
humidity, the resulting mixture condition may lie in the two-phase
region, as a result there will be condensation of water vapor and some
amount of water will leave the system as liquid water.

Fig.28.9. Mixing of two air streams with condensation
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AIR WASHER

An air washer is a device for conditioning air. In an air
washer air comes in direct contact with a spray of water and
there will be an exchange of heat and mass (water vapour)
between air and water. The outlet condition of air depends
upon the temperature of water sprayed in the air washer.
Hence, by controlling the water temperature externally, it is
possible to control the outlet conditions of air, which then

can be used for air conditioning purposes.

VARIOUS PSYCHROMETRIC PROCESSES
THAT CAN TAKE PLACE IN AN AIR WASHER

1. Cooling and dehumidification
(0A)

2. Adiabatic saturation (OB)

3. Cooling and humidification (OC)

4. Cooling and humidification (OD)

5. Heating and humidification (OE)

DBT —*

REQUIREMENTS OF COMFORT AIR CONDITIONING

| Air conditioning

|*Indoor air quality ( Purity of

For human comfort .air should have the following
properties :

1. Temperature -22 °C to 27 ‘C

2. Humidity - 55% to 65% Relative Humidity

3. Velocity - 0.3-0.5 m/s.

Air itioni the air,
humidify/dehumidify the air to the above human
comfort conditions depending on the temperature

and humidity of the outside atmospheric air
Inside design conditions for Winter:

Tep between 20.0 10 22.5°C at a RH of 60%
. . . . . Tep between 20.5 10 24.5°C ata DPT of 2°C
moist air) is the major important "

factor. Inside design conditions for Summer
T,y between 22.5 0 26.0°C at a RH of 60%

T between 23.5 to 27.0°C at a DPT of 2°C

20/12/2021

AIR WASHER

Eliminator
Plates

Air out

Make-up
water

Cooler/heater

AIR WASHER IMPORTANCE

An air washer works as a year-round air conditioning
system. Though air washer is a and extremely useful
simple device, it is not commonly used for comfort air
conditioning applications due to concerns about health
resulting from bacterial or fungal growth on the wetted
it can be used in industrial

surfaces. However,

applications.

ASHRAE COMFORT CHART FOR A SEDENTARY
PERSON

RH =60%

/7] winter zone 0 /
Summer zone

ET=22.5°C

ET=20°C
ET=26°C

715
A 7 7

X

741
|~

T—ET=23.5°C

UPT=£"L‘ T
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SUMMER AIR CONDITIONING SYSTEMS

1. SIMPLE SYSTEM WITH 100 % RE-CIRCULATED AIR

Wi
RSHF line -

ADP t, t

Supply
Qe Que Cooling Fan
: coil

SUMMER AIR CONDITIONING SYSTEMS

2. SYSTEM WITH OUTDOOR AIR FOR VENTILATION:
In actual air conditioning systems, some amount of outdoor
(fresh) air is added to take care of the ventilation requirements.
Normally, the required outdoor air for ventilation purposes is
known from the occupancy data and the type of the building
(e.g. operation theatres require 100% outdoor air). Normally
either the quantity of outdoor air required is specified in

absolute values or it is specified as a fraction of the re-

circulated air

2.SYSTEM WITH OUTDOOR AIR FOR

VENTILATION: CASE I) BY-PASS FACTOR OF THE
COOLING COIL IS ZERO
when the by-pass factor X is zero. Since the sensible and

latent cooling loads on the conditioned space are assumed to
be known from cooling load calculations.

* The load on the cooling coil is always greater than load in
the conditioned room. This is due to the fact that during

mixing, some amount of hot and humid air is added.
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SUMMER AIR CONDITIONING SYSTEMS

Assuming nd
no energy additi8 ying energy balance

across the room.
* Sensible and latent heat rates at the cooling coil are

exactly equal to the sensible and latent heat transfer rates to

the conditioned space

SUMMER AIR CONDITIONING SYSTEMS

2. SYSTEM WITH OUTDOOR AIR FOR VENTILATION: CASE I) BY-PASS
FACTOR OF THE COOLING COIL IS ZERO

a,
B

T ome

2.SYSTEM WITH OUTDOOR AIR FOR

VENTILATION: CASE II) BY-PASS FACTOR OF THE

COOLING COIL >0
» For actual cooling coils, the bye pass factor greater than

zero, as a results the air temperature at the exit of the
cooling coil is always greater than coil ADP

Return fan

0
ra

Return duct losses
- - L~ L

A/C Room
1, Wi h 1

\

Me= Mo -

U i

T T

¥ Mee

Cooling coil 5 =
K supply fan S |ma=mat mee
m N/ n
Mo o L ! )( ! - K

/
) \\ 9 /
b b 4 Supply duct losses.
1= Qe+ Qi

By-pass




2.SYSTEM WITH OUTDOOR AIR FOR
VENTILATION: CASE II) BY-PASS FACTOR OF THE
COOLING COIL> 0

3. HIGH LATENT COOLING LOAD APPLICATIONS
(LOW RSHF)

T
I

- ==

Cooling coil  Reheat coll

WINTER AIR CONDITIONING SYSTEMS

* In winter, the building sensible heat losses are partially
compensated by solar heat gains and the internal heat gains
such those from occupancy, lighting , etc.

* Thus in winter, the heating load is less than the cooling
load in summer.

« In general, the processes in the conditioning apparatus for
winter air conditioning for comfort involve heating and

humidifying.
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3. HIGH LATENT COOLING LOAD APPLICATIONS

(LOW RSHF)
* When the latent load on the building is high due to either high

outside humidity or large ventilation requirements (e.g.
hospitals) or high internal latent loads (e.g. presence of kitchen
or laundry), then the simple system discussed above leads to
very low coil ADP. A low coil ADP indicates operation of the
refrigeration system at low evaporator temperatures. Operating
the system at low evaporator temperatures decreases the COP of]
the refrigeration system leading to higher costs. Hence a reheat
coil is sometimes used so that the cooling coil can be operated at
relatively high ADP, and at the same time the high latent load

can also be taken care

ADVANTAGES AND DISADVANTAGES OF REHEAT
COIL

* Refrigeration system can be operated at reasonably high
evaporator temperatures leading to high COP and low running

cost.

* However, mass flow rate of supply air increases due to reduced

temperature rise (t;-t;) across the conditioned space

» Wasteful use of energy as air is first cooled to a lower
temperature and then heated. Energy is required for both cooling
as well as reheat coils. However, this can be partially offset by

using waste heat such as heat rejected at the condenser for

reheating of air

WINTER AIR CONDITIONING SYSTEMS

Exhaust air

Conditioned

space

e %upp\y air (s)
o air (o) o) (il it (E}b .

— i

Pre-heater Humidifier Re-heater
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WINTER AIR CONDITIONING SYSTEMS

Coil ADP

Leaving air condition at SHF line | |
given coil BPF 78 SBD 7
57.4 80 95

Dry-bulb temperature, °F

AIR CONDITIONING SYSTEMS

* Working principles of —
— Centralised Air conditioning systems,
— Split, Ductable split, Packaged Air conditioning,
— VAV & VRV Systems.

* Cooling load calculation

* Duct Design by equal friction method

* Indoor Air quality concepts.
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YEAR AROUND AIR CONDITIONING SYSTEMS

Exhaust

Return air

i X
H <_“ S
1 s [ Cooling/
Recirculated i Conditioned 3 Heating
H space £ lea

=~}

t —— e — — =]
=
-

F: Filter; H: Heating coil; CC: Cooling & dehumidifying coil

RH: Re-heating coil; Hu: Humidifier; B: Blowe

AIR CONDITIONING SYSTEMS

TYPES OF AIR CONDITIONING SYSTEMS

* According to the purpose
— Comfort A/C
— Industrial A/C
* According to season of the year
— Winter A/C
— Summer A/C
— Year around A/C
» According to the arrangement of equipment
— Unitary A/C
— Centralised A/C
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WINDOW AIR CONDITIONER
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PACKAGED AIR CONDITIONING SYSTEMS

5STR TO UPTO ABOUT 100 TR

1 Cold air to

(' conditioned space
-

()

Condensing unit l\\:_)///]

Indoor unit
Refrigerant lines

CENTRALISED AIR CONDITIONING
SYSTEMS

e |
DepF |
[

B0agF Sugoly Fan

T?M_Egeg'

DUCTABLE SPLIT UNITS

A ooy coweey
um m v o)

- -

conwn

i

SN\
w

i
(

f
]
i

‘SECTISL DAL THEY
ATAOOGE UNT
{ SPULAK ) - bocTiawE v

26



20/12/2021

SINGLE DUCT, CONSTANT VOLUME, SINGLE ZONE

SYSTEMS

Humidifier
Cooling coil  Heating coil Supply &5 Y
duct with fan

QD air o &

Dampers

s E Conditioned

F space g
Bﬁ——ﬁ\

Nt Return  air
duct with fan

SINGLE DUCT, CONSTANT VOLUME, MULTIPLE ZONE
SYSTEMS

Reheat coils
i 1 v .
O +Q O
\ Zone 1 Zone 2 Zone 3
X ——
Nt

Advantages of single duct, multiple zone, constant volume

systems with reheat coils

1. Relatively small space requirement

2. Excellent temperature and humidity control over a wide
range of zone loads

3. Proper ventilation and air quality in each zone is
maintained as the supply air amount is kept constant

under all conditions

Disadvantages of single duct, multiple zone, constant
volume systems with reheat coils

* High energy consumption for cooling, as the air is first cooled to

a very low temperature and is then heated in the reheat coils.
Thus energy is required first for cooling and then for reheating.
The energy consumption can partly be reduced by increasing the
supply air temperature, such that at least one reheat coil can be
switched-off all the time. The energy consumption can also be
reduced by using waste heat (such as heat rejected in the

condensers) in the reheat coil.

* Simultaneous cooling and heating is not possible.

DOUBLE DUCT, CONSTANT VOLUME, MULTIPLE ZONE

SYSTEMS
Mixing box
_,‘A- Cold air
1~
" O |
| [ fZonez |
[ Warm air

Return air

ADVANTAGES OF DOUBLE DUCT, CONSTANT VOLUME,
MULTIPLE ZONE SYSTEMS

* Since total airflow rate to each zone is constant, it is

possible to maintain proper IAQ and room air distribution.

* Cooling in some zones and heating in other zones can be

achieved simultaneously

» System is very responsive to variations in the zone load,

thus it is possible to maintain required conditions precisely.
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DISADVANTAGES OF DOUBLE DUCT, CONSTANT

VOLUME, MULTIPLE ZONE SYSTEMS
Occupies more space as both cold air and hot air ducts have to

be sized to handle all the air flow rate, if required.

Not very energy efficient due to the need for simultaneous
cooling and heating of the air streams. However, the energy
efficiency can be improved by completely shutting down the
cooling coil when the outside temperature is low and mixing
supply air from fan with hot air in the mixing box. Similarly,
when the outside weather is hot, the heating coil can be
completely shut down, and the cold air from the cooling coil can

be mixed with supply air from the fan in the mixing box.

VARIABLE AIR VOLUME (VAV) SYSTEMS

Retum Air Humidity  Reurn Air Flow

v
!
Damper
Face and Bypass Discharge Air Flow  Discharge Air Temp
Mixed Air e Preheal Temp
Canert Cooling Coil Humidifier
= Supply Duct
) 2 Static Pressure

ADVANTAGES OF VARIABLE AIR VOLUME (VAYV)

SYSTEMS

Compared to constant volume systems, the variable air volume
systems offer advantages such as:

Lower energy consumption in the cooling system as air is not
cooled to very low temperatures and then reheated as in constant
volume systems.

Lower energy consumption also results due to lower fan power
input due to lower flow rate, when the load is low. These
systems lead to significantly lower power consumption,
especially in perimeter zones where variations in solar load and

outside temperature allows for reduced air flow rates.

20/12/2021

SINGLE DUCT, VARIABLE AIR VOLUME (VAYV)
SYSTEMS

Zone dampers

— oo | ; l
O O i)
Zone 1 Zone 2 Zone 3
1 l }

The amount of air supplied to each zone is controlled by a

zone damper, which in turn is controlled by that zone thermostat as
shown in the figure. Thus the temperature of supply air to each zone
remains constant, whereas its flow rate varies depending upon the
load on that particular zone.

VARIABLE AIR VOLUME (VAV) SYSTEMS

Variable air volume (VAV) Terminal Unit

1 2 3 4 5
Velocity Sensor FlowDamper Mixing Box VAV Brain Reheat
flow i iculates & controls _option

VARIABLE REFRIGERANT FLOW (VRF) SYSTEMS

Variable refrigerant flow (VRF) is an air-condition system
configuration where there is one outdoor condensing unit and
multiple indoor units. The term variable refrigerant flow refers
to the ability of the system to control the amount of refrigerant
flowing to the multiple evaporators (indoor units), enabling
the use of many evaporators of differing capacities and
configurations connected to a single condensing unit. The
arrangement provides an individualized comfort control, and

simultaneous heating and cooling in different zones.
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VARIABLE REFRIGERANT FLOW (VRF) SYSTEMS VARIABLE REFRIGERANT FLOW (VRF) SYSTEMS

* VRF systems operate on the direct expansion (DX) principle * The control is achieved by continually varying the flow of]

meaning that heat is transferred to or from the space directly by
circulating refrigerant to evaporators located near or within the
conditioned space. Refrigerant flow control is the key to many
advantages as well as the major technical challenge of VRF
systems.

* VRF systems are similar to the multi-split systems which
connect one outdoor section to several evaporators. However,
multi-split systems turn OFF or ON completely in response to
one master controller, whereas VRF systems continually adjust

the flow of refrigerant to each indoor evaporator.

VARIABLE REFRIGERANT FLOW (VRF) SYSTEMS

Separation Header

Outdoor
unit

| ~——_ Refrigerant
branch unit

refrigerant through a pulse modulating valve (PMV) whose
opening is determined by the microprocessor receiving
information from the thermistor sensors in each indoor unit. The
indoor units are linked by a control wire to the outdoor unit
which responds to the demand from the indoor units by varying
its compressor speed to match the total cooling and/or heating
requirements.

VRF systems promise a more energy-efficient strategy

(estimates range from 11% to 17% less energy compared to

conventional units) at a somewhat higher cost.

THANK YOU
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UNIT I -STEAM NOZZLES TURBINES

1. What are the various types of nozzles and their functions?
Nozzle is a duct of varying cross-sectional area in which the velocity
increases with the corresponding drop in pressure.

2. What are the effects of friction on the flow through a steamnozzle?
1. The final fraction of the steam is increased as the part of the kinetic

energy gets converted into heat due to friction and absorbed by steam with n
increase in enthalpy.

2. The expansion is no more isentropic and enthalpy drop is reduced
thereby resulting in lower exit velocity.

3. The specific volume of steam is increased as the steam becomes drier
due to this frictional reheating.

3. Define nozzle efficiency and critical pressure ratio.
Nozzle efficiency: It is defined as the ratio of actual enthalpy drop to the

isentropic enthalpy drop
Nozzle efficiency = Actual enthalpy drop / Isentropic enthalpy drop

Critical pressure ratio: There is only one value of the ratio (P2/P1)

which produces maximum discharge from the nozzle. The ratio is called critical
pressure ratio.

Critical pressure ratio P, /Py = (2/n+1) "™
Where,

P 1= Initial pressure

P .= Throat

pressure.
4. Explain the phenomenon of super saturated expansion in steam nozzle.

Or

What is Meta stable flow?
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When the supersaturated steam is expanded in the nozzle, the
condensation should occur in the nozzle. Since the steam has a great velocity,
the condensation does not take place at the expected rate. So the equilibrium
between the liquid and vapour phase is delayed and the steam continues to
expand in a dry state.

The steam in such set of condition is said to be supersaturated or meta
stable flow.

5. What are the conditions that produce super saturation of steam in
nozzles?

When the superheated steam expands in the nozzle, the condensation
will occur in the nozzle. Since, the steam has more velocity, the condensation
will not take place at the expected rate. So, the equilibrium between the liquid
and vapour phase is delayed and the steam continues to expand in a dry state.

The steam in such set of condition is said to be supersaturated or meta
stable flow.

6. What are the effects of super saturation in a steam nozzle?
The following effects in a nozzle on steam, in which super saturation
occurs, may be summarized as follows.
1. The dryness fraction of the steam is increased.
2. Entropy and specific volume of the steam are increased.
3. Exit velocity of the steam isreduced.
4. Mass of stream discharged is increased.

7. What are the differences between supersaturated flow and isentropic
flow through steam nozzles?

Supersaturated flow Isentropic flow

1. Entropy is not constant Entropy is constant

2. Reduce in enthalpy drop | No reduce in enthalpy drop

3. We cannot use mollier diagram We can use mollier diagram to
to solve problems solve problems.

8. The critical pressure ratio initially dry saturated steamis.
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P>
/P1=0.577

9. The critical pressure ratio for initially super heated steam is _
__as compared to initially dry saturated steam.
Less.

10. When the backpressure of a nozzle is below the designed value
of pressure at exit of nozzle, the nozzle is said to be
Under damping.
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DEPARTMENT OF MECHANICAL ENGINEERING
THERMAL ENGINEERING QUESTION BANK FOR 13 MARKS

consumption of 13.5 Kg/ KwHr. If the diameter of nozzle at throat Is 7mm .
Calculate the number of nozzle

In Notes /
Q.No UNIT Il Answer Key
3. A convergent divergent nozzle receives steam at 7bar and200"c and it expands
1 isentropically into a space of 3bar neglecting the inlet velocity calculate the exit area ANSWER KEY
required for a mass flow of0.1Kg/sec . when the flow is inequilibrium through all and
super saturated with pvii=C. |
Dry saturated steam at 6.5 bar with negligible velocity expands
isentropically in a convergent divergent nozzle to 1.4 bar and dryness fraction
2| 0.956. Determine the final velocity of steam from the nozzle if 13% heat is loss | ANSWER KEY
in friction. Find the % reduction in the final velocity.
A convergent divergent adiabatic steam nozzle is supplied with steam at 10
bar and 250°c.the discharge pressure is 1.2 bar. Assuming that the nozzle
3 o ) o _ ) ] ) ANSWER KEY
efficiency is 100% and initial velocity of steam is 50 m/s. find the discharge
velocity.
Steam enters a group of nozzles of a steam turbine at 12 bar and 2200 C and
4 leaves at 1.2 bar. The steam turbine develops 220 Kw with a specific steam ANSWER KEY




UNIT-I-STEAM NOZZLE -ANSWER KEY FOR 13 MARK
Q.NO:1 Given Data:
Initial pressure (P1) = 7bar = 7x10°N/m?

Initial temperature (T1) = 200°C
Pressure (P2) = 3bar = 3x10°N/m?

Mass flow rate (m) = 0.1Kg/sec

PV+3=C
To Find:
Exit area
Solution:

From steam table for P1 = 7bar and T1 = 200°C V1 =

0.2999
h1 =2844.2
S1 =6.886
Similarly for P, = 3bar
Vr, =0.001074 Vg =0.60553hr, =561.5 hgx =2163.2

S =1.672 Stg2 = 5.319



We know that, S$1=5, =5

S1 =Sp+ Xz St2

6.886 = 1.672 + X, (5.319) X, =
0.98
Similarly,
ho =he+ X2 hige
h, =561.5 + 0.98 (2163.2)

(i) Flow is in equilibrium through all:

V2= /2000 (hy — hs)

V.= /2000 (2844.2 — 2681.99 ] v,-
569.56
v2 = X2 Xvg

=0.98x0.60553 = 0.5934

(A1, X V,
m = “(A“‘ “%
Vs
_ImxV,)_05934x0.1
A, va 569.56
A, =1.041XxX10*m?



For saturated flow:

vy BVIA-G)®

Tmx V) 0.1
2(1.2) 5 ax10%, 2=
vo= | (7x10°x0.2999) (1—-——) =
Wi3-1 % 20
v2 =568.69
m/s

specific volume of steam at exit. For super saturated flow, P1 V=P,

R
1-,=(§) % 0.2999

v,= 0.5754
0.1x 05754
~ B568.69

Q.NO:2 Given data:

Exit pressure (P2) = 1.4 bar
Dryness fraction (X2) = 0.956

Heat loss = 13%

To Find:
The percent reduction in final velocity
Solution:

From steam table for initial pressure P1 = 6.5bar, take values h; =




h1 = 2758.8KJ/Kg
Similarly, at 1.4 bar,
htg2 = 2231.9 KJ/Kg
hr, = 458.4KJ/Kg h;
= hgp + Xz hrg
=458.4 + (0.956) 2231.6

h2 = 2592.1 KJ/Kg

Final velocity (V2) =  2z000(k, = h.)

= ,/2000(27588 - 2592.1) V2=

577.39 m/s

Heat drop is 13%=0.13
Nozzle efficiency (n) =1- 0.13 =0.87

Velocity of steam by considering the nozzle efficiency,

V2= f2000(k; — h.) Xy

V2= ,/2000(27588— 2592.1) x 0.87
V2 =1538.55m/s

577 .35—538

% reduction in final velocity = ® % 100 04

=6.72%
Q-3 Answer:
Initial pressure(p1)=10bar Initial
Temperature(T1)=250°c

Exit pressure(p2)=1.2 bar
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Nozzle efficiency(nnozz1e)=100%
Initial velocity of steam(v1)=50m/s

To Find:-

Discharge velocity (v2)
Solution:-

From steam table, For 10 bar, 250°c, h1=2943 KJ/kg $1=6.926 KJ/kgk

From steam table, For 1.2 bar,

h=439.3 KIKg; hige=2244.1 Ki/kg;
s2=1.361 KJ/kg K ; stg2=5.937 KJ/kgK.
Since s1=Sy,
S1=St2+X2Stg2
6.926=1.361+x2(5.937)
X>=0.9373

We know that,

Exitvelocity (V2) =
ho=ht+Xohsgo

=439.3+(0.9373)2244.1 h2 = 2542KJ/Kg

./ 200002943 — 2542) + 50°

=896.91m/s.

ImxV,;)

A=—"7" A, =1011x10"%m?
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UNIT I -STEAM NOZZLES TURBINES

UNIT III - TURBINES

1. What is a steam turbine?

Steam turbine is a device which is used to convert kinetic energy of

steam into mechanical energy.

2. What is the fundamental difference between the operation of impulse

and reaction steam turbines?

Impulse Turbine

Reaction turbine

1. It consists of nozzles and
moving blades.

It consists of fixed blades and
moving blades.

2.  Pressure drop occurs only in
nozzles not in moving blades.

Pressure drop occurs in fixed as well
as moving blades.

3. Steam strikes the blades with
Kinetic energy.

Steam passes over the moving
blades with pressure and Kinetic

energy.

4. It has constant blade channels
area.

It has varying blade channels area.

5. Dueto more pressure drop per
blade, number of stages required isless.

Number of stages required is more
due to more pressure drop.

3. Explain the need of compounding in steamturbines.

(Or)

Explain the purpose of compounding in steam turbines.
In simple impulse turbine, the expansion of steam from the boiler
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pressure to condenser pressure takes place in a single stage turbine. The
velocity of steam at the exit of turbine is very high. Hence, there is a
considerable loss of kinetic energy (i.e. about 10to 12%). Also the speed of the
rotor is very high (i.e. up to 30000rpm). There are several methods of reducing
this speed to lower value. Compounding is a method of absorbing the jet
velocity in stages when the steam flows over moving blades.
4. What are the different methods of compounding?

1. Velocity compounding

2. Pressure compounding

3. Pressure-velocity compounding
5. What is meant by carry over loss?

The velocity of steam at exit is sufficiently high thereby resulting in a
kinetic energy loss called "Carry over loss" or "Leading velocity loss".
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DEPARTMENT OF MECHANICAL ENGINEERING
THERMAL ENGINEERING QUESTION BANK FOR 13 MARKS

In Notes /
Q.No UNIT Il Answer Key

1 Drive an expression for Impulse Turbine with Velocity diagram ANSWER KEY
2 Explain the method of governing in steam turbine NOTES
3 Explain various type of compounding in Turbine NOTES

A 50% reaction turbine running at 400 rpm has the exit angle of blades as 20°

and the velocity of steam relative to the blade at the exit is 1.35 times mean
4 | speed of the blade. The steam flow rate is 8.33 kg/s and at a particular stage | ANSWER KEY

the specific volume is 1.38m3/kg. Calculate, suitable blade height, assuming

the rotor mean diameter 12 times the blade height, and diagram work.

The blade angle of a single ring of an impulse turbine is 300m/s and the

nozzle angle is 200.The isentropic heat drop is 473kJ/kg and nozzle

efficiency is 85%.Given the blade velocity coefficient is 0.7 and the blades
9 . : ) NOTES

are symmetrical, Draw the velocity diagram and calculate for a mass flow

of 1 kg/s 1) axial thrust on balding ii) steam consumption per BP hour if the

mechanical efficiency is 90% iii) blade efficiency and stage efficiency.
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UNIT-111- TURBINE-ANSWER KEY FOR 13 MARK
Q.No:1 Impulse Turbines

% Impulse turbines (single-rotor or multirotor) are simple stages of the turbines.
% Here the impulse blades are attached to the shaft.

% Impulse blades can be recognized by their shape.

% The impulse blades are short and have constant cross sections.

Schematic diagram of an Impulse Turbine

AT
/ﬁ;’, U
/ |
\/,2 / % .
/{/2//.( <
N E oA
% /
e\ 2 Vi
. 0 A T -
"¥1 ? __PRESSURE EQUALIZING
RN U HOLES
| > AXIAL DIRECTION
_!/ Rotor >
/ \
e Blade S _“—SHIFT
/ 2 ~DISC

“and 72 = Inlet and outlet absolute velocity

"ry

n and = Inlet and outlet relative velocity (Velocity relative to the rotor blades.)

U = mean blade speed

“ =nozzle angle, **~ = absolute fluid angle at outlet

It is to be mentioned that all angles are with respect to the tangential velocity ( in the direction
of U)

Velocity diagram of an Impulse Turbine

Vi \ < Ve
{yﬂ /./ \\\\\
- < I
B\ A8 o™~ |
..... ',........ > 2 ';!L.\....
e I U i
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Fzand P = Inlet and outlet blade angles

P and Ve = Tangential or whirl component of absolute velocity at inletand outlet
v Vy: . I
M and 7= = Axial component of velocity at inlet and outlet
Tangential force on a blade,
B, iV Vwi (22.1)

(mass flow rate X change in velocity in tangential direction)

or,

E, - #bT, (22.2)

Power developed = /A% (22.3)

Blade efficiency or Diagram efficiency or Utilization factor is given by

_IE_P;@_U:JM;, : Workdone
m(}? _fi: KE supplied
or,
. UMV,
£ 3 (22.4)
"

The Single-Stage Impulse Turbine

% The single-stage impulse turbine is also called the de Laval turbine after its inventor.

% The turbine consists of a single rotor to which impulse blades are attached.

% The steam is fed through one or several convergent-divergent nozzles which do not
extend completely around the circumference of the rotor, so that only part of the blades is
impinged upon by the steam at any one time.

The nozzles also allow governing of the turbine by shutting off one or more them



Q.No:4 GIVEN DATA:-
Dia of cylinder (d)=300mm=0.3m
Engine stroke(1)=500mm=0.5m
Clearance volume(vc)=6750/100%=6.75 x 10-3m®
Explosions per minute(n)=100/minute=i.67/sec
Pmin=765 KN/m?

Brake drum dia(D1)=1.5m



Rope dia(d1)=0.025m

Work load on the brake(w)=190kg=1.86KN

TO FIND:-
Compression ratio (r)
Mechanical efficiency (nmech)
Indicated thermal efficiency (1)
Air standard efficiency (nair)
Relative efficiency (Mrer)
SOLUTION:-

(1).Compression Ratio (r):-

(r) =6.23
(2).Air Standard Efficiency (nair):-
Nair=1— L;__

=1- {-.—;:;'-—*-

)

=51.89%%
(3).Indicated Thermal Efficiency (i ):-

ie
()=~ Fo=ov
Here, indicated power (IP)y= Frm= mIma sk

=765x0.5x0.0706xX1.67x1

=45 09K W

o= 2 Y 22SiS

Therefore. ]

=24.03%0



(4).Relative Efficiency (T)ea1):-

(MeD)=Tit/Mair
_ s
= o
=46.30%0
(5).Mechanical Efficiency (Mmech)i-
Menea= 75
_ Le-w

=]
i

=79.02%
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UNIT V- REFRIGERATION AND AIR-CONDITIONING

1. Define tonne of refrigeration.

A tonne of refrigeration is defined as the quantity of heat required to be
removed from one tonne of water (1000kg) at 0 C to convert that into ice at 0 C
in 24 hours. In actual practice,

1 tonne of refrigeration= 210kJ/min=3.5kW
2. Define tonne of refrigeration. Heat is removed from a space at a rate of
42,000kJd/h. Express this heat removal rate intons.
A tonne of refrigeration is defined as the quantity of heat required to be
removed from one tonne of water (1000kg) to convert that into ice at 0° C 24
hours.

3. The vapour compression refrigerator employs the ---- cycle.
Reversed Carnot.

4. The door of a running refrigerator inside a room was left open. What
will happen?
The room will be gradually warmed up.

5. In a vapor compression refrigeration system, where the lowest temperature
will occur?
At inlet of evaporator

6. How does the actual vapour compression cycle differ from that of the
ideal cycle?

1. In actual cycles, pressure losses occur in both condenser and
evaporator.

2. Friction losses occur in compressor.

7. Name four important properties of a good refrigerant.
1. Low boiling point.
2. High critical temperature and pressure.
3. Low specific heat of liquid.

8. What is the difference between air conditioning and refrigeration?
Refrigeration is the process of providing and maintaining the

temperature in space below atmospheric temperature.

Air conditioning is the process of supplying sufficient volume of



[Type text]

clean air containing a specific amount of water vapour and maintaining the
predetermined atmospheric condition with in a selected enclosure.

9. What is the function of the throttling valve in vapour compression
refrigeration system?

The function of throttling valve is to allow the liquid refrigerant under
high pressure and temperature to pass to controlled rate after reducing its
pressure and temperature.

10. In a vapour compression refrigeration system, where the highest

temperature will occur?
After compression.

11. The vapour absorption system can use low-grade heat energy in the
generator. Is true or false?
True.

12. Name any four commonly used refrigerants.
1. Ammonia (NH3)
2. Carbon dioxide (CO2).

13. Explain unit of Refrigeration.
Unit of refrigeration is expressed in terms of tonne of refrigeration.

A tonne of refrigeration is defined as the quantity of heat required to
be removed from one tonne of water (1000kg) to convert that into ice at 0° C in
24 hours.

14. Why throttle valve is used in place of expansion cylinder for vapour
compression refrigerant machine.

In throttling process, enthalpy remains constant and pressure is
reduced so throttle valve is used.

15. What are the effect pf superheat and sub cooling on the vapour
compression cycle?

Superheating increases the refrigeration effect and COP may be
increased or decreased. But sub cooling always increase the COP of the
refrigeration and also decrease the mass flow rate of refrigerant.

16. What are the properties of good refrigerant?
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An ideal refrigerant should possess the following desirable
properties.
1. The refrigerant should have low freezing point.
2. It must have high critical pressure and temperature to avoid large
power requirements.
3. It should have low-specific volume to reduce the size of the
compressor.

4. 1t should be nonflammable, non-explosive, non-toxic and non-
corrosive.

17. What is net refrigerating effect of the refrigerant?
Refrigerating effect is the total heat removed from the refrigerant in
the evaporator.

COP= Refrigeration effect
Work done

Refrigeration effect= COP * Work done.

18. Name the various components used in simple vapour absorption system.
1. Absorber
2. Pump
3. Generator
4. Condenser.
5. Throttle valve.
6. Evaporator.

19. Define refrigerant.
Any substance capable of absorbing heat from another required
substance can be used as refrigerant.

20. How does humidity affect human comfort?

If the humidity is above a certain level, water vapour from human
body moisture cannot be absorbed by the atmospheric air. It results in
discomfort because of sweating.
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Q.No

UNITV

In Notes /
Answer Key

A sling psychrometer gives reading of 250c dry bulb temperature 150c wet bulb
temperature. The barometer indicates 760 mm of hg assuming partial pressure of
the vapour as 10 mm of Hg. Determine 1. Specific humidity 2. Saturation ratio.

ANSWER KEY

A two stages, single acting air compressor compresses air to 20bar. The air enters

linder at.4.5bar and 27 c¢. the size of the L.P. cylinder is 400mm diameter and
the L.P cyhn er at 1bar an 27®c and Peaveshat .(bar. tlhe a?r enters the H.P.

0]

500mm stroke. The clearance volume In both cylinder is 4% of the respective
stroke volume. The compressor runs at 200rpm, taking index of compression and
expansion in the two cylinders as 1.3, estimate 1. The indicated power required to
run the compressor; and The heat rejected in the intercooler per minute

ANSWER KEY

In an oil gas turbine installation , air is taken as 1 bar and 30°C . The air is

compressed to 4bar and then heated by burning the oil to a temperature of 500°C
. If the air flows at the rate of 90Kg/min . Find the power developed by the
plant take y for air as 1.4 Cp as 1KJ/KgK . If 2.4Kg of oil having calorific
value of 40,000 KJ/Kg if burned in the combustion chamber per minute. Find
the overall efficiency of the plant.

ANSWER KEY

Explain with sketch the working principle of AIR CONDITIONER

ANSWER KEY

Draw neat sketch of simple vapor compression refrigeration system and explain

ANSWER KEY

Explain with sketch the working principle of water-Lithium bromide refrigeration
system

ANSWER KEY

Explain any four psychometric processes with sketch.

NOTES

A sling psychrometer in a lab test recorded the following readings DBT=35°C,
WBT=25°CCalculate the following 1. Specific humidity 2. Relative humidity 3.
Vapor density in air 4. Dew point temperature 5. Enthalpy of mixing per kg of air
.take atmospheric pressure=1.0132 bar.

NOTES

A refrigeration system of 10.5 tonnes capacity at an evaporator temperature of -
12°C and a condenser temperature of 27°C is needed in a food storage locker.
The refrigerant Ammonia is sub cooled by 6°C before entering the expansion
valve. The compression in the compressor is of adiabatic type. Find 1. Condition
of vapor at outlet of the compressor.2. Condition of vapor at the entrance of the
Evaporator 3.COP &power required.

ANSWER KEY

10

Derive the performance of Refrigeration.

ANSWER KEY




UNIT-V-REFRIGERATION & AIR CONDITIONING-ANSWER KEY FOR 16MARK

Q.No:1 Given Data:

Dry bulb temperature td :2500

Wet bulb temperature tw:150c
Barometer pressure ph=760mm
of Hg

Partial pressure py= 10mm of Hg

To Find:
Specific humidity
Saturation ratio.
Solution:
Specific humidity:

We know that Specific humidity

= 0.0083 kg/kg of
dry air
Saturation ratio:

From steam table corresponding to dry bulb temperature td =250¢

We find the partial pressure ps=0.03166 bar

_0.L3166
" 0.00133

=23.8 mm of Hg



We know that Saturation ratio.
U= pv(pb-ps)
psipb —pv)

10(760-23.8)
= 23.8(760-1D)

=041
Result:
1. Specific humidity =  0.0083 kg/kg of dryair

2. Saturation ratio. = 0.41

Q.No:2 Given data:
Pressure (P4)= 20bar

Pressure (P1) = lbar = 1><105 N/m
Temperature (T1) = 27°C = 27+273 =
300K Pressure (P2) = 4.7bar

Pressure (P3) = 4.5bar

Temperature (T3) = 279C = 274273 =
300K Diameter (D1) = 400mm 0.4m
Stroke (L1) = 500mm = 0.5m

2

N=200rpm;n=13
To Find:
Indicated power required to run the compressor

Solution :



We know the swept volume of the L.P cylinder

., _ T -
ve =4 (D) Ly =, (0.4)?05

= 0.06284 m3

And volumetric efficiency,

w =1+K—K (&)

=

4./412.3
=1 +90.04—-0.04 {—]
1

=0.9085 or 90.85% Volume of air sucked by air pressure compressor,

-
5

v = vy X g, = 006284 x0.9085 = 0.0571 -
N l Sirgoke

=0.0571 x N,, =0.0571 X200 =1

=1.42 m3/min
And volume of air sucked by H.P compressor,

AT, 1x1142 m?
= = = 2.54

3 Py 45 - min

We know that indicated work done by L.P compressor

={L31'jl]1><1{]5§<11.42 [fl—?] —1

=2123.3x103 J/min = 2123.3 KJ/min

And indicated workdone by H.P compressor,



- {L;j =) 4.5 x 107 x 254 [45 |

= 2043.5><103 J/min = 2034.5 KJ/min
Total indicated work done by the compressor,
W=WL + WH =2123.3 + 2034.5
=4157.8 KJ/min
Indicated power required to run the compressor = 4157.8 / 60

=69.3KW

Q.NO:3 Given Data:

Pressure (P4 = P3) = 1bar
Pressure (P1 = P2) = 4bar

Temperature (T2) = 500°C =500+273 = 773K
Mass flow rate of air(ma) = 90Kg/min = 1.5Kg/sec
Mass flow rate of fuel (mf) = 2.4Kg/min = 0.04Kg/sec

Temperature (T4) = 30°C =30+273 = 303K
y=1.4; Cp = 1KJ/KgK ; Cv= 40,000 KJ/Kg

To Find:
Power developedby the plant
Performance of the gas turbine
Overall efficiency of the plant

Solution:



Power developed by the plant:
Let T1,T3 = temperature of air at points 1 and3

Weknow that isentropic expansion 2-3,

-1 12-1

3 _ (P y 1y 34 _

T__[p_] = (= =0.673

T3 = T2x 0.673 = 773x0.673 = 520K

Similarly for isentropic compression 4-1.:
1 13

T, [P\ 7 = =
==(2)7 = () =0673
.1 _1_

T1=T4/0.673 = 303/0.673 = 450K

Performance of the gas turbine:
We know that work developed by the turbine,

wy =mC, (T, — 1) = 1.5 X 1(773 —520)

=379.5KJ/s

And work developed by the compressor,
W, =mC, (T, — T.) = 1.5 x 1(450 —303)

=220.5/s

Net work or power of the turbine,
P=WT - Wc¢ =379.5-220.5 = 159KJ/s = 159KW

Overall efficiency of the plant:
We know that the heat supplied per second
=mf x C =0.04x 40,000 = 1600 KJ/s
Therefore, overall efficiency of the plant,
no = 159/1600 = 0.099 or 9.99%



Q.No:4 AIR CONDITIONERS CONCEPT OF AIR CONDITIONING

Air conditioning (often referred to as aircon, AC or A/C) is the process of altering
the properties of air (primarily temperatureand humidity) to more favourable conditions,
typically with the aim of distributing the conditioned air to an occupied space to
improve thermal comfort and indoor air quality.

TYPES OF AIR CONDITIONERS

* Room air conditioners

» Zoned Systems

+ Unitary Systems

* Window Air-conditioning System
« Split Air-conditioning System

« Central air conditioning systems

ROOM AIR CONDITIONER

« Room air conditioners cool rooms rather than the entire home.

» Less expensive to operate than central units

» Their efficiency is generally lower than that of central air conditioners.

« Can be plugged into any 15- or 20-amp, 115-volt household circuit that is not
shared with any other major appliances

ZONED SYSTEMS
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CENTRAL AIR CONDITIONING

« Circulate cool air through a system of supply and return ducts. Supply ducts and
registers (i.e., openings in the walls, floors, or ceilings covered by grills) carry
cooled air from the air conditioner to the home.

» This cooled air becomes warmer as it circulates through the home; then it flows
back to the central air conditioner through return ducts andregisters
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UNITARY SYSTEMS

A unitary air conditioning system comprises an outdoor unit including a
compressor for compressing a refrigerant, an outdoor heat exchanger for heat exchange
of the refrigerant and an expander connected to the outdoor heat exchanger, for
expanding the refrigerant; a duct installed inside a zone of a building; a central blower
unit having a heat exchanger connected to the outdoor unit through a first refrigerant
pipe and a blower for supplying the air heat-exchanged by the heat exchanger to the duct;
and an individual blower unit including a heat exchanger connected to the outdoor unit
through a second refrigerant pipe and a fan for sending the air heat exchanged by the
heat exchanger and disposed in a zone in the building, for individually cooling or heating
the zone. Accordingly, cooling or heating operation is performed on each zone of the
building, and simultaneously, additional individual heating or cooling operation can
be performed on a specific space, so that a cost can be reduced and cooling or
heating in the building can be efficiently performed
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WINDOW AIR-CONDITIONING SYSTEM

It is the most commonly used air conditioner for single rooms. In this air
conditioner all the components, namely the compressor, condenser, expansion valve or
coil, evaporator and cooling coil are enclosed in a single box. This unit is fitted in a slot
made in the wall of the room, or often a window sill. Windows air conditioners are one of
the most widely used types of air conditioners because they are the simplest form of the
air conditioning systems. Window air conditioner comprises of the rigid base on which all



the parts of the window air conditioner are assembled. The base is assembled inside the
casing which is fitted into the wall or the window of the room in which the air conditioner
is fitted. The whole assembly of the window air conditioner can be divided into two
compartments: the room side, which is also the cooling side and the outdoor side from
where the heat absorbed by the room air is liberated to the atmosphere. The room side and
outdoor side are separated from each other by an insulated partition enclosed inside the
window air conditioner assembly. In the front of the window air conditioner on the room
side there is beautifully decorated front panel on which the supply and return air
grills are fitted (the whole front panel itself is commonly called as front grill). The
louvers fitted in the supply air grills are adjustable so as to supply the air in desired
direction. There is also one opening in the grill that allows access to the Control panel or
operating panel in front of the window air conditioner.
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TYPES OF CENTRAL AC
+ split-system

« An outdoor metal cabinet contains the condenser and compressor, and an
indoor cabinet contains the evaporator

+ Packaged
» The evaporator, condenser, and compressor are all located in one cabinet.

SPLIT AIR-CONDITIONING SYSTEM:

The split air conditioner comprises of two parts: the outdoor unit and the indoor
unit. The outdoor unit, fitted outside the room, houses components like the compressor,
condenser and expansion valve. The indoor unit comprises the evaporator or cooling



coil and the cooling fan. For this unit you don't have to make any slot in the wall of
the room. Further, the present day split units have aesthetic looks and add to the beauty
of the room. The split air conditioner can be used to cool one or two rooms.
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Fig.5.11 Splt Asr-conditionng System

Energy Consumption

« Air conditioners are rated by the number of British Thermal Units (Btu) of heat
they can remove per hour. Another common rating term for air conditioning size is
the "ton,"” which is 12,000 Btu per hour.

* Room air conditioners range from 5,500 Btu per hour to 14,000 Btu per hour.

Energy Efficiency
» Today's best air conditioners use 30% to 50% less energy than 1970s

« Even if your air conditioner is only 10 years old, you may save 20% to 40% of your
cooling energy costs by replacing it with a newer, more efficient model



Q.No: 5&6 CONCEPT OF REFRIGERATION

Refrigeration is a process in which work is done to move heat from ene location to
another. The work of heat transport is traditionally driven by mechanical work, but can also
be driven by heat, magnetism, electricity, laser, or other means.

How does it work?
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Thermal energy moves from left to right through five loops of heat transfer:

1) Indoor air loop

2) Chilled water loop
3) Refrigerant loop

4) Condenser water loop
5) Cooling water loop
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SIGNIFICANCE

Refrigeration has hac a large importance on industry, lifestyle, agriculture and
settlement patterns. The idez of preserving food dates back to  the ancie t Roman and
Chinese empires. However, refrigeration technology has rapidly evolved in the last
century, from ice harvesting to temperature-controlled rail cars. In order to avoid food



spoilage, refrigeration plays an important role in day to day life, similarly, Air
conditioning is also an important technological system to prevent the human from the
hot atmosphere during summer seasons.
CLASSIFICATION OF REFRIGERATION
SYSTEM Types of Refrigeration
» Vapour Compression Refrigeration (VCR): uses mechanical energy
» Vapour Absorption Refrigeration (VAR): uses thermal energy
VAPOUR COMPRESSION REFRIGERATION
» Highly compressed fluids tend to get colder when allowed to expand
« If pressure high enough
» Compressed air hotter than source of cooling
« Expanded gas cooler than desired cold temperature

» Lot of heat can be removed (lot of thermal energy to change liquid tovapour)

« Heat transfer rate remains high (temperature of working fluid much lower than
what is being cooled)

Vapour Compression Refrigeration Cycle
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Low pressure liquid refrigerant in evaporator absorbs heat and changes to a gas
Compressor

The superheated vapour enters the compressor where its pressure is raised
Condenser

The high pressure superheated gas is cooled in several stages in the condenser

Expansion



Liquid passes through expansion device, which reduces its pressure and controls
the flow into the evaporator

Type of refrigerant
» Refrigerant determined by the required cooling temperature
» Chlorinated fluorocarbons (CFCs) or freons: R-11, R-12, R-21, R-22 and R-502
Choice of compressor, design of condenser, evaporator determined by
» Refrigerant
» Required cooling
* Load
» Ease of maintenance
« Physical space requirements
« Auvailability of utilities (water, power)

Vapour Absorption Refrigeration
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Evaporative Cooling

Disadvantage: air is rich in moisture

Advantage: efficient cooling at low cost

Air in contact with water to cool it close to ‘wet bulbtemperature’



COMPARISON BETWEEN VAPOR COMPRESSION AND ABSORPTION

SYSTEM
Absorption system Compression System
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Q.No:10 PERFORMANCE Assessment of Refrigeration

« Cooling effect: Tons of Refrigeration 1 TR = 3024 kCal/hr heat rejected

» TR s assessed as:

TR=QX Cp X (Ti-To)/3024

Q:
Cp=
Ti=
To=

mass flow rate of coolant in kg/hr

Specific Power Consumption (kW/TR)

is coolant specific heat in kCal /kg °C
inlet, temperature of coolant to evaporator (chiller) in0°C

outlet temperature of coolant from evaporator (chiller) in0°C

 Indicator of refrigeration system’s performance

« KWI/TR of centralized chilled water system is sum of

Compressor kW/TR

Chilled water pump KW/TR
Condenser water pump KW/TR
Cooling tower fan kW/TR

Coefficient of Performance (COP)




« The performance of refrigerators and heat pumps is expressed in terms of
coefficient of performance (COP), defined as

Pesited output Cooling elTesl £,

LR = o == h
Requirsd 1nput Wark imput T
COp - Dicsired output  Heating offect 0,
e Required input - Work mput B,
Measure
« Airflow Q (m3/s) at Fan Coil Units (FCU) or Air Handling Units (AHU):
anemometer

» Air density U (kg/m3)
» Dry bulb and wet bulb temperature: psychrometer

« Enthalpy (kCal/kg) of inlet air (hin) and outlet air (Hout): psychrometric charts



